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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 wéogvéal 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 (@eexample Gilchri Il (20b9),
|G|Ichr|st and ZakralsélL(_Qlli), Muel IJ;L(AMQ), Kurmanl &tr Qﬂ( QOLIZ), Gomes and Sghdnid
)LEhﬂlprH(ZD_dg) among others). An appealing prgation is that these indicators
may incorporate advance information mewsabout future economic developments, real or
financial in nature. In this paper we quantitatively expltre interaction between financial
markets, news shocks and the real economy using a two secti®m

There are several facts that motivate our approach. A ddoefkibeyond the broad declines
reported above, reveals sectoral downturns that vary iarggvespecially in hours worked.
Figurel shows the behavior of hours worked across two brectdis 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 sebtmurs (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 observeceitwtb previous episodes. Thus,
hours worked in investment sector industries decline Saamtly more in recessions (see also
Tablel1) 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 duhed@reat Recession” can explain
(a) patterns obectoral comovememind (b)sectoral differencesuggested by Figuid 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 mod man an nne

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

work (see e. gmmmmmm) and introduce financial in-
termediation constraints aslin Gertler and KArE_d_dZOliﬂi@artler and Klygtaiq (ZQiO). 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.

We estimate—using Bayesian methods—the model on real madamd 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 finasti@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 newgar@nts. These represent in-
formation received by agents in advance of the actual i@#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 stemesrf recent work bI.
M) and_G_'LIQhLisl_a.nd_ZaKLa,El.e[k_(Zd)12) who identify dredarket factors from corporate
bond spreads that predict future movements in output, gmpat or industrial production
and work b)} PhiIippdr{(;Oﬁ)Q) who shows corporate bond magjedads to better anticipate—
compared to the stock market—future economic actfvity.

We can summarize our results as followsrst, asset valu@ewsshocks explain a size-
able fraction of fluctuations at business cycle frequen@esounting for 31% of output, 22%
of investment and 31% of hours variation. Previous work ](@ﬂllﬂr_and_lsa.tahiLQQil),
|G_e_LL|_eLa.D_d_Ki;LO_taJI<i|_(2Q]lO_._G_QUJliB_(Zd12) ) has examinedlgatively 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 \@ga (corporate bond spreads

'Recently, DSGE studies have considered financial factotsuginess cycle models (smt al.
(2010), Nolan and Thoenissen (2009), Christensen and Did&)Z Jermann and Quadrini (2012) among others).
The majority of these studies rely on the framework propdse@ernanke et all (1999). However, in that ap-
proach, financial intermediation is a veil—what matterdisshorrower’s balance sheet condition. A very limited
number of studies consider financial frictions that constiiae lending behavior of financial intermediaries (see
for examplel, Dibl(2010), Gerali etlal. (2010), Hirakata é(2011) anO)).

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 ofifimhintermediaries. 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 et al. (R@#vis (2007), Schmitt-Grohe and Uribe (2012)).

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




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, thesnremmponent 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 favaa/s1 shocks that only directly affect
the value of assets in the consumption sector—investmetirsasset value disturbances are
largely irrelevant for fluctuations. Instead, the datag@reto use the sectoral links of the model
as a natural propagation mechanism of consumption seatokslacross sectors.

Secondthis type of financial news shock can geneeajgregateandsectoralco-movement,
a pervasive stylized fact of business cycles and can exjflaibehavior 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 Figurid 1. It is impor-
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 dem#nach the consumption sector for
capital goods produced by the investment sector.

The financial channel begins to operate as soon as finantatiadiaries 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¢dghds 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 piaduction 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 declindendemand 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 lenzbngracts as a result of the gloomy
news, generating aggregate and sectoral co-movement—ebaxisets 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 shéck.

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 $@adéway in addressing sectoral
co-movement with news shocks—a demanding challenge atrdbed b ﬁﬂoﬂclaadﬂeﬂelo
M). Earlier theoretical work, e.g_B_ea.udnLa.nd_PJ})rt ) andialmpiigh_and_aﬂdelo
), has shown it is possible to generate a broad basesh&xm with an news shock that
signals an improvement in total factor productivity (TFBut subsequent empirical work has
produced mixed results. Using a VAR methodol&;qv Beaudd/l%cm:t_ér (200|6) report quanti-
tative important effects from TFP news shocks w i 1) 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,LS_thiII-_G_LQhE_a.nd_Litlble_(ZSbIZ) find thatveeabout wage mark-up, prefer-

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

news shocks. Broadly similar conclusions are reporteJ:l_QaE&’Irld_Ts_o_Lk&IE&_(;dlZ) and
[EujJAALa.La_el_ah [(2Q]|1) in estimated New Keynesian DSGE mz)dlabugh the share of fluctu-
ations explained by news shocks is noticeably smaller. iRBg l. |_(2le.0) and

Christiano et AI.L(_O_L[Z) estimate a DSGE model and idengfysishocks 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, havirtondismplications about financial
prices and quantities, through the financial sector. Ourirfged 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. Sectibnh 4 de-
scribes the estimation methodology, data and discussesagisin results. Sectidd 5 quantifies
the importance of different structural shocks as drivingés behind aggregate fluctuations.

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.

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 internagidin in the financial system. This type of news is
shown to be able to generate boom-bust cycles in liquidityetonomic activity.

60ther recent work identifies channels that can give rise tpoimant effects of news, for ex-

ample, | Beaudry and Portief_(2007), _Christiano et al. _(200Rarnizova (2010),|_Gunn and Jdrhi_(2011),
Kobayashi and Nutahara (2010), Den Haan and Kaltenbru@6egy.
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Sectiori 6 discusses the propagation of asset value newlsssivbde Sectiol]7 compares them
with financial market indicators. Sectibh 8 concludes.
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Figure 1. Total hours (black, dashed), consumption sectordy(blue, 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 gnesydbeow NBER dated recessions. See
the Data AppendikB for a description of the sectoral hourgese

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.

2 Evidence on sectoral co-movement

Sectoral co-movemeatinputs and outputs is a pervasive stylized fact of busiogsles. Table
presents some basic facts; it reports cross correlatidB de-trended sectoral hours worked
and sectoral investment (only available at an annual frec)ewith real GDP. All sectoral
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. Importantrédutions in this area include,

but are not limited t(LLQng_a.nd_Elgg Eulbéi__tluﬂman_am h&&b)LMHiIQbS),
HQFVQI[I] k_O_Qb)I Hornstein and Prasghk ik (1997), D b_or_é)é_&ame;@adjﬂapjr&_@%).
This early work has focused on RBC frameworks using a valétgssumptions on input—
output Iinkages.LHuﬂman_andMnE_ubgg) demonstrateddtfiieulty 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 questiJBﬁIdl:in_el_a.d. k20_0|1) use a two
sector model with limited factor mobility calibrated to tbeS. economy to account for the risk
free rate and equity premium puzzlés. Ireland and éMZ(MWestigate the productivity
performance of the U.S. highlighting technological diffieces across sectot al.
) provide conditions for an accurate interpretatibimeestment specific shocks using
information from the Input-Output Tablefisio_e&leﬁt[amd) 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 foslawa calculated from thE Pi600 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 sarE390-2010. See the Data Apperidix B for details.

3 The Two Sector Model

The sectors in the model produce consumption and investgoss. 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 functionsallocate a sector to the consumption
or investment category, we used the 2005 Input-Output sabli@ée 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, investiaied intermediate uses (as well as
net exports and government). First, we determine how mueedligit industry’s final output

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

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




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; otherwid®es imajority of an industry’s out-
put is allocated to investment or intermediate demand,dtassified as an investment sector.
Using this criterion, mining, utilities, transportationcawarehousing, information, manufac-
turing, construction and wholesale trade industries aasstlied 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 sugidy bn a monopolistically compet-
itive labor market. Employment agencies aggregate difiteryges 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 ¢agiteices on a perfectly compet-
itive market from capital services producers. Final goodslpcers aggregate intermediate
producers output in each sector. Physical capital producss a fraction of investment goods
and existing capital to produce new sector specific capdatlg. Financial intermediaries col-
lect deposits from households and finance the capital atiqQuisof 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;™ " Foi0}.

Intermediate goods in the investment sector are produceal tapnopolist according to the
production function,

1) = mar {Vi( L)' (K1) = V™ Frs0},

8We have checked whether there is any migration of 2-digizgtides 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.



whereK, ;(i) andL, ;(7) denote the amount of capital services and labor servicésdéry firm

i in sectorr = C, I anda,, a; € (0, 1) denote the share of capital in the respective production
function. Fixed costs of productior;-, F; > 0, ensure that profits are zero along a non-
stochastic balanced growth path and allow us to dispensehgtentry and exit of intermediate
good producersl_(_(;hl:isﬂa.np_eﬂ MO%))’.he variableA; denotes the (non-stationary) level
of TFP in the consumption sector and its growth rates ln(ﬁ), follows the process,

2t = (1 - pz>ga + Pz2t—1 + gtzv (1)

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 + puUi—1 + €§7 (2)

Here,e7 ande? arei.i.d. N(0,02) andN (0, o2), respectively. The parametefsandy, 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—
Poy(i) = PC,t—l(Z)ng_ch e
l-ac

. N L 1—¢ At T Vi e
Pri(1) = Pr,_(1)m pI_ w, [( ) ( ) z] ’
r.6(1) ra-1(0) 7 A Vi1

l—ac
whererc, = Piifl andr;, = Pﬁl{jl (Af‘;)_l(vfjl) ™" is gross inflation in the two sec-
tors andrg, 7; denote steady state values. The factor that appears in\tastinent sector
expression adjusts for investment specific progress.
The remaining fraction of firmg1 — ¢, ), 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 1
S\t TOt-1\PC _1-tp,, o |77
Pey = (U= &uo)Pei' + e ((FE) " me 0 Pegm ) |

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.
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The aggregate price index in the investment sector is,

1

T Tri—1\wr 1—. A, \"L/ V, izge A+
P B 1 B P v + (P - ( L ) ﬂ- ! |:( ) ( ) z:| ) "
It ( gp,f) It gp,] I,t—1 = T At_l Vo

t

I
AP,t

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 1 1"‘)‘5,15 1 1 1+)‘£,t
/ (Ct(z)) 12§, di] , a— [/ ([t(l)) 14+l 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(L+Ay,) = (1= pag) log(L+ A7) + pag log(L+ A7) + &

b

wherep,; € (0,1) andey , isi.i.d. N(0, o—ig), 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 + Af”t
/ Py hedi|
0

C
1 N
ey
Pey — /Pc,t@) Tdi|l . Pu—
0

3.3 Households
3.3.1 Household’s utility and budget constraint

Households consist of two types of members, workers anddsankAt 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

Gertler and Karahi (ZQil) except for the fact that workergehaonopoly power in setting




wages. The household maximize the utility function,

(Lew(d) + Lia(4)
1+v

Ey» B | In(Cy — hCiy) — ¢ , Be(0,1), >0, v>0,
t=0

3)

wherekE) is the conditional expectation operatgris the discount factor andis the degree of
(external) habit formation. The inverse Frisch labor symsésticity 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 nokeuiby(;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 marginaludility of labor. It is assumed to
follow the stochastic process,

logb; = pylogby_1 + €, (4)
wherep, € (0,1) ande?isi.i.d N(0,0?).
The household’s flow budget constraint (in consumptionsjmst,

0+ B W)
Py Py

B T n U,(5) 1L
Pey  Poy  Poyr  Poy

(Lew(g) + Lia(j)) + Ris

(5)

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 aogeint 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-cagiéit accruing to households
from ownership of all firms (financial and non-financial). ietabove the wage ratéy;, is
identical across sectors due to perfect labor mobility.

3.3.2 Employment agencies

Each household € [0, 1] supplies specialized labak,(;), monopolistically as i@al.
). A large number of competitive “employment agericggregate this specialized labor

into a homogenous labor input which is sold to intermediateds producers in a competitive

10



market. Aggregation is done according to the following tiwmc,

1 1
Ly = [/ Li(f) d]]
0

The desired markup of wages over the household’s margitebfaubstitution (or wage mark-

1+>\w,t

up), A\, +, follows the exogenous stochastic process,
log(1+ Aywt) = (1 — py)log(l 4+ Ay) + puwlog(l 4+ Ay i1) + €wts

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

1+>"Lu,t

L) = (BA2) ©

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
W, — /W%WW@ |
0

3.3.3 Household's wage setting

Following|Erceg et AI.L(;OJ)O), in each period, a fractignof the households cannot freely
adjust its wage but follows the indexation rule,

ac Lw ac 1—to
WtJrl <']> = Wt(.]) (71'6,15‘9%Jr 17%1&) (chgaJr 17aig“> )
The remaining fraction of households,— ¢,,), chooses an optimal wag#é/;(;), by maximiz-

ing’lo

s=0

{Zf 53[—% L”fi)y + A Wi () >Lt+s<j>]},

10AIl households that can reoptimize will choose the same wabe 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 (Calvo (1983)), inétion frictions KMankuM_&ﬁmggﬂme_ReﬁBmdrdo
(2002)) and contract costs (Caplin and Léahy (1997)).
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subject to the labor demand functién (6). The aggregate waglees according to,

Aw
~ ac 1—tw ac Lw L
O e R (T S

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 oftehipr' he utilization ratey, ;, transforms
physical capital into effective capital according to

K o
Kx,t - ux,tthKm,t—la €T = Ca ]7

Capital services producers incur costs when setting atitin, which are denoted by, (u, ;)

per unit of capital. This function has the properties thahmsteady state = 1, a,(1) = 0 and

Xz ZEB where "'s denote differentiation. Capital services producers effiective capital

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

In transforming Ehﬁsical into effective capital we allow fa@ capital quality shock (as in

Gertler and Karah 2011)},, and assume it evolves according to

log X, = pexc L log €%, +€8,, =01,

wherep.x , € (0,1). Because this disturbance (as shown below) directly affdwt value
of capital—equivalently value of assets held by intermeegsince 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 trmpaoents,

K gK,O K,news

gi,t = gzv,t + gi,t ) T = C) Ia (7)

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

nnikov and Brunnermeier (2010), Gertler and Kiyotakil®@0and Gertler et al. (2011).
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where the first componemﬁE , , IS unanticipated and the second componén; , Is antici-

pated or news. For examp&ﬂemp.o.thlb&dOll)Laadﬂlaln@ﬂ[OZﬂbcument using a variety

of sources from US data, people receive information (or féwvadvance of the actual real-

ization of technology and government spending innovatiéMews can be anticipated several
guarters ahead so that,

Wheregiifh 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 redeitte— 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 thi$1ﬁormation structure, suppose we
consider a one-quarter ahead news horizof/se 1 ands = egKO + efj,ll Now in period

t rational agents can form expectations about one perioddaheset value shock process as
follows,

K K K,0 K1
logl,;, = pexglogéy, 1+ 52,15 + 52,1571
K K K,0 K,1
log&rip1 = pex g log&y, + 52 g1 T 52 t

K,0 0 Kl
IngftH = /)gK:c(PgK Ing;m 1+5mt +8mt 1>+€xt+1+€mt

Kl

E, Nlog€l,, ] = plc log €,y + percnely” + percpetyy + €8y (8)

Capital services producers in peribd- 1 in sectorz = C, I choose the utilization rate of
capital as follows,
Rivn - e

+ K 1’
max Uy t+1§x t+1Ka: t— a’ﬂﬁ(u%t-l-l)gx,t—l—leiAt-l—l Vi ' |-
Uz,t+1 | L°C 41

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

12News shocks are introduced in a similar way for example ini007), Schmitt-Grohe and Urlbe (2012),
[Khan and Tsoukalas (2012) and Fujiwara étlal. (2011).
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producers. Hence, total receipts of capital services medun period + 1 are equal to,

ac—1
1—

RKt+1 7 - = -
- ux,t+1§§t+1Km,t - a'm(ux,t+1)§£t+1Km,tAt+l‘/t+1 C+ (1 - 5$)Qx,t+1§§t+1Kx,ta

Peoiia

which can be expressed as,

Rf,t—}—l@x,t[(x,t (9)
with
BECLER, it Qrt a1 00) — @, ()6 At Vi
B Prit1 x,t4+1 %, t+1 T,t+1Sz t41 T e\ Uz, t+1)Sx t4144+1 Vi1
Rar,t-i—l = Q . ) T = Cu [7
T,
(10)

whereRf,tJrl 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 intermeé(io be described below},, , |

is also the stochastic return earned by financial intermiedian sectorr = C, I. 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\peoducers (as described above) to
produce new capital goods, subject to investment adjustoosis as proposed L);LQIlI’.i.Sli.&DQ_ét al.
(2005). These new capital goods are then sold in perfectiypatitive capital goods markets

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

as,

I,
O:/ct:O:ct—i_ 1_S< ! ) Ixh
’ 7 [m,tfl 7

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,

IQ},%:S,tEt ; ﬁtAt{Qx,t lOm,t + (1 — S( it ))Ix,t:| — Q21041 — %[m,t}a

[m,tfl

14



where(), ; denotes the price of capital (i.e. the value of installedteajm consumption units).
The first order condition for investment goods is,

Lit g, [1 Ss(7E) ()

PC,t z,t—1 ]a:,t—l Ix,t—l

At+1
Ay

+ BEQy 141

S,(Ia:,t+1> (Ix,t+1>2

]J:,t Ix,t .
From the capital producer’s problem it is evident that anpeaf O, ; is profit maximizing.
Let§, € (0,1) denote the depreciation rate of capital aiigl; ; the capital stock available at

the beginning of periodin sectorz = C, I. Then setting),, = (1 — 6)¢5, K, .1 implies the
available (sector specific) capital stock in seatpevolves according to,

_ _ I,
Ror= (=00 + (1-8(20) ) o=Ct0 )

x,t—1

Sector specific capital implies that installed capital isnabile between sectors. Our assump-

tion of sector specific capital is motivated by evidendﬂnﬁmndﬁhapll'(J)_(Zle) who report

significant costs of reallocating capital across sectors.

3.6 Financial sector
3.6.1 Financial Intermediaries

Financial intermediaries use deposits from householdslaid 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 wenasdianking is segmented;
there are two continua of banks which provide specializaditgg to capital services producers
in each sector. In other words, we assume there are spedatizermediaries for financing
each sector. This set-up can also be interpreted as onengd@ry with two independent
branches where the probability of lending specializatsoggual across sectors and independent
across time. The implementation of financial intermedganneour two sector model is based
on the framework developed iin_Gertler and Kér£_di_(i011) 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 sectoe= C, I, is,

13Two sector models with sector specific capital include, agmthers, Boldrin et all (2001), Ireland and Schuh
(2008), Huffman and Wynne (1999) ahd Papanikclaou (201 1nited factor mobility is shown to be able to

correct many counterfactual predictions of one sector isodith respect to both aggregate quantities and asset
returns. For example, Boldrin et/al. (2001) show it can ralize the equity premium puzzle, co-movement of
sectoral inputs over the business cycle, the invertediegddicator property of interest rates.

¥t 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 institutiosetup of banks
does not depend on firm-specific factors allowing the emegeha representative bank in each sector.
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Bm,t
)
Pcy

Qr,tSe4 = Ney + 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 bomimg funds from households by
a moral hazard/costly enforcement problem. Bankers, ab#ginning 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 — Az of assets.
Note that the fraction) 3z, which bankers can divert is the same across sectors torgeartat
the household is indifferent of deposit allocation.

Financial intermediaries maximize expected terminal Wneake. 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 introducersdagenous leverage constraint.
In this case, the quantity of assets which the intermediaryacquire depends on the equity
capital, N, ;, as well as the intermediary’s leverage rati9,. 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 catistand the gain from diverting assets.
Formally,

Qu St = 0t Nat, (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;,,

Nyy= Ngy+ 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,

Ny, :93[(Rﬁt — Ry 1)024—1+ Re 1] N1, 0<0p<l. (13)

Where,Rﬁt — R;_; denotes the ex-post excess return on assetsl%ﬁmt the return to capital
given by equatior{(10). The impact of the latter ®f, is increasing in the leverage ratio.
New entering banks receive startup funds from householdaléq a small fractiongo, of
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the value of assets held by the existing banks in their finarating 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 — 5)Q...S..:. Therefore, new intermediaries begin with,

N;t = W24zt 0<w<l. (14)
Combining [(IB) and_(14) leads to the law of motion for totaliggcapital,
Nyy = (93[(35,5 — Ri1)0pt-1+ Ri1| N1 + me,tSm,t)gm,ta
whereg, , is a shock to the bank’s equity capital, assumed to evolve as,
log¢,t = pe, logGu—1 + e;t, 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,. — Ry (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 capitgdital services producers issue
S+ 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 capit; or Q);,. Then by arbitrage the following
constraint holds,

Qx,t[_(a:,t - Qx,tsar,ta

where the left-hand side stands for the value of physicatalagcquired 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 wit rtler and K abi_(;bll)—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 tpited services producers—effectively
capital services producers earn zero return. Using thergstsons ir{ Gertler and Karédi_(;dll)
we can interpret these claims as one period state-contimgerls which allows interpreting
the risk premium defined in equatidn {15) as a corporate bprehs.
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3.7 Monetary policy

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

R R ANPRT (Toi\Pm / Top \Par s Y, \Pav1l-er
Et = ( tR1> |:< ,n_,t) <7T—t’t1> (Ktl) ] T]mp,ta pR)¢7ﬁ¢A7ﬂ¢AY € (07 1)7

whereR is the steady state (gross) nominal interest rate(&pty;_, ) is the gross growth rate
in real GDP. The interest rate responds to deviations ofugopsion sector inflation from its
target level, inflation growth and real GDP growth and is sabfjo a monetary policy [ID shock

Nmp,t-

3.8 Market clearing

The resource constraint in the consumption sector is,

ac

AV, ae
t o 1—ac 17ac l—a;
— = AtLQt Kc,t — AV, " Fe.

Cy + (a(uc,t)fgtkc,tfl + a(ul,t)fftf([,tfl) —
‘/tl—ai

The resource constraint in the investment sector is,

=

_ _1
[ I Al VAR Al o

Notice in specifying the resource constraint in the investhsector we—followinb.l:mﬁman_andmﬂne
)—allow (but not require) for the realistic possityilhat 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 conl@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)l Huffman and Mn%_(;égg) this fea-
ture helps with sectoral co-movement in a two sector RBC mddee 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#yfetibstitutable investment goods),
while p < —1, implies a cost for quickly changing the composition of isireent goods across
sectors. We estimate this parameter and thus let the dat& spats magnitude. Moreover,

_1
p

Li=Lit+ Lo, L= [T+ 15

1%Huffman 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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Output (GDP in consumption units) is defined as,

P
Y;:Ct+i]t+€t-
Py
wheree, denotes GDP measurement error. We assume that this measirerror in GDP
evolves according to,

loge; = (1 — pe)loge + peloge,1 + €7,

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 ini 10) report that governmesmidipg shocks account for about 2%
in the variance of many macroeconomic aggregates, suchtpstpogonsumption 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 arfldiours worked, nominal interest
rate. Moreover we include non-financial corporate bondagseand a measure of interme-
diaries’ equity capital. We construct and use only sectecsje spreads for corporate bonds
issued by non-financial companies that are actively tradéusi secondary mark&t. Appendix
describes the data sources and methods in detail. Therwdoddservables we use in the
estimation is given as,

Y, = [AlogY;, Alog Cy, Alog I, Alog Wy, mey, w4, log Ly, Ry, RS Ry, Alog Ni|. (16)

whereA denotes the first-difference operator and we demean thepdatato estimation. In
the vector aboveY;, Cy, Iy, Wy, mcy, w1y, L, Ry, RE ., RT,, N;, denote, output, consumption,
investment, real wage, consumption sector inflation, itmaeat sector inflation, hours worked,

16Thjs information is provided by Datastream. In line with itist and Zakrajsek (20112) we only consider
bonds with a rating above investment grade and maturitydotizan one and shorter than 30 years. We also

exclude all credit spreads below 10 and above 5000 basisspgoiensure that the time series are not driven by a
small number of extreme observations. To generate thet@mdiad 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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nominal interest rate, consumption sector bond spreadstment sector bond spread and bank
equity respectively.

We use the Bayesian methodology to estimate the model pteesnelhe posterior dis-
tribution of parameters is evaluated numerically usingrdredom walk Metropolis-Hastings
algorithm. We simulate the posterior using a sample of SIDdraws and use this (after drop-
ping the first 20% of the draws) to (i) report the mean, and hardd 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 by_—lalg[lev
). This test evaluates the Jacobian of the vector tonggall parameters (including the
parameters describing the exogenous processes) whiaimiletethe 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 beredgd. This implies that any
chosen vector of parameters around our estimates will gieeto 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 estimates.

Prior distributions . A number of parameters is held fixed during estimation. €lag
shown in Tablé13® For the remaining parameters we use prior distributionsdbaform to
the assumptions used [LD_S_m_elS_a.n_dJALQLJ{QLS_bd)_OlL_\lLLSIJBIMI kZle)LlLLSllﬁ'Lanp_eﬂal.
_Zﬂli),LKhan_andlSQuka'als_(ZdJIZ). The first five columns i€l list the parameters and
the assumptions on the prior distributions.

A new parameter we estimatedsvhich determines the degree of intratemporal investment
adjustment cost. This parameter was originally introddnéﬂuﬁman_andjwadmm and
has been shown to be important, in the context of a calibtatedsector RBC model, in gen-

17All estimations are done using DYNARE (see Adjemian et &01(P), hitp://www.dynare.org. We calculate
convergence diagnostics in order to check and ensure thiditgtaf the posterior distributions of parameters as
described in Brooks and Gelman (1998).

B\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 a.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 sectorshastedy state leverage ratio matches their empirical
counterparts. The average of the consumption sector aegtiment 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 Appendix B for a detailed description).
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erating sectoral co-movement in response to sector spé&éiflcshocks. 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 gpalcsonsequently on parameters
to be estimated while being flexible enough such that the peacess is able to accommodate
revisions in expectations. In section A.1 we show this chdicbe supported by the model fit
criterion though we also discuss denser information sirest Similar news horizons are con-
sidered b)L_QhﬂleanD_eLLiL(ZdldlL_Sthjn;G_LQhe_and;@bmt) anJLISha.n_a.ndlsgukAIas
_@). 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 findingg_oiLBifjaad_PoﬂﬁrL(;O_d)G) and

[B_ea.u.dQLand_Lugljié_(ZQhO) who estimate that news shocks (&E&unt for around 50% of

macroeconomic fluctuations. In fact our choice implies thgpriori“ 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 compatitibee 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.

Posterior distributions. Table[4 reports the posterior mean and the 10% and 90% inter-

vals of estimated parameters. Overall, the estimates awly consistent with earlier stud-

ies using one sector models, elg&mﬂmndﬂdjmtsj(mmﬁndlmkﬂhmdﬁ) and

inian IJ (ZQ;ILO) and we do not discuss them in déthi. transformed parameter that
captures intratemporal investment adjustment costs is\astd at 0.358. This maps into a
value ofp = —1.55, suggesting a mild degree of intratemporal adjustmensdasthanging

the composition of sectoral investment flows. As far as weaswrare this is the first estimate
based on a DSGE model reported in the literature.

Relative to earlier work on estimated DSGE models we esé@rab new shocks that are
financial in nature. First, a shock to the equity capital eéimediaries. The posterior estimates
for the volatility of equity shocks suggest a consideraétward 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 = C, I. The asset value shock consists of unanticipated and gauigd (news)
components. The standard deviations for the news compeKemsumption sector) are es-
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Table 3: Calibrated Parameters

Parameter Value Description

oo 0.025 Consumption sector capital depreciation

o7 0.025 Investment sector capital depreciation

Qe 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
pig 0.399 Steady state investment to consumption ratio
05 0.96 Probability of bankers survival

w 0.00089 Share of assets to new bankers

B 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)

timated to be around or above their unanticipated compsrsrggesting the former may be
important in accounting for the variation in the data. Ingehthe 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 resutim a decomposition at the
frequency domain, focussing on business cycle frequendi&salso report an unconditional
decomposition in Appendix’Al6 (Tall€l10).

Frequency domain.Table® 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. Assetnaligeshocks (consumption sec-
tor) account for 30.5%, 22.4%, 31.0% of the variance in oytipyestment and hours worked
respectively, with news arriving two years ahead being thidant component. Financial
shocks (i.e. equity and asset value shocks combined) actmmB6.1%, 28.1%, 35.1% of the
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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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variance in the same set of variables. In AppeidiX A.3 we ttalle a comparison of sample
paths generated by the model (with news shocks only) agdiaesictual sample paths of the
observables. This exercise visually illustrates the rokesset value news shocks in explaining
the in-sample variation in the data. A noteworthy findinghattthe path generated from the
news shocks simulation of the model correctly captures mbgte turning points in actual
output growth and can successfully account for the 2001 &@ 2ecessions. It also tracks
quite well the behavior of total hours worked.

TFP shocks are also of considerable importance at busipelesfrequencies. Sectoral TFP
shocks together account for 19.7%, 11.2%, 31.5%, 12.8%eofdniance in output, consump-
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, theywatdor 14.1%, 30.8% and 12.2%
of the variance in output, investment and hours worked &gfdy. The importance of TFP
shocks of the investment specific type stands in contrasntbniys in earlier studies (e.g.
LS_thﬂl_G_LQhe_a.ndAJ_n&)Ja_leh_thlea_nQ_é [aL_LiOJJG)a) find shocks of this type are neg-

gible sources of fluctuations but more in line with the fingls in L(Zle) and
h -6) who report a large share of fluctuations to lbewted 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 tirgkathe time series properties of
the relative price of investment. But in our two sector maté restriction is not necessarily
valid and hence other shocks can also affect the relatice pfiinvestment, leaving more room

for investment specific shocks to affect model dynamicsénstiort run. To conserve space we
present a more detailed explanation for this finding in ApibeiA.4.

The preference shock accounts for about 42.5% in the vaieihmonsumption. This is line
with inian I.|_(;0_Jl0) 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 infbatirates 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 tvariance in consumption sec-
tor corporate bond spread are asset value news and equitsl cdqocks (consumption sector).
The eight quarter ahead news component and the equity ksipitek, account for 39.3% and
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32.7% in its variance, respectively. Thus a sizeable foaadf 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 accoumtelyf news shocks. The investment
sector TFP, monetary policy, consumption sector mark-wpimvestment sector equity shocks
each approximately account for 20.0% in the variance ofgbaes. 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 oklmansector 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 shocksortemly, relative to these other
disturbances, it generates the right type of co-movemaesttgden aggregate quantities, prices
and intermediaries’ equity capital (see secfibn 6 for arpsitfpn 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 nomatal is positively correlated with
past and negatively correlated with future output growthjrd-(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 kaghlas 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 dynarorcelations 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 the 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 reportB(JB_lJQhLle_el_aJ [(ZD_dQ) and
kﬁi&hLﬁlﬁnQZakLaJséli_(ZQhZ) studies that exploit infation from corporate bond spreads
but obtained using different methodologlés_Gl_lcma}(m_O_é) report that credit market
shocks identified through corporate credit spreads in afdeised VAR, explain around 30% of
the variation in economic activity (measured from indadproduction). Gilchri jsek
_ﬂ) decompose the movements in credit spreads toieariatdefault risk and excess bond
premium with the latter shown to be tightly associated whin 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 similaritieb@findings above. Our quantita-
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tive results also bear similarities with findings reporheLﬂZlﬂsli_aﬂo_el_a{IJ_(;O_iO) who identify
news shocks (in riskiness about entrepreneurial actiwityg one sector DSGE model with
Bernank |L(;gb9) style financial frictions to be a digant source of U.S. fluctuations.
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.

6 The Propagation of Asset Value News Shocks

The variance decompositions above suggest news shockspogtant 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[3 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 tmesemption sector, equatidn {10)
re-arranged to yield,

ac—1

fgtJrluC,tJrl + Qc,tﬂﬁg,tﬂ(l —0¢) — a(uC,tJrl)ggtJrlAHlV;r_lai

B
RC,t+1

K
RC,t+1

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
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 afgignt reduction in asset demand
and lending (C-sector financial claims). Credit spread endbnsumption sector rise (C-sector

19All shocks in this section are set to produce a downturn.
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spread) in anticipation of the deterioration in asset \@laensistent with its countercyclical
behavior in the data. The shock spills over to the investraseator 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 thassets (I-sector price of capital).
The interesting aspect of the IRFs, especially in relatmimdurs 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 thiverse effects experienced by the
investment sector are due to theal 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 consompfid investment (as explained
above) leads to a strong initial decline in output beforestineck 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 afdequent realization lead to a
deeper and longer recession phase. The arrival of bad nesliisgenerate significant declines
in macroeconomic aggregates. However, the actual realizaf 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 ghoan 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 comowgpieaity observed during a busi-
ness cycle. In this section we investigate in more detail¢éasons why news shocks turn out

201n 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
[A.5 shows the IRFs.
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Figure 3: Responses to a one std. deviation negative adsetnaws shock (anticipated 8 quarters
ahead) in the consumption sector.

to be producing dynamics that resemble the business cypkxifially, in Figurd 4 we com-

pare the IRFs from a model with and a model without a finanaitrmediation channel. In
both sets of IRFs we use identical parameter values as dstinmraTabld 4 and we show the
responses to an eight quarter ahead news shock.

Figure[4 demonstrates that financial intermediation noy siongly 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 vabapal (not shown) as in the
model with the financial channel but contrary to the respsmséhe latter, output, investment
and total hours worked respond positively to this unfavieahock. Both sectoral investment
variables rise, while investment sector hours rise andwopsion 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 negsuipply 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 kalle to fall in the future. Agents
attempt to protect from the future deterioration in constiorpsector 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), investragngeionly feasible way to change the
effective quantity of capital across sectors. Thus invesiinsector output rises. Since labor
moves freely, hours worked can change swiftly across sgdtaus to boost capital production
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the household reallocates hours worked from the consumpiithe investment sector. Effec-

tively, agents substitute resources out of consumptianthng investment sector to smooth out
the future consumption decline.

Output Consumption

5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40

Total Investment C-Sector Investment I-Sector Investment

5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40

Total Hours C-Sector Hours |-Sector Hours.

V!

5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40

Figure 4: 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 incacting for aggregate fluctuations.
While not directly comparable (the timing is different snit is anticipated), it acts simi-
lar to a depreciation shock asm 12) in terms ohgtias and risk premia, though
a standard preference specification like ours implies @uantlical consumption behavior in
Gurio. We have introduced this disturbance zisiLG_eﬂl_e@mﬂi k;o;h) who dub it broadly
as a capital quality shock. As shown above, the shock dyratfitcts 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/2lInstalled 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 theexvee iA_B_eJ:naLd_el_lalL(de) who
show there is substantial cyclical product creation andrdeison in the U.S. manufacturing
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sector. This may be anticipated by investors in corporatelboarkets anLj Philippl)h_(;dOQ)
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 financialimégliaries play in the determina-
tion of asset prices. Evidence reporteh.in.Adﬂa.nJeLaLd’«lMphasize that losses in balance
sheets of key financial intermediaries (e.g. securitiekdirdealers and shadow banks) affect
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 examplm al.
) show that negative leverage growth of such interarest is associated with higher fu-
ture excess corporate bond returns and lower output ngMtian_e_t_aJ. [(;OJO) suggest these
dynamics can be interpreted as the (time-varying) effeaiisk bearing capacity of the finan-
cial sector, in other words its willingness to bear risk aabee sheets contract or expand. Itis
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 compareshmated asset value news process
with a measure that proxies for the effective risk bearirmpciy of the financial sector as well
as other available financial market indicators as a way ofehealidation.

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_b;LGilghLle_a.nd_ZﬂllahEle) from firm-level U.S.
corporate bond spreads. Figlie 5 plots from left to rightettémated 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—excesglqmemium. The plots begin
in 2001 due to data availability of the expected defaultes#fi The default probability is a

forward looking measure of default risk, providing advaimdermation of changes in the credit
quality of bond issuing firms, whereas the estimated GZ—sxbend premium series captures
factors emphasized d)y Adrian e1| MblO) described alibaejs, factors that cause variation
in intermediaries’ balance sheets and risk premia and pfaxyariation in the effective risk

21The argument is that bond market prices will reflect the égdirm technology rather than growth options or
equivalently organizational rents from expanding into re@@as which are thought to be better reflected in stock
prices.

22In 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 consunmaictor. We have also undertaken comparisons with
the 1 year ahead probability of default and found a somewlkaker correlation suggesting the news shocks we
identify reflect more long term risks.
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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 unfav®redl's 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 dhagmpared 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 intermediadestyecapital and asset prices that

resembles the effective risk capacity dynamics descrilbwk_raj&émm) and
Adrian et al. (2010).

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

e i

Figure 5: Asset value news (8 quarter ahead) shock (thihding financial market indicators (thick
line) — Fitch five-year ahead probability of default—all feitteft panel), Fitch five-year ahead prob-
ability of default of companies in the consumption sectoidite panel)| Gilchrist and Zakrajsek

) 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 ther&deBeserve Board’s Loan
Officer Opinion Survey (LOOS), a qualitative indicator tlaiptures banking sector lending
practices*

23Equivalently it captures variation in the price of defaiskr i.e. deviations in the pricing of corporate bonds
relative to the default risk of the issuer, or extra comp#agedrelative to expected default) demanded by investors
for holding corporate bonds.

24The 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
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The survey reports the net percent balance of banks regdtat lending standards for
commercial and industrial loans have tightened (hnumbeoa 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&hg lending standards
index is a qualitative indicator of credit tightness. In lig[6, we plot the net balance from
the survey against the (negative) of the 2 year ahed value skeock?® 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 6 is the fact that botlileg standards and unfavorable
news about asset values rise sharply before and duringsienesuggesting a tight connection
during those period®.

In addition the LOOS survey includes responses for the 8p@&erasons 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 isistarg with the tight association
between the news shock series and the excess bond premicussisd above.

8 Conclusions

In this paper we used Bayesian techniques to estimate adetorsDSGE model for the U.S.
economy using a sample from 1990Q2 to 2011Q1 in order to gaawnely explore the interac-
tion between financial markets, news shocks and the reabecprnThe model we use borrows
elements from earlier RBC multi-sector environments aihaa for financial intermediation

constraints of the same type aé in Gertler and Kla i mewi (ZQﬂO). We

allow for a variety of disturbances that have been proposeshilier literature and introduce

credit lines—excluding those to finance mergers and acipis—changed? 1. Tightened considerably, 2. tight-
ened somewhat, 3. remained basically unchanged, 4. eassedmt, 5. eased considerably

25A 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 thessantard deviation as the shock series.

26|nterestingly,_Lown and Morgan (2006), using a VAR methadgl 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 éav 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 ts 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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Figure 6: Asset value news (8 quarter ahead) shock (thin &nd Senior Loan Officer Opinion

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

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

two types of financial shocks, namely, equity capital an@t&gslue shocks. These latter dis-
turbances incorporate components that provide advanoemiation or news to agents when
forming forecasts about the future value of assets. Ourrpap#ributes to the ongoing debate
on the importance of news shocks for aggregate fluctuatiot$ighlights a new—financial—
channel that can give quantitatively important real efewft news shocks while at the same
time makes some headway in addressing sectoral co-movement

Our results are as followsirst, asset valueaewsshocks explain a sizeable fraction of fluc-
tuations at business cycle frequencies, accounting for 8fLetutput, 22% of investment and
31% of hours variation. Previous work (sie_e_G_eﬂl_er_aadﬂla({ZM),LG_eﬂl_er_aﬂd&Lolai(i
.;OLJ)),LG_OJ,MH(;OJZ) ) has examined qualitatively the prtps of purely unanticipated
shocks of this type in the context of one sector calibratedets By considering both unantic-
ipated and news shocks our paper provides, to the best ofnouvl&dge, the first quantitative
assessment of the magnitude and the relative importandeesé tdifferent components. Our
estimation method exploits the fact that financial varialftmrporate bond spreads and equity

capital) contain substantial information about assetevalews shocks. We find the quantita-
tive importance of news shocks—in terms of accounting ferdairiance shares of real macro
variables reported above—approximately doubles whendiabwariables are included in the
estimation than if they are not. Consequently, the news oot 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 stititkt only directly affect the value of
assets in the consumption sector—investment sector aasetdisturbances are largely irrele-
vant for fluctuations. Instead, the data prefers to use ttters links of the model as a natural
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propagation mechanism of consumption sector shocks aseassrs.

Secondand 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 duringessions. 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 duringethesods, in line with the evidence
presented in Figurel 1. Moreover, these co-movement piepest news shocks obtain with
a standard preference specification. Instead the finantadnel 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@eshd 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 wor ' | lL(ZQhZ)

and/ Adrian I.L(;OiO), based on very different methodekmgsuggesting 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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9 Appendix (For online publication)

A Additional Results, Tables and Figures

A.1 Robusthess

In this section we aim to assess the fit of the benchmark madelation to plausible alterna-
tives. Specifically we undertake three broad comparisorscakhpare the benchmark with, (a)
model without financial intermediation, (b) model withoeiws 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 Tsoukdlas (2012), Fujiwara et al. {pabd Schmitt-Grohe and Uribe
_@) among others, using one sector DSGE frameworks heutesults therein have been
pointing towards a limited quantitative role of TFP newsc{® 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 walws dominates—in terms of
this metric—specifications that include TFP news only (m@&land C) or both TFP and asset
value news (model D and E). Further, it dominates model @asswith 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 thelbeark model to a model
with financial frictions turned off. This latter model versi is 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 predictioosfinancial 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 highlighte fact that the presence of financial
variables in the estimation significantly raises the ctntion 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 15%4, 19% of the forecast error
variance (business cycle frequencies) in output, investiened hours worked respectively (see
Table[8). These shares are approximately only half of theesheccounted for by news shocks
in the benchmark.
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We have considered four additional robustness exercisefiytatescribed heré. First, we
estimate the benchmark model with the addition of a margffadiency of investment (MEI)
shock, motivated by previous work in one sector estimate@Bb#&odels that finds a signifi-
cant share of macroeconomic quantities are driven by shafdkss type (sela Justiniano eﬂ al.
(2010), Justiniano et Al, (2011), Khan and Tsoukalas (301%Je 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 théahacludes 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) measergrarrors 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 vasiaiendard 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 reduahtribution of asset value news
shocks though still broadly similar with the benchmark HessuThirdly, we estimate a model
with a correlated news structure, similar to the processéws adopted ||J_Qhﬂ51|an9_eﬂ al.
M)% Correlated news across time has been s.uggeS.tE_d_b;LLeﬁpmaﬂ{mL kZQlJl) 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 margintd dansity from the correlated

news model is significantly smaller compared to the benckmadel by approximately 45
log points. Fourth, in the section below, we perform a findlustness exercise. Specifically,
we estimate a model that—in addition to sector specific TRiElddes a common aggregate
TFP shock, motivated by, (a) recent Worklin_Fo_eleeﬂe{_ﬂuz who report common TFP
shocks are quantitatively important in the post 1980s pan@ccounting for the variability in
U.S. industrial production and (b) a plausible concern thatasset value news shock may be
substituting for an aggregate common TFP that we did notidensluring estimation. Sim-
ilar to the benchmark model (without a common aggregate TRel9 results, asset value
news shocks account for a significant and almost identiaatifsn of the variance shares in the
observables in this alternative model (see Table 7).

2'The results from these additional exercises are availgime request.

283pecifically we assume a process with eight in total news corapts, 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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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

A.2 Model with a Common Aggregate TFP Shock

|Eo_6leer_e_t_eLl|_(;O_Jll) highlight the importance of aggred&tP shocks in explaining the vari-
ability in aggregate U.S. industrial production. They difsirihe 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 THekslawe as important as sectoral
TFP shocks in explaining this variability. Aggregate TFBas in principle are better candi-
dates for generating co-movement in different sectors redsesector 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 aedivoy 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 anaatcandidate in generating co-
movement so its interesting to check whether the importahocews 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,

Culi) = ma{ A Lo (0)) = (Kea(i)' — AV Fer0}

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

where the TFP shocl;, follows,
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fe= 0 —=pp)f +psfioi + 557 (A1)

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. Cangpdablel T with Tablél5 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 benchmadteinwith 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 tbhocks in the financial
variables are also broadly similar across the two spedifiesat Carefully comparing the vari-
ance shares, illustrates the reason why the quantitatiyefiseance 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 consiompector TFP in the baseline model
by affecting demand for investment goods from the investrsector in addition to the effects
in the consumption sector, i.e. through sectoral linkaly¢ss 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 libs fiact that the benchmark model
does already allow for several potential sources of co-nma&v, i.e., in sectoral TFP shocks
(see for example Figurés]10 and 11) as well as in other sostggdsas 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.3 Comparison of Sample Paths: Model vs. Data

We undertake an additional exercise to better appreciateolle of financial and in particular
asset value news shocks in explaining the in-sample vamniati the data. Figurlel 7, shows the
actual sample path of output growth, investment growtla| tadurs worked and sectoral credit
spreads along with simulation paths generated by the mddehwither, (a) only all financial
shocks or, (b) only all asset value news shocks are turnedlboter shocks are set equal to
zero). A first visual inspection of Figufe 7 illustrates thath simulation paths track move-
ments of the actual data quite closely. A noteworthy findmghiat the path generated with
news shocks only correctly captures most of the turningtpamactual output growth and also
quite successfully account for the 2001 and 2008 recesgiomsgh not very well the 1990s re-
cession). Interestingly, the extent of the decline in otugwawth during the 2008 recession can
be entirely captured by the simulation path generated bysrshwcks. Importantly, the news
shocks simulation path tracks quite well the behavior @ltoburs worked. The simulated path
captures the rise after the 1990s recession, and the sagrtiieclines in the 2001 and the 2008
recessions. The simulation path with financial shocks {forow, left panel) closely tracks the
actual path of the consumption sector spread. The path witfs ishocks only (right panel),
correctly predicts the rise of spreads in the 2001 and 2008sston, but misses the 1990s
recession. The path with financial shocks (fifth row), cagdgun some extent the investment
sector spread sample path though not very successfullyredsen for this limited success of
financial shocks is that investment specific TFP shocks atdoua large share of the variance
in this spread.

Figurel8 presents the sample paths of (actual) sectoras harked along with the simula-
tion paths described above. Note, that sectoral hours wdrdee not been used as observables
in the estimation, hence even a simulation with all shockis@avould not be able to perfectly
fit the actual sample paths. An interesting observationassticcess 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. Thiswdation 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 sirulpaths however do not track well
the actual path of consumption sector hours. Essentiadigetisimulation paths miss the robust
growth in consumption sector hours for much of the 1990s atitithe 2001 recession, though
they better capture the movements in this series in the gelalh of the sample. Additional
information about the model’s fit on the labor market dimenss provided in Appendix Al6
(Table11).
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Figure 7: 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 8: 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

A.4 Investment Sector TFP Shocks and the Relative Price of irestment

Using the expression for the relative price of investmenrfthe 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 respegtiaat iz ,x = I,C the capital-
labor ratio in sector. mark up,, is the mark-up or inverse of the real marginal cost in sector
x. V; corresponds to the investment specific shock. Notice howetlagve 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 princgfect this price. In a special case of
the model with: (i) perfectly competitive product markg(ig), identical production functions

(factor intensities) in both sectors, (iii) free factor nild, the expression above becomes,

Pre _ A
Pey Vi

In this case the model has a one sector representatiOIJu_(Egnﬂmd_el_AlL(ZQbO)). Fur-
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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 becoégﬁs,: (V*)~!, a commonly used
restriction in one sector estimated DSGE models. Thus, uasumptions (i)-(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 investmerdtgeand limited capital mobility
across sectors, like ours. In the more general frameworkomsider, variation in the relative
price of investment reflects not only investment specifiacckldut 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 estimatiomdtigh 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 @nadss 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 ouultson the importance of investment
sector TFP shocks are more in line V\Jﬁﬂ 006)), wiesimgian SVAR methodology
and only a long run restriction linking the relative pricelmnvestment specific shocks—thus
allowing for the latter to freely affect dynamics in the shiam—has found an important role
of investment specific shocks in accounting for fluctuationsutput and hours worked.
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A.5 Additional Impulse Response Functions

Shutting off financial intermediation in the investment se¢or. Figure[9 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 difface 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.
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Figure 10: Responses to a negative one standard deviatemmticipated TFP shock in the con-
sumption sector.
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Figure 11: Responses to a negative one standard deviatamticipated TFP shock in the invest-
ment sector.
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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.



GS

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.7 A Historical Perspective and the 2008 Recession

Given the guantitative importance of news shocks as drifamges 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 tieméquls. 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 feagion 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 investmenbsd¢tP 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@/ 199®)yettent 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 lastedeessions.

It is apparent from this decomposition that news shocks nbt 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. Uataleonews continue to arrive
well after the official end of the recession. A similar pattean be observed after the recent
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recession, but in this case a longer sample size would beaBiésito be able to draw a more
complete picture. The slow reversion of news shock’s impacdGDP and investment growth
at the trough of the cycle is consistent with a literature fimls agent’s forecast accuracy to
be positively correlated with outpét.

1995 2000 2005 2010 1995 2000 2005 2010

Figure 12: Historical decomposition of the growth rate of BSeft) 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 constricbtiservables. 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(¢otaent price) consumption.
Then, total real consumption growth is obtained as the euhweighted (using the nominal
shares above) growth rate of real services and growth rassbhon-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 tleafitiominal over real consump-
tion. Inflation of consumer prices is the growth rate of thestomption deflator. Analogously,

29See for example Gortz and Tsoukalas (2012).
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we construct a time series for the investment deflator usnigs for (current price) personal
consumption expenditures on durable goods and gross @uahestic 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 oudpBDIP 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 woikegilen 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 rateesffective federal funds rate.
We use the monthly average per quarter of this series andedivby four to account for the
guarterly frequency of the model. The time series for hoains iogs. Moreover, all series used
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 availalbt®w-
ever, Reuters’ Datastream provides U.S. credit spreadsofopanies which we map into the
two sectors using The North American Industry ClassifigaBystem (NAICS¥ 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
ilchri j 2) we make the following adjusits 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 whichgstare 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 éhétné series are not driven
by a small number of extreme observations. The series foséoeoral 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 modekeAthese 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 coespa the investment sector.
This is equivalent to 36425 observations in the consumiwh 116628 observations in the
investment sector over the entire sample. The average ityagiB0 quarters (consumption

30We 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 23 31 32 33 42 48 49 51 (except 491)). The consumggaor 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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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 samplegigad to 1696, with 516
firms belonging to the consumption sector and 1180 firms lgghgnto the investment sector.
The correlation between the two sectoral spread seriesis &m0.83.

Sectoral Hours. Disaggregated data on hours worked that is fully consistéhtthe con-
cept of our series for aggregate hours (hours of all persumsfarm business sector) are not
available. To construct series for sectoral hours workedigesthe product of all employees
and average weekly hours of production and non-supervigoriers 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-Outputgalputlined in Sectiofl3, and is
consistent with the allocation used for the sectoral bomdasys.

Steady state financial parameters.The steady state leverage ratio of financial interme-
diaries in the model, used to pin down the parameter®nd A, 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 Institutionarfation 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
be consistent with the model concept. Thus, to arrive at amate for adjusted assets we sub-
tract consumer, real estate loans and holdings of goverreneirgovernment guaranteed bonds
(such as government sponsored institutions) from totatassf all insured U.S. commercial
banks.
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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$ D@1 BEA
Personal Consumption Expenditures: Durable Goods CP, iBianks$ PCDG BEA
Real Personal Consumption Expenditures: Durable Goods SAvbilion$ PCDGCC96 BEA
Personal Consumption Expenditures: Services CP, SAoDbiBi PCESV BEA
Real Personal Consumption Expenditures: Services CVMpBign$ PCESVC96 BEA
Personal Consumption Expenditures: Nondurable Goods ARion $ PCND BEA
Real Personal Consumption Expenditures: Nondurable GodglgM, SA, bilion$ PCNDGC96 BEA
Civilian Noninstitutional Population NSA, 1000s CNP160V LSB
Nonfarm Business Sector: Compensation Per Hour SA, Indes2000 COMPNFB BLS
Nonfarm Business Sector: Hours of All Persons SA, Index 2000 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 adiug&A
= U.S. Department of Commerce: Bureau of Economic AnalyBiss = U.S. Department of Labor: Bureau of Labor Statisticd BiG
= Board of Governors of the Federal Reserve System, IEC =r&eBmancial Institutions Examination Council, FRB = FealdReserve
Board.
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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 irexgleations.

C.1 Financial Intermediaries

This section describes in detail how the setup_of Gertler i tZth) is adapted for the
two sector model and describes in detail how the equatianfnfancial intermediaries in the
main text are derived.

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

Bm,t
)
Pcy

Qz,tSet = Ny + r=C1,

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 sectoriabtiitom household3! Banks inter-
mediate the demand and supply for equity from householdsetprioducers in the two sectors.
Additionally, they engage in maturity transformation byding 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
returnRﬁHl from borrowers in this sector. Intermediaries pay &t1 the non-contingent real
gross returm?, to households for their deposits made at ttim&hen, the intermediary’s wealth
evolves over time as,

B..
Pey

= Rf,tJrlQm,th,t - Rt(Qx,tSm,t - Nx,t)
= (Rf,tﬂ — Ry)Qu Szt + RNy

B
Nx,tJrl - Rg;,tJrlQm,th,t - Rt

The premiume’tJrl — 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

31The 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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inequality must hold,
EtﬁiAin‘(Rf,HHi - Rt—H‘) > 0> i > 0>

wheres’Af ., is the bank’s stochastic discount factor, with,

Avya
Ay’

B _
At+1 =

whereA; is the Lagrange multiplier on the household’s budget eqnatUnder perfect capital
markets, arbitrage guarantees that the risk premium @R 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 positig& premia. As long as the above
inequality holds, banks for the investment and the consiomgector 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)QiBBiAiHiNx,tHﬂ
i=0
=maxE, Z(l — HB)Hj'BﬁiAngi[(RﬁtHH — Riyi)Qu+iSh 1yi + RiviNayyi],  (C.1)

1=0

wherefp € (0, 1) is the fraction of bankers atthat survive until period + 1.

Following the setup ih Gertler and Kiygﬂak_i(;élO) wﬂd_KaLaJiiL(LOil) 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 fractiory of available funds and transfer it back to the
household. On the other hand, depositors can force the maolankruptcy and recover a
fraction1 — \5 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 egutne bank’s gain from diverting
the fraction\ g of available funds. This incentive constraint can be foineal as,

Vet > ABQuztSz s 0<Ap <l (C.2)

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

32\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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ence equation,

Vx,t - Vx,th,tSJ:,t + nx,tNx,ta

with,
Var = E{(1 = 0p)A L (RE () — Ri) + 08827 Ve iia},
Net = EA(1— HB)Aﬁ1Rt + HBBZQJC,H—lnx,H—l}a
and,
T e Q:r,tJrlJriSm,tJrlJri T = Nz,t+1+i
b Qm,t+z’Sm,t+z' ’ sl N:c,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
Z{ ., and the gross growth rate of net worth is denotedby, ;.

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

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

As indicated above, under perfect capital markets banKsewdand 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 introdadexe capital markets are imperfect
in this setup. Imperfect capital markets may limit the potisies for this kind of arbitrage
because the intermediaries are constrained by their eqagijal. If the incentive constraint
binds it follows that,

nx,t
Qm,tsm,t = N:r,t
)\B — Vgt

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

In this case the quantity of assets which the intermedianyacauire depends on the equity
capital, N, ;, as well as the intermediary’s leverage ratg,. This leverage ratio is the ratio
of the bank’s intermediated assets to equity. The moralrd&zastly enforcement problem
constraints the bank’s ability to acquire assets becaursigatiuces an endogenous capital con-
straint. By raising the leverage ratio through an increasg j, the bank’s incentive to divert
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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[(C) 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 z, the value of operating
always exceeds the bank’s gain from diverting funds.

Using the leverage ratid (G.3) we can express the evolufitimedntermediary’s wealth as,
Nyiy1 = [(Rf,t-i—l — Ry) 02t + Ri) Ny

From this equation it also follows that,

T Nm,tJrl
Ly = N., = (Rf,t—l—l — Ry) 0wt + Ry,

and,

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

€ —
Z1,t+1 =

Financial intermediaries which are forced into bankrutayg be replaced by new entering
banks. Therefore, total wealth of financial intermediaisgbe 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,

Ny, :93[(Rf,t — Ry 1)02p—1+ Re 1] N1, 0<0p<l. (C.4)

where a main source of fluctuations is the ex-post excesmretuassetsRﬁt — R;_1, which
increases in impact oN; , in the leverage ratio.

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 heydthe existing bankers in their final
operating period is given byl — 65)Q..:5.:. The respective household transfers a fraction,
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w, of this value to the new intermediaries in the two sectorsclvikeads to the following
formulation for new banker’s wealth,

N;t = wa,th,h 0<w<l. (C5)

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

N{L’,t — (93[<R§t - Rtfl)g:l?,tfl + Rtfl]Nll?,tfl —'— le’,tS{L',t)gfL"tg
where the variable, ; is a shock to the bank’s equity capital. This shock evolvesting to,
log Gt = pe, log a1 + €54, r=0C,1

wherep,, € (0,1) ande;,, isi.i.d N(0,02 ).
The external finance premium for sectars- C', I can be defined as,

A _ pB
Rm,t - Rm,t-{—l - Rt~

Gertler and Karahl_(zo_il) state that the financial struciutie 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 theréywe-
sentative banks in the two sectors is symmetric. Both banks bonds from households and
buy assets from firms in the respective sector. Their pedoe differs because the demand
for capital differs across sectors resulting in sector ggarices of capital(),. ;, and nominal
rental rates for capital?’X,. Note that the institutional setup of banks does not deperfim-
specific factori_G_eﬂI_er_and_KﬂLahi_@bll) show that thiglies that a setup with a continuum
of banks is equivalent to a formulation with a represengalignk. 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 shodksindV;. This section shows how
we normalize the model to render it stationary. Lower cas@abbes denote normalized sta-
tionary variables.
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The model variables can be stationarized as follows:

K:ct 7 Kmt Kt
ka:,t = ;7 ) ka:,t = i ki = 1
‘Ql_ai ‘él_ai ‘él_ai
[m,t . It Ct
lpt = 1 1y = 1 Cy = 1ac 9
‘/tlfal ‘/tlfai At‘/t a;
K 1—ac RK 1—ac W,
K C,t —1 l—a; K I,t —1 l—a; o t
Tce = P AV, ) Tre = P AV, ) Wy = T
Cit Cit PC,tAtVt —a;
From
Pry _ MCcy 1—acA (Kl,t>“i (Kc,t)“c
PC,t mcyt 1 —a; V; Ll,t LC,t
~ mcoy 1 — acA V‘fc_*; (k}[7t>_ai(k’c7t )ac
mery 1 — a; Lt Ly Leg/
follows that
Plt 1 11:2
Piz = : At ‘/t !
Py
and the multipliers are normalized as
ac 1

A= MNAVT =D,V

where®, , denotes the multiplier on the respective capital accunwriaquation.

growth of investment, it follows from the equations of th&prof capital that

l—ac

qet = Qx,tAt_lx/t?ai-
with the price of capital in sectar, defined as
q:v,t = (bx,t/)\ta xr = C, [

Using the growth of capital, it follows from the borrow in ahce constraint that
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Then, it follows from entering bankers wealth equation JjGhat

—ac

n n —1 1—a;
nm,t—Nm,tAt Vi .

Total wealth, wealth of existing and entering bankers hagaa at the same rate

—Qac —ac

e e —1 1—a; [ s g
Nyt = Nm,tAt Vi, Ny = Npg Ay Ve ™

C.2.1 Intermediate goods producers

Firm’s production function in the consumption sector:
¢ = Lo kg, — Fe. (C.11)
Firm’s production function in the investment sector:
iy = Ly, "ky, — FI. (C.12)
Marginal costs in the consumption sector:
meey = (1 —a0)® a " (rf,) *w, . (C.13)

Marginal costs in the investment sector:

. P
mer; = (1 — ai)“i_la;“iwtl*“i(rﬁ)“ip;tl, with  p;; = % (C.14)
Cit
Capital labour ratios in the two sectors:
ke _ wr_ac Fre _ we_a (C.15)
LC,t Tg,t 1-— G,c’ Ll,t Tft 1-— a; ’ ’
C.2.2 Firms’ pricing decisions
Price setting equation for firms that change their price ai@wer = C' I:
0= Et{ Z g;xﬁs)\t—i—sft—i—s [ﬁm,tﬁt,Hs —(1+ )\ﬁ,t+s)m0x,t+s] }7 (C.16)
s=0
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with

S HApits
il - T trk—1\"e (Metrk) ! d 7. — Pa:,tl:[ TN e
tits = - - and Ty, = Pttt Tits
x x x,t

z,t ~

= Dz,t-

and

<0

it

Aggregate price index in the consumption sector:

1 s s e
T r.t— lpg T - T
o [(1 - gx,p)(ﬁar,t) Yoot + 59371’ [( . 1) ( ’t) } Ap’t] .

xT

It further holds that

Tt  Dig

Ot Pit—1

(C.17)

C.2.3 Household’s optimality conditions and wage setting

Marginal utility of income:

b b
A = - : =~ S ;“ . (C.18)
a-hea (B2)(52) 7 an(B) () b

Euler equation:

= () ()

Labor supply
Awy = bep(Leyg + Lrt)”,

C.2.4 Capital services

Optimal capital utilization in both sectors:

réy = ag(ucy), iy = di(ugy).

Definition of capital services in both sectors:

1
‘/t—l> 1—a;
)

Vt—l) T
v .

.-
kcy = Uc,tfc,tk?(),t—1( v
t

kre = u[,tgf,(tlgl,t—l ( (C.19)
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Optimal choice of available capital in sectoe= C, I:

V a,L V —aj
% t = 5Et§$ A1 )\t-i-l( ! ) T ( §t+1ux,t+1 - a'(ux,t-i—l)) + (1 - )Et¢m t+1( ‘ ) = )
Vir Vin

(C.20)

C.2.5 Physical capital producers

Optimal choice of investment in sector= C, I:
[th_'_ZCt] ’ 11;,571)%2?@',15
1_5(.%,5 ( v, )+) —S’(,W ( v, >+> i ( v, >+
g t—1 Via g t—1 Via g t—1 Via
Vi \Ta a1 [ Vit Grpi1 (Vi1 Toa7) 2
Fowan () T (5 () T2 ()T e
ROy [ it LV, it \ V; (€.21)

Accumulation of capital in sectar= C, I:

ba = (1= 8605 (F24) 77 " (1 _ S(sztl (VV)_)) (C.22)

C.2.6 Household’s wage setting

:(b:v,t

Household’s wage setting:

o -
~ - LY
S¢S ~ TTW t+s
E, E B Aits Lt s wtnt7t+ (14 Ay t+s)bt+s%0)\ =0, (C.23)
s—0 t+s
with
(23 a 71
S Attk—1F TG Vi+k—1 b iyt 75" Vitk
M — TCt+k—1€ ! TCt+k€ 1o
tt+s H ga+ Ja+ Lo gu
kel 7T e l1—a; ﬂ-ce l—a;
and
= TTw M Awtts
E o tht7t+5 Aw,t+s L
t+s — t+s-
Wiy s

Wages evolve according to

1

[23
at—1+ 75 V-1

—\ A
a2 X w,t
(7Tc,t—1€ —ag )lw (7Tc7t6 ey t)—lw w,t
a a t—1 .
7TC€Qa+ 1722, Gv ﬂ_cega‘i’ 1731, Gv

Wt = {(1 - gw)wﬁ + &w
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C.2.7 Financial Intermediation

The stationary stochastic discount factor can be expressed

>\t+1

)\51 — )\—t

Then, one can derive expressions#gf andr, ;

At(%

o= Ed(1 =0\ —
Vart at 2 A \ Vi

) e (thﬂ Ry) + HBBthHVx,tH}a

A Vv, ao
B t t O\ T-a; -
Net = E{(1 —0p )>‘t+1A ( ) Ry + 08522,t+177m,t+1}7

41 \Vip
with

a
L _ Qe t+1+iSz 144 A <Vt+1) T-a; @ Mg tt1+4i A <Vt+1) T—a;
Lt+1+i — ; 2t+141 — .
q:v,tJrzS:v,tJrz At ‘/t nm,tJrz At ‘/t

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

VetQe tSa it + NNzt = )\BthSm,t
<:>qg:tsmt th z,ty
with the leverage ratio given as

nx,t

Ozt = .
>\B - Vx,t

It further follows that:

N A Vi T2
x Ny t+1 t+1( t+1>1 P = (th+1 Rt)0e: + Ry,

e =
2,t+1
Ng.t Ay Vi
and
ac a
@ Gz t1Sattl Ay (Vt+1> T—a; Oz t1Ma 41 A <Vt+1) T-a1 Q;p t+1 o
1t+1 = = 2,4+1"
Qu tSxt Ay Vi O Nt Ay Vi 2,

The normalized equation for bank’s wealth accumulation is

ac

Ajlj (V;?) T—a;

Ngt = (‘93[(3 — Ri—1)0p1-1 + Ri—1] Ngt—1+ wq:v,tsm,t)gx,t-
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The borrow in advance constraint:

kx,t+1 = Sgt-

The leverage equation:

Qe tSct = O tNat-

Bank’s stochastic return on assets can be described in lipeth@ariables as:

TftJrlu:v,tJrl + qu,t+1(1 - 51) - CL(um,tJrl)

qx,t

B
R =
x,t+1 x,t+1
At

Vi
knowing from the main model that

RK l—ac
K r,t 4—1 1—a;
ro, = AV
x,t t t
P:c,t

C.2.8 Monetary policy and market clearing

Monetary policy rule:

7= )G )G
R - R T T 1 Y1 Nmp,t>

Resource constraint in the consumption sector:

| =
Vi

o+ (aluchcs + alur) )
Resource constraint in the investment sector:
iy = L, "k}, — F.
Definition of GDP:

] 1
Yt = Ct + Pigle + (1 - _>yt-
€¢

Moreover

_1
P

Li=Lig+ Lo, o= [irf +ich]
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¢k At+1(Vt+1> T=a;

1
l-a;  rl—aci.ac
) — Lc’t kjc’t - FC.

(C.24)



C.3 Steady State

This section describes the model’s steady state.

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

%%gv 1
re = (e N (1 —50))(i1_p+i5p)Pli5p_lpu (C.25)
K e%%gv — e —L1.—p—1
7 :< B _(1—51))(21p+20p) P D (C.26)

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

1 1

[ A NIV

(C.27)

mco =

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

in both sectors [(C.13) and(Cl14)):

Consumption sector:

1 —Qc Q¢ —Qc mae
w = <1 " )\g(l —a.) % at (ry) ) : (C.28)
Investment sector:
L (1 - ag)t-ora® () (C.29)
w = — at(r “Di . .
EDY; i\tr) P

Since labour can move across sectors the steady state wageldathe same in the consump-
tion and investment sector. The equality is verifiedbhyAn expression fop; can be found by
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setting [C.2B) equal t@_(C.29):

cw @ el—aigv —a, ._ o Cp_11-Gc —q ljac

@(1 YAt ac)' cacc( s (1- 50)) (i7" +ic”) e i )

p

1 1*1%9” —a; I 1

— 1— ; 1—a; az< —(1=96 ) —a; P —p\———1.—p—17—0a; 2) —a;
1+A{,( S A R [+
171_%9 — —=—1.—p— Qe

e (1= g ar (S5 = (1= d0)) (i + i) i

<pi = s I-ac

;.gv —Qy _ P B T —a; | T=a;
[ﬁ(l —a;)' "% (% —(1- 51)) (i7" +ic”) Vip” 1] }
(C.30)

Knowing w, r& andr¥, the expressions given il (Cl15) can be used to find the stetatly
capital-to-labour ratios in the two sectors:

ne , (C.31)

== . (C.32)

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

Léﬁackgf — Fo — Tgkc —wLc =0

Fe kcyee g ke
e = (=) —rEX .
L (LC) "o Y

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

B ()t
Ly

L_I —TIL—I—’UJ.

These expressions pin down the steady state consumptiabdar and investment-to-labour
ratios which follow from the intermediate firms’ productimctions ((C.I11) and(C.12)):

L¢e

Lo Ly

c (kc>ac Fe i_(k1>ai Fr
LC L[ LI'
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C+FC
C

1+ Fy

7

1+ A = & Ne=Fg, and 14\ = & Ai = Fy.

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

k?c Qc
=(—) Lc—F
¢ (LC) c—re
_ (Koo c
Sc=— LC—/\pc
c
1
=Cc =

k’c Qe
= — | Lc.
]-+A§<LC> ¢

Analogously one can derive an expression for steady stegéstiment:

1 kp\ @i
= —— (=) L.
' 1+A;<L1) !

Combining these two expressions leads to

oo il
1+Ag(i) Le
ol i)
Lo ¢ 143,\1(%) s

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

74



expressed as

[ 1,\0 (E )ac -
[EDYS _
Lo = (1 +pi217kf. ; 1) . (C34)

It follows from (C.19) that
_ 1 g - __1 g
ko = koe e Y and kr = ke -,

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

ic :kic(l - 671%“2'9”(1 - 50)), (C35)
ir =ki(1— e a9 (1-5p)). (C.36)

From the definition of GDH.(C.24):
, 1
y=c+pit+ (1 - §>y

From the marginal utility of incomé{C.18):

)= 1 Bh
- g, _Qc - ac .
c— hee 9T TG TG e

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

- S¢S LV o
;5 ESNL[w — (1 + Aw)wﬂ =0,

follows the expression fof.:

v

w_(1—Aw)soL7=0 - L= [ﬁ}

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

WA -
1:[(1+)\w)g0}
14+ Ay

o=

It further holds from equatioh (C.17) that

1—ae
ﬂ — ega’i 1—329”
TC

Due to the nonlinearity introduced by the intratemporakstment adjustment costs one
cannot solve analytically for the steady state. A system®edquations[{C.29, C.26, CJ28,
[C.30,[C31[C.37, C.38, C4, CI35, 0.36) is solved numiyibar the 10 steady state vari-
ableskc, kr, w, ic, ir, v&, r¥, Le, Ly andp;. The steady state values for the remaining
variables follow from the expressions above.

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= legaJF 1212 v

B

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

TC.

No=1.
The steady state borrow in advance constraint implies that
ky = 5,.

The steady state price of capital is given by

zt = Dit-
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The steady state leverage equation is set equal to it'sgeemdue in the data

QzSx
Ny

= 0, = 5.47.

The parameterss and A help aligning the value of the leverage ratio and the interae
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@fls(R =
0.005) allows calibratingw using the bank’s wealth accumulation equation

g —-8c Sz -1
@ = 1= 0p[(RE — Ro, + Rl | (122) 7
Ny
Given the non-linearity in the leverage ratio, we solve nuoadly for the steady state expres-
sions forn andv using

vy = (1— QB)ABe_g“_liZig”(Rf — R) + 0pfz{v,,

ac

Ny = (]_ — QB)ABeigailfaing + 035257’&,,

with
25 = (Rf — R)o, + R, and 27 = 23,

and the steady state leverage ratio

—= nllj
)\B - V:c'

Oz

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,
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except for

Zt = Zt — Ya,

U = Ut — Go,
A, =log(1+ A,) —log(1 + AS),
N =log(L+4y,) —log(L+4y),

Dt T

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

C.4.1 Firm’s production function and cost minimization

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

R c+ Fr.o - .
Ct = c ! ———|ackcr + (1 —ae) Loy

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

A 1+ Fr.o.
1t = i I[a k]t+(]_ —al)L[t]

Capital-to-labour ratios for the two sectors:

~K ~
TCt — Wy = LCt kC,u Tre — W = Ll,t - kf[,t-

Marginal cost in both sectors:

~ K ~ ~ K ~ ~
mccy = AcToy + (1 - a'c)wta mcre = i’y + (1 - ai)wt — DPit-

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

S

s = E [prﬂ-t—l—k—l — T4k]-
k=1
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Solving for the summation

1 A o R
px ¢ =F Z f; xﬁs — I s + )\;HS + mcac,t—l—s}
1 - fp,xﬁ

gp,mﬁ 2

=— ﬂt,t + A%, + Mmeg s — —————= 1l 11
it 1 - fp,xﬁ

+ ép,:vBEt{ Z 2B 1 ﬂt+1,t+s + S\z,t—i—s + mcx,tJrs] }

&l

— .0 [ﬁx,tJrl_ﬁt,tJrl}u
p,x

:)‘ﬁ,t + WAICx,t +
where we usedil, ; = 0.

Prices evolve as

0= (1 - gpﬂﬂ)ﬁm,t + ng(Lpzﬁ-t*l - ﬁ)v

from which we obtain the Phillips curve in sector= C, I:

R B R lpy . R
z,t — —F T — T, t— T T a:>\x 5
Tt 1+ 0,8 t7T,t+1+1+Lpzﬁ7T7t 1+ KaMCyt + KAy
. 1—-&6,.0)(1—¢&,.
§P7$(1+pr6)

From equation(C.17) it follows that

Trt —Tce = Prt — Prt—1-
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C.4.3 Households

Marginal utility:

I o R & Ry R
= zZ v — C V4 v — Cy—
! e¢ — hp A T G p\ T gt G —p !
h ~ GG N ~ Aec . h ~
— —BhBEt b1 — (m (Ct+1 + Zpy1 + = aiUtJrl) T h@)]
A j\t =a1 EiCiy1 — ol + asCi1 + gz + Oé5i7t + gy, (C.40)
with
hBe“ e?¢ + h23 he®
N = o = g =
(@ =hB)(e—h) P (C—hB)(e—h) P (€ —hB)(e% —h)
hBeCp. — he® e’ — hfBpy (hBeCp, — he) %=
« oy = —————F—— g =
(el hﬁ)(e@ BT e@—hB T T (e —hB)(e —h)
eG ega+
This assumes the shock proces§és (A.1)[@nd (4).
Euler equation:
{ A ? A N Qe N
At =Ry + Et(At‘f'l R e 7Tc,t+1>- (C.41)
C.4.4 Investment and Capital
Capital utilisation in both sectors:
. N . . _ a'(1
rgt = Xclcy, Tft = XUz, where y 1 — a”<(1))' (C.42)

Choice of investment for the consumption sector:

1

1 1 R
) 56 a9 I{Et(ZCt—l—l - lCt + 1= Ut+1>

i

5 2(2-90) (2 z
ot =€ 197 K toy — icg—1 + 1

i

o Bia + (L4 )| (77 +1c) 7 (i e + i77i10) = e (C.43)
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with o, = éC,t — A

Choice of investment for the investment sector:
1

1— a;

+pis+ (1+p) [(i;ﬂ i) i e + i ) — %Lt] , (C.44)

~ 2125 90) (2 = s 2(725-9v) = s L.
qre =€ 4Rk i — tre—1 + Op) — BT KB e — g + 1—a Ut+1
- Wy

~

with gy ; = Qth — At
Capital input in both sectors:

. . 1
. N K
Uy, kre =t + fu + ki1 —

I%Ct =Gy + &8, + ko1 —
s s Cit s 1_CLZ' 1_ai

0y.  (C.45)
Capital accumulation in the consumption and investmertbsec

~ 1 A 1 R ——1 g\~
]{;at = (1 _ 50)6 T—a, v (kc,t,1 —+ gé’(,t — mvt) -+ (1 — (1 — 50)6 —a; 9 )Zc,ta (C46)

= B PSS 1 1 g\
]{;Lt = (1 — 51)6 T—a; Jv (kl,tfl + fﬁ — mvt) + (1 — (1 — 51)6 —a; 9 )Zl,t- (C47)

C.4.5 Wages

The wage setting equation for workers renegotiating tredary:

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

with

2 a
w A A C A~ A A~
Ht,t+s = E [bw (%,Hk—l + 21+ 1 Ut+k—1> - (Wc,tJrk + 2k +

k=1 v

and

aC A~
Vt+k
1—a; ’

7

2 ~ 1 ~ 2 R
Lt—l—g :Lt+s — (]_ + )\—) (wt + Ht,t-{-s — wt+5).
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Then using the labor demand function,

0 :Et{ Zfi}ﬁs ﬁ} _'_HttJrS - wt+s - Z;tJrs
s=0

~

— V<zt+s (1 + ) ﬁ tits thrs)) + 5\t+s] }

e 0=B{> s ld(1+v(1+ —)) F Ty — Aurie — brss
s=0

~

. 1 ) )
— V(Lt+s 1 + >\—> Ht tts U}t+s)) + )\t+3i| }

Solving for the summation

1_&0 Et{zgﬁS[ (1+v(1+ ;))Hé"t+s+z/3t+s}}

- tt+wt+Et{ngﬁs[ Wl + s }

7 gwﬁ s P
=t — 1—¢ ﬁVwHt t+1 T fwﬁEt{ Zf B[ Vw t+1 t4lgs T 1/’t+1+s]}
it =0 B ., — T C.48
=t + m%} t[thrl - t7t+1]' (C.48)
where
R . . 1N, -
’l/}t = )\w,t + bt -+ VLt + V(l -+ )\—)wt — )\t, (C49)

1
=1 (1 —),
v + v +)\w

and recall thal¥, = 0.

Wages evolve as

~ 2 ~ ~ ~ ac ~ ~ ~ ac ~
= (1 —&,)w + &y (wtl + LwTei—1 + bw (thl + 1—a Utfl) — Mo — 2t — 1~ q Ut)
—a —q

ey = (1= &)y + Eu(bi—y + 1I_)). (C.50)

Equation [C.5D) can be solved fag. This expression, as well as the formulation forgiven
in (C.49) can be plugged into equatign (G.48). After refolation this yields the wage Phillips
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curve The wage Phillips curve can be derived to be:

R 1 B . R lw . L+ Buy .
wy = 14‘5 t1"‘1+BEtwt+1_ngw,t+m7Tc,tfl 1+ 5 Ty
+ b By i1 + Ky 4+ —2— (21 + % )
1"‘6 tihet+1 w\w,t 1"‘6 t—1 1—CLZ' t—1
_1+6Lw_pz5At_1+6Lw_pv6 Qe B (C51)

where

(1 — fwﬁ)u — fw)
G+ A +r(1+5))

gw,t = ’lZ]t — (I/[A/t + ZA)t — j\t)

Ky =

C.4.6 Financial sector

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

The stochastic discount factor:

DY VI VY (C.52)
Definition of v:
~ aC ~
ey =(1 _‘936%)[ t41 T Al T T ‘Ut+1]
1 =082 5 B % z[ s - —
+ RB — R [RJ: Rm,t-ﬁ-l - RRt] + 03621 [Zl7t+1 + Vx,t—l—l], r = C, 1. (C53)

T

Definition of n:

Qe N ~
Mot =(1 — 93522)[ 1 — Atr1 — ﬁvt+1 + Ry

- Wy

+ 058252341 + e, r=C, 1. (C.54)
Definition of z;:

éit = @:v,t - @171571 + 2:2137“ r = C, 1. (C55)
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Definition of z,:

_— 1
22,25 B (RB - R)QJ: +R

T

[ngmf%f,t + R(]- - Qm)Rt—l + (Rf - R)Qméa:,t—l]a

The leverage ratio:

A~ A v N
Q1'7t - 7]1'715 _'_ )\ VV:,;,t’ xr = C’ [
B —

The leverage equation:
qA:v,t + §:v,t = @:v,t + 'ﬁ'm,t-

The bank’s wealth accumulation equation

xT

~ —q, —-4c_ ~ ]_ A .
oy =salpoge RN RERE, 4 (= = 1) RRyy + (RE — R)dyu 1 |
(0%

+ ngBefg“l%ig”[(Rf — R)o. + R] [ — 3 — : Oy + ﬁx,t,l]

7

+ (1= e " T [(RE — R)o, + R))[G: + &
+ e " T (RP — R)o, + R) + (1 — 05((RE — R)o, + R))|és,
The borrow in advance constraint:
2m,t+1 = =§m,t7 r = C, 1.

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

RE, =
ot Tf + Qm<1 - 5:1:)

External finance premium:
A - .
Ry, =Ry — Ry, x=0C,1.

C.4.7 Monetary policy and market clearing

Monetary policy rule:

84

X X . . . 1=
[Tf(rift + um,t) + q$<1 - 51)%:,2&] — Gxt—1 + fft + 2 —

x=C, 1.
(C.56)

(C.57)

(C.58)

x=C, 1.
(C.59)

(C.60)

1—CLZ'

(C.62)



Rt = pRRt—l + (1 — pr) [anﬂé,t + dan(Ter — Teim1) + Pay (9 — @t—l)] + Nmp ¢

Resource constraint in the consumption sector:

. kc ki N\ iig,  ctFe ;
¢+ (Tg?cuc,t + Tf?luf,t)e et = [ackcy + (1 —ac)Ley]

Resource constraint in the investment sector:

N S -
1 = Z ! [a'ikf,t + (]_ — a’i)LI,t]

Definition of GDP:

N c . + Dit (A. T )+ N
e C 7 % [
Yt ¢+ pi t ¢+ i t T Pit t
Market clearing:
LC 2 L[ 2 2 — —p1—1/.—pn —ph 2
TLC,t+fLI,t :Lta [ZCP+ZIP] (Z]plf,t+ch20,t) = 1.

C.4.8 Exogenous processes

(C.63)

(C.64)

(C.65)

(C.66)

(C.67)

The exogenous processes of the 10 shocks can be written-imézgized form as follows:

Price markup shock in sector= C| I:
S\Z,t = Px; S‘If,t—l +epe
The TFP growth shock to the consumption sector:
2= P22 L.
The TFP growth shock to the investment sector:
Uy = polp_1 + €.
Wage markup shock:

)\w,t - pw)\w,tfl + Ew,t-
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Preference shock:

by = poby_1 + €. (C.72)
Monetary policy shock:
Nmpt = €4 - (C.73)
GDP measurement error:
€1 = pPe€i_1 + 5. (C.74)

Shock to the bank’s equity capital in sectoe C, I:
gAx,t = pgwéar,t—l + 6;715- (C75)

asset value shock in sector= C| I

§K gK,O gK,news

~ A K .
Sgﬁ = PgK,mggtq + 5§,t with €at =Eat TEz4 (C.76)

The entire log-linear model is summarized by equatibnsqC-§C.47) and[{C.51) {{C.67)
as well as the shock processes (C.68) - (C.76).

C.5 Measurement equations

For estimation model variables are linked with observabt#sg measurement equations. Let-
ting a superscript "d" denote observable series, then thedelsaneasurement equations are,
Real consumption growth,

AC? = log ( Ci ) = log (i> + 2+ %@ta

Ci1 Ci—1 Q;

Real investment growth,

Relative price of investment,

Plt>d Pry Py Dit . a.— 1
(PC,t 5 PC,t/PC,t—l 5 Pit—1 ' l1—a '

86



Real wage growth,

AWE =1 ( ) =1 ( ) 5 ’
' o8 Wit o8 W—1 et - ivt
Real output growth,
Y, Yt A Ac .
AY4 =lo ( t):lo (—)+z+—cv,
t g Y, g Ve t T i t

Consumption sector inflation,
Té, =7y = ficy and ey = log(mey) — log(me),
Investment sector inflation,
W?,t =me =77, and 7w, =log(mr.) — log(my),
Total hours worked,
Lf =log L, = ﬁt,
Nominal interest rate (federal funds rate),
Rf = log R; = log Ii’t,

Consumption sector corporate spread,

Ré’td = log Rét = log Rg,tJrl — log Rh
Investment sector corporate spread,

Rf,gd = log Rﬁt = log Ii’ftﬂ — log Ii’t,

Real total equity capital growth,

N,
AN? =10 ( ’f)
t g N,
nr

Jat+T—g nc . .
= " 1me (7(710,15 —Noy—1) +——
ne +ny ne +ny
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