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Reent entral bank poliies
◮ Major entral banks signi�antly responded to the �nanialrisis sine 2008/2009
◮ Conventional poliies

◮ Short-term interest rates were redued to levels lose to thezero lower bound
◮ Unonventional poliies

◮ Fed & BoE: New lending failities and diret asset
◮ ECB: full allotment LTRO and bond purhases (SMP andannouned OMT)
◮ Summarized by balane sheet poliies (Curdia and Woodford,2011)

→ Aimed to redue spreads and ensure funtioning of interbank& redit markets 2 / 46



Researh on balane sheet poliies
◮ Balane sheet poliies introdued with hardly any theoretialor modelling guidane

◮ Conventional models are unable to explain their e�etiveness
◮ Reent studies on unonventional poliies

◮ Non-monetary models: Del Negro et al. (2011), Gertler andKaradi (2011), Gerter and Kiyotaki (2011), Gertler et al.(2012), Chen et al. (2012)
◮ Monetary model: Curdia and Woodford (2011) show thatbond purhases are ine�etive

◮ Interations of monetary and �sal poliy are typiallynegleted 3 / 46



This paperIntrodue a notion of balane sheets into a DSGE model
◮ �Modelling monetary poliy in the great moderation�:Central Bank sets R ⇒ marginal rate of intertemporalsubstitution (MRIS)
◮ �reent risis: 'hampered' transmission mehanism frominterest rate deisions on real ativity�:Central Bank sets R ⇒ �nanial intermediation ? ? MRIS
◮ introdue �nanial intermediation and entral bank liquidityoperations to model 'balane sheet poliies'
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Overview
◮ Medium sale maroeonomi model (building on Shabert,2012)

◮ an reasonably be estimated with Bayesian methods (Smetsand Wouters, 2007)
◮ Households

◮ onsume, supply labor, exhange state ontingent ontrats,and
◮ deposit funds at the �nanial intermediaries.

◮ Firms
◮ borrow from banks to �nane up-front payment of wages, and
◮ set pries in an imperfetly �exible way 5 / 46



Overview
◮ Banks

◮ reeive deposits, supply loans to �rms, and
◮ hold government bonds and reserves for liquidity management.

◮ Government
◮ purhases goods, raises lump-sum taxes, and
◮ issues nominal long-term debt as perpetuities

◮ Central bank
◮ sets the main re�naning rate
◮ deides on hairuts and the amount of bond purhases
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Model in nutshell
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Finanial intermediaries I/IV
◮ Perfetly ompetitive banks, i.e. �nanial intermediaries

◮ reeive deposits from household Dt =
∫
Di,tdi, invest in loans

Lt =
∫
Lj,tdj

◮ hold government bonds issued at the prie qBt in period t anddeliver the payo� pBt+1 in period t+ 1
◮ and demand reserves to manage deposits and loans.
◮ are subjet to a balane sheet onstraint

Dt = Mt + Etp
B
t+1Bt + Lt.

◮ Only bonds are eligible and are disounted at the mainre�naning rate Rm
t :

It ≤ κt · p
B
t Bt−1/R

m
t , (1)where κt allows the entral bank to ontrol the terms oflending, e.g. hairuts. 8 / 46



Finanial intermediaries II/IV
◮ Finanial fritions are spei�ed in a stylized way (Curdia andWoodford, 2011)

◮ Banks fae real onvex osts when they supply loans
◮ Costs are redued by holdings of reserves

Ξt = Ξ

(
Lt

Pt

,
Mt−1 + It − µDt−1

Pt

, ζt

)
≥ 0, (2)

Ξl,t ≥ 0,Ξm,t ≤ 0where ζt denotes a shok to the banking osts.
◮ funtional form Ξt(lt, it) = ζt

(
lt

(mt−1π
−1

t −µdt−1π
−1

t +i)
ω

)ηrc , 9 / 46



Finanial intermediaries III/IV
◮ Costs of money equal to It (R

m
t − 1), suh that real pro�ts ofa bank vIt satisfy

Dt

Rd
t

−Dt−1 ≥ qBt Bt − pBt Bt−1 +
Lt

RL
t

− Lt−1 (3)
+Mt −Mt−1 + It (R

m
t − 1) + PtΞt + Ptv

I
t ,
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Finanial intermediaries IV/IV
◮ Maximizing present value of pro�ts vIt s.t. (1) and (3) gives

1

Rd
t+k

= 1 + (1− µ)Et+kϕt,t+k+1Ξm,t+k+1,

1

Et+kR
b
t+k+1

=
1

Rd
t+k

+ µEt+kϕt,t+k+1Ξm,t+k+1

+
Et+kR

b
t+k+1ϕt,t+k+1ηt+k+1κt+k+1

Et+kR
b
t+k+1

,

1

RL
t+k

=
1

Rd
t+k

+ µEt+kϕt,t+k+1Ξm,t+k+1 − Ξl,t+k,

Rm
t+kηt+k = 1−Rm

t+k − Ξm,t+k,

ηt is the multiplier on the ollateral onstraint. 11 / 46



Central bank I/II
◮ Central bank supplies money in open market operations

It = Mt −Mt−1 +MR
t

◮ Outright Mt =
∫ 1

0
Mi,tdi or via repurhase agreements

MR
t =

∫ 1

0
MR

i,tdi
◮ SeignioragePtτ

m
t as interest earnings from repos or assetholdings:

Ptτ
m
t = Etp

B
t+1B

c
t − qtB

c
t + (Rm

t − 1)
(
MR

t +Mt −Mt−1

) .
◮ Central bank bond holdings evolve aording to

qtB
c
t − pBt B

c
t−1 + Ptτ

m
t = (Mt −Mt−1)R

m
t +MR

t (Rm
t − 1) . 12 / 46



Central bank II/II
◮ Poliy rate ("main re�naning rate") is set onventionally(i.i.d. shoks εr,t)

Rm
t =

(
Rm

t−1

)ρR (Rm)1−ρR (πt/π)
ρπ(1−ρR)(yt/y)

ρy(1−ρR) exp εr,t

◮ CB also hooses how many eligible assets are purhased inperiod t, i.e. it sets κt
◮ Full allotment κt = 1 and neutralized money supply

κt = i ·Rm/(pbtbt−1π
−1
t )

◮ Exat paths for κt ould be identi�ed with data from openmarket operations
◮ Central bank further exogenously sets the fration of repos

Λt > 0 : Mt = ΛtM
R
t . 13 / 46



Model in nutshell
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Central bank independene
◮ Steady state onsistent with unonditional means for lendingand bond rates

RL > REuler and ηt > 0 ⇔ Rm
t − 1 < −Ξm,t.implying binding �rms' liquidity onstraint and bindingollateral onstraint of banks.

◮ Instrument κt allows the entral bank to independently ontrolthe in�ation rate, i.e. adjust (for a given value of eligibleassets) aess to reserves via settings of open marketoperationsProposition 1 For a given in�ation target and steady statelevel of publi debt, the entral bank annot a�et thealloation in a long-run equilibrium via balane sheet poliies.
◮ but: hanges in the size of publi debt are in general notneutral 15 / 46



Calibration/Estimation
◮ Model is partly alibrated and estimated with Bayesiantehniques.
◮ Estimations with quarterly data for the euro area (1981 to2007)

◮ Nine time series: real GDP, real investment, real privateonsumption, PC de�ator, wage de�ator, loans to privatesetor and respetive lending rates, poliy rate (mainre�naning operations, MRO), total reserves.
◮ Nine shoks: time preferene shok (ξt), a total fatorprodutivity shok (at), a government spending shok (εgt),aprie mark-up shok (επ,t) a wage mark-up shok (εw,t) andan interest rate shok (εr,t), banking ost shok (ηrc,t) and ashok to the ollateral onstraint (ηm,t)
◮ All shoks exept the shok to the Taylor rule are modelled asAR(1) shoks. 16 / 46



Monetary poliy shok
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Transmission mehanism to monetary poliy shok
◮ an inrease in the poliy rate inreases the disounting of theollateral
◮ �nanial intermediaries reat to lower liquidity by inreasingthe bond holding and inreasing the lending rate and reduingloans
◮ less loans at higher lending rate redue the wage bill �rms anpay in advane, lowering wages and employment
◮ lower wages and employment lower in�ation and aggregatedemand
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Monetary poliy shok: binding vs non-binding ollateralonstraint
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Monetary poliy shok: binding vs non-binding ollateralonstraintThe solid line displays the responses to a monetary poliy shokunder an alternative model with a non-binding ollateral onstraint
◮ under non-binding ollateral onstraints, the higherdisounting of ollateral implies higher osts of redit provisionwhih is transmitted to higher lending rates
◮ in omparison to the ase of a binding ollateral onstraintsthe response of the lending rate is more pronouned while theresponse of bond holdings is less pronouned.
◮ under a binding onstraint the higher disounting has a diretimpat on liquidity whih �nanial intermediaries aim to o�-setby buying additional bonds, under a non-binding onstraint theoptimal response to higher disounting is to redue redueliquidity and inrease the ost of providing redit. 20 / 46



Collateral shok: neutralizing balane sheet poliy
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Collateral shok: neutralizing balane sheet poliy
The blue broken line gives the responses under the assumption of aneutralizing balane sheet poliy
◮ a negative ollateral shok redues the value of the ollateralof banks ⇒ lower lending at higher ost ⇒ redution in output
◮ the entral bank an o�set these e�ets by adjusting thehairut κt
◮ Full allotment κt = 1 and neutralized money supply

κt = i ·Rm/(pbtbt−1π
−1
t )

22 / 46



Conlusion: Main results
◮ the model provides a tool to analyze the e�ets of balanesheet poliies on the maroeonomy.
◮ the model has reasonable empirial properties and providesresults inline with onventional wisdom on shok transmission.
◮ Central bank balane sheet poliies an be e�etive byo�setting negative shoks
◮ Changes in the value of available ollateral an substantiallya�et bank lending
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Extensions to this paper
◮ distintion between

◮ full ommitment: government ommits on full repayment debt
◮ limited ommitment: lak of ommitment on debt repayment(partial default) → value of ollateral hanges with news onfuture surplus
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BLS question on liquidity position on redit standards
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Households I/II
◮ In�nitely lived and idential households indexed with i ∈ [0, 1]

◮ Utility inreases with onsumption ci,t and dereases withworking time ni,t

◮ Deposits Di,t−1 also provide utility (short-ut for modellingtransation servies)
E0

∞∑

t=0

βtξtu(νt, ci,t, ct, ni,t, Di,t−1/Pt),where Pt is the prie of the wholesale good.
◮ Time preferene shoks ξt and external habits (h · ct−1)failitate model estimation 26 / 46



Households II/II
◮ Household i invest in deposits, and state ontingent laims

Si,t,
(
Di,t/R

d
t

)
− Di,t−1 +Et[ϕt,t+1Si,t+1]− Si,t + Ptci,t ≤

Wi,tni,t + Ptpri,t + Ptτi,t + Ptτ
m
i,t ,where Rd

t denotes the deposit rate and τi,t a lump-sum tax,and pri,t pro�ts.
◮ The nominal rate of intertemporal substitution REuler

t equals
REuler

t = 1/ϕt,t+1where and is in general not idential to the monetary poliyrate. 27 / 46



Prodution I/II
◮ Perfetly ompetitive �rms j ∈ [0, 1]

◮ produe intermediate goods ymj,t = atf(nj,tkj,t−1), where at isstohasti
◮ aumulates physial apital with investment adjustment osts

ΓI(xj,t/xj,t−1)

◮ Wages have to paid up-front suh that �rms demand loans
Lj,t from banks

Lj,t/R
L
t ≥ Ptwtnj,t. (4)Liquidity onstraint (4) distorts labor demand if

RL
t /R

Euler
t > 1 :

Ztatfn(nj,tkj,t−1) = Ptwt ·
(
RL

t /R
Euler
t

)
. 28 / 46



Prodution II/II
◮ Monopolistially ompetitive retailers buy intermediate goodsat prie Zt

◮ Retailer k ∈ [0, 1] relabels the intermediate good to yk,t and
◮ Retailer set pries in a stiky way (a'la Calvo)
◮ They sell yk,t at Pk,t to perfetly ompetitive bundlers (whobundle the y′k,ts to the �nal good yt)

◮ Standard New Keynesian welfare osts of prie dispersion (andthus in�ation)
29 / 46



Government I/II
◮ The government issues nominal long-term debt as perpetuitieswith oupons payments that deay exponentially at the rate

ρ ∈ [0, 1].
◮ raises lump-sum taxes τt and purhases goods gt
◮ The �ow budget onstraint of a government an be written as

pLt B
T
t + Ptspt =

(
1 + ρpLt

)
BT

t−1, with pB0 B
T
−1 > 0, (5)
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Government II/II
◮ Government is perfetly ommitted to pay the oupon ρ in alperiods and states
◮ government ontrols the primary surplus aording to thefollowing feedbak rule.

Ptspt = γb ·
(
1 + ρpLt

)
BT

t−1 + γy · Ptyt + εspt , γy,b ≥ 0, (6)
◮ government spending {gt}

∞

t=0, whih is assume to evolveaording to
gt = ρggt−1 + (1− ρg)g + ρgyyt−1 + εg,t,
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Calibrated parameterparameter value desriptionhousehold preferenesups 1 Frish labor supply elastiity
β 0.984 time disount
̺ 0.01 sale parameter for utility of depositstehnology
δ 0.03 depreiation rate
α 0.75 labor shareprie and wage setting
ǫπ 6.00 mark-up pries
ǫw 6.00 mark-up wagesintermediation and poliy
µ 0.025 reserve poliy
λ 0.1 fration of money held outright
κ̄ 1 money supply ontrolsteady state values
n̄ 1/3 labor supply
π̄ 1.0108 in�ation

Rm 1.0159 interest rate 32 / 46



Estimation results
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(Almost) onventional poliy rate e�ets
◮ The model exhibits poliy rate e�ets onsistent with empirial(VAR) evidene

◮ Inrease in Rm
t redues real ativity and in�ation

◮ Value of government bonds inrease due to an inreased realrate
◮ Poliy rate e�ets an be altered by additional instruments

◮ Neutralized money supply and fration of outright purhases(20%↑)
34 / 46



TFP shok
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Collateral shok
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Observed variable deomosition
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Variane deomposition (4 quarters)Foreast horizon: 4 quartersVariable Shok Contribution
εξ εtfp εx εrm επ εw εζ εOMO εgoutput 50.32 2.18 3.33 3.42 12.60 12.07 5.73 1.32 9.04in�ation 3.29 7.67 0.37 1.72 33.84 52.38 0.49 0.14 0.11onsumption 75.16 2.60 0.10 2.03 4.47 11.07 3.59 0.83 0.15investment 0.50 0.29 33.62 5.76 42.36 6.70 8.76 1.97 0.04loans 15.77 62.23 0.58 0.97 12.25 4.42 0.96 0.24 2.58employment 15.80 72.93 0.36 1.09 2.56 2.40 1.71 0.40 2.76wages 0.04 1.34 0.22 0.04 23.22 75.10 0.02 0.00 0.02reserves 13.40 0.18 0.57 1.11 1.06 1.16 1.50 78.40 2.61deposits 1.28 72.60 0.48 0.52 0.33 23.70 0.62 0.13 0.35nominal bond 47.94 2.11 3.92 5.13 11.72 11.48 5.12 1.55 11.04lending rate 1.15 2.79 0.05 0.14 0.29 0.45 82.60 12.35 0.18poliy rate 3.02 6.25 0.24 19.88 28.31 41.63 0.43 0.12 0.12deposit rate 6.92 0.08 0.27 0.63 0.62 0.42 67.95 22.01 1.1038 / 46



Variane deomposition (40 quarters)Foreast horizon: 40 quartersVariable Shok Contribution
εξ εtfp εx εrm επ εw εζ εOMO εgoutput 5.24 12.13 0.57 0.77 24.38 55.19 0.98 0.20 0.55in�ation 3.69 7.56 0.65 2.21 28.70 56.41 0.54 0.14 0.11onsumption 11.68 13.69 0.72 0.66 17.45 54.60 0.89 0.18 0.13investment 3.26 7.94 1.16 0.92 36.69 48.66 1.09 0.22 0.07loans 5.34 17.42 0.23 0.83 47.77 27.09 0.66 0.14 0.52employment 6.36 32.53 0.09 0.88 15.93 42.08 1.11 0.23 0.77wages 0.78 4.60 0.59 0.31 60.10 33.22 0.32 0.05 0.03reserves 4.71 9.85 0.43 0.83 20.57 46.62 0.86 15.71 0.43deposits 0.65 58.86 0.44 0.17 0.57 38.82 0.33 0.06 0.08nominal bond 4.68 12.02 0.60 0.85 24.83 55.34 0.94 0.22 0.51lending rate 0.97 9.78 0.14 0.18 2.11 14.45 63.98 8.32 0.08poliy rate 4.06 7.79 0.73 3.46 25.20 57.97 0.55 0.13 0.11deposit rate 3.37 6.88 0.30 0.59 14.83 33.18 31.56 8.98 0.31 39 / 46



Wage mark-up shok
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RE equilibrium (1)De�nitionA RE equilibrium under risk-free publi debt is given by a set ofsequenes {ct, λt, nt, dt, πt, wt, mct, kt, xt, qt, ηt, mt, mR
t , pbt,

pbTt , lt, it, Z̃t, yt, st, RL
t , Rd

t , Rb
t , R

Euler
t , ϕt,t+1, f1

t , f2
t , pBt ,

bTt ,gt, τt}∞t=0 satisfying
ξtuc,t = λt, (7)
1/Rd

t = Et

[
ϕt,t+1

(
1 +

ud,t+1

uc,t+1

)] , (8)
ϕt,t+1 =

β

πt+1

ξt+1uc,t+1

ξtuc,t
, (9)

1/REuler
t = Etϕt,t+1, (10)

mctαatn
α−1
t k1−α

t−1 = µm
t · wt ·

(
RL

t /R
Euler
t

)
, (11)

lt/R
L
t = wtnt, (12) 41 / 46



RE equilibrium (2)
wt = [ςw1−εw

t−1

(
πt
πt−1

)εw−1

+ (1− ς)w̃1−εw
t ]1/(1−εw), (13)

f1
t = f2

t , (14)
f1
t = w̃tξtuc,t (wt/w̃t)

εw nt + Etβς

(
πt+1

πt

)εw−1( w̃t+1

w̃t

)εw−1

f1
t+1,(15)

f2
t = νtξt

εw
εw − 1

(
wt

w̃t

)(1+υ)εw

n
(1+υ)
t + βς

(
πt+1

πt

)(1+υ)εw ( w̃t+1

w̃t

)(1+υ(16) 42 / 46



RE equilibrium (3)
kt = (1− δ)kt−1 + ǫIt

(
1−

γI
2

(
xt
xt−1

− 1

)2
)
xt (17)

1 = qtǫ
I
t

(
1−

γI
2

(
xt
xt−1

− 1

)2

− γI

(
xt

xt−1
− 1

)
xt
xt−1

) (18)
+βEt

[
ξt+1uc,t+1

ξtuc,t
qt+1ǫ

I
t+1γI

(
xt+1

xt
− 1

)(
xt+1

xt

)2
]

qt = βEt
ξt+1uc,t+1

ξtuc,t

[
qt+1(1− δ) + (mct+1/µ

m
t+1)(1 − α)at+1n

α
t+1k

−α
t

] ,(19)
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RE equilibrium (4)
1

Rd
t

= 1 + (1− µ)Etϕt,t+1Ξm,t+1 (20)
1

EtR
B
t+1

=
1

Rd
t

+ µEtϕt,t+1Ξm,t+1 +
EtR

B
t+1ϕt,t+1ηt+1κt+1

EtR
B
t+1

(21)
1

RL
t

=
1

Rd
t

+ µEtϕt,t+1Ξm,t+1 − Ξl,t, (22)
Rm

t ηt = − (Rm
t − 1)− Ξm,t, (23)

dt = mt + Etp
B
t+1bt + lt (24)

it ≤ κt(pbt + ǫt,omo)π
−1
t /Rm

t , (25)
it = mt −mt−1π

−1
t +mR

t (26)
mt = ΛmR

t , (27)
pbt = pbTt −mt−1, (28)
pbTt = pBt b

T
t−1, (29)

Rb
t =

ρpBt
pBt−1 − 1

, (30)(31)where andwith indexation(32)
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RE equilibrium (5)
yt = atn

α
t k

1−α
t−1 /st, (33)

yt = ct + xt + gt + Ξt, (34)
st = (1− φ)Z̃−ε

t + φst−1

(
πt
πι
t−1

)ε , (35)(where 1/REuler
t = Etϕt,t+1, uct = [ct − hct−1]

−σ, udt = ̺d−ϕ
t ,

unt = −νtn
υ
t , R̃b

t = Rb
tπ

−1
t , Rb

t+1 = pBt+1/q
B
t ,

Ξt(lt, it) = ζt

(
lt

(mt−1π
−1

t −µdt−1π
−1

t +i)
ω

)ηrc , Ξl,t = ηrc Ξt/lt and
Ξm,t(lt, it) = −ηrcΞt

(
mt−1π

−1
t − µdt−1π

−1
t + i

)
−1, as well as thetransversality onditions, a monetary poliy setting {Rm

t ≥ 1}∞t=0and π ≥ β, and κt 45 / 46



RE equilibrium (6)and a �sal poliy satisfying
pBt − 1

ρ
bTt + τt − gt = pBt b

T
t−1/πt, (36)

τt − τ = gt − g + ρτb ·
[(
1 + ρpLt

)
bTt−1π

−1
t −

(
1 + ρpL

)
bTπ−1

]
+ ρτy ,(37)

gt − g = ρg (gt−1 − g) + ρgy (yt−1 − y) + εgt, (38)for stohasti proesses {at, ξt, εr,t, εt, ηt, ζt, ǫt,omo}
∞

t=0 andgiven initial values m−1 > 0, l−1 > 0, pbT
−1 > 0, pb−1 > 0,

k−1 > 0, x−1 > 0, π−1 > 0, and s−1 ≥ 1. 46 / 46


