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Abstract

We estimate a two-sector DSGE model with financial intermeet—a-la Gertler and Karadi
(2011) and Gertler and Kiyotaki (2010)—and quantify the amiance of news shocks in
accounting for aggregate and sectoral fluctuations. Ouiltsemdicate a significant role
of financial market news as a predictive force behind fluatnat Specifically, news about
the value of assets held by financial intermediaries, refteohe to two years in advance in
corporate bond markets, generate countercyclical caigbiand spreads, affect the supply
of credit, and are estimated to be a significant source ofeggge fluctuations, accounting
for approximately 31% of output, 22% of investment and 31%airs worked variation
in cyclical frequencies. Importantly, asset value newskb@enerate bothggregateand
sectoralco-movement with a standard preference specification. n€iahintermediation
is key for the importance and propagation of asset value sbasks.
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1 Introduction

The 2007-2009 financial crisis has highlighted the powendig of the financial sector. Se-
vere disruptions in financial markets first reflected in mogeta of financial market indica-
tors, e.g., credit spreads on private sector assets wadogvéal by significant declines in mea-
sures of real economic activity. During the “Great Receassiceal GDP (per capita) fell by
4.7%, private domestic investment (per capita) by 32%, atal hon-farm business hours (per
capita) by 9.7%. There is a growing literature that estabksthe predictive power of financial
market indicators for real macroeconomic aggregates (seexample Gilchrist et al. (2009),
Gilchrist and Zakrajsek (2011.2), Mueller (2009), Kurmanxl &trok (2012), Gomes and Schmid
(2009),| Philippon|(2009) among others). An appealing pretation is that these indicators

may incorporate advance information mewsabout future economic developments, real or
financial in nature. In this paper we quantitatively expldre interaction between financial
markets, news shocks and the real economy using a two secti®im

There are several facts that motivate our approach. A ddoefkibeyond the broad declines
reported above, reveals sectoral downturns that vary iarggvespecially in hours worked.
Figure[1 shows the behavior of hours worked across two breetdis of the economy, namely,
consumption and investment sectors (to be precisely defated. While sectoral hours tend
to move together over the cycle, the extent of the recent tdawras been very uneven, with
investment sector hours (e.g. in industries such as caniin) manufacturing, utilities) ex-
periencing a significant decline, while consumption sebimurs (e.g. in industries such as
services, retail trade, finance) have been affected relgtiess. Importantly, this pattern is
not unique to the last recession—it can also be observectihnth previous episodes. Thus,
hours worked in investment sector industries decline Saamtly more in recessions (see also
Table[1) thereby acting as a powerful drag on total hoursesetperiods of depressed activity.
In fact, total hours are strongly correlated with investinsgctor hours and only weakly so
with consumption sector hours, suggesting the importahtteedormer for the behavior of the
total. These simple facts serve to demonstrate the impmtaiiooking beyond broad macroe-
conomic aggregates when studying the business cycle lmbatsthe question whether and to
what extent financial factors, as those experienced duhedg®reat Recession” can explain
(a) patterns osectoral comovemermtnd (b)sectoral differencesuggested by Figufg 1. Our
paper sets out to produce answers to these questions byraglaphulti sector approach.

The real side of the model builds on the two sector RBC modeiuffman and Wynnre

). We add nominal and real frictions that have beendawnbe important in recent

work (see e. gL_QhﬂleanQ_eﬂd.LLZ!dez)._Smﬂs_andemﬁj’O) and introduce financial in-
termediation constraints aslin Gertler and Karadi (201#)@artler and Kiyotaki (2010). The

financial sector holds corporate sector assets and in egehamovides financing for capital

expenditures, while being subject to a limit on how much tage can be tolerated by depos-
itors. Leverage constraints effectively tie credit flowsesh the financial sector to the real
economy—to the equity capital of intermediaries and createedback loop between equity
capital and asset prices. This framework allows for a qteite investigation of real, nominal

and financial sources as drivers for aggregate and sectdafluctuations.

'Recently, DSGE studies have considered financial factotsuginess cycle models (Smt al.

(2010), Nolan and Thoenissen (2009), Christensen and Dib#)Z Jermann and Quadrini (2012) among others).
The majority of these studies rely on the framework propdsei@ernanke et al! (1999). However, in that ap-
proach, financial intermediation is a veil—what matterdisshorrower’s balance sheet condition. A very limited




We estimate—using Bayesian methods—the model on real,radismd financial U.S. data
over the period, 1990Q2 to 2011Q1. Besides a host of real amihval shocks previously con-
sidered in the literature, we introduce two types of finalsfi@cks.First, shocks that affect the
value of assets held by intermediaries aedond shocks that capture exogenous movements
in intermediaries’ equity capital (equity capital shock¥Ye assume the former—in addition
to a purely unanticipated component—can encompass newga@nts. These represent in-
formation received by agents in advance of the actual ie#diz of the innovation and helps
in generating richer forecasts about the future value adtassrelative to a conventional spec-
ification with unanticipated shocks. Our motivation stemasrf recent work bm%al
(2009) and Gilchrist and Zakrajsek (2012) who identify dredarket factors from corporate
bond spreads that predict future movements in output, gmmat or industrial production
and work b)l PhiIipde_(;Oﬁ)Q) who shows corporate bond magjedads to better anticipate—
compared to the stock market—future economic actity.

We can summarize our results as followsirst, asset valuemewsshocks explain a siz-
able fraction of fluctuations at business cycle frequen@esounting for 31% of output, 22%

of investment and 31% of hours variation. Previous work (Gegtler and Karadil (2011),
Gertler and Kiyotakil(2010), Goutrio (2012) ) has examinedligatively the properties of purely

unanticipated shocks of this type in the context of one seetitbrated models. By considering
both unanticipated and news shocks our paper providesetbdst of our knowledge, the first
guantitative assessment of the magnitude and the relatpertance of these different compo-
nents® Our estimation method exploits the fact that financial \l@ga (corporate bond spreads
and equity capital) contain substantial information alemset value news shocks. We find the
guantitative importance of news shocks—in terms of acaongrior the variance shares of real
macro variables reported above—approximately doubleswiihancial variables are included
in the estimation than if they are not. Consequently, thesneamponent of asset value distur-
bances accounts for a significant fraction of the variatiooarporate bond spreads and equity
capital. Its interesting to note, the data strongly favaea/$ shocks that only directly affect
the value of assets in the consumption sector—investmetrsasset value disturbances are
largely irrelevant for fluctuations. Instead, the data@refo use the sectoral links of the model
as a natural propagation mechanism of consumption seatokslacross sectors.
Secondithis type of financial news shock can geneegjgregateandsectoralco-movement,

a pervasive stylized fact of business cycles and can exfilaibehavior of total hours worked
surprisingly well during recessions. The success in erpigithe behavior of total hours during
recessions is linked to the fact these shocks almost gntiegiture the declines in investment
sector hours during these periods, in line with the evidgmesented in Figulg 1. It is impor-

number of studies consider financial frictions that constiiae lending behavior of financial intermediaries (see
for examplel Dibl(2010). Gerali etlal. (2010), Hirakata (2011) angﬂHQ_QﬂO)).

2We inform the estimation with separate sectoral corporatellspreads that in principle can help to identify
financialnewsshocks as they are likely to contain advance informatiordititeon to what can be extracted from
real macroeconomic aggregates. In addition to corporatd bpreads we also include the equity capital of inter-
mediaries as an observable in estimation. Given our focus@gtt supply factors and the role of equity capital
in determining the demand for assets by the financial see®helieve it is important to inform the estimation
with a variable that determines the degree of leverage ofifiahintermediaries. Recent studies that exploit the
link between between financial markets and real economyraridde financial market variables when estimating
DSGE models with news shocks include Christiano bt al. (R@4vis (2007), Schmitt-Grohe and Uribe (2012)).

rtler and Karafil (2011) call them capital quality shoakbjle (201P) calls them depreciation

shocks.




tant to note these co-movement properties of news shocksnobith a standard preference
specification. It is useful to describe the intuition behthd transmission mechanism of an
asset value news shock. We focus on news received 2 yeargan@lof a decline in the value
of consumption sector assets. This is quantitatively thmidant news component borne out
by our estimates. There at&@o channelghat propagate this shock in the modelfirmancial
channel and aeal sectoral linkchannel. The former works through the leverage constraint
of intermediaries while the latter works through the demfmch the consumption sector for
capital goods produced by the investment sector.

The financial channel begins to operate as soon as finan@atiadiaries receive the news
that asset values will decline in the future. Since asseeprare forward looking the value
of assets falls immediately, intermediaries cover lossa® ftheir buffer of equity capital and
respond by reducing leverage and consequently lendingetodhsumption sector. The spread
(difference between the return of corporate bonds and é¢dshds for the bank) in that sector
rises immediately signalling the imminent deterioratiorasset values and the increase in the
cost of lending to that sector. The reduction in lending pieduction and factor input use
in the consumption sector. The two sector structure of thdehpropagates the shock to the
investment sector causing output in the latter to contraalemand for capital goods from
the consumption sector declines. The resulting declin@eéndemand for investment goods
causes hours worked to sharply fall in that sector, but alsloe aggregate, generating behavior
of hours consistent with the observed movements documeaiiede. All macroeconomic
guantities decline, both sectoral spreads rise and lenmbngracts as a result of the gloomy
news, generating aggregate and sectoral co-movement—ebaxsets off a recession today in
both sectors. It is important to note that, as formally dest@ted in section 7, this type of
news shock cannot generate co-movement in the core of thedetor model where financial
frictions are absent, i.e. the financial channel descrilbeda is key for the propagation and
co-movement properties of the news shébck.

Our paper contributes to the ongoing debate on the impataimews shocks for aggregate
fluctuations and highlights a new—financial—channel that ganerate quantitatively impor-
tant real effects of news shocks. Moreover, we also make $@aéway in addressing sectoral
co-movement with news shocks—a demanding challenge st dted by Jaimovich and Rebelo
(2009). Earlier theoretical work, e.§. Beaudry and Poi(2804) and Jaimovich and Reblelo
M), has shown it is possible to generate a broad basesh&xnm with an news shock that
signals an improvement in total factor productivity (TFBut subsequent empirical work has
produced mixed results. Using a VAR methodology, Beaudd/Rartier (2006) report quanti-
tative important effects from TFP news shocks while Barsky Sims [(2011) show that good
news about TFP in the future generates a recession todayoduealth effects that depress
hours and investment in favor of consumption and leisureanestimated RBC model with
real rigidities,| Schmitt-Grohe and Uribe (2012) find thatveeabout wage mark-up, prefer-

ence and government spending predict around half of aggrégatuations and dominate TFP

news shocks. Broadly similar conclusions are reported_bsirkdnd Tsoukalas (2012) and

4In the restricted model environment the shock acts as anipatied capital depreciation shock: to avoid a
large fall in future consumption agents respond by buildipgapital immediately, increasing hours worked in the
production of investment goods and substitute resourcesfaonsumption, smoothing out the negative wealth
shock. Production of investment goods, hours worked angub(as the rise in investment dominates the decline
in consumption) rise immediately. Thus, the resulting dyits fail to resemble the typical business cycle pattern
of co-movement.




Fujiwara et al.|(2011) in estimated New Keynesian DSGE mmdebugh the share of fluctu-
ations explained by news shocks is noticeably smaller. IRBceChristiano et al.l (2010) and
Christiano et al.[(2012) estimate a DSGE model and identfysishocks arising in the risk-
iness of the entrepreneurial sector as a major source obtifitiohs. Like ours, these authors
point to news that propagate and can be identified, havirtgndismplications about financial
prices and quantities, through the financial sector. Ourirfgsd similarly suggest a signifi-
cant role for news shocks lies within propagation chanresare tightly linked with financial
intermediatior?. ©

The rest of the paper is organized as follows. The next septiovides some stylized facts
on sectoral co-movement in U.S. data. Sedfion 3 descrileesitidel economy. Sectigh 4 de-
scribes the estimation methodology, data and discussesagisin results. Sectidd 5 quantifies
the importance of different structural shocks as drivingés behind aggregate fluctuations.
SectiorL 6 discusses the propagation of asset value newsssivbde Sectiofi]7 compares them
with financial market indicators. Secti@h 8 evaluates thel@lis fit in relation to competing
specifications. Sectidd 9 concludes.

Correlation(Total Hours, Investment Sector Hours) = 0.91

Correlation(Total Hours, Consumption Sector Hours) = 0.12
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Figure 1. Total hours (black, dashed), consumption sectordyblue, dotted) and investment sector
hours (red, solid) (per capita average weekly hours timgd@aes). Left panelH P40 detrended
series. Right panel: Demeaned series in levels. Dark gneydbeow NBER dated recessions. See
the Data AppendikB for a description of the sectoral hourese

2 Evidence on sectoral co-movement

Sectoral co-movemeatinputs and outputs is a pervasive stylized fact of busiogsles. Table
[2 presents some basic facts; it reports cross correlatid#B de-trended sectoral hours worked
and sectoral investment (only available at an annual frec)ewith real GDP. All sectoral

5A related channel is emphasized in Gunn and Johri (2011) wiieicontext of a calibrated model investigate
the role of news in the efficiency and innovation of interna¢idin in the financial system. This type of news is
shown to be able to generate boom-bust cycles in liquidityesonomic activity.

50ther recent work identifies channels that can give rise tpomant effects of news, for example,

[Beaudry and Portiet (2007), Christiano et al. (2008), Kzowa (2010)| Gunn and Jorhi (2011), Keiichiro et al.
(2012)) Kobayashi and Nutahara (2010), Den Haan and Kattenier (2009) and Guo (2008).
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Table 1: Peak to trough change of aggregate and sectorad lmorgcessions

Total Hours  Consumption Sector  Investment Sector

1990Q3-1991Q1  -0.020 -0.007 -0.029
2001Q1-2001Q4  -0.042 -0.020 -0.063
2007Q4 - 2009Q2  -0.097 -0.054 -0.149

Total hours are non-farm business sector in per capita tefims series for sectoral hours are per
capita non-farm average weekly hours times employees h@dedta AppendikB for a description
of the sectoral hours series.

variables co-move very strongly with real GDP. Sectoralreauorked appear to lag real GDP
by one or two quarters. Investment flows produced for thewmpsion sector are more strongly
correlated compared to investment flows produced for uskdnrnvestment sector. Previous
work has considered multi sector environments. Importantrédoutions in this area include,
but are not limited to, Long and Plosser (1983), Huffman arysié (1999), Horvath (1998),
Horvath (2000)| Hornstein and Praschriik (1997), Dupor @)9®amey and Shapiro (1998).
This early work has focused on RBC frameworks using a vamétgssumptions on input—
output linkages.|_Huffman and Wynne (1999) demonstrateddifiieulty of a standard two
sector RBC model with free factor mobility to produce seat@o-movement in response to
TFP shocks. More recently, researchers have appealed tizhiee structure and implications
of multiple sector models to address a variety of questidml_dri_nel_aﬂ. I(LO_OJl) use a two
sector model with limited factor mobility calibrated to tbeS. economy to account for the risk
free rate and equity premium puzzles. Ireland and Schuh&j2@tvestigate the productivity
performance of the U.S. highlighting technological diffieces across sectot al.
) provide conditions for an accurate interpretatibmeestment specific shocks using
information from the Input-Output Tables. Foerster étlam(i) examine quantitatively the
relative importance of aggregate and sector specific shindisS. industrial production.

Table 2: Cross-Correlation of aggregate and sectoralblagawith real GDP

6 5 4 3 2 1 0 +1 +2 +3 +4 +5 +6
Total Hours -0.174 -0.049 0.129 0.304 0.486 0.685 0.861 8.87 0.816 0.680 0.495 0.308 0.121
Consumption sector hours -0.275 -0.154 0.004 0.168 0.358 5790. 0.801 0.859 0.840 0.749 0.578 0.412 0.236
Investment sector hours -0.210 -0.099 0.062 0.225 0.409 160.6 0.819 0.865 0.821 0.708 0.551 0.389 0.219
Total Investment 0.244 0.027 -0.159 -0.346 -0.310 0.144 4D.8 0.636 0.048 -0.301 -0.446 -0.367 -0.097
Consumption sector Investment 0.136 -0.015 -0.114 -0.2900.257 0.169 0.842 0.684 0.145 -0.177 -0.337 -0.340 -0.170
Investment sector Investment 0.323 0.072 -0.182 -0.343 3110. 0.084 0.668 0.449 -0.079 -0.389 -0.487 -0.325 0.011

Total hours are non-farm business sector in per capita tefins series for sectoral hours are non-farm average weeklysttimes
employees expressed in per capita terms. Statistics fasltasa calculated from thH P00 detrended series. Investment series are
annual per capita real investment in private fixed assesdis8ts are calculated froff P;oo detrended series. Sample for the hours
series is 1990Q2-2011Q1. Sample for the investment sariE390-2010. See the Data Apper(dix B for details.

"Others introduce the multi sector structure to New Keynesiavironments (see for example, Edge ét al.

(2008)/ DiCecibl(2009), Buakez et dl. (2009)).




3 The Two Sector Model

The sectors in the model produce consumption and investgoents. The latter are long-lived
and are used as capital inputs in each sectors’ productmeeps, while the former are non-
storable and enter only into consumers utility functiorsallocate a sector to the consumption
or investment category, we used the 2005 Input-Output sabf@e Input-Output tables track
the flows of goods and services across industries and rehertinal use of each industry’s
output into three broad categories: consumption, investiaued intermediate uses (as well as
net exports and government). First, we determine how mueledligit industry’s final output
goes to consumption as opposed to investment or interneedsss. Then we adopt the fol-
lowing criterion: if the majority of an industry’s final outipis allocated to final consumption
demand it is classified as a consumption sector; otherwitdee majority of an industry’s out-
put is allocated to investment or intermediate demand,atassified as an investment sector.
Using this criterion, mining, utilities, transportationcawarehousing, information, manufac-
turing, construction and wholesale trade industries aasstiied as the investment sector and
retail trade, finance, insurance, real estate, rental sasing, professional and business ser-
vices, educational services, health care and social assgst arts, entertainment, recreation,
accommodation and food services and other services exogptrgnent are classified as the
consumption sectdr.

The model includes eight different types of economic ageftsontinuum of households
that consume, save in interest bearing deposits and swgdpdy bn a monopolistically compet-
itive labor market. Employment agencies aggregate difiterygoes of labor to a homogenous
aggregate for intermediate goods production. A continufimtermediate goods firms pro-
duce investment and consumption goods using labor andatapitvices as inputs. They rent
labor services from the employment agencies and rent ¢agitaices on a perfectly compet-
itive market from capital services producers. Final goodslpcers aggregate intermediate
producers output in each sector. Physical capital produecsg a fraction of investment goods
and existing capital to produce new sector specific capdatg. Financial intermediaries col-
lect deposits from households and finance the capital atquisof capital services producers.
A monetary policy authority controls the nominal interestr.

3.1 Intermediate goods producers
3.1.1 Intermediate goods producer’s production and cost nmimization

Intermediate goods in the consumption sector are produgedrbonopolist according to the
production function,

Culi) = maz{ A Leai)'* (Ko@) = AV;™ " Fo;0}.

Intermediate goods in the investment sector are producedl impnopolist according to the
production function,

1) = maa { V(L) = (Kpa i) — v Frs0 ),

8We have checked whether there is any migration of 2-digitstides across sectors for our sample. The only
industry which changes classification (from consumptiantestment) during the sample is “information” which
for the majority of the sample can be classified as investmedve classify it as such.
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where K, ;(7) and L, (i) denote the amount of capital services and labor servicasddyy
firm ¢ in sectorz = C,I anda.,a; € (0,1) denote the share of capital in the respective
production function. Fixed costs of productiafi;, F; > 0, ensure that profits are zero along
a non-stochastic balanced growth path and allow us to déspenth the entry and exit of

intermediate good producers (Christiano et al. (2005)eRbierg and Woodford (1995))The

variableA; denotes the (non-stationary) level of TFP in the consumgextor and its growth

rate,z; = ln(Aj‘;), follows the process,

2t = (]- - pz)ga + PzRt—1 + 5?7 (l)

Similarly, V; is the (non-stationary) level of TFP in the investment seata its growth rate,

v = ln(%) follows the process,

Uy = (1 - pv)gv + PuVi—1 + 6115)7 (2)

Here,s7 ande? arei.i.d. N(0,02) andN (0, 0?), respectively. The parametefsandg, are the
steady state growth rates of the two TFP processes above.and< (0, 1) determine their
persistence.

3.1.2 Intermediate goods producer’s pricing decisions

A constant fractiort, , of intermediate firms in sector = C, I cannot choose their price
optimally in periodt but reset their price — as M%) — according to tlei@tion
rule,

. . 1-
Pey(i) = PC,tfl(Z)WLCp,ich chv
l-ac

. N Lp —lp A -1 Vi T=a; |7
P 4(7) :PI,tfl(Z>7TI,;—17T} I[(Att1> (Vtt1> ] I’

l—ac
wherenq, = Pictfl andr;, = Pf’tfl (A?L) 1(v:/fl> " is gross inflation in the two sec-
tors andng, 7y denote steady state values. The factor that appears in\bstinent sector
expression adjusts for investment specific progress.
The remaining fraction of firmgl — ¢, ), in sectorz = C, I can adjust the price in period
t. These firms choose their price optimally by maximizing thespnt discounted value of

future profits. The resulting aggregate price index in thesconption sector is,

C
L
PC 1—tpgy

1 1
~\C Tot— oo | Pt
Pey = {(1 — )Py + &o(F2) e Pc,t1>*p,t} .
t

The aggregate price index in the investment sector is,

l—ac

~+t Tre—1\' —ip A -1,V — NG Af”t
=[-8 () s ) ()]
t— t—

T
9The fixed costs are assumed to grow at the same rate as outpetéonsumption and investment sector to
ensure that they do not become asymptotically negligible.




3.2 Final goods producers

Final goods(; and/;, in the consumption and investment sector respectivedypaoduced by
perfectly competitive firms combining a continuundg+{i) and /,(i)—of intermediate goods,
according to the technology,

1 T R 1 L 7N
/ (Ct (2)) 1+/\;?,t di] , I, = [ / ([t (Z)) 14l di] ,
0 0

The elasticity); , is the time varying price markup over marginal cost for intediate firms.
It is assumed to follow the exogenous stochastic process,

Ct:

log(1+Ay,) = (1= pag) log(1 + A7) + pag log(1 + A7, 1) + €54,

wherep,: € (0,1) andey , isi.i.d. N (0, aig), with z = C, I. Shocks to\; , can be interpreted
as mark-up (or cost-push) shocks.

Profit maximization and the zero profit condition for final goiirms imply that sectoral
prices of the final goods;-; and P; ;, are CES aggregates of the prices of intermediate goods
in the respective sectaF (i) and Py (i),

1 1 Af”t
/ Pr (i) e di] .
0

C

1 1 Dt
Po, = / PC,t(i) At di] ) Pry=
0

3.3 Households
3.3.1 Household’s utility and budget constraint

Households consist of two types of members, workers anddvankAt any point in time,
there is a fraction — f that are workers and that are bankers. The workers supply (spe-
cialized) labor and earn wages while the bankers managerecialantermediary. Both mem-
ber types return their respective earnings back to the halde This set-up is identical to

iL(ZQil) except for the fact that workergeh@aonopoly power in setting
wages. The household maximize the utility function,

(Lea(f) + Lie(5)
1+v

, Be€(0,1), ¢>0, v>0,

)

wherekE) is the conditional expectation operatgris the discount factor andis the degree of
(external) habit formation. The inverse Frisch labor symsasticity is denoted by while ¢

is a free parameter which allows to calibrate total labopsum the steady state to be unity.
Due to the non-stationarity of technological (TFP) progresility is logarithmic to ensure the
existence of a balanced growth path. Consumption is nokewiby(;j) because the existence
of state contingent securities ensures that in equilibyicomsumption and asset holdings are
the same for all households. The variahlés a intertemporal preference shock, which affects
both the marginal utility of consumption and the marginaiudility of labor. It is assumed to
follow the stochastic process,

o Z B | In(Cy — hCy_1) — @

t=0

log by = pplogby_1 + €, (4)



wherep, € (0,1) andelisi.i.d N(0,07?).
The household’s flow budget constraint (in consumptions) g,
B _ Wilj)

Gt ot <
" Poy Pey

B, T, U, (g 11
t—1 Lt . t(]) i t ’
Pey  Pey Poy  Poy

(Lew(j) + Lrg(j)) + R

()

whereB, is holdings of bank deposits (which are risk free and eqaivatb government bonds),
v, is the net cash flow from household’s portfolio of state aogint securitiesl; is lump-sum
taxes,R; the (gross) nominal interest rate paid on depositslans the net (after a start-up
fund given to new bankers’ members of household) per-capiéit accruing to households
from ownership of all firms (financial and non-financial). Metabove the wage raté\;, is
identical across sectors due to perfect labor mobility.

3.3.2 Employment agencies

Each household € [0, 1] supplies specialized labak,(;), monopolistically as imw.

). A large number of competitive “employment agericggregate this specialized labor
into a homogenous labor input which is sold to intermediateds producers in a competitive
market. Aggregation is done according to the following tiwmc,

1 L 1+>\w,t
L= [ / Ly(j)T dj] .
0

The desired markup of wages over the household’s margitebfaubstitution (or wage mark-
up), A\, +, follows the exogenous stochastic process,

log(1+ Aywt) = (1 — py)log(l 4+ Ay) + puwlog(l 4+ Ay 1) + €wis

wherep,, € (0,1) ande,,; isi.i.d. N(0,03 ).
Profit maximization by the perfectly competitive employrhagencies implies the labor
demand function,

L(j) = (th(f))_lmt L. ©®)

wherelV,(j) is the wage received from employment agencies by the supgliabor of type
J,» while the wage paid by intermediate firms for the homogeralgr input is,

1 1 >\w,t
Wi = [/ Wi (j) e dj] :
0

3.3.3 Household's wage setting

Following |Erceg et dl.[ (2000), in each period, a fractignof the households cannot freely
adjust its wage but follows the indexation rule,

, . 1—¢
. . zi+ -2y tw 4 _gc w
Wt+1 (J) = Wt(,]) <7Tc7t€ t l—a; t) (ﬂ_cega 1—a,; 9v )



The remaining fraction of households,— £,,), chooses an optimal wagé/; (), by maximiz-
ing’lo

{ng 68 [ - bt—I—S t+8( )1+V + At—l—sWt( )Lt-i-s( )] }7

subject to the labor demand functién (6). The aggregate waglees according to,

g 1—Lrw 21 + ac Vi1 L %w )\w
— v — — —
) (ﬂ'c,tfle 1=a ) Wtfl] ;

W, = {(1 — &) (W)™ + & (mee
wherelV, is the optimally chosen wage.

3.4 Capital services producers

There is a perfectly competitive sector with capital sexgiproducers that transform physical
capital to effective capital. At the end of periodapital services producers in secioe C, I,
purchase physical capitél-, or K, from physical capital producers (described in the next
section) in the respective sector at prige; or ();;. At the beginning of the next period,
capital services producers set the utilization rate oftehpr'he utilization ratey, ;, transforms
physical capital into effective capital according to

K &
K:v,t = ux,tfx,thL',t717 T = Ca [7

Capital services producers incur costs when setting atitn, which are denoted hy; (u, ;)

per unit of capital. This function has the properties thahmsteady state = 1, a,.(1) = 0 and
s = EB where "'s denote differentiation. Capital services producers effiective capital

|n perfectly competitive markets to intermediate goodsipoes and earn a rental rate equal to
RE,/Pc, per unit of capital.

In transforming physical into effective capital we allowr f@ capital quality shock (as in

Gertler and Karadi 1)}, and assume it evolves according to

log &, = perplog e, | +€5,, =01,

wherep.x , € (0,1). Because this disturbance (as shown below) directly afftat value
of capital—equivalently value of assets held by intermeegasince they provide finance for
capital acquisitions—we call it an asset value shtck.

We introduce a richer information structure with respecthis process. Specifically, we
assume the innovation of the shock process consists of tmpanents,

fK &-K fK news

Emt E 0+8a:t ’ ZL’:C,I, (7)

10A1l households that can reoptimize will choose the same waige probability to be able to adjust the wage,
(1 — &), can be seen as a reduced-form representation of wagetiggidiith a broader microfoundation; for
example quadratic adjustment costs (Callvo (1983)), infdion frictions l(MaM,N_G_egmLandﬂeﬁ_Qalrdo
(2002) ) Simls|(2003)) and contract costs (Caplin and Liea97).

Recently this type of exogenous variation to the value ofitahfhas enjoyed increasing popularity in
macroeconomic models. Other studies that include this tyjpshock include for exampl rimﬂ),

|Sannikov and Brunnermeier (2010), Gertler and Kiyotakil(0and Gertler et al. (2011).
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where the first componemf ., Is unanticipated and the second componén; , IS antici-
pated or news. For exampl&AlﬂlebsiZOll)Land.RbhaﬂﬂlOZﬂbcument using a variety
of sources from US data, people receive information (or fewvadvance of the actual real-
ization of technology and government spending innovatiégews can be anticipated several
guarters ahead so that,

K,h . . . . . .
Wheregf:,tfh is advanced information (or news) received by agents iroderi- h about the
innovation that affects asset values in period{ is the maximum horizon over which agents
can receive advance information (anticipation horizoh)s hssumed that the anticipated and
unanticipated components for sector= C, I and horizonh = 0,1,..., H arei.i.d. with
N (0,a§,<,h’x) and uncorrelated across sector, horizon and time. Notertheegs above also
allows for revisions in expectations. In other words, infi@ation received — h periods in
advance can later be revised by updated information reg¢eite— h + 1,...t — 1 or by the
unanticipated componerﬁfﬁ’o. This implies news received at any anticipation horizon may
only be partially (or fail to) materialize. To clarify thisn’lormation structure, suppose we
consider a one-quarter ahead news horizof/se 1 andam = fﬁo + afﬁ_ll Now in period
t rational agents can form expectations about one perioddaheset value shock process as
follows,

K,0 K1

logﬁft = PeKg Ingft 1+5§nt +8§t 1
Kl
10g§ft+1 = PeK g 1Og£xt+€a}t+1+€aﬂt

K,0 K 1
10g§ft+1 = PeKg (PgK loggﬂ 1T 5mt + 5mt 1) + 5;p t+1 + 5mt
K K0 Kol
E, [log fm,t+1] = /)gK log fxt 1t Per 2€04 T Pek, 8att 1+ 5xt . (8)
Capital services producers in period- 1 in sectorz = C, I choose the utilization rate of
capital as follows,

RK 1 ac—1

K T l1—a;
max Uxt+1§mt+1Ka:t g (g t41)Eq 41 Kot Ar Vg™ |
Uz,t+1 | L°C 41

The resulting first order conditions are,

RK
K ! H K o z,t+1 1 al _
Tx,t+1_ax(ux7t+1)7 with Tetr1 = P 1Vt+1 At+1
O, t+

Further, they purchase physical capital at the end of periatiprice @, and sell the
un-depreciated component at the end of petiad 1 at price(), ., to the physical capital
producers. Hence, total receipts of capital services predun period + 1 are equal to,

RKt B B ac—1 _
7+1 —a4
- u:v,t+1£§t+1Km,t - am(um,t+1)§§t+1Km,tAtJer;Hl—l% + (1 - 5$>Q:B,t+1£§t+1K:B,t7

Pty

12News shocks are introduced in a similar way for example ini©007), Schmitt-Grohe and Uribe (2012),
[Khan and Tsoukalas (2012) and Fujiwara étlal. (2011).
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which can be expressed as,

Rf,t—i—l@:v,t[?x,t (9)
with

ac—1

1—a.
5 e o Uattt + Quar1&an (1= 02) — (U 1) Ara Vg™
Rm,t+1: x=0C,1,

Qx,t ’
(10)

K
Rz,t+l

WhereRf’t+1 is the rate of return on capital. Since the latter finance fh@ichase of capital at
the end of each period with funds from financial intermeéi(io be described below}”, ,

is also the stochastic return earned by financial intermiedian sectorr = C, 1. Note that
the asset value shock procesgt ., directly affects the return to capital suggesting the news
component of the process may potentially affect this return

3.5 Physical capital producers

Capital producers in sectar= C, I use a fraction of investment goods from final goods pro-

ducers and undepreciated capital stock from capital ses\pecoducers (as described above) to

produce new capital goods, subject to investment adjustoosts as proposed b;LCh_risli_aﬂo_dt al.
). These new capital goods are then sold in perfectiypatitive capital goods markets

to capital services producers. The technology availablptigsical capital production is given

as,
I,
0, =0, + (1 _ S( t ))Im,
’ [m,tfl

where O, ; denotes the amount of used capital at the end of peti@d, , the new capital
available for use at the beginning of period 1. The investment adjustment cost functi®f)
satisfies the followingS(1) = S’(1) = 0andS”(1) = k > 0, where ""'s denote differentiation.
The optimization problem of capital producers in seatet C, I is given as,

N I, P
IZ?;L,%.f,tEt tz:; BtAt{Qx’t [Om’t + (1 B S(] - ))[x,t] - Qm,tOm,t - %[m,t}7

x,t—1

where(), ; denotes the price of capital (i.e. the value of installedtehjm consumption units).
The first order condition for investment goods is,
g (Im,tJrl ) ([m,tJrl ) 2
]J:,t Ix,t .

i =Qm[1 () ()

PC,t 7 ]a:,t—l ]a:,t—l Ix,t—l

From the capital producer’s problem it is evident that anpeaf O, ; is profit maximizing.
Letd, € (0,1) denote the depreciation rate of capital aig; ; the capital stock available at
the beginning of periodin sectorz = C, I. Then setting),, = (1 — 6)¢5, K, 1 implies the
available capital stock in sector evolves according to,

Avs
A,

+ BE Qg 41

Koy = (1= 6,)€5 Koy 1 + (1 - s( Lo ))Im v =01, (11)

x,t—1
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Sector specific capital implies that installed capital isnabile between the two sectors; only
newly produced capital can be re-allocated. Our assumpfi@ector specific capital is mo-
tivated by evidence in Ramey and Shapim_(iOOl) who repgrifs¢ant costs of reallocat-
ing capital across sectors. Recent two sector models wittoisspecific capital include,
among others, Boldrin et al. (2001), Ireland and Schuh (R0B&ffman and Wynrel (1999)
and| Papanikolaol (2011). Limited factor mobility is showrbe able to correct many coun-
terfactual predictions of one sector models with respebibtb aggregate quantities and asset
returns. For example, Boldrin et/al. (2001) show it can raiize the equity premium puzzle,
co-movement of sectoral inputs over the business cyclentieeted leading indicator property
of interest rates.

3.6 Financial sector
3.6.1 Financial Intermediaries

Financial intermediaries use deposits from householdsl@id own equity capital and lend
funds to capital services producers. Intermediaries facexagenous.i.d. probability of exit

in each period. Because we work with a two sector model wenas$anking is segmented;
there are two continua of banks which provide specializaditeg to capital services producers
in each sector. In other words, we assume there are spedahzermediaries for financing
each sector. This set-up can also be interpreted as onengd@ry with two independent
branches where the probability of lending specializatioggual across sectors and independent
across time. The implementation of financial intermedganneour two sector model is based
on the framework developed lln_G_eﬂlﬂLand_KdrédL(iOll) iteadard one sector model, so
we only briefly describe it here (AppendiX C provides all tlygiations):®* The balance sheet
of an intermediary that lends in secto= C, [ is,

Bm,t

Qm,tsx,t = Nx,t + PC,t’

r=0C,1,

where S, ; denotes the quantity of financial claims on capital servipesiucers held by the
intermediary andy,; denotes the price per unit of claim. The variablg; denotes equity
capital (or wealth) at the end of perieénd B, ; are households deposits.

Financial intermediaries are limited from infinitely borwimg funds from households by
a moral hazard/costly enforcement problem. Bankers, ab#ggnning of each period, can
choose to divert a fractiong of available funds and transfer it back to the household they
belong. Depositors can force the bank into bankruptcy acover a fractionl — \p of assets.
Note that the fraction) z, which bankers can divert is the same across sectors torgaartat
the household is indifferent of deposit allocation.

Financial intermediaries maximize expected terminal Wngake. the discounted sum of fu-
ture equity capital. The moral hazard/costly enforcemeoiblem constraints the bank’s ability
to acquire assets and hence lending because it introducasdagenous leverage constraint.

B3It is important to highlight that banks in either sector ayemetric. Their performance and hence the
evolution of equity capital differs between them becausedémand for capital differs across sectors resulting
in sector specific prices of capitd),, ;, and rates of return for capital. Moreover the instituticsetup of banks
does not depend on firm-specific factors allowing the emergena representative bank in each sector.
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In this case, the quantity of assets which the intermediaryacquire depends on the equity
capital, N, ;, as well as the intermediary’s leverage rawg,. The leverage ratio (bank’s in-
termediated assets to equity) is a function of the margiaaigyof expanding assets (holding
equity constant), expanding equity (holding assets catlstand the gain from diverting assets.
Formally,

Qu St = 0t Na 1, (12)

Financial intermediaries which exit the industry can bdaegd by new ones. Therefore,
total wealth of financial intermediaries is the sum of theiggcapital of existing,N; ,, and
new ones/N;',,

Ny = Ng,+ Ny

The fractiondz of bankers at — 1 which survive untilt is equal across sectors. Then, the law
of motion for the equity capital of existing bankers in seate= C, I is given by,

NS, =0p[(R2, — Ri1)0u-1 + Ri—1]Nyy1, 0<0p <l (13)

where,R?, — R,_, denotes the ex-post excess return on assetsignés the return to capital
given by equanriII]O) The impact of the latter 8f, is increasing in the leverage ratio.

New entering banks receive startup funds from householdal e a small fractiongo, of
the value of assets held by the existing banks in their finaragng period. Given that the
exit probability isi.i.d., the value of assets held by the existing bankers in theit éiperating
period is given by(1 — 65)Q,:S... Therefore, new intermediaries begin with,

an,t = w0Q44Sx 1t 0<w< 1. (14)
Combining [IB) and(14) leads to the law of motion for totaliggcapital,
Ny = (93[(R — Ri1)0240-1 + Ri—1] N1 + me,tSm,t)gm,ta
whereg, , is a shock to the bank’s equity capital, assumed to evolve as,
log Gut = pe, 108 o1 + €5, 4, x=0C,1

wherep, € (0,1) ande;, , isi.i.d N(0,02).
It is useful to define the finance (or risk) premium on asseatseebby banks in sectar= C' I,
as,

R}, =RZ,. — R, (15)

Financing capital acquisitions by capital services produers. Capital services producers
in sectorz, acquire physical capital’, ; at the end of period, and sell the capital on the open
market again at the end of period- 1. This acquisition of capital is financed by intermediaries
in the respective sector. To acquire the funds to buy camtgdital services producers issue
Se.+ or Sy, claims equal to the number of units of physical capital a@gliKc; or K. They
price each claim at the price of a unit of capitat; or ();,. Then by arbitrage the following
constraint holds,

Qx,tKa:,t - Qx,tsaz,ta
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where the left-hand side stands for the value of physicataagcquired and the right-hand
side denotes the value of claims against this capital. Irrashto the relationship between
households and banks which is characterized by the moratdabstly enforcement problem,
we assume—in line with_G_er_tI_er_anﬂ_Kaﬂakii_CZbll)—there ardrictions in the process of
intermediation between non-financial firms and banks. iédhe assumptions above imply fi-
nancial intermediaries carry all the risk when lending tpita services producers—effectively
capital services producers earn zero return. Using thergstiens in Gertler and Karadi (2011)
we can interpret these claims as one period state-contifigerls which allows interpreting
the risk premium defined in equatidn {15) as a corporate bprehs.

3.7 Monetary policy

The nominal interest ratB, set by the monetary authority follows a feedback rule,

% _ (R;%_1>PR[<7T6¢>¢¢ (ﬁ)qﬁm( Y, >¢AY] 1—panp7t’ PR G bam. Gy € (071)’

Te Tet—1 th—l

whereR is the steady state (gross) nominal interest rate(&pt;_, ) is the gross growth rate
in real GDP. The interest rate responds to deviations ofutopsion sector inflation from its
target level, inflation growth and real GDP growth and is sabjo a monetary policy IID shock

nmp,t-

3.8 Market clearing

The resource constraint in the consumption sector is,

ac

_ _ AV, _ e
Cy + (a(ucy) 8 Koy + alur )& Kr) ——5— = AL K2 — AV, " F.

l1—a;
‘/’t 7

The resource constraint in the investment sector is,

_1 1

[J;j + 155] S VLK — VR,

Notice in specifying the resource constraint in the investtsector we—following Huffman and Wynne
)—allow (but not require) for the realistic possityihat investment goods may be sector

specific to some degree, i.e. imperfect substitutes in mtimu In other words, investment

goods produced for the investment sector may not be comv@vithout cost) to use in the con-

sumption sector. There are many examples that can fit thesiggen. For example equipment

produced for use in the automobile industry cannot be imatelji or costlessly converted in

equipment for use in services industriésAs shown b)k Huffman and Mnhb_(;égg) this fea-

ture helps with sectoral co-movement in a two sector RBC hdde parameter that captures

the elasticity of substitution is given by;1 < p < —oco. Forp = —1, we obtain a standard

resource constraint for the investment sector (i.e. p#yfestibstitutable investment goods),

14Huffman and Wynrle (1999) motivate this assumption by sgatin.it is trivial to observe that factories cannot
immediately be refurbished so as to produce computersadsitpipelines, or trucks instead of cement. It takes
time and resources to change the composition of goods pedduc
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while p < —1, implies a cost for quickly changing the composition of isireent goods across
sectors. We estimate this parameter and thus let the da spats magnitude. Moreover,

_1
P

Li=Lig+Les  L=[L7+15]
Output (GDP in consumption units) is defined as,

P
Y}:C't—l—i[t—i—et.
Py
wheree, denotes GDP measurement error. We assume that this measirerror in GDP
evolves according to,

loge; = (1 —pe)loge + peloge, 1 + &y,

wherep, € (0,1) ande¢ is i.i.d. N(0,0%). The measurement error is used to capture un-
modelled output movements. These can arise from governspending or net exports which
we abstract from in the model, motivated by recent evideheg &ssigns a relatively un-
important role of government spending shocks as a drivingefof the business cycle. For
example, Justiniano etlal. (2010) report that governmeenidipg shocks account for about 2%
in the variance of many macroeconomic aggregates, suchtpistpoconsumption and hours in
business cycle frequencies.

4 Data and Methodology

We estimate the model using quarterly U.S. data (1990 Q2 1 ZD1) on eleven macroeco-

nomic and financial market variables. Specifically, we uga da output, consumption, in-

vestment, wages, consumption and investment sector orfldtours worked, nominal interest
rate. Moreover we include non-financial corporate bondagseand a measure of interme-
diaries’ equity capital. We construct and use only sectecsijg spreads for corporate bonds
issued by non-financial companies that are actively tragéuk secondary markét.Appendix

[Bl describes the data sources and methods in detail. Therwdobiservables we use in the
estimation is given as,

Y, = [A logY},AlogCt,Alog[t,Aloth,wat,m’t,logLt,Rt,Rét,RIA,t,AlogNt}. (16)

whereA denotes the first-difference operator and we demean thepdatato estimation. In
the vector aboveY;, Cy, I, Wy, mey, mry, Le, Ry, R, BT, N;, denote, output, consumption,
investment, real wage, consumption sector inflation, itmaeat sector inflation, hours worked,
nominal interest rate, consumption sector bond spreadstment sector bond spread and bank
equity respectively.

15This information is provided by Datastream. In line with @itist and Zakrajsek (2012) we only consider

bonds with a rating above investment grade and maturitydotigan one and shorter than 30 years. We also
exclude all credit spreads below 10 and above 5000 basissgoiensure that the time series are not driven by a
small number of extreme observations. To generate thet@adiad series for the consumption/investment sector,
we aggregate the spreads of 1213/4163 bonds and take thenetiit average. The limited availability of credit
spread data for the 1980s is a factor that restricts the safopthe estimation.
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We use the Bayesian methodology to estimate the model pteesnéhis methodology is
now extensively used in estimating DSGE models (see Sobidk{2000), Smets and Wouters
(2003),/ Lubik and Schorfheidée (2004), Levin et al. (2005) el Negro et al.[(2007) for ex-
amples). Recent overviews are presentdd_m_An_a.nd_S_QhQé‘ltéD_Oﬁ) and®. The posterior
distribution of parameters is evaluated numerically usigandom walk Metropolis-Hastings
algorithm. We simulate the posterior using a sample of SID¢draws and use this (after drop-
ping the first 20% of the draws) to (i) report the mean, and therdd 90 percentiles of the
posterior distribution of the estimated parameters andyaluate the marginal likelihood of
the model. We also perform a test of (local) parameter iflabtliity as proposed b@bv
(M). This test evaluates the Jacobian of the vector conggall parameters (including the
parameters describing the exogenous processes) whiaimileethe first two moments of the
data. When evaluated at the posterior mean of our paranstierates this Jacobian matrix has
full column rank—equal to the number of parameters to beregad. This implies that any
chosen vector of parameters around our estimates will ggeeto an auto-covariance function
that is different than that implied by our estimates. The tiesrefore suggests all parameters
are identifiable in a neighbourhood of our estimafes.

Prior distributions . A number of parameters is held fixed during estimation. €lee
shown in Tablé 3!/ For the remaining parameters we use prior distributionsdbaform to

the assumptions used lin Smets and Wouters (2007), Justieiad. (2010), Justiniano et al.
(2011),[Khan and Tsoukalas (2012). The first five columns iolél@ list the parameters and

the assumptions on the prior distributions.

A new parameter we estimategdsvhich determines the degree of intratemporal investment
adjustment cost. This parameter was originally introduneduffman and Wynrie (1999) and
has been shown to be important, in the context of a calibtatedsector RBC model, in gen-
erating sectoral co-movement in response to sector spé@éiffcshocks. We estimate a trans-
formation of this parameter, given by = 1 + % that lies in the (0,1) interval and assume has
a Beta distribution.

In the benchmark model we consider four and eight quartesichhsset value news. This
choice is guided by the desire to economise on the state gpaosonsequently on parameters

18All estimations are done using DYNARE, http://www.ceprengars.fr/dynare/. We calculate convergence
diagnostics in order to check and ensure the stability optheterior distributions of parameters as described in
BBrooks and Gelman (1998).

"We set the quarterly depreciation rate to be equal acrossrsefz = 6; = 0.025. From the steady state
restriction3 = nc/R, we set3 = 0.9974. The shares of capital in the production functions,anda;, are
assumed equal across sectors and fixed at 0.36. The stetalyatees for the ratio of nominal investment to
consumption is calibrated to be consistent with the avevafiee in the data. The steady state sectoral inflation
rates are set to the sample averages and the sectoral statgnark-ups are assumed to be equal to 10%. We
also calibrate the steady state (deterministic) growthF® Th the consumption/investment sectors in line with
the sample average growth rates of output in the two secituis.yieldsg, = 0.1% andg, = 0.4% per quarter.
There are three parameters specific to financial intermediathe parametéts, which determines the banker’s
average life span does not have a direct empirical counteapd is fixed a0.96, very similar to the value used by
Gertler and Kiyotaki(2010) and Gertler and Kafadi (201 BisValue implies an average survival time of bankers
of slightly over six years. The parametersand A are fixed at values which guarantee that the steady state risk
premium (the average of spreads across the two sectorshasteady state leverage ratio matches their empirical
counterparts. The average of the consumption sector aedtiment sector credit spreads are each equal to 50
basis points in the sample. The average leverage ratio idataeis computed from the ratio of assets (excluding
loans to consumers, real estate and holdings of governroadshto equity for all U.S. insured commercial banks
and is equal to 5.47. This value is considerably smaller @egbto the ratio of total assets to equity, which is
equal to 11.52 (see Appendi B for a detailed description).
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to be estimated while being flexible enough such that the peacess is able to accommodate
revisions in expectations. In sectibh 8 we show this chaicke supported by the model fit
criterion though we also discuss denser information stinest Similar news horizons are con-
sidered by Christiano et al. (2010), Schmitt-Grohe and &/¢2012) and Khan and Tsoukalas
(@) Finally, all standard deviations of the contemperaus and news shocks are assumed
to be distributed as an inverse Gamma distribution with adsied deviation of 2.0. Its im-
portant to note we specify priors for the news componentssétavalue shocks such that the
sum of the variance of the news components equal the varadribe respective unanticipated

component. This choice is partly guided by the findings of Bg and Portier (2006) and
Beaudry and Lucke (2010) who estimate that news shocks (&&&)unt for around 50% of

macroeconomic fluctuations. In fact our choice implies tlagpriori“ news shocks are rela-
tively unimportant in explaining the variation in the setaifservables. Therefore, shocks of
this type are handicapped in relation to more conventidmatlss before the model is taken to
the data. Tablel9 reports a variance decomposition comptitibe prior means of parameters
which illustrates this fact: the combined contribution efws shocks does not exceed 4% in the
variance of any of the main macroeconomic aggregates ancevahecks to TFP processes,
wage mark-up and sectoral price mark-ups dominate.

Table 3: Calibrated Parameters

Parameter Value Description

oc 0.025 Consumption sector capital depreciation

o7 0.025 Investment sector capital depreciation

ac 0.36 Consumption sector share of capital

ar 0.36 Investment sector share of capital

I} 0.9974  Discount factor

o 0.6722  Steady state consumption sector inflation

T 0.0245  Steady state investment sector inflation

Ap 0.1 Steady state price markup (both sectors)

Aw 0.1 Steady state wage markup

Ja 0.001 Consumption sector sample average TFP growth
o 0.004 Investment sector sample average TFP growth
pié 0.399 Steady state investment to consumption ratio
0p 0.96 Probability of bankers survival

w 0.00089 Share of assets to new bankers

AB 0.3 Fraction of funds bankers can divert

0 5.47 Steady state leverage ratio

RB—-R  0.005 Steady state risk premium (per quarter)

Posterior distributions. Table[4 reports the posterior mean and the 10% and 90% inter-
vals of estimated parameters. Overall, the estimates aaly consistent with earlier stud-

ies using one sector models, elg., Smets and Wouters (A0&h, and Tsoukalas (2012) and
Justiniano et al| (2010).

The degree of price stickiness is estimated to be simildrertwo sectors, though prices in
the consumption sector are slightly stickier compared ¢éoitlkestment sector. The estimates
of the Calvo parameters imply an average contract lengthenirivestment sector of about
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4.3 quarters, while on average contracts are renegotiatsg 6.5 quarters in the consump-
tion sector. There is scattered evidence in the DSGE lisgabout sectoral price stickiness.
Using a different estimation methodology and sa@) finds that prices in the
consumption sector are more flexible than estimated here Calvo parameter for wage stick-
iness is very close to the estimates in Smets and Wouter§ 2RBan and Tsoukala 12)
and| Justiniano et al. (2010), implying that on average wagesenegotiated approximately
every 3 quarters. The estimate for the (intertemporal)stment adjustment cost parameter
(2.18) is broadly similar to Khan and Tsoukalas (2012) (R@8&ustiniano et all (2010) (2.85)
estimated using one sector models. The transformed pagaithett captures intratemporal
investment adjustment costs is estimated at 0.358. Thisnmp a value ofp = —1.55,
suggesting a mild degree of intratemporal adjustment costsanging the composition of sec-
toral investment flows. As far as we are aware this is the fatitrate based on a DSGE model
reported in the literature.

The monetary policy rule parameter estimates as well asstimates for the persistence
parameters and standard deviations of the unanticipatezkstare in line with the values re-
ported in Smets and Woutets (2007), Khan and Tsoukalas {20tRJustiniano et al. (2010).

Relative to earlier work on estimated DSGE models we esérvab new shocks that are
financial in nature. First, a shock to the equity capital téimediaries. The posterior estimates
for the volatility of equity shocks suggest a consideraiétward shift from the prior mean
and the estimates for the AR(1) parameters suggest coabldgyersistence for the consump-
tion sector equity capital shock. Second, a shock that tafthe value of assets of intermedi-
aries in sector = (', I. The asset value shock consists of unanticipated and gauigd (news)
components. The standard deviations for the news compeKemsumption sector) are es-
timated to be around or above their unanticipated compsrarggesting the former may be
important in accounting for the variation in the data. Ingr@hthe processes for the asset value
shocks in the consumption sector are estimated to be coablgienore persistent compared to
their counterparts in the investment sector. Similarlg, ¥blatilities in the news components
of the former are estimated to be larger compared to themteoparts in the investment sector.
We now turn to examine the importance of shocks in accouritinfjuctuations.

5 Variance Decompositions

In this section we evaluate the relative contribution anganance of various disturbances
in accounting for fluctuations in the data. We discuss resudim a decomposition at the
frequency domain, focussing on business cycle frequendi&salso report an unconditional
decomposition in Appendix’Al4 (Talplell0).

Frequency domain.Tableb reports a variance decomposition based on the apéetrsity
of the level of the observables at business cycle frequsric®ising on periodic components
that encompass cycles between 6 and 32 quarters. Assetnalisgeshocks (consumption sec-
tor) account for 30.5%, 22.4%, 31.0% of the variance in oytpuestment and hours worked
respectively, with news arriving two years ahead being thiidant component. Financial
shocks (i.e. equity and asset value shocks combined) acfmu$6.1%, 28.1%, 35.1% of the
variance in the same set of variables.

TFP shocks are also of considerable importance at busipelesfrequencies. Sectoral TFP
shocks together account for 19.7%, 11.2%, 31.5%, 12.8%=0¥dniance in output, consump-
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Table 4: Prior and Posterior Distributions

Parameter

Description

Prior Distribution

Posterior Distribution

YN

[N

*

Pz
Pv
Po
Pe
Prg
PXI
PAw
Psc

PerC
PeK 1

oy\C
AP
O\T
>‘7J
J>\ur
O'gc
Oqr
ek C
O¢K.4,C
U{K,S,C
el 1
O'EK,AL,I

o
EK,S,I

Consumption habit

Inverse labour supply elasticity
Wage Calvo probability
C-sector price Calvo probability
I-sector price Calvo probability
Wage indexation

C-sector price indexation
I-sector price indexation
I-sector utilization

C-sector utilization

Investment adjustment cost
Taylor rule inflation

Taylor rule inertia

Taylor rule inflation growth
Taylor rule GDP growth
Intratemporal investment adjustmet cost

Shocks:

Persistence

C-sector TFP

I-sector TFP
Preference

GDP measurement error
C-sector price markup
I-sector price markup
Wage markup
C-sector equity capital
I-sector equity capital
C-sector asset value
|-sector asset value

Shocks:

Volatilities

C-sector TFP

I-sector TFP

Preference

GDP measurement error
Monetary policy

C-sector price markup

I-sector price markup

Wage markup

C-sector equity capital

I-sector equity capital

C-sector asset value

C-sector asset value 4Q ahead
C-sector asset value 8Q ahead
I-sector asset value

|-sector asset value 4Q ahead
I-sector asset value 8Q ahead

Distribution

Beta
Gamma
Beta
Beta
Beta
Beta
Beta
Beta
Gamma
Gamma
Gamma
Normal
Beta
Normal
Normal
Beta

Beta
Beta
Beta
Beta
Beta

Beta

Beta
Beta
Beta

Beta
Beta

Inv Gamma
Inv Gamma
Inv Gamma
Inv Gamma
Inv Gamma
Inv Gamma
Inv Gamma
Inv Gamma
Inv Gamma
Inv Gamma
Inv Gamma

Inv Gamma
Inv Gamma

Inv Gamma

Inv Gamma
Inv Gamma

Mean  Std. dev. Mean 10% 90%
0.50 0.10 0.6864 0.6184 0.7550
2.00 0.75 1.0112 6912 1.7312
0.66 0.10 0.6536 0.5853 0.7227
0.66 0.10 0.8188 8775 0.8830
0.66 0.10 0.7744 636 0.8727
0.50 0.15 0.2608 0.1400 0.3802
0.50 0.15 0.2360 0.0992 93.36
0.50 0.15 0.2689 0.1026 3b42
5.00 1.00 5.0041 3.3870 6.6031
5.00 1.00 4.0646 2.4370 5.6471
4.00 1.00 2.1795 1.5915922.
1.70 0.30 2.2351 1.8988 2.5653
0.60 0.20 0.9036 0.8815 0.9269
0.25 0.10 0.1813 0.0314 .31®5

0.125 0.05 0.2476 0.1636 04329

0.50 0.20 5783 0.1468 0.5834
0.40 0.20 0.1483 0.0148 0.2750
0.40 0.20 0.2585 0.1289 0.3838
0.60 0.20 0.8225 0.7588 0.8867
0.60 0.20 0.9741 0.9508 0.9985
0.60 0.20 0.2266 0.0670 0.3786
0.60 0.20 0.8034 0.6907 0.9269
0.60 0.20 0.3246 0.1583 0.4917
0.60 0.20 0.8047 0.7609 0.8501
0.60 0.20 0.6070 0.4092 0.8002
0.60 0.20 0.9142 0.8719 0.9570
0.60 0.20 0.1943 0.0767 0.3050
0.50 2.0 0.2691 0.1628 0.3744
0.50 2.0 1.4572 1.2343 1.6774
0.10 2.0 2.0948 1.3957 2.7869

0.50 2.0 0.4310 0.3649 4£.493
0.10 2.0 0.1293 0.1114 0.1473
0.10 2.0 0.2797 0.2298 0.329
0.10 2.0 0.2120 0.1547 ®268
0.10 2.0 0.3268 0.2582 0.3944
0.10 2.0 0.2744  0.2225 24%h3
0.10 2.0 0.1772 0.1105 4362

0.10 2.0 0.0558 0.0250 0.0863
21/ 2.0 0.0521 0.0186 0.0889
21/ 2.0 0.1709 0.0951 0.2459

0.10 2.0 2.6620 2.1124 3.2142
2/ 2.0 0.0632 0.0165 0.1229
g2/ 2.0 0.0548 0.0175 0.1004

The parameter that captures the intratemporal adj. cosh¥yestment,

according top* =1+ %.
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tion, investment and hours worked respectively. Intengdgi TFP shocks of the investment
specific type (i.e. TFP shocks in the investment sector) wuctor the bulk of the variance
shares above (except consumption). Specifically, theywstdor 14.1%, 30.8% and 12.2%
of the variance in output, investment and hours worked @smdy. The importance of TFP
shocks of the investment specific type stands in contrasntbniys in earlier studies (e.g.
Schmitt-Grohe and LJriﬂJé_(;dlt), Christiano dt[al._(ioma) find shocks of this type are neg-
ligible sources of fluctuations but more in line with the fimg$ in_Justiniano et hL(;le) and
r 6) who report a large share of fluctuations to leewtted for by investment spe-
cific shocks. The reason for these apparently contradiditraiings is that the former studies,
identify investment specific shocks from variation in thiatge price of investment alone in
one sector estimated DSGE models. This restriction shérpits the quantitative significance
of these shocks as they have to match point-by-point in timpkathe time series properties of
the relative price of investment. But in our two sector matié restriction is not necessarily
valid and hence other shocks can also affect the relatize pfiinvestment, leaving more room
for investment specific shocks to affect model dynamicsanstiort run. To conserve space we
present a more detailed explanation for this finding in AglbeiA. 2.

The preference shock accounts for about 42.5% in the vaieihmonsumption. This is line
with Justiniano et al/ (2010) who also report evidence ferdtherwise irrelevant preference
shock in accounting for consumption fluctuations. The pn@gk-up shock in the investment
sector accounts for a sizeable fraction in the variancevalstment and hours worked, approxi-
mately 34% of the forecast error variance in each of thesablass. Both price mark up shocks
explain a large fraction of variation in the sectoral infiatirates along with the investment
sector TFP which accounts for 22.0% in the variance of thabss inflation. The wage mark-
up shock primarily explains a large share of the varianceah wage (56.5%) and to a much
smaller extent variance in hours worked (8.5%).

Turning to financial variables, the main driving forces floe t/ariance in consumption sec-
tor corporate bond spread are asset value news and equitsl cdyocks (consumption sector).
The eight quarter ahead news component and the equity ksipitek, account for 39.3% and
32.7% in its variance, respectively. Thus a sizeable foaabf the variance in the consumption
sector spread can be accounted for by news shocks, sugpasignificant amount of advance
information present in the corporate bond spread seriescoByrast only a small fraction of
the variation in the investment sector spread is accoumteblyf news shocks. The investment
sector TFP, monetary policy, consumption sector mark-wpiarestment sector equity shocks
each approximately account for 20.0% in the variance ofdbaes. Finally, news components
account for about 23.0% in the nominal interest rate. Thggeats monetary policy may be
responding to advance signals relating to the quality oklmnsector balance sheets, perhaps
due to the imminent lending contraction that accompaniescére in the valuation of assets.

The importance of news shocksWhy do asset value news shocks become so important in
accounting for the variation in the data in the presence dfipie sources of disturbances? This
type of news shock is distinct from other, more conventipsiabcks included in the estimation
that may also affect the value of assets, e.g. TFP shocksortamly, relative to these other
disturbances, it generates the right type of co-movemaesttgden aggregate quantities, prices
and intermediaries’ equity capital (see secfibn 6 for arositjpn of the transmission). More
specifically it generates, (a) procyclical movements inngias, (b) countercyclical move-
ments in credit spreads, (c) inverted lead indicator pityp@vith respect to output) of the
short term nominal rate—the fact that in the data the nomratal is positively correlated with
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past and negatively correlated with future output growthje-(d) the lead-lag relationship be-
tween equity capital growth on the one hand with output ghoavid investment growth on the
other, namely the fact that equity growth is positively etated with future output and invest-
ment growth. An illustration of the facts above can be cordarby examining Figuriel 2. The
Figure presents dynamic correlations among several kaghblas pertaining to facts (a)-(d)
above, in the data (solid line), model with all shocks (lingéw#’), model with the dominant
2 year ahead news shock only (line with circles). The dynararcelations generated by the
news only driven model (all the other shocks set at zero) arg similar to the correlations
generated by the model with all shocks active. At the same thm news driven model also
generates correlations broadly similar with the dynamicedations in the data. These find-
ings combined explain why the news shock becomes impontaatéounting for fluctuations
in aggregate quantities and prices.
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Table 5: Variance decomposition at posterior estimatessiabss cycle frequencies (6-32 quarters)

Financial Shocks

z v b e e xg X Ao = 5} &’ & & & ar &
Output 0.055 0.141 0.013 0.034 0.080 0.015 0.214 0.085 0.018 0.000 0.017 0.021 0.015 0.290 0.000 0.000
[0.044 0.066] [0.125 0.162] [0.010 0.018] [0.029 0.039] O 0.089] [0.011 0.019] [0.164 0.267] [0.062 0.108] [0.018022] [0.000 0.000] [0.013 0.023] [0.017 0.025] [0.011 ZLP [0.249 0.329] [0.000 0.000] [0.000 0.000]
Consumption 0.106 0.006 0.425 0.001 0.135 0.075 0.020 0.146 0.003 0.000 0.014 0.010 0.006 0.053 0.000 0.000
[0.088 0.125] [0.004 0.009] [0.384 0.456] [0.000 0.001] 107 0.153] [0.059 0.092] [0.013 0.032] [0.113 0.179] [0.002003] [0.000 0.000] [0.011 0.018] [0.009 0.012] [0.004 GBP [0.044 0.064] [0.000 0.000] [0.000 0.000]
Total Investment 0.007 0.308 0.012 0.000 0.018 0.001 0.344 .0250 0.013 0.000 0.009 0.036 0.010 0.214 0.000 0.000
[0.005 0.008] [0.274 0.346] [0.009 0.016] [0.000 0.000] Of6 0.020] [0.001 0.002] [0.281 0.412] [0.018 0.033] [0.01@016] [0.000 0.000] [0.007 0.012] [0.028 0.045] [0.007 1P [0.178 0.244] [0.000 0.000] [0.000 0.000]
Total Hours . 0.122 0.013 . 0.072 0.007 0.344 0.085 .0140 0.000 . 0.015 0.015 0.295 0.000 .
[0.005 0.008] [0.107 0.142] [0.009 0.019] [0.001 0.001] OFR 0.081] [0.004 0.009] [0.280 0.410] [0.062 0.111] [0.01L017] [0.000 0.000] [0.009 0.016] [0.013 0.017] [0.011 ZWP [0.245 0.333] [0.000 0.000] [0.000 0.000]
Real Wage 0.068 0.086 0.014 0.000 0.017 0.134 0.054 0.565 010.0 0.000 0.007 0.007 0.003 0.039 0.000 0.000
[0.056 0.085] [0.075 0.098] [0.008 0.021] [0.000 0.000] Of2 0.023] [0.113 0.166] [0.039 0.071] [0.513 0.610] [0.000.002] [0.000 0.000] [0.005 0.010] [0.006 0.008] [0.003 GBP [0.029 0.049] [0.000 0.000] [0.000 0.000]
Nom. Interest Rate 0.001 0.094 0.100 0.001 0.234 0.188 0.085 0.051 0.003 0.000 0.004 0.009 0.007 0.223 0.000 0.000
[0.001 0.002] [0.085 0.105] [0.082 0.117] [0.001 0.002] 26 0.257] [0.154 0.221] [0.060 0.117] [0.037 0.062] [0.002004] [0.000 0.000] [0.003 0.005] [0.008 0.011] [0.005 iMP [0.190 0.255] [0.000 0.000] [0.000 0.000]
C-Sector Inflation 0.004 0.099 0.115 0.000 0.120 0.368 0.038 0.109 0.000 0.000 0.001 0.004 0.003 0.135 0.000 0.000
[0.004 0.006] [0.089 0.112] [0.095 0.137] [0.000 0.001] 16 0.136] [0.310 0.421] [0.025 0.055] [0.084 0.134] [0.00R001] [0.000 0.000] [0.001 0.001] [0.003 0.005] [0.002 &P [0.109 0.159] [0.000 0.000] [0.000 0.000]
I-Sector Inflation 0.001 0.220 0.005 0.001 0.075 0.001 0.203 0.016 0.009 0.000 0.011 0.115 0.013 0.326 0.000 0.000
[0.001 0.002] [0.199 0.246] [0.004 0.006] [0.001 0.001] OF6 0.084] [0.001 0.002] [0.164 0.250] [0.013 0.019] [0.007011] [0.000 0.000] [0.008 0.014] [0.101 0.132] [0.009 1BP [0.281 0.371] [0.000 0.000] [0.000 0.000]
C-Sector Spread 0.005 0.033 0.008 0.000 0.022 0.042 0.106 0040. 0.327 0.000 0.016 0.025 0.016 0.393 0.000 0.000
[0.004 0.007] [0.028 0.038] [0.006 0.010] [0.000 0.000] Of® 0.026] [0.033 0.051] [0.078 0.141] [0.003 0.006] [0.298367] [0.000 0.000] [0.012 0.020] [0.021 0.030] [0.012 ZBP [0.346 0.434] [0.000 0.000] [0.000 0.000]
I-Sector Spread 0.019 0.187 0.033 0.001 0.191 0.179 0.097 0250. 0.009 0.206 0.000 0.026 0.001 0.023 0.000 0.000
[0.015 0.022] [0.165 0.215] [0.026 0.040] [0.001 0.001] 1E® 0.213] [0.147 0.212] [0.060 0.151] [0.019 0.030] [0.007.011] [0.161 0.257] [0.000 0.000] [0.020 0.033] [0.001 @Lp [0.017 0.031] [0.000 0.000] [0.000 0.001]
Equity 0.066 0.211 0.013 0.001 0.090 0.078 0.042 0.008 0.074 0.001 0.027 0.077 0.014 0.294 0.000 0.000
[0.055 0.077] [0.189 0.235] [0.010 0.018] [0.001 0.001] O@0 0.100] [0.062 0.095] [0.029 0.059] [0.005 0.011] [0.062.087] [0.001 0.001] [0.021 0.034] [0.070 0.088] [0.011 Zmp [0.252 0.338] [0.000 0.000] [0.000 0.000]

Median shares are reported with values in brackets 5 andi@gmi#es. > = TFP in consumption sector,= TFP in investment sectaf,= Preference shock,= GDP measurement erroy,,,, = Monetary policy,Af = Consumption sector price markup’, = Investment sector price markup,, = Wage markupsc: = Consumption

sector equity capitak; = Investment sector equity capitaf;

= Unanticipated consumption sector asset vafie’, = = quarter ahead consumption sector asset value rgis= Unanticipated investment sector asset vafgie’ = = quarters ahead investment sector asset value news. Baisys frequencies considered in the

decomposition correspond to periodic components withesybetween 6 and 32 quarters. The decomposition is perfasied the spectrum of the DSGE model and an inverse firstelifte filter to reconstruct the levels for output, consuampttotal investment, the real wage and equity. The spedraity is computed from
the state space representation of the model with 500 birfsefiguencies covering the range of periodicities.
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Figure 2: Dynamic correlations among several key varialiehe data (solid line), implied by
the baseline model with all shocks (blue line with '+’) ane timodel with the eight quarter ahead
consumption sector asset value news shock only (red lirfreciritles).

Our quantitative results are similar with findings reportedGilchrist et al. (2009) and
Gilchrist and Zakrajsek (2012), studies that exploit infation from corporate bond spreads
but obtained using different methodologies. Gilchristle{2009) report that credit market
shocks identified through corporate credit spreads in aféetsed VAR, explain around 30% of
the variation in economic activity (measured from industproduction). Gilchrist and Zakrajsek

), decompose the movements in credit spreads toieariatdefault risk and excess bond
premium with the latter shown to be tightly associated whi quality of balance sheets of key
financial intermediaries. They find variation in the excessdpremium can explain around
10% and 25% of output and investment variation respectivagljte similar to the variance
shares in the same variables accounted for by news shocksection[¥ we show that our
estimated news shocks are strongly correlated with botlkehaneasures of default risk and
the excess bond premium which explains the similaritiehéfindings above. Our quantita-
tive results also bear similarities with findings reportehristiano et al| (2010) who identify
news shocks (in riskiness about entrepreneurial actiwityg one sector DSGE model with
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Bernanke et all (1999) style financial frictions to be a digant source of U.S. fluctuations.

We undertake an additional exercise to better appreciateotk of financial and in partic-
ular asset value news shocks in explaining the in-samplati@r in the data. Figurlg 3, shows
the actual sample path of output growth, investment grotatal hours worked and sectoral
credit spreads along with simulation paths generated bynibael when either, (a) only all fi-
nancial shocks or, (b) only all asset value news shocks amedwon and all other shocks are set
equal to zero. A first visual inspection of Figure 3 illusemthat both simulation paths track
movements of the actual data quite closely. A noteworthyirfignds that the path generated
with news shocks only correctly captures most of the turmmamts in actual output growth
and also quite successfully account for the 2001 and 20G&sans (though not very well
the 1990s recession). Interestingly, the extent of themeah output growth during the 2008
recession can be entirely captured by the simulation patlergéed by news shocks. Impor-
tantly, the news shocks simulation path tracks quite wallibhavior of total hours worked.
The simulated path captures the rise after the 1990s recessid the significant declines in
the 2001 and the 2008 recessions. The simulation path wahdial shocks (fourth row, left
panel) closely tracks the actual path of the consumptiotosapread. The path with news
shocks only (right panel), correctly predicts the rise oespls in the 2001 and 2008 recession,
but misses the 1990s recession. The path with financial shiiéth row), captures to some
extent the investment sector spread sample path thougrenpsuccessfully. The reason for
this limited success of financial shocks is that investmpetsgic TFP shocks account for a
large share of the variance in this spread.

Figurel4 presents the sample paths of (actual) sectoras noarked along with the simula-
tion paths described above. Note, that sectoral hours wdriee not been used as observables
in the estimation, hence even a simulation with all shockise@aould not be able to perfectly
fit the actual sample paths. An interesting observationasstiiccess of the simulation path
generated by news shocks in tracking the observed invesseetor hours series despite the
fact we have only used information from total hours. Thisdation path accounts for the
decline in the 1990s as well as the prolonged decline wedr dfte end of that recession. It
can also account quite successfully for the decline in tH&l2@cession and the continued
weakness in the aftermath of the recession—though it piedicuch stronger recovery than
that experienced in the mid part of the 2000s. Finally, itoards for the significant decline in
investment sector hours in the 2008 recession. The sirualpaths however do not track well
the actual path of consumption sector hours. Essentiadlsetisimulation paths miss the robust
growth in consumption sector hours for much of the 1990s amitlthe 2001 recession, though
they better capture the movements in this series in the seltalh of the sample. Additional
information about the model’s fit on the labor market dimenss provided in Appendix Al4
(Table11).

In summary, the variance decompositions reveal an impioméanfor (consumption sector)
asset value news shocks, suggesting they are one of the mangdorces behind fluctuations
in the majority of real macro and financial variables. We nom to describe how these shocks
propagate in the model.

25



Investment Sector Spread Investment Sector Spread

Conelaton: 0.03

vvvvvvvvvvvvvvv

Figure 3: Data (solid line) and counterfactual simulatitmn( line) with all financial shocks only
(left) or news shocks only (right). From top to bottom row: t@ut growth, investment growth,
total hours, consumption sector credit spread, investisextor credit spread. Dark grey bars show

NBER dated recessions.
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Figure 4: Data (solid line) and counterfactual simulatitmn( line) with all financial shocks only
(left) or news shocks only (right). From top to bottom rownsamption sector hours, investment
sector hours. Dark grey bars show NBER dated recessions

6 The Propagation of Asset Value News Shocks

The variance decompositions above suggest news shockipogtant in accounting for the
dynamics of the data. In this section, we discuss the modedjgonses to this type of shock
through a series of impulse response functions (IRFs) ieralshed light on the reasons for
their important role in accounting for fluctuations.

News Shocks. Figure[® shows the responses to an anticipated (two yeadptedline in the
value of (consumption sector) assets held by the financiabs® The value of assets decline
on impact upon arrival of bad news (C-sector price of capitiis initial decline in the value of
assets leads to de-leveraging by the financial sector: hesgequity capital to cover losses on
assets held (to satisfy their balance sheet constraintle @hthe same time reducing demand
for new assets. The initial depressing effect on the valuasséts can be readily illustrated
with the expression that defines the return to capital in tiessamption sector, equatidn {10)
re-arranged to yield,

ac—1
l—a;

§éft+1uC,t+1 + QC,t+1§g¢+1(1 —dc) — a(uC,t-l-l)gg,tJrlAt-i-l‘/t-i-l
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Re i

Qe = T4

Given the forward looking behavior @« ; the equation above shows that news about the
future path of¢f;,, affects the value of capital today. Banks deleverageivelgtquickly:
while leverage initially rises due to the big impact of theldee in equity capital, it falls below
the steady state within eight quarters as equity capitae®slow down. Notice, when the

18All shocks in this section are set to produce a downturn.
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shock actually materializes banks hold considerably |ssgta relative to equity capital so
their leverage ratio is smaller than what they begun withthla sense, banks prepare for the
anticipated decline in asset values ahead of time with afggnt reduction in asset demand
and lending (C-sector financial claims). Credit spread endbnsumption sector rise (C-sector
spread) in anticipation of the deterioration in asset \@laensistent with its countercyclical
behavior in the data. The shock spills over to the investraeator through lower demand for
capital goods from this sector. Lower demand for consumpgctor assets by intermediaries
leads to a reduction in the demand for capital (by capitatises producers from physical
producers) which in turn leads to an overall reduction ingheduction of investment goods,
including investment goods produced for the investmentosed he reduction in investment
demand leads to a lower volume of financing for investmentosezapital goods (I-sector
financial claims) and consequently lower valuation of thessets (I-sector price of capital).
The interesting aspect of the IRFs, especially in relatmimaurs worked, is the prediction
of a relatively strong decline in investment sector in fielato consumption sector hours. In
addition, the behavior of total hours mirrors the behavibmeestment sector hours. Thus
the model is able to successfully replicate the sectoras faloout hours worked discussed in
the introduction. Its important to note that the bulk of thiwerse effects experienced by the
investment sector are due to treal sectoral linkbetween the two sectors, i.e. the reduction
in demand for capital goods from the consumption sectorafegsrecession in the investment
sector.!®

The anticipation of the decline in the value of assets alggérs a negative wealth effect
that reduces consumption. The negative effect on consomptid investment (as explained
above) leads to a strong initial decline in output beforesti@ck materializes. One noteworthy
aspect of the adjustment to the value news disturbanceiac¢htnat the contractionary phase is
quite long and recovery is slow. The combination of news arfdequent realization lead to a
deeper and longer recession phase. The arrival of bad nesliisgenerate significant declines
in macroeconomic aggregates. However, the actual reializaf the innovation sets off an
extended phase of reduced financing, depressed asset @aldieconomic activity. Figure
shows that lending declines further at the time when thelsinoaterializes and remains
depressed for an extended period of time.

All macroeconomic aggregates exhibit co-movement in respdo the news shock: out-
put, consumption, investment and hours worked immediatetyine in response to bad news.
Importantly, the IRFs illustrate that this type of news dhoan generate the pattern of sectoral
co-movement that is a distinctive feature of the busineskecyoth sectoral hours and sectoral
investment rates experience a decline in response to tiaganable news shock.

Inspecting the mechanism. The discussion of the IRFs above illustrates that news shock
generate the broad based aggregate and sectoral comowvgpieally observed during a busi-
ness cycle. In this section we investigate in more detail¢éasons why news shocks turn out
to be producing dynamics that resemble the business cypkcif@ally, in Figuré 6 we com-
pare the IRFs from a model with and a model without a finanairmediation channel. In
both sets of IRFs we use identical parameter values as déstinmraTabld 4 and we show the
responses to an eight quarter ahead news shock.

91n order to isolate thiseal sectoral linkchannel we undertake an experiment where we shut off thedialan
intermediation in the investment sector while keeping fivacin the consumption sector. Figlire 9 in Appendix
[A3shows the IRFs.
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Figure 5: Responses to a one std. deviation negative adsetnaws shock (anticipated 8 quarters
ahead) in the consumption sector.

Figure[6 demonstrates that financial intermediation noy etdongly amplify the econ-
omy’s response to the news shock, through its impact on tlegdge constraint that restricts
the amount of credit flowing to the real economy, but also gearnts transmission. The model
without the financial channel cannot generate aggregateatorsl comovement in response
to the news shock. The shock generates a decline in the vatapital (not shown) as in the
model with the financial channel but contrary to the respsmsé¢he latter, output, investment
and total hours worked respond positively to this unfavieahock. Both sectoral investment
variables rise, while investment sector hours rise andwaops$ion sector hours fall in response
to this shock. The reason for the radically different regasnis that in the model without a
financial channel this shock acts as an anticipated negstipply shock, i.e. agents antici-
pate a reduction in the productivity of capital services dagdreciation of the capital stock in
the consumption sector. This implies that consumption kite to fall in the future. Agents
attempt to protect from the future deterioration in constiarpsector capital now via higher
investment that builds up capital in that sector. Given #&a@ specific nature of capital (in-
stalled capital cannot move between sectors), investraghgeionly feasible way to change the
effective quantity of capital across sectors. Thus investingsector output rises. Since labor
moves freely, hours worked can change swiftly across sgdtaus to boost capital production
the household reallocates hours worked from the consumpdithe investment sector. Effec-
tively, agents substitute resources out of consumptianthng investment sector to smooth out
the future consumption decline.
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Figure 6: Responses to a negative one std. deviation adsetvews shock (anticipated 8 quar-

ters ahead) in the consumption sector. Model with (solid)liand without (dashed line) financial
frictions.

7 Relation of asset value news shocks with financial market
indicators

The exercise above indicates that the financial intermiedi@hannel is key for the ability of
the news shock to play a quantitatively important role inoaciting for aggregate fluctuations.
While not directly comparable gthe timing is different sénit is anticipated), it acts simi-

lar to a depreciation shock as 12) in terms onhgjtias and risk premia, though
a standard preference specification like ours implies @uantlical consumption behavior in
Gurio. We have introduced this disturbance &s in Gertlerkarddi (2011) who dub it broadly

as a capital quality shock. As shown above, the shock dyrefftbcts the value of capital and
consequently value of assets in intermediaries balancetsh8ut what factors reflect news
about capital quality and consequently news about asse¢s/lInstalled capital may rapidly
lose value during recessions if, for example, capital isdgmofirm-specific and existing prod-

ucts get obsolete during these periods—in line with theeswié in Bernard et al. (2010) who
show there is substantial cyclical product creation andrdeison in the U.S. manufacturing

sector. This may be anticipated by investors in corporatelboarkets and Philippbh (2009)

argues the latter are likely to be more informative for theipg of installed capital, compared
to the stock market®

Recently attention has been given to the role financialnmégliaries play in the determina-
tion of asset prices. Evidence reported in Adrian et al. (30dmphasize that losses in balance
sheets of key financial intermediaries (e.g. securitiekdrrdealers and shadow banks) affect

20The argument is that bond market prices will reflect the égdirm technology rather than growth options or
equivalently organizational rents from expanding into ree@as which are thought to be better reflected in stock
prices.
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a wide spectrum of asset returns and cause in effect risk@behavior: a reduction in lending
to the corporate sector and increases in risk premia (exetsss). For exampl al.

) show that negative leverage growth of such interarezti is associated with higher fu-
ture excess corporate bond returns and lower output ngAvitian_el_al. l(ZQ:IJO) suggest these
dynamics can be interpreted as the (time-varying) effeatisk bearing capacity of the finan-
cial sector, in other words its willingness to bear risk dsihee sheets contract or expand. It is
worth noting the financial channel in the model predicts bahraonsistent with these findings
above: the leverage constraint in the model implies gloossgvalue news generate losses in
equity capital, reducing leverage and lending to the catgosector and cause corporate bond
spreads to rise. It would thus be interesting to compareghmated asset value news process
with a measure that proxies for the effective risk bearirupcéty of the financial sector as well
as other available financial market indicators as a way ofghealidation.

News shocks, expected default and the excess bond premiumWe compare the estimated
news shock (eight quarter ahead) series with three finameigdet indicators. We consider two
indicators of default risk for the U.S. non-financial corgtarsector available from Fitch and the
GZ—excess bond premium, estimated_by Gilchrist and Zabkajg012) from firm-level U.S.
corporate bond spreads. Figlie 7 plots from left to rightetstemated news shock series with,
(a) Fitch 5-year ahead probability of default of all firms) Hitch 5-year ahead probability of
default of consumption sector firms only and (c) GZ—excessgllqgmemium. The plots begin
in 2001 due to data availability of the expected defaultes2fi The default probability is a
forward looking measure of default risk, providing advaimtermation of changes in the credit
quality of bond issuing firms, whereas the estimated GZ—sxbend premium series captures
factors emphasized by Adrian et al. (2010) described atibsejs, factors that cause variation
in intermediaries’ balance sheets and risk premia and pfaxyariation in the effective risk
bearing capacity of the financial sector as a widle.

The estimated news shock series though noticeably morgleatastrongly correlated with
all three measures. Gloomy news is associated with a risgp@cted defaults but also a rise
in the excess bond premium suggesting these phenomena fieay acommon factor. Figure
[ indicates the estimated news process captures the rise prabability of default both in the
2001 and the 2008 recessions. It begins to signal unfawredls at the same time when both
probability of default measures and the excess bond prerbagim to pick up in the mid 2007.
Note that, prior to the 2008 recession, the probability dadk especially for non-financial
consumption sector firms (middle panel), picks up more $hagmpared to the all-firm inclu-
sive measure, indicating more serious risks in that sectdrtlais is captured successfully by
the estimated news process. Our estimated news shock alsoess quite strongly with the
GZ—excess bond premium. This fact should not be surprismgeshe leverage constraint in
the model creates a feedback loop between intermediagesyecapital and asset prices that

2ln these plots, a positive value of the the asset news sexdésates bad news. To facilitate comparison the
default risk indicator is normalized to have a zero mean &edsame standard deviation as the shock series.
The same normalization applies to the other indicators. Hitedh measure includes information from 655 non-
financial US corporations, 222 of which are in the consunmictor. We have also undertaken comparisons with
the 1 year ahead probability of default and found a somewleaker correlation suggesting the news shocks we
identify reflect more long term risks.

22Equivalently it captures variation in the price of defaisks i.e. deviations in the pricing of corporate bonds
relative to the default risk of the issuer, or extra comp#agrdrelative to expected default) demanded by investors
for holding corporate bonds.
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resembles the effective risk capacity dynamics describ@ilchrist and Zakraisélk_(;QhZ) and
Adrian et al. (2Q1|0).

s bond premium
5 year DD consumption sector firm:
5 year DD all firms

i i

Figure 7: Asset value news (8 quarter ahead) shock (thipdiné financial market indicators (thick

line) — Fitch five-year ahead probability of default—all feifleft panel), Fitch five-year ahead prob-
ability of default of companies in the consumption sectoidite panel)| Gilchrist and Zakrajsek

mi) excess bond premium (right panel). A positive valuetifie news shock series indicates
unfavorable news. Light grey areas indicate two standavihtien bands of the shock series. Dark
grey bars show NBER dated recessions.

Asset value news shocks and lending indicators. Given the strong correlation of the news
shock series with the excess bond premium and the tight ctioneof the latter with lend-
ing behavior, we compare the estimated news shock to therdedeserve Board's Loan
Officer Opinion Survey (LOOS), a qualitative indicator tlaiptures banking sector lending
practices’

The survey reports the net percent balance of banks regdtiat lending standards for
commercial and industrial loans have tightened (numbeoar lofficers reporting tightening
less the number reporting easing divided by the total nujnbesponses account for around
60% of all US bank loans and around 70% of all US business lo@he lending standards
index is a qualitative indicator of credit tightness. In g[8, we plot the net balance from
the survey against the (negative) of the 2 year ahed value gsleack’* The news shock series
comoves with the lending standards index over the entirgokanThe Figure also shows that
the estimated shocks track the lending standards indioaioh better in the second half of the
sample. A notable feature in Figure 8 is the fact that bothiteg standards and unfavorable
news about asset values rise sharply before and duringsitengsuggesting a tight connection
during those period®.

23The LOOS asks senior management from big US banks the faitpgiiestionOver the past three months,
how have your bank credit standards for approving loan aggilons for Commercial and Industrial loans or
credit lines—excluding those to finance mergers and acipis—changed? 1. Tightened considerably, 2. tight-
ened somewhat, 3. remained basically unchanged, 4. easseldmt, 5. eased considerably

24A positive value of the shock indicates bad news. To fatdittomparison with the shock series the lending
standards index is normalized to have a zero mean and thestantard deviation as the shock series.

ZInterestingly,_Lown and Morgan (2006), using a VAR methadg find that innovations to LOOS lend-
ing standards predict contractions in loans and output. tMesently,l Gambetti and Musso_(2012) using a
time-varying VAR methodology, find loan supply shocks to énav sizeable impact on US GDP, explaining
approximately 20% of its variance, with their estimated tdbation particularly important during recessions.
IBassett et al| (2010) identify loan supply shocks usingietanformation on the reasons reported by loan of-
ficers for changes in lending standards; they show among tst important ones for changing standards are
perceptions of future economic outlook, suggesting thatBOS reflects to some degree anticipated macroeco-
nomic fundamentals, and risk tolerance.
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In addition the LOOS survey includes responses for the 8pe&easons given for changes
in lending standards. These reasons include, "reducethtade for risk”, "future economic
outlook”, "degree of competition”, "industry specific prems”, "reduced liquidity in the sec-
ondary market for loans” among others. Its interesting tterbat our news shock series is
more strongly correlated with the net percent balance okéaeporting "reduced tolerance
for risk” (both relative to the entire net balance and theagmmg reasons cited) as a primary
reason behind tightening in lending standards. This isisterg with the tight association

between the news shock series and the excess bond premicussiid above.
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Figure 8: Asset value news (8 quarter ahead) shock (thin &nd Senior Loan Officer Opinion

Survey on Bank Lending Practices by the Federal ReservedBdiaick line). Light grey areas

indicate two standard deviation confidence bands of theksbades. Dark grey bars show NBER
dated recessions.

8 Robustness

In this section we aim to assess the fit of the benchmark madelation to plausible alterna-
tives. Specifically we undertake three broad comparisomscakhpare the benchmark with, (a)
model without financial intermediation, (b) model withoetwvs shocks or, (c) model with news
in either TFP or asset value disturbances or both. Models THP news components have been
estimated in Khan and Tsoukalas (201.2), Fujiwara et al. {pahd Schmitt-Grohe and Uribe
) among others, using one sector DSGE frameworks hieutesults therein have been
pointing towards a limited quantitative role of TFP news{® At the same time it is en-
tirely possible that our richer two sector model and use wé® financial sector variables
may yield different conclusions on the role of TFP news sBockable[6 reports a compari-
son of different specifications we have considered basedarginal data densities computed
using the modified harmonic mean estimator suggestm ). First, we note the
benchmark model with four and eight quarters ahead asast waws dominates—in terms of
this metric—specifications that include TFP news only (ni@&land C) or both TFP and asset
value news (model D and E). Further, it dominates model sesswith news that arrive more
frequently, i.e. 1,4 and 8 quarter ahead news and also deesitfze model with unanticipated
shocks only (model F). Second, we also compare the fit of thetbeark model to a model
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with financial frictions turned off. This latter model veosiis a two-sector New Keynesian
model with the same nominal and real frictions and shockB@abénchmark. This comparison
is reported in the bottom panel of the Table. To facilitaee¢bmparison we estimate these ver-
sions on a restricted set of data, namely, excluding bothorate bond spreads and equity since
the model without financial frictions makes no predictioosffnancial variables. The bench-
mark model with financial frictions has a higher marginaleda¢nsity compared to the model
without financial frictions on the restricted set of obsétes, highlighting the importance of
financial frictions in fitting the data. Third, we highligtte fact that the presence of financial
variables in the estimation significantly raises the cbuotion of asset value news shocks in
accounting for the dynamics in the data. When we estimatstigel with the restricted set of
data (model version G), the variance shares accounted foelwg shocks decline significantly
compared to the benchmark model with the financial seried msestimation. Specifically, in
model version G, news shocks account for approximately 1524, 19% of the forecast error
variance (business cycle frequencies) in output, investiewed hours worked respectively (see
Tablel8). These shares are approximately only half of theesheccounted for by news shocks
in the benchmark.

We have considered four additional robustness exercisefiytatescribed heré First, we
estimate the benchmark model with the addition of a margfiaiency of investment (MEI)
shock, motivated by previous work in one sector estimate@B®odels that finds a signifi-
cant share of macroeconomic quantities are driven by shafdkss type (se@ﬂhﬁn@&ﬁ al.
(2010),| Justiniano et Al. (2011), Khan and Tsoukalas (901 find the MEI shock to be
irrelevant in accounting for the variation in the data—esisdly we obtain a nearly identical
variance decomposition to the benchmark model (without &h)Mror space consideration we
do not report the results from this exercise but we note theéatiacludes an investment sector
TFP shock that can properly capture dynamics induced by ahdfiéck. Second, we esti-
mate the benchmark model with the addition of AR(1) measerdgrarrors that we assume are
present in the financial observables, namely the corporatd bpreads and the equity capital
series, potentially accounting for model misspecificatiothe financial channel of the model.
We assume relatively tight Normal priors such that the measant error standard deviation
mean values correspond to 10% of the corresponding vasiagiBndard deviation and assume
Beta distributions with a prior mean of 0.5 for the AR(1) daeénts of measurement errors.
While not reported for brevity, we obtain a slightly reduaahtribution of asset value news
shocks though still broadly similar with the benchmark Hessurhirdly, we estimate a model
with a correlated news structure, similar to the processé&wvs adopted in_Christiano et al.
(|@).27 Correlated news across time has been suggested by Leepafatiet (2011) as an
alternative way to incorporate advance signals aboutduturovations that may also help re-
solve co-movement problems. The variance decompositionbtein from this specification
is broadly similar to the benchmark results, that is newskfi@ontinue to be an important
source of fluctuations. However, we note that the margint dansity from the correlated
news model is significantly smaller compared to the benchmardel by approximately 45
log points. Fourth, in Appendix’/Al1, we perform a final romess exercise. Specifically, we
estimate a model that—in addition to sector specific TFP4uohes a common aggregate TFP

26The results from these additional exercises are availgine request.

2’specifically we assume a process with eight in total news compts, each arriving per quarter for a span of
2 years. We assume a correlation between them that is adarmtitime and impose a common variance on all
components.
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shock, motivated by, (a) recent worklin Foerster daﬂ_al._dm\lho report common TFP shocks
are quantitatively important in the post 1980s period incacting for the variability in U.S.
industrial production and (b) a plausible concern that egeaivalue news shock may be substi-
tuting for an aggregate common TFP that we did not considenglestimation. Similar to the
benchmark model (without a common aggregate TFP shockltseasset value news shocks
account for a significant and almost identical fraction & #ariance shares in the observables
in this alternative model (see Talale 7).

Table 6: Log marginal data densities for alternative models

Model Setup Log Marginal
Data Density

Estimated with full data set (including financial variables

Benchmark 4 and 8 quarter ahead asset value news shocks isgmbors -761.15
Model A: 1, 4 and 8 quarter ahead asset value news shockshrsbotors -763.00
Model B: 4 and 8 quarter ahead TFP news shocks in both sectors -778.00
Model C: 1, 4 and 8 quarter ahead TFP news shocks in both sector -778.00
Model D: 4 and 8 quarter ahead asset value news shocks andelFEshocks in both sectors -770.24
Model E: 1, 4 and 8 quarter ahead asset value news shocks &delws shocks in both sectors -772.90
Model F: Model without news components -771.74

Estimated with restricted data set (excluding financiaiades)

Model G: Benchmark estimated without spread and equity astzbservables -532.54
Model H: Model without financial intermediation estimatedheut spread and equity data as observables -533.70

9 Conclusions

In this paper we used Bayesian techniques to estimate adetorsdDSGE model for the U.S.
economy using a sample from 1990Q2 to 2011Q1 in order to qaanely explore the interac-
tion between financial markets, news shocks and the reabecpriThe model we use borrows
elements from earlier RBC multi-sector environments aihaa for financial intermediation
constraints of the same type as in Gertler and Karadi (2@3diler and Kiyotakil(2010). The
model we consider allows for a variety of disturbances tlagetbeen proposed in earlier litera-
ture and introduces two types of financial shocks, namelyiteqapital and asset value shocks.
These latter disturbances incorporate components theidgradvance information or news to
agents when forming forecasts about the future value otas§®ir paper contributes to the
ongoing debate on the importance of news shocks for aggrdlymtuations and highlights
a new—financial—channel that can give quantitatively intgatr real effects of news shocks
while at the same time makes some headway in addressingaememovement.

Our results are as followsirst, asset valueewsshocks explain a sizeable fraction of fluc-
tuations at business cycle frequencies, accounting for 8fLetutput, 22% of investment and
31% of hours variation. Previous work (see Gertler and Kiaf2@11), Gertler and Kiyotaki
d&OL‘)),LG_OJMb[(;OJZ) ) has examined qualitatively the prtps of purely unanticipated
shocks of this type in the context of one sector calibratedet® By considering both unantic-
ipated and news shocks our paper provides, to the best ofnouvl&dge, the first quantitative
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assessment of the magnitude and the relative importandeesé tdifferent components. Our
estimation method exploits the fact that financial varialftsrporate bond spreads and equity
capital) contain substantial information about assetevalews shocks. We find the quantita-
tive importance of news shocks—in terms of accounting ferthriance shares of real macro
variables reported above—approximately doubles whendinhwariables are included in the
estimation than if they are not. Consequently, the news comipt of asset value disturbances
accounts for a significant fraction of the variation in cagie bond spreads and equity capital.
Its interesting to note, the data strongly favors news stittthkt only directly affect the value of
assets in the consumption sector—investment sector assetdisturbances are largely irrele-
vant for fluctuations. Instead, the data prefers to use tttes links of the model as a natural
propagation mechanism of consumption sector shocks aseo$srs.

Secong and more importantly this type of financial news shock camegateaggregate
and sectoral co-movement, a pervasive stylized fact of business cyaidscan explain the
behavior of total hours worked surprisingly well duringe@ssions. The success in explaining
the behavior of total hours during recessions is linked &fétt these shocks almost entirely
capture the declines in investment sector hours duringethesgods, in line with the evidence
presented in Figurel 1. Moreover, these co-movement piepast news shocks obtain with
a standard preference specification. Instead the finant#nezl of the model is key for co-
movement and propagation. Gloomy news about asset valnesaje loses in intermediaries’
equity capital, reductions in lending to the corporate@eand a feedback loop between equity
capital, lending and countercyclical credit spreads, &gsse that sets off a recession. These
dynamics are very similar to those reported in recent worlGighrist and Zakrajsek (2012)
and/ Adrian et dI.L(;OiO), based on very different methodekgsuggesting that the model
estimated here captures to a large extent the key links leetfieancial markets and the real
economy presentin the data and provides a useful perspéafiurther study these phenomena.
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10 Appendix
A Additional Results, Tables and Figures

A.1 Model with a Common Aggregate TFP Shock

[Foerster et al| (2011) highlight the importance of aggred#P shocks in explaining the vari-
ability in aggregate U.S. industrial production. They qifgirthe relative importance of aggre-
gate and sectoral TFP shocks bridging the literature ofirsatttor models with dynamic factor
models and find that in the post 1980 period, aggregate TFekslawe as important as sectoral
TFP shocks in explaining this variability. Aggregate TFBas in principle are better candi-
dates for generating co-movement in different sectorsredsesector specific shocks require
sectoral links to propagate in the aggregate. Given the asiplve place on the co-movement
properties of asset value news shocks in this paper and atedivy these recent findings we
subject our findings to a further scrutiny test by incorpioga common aggregate TFP shock
that affects both sectors symmetrically. This shock is ana&tcandidate in generating co-
movement so its interesting to check whether the importahoews shocks in accounting for
the variance in the data survives in this extended model.ntveduce a stationary TFP shock
to the production function of both sectors as follows,

ac

Cu(i) = maz{ fi(Lea()) ™ (Ko@) = AV, Fes0}.

14(0) = maa{ fiVi(Lia(i)' = (K1) = V" F; 0},

where the TFP shock,, follows,

fe= 0 =pp)f +psfio1+ 8{, (A.1)

Here, s/ is i.i.d. N(0,0%), and the parameter; € (0,1) determines the persistence of the
process.

Table[T reports the variance decomposition results. Compdable[7 with Tabl€ls indi-
cates the broad similarity in the variance shares accodotdxry news shocks. In this extended
model news shocks account for 30.4%, 26.4%, 31.6% in thedsteerror variance in out-
put, investment and hours worked at business cycle fregeenespectively. These shares are
nearly identical to the shares reported from the benchmarttetwith sector specific shocks
only, with a small increase in the share of variance in inwestt explained by news in the
model with an aggregate TFP shock. The shares explaineddsg thocks in the financial
variables are also broadly similar across the two spedifiesat Carefully comparing the vari-
ance shares, illustrates the reason why the quantitatvefisance of news shocks remains
broadly unchanged: a large fraction of the variance sharesuated for by consumption sec-
tor TFP in the benchmark model is now explained by the aggeetfaP shock in the extended
model. Both types of shocks generate similar patterns shogement: the aggregate TFP by
affecting symmetrically both sectors whereas the consiampector TFP in the baseline model
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by affecting demand for investment goods from the investraector in addition to the effects

in the consumption sector, i.e. through sectoral linkaly¢ess conjecture the estimation prefers
to load on the aggregate TFP shock in comparison to the s¢dteP, because the former does
not need to work as hard as the latter in generating co-moveri®wever, we note that the

fundamental reason for the robustness of news shocks liks fiact that the benchmark model
does already allow for several potential sources of co-nmav, i.e., in sectoral TFP shocks
(see for example Figurés]10 and 11) as well as in other sostgasas monetary policy or

price mark-up shocks. We thus conclude that the findings enntiportance of news shocks
are robust to the inclusion of an aggregate TFP disturbance.
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Table 7: Variance decomposition at business cycle freqesre- benchmark model with common aggregate TFP shock

Financial Shocks

z v f b e Mem NS A sc a &7 &Y &t &7 gt g7
Output 0.022 0.085 0.086 0.016 0.030 0.105 0.035 0.201 0.00615 0.000 0.024 0.000 0.018 0.286 0.000 0.000
Consumption 0.035 0.002 0.104 0.423 0.001 0.142 0.129 0.01.098 0.002 0.000 0.014 0.000 0.005 0.035 0.000 0.000
Total Investment 0.004 0.223 0.037 0.014 0.001 0.032 0.00B58 0.034 0.014 0.000 0.017 0.000 0.015 0.249 0.000 o0.000
Total Hours 0.003 0.083 0.014 0.017 0.001 0.100 0.019 0.329840 0.013 0.000 0.020 0.000 0.018 0.298 0.000 0.000
Real Wage 0.022 0.078 0.046 0.018 0.000 0.032 0.148 0.055300.w.001 0.000 0.008 0.000 0.004 0.058 0.000 0.000
Nom. Interest Rate 0.000 0.057 0.011 0.072 0.002 0.255 0.32064 0.026 0.003 0.000 0.006 0.000 0.007 0.175 0.000 0.000
C-Sector Inflation 0.001 0.057 0.037 0.076 0.000 0.085 0.58315 0.065 0.000 0.000 0.001 0.000 0.002 0.077 0.000 o0.000
I-Sector Inflation 0.001 0.186 0.003 0.007 0.001 0.098 0.001283 0.015 0.008 0.000 0.018 0.000 0.017 0.361 0.000 0.000
C-Sector Spread 0.004 0.019 0.013 0.010 0.000 0.019 0.0685090.0.011 0.349 0.000 0.023 0.000 0.019 0.358 0.000 0.000
I-Sector Spread 0.012 0.105 0.027 0.026 0.001 0.223 0.300340.0.029 0.007 0.213 0.001 0.000 0.001 0.017 0.001 0.003
Equity 0.033 0.155 0.011 0.009 0.002 0.130 0.171 0.036 0.000476 0.001 0.039 0.000 0.019 0.313 0.000 0.000

Median shares are reported and values in brackets 5 and &npégs.z = TFP in consumption sectar,= TFP in investment sectof, = common aggregate TFP shock (both sectdrs)Preference shock,
e = GDP measurement errofe,, = Monetary policy,)\g = Consumption sector price markup{, = Investment sector price markup,, = Wage markups = Consumption sector equity capitgfg’O =
Unanticipated consumption sector asset vaef@,“” =z quarter ahead consumption sector asset value r{éﬁlg,: Unanticipated investment sector asset vaﬁé’“ =z quarters ahead investment sector
asset value news. Business cycle frequencies considetieel di@composition correspond to periodic components witles between 6 and 32 quarters. The decomposition is pegfbusing the spectrum

of the DSGE model and an inverse first difference filter to nstauct the levels for output, consumption, total investiméhe real wage and equity. The spectral density is comdpiuben the state space
representation of the model with 500 bins for frequencie®idng the range of periodicities.



A.2 Investment Sector TFP Shocks and the Relative Price of irestment

Using the expression for the relative price of investmentifthe model:

Pry - mark ug, 1 —a Ay (Kl,t>_‘“ (KC,t>ac
Pey  markup., 1 —a; V, \Lp, Loy

where,a., a; are capital shares in consumption, and investment sedpecévely.V;, A,
is TFP in the investment and consumption sector respeytiaatl 7 Kot 2 = I,C the capital-
labor ratio in sector. mark up,, is the mark-up or inverse of the real marglnal cost in sector
x. V; corresponds to the investment specific shock. Notice howetlaéve price of investment
is driven—at least in the short run—by (a) mark up shocks séztor specific TFP and (c)
differences in capital labor ratios across sectors. Thetfat (c) above affects the relative
price of investment implies that all shocks can in princgfiect this price. In a special case of
the model with: (i) perfectly competitive product marke(ig), identical production functions
(factor intensities) in both sectors, (iii) free factor nild, the expression above becomes,

Pre _ A
Poy V;

In this case the model has a one sector representation (eegn@ood et all (2000)). Fur-

ther, one can readily redefine the investment sector TFRepsoad/; = A,V;*, where in this
formulation A; denotes sector neutral TFP, whilg denotes investment specific TFP. Under
this equivalent formulation the expression above becmﬁeﬁs V;)~1, a commonly used
restriction in one sector estimated DSGE models. Thus, mam@mptlons (1)-(iii), one can
identify the investment specific technology shock from thiative price of investment alone.
But as demonstrated, this tight restriction, is not neadgsealid in a more elaborate two
sector model with an imperfectly competitive investmerdteeand limited capital mobility
across sectors, like ours. In the more general frameworkomsider, variation in the relative
price of investment reflects not only investment specificckedut also (in principle) all other
shocks. Therefore, investment specific shocks in our maéslpite the fact that we also in-
clude the relative price of investment in the estimatiomgtigh the inclusion of the sectoral
inflation rates) are in principle allowed to affect model dgmics—in a way that is consistent
with volatilities and the spectrum of autocorrelations anoss correlations in the entire set
of observables—-and are not tightly identified through tHative price of investment. From
a quantitative perspective it is interesting to note ouultsson the importance of investment
sector TFP shocks are more in line mﬁﬂ@oom), wlisingian SVAR methodology
and only a long run restriction linking the relative pricglvinvestment specific shocks—thus
allowing for the latter to freely affect dynamics in the shim—has found an important role
of investment specific shocks in accounting for fluctuationsutput and hours worked.
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A.3 Additional Impulse Response Functions

Shutting off financial intermediation in the investment se¢or. Figured® shows IRFs from the
benchmark model and compares them with IRFs from a modelenfireancial intermediation
is turned off in the investment sector only. The IRFs from tlve models are qualitatively
and quantitatively very similar. The only material diffaoe arises with respect to investment
goods produced for the investment sector; in the benchmadehthe decline in production is
more pronounced and it takes longer for investment in thetbséo recover.
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Figure 9: Responses to a negative one std. deviation adeetna@ws shock (anticipated 8 quarters
ahead) in the consumption sector. Benchmark model (salek)ivs. Model without financial
intermediation in the investment sector (dotted lines).
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Sector specific TFP shocks.The two Figures below show IRFs in response to sector
specific TFP shocks.

Output Consumption x Ndofn. Interest Rate C-Sector Financial Claims |-Sector Financial Claims C-Sector Spread
° -0.02 0.04
-0.04 -0.05
-0.06
5 \ 008 -0.1 0.02
-0.1
-0.12 -0.15
0 . 0
10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40
Total Investment C-Sector Investment I-Sector Investment C-Sector Bank Capital |-Sector Bank Capital |-Sector Spread
0 » 0.03
- _ -02 -1
02 02 o4 -2 0.02
0. 2
04 -0.4 -3
-0.6 0.01
-0.6 06 -3 4
10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40
Total Hours C-Sector Hours |1-Sector Hours C-Sector Leverage Ratio |I-Sector Leverage Ratio

0 25 3
0 0.2 -0.2 2
~01 0.1 -0.4 15 2
1
-06
02 0 05 !
-0.8

10 20 30 4 10 20 30 A4 10 20 30 40
C-Sector Inflation x 16~8ector Inflation Real Wage C-Sector Price of Capital |-Sector Price of Capital

-0.2 -0.
0.03 5 0.2
0.02 0 o2 o4 -04y
_5 .
0.01 o k -0.6
0 15 -0.4 -0.6 o8

Figure 10: Responses to a negative one standard deviatamticipated TFP shock in the con-
sumption sector.
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Figure 11: Responses to a negative one standard deviatamiicipated TFP shock in the invest-
ment sector.

A.4 Additional Tables
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Table 8: Spectral Variance Decomposition at posterionmeggs (excluding financial variables)

Financial Shocks

z v b e Tem AS A A s o &0 &t &t & gt gF
Output 0.234 0.184 0.005 0.009 0.078 0.003 0.109 0.096 0.0m000 0.067 0.066 0.032 0.119 0.000 0.000
Consumption 0.291 0.004 0.440 0.000 0.061 0.012 0.013 0.11800 0.000 0.020 0.032 0.005 0.009 0.000 0.000
Total Investment ~ 0.031 0.413 0.028 0.000 0.027 0.001 0.204230 0.000 0.000 0.038 0.127 0.021 0.088 0.000 0.000
Total Hours 0.043 0.219 0.011 0.000 0.095 0.001 0.243 0.11D000 0.000 0.063 0.023 0.038 0.153 0.000 0.000
Real Wage 0.291 0.069 0.019 0.000 0.001 0.117 0.027 0.438000.0.000 0.013 0.013 0.004 0.009 0.000 0.000
Nom. Interest Rate  0.030 0.153 0.205 0.000 0.206 0.113 0.06B996 0.000 0.000 0.011 0.035 0.011 0.071 0.000 0.000
C-Sector Inflation  0.054 0.167 0.219 0.000 0.076 0.203 0.086l57 0.000 0.000 0.004 0.021 0.007 0.048 0.000 0.000
I-Sector Inflation ~ 0.002 0.259 0.012 0.000 0.059 0.002 0.103014 0.000 0.000 0.037 0.383 0.022 0.108 0.000 0.000
C-Sector Spread ~ 0.042 0.141 0.045 0.000 0.028 0.052 0.108050.0.001 0.000 0.114 0.128 0.064 0.274 0.000 0.000
I-Sector Spread 0.025 0.108 0.059 0.000 0.068 0.059 0.16@180.0.000 0.002 0.005 0.466 0.004 0.019 0.000 0.000
Equity 0.207 0.195 0.048 0.000 0.056 0.023 0.017 0.021 0.00W00 0.074 0.226 0.028 0.105 0.000 0.000

Median shares are reported = TFP in consumption sectos,= TFP in investment sectob,= Preference shock,= GDP measurement errof,,,, = Monetary policy,)\g = Consumption sector
price markup)\f7 = Investment sector price markup,, = Wage markups = Consumption sector equity capita}, = Investment sector equity capitqg’o = Unanticipated consumption sector

asset value[;‘g’z =z quarter ahead consumption sector asset value r{eﬁvg; Unanticipated investment sector asset veefgf%,z =z quarters ahead investment sector asset value news. Baisines
cycle frequencies considered in the decomposition coorebpo periodic components with cycles between 6 and 32 epsariThe decomposition is performed using the spectrumeoDBGE
model and an inverse first difference filter to reconstruet lévels for output, consumption, total investment, theé wemye and equity. The spectral density is computed from thie Space
representation of the model with 500 bins for frequencie®ing the range of periodicities.
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Table 9: Unconditional Variance Decomposition (computedréor Means)

Financial Shocks

z v b e Nem A AN o oa &0 g 8t & gt gt
Output Growth 51.69 2.67 0.03 24.87 0.36 2.50 0.06 1691 00O 056 0.00 0.24 0.10 0.00 0.00

Consumption Growth 69.70 189 018 0.01 091 531 002 206D0 0.00 093 0.01 0.26 0.25 0.00 0.00
Total Investment Growth  37.32 13.10 0.01 001 056 035 24292 002 000 070 0.11 120 090 0.04 0.02

Total Hours 1989 316 0.02 0.00 053 152 053 7272 0.0000.037 0.01 065 058 0.01 0.01
Real Wage Growth 60.29 4.67 000 0.00 0.01 927 0.01 25330 O@OO 0.24 0.00 0.09 0.0/ 0.00 0.00
C-Sector Inflation 12.85 897 0.07 0.03 0.76 3890 0.12 349400 0.00 054 0.02 084 190 0.02 0.03
I-Sector Inflation 761 20.69 0.02 002 252 551 3587 168802 0.00 151 085 331 476 0.33 0.40
Nom. Interest Rate 8.43 1454 0.08 043 526 2989 0.20 36200 0.00 0.76 0.04 122 285 0.04 0.05
C-Sector Spread 2483 6.38 005 052 6.13 3838 0.64 10.688 20.00 0.26 0.10 3.04 6.32 0.06 0.06
I-Sector Spread 26.24 470 0.07 059 6.57 3698 0.15 16.990 0283 0.09 0.12 136 292 0.17 0.25
Equity Growth 65.87 1427 0.01 002 042 3.08 0.01 1336 0001 199 0.02 059 026 0.00 0.00

z = TFP in consumption sectos,= TFP in investment sectob,= Preference shock,= GDP measurement errofe,, = Monetary policy,)\g = Consumption sector price markup}{) =
Investment sector price markup,, = Wage markups = Consumption sector equity capita}, = Investment sector equity capitﬁ[f’o = Unanticipated consumption sector asset value,
gg’z =z quarter ahead consumption sector asset value r{eﬁvg,: Unanticipated investment sector asset vaﬂf@,z =z quarters ahead investment sector asset value news.
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Table 10: Unconditional Variance Decomposition at postegstimates

Financial Shocks

z v b e Nem )\g )\11) Aw Sc ST é"“ ;(,0 é’é"‘ ‘g’s 5;{74 f’s
Output Growth 6.24 13.97 2.33 15.37 9.14 3.39 11.32 7.66 2.48.01 2.01 1.20 1.42 23.45 0.00 0.00
Consumption Growth 7.07 6.05 44.40 0.06 13.33 8.17 0.95 8.60.11 0.00 1.12 1.69 0.49 7.91 0.00 0.00
Total Investment Growth 0.86 36.91 1.65 0.04 2.49 0.13 26.73.34 2.48 0.01 1.30 275 1.12 20.21 0.00 0.00
Total Hours 0.61 24.96 1.03 0.07 6.62 0.92 2456 10.71 0.8900 0.1.07 2.09 1.10 25.36 0.00 0.00
Real Wage Growth 2.40 8.44 0.47 0.00 0.48 17.94 1.03 66.66 3 0.00.00 0.23 0.29 0.11 1.90 0.00 0.00
C-Sector Inflation 0.26 8.94 6.68 0.04 7.85 60.09 1.41 6.75030. 0.00 0.12 0.33 0.19 7.30 0.00 0.00
I-Sector Inflation 0.10 18.57 0.88 0.07 6.60 0.24 28.90 2.32.810 0.00 0.94 1446 0.97 25.13 0.00 0.00
Nom. Interest Rate 0.10 26.46 11.25 0.14 16.19 12.20 451 7 4.0.21 0.00 0.71 1.68 0.65 21.13 0.00 0.00
C-Sector Spread 0.78 4.96 0.65 0.01 2.29 3.88 7.35 0.49 34.%400 1.46 3.21 141 38.98 0.00 0.00
I-Sector Spread 3.48 31.14 2.41 0.06 15.02 14.09 5.75 2.0762 015.07 0.03 7.84 0.07 2.32 0.01 0.02
Equity Growth 6.87 25.69 2.66 0.08 4,98 3.68 0.52 1.79 10.61.080 3.76 7.21 1.83 30.25 0.00 0.00

Median shares are reported = TFP in consumption sectos,= TFP in investment sectob,= Preference shock,= GDP measurement errofe,, = Monetary policy,)\g = Consumption sector
price markup,/\é = Investment sector price markup,, = Wage markupsc = Consumption sector equity capital, = Investment sector equity capit@g’0 = Unanticipated consumption sector
asset valuegéf '* =z quarter ahead consumption sector asset value r{éﬁrg,: Unanticipated investment sector asset vaﬁé’“ =z quarters ahead investment sector asset value news.



Table 11: Cross-Correlations of total and sectoral (moddldata) hours with real GDP

6 5 4 3 2 1 0 +1 +2 +3 +4 +5 +6
Data
Total Hours -0.174 -0.049 0.129 0.304 0.486 0.685 0.861 8.870.816 0.680 0.495 0.308 0.121
Consumption sector hours -0.275 -0.154 0.004 0.168 0.358 5790. 0.801 0.859 0.840 0.749 0.578 0.412 0.236
Investment sector hours -0.210 -0.099 0.062 0.225 0.409 160.6 0.819 0.865 0.821 0.708 0.551 0.389 0.219
Model (all shocks activated)
Total Hours -0.174 -0.049 0.129 0.304 0.486 0.685 0.861 8.870.816 0.680 0.495 0.308 0.121
Consumption sector hours -0.072 0.075 0.257 0.419 0.582 480.7 0.901 0.857 0.747 0.603 0.423 0.225 0.046
Investment sector hours -0.241 -0.150 0.002 0.166 0.342 4405 0.717 0.784 0.772 0.660 0.495 0.340 0.170
Model (eight quarter ahead asset value news shock activated)
Total Hours -0.134 0.031 0.199 0.347 0.477 0.583 0.656 0.68D.672 0.627 0.547 0.429 0.279
Consumption sector hours -0.198 -0.033 0.143 0.298 0.442 5660. 0.659 0.693 0.690 0.651 0.575 0.463 0.317
Investment sector hours -0.119 0.045 0.211 0.357 0.484 40.580.653 0.678 0.667 0.620 0.539 0.422 0.269

Data and model time series afeP;g0¢ detrended.

A.5 A Historical Perspective and the 2008 Recession

Given the quantitative importance of news shocks as dritomges behind fluctuations, we

attempt to disentangle the impact of news and unanticipgtedks on the in-sample variation
of GDP and investment growth by performing a historical aeposition. This exercise can

also reveal the importance of shocks during different tieéquls. Figuré 12 depicts the results
of this exercise. It shows the decomposition of output amdstment growth into news and all

other shocks.

The decomposition shows that news shocks account for a feagigon of the recessions
in 2001 (2001Q1 - 2001Q4) and 2008 (2007Q4 - 2009Q2). Theguatdor the majority of
the drop in GDP growth and a large share of the decline in tnvest growth during the 2008
recession. The remaining decline in investment growthn@eabars towards the end of the
recession) is accounted for by unfavorable investmenbsddtP shocks. By contrast, news
shocks contribute very little to the downturn of GDP and stugent in the early 1990s (1990Q3
-1991Q1) recession, which according to this exercise ig&drby unfavorable investment sec-
tor TFP shocks. This finding is in line with the general assesg of the reasons for these
recessions: while movements in fundamentals are mainlydda be responsible for the re-
cession in the early 1990s (see for exan@@l%:@)&ent literature on news shocks
entertains the idea that expectation shifts (e.g. due t@cton of overoptimistic beliefs about
asset prices) may have played a much bigger role in the lasta@essions.

It is apparent from this decomposition that news shocks not bave a strong negative
impact during the aforementioned recessions, but also dlmmn the subsequent recoveries.
This is especially clear in the aftermath of the 2001 recessihere we have a complete set
of observations on the recovery and expansion phase. Uaftaleonews continue to arrive
well after the official end of the recession. A similar pattean be observed after the recent
recession, but in this case a longer sample size would beabésito be able to draw a more
complete picture. The slow reversion of news shock’s impacGDP and investment growth
at the trough of the cycle is consistent with a literaturd fhmals agent’s forecast accuracy to
be positively correlated with outpét.

28See for example Van Nieuwerburgh and Veldkamp (2006) antzGixd Tsoukalas (2012).
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Figure 12: Historical decomposition of the growth rate of B5eft) and investment (right) into
value news shocks (yellow) and all other shocks (orange)e giey bars denote NBER dated
recessions.

B Data Sources and Time Series Construction

Table[12 provides an overview of the data used to constrecbtiservables. All the data
transformations we have made in order to construct the efatsed for the estimation of the
model are described in detail below.

Real and nominal variables Consumption (in current prices) is defined as the sum of per-
sonal consumption expenditures on services and personaliggtion expenditures on non-
durable goods. The times series for real consumption istearied as follows. First, we
compute the shares of services and non-durable goods in(¢ataent price) consumption.
Then, total real consumption growth is obtained as the euhweighted (using the nominal
shares above) growth rate of real services and growth ragsabhon-durable goods. Using the
growth rate of real consumption we construct a series fdra@asumption using 2005 as the
base year. The consumption deflator is calculated as tleeafatiominal over real consump-
tion. Inflation of consumer prices is the growth rate of theszanption deflator. Analogously,
we construct a time series for the investment deflator usnigs for (current price) personal
consumption expenditures on durable goods and gross @udahestic investment and chain
weight to arrive at the real aggregate. The relative pricenagstment is the ratio of the in-
vestment deflator and the consumption deflator. Real outpgBDP expressed in consumption
units by dividing current price GDP with the consumption dtft.

The hourly wage is defined as total compensation per hourididiy this series by the
consumption deflator yields the real wage rate. Hours workegilen by hours of all persons
in the non-farm business sector. All series described absweell as the equity capital series
(described below) are expressed in per capita terms usenththseries of non-institutional
population, ages 16 and over. The nominal interest rateeietfective federal funds rate.
We use the monthly average per quarter of this series andddivby four to account for the
guarterly frequency of the model. The time series for hoains logs. Moreover, all series used
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in estimation (including the financial time series desatibelow) are expressed in deviations
from their sample average.

Financial variables. Data for sectoral credit spreads are not directly availabbt®w-
ever, Reuters’ Datastream provides U.S. credit spreadsofopanies which we map into the
two sectors using The North American Industry ClassificaBystem (NAICSY? A credit
spread is defined as the difference between a company’'srededmond yield and the yield of
a US Treasury bond with an identical maturity. In constngtcredit spreads we only con-
sider non-financial corporations and only bonds traded énsgcondary market. In line with
Gilchrist and Zakrajsek (20112) we make the following adjussits to the credit spread data we
construct: using ratings from Standard & Poor’'s and Moodye exclude all bonds which
are below investment grade as well as the bonds for whichgsitare unavailable. We fur-
ther exclude all spreads with a maturity below one and ab@vgears and exclude all credit
spreads below 10 and above 5000 basis points to ensure ¢hétnté series are not driven
by a small number of extreme observations. The series fosélcéoral credit spreads are
constructed by taking the average over all spreads availabh certain quarter. These two
series are transformed from basis points into percent andedi by four to guarantee that they
are consistent with the quarterly frequency of our modekeAfhese adjustments the dataset
(19900Q2-2011Q1) contains 5376 spreads of bonds of whicB &4 classified to be issued by
companies in the consumption sector and 4163 issued by coespia the investment sector.
This is equivalent to 36425 observations in the consumiwh 116628 observations in the
investment sector over the entire sample. The average myatB80 quarters (consumption
sector) and 28 quarters (investment sector) with an aveedig for both sectoral bond issues
between BBB+ and A-. The total number of firms in our samplegisa¢ to 1696, with 516
firms belonging to the consumption sector and 1180 firms lgghgnto the investment sector.
The correlation between the two sectoral spread seriesisd &1)0.83.

Sectoral Hours. Disaggregated data on hours worked that is fully consistéhtthe con-
cept of our series for aggregate hours (hours of all persansfarm business sector) are not
available. To construct series for sectoral hours workedigesthe product of all employees
and average weekly hours of production and non-supervigorers at the 2-digit level. This
data is aggregated for the consumption and investmentrsiegtasing 2005 NAICS codes.
The 2-digit industries are allocated to the consumptionianelstment sector according to the
sectoral definitions derived from the 2005 Input-Outpuldaaloutlined in Sectiofil3, and is
consistent with the allocation used for the sectoral bomeays.

Steady state financial parameters.The steady state leverage ratio of financial interme-
diaries in the model, used to pin down the parametemsnd )z, is calculated by taking the
sample average of the inverse of total equity over adjusseita of all insured US commercial
banks available from the Federal Financial Institutionarfiation Council. The same body
reports a series of equity over total assets. We multiply taiio with total assets in order to
get total equity for the U.S. banking sector that we use imegton. Total assets includes con-
sumer loans and holdings of government bonds which we wastdlude from total assets to

2%We use the 2005 NAICS codes. The investment sector is defineahisist of companies in mining, utilities,
transportation and warehousing, information, manuféogconstruction and wholesale trade industries (NAICS
codes 21 22 2331 32 3342 48 49 51 (except 491)). The consumggador consists of companies in retail trade,
finance, insurance, real estate, rental and leasing, jgiofes and business services, educational serviceshhealt
care and social assistance,arts, entertainment, remmeaticommodation and food services and other services
except government (NAICS codes 6 7 11 44 45 52 53 54 55 56 81).
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be consistent with the model concept. Thus, to arrive at amate for adjusted assets we sub-
tract consumer, real estate loans and holdings of goverrenergovernment guaranteed bonds
(such as government sponsored institutions) from totatass all insured U.S. commercial
banks.

Table 12: Time Series used to construct the observablesteadysstate relationships

Time Series Description Units Code Source
Gross domestic product CP, SA billion $ GDP BEA
Gross Private Domestic Investment CP, SA, billion $ GPDI BEA
Real Gross Private Domestic Investment CVM, SA, billion$ DBl BEA
Personal Consumption Expenditures: Durable Goods CP, igianis$ PCDG BEA
Real Personal Consumption Expenditures: Durable Goods GAJbillion$ PCDGCC9 BEA
Personal Consumption Expenditures: Services CP, SAobidi PCESV BEA
Real Personal Consumption Expenditures: Services CVMpBlgn$ PCESVC96 BEA
Personal Consumption Expenditures: Nondurable Goods ARion $ PCND BEA
Real Personal Consumption Expenditures: Nondurable GodgigM, SA, bilion$ PCNDGC96 BEA
Civilian Noninstitutional Population NSA, 1000s CNP160V LS8
Nonfarm Business Sector: Compensation Per Hour SA, Indés2000 COMPNFB  BLS
Nonfarm Business Sector: Hours of All Persons SA, Index 2009 HOANBS BLS
Effective Federal Funds Rate NSA, percent FEDFUNDS BG
Total Equity NSA EQTA IEC
Total Assets NSA H.8 FRB

All Employees SA B-1 BLS
Average Weekly Hours SA B-7 BLS

CP = current prices, CVM = chained volume measures (2005aB9)|l SA = seasonally adjusted, NSA = not seasonally adiu8&A

= U.S. Department of Commerce: Bureau of Economic AnalyBiss = U.S. Department of Labor: Bureau of Labor Statisticd BG

= Board of Governors of the Federal Reserve System, IEC =r&eBmancial Institutions Examination Council, FRB = FealeReserve
Board.

C Model Details and Derivations

We provide the model details and derivations required fplication of the model. We begin
with the financial sector followed by the normalization oé timodel to render it stationary, the
description of the steady state and the log-linearized trexgleations.

C.1 Financial Intermediaries

This section describes in detail how the setup of Gertlerkarddi (2011) is adapted for the
two sector model and describes in detail how the equatianBfancial intermediaries in the

main text are derived.

The balance sheet of a financial intermediary for the consimmpr investment sector can
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be expressed as,

thSxt:Nxt‘i‘Bm’t, .T:C,[,
T P

where S, , denotes the quantity of financial claims on non-financial difmeld by the inter-
mediary and?),,; denotes the price of a claim in the consumption or investreeator. The
variable N, , represents the bank’s wealth at the end of petiadd B, ; are the deposits the
intermediary for the consumption or investment sectoriabtiom household®’ Banks inter-
mediate the demand and supply for equity from householdsetpitoducers in the two sectors.
Additionally, they engage in maturity transformation bydiog long term assets of borrowers
which are funded with the bank’s own equity capital and lead&ort term liabilities. The as-
sets held by the financial intermediary of sect@t timet pay in the next period the stochastic
returnRﬁt+1 from borrowers in this sector. Intermediaries pay &t1 the non-contingent real
gross returm?, to households for their deposits made at tim&hen, the intermediary’s wealth
evolves over time as,

B
Pey

= Rf,t—i—l@m,tsx,t - Rt(Qx,tSm,t - Nx,t)
= (Rf,t—}—l - Rt)@x,tsx,t + RtNJ:,t-

B
Nx,tJrl - Rx7t+1Qm,tS:c,t - Rt

The premiumeit+1 — Ry, as well as the quantity of asse, ;5. ;, determines the growth
in bank’s wealth above the riskless return. Therefore, tkhwill not fund any assets with a
negative discounted premium. It follows that for the bankperate in period the following
inequality must hold,

BN (R i — Reys) 20, 020,
wheres’A7 |, is the bank’s stochastic discount factor, with,

AB = A
t+1 — )
Ay

whereA; is the Lagrange multiplier on the household’s budget eqnatunder perfect capital
markets, arbitrage guarantees that the risk premium @& zero and the relation always
holds with equality. However, under imperfect capital neask credit constraints rooted in the
bank’s inability to obtain enough funds may lead to positigk premia. As long as the above
inequality holds, banks for the investment and the consiamgector will keep building assets
by borrowing additional funds from households. Accordinghe intermediaries in sectar
have the objective to maximize expected terminal wealth,

Vo =marF; Z(l — QB)HiBBiAiHiNx,tHﬂ

=0

=maxE, Z(l — GB)GgﬁiAngi[(RﬁtHH — Riyi)Qu+iSh 1yi + RiviNayyi],  (C.1)

=0

30The total quantity of bonds held by householfs, is the sum of bonds from the intermediaries of the two
sectors as well as the government
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wherefp € (0, 1) is the fraction of bankers atthat survive until period + 1.

Following the setup in Gertler and Kiyotaki (2010) and Gertind Karadi (2011) the banks
are limited from infinitely borrowing additional funds fronouseholds by a moral hazard/costly
enforcement problem. On the one hand, the agent who workeibdnk can choose at the be-
ginning of each period to divert the fraction; of available funds and transfer it back to the
household. On the other hand, depositors can force the ldokoankruptcy and recover a
fraction1 — \p of assets! Note that the fraction)z, which intermediaries can divert is the
same across sectors to guarantee that the household feiiedifbetween lending funds to the
bank in the consumption and the investment sector.

Given this tradeoff, lenders will only supply funds to theafirtial intermediary when the
bank’s maximized expected terminal wealth is larger or etpune bank’s gain from diverting
the fraction\ g of available funds. This incentive constraint can be foineal as,

Vit > ABQz4Szt, 0<Ap <1l (C.2)

Using equation{C]1), the expression idgr, can be written as the following first-order differ-
ence equation,

Vx,t - V:c,tQ:v,tSm,t + nx,tN:c,tv

with,
Ver = B{(1 = 08)A L (RE, ) — R) + 085877, Va1 },
Net = EA(1— GB)AEHRt + GBBZZJC,t—l-ln:E,tJrl}v
and,
Zx e Q:r,tJrlJriSm,tJrlJri Zx = Nz,t+1+i
L Q:r,tJriSm,tJri ’ SR Nx,tJri

The variablev, , can be interpreted in the following way: For an intermediafysector
x it is the expected discounted marginal gain of expandingtags, ;S by one unit while
holding wealthN,, ; constant. The interpretation of ; is analogous: For an intermediary of
sectorz it is the expected discounted value of having an additionglaf wealth, N, ;, holding
the quantity of financial claimsS, ;, constant. The gross growth rate in assets is denoted by
Zt .., and the gross growth rate of net worth is denotedby, ;.

Then, using the expression fof ;, we can express the bank’s incentive constrainfl(C.2) as,

Vm,tQa},th,t + nm,tNx,t Z )\BQJ:,th,t-

As indicated above, under perfect capital markets banksewland borrowing until the risk
premium collapses to zero which implies that in this caseequals zero as well. However, due
to the moral hazard/costly enforcement problem introdadexve capital markets are imperfect
in this setup. Imperfect capital markets may limit the potisies for this kind of arbitrage

31\We follow the assumption in Gertler and Kiyotaki (2010) thas too costly for the depositors to recover the
fraction A\ g of funds.
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because the intermediaries are constrained by their eqagijal. If the incentive constraint
binds it follows that,

nx,t
Qm,tsm,t - \ Na:,t
B — Vx,t

= Qm,tN:c,t- (CS)

In this case the quantity of assets which the intermedianyazajuire depends on the equity
capital, N, ;, as well as the intermediary’s leverage raig,. This leverage ratio is the ratio
of the bank’s intermediated assets to equity. The moralrdézastly enforcement problem
constraints the bank’s ability to acquire assets becaursigatiuces an endogenous capital con-
straint. By raising the leverage ratio through an increase, j, the bank’s incentive to divert
funds and the bank’s opportunity costs from being forced ankruptcy by the depositors
increase. The bank’s leverage ratio is limited to the poimére its maximized expected termi-
nal wealth equals the gains from diverting the fractignfrom available funds. However, the
constraint[(CB) binds only i < v,: < Ap (givenN,, > 0). As described above, the case
v+ < 0 implies a negative interest rate premium leading the barstdp operating. In case
interest rate premia are relatively high causing to be larger thar s, the value of operating
always exceeds the bank’s gain from diverting funds.

Using the leverage rati6 (C.3) we can express the evolufitimedantermediary’s wealth as,
Nziy1 = [(Rf,ﬂ_l — Rt) 02t + Re) Ny
From this equation it also follows that,

T NJ:, 1
Zyp = Nt: = (Rf,tﬂ — Ry) 0wt + Ry,

)

and,

Qm,tJrlSm,tJrl o Qm,tJrle,tJrl o Qm,tJrl 7
- - 2,t+1"
Qx,tsm,t Qm,tNm,t Oxt

x _
Z1,t+1 =

Financial intermediaries which are forced into bankrutayg be replaced by new entering
banks. Therefore, total wealth of financial intermediaisg¢be sum of the net worth of existing,
N¢,, and new onesy”

x,t? Yt
_ e n
N$,t - Nx,t + Nar,t'

The fractiondz of bankers at — 1 which survive untilt is equal across sectors. Then, the law
of motion for existing bankers in sector= C, I is given by,

N¢, =0p[(R2, — Ri1) 0041 + Ri1|Nyy1, 0<6p<1. (C.4)

where a main source of fluctuations is the ex-post excesswetuassetsiz?, — R;_;, which
increases in impact oN¢, in the leverage ratio.

z,t
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New banks receive startup funds from their respective Hmldavhich are equal to a small
fraction of the value of assets held by the existing banketiseir final operating period. Given
that the exit probability is i.i.d., the value of assets hisydthe existing bankers in their final
operating period is given byl — 65)Q,. .5, The respective household transfers a fraction,
w, of this value to the new intermediaries in the two sectorsclvieads to the following
formulation for new banker’s wealth,

er‘l,t = wa,th,t7 0<w<l1. (C5)

Existing banker’s net wortH {3.4) and entering banker'swetth (C.5) lead to the law of
motion for total net worth,

Noy = (05[(RE, — Ri—1) 0041 + Ri-1]Nayo1 + @Qu1Sut)Suts
where the variable, ; is a shock to the bank’s equity capital. This shock evolvesuting to,
108 6ot = po, 108 o1 + €5 4, r=0C,1

wherep,, € (0,1) ande;, , isi.i.d N(0,07).
The external finance premium for sectaers- C, I can be defined as,

A _ pB
Rm,t - Rm,t-{—l - Rt~

Gertler and Karadi (2011) state that the financial structiitie a one period bond allows inter-
preting the external finance premium as a credit spread.

SinceR;, \g, w andfp are equal across sectors, the institutional setup of theréyme-
sentative banks in the two sectors is symmetric. Both banks bonds from households and
buy assets from firms in the respective sector. Their pedoca differs because the demand
for capital differs across sectors resulting in sector ggarices of capital(),. ;, and nominal
rental rates for capita?’,. Note that the institutional setup of banks does not deperfim-
specific factorS]._G_eLtl_er_aad_KaLhHi_(Lbll) show that thiglies that a setup with a continuum
of banks is equivalent to a formulation with a represengaignk. Owing to the symmetry of
the banks this also holds for our formulation of financiatmediaries in the two-sector setup.

C.2 Stationary Economy

The model includes two non-stationary technology shodksndV;. This section shows how
we normalize the model to render it stationary. Lower cas@abbes denote normalized sta-
tionary variables.

The model variables can be stationarized as follows:

K, - K, K
kmt = 1t ’ x,t 1’t ) kt = f ) (C 6)
‘/tlfaZ ‘/;lfal ‘/;lfal
I, I C
Lyt = 1t ) 1t = L’ Ct = tac ) (C7)
‘/;l—al ‘/;l—ai At‘/;el—az
RK l—ac RK l—ac W
ré(t o C,t At—l‘/;lfaz ’ T;(t — I,t At_l‘/;lfaz ’ wt _ t — (C 8)
PC,t PC,t PC tAtV;lial



From

Pry mCC,tl—acAt<KIt>_“i(KC,t>“C
Py mcr g 1—a; Vi th LC,t

_ mcgg 1 — e 4 V%_l (kf,t>“i ( ko )“C
= t — - >

mcy g 1—a; Ll,t LC,t
follows that
PIt —1 %
pl7t =5 t ‘/; ‘ *
Poy

and the multipliers are normalized as

ac

1
= T=a;
‘ (b:c,t - q)m,t‘/t ‘.

)\t - AtAt‘/;fl

where®, ; denotes the multiplier on the respective capital accurimiaquation.

growth of investment, it follows from the equations of theprof capital that

l—ac
qet = Qx,tAgl‘/tl_ai .
with the price of capital in sectar, defined as

(J:c,t = (bx,t/)\ta xr = C, [
Using the growth of capital, it follows from the borrow in ahce constraint that

z,t
S:E,t - 1

‘/tl—ai
Then, it follows from entering bankers wealth equation fjGhat

—ac

nhy = No ATV
Total wealth, wealth of existing and entering bankers hagaw at the same rate

—ac —ac

e —1y/,1—a4 _ -1y, 1-qa;
xt:N A ‘/t i nm,t_NlE,tAt V;f "

C.2.1 Intermediate goods producers
Firm’s production function in the consumption sector:
¢ = Lok, — Fo.
Firm’s production function in the investment sector:
iy = Ly, " ky, — FI.

Marginal costs in the consumption sector:

mecy = (1= ao) " az* (rf )i~
Marginal costs in the investment sector:
mery = (1—a) ta;® wy “i(rﬁ)“ip;tl, with  p;; = %
Cit
Capital labour ratios in the two sectors:
ket Wy Qe k?l,t W Gy
Lo, & 1-a L, rKi-a
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C.2.2 Firms’ pricing decisions

Price setting equation for firms that change their price gi@er = C' I:

0= Et{ E Ep o Arrsits [ﬁx,tﬁt,Hs —(1+ A,”S,t+s)mcx,t+s] }7 (C.16)
s=0
with
s ~ LAY 44
~ Tattk—1\"%e (T ttk) * ~ P~ —a
s = I | (Z22) ™ (222 7] and s = (Bt ) 5o,
b+ k:1[ .y . t+ P, b+ t+
px t
and = = Dy
Px,t b !

Aggregate price index in the consumption sector:

1 7r 7r e
N z,t—1 P xt\ |2,
1:[<1—£m,p><ﬁm,t>w+£m[( =) () }] |

Ty Ty

It further holds that
Tt Pit (C.17)

TCt Dit—1

C.2.3 Household’s optimality conditions and wage setting

Marginal utility of income:

N\ = U _— — Bh by . (C.18)

A1 Vi1 | 1o Aig1 Vigr | 1
Ct — th_1< A, )( Vi ) Ct+1 A, Vv, — th

Euler equation:

A, Vi \ 1% 1
= () ()
t 6 tA\t+1 At+1 %+1 t

Tet4+1

Labor supply
Awy = bep(Ley + Lig)”,

C.2.4 Capital services

Optimal capital utilization in both sectors:

réy = ag(ucy), iy = ar(urg).

Definition of capital services in both sectors:

_ Vi = .

K t—1\ 1—a; K

kcy = Uc,tfc,tk?(),t—l( v ) , kry = Uf,t&,tkf,t—1(
t

Optimal choice of available capital in sectoe= C, I:

1
‘/t—l> 1—a;

= (C.19)

Vi Vi \i
¢m,t = BEté-gH—l{)‘H-l (ﬁ) (Ti(’t_;_ﬂlﬂc,t—f—l - Q(Um,t-l—l)) + (]. — 5)Et¢az,t+1 (‘/tJrl) }7
(C.20)
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C.2.5 Physical capital producers

Optimal choice of investment in sector= C, I:

1

. —p1—>—1.—p1
Iz P P

[Zl,t ZC,t] ! Zm,t )‘tpi,t

_1 _1

im t V;ﬁ ﬁ Zm t V;ﬁ 1—a; Zm t V;ﬁ 1—a;
t-s((5n) ) -5 (2 ) s )T
e t—1 Vica g t—1 Vica g t—1 Vica

ot () s (2 () () )| e

Accumulation of capital in sectar= C, I:

Foi=(1- 5x>§£ftzzm,t1(vtvj)l+% i (1 . s(%_vt(vftl)%%))im,t, (C.22)

Z:v,tfl

:gbx,t

C.2.6 Household’s wage setting

Household’s wage setting:

i ~
- ~ LY
S¢S ~, w t+s _
E, E B fw)\tJrsLtJrs tht,tJrs - (1 + )\w,t+s)bt+s¢>\ =0, (C-23)
s=0 t+s
with
(23 a _1
S A1+ T v 1\ Y kT 75Vt k
v H MOt +k—1€ 1=ai MO t+k€ 1=ai
tit+s ac ac
Pl ﬂ_cega+ l—aig” 7TC€Qa+1_aigv
and
~ 17 w o 1+)‘w,t+s
E . tht,t+S )‘w,t+s L
t+s — t+s-
Wt4-s

Wages evolve according to

wy = {(1 — fw)u?;“%’t +&w

C.2.7 Financial Intermediation

The stationary stochastic discount factor can be expressed

Att1
Then, one can derive expressions#of andr,, ;
A | 2= N
Vew = B{(1 = 0p)M 5= (77 ) " (R = B) + 0820 i Vasin )
At+1 V;erl

Ney = L { (1 — HB)AEHA—
t+1

A Vi \ 100 -
! ( : ) R, +93522,t+177m,t+1}7
Vit
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with

a
_ Qe 1+iSa 4144 A <Vt+1) —a;
b

2y =
Litli =
A14i A, v,

q:v,tJriS:v,tJri

a
_ Naprii Aep <Vt+1 ) Ta;

x
29 a4 =
. 4\,

nm,tJri

It follows that if the bank’s incentive constraint binds &rcbe expressed as

Ve tQe tSx t + N Nt = >\Bq$,t5x,t

Qz Szt = Oz tNats

with the leverage ratio given as

o nx,t
le,t B >\B - Vx,t.
It further follows that:
. Ny 1 Avpr (Vi1 \ 104, B

and

ac a
e  u 1Szt A <Vt+1> T-a; Oz N1 At <Vt+1) T-a; o Q:v,tJrlzl«
1,t41 — = = 2,t41"
Qu tSxt Ay Vi O Nt Ay Vi

x,t

The normalized equation for bank’s wealth accumulation is

Ay (‘/2—1

) =5 n + Gy S )g
r,t—1 x,tox,t ) St
Ay \ 1

Nyt = (93[(3515 — Ry _1)024-1 + Ry

The borrow in advance constraint:

kx,t+1 = Szt
The leverage equation:
Qe tSxt = Oz tNat-

Bank’s stochastic return on assets can be described in lipethaariables as:

K 1-
Totr1Ua,tr1 + Qrpr1(1 = 0z) — a(Ust11) kA <Vt+1)_ o

RE, | =
T, t+1 z,t+1
qxt Ay Vi

knowing from the main model that
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C.2.8 Monetary policy and market clearing

Monetary policy rule:

Rt_ Ry \\PR[ /T NP/ T \Par /Yy \Pavl-rr
E‘( R) [(?) <7TH> (ﬁ) } Mot

Resource constraint in the consumption sector:

1
‘/t*l l-a; Llfack:ac F
Vv, — Yor hor T 4O

e+ (a(ucy) ko1 + a(uj,t)lz:li_l)(
Resource constraint in the investment sector:
i = L},_taik:?ft — Fr.

Definition of GDP:

. 1
Y = C + Digle + (1 - g)yt- (C.24)
¢

Moreover

_1
P

Li=Lig+ Lo, o= [if +ich]

C.3 Steady State

This section describes the model’s steady state.

From the optimal choice of available capital (3.20) and thenoal choice of investment
(C.21) in both sectors:

1

T—a; 9 1
re = (e 3 (1 —50))(i1_p+i5p)Pli5p_lpu (C.25)
K e%%gv — =L 1.—p—1
7 :< B _(1—51))(21p+20p) P D (C.26)

From firm’s price setting in both sectofs (Cl.16)

1 1

mco = W, mcy = W

(C.27)

Using equationg(C.27) and imposing knowledge of the stetatg expression fofs andrX,
one can derive expressions for the steady state wage froegthaions for the marginal costs

in both sectors [((C.13) and (C]14)):

Consumption sector:

! o
w = < (1 —a.) " a’ (Tg)_ac) : (C.28)



Investment sector:

1

1 —a; ,a; —a; e
w = (1 n )\{3(1 — ai)1 'al-l(rf) Zpl-) ) (C.29)

Since labour can move across sectors the steady state wagel®the same in the consump-
tion and investment sector. The equality is verifiedhhyAn expression fop; can be found by

setting [[C.2B) equal t¢_(C.29):

1 1+ac 1 . 1—1a'
( (1-— ac)l_“cagc(rg)_“c> = (7(1 —a;)' " "a (Tf)_aipi> '
1+ XS b

1+
@(1 +1Ag(1 — ac)' " ag (eﬁg —(1— 50))’““ (i7" + Z-Ep)ﬁfll.ap_l]wcpi_aﬁ e
= (g e (= ) " [+ ) )
e (1= a=eare (T — (1 - 60)) [0 i) )

= i —p\—E—1.—p—17—0a; ﬁ:(;; '
[ﬁ(l —a;)' %y (% -(1- 51)) (i7" +1ic”) Vg’ 1] }
(C.30)

Knowing w, r& andrX, the expressions given ii{CI15) can be used to find the stetatky
capital-to-labour ratios in the two sectors:

(C.31)

2= — (C.32)

The zero profit condition for intermediate goods producarshe consumption sector, —
r&kc — wLe = 0, and [CIL) imply:

Llc_ack?gf — FC - Tgk’c - wLC =0

FC k?c Gc K k’c
F— =|— — — —w.
Lc (LC> oo Y

Analogously the zero profit condition for intermediate gepdoducers in the investment sector,
i —r&k; —wL; = 0, and [CIR) imply:

Fr ( kr )‘“’ K kr
—_— = PR j— 7'-[ -
Ly Ly Ly
These expressions pin down the steady state consumptiabdar and investment-to-labour
ratios which follow from the intermediate firms’ productitmctions ([C.I1l) and (C.12)):

© (’f_c>_& ! _(ﬁ> I

Le  \Lc L¢’ Lr L) L
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L F
@\c=Fe, and 1+M="""loniop
]

C+FC
C

1+ =

This and the steady state consumption-to-labour ratio eamskd to derive an expression for
steady state consumption:

CI(%) LC_FC
Sc= ko acL — )¢
_<Lc) e
1
=cC

k’c Qe
= —<) Le.
1+A5<LC> ‘

Analogously one can derive an expression for steady sta¢stiment:

1 ]i][ ai
= —— (=) L.
' 1+>\p{<L1) !

Combining these two expressions leads to

RN
eSS (i) Le

L — pl ”}5 (i_g):pi—l.

Le ¢ T (%)

Total labourL is set to unity in the steady state. However, sincanda,. are not necessarily
calibrated to be equal one needs to fix another quantity intiaddo L = 1. We fix the
steady state investment-to-consumption rqt;@ which equal9).399 in the data. This allows
us to derive steady state expressions for labour in the tetoise Steady state labour in the
investment sector is given by

Li=1-Le, (C.33)

and the two equations above imply that steady state labatlveiconsumption sector can be
expressed as

it (22) )\
Lo = <1 +piz%k_f)a,.p;1> . (C.34)



It follows from (C.19) that
P 1
kc — kce l—aig’U’ and k[ — ]i)[@ 1_aigv.

The accumulation equation of available capital (C.22) camused to solve for investment in
the two sectors:

ic :kic(l - 671%“2'9”(1 - 50)), (C35)
ir =k (1 — e Tm%(1 = 57)). (C.36)

From the definition of GDA{C.24):
. 1
y=c+pii+ (1 — ;)y

From the marginal utility of incomé_(C.18):

1
A= - bh

— __Gc
¢ — hee 9% 1ma

ac .
ced TG _ he

From the household’s wage settifng (G.23)

v

C S¢S L .
S;ﬁ EAL[w — (14 A)p—] =0,

follows the expression fok.:

N

LY WA
w= (=) =0 = [(1 +Aw)¢}

This expression can be solved fpito be consistent witlh, = 1:

X =

WA
b= [(1 + )\w)gp}
14+ Ay
= Aw

It further holds from equation (C.117) that

l—a
Ty _ egaf 1—a§g”
Ule]

Due to the nonlinearity introduced by the intratemporakstment adjustment costs one
cannot solve analytically for the steady state. A systemM®&quations[{C.29, C.26, Cl28,
[C30,[C31[C32, C.38 CB4, Cl35,4.36) is solved numiyitar the 10 steady state vari-

ableskc, kr, w, ic, ir, r&, r¥, Le, Ly andp;. The steady state values for the remaining
variables follow from the expressions above.
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Given these steady state variables, the remaining steaty\stlues which are mainly re-
lated to financial intermediaries can be derived as follows.
The nominal interest rate is given from the Euler equation as

R = lega"‘ 1221 go

B

The bank’s stationary stochastic discount factor can besssed in the steady state as

TC-

N =1.
The steady state borrow in advance constraint implies that
k, = s,.
The steady state price of capital is given by
Qzit = Pit-

The steady state leverage equation is set equal to it'sgeewdue in the data

qz Sz
Ty

= 0, = 5.47.

The parameterss and Az help aligning the value of the leverage ratio and the intenee
spread with their empirical counterparts. Using the catibd value fo¥g, the average value
for the leverage ratich(47) and the weighted quarterly average of the credit spre@fs(R =
0.005) allows calibratingw using the bank’s wealth accumulation equation

w = [1 —05[(R? — R)o, + R]efgaflizig”] <@)1

Ty

Given the non-linearity in the leverage ratio, we solve nricadly for the steady state expres-
sions forn andv using

ac

v, = (1 —Og)\Pe % e (RE — R) + 05827v,,
e = (1 — 0p)ABe % 0% R 4 0828,

with
25 = (R? — R)p, + R, and  z{ = 23,

and the steady state leverage ratio
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C.4 Log-linearized Economy

This section collects the log-linearized model equatidrise log-linear deviations of all vari-
ables are defined as

G =logg —logg,
except for

2y = 24 — ga7
Ut — Gu,
ACy =log(1+ A5, —log(1+ AY),
A =log(1+ M) —log(1+ A)),

5\w,t = lOg(l + )\w,t) - 10g<1 =+ Aw)

S
$
Il

C.4.1 Firm’s production function and cost minimization

Production function for the intermediate good producingfj) in the consumption sector:

. c+Fr - .
C = Tl[ackc,t + (1 — ac)LC,t]-

Production function for the intermediate good producingnfif) in the investment sector:

A Z+ F - 7
1 = ; ! [aik” + (1 - ai)Ll,t]-

Capital-to-labour ratios for the two sectors:
P&, — = Loy — ey, Py — by = Ly — kpy. (C.37)
Marginal cost in both sectors:
meey = achly + (1 — ac )iy, micry = aity + (1= a;)wy — pig. (C.38)

C.4.2 Firm’s prices

Price setting equation for firms that change their price ai@wer = C' I:

0 - Et{ Z 5;,3555 [ﬁm,tﬂt,t—l—s - S\Z7t+5 - mca},t-{—s] }7
s=0

with

Ipys = E [prﬁ-t—l—k—l — Mgk
k=1
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Solving for the summation

1 A o R
px ¢ =F Z f; = 8 — I s + )\;HS + mcx,t—l—s}
1 - fp :vﬁ

{pall -
1 _pfp,g;ﬁ Ht,tJrl

+ fp,xﬁEt{ Z 52;158_1 [— My ees + j\z,ws + My pts] }

s=1
gp mﬁ [];:v,tJrl
1— fp :vﬁ

== Ht,t + )\;t +meg —

S R ~
:)\p,t + mcx,t + — — Ht,t+1:|7

where we usedil, ; = 0.

Prices evolve as

0= (]' - gp@)ﬁm,t + gp,a}(prﬁ-t—l - ﬁ-),
from which we obtain the Phillips curve in sector= C, I:

R 5 R lpw 4 .
z,t — —F T — T, t— T T a:>\x 5 C.39
Tt 1+ 0,0 t7T,t+1+1+prB7T7t 1+ KaMCop + Kz Ay, ( )
. 1—-&6,.0)(1—¢&,.
ép,:}:(l _'_LPI/B)

From equation{C.17) it follows that

Trt —Tce = Prt — Prt—1-

C.4.3 Households
Marginal utility:

5\zt:i Bt+<zt—|— e @t>—< « (Ct+zt+ e @t>— " étl)]
e¢ — hp 1—a e“ —h 1—aq e¢ —h
G
- %Et ZA71t+1 - (e(;ei—h (@t+1 + Ze1 + &&H—l) - BGh_ hét>]
S N =1 Byéy — anéy + asée 4+ audy + ashy + agiy, (C.40)
with
o — hBe% - e + h2p oy — he®
(e — hB)(eS —h)’ (e — hB)(eS —h)’ (e — hB)(eS —h)’
hBeCp, — he® e — hBpy (hBe%p, — heG)lg—Caz
el hﬁ)(eG —h)y T g T (@ —nB) (e —h)
oG — It T
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This assumes the shock procesgés (A.1)[@nd (4).

Euler equation:

N > S\ ~ ~ Qe ~
A= R+ B, ()\tJrl — Zt4+1 — Ut —a 7Tc,t+1>- (C.41)
C.4.4 Investment and Capital
Capital utilisation in both sectors:
~K ~ ~K ~ —1 a’,<1)
For = Xoloy, Pre = X1Urt where y = ) (C.42)

Choice of investment for the consumption sector:

1 S A A 1
Ut) - 562(1_‘”9 )/‘fEt (lc,t+1 — o+ 1 Ut+1>

7

A 2(——g 2 A
dot =€ (== U)/‘f(lc,t — o1+

i

o Bia + (L4 )| (177 +1c) 7 (i e + i77i10) = e (C.43)

with o, = (%C,t — A
Choice of investment for the investment sector:

1 ) 1 4 2 s 1 3
—w) B 662(1_%9 )/{Et (ll,t-i-l — s+ mth)

- Uy i

o Bia+ (L p) (077 i) i e + i ine) = in (C.44)

A

2Ai90), (2 =
qre =€ """ Ky — 1+

~

with g7 ; = le,t - A
Capital input in both sectors:

R - . 2 L
Ut, kf[,t =Ury + 5;2 + k?l,t—l - Vt. (C-45)
l—a ’ 1—a

Capital accumulation in the consumption and investmenbsec

= *;gv = K 1 ~ 7;gv 2
koo = (L= dc)e =% (keum + 66 — =) + (1= (1= dc)e ™7 Jicy, (C.46)

2 S SRS 1 1 o\~
k]ﬂf = (1 —_ 5[)6 lfal'gv (kf,t—l + gﬁ - ﬁf[}t) + (]_ - (1 - 5[)6 l—aig'L))Z'I?t. (C47)

A R K fay
k?at = Ucy + gc,t + k:C,t—l -

C.4.5 Wages

The wage setting equation for workers renegotiating tredarg:

0 :Et{ Z gfuﬁs [ﬁ]t + ﬂ?jt—}—s - j‘w,t-i-s - ZA)H—S - Vf/t-i-s + 5‘t-i—s] }7
s=0

with
Sw - . . Qe . .
tits = Z [bw (Wc,tJrk—l T Akt T 'Ut+k71> - (%,Hk + 2t
k=1 v
and
2 ~ 1 ~ 2 R
Lt—l—g :Lt+s — (]_ + )\—) (wt + Ht,t-{-s — wt+5).

w

Qe .
Uitk
1— a; ’
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Then using the labor demand function,

0 Et{ Zf 68 [wt + Ht Jt+s )\w gt4s T Z;tJrs

A

- V<Lt+s (1 + ) + I tits thrs)) + 5\t+s] }

<0 Et{ Z 58 [ﬁ)t L+ (]‘ + _>> + Ht J+s 5‘w,t-i—s - Bt-‘:—s

A

1 ) )
— V(LtJrs 1+ >\_> Ht tts thrs)) + )\t+3i| }

Solving for the summation
1_&0 Et{Zf 53[ <1+V( )\1 ))H;Ut+s+1/;t+s:|}

— 1l t+¢t+Et{Z§ 53[ Att+s+wt+s]}

. wﬁ s S A
:’17[),5 - 1 f g ﬁVwHt t+1 + gwﬁEt{ Zg 6 Vw t+1 t+1+4s + wt—f—l—f—s]}
S N R C.48
= + @’/m t[thrl - t,t+1}' (C.48)
where
L . . 1y, -
’l/}t = >\w,t + bt + VLt + 7/(1 + )\—)wt — )\t, (C49)

1
w = 1 (1 —),
v +v +)\w

and recall thafl}’, = 0.

Wages evolve as

A~ < A A A~ a'c A~ A ~ a'c A~
Wy = (1 — &)W + &y (wt—l + lwTet—1 + Lw (Zt—l + 14 Ut—l) — Mot — 2t — 1_a Ut)
- —a;

1

Sy = (1= &) r + Ly + 117, ). (C.50)

Equation [C5D) can be solved fag. This expression, as well as the formulation fgrgiven
in (C.49) can be plugged into equatign (G.48). After refolation this yields the wage Phillips
curve The wage Phillips curve can be derived to be:

. 1 B by . 1+ By .
wy = 14‘5 t1+1+ﬁEtwt+1 HWQWt+1+B et—1 — 1+ 5 Tt
£ D B+ e + (Beot + ——,1)
1"‘6 tihet+1 w\w,t 1"‘6 t—1 1— a; t—1
. 1 + BLw pzﬁ 5 — 1 + BLw - pvﬁ Qe ®t- (C51)
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where

(1-&pB)(d —&w)
Es(14+B)(1+v(1+ 1))
G = Wi — (Vi/t + b — 5\t)

Kw =

C.4.6 Financial sector

The part of the economy concerned with the banking sectadsribed by the following equa-
tions:

The stochastic discount factor:

PYIED Vi VY (C.52)
Definition of v:
Doy =(1 = 0B27) N2y — 2o — %@tﬂ]
1 =007 LB B - [sx - _
W[Rm Ry — R+ 0pB27 2 11 + Vi, x=0C,I. (C.53)

xT

Definition of n:

~ AN ~ Qe . 5
et =(1 = 0p625) A\ — 21 — 1 Ve + 1]

+0pB8235[25 141 + Nesa], x=C, 1. (C.54)
Definition of z;:
ZA’it - @Lt — é$7t_1 + ZA/;ta r = C, .[ (C55)
Definition of z,:
1 . .
22 = RBo.RB, + R(1 — 0,)Ry—1 + (R — R) 06,11, =C, 1.
ZQ,t (RxB_R)Qm_'_R[ z O x7t+ ( Q) t1+( T )Qg,t 1] X
(C.56)
The leverage ratio:
@m,t - ﬁm,t + Lﬁx,h T = 07 I. (C57)
)\B — UV
The leverage equation:
C.?x,t + <§x,t = éx,t + ﬁa},t~ (C58)

The bank’s wealth accumulation equation

—qg,——2c A ]_ A N
ﬁx,t :g:veBQg;e 9a—1=4;9v [RmBRﬁt —+ (Q_ — 1)RRt71 + (RmB — R)Qx,t71:|

Qe

+%%5%7%%wf—RmﬁJﬂ—@—l @+mk4

+ (1= e T [(RP — R)o, + R))[g; + 5

+[0pe ® Tw” (R — R)oy + R) + (1 — 05((R? — R)o, + R))|éssy  x=C,1.
(C.59)
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The borrow in advance constraint:
koiir = 0p  x=C,1. (C.60)

The bank’s stochastic return on assets in secterC, I:

. . . . . . 1—a..
Rf,t :T‘f + q$(1 — 5x) [Tf(r:i(,t + ua:,t) + qx(l - 5$)qx7t] - QJ:,t—l + fgt + 2t — gvt'
(C.61)
External finance premium:
RmA,t = Rf,tJrl ~ R, v=C, 1 (C.62)

C.4.7 Monetary policy and market clearing

Monetary policy rule:

R = prRey + (1= pp) [w;,t b ban(Toy — Trr) + day (i — yH)] St e (C.63)

Resource constraint in the consumption sector:

) ko . kr . 1. c+F.. - A
¢ + (rg?cuc,t + 'r’f?[ul,t)e 1—a; 90 — . lackc: + (1 — a.) Loyl (C.64)
Resource constraint in the investment sector:
A 1+ Froo. -
i = Tl[aik” + (1 —a;)Lg,] (C.65)
Definition of GDP:
. c . pit o~ .
= i ) C.66
Yt C_'_pﬂct+c_'_pﬂ(lt+p,t)+et ( )
Market clearing:
L o L o ol — .— — — " —" i
TCLC,t + fILI,t = Ly, [icp +1; p] 1(11 Pire + chzat) = 1. (C.67)

C.4.8 Exogenous processes

The exogenous processes of the 10 shocks can be written-iméagized form as follows:
Price markup shock in sector= C| I:

j‘g,t = Pxg 5‘;,1571 + 5z,t- (C.68)
The TFP growth shock to the consumption sector:

2 = p.h1 + el (C.69)
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The TFP growth shock to the investment sector:

Uy = pplp—1 + 5. (C.70)
Wage markup shock:
At = Pudwi—1 + Ew. (C.71)
Preference shock:
by = poby_1 + €. (C.72)
Monetary policy shock:
Nimpt = €17 (C.73)
GDP measurement error:
€1 = pPeCi_1 + 5. (C.74)

Shock to the bank’s equity capital in sectoe C, I:
f:v,t = p%ém,tfl =+ 6;715- (C75)
asset value shock in sector= C| I

A[( /\K K,0 K, news

K . K
fa:,t = pr,$£x,t—1 + Ei,t with Ei,t =Ept TE4 (C.76)

The entire log-linear model is summarized by equatibns{{c-§C.47) and(C.51) {(C.67) as
well as the shock processés (G.68) - (C.76).
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C.5 Measurement equations

For the estimation the model variables are linked with theeolables using measurement
equations. For a description of our treatment of the datatlid construction see Sectibh 4
in the main body of the paper and Sectidn B in the Appendixtih@t superscript "d" denote
observable series, then the model’s measurement equatiens

real consumption growth
C(t Ct a
ACE =1 ( ):1 (—) 5+ —2 4,
! o8 Ci1 o8 Ct—1 AT 1— z‘vt

real investment growth
I i 1
Al =1 (—t>:1 ( ’*) )
t Og [til Og 'l’til _'_ 1 _ CL Ut7
relative price of investment
Plt>d Pry  Pria Dit Lo ae— 1,
—_— lo (— ’ )zlo( ’>+z+ Uy,
(Pc,t s PC,t/PC,t—l s Dit—1 ! 1—-a '
real wage growth
Wi
AW =1o ( ) =1lo (
t g W, g
real output growth
Y, Y Q
AYd =1 ( t ):1 (—) b
t 0g Yo, 0g s + 2+ 11— aivt’
consumption sector inflation

Wy -
) + 2y + —,
1—a

7Tét =7ncy =7cy and 7oy = log(mey) — log(me),
investment sector inflatign

W?’t =m, =7, and @, =log(m,) — log(my),
total hours worked,

Lf =logl, = it,

federal funds rate

R =log R, = log Ry,

consumption sector spread

Ré’f = log Rét = log Rgm —log Ry,

investment sector spread

Ry

real total equity capital growth

e ()
O
S\,

Jat 12500 ( ne . ny

log Rﬁt = log thﬂ —log R,

AN?

Qe

(nC,t - 7ﬁLC’,t—l) + (ﬁl,t — ﬁ[,t—l) + 2t +

= € ’lA}t>
ne +ny ne +ny 1 —aq
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