DSGE Occbin Model Examples FBC

00000000 000 [e]e]e} 00000000000
000 000000 00000000
0000000000

Macro Topics
Universita’ Cattolica di Milano
May 2013
Matteo Iacoviello

Housing AE]
000000000



DSGE
®0000000

Course overview

We will discuss two broad topics
¢ Solving DSGE models, with particular attention to their
nonlinearities

e Formulating (and estimating) DSGE models with financial frictions,
with particular attention to debt and housing
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DSGE Models: The Simplest Example

The planner’s problem can be written as:

max E; (Z Bt log C5>
s=t

subject to
Ki — K1 = A *Kf_ — Gt 1)

Optimal consumption implies

1 A\
‘ﬁEt<Ct+1 <"‘ (%) “)) (2)

Assume technology follows an AR(1) process in logs, that is
log At = plog Ay_1 + log U; 3)

where p is the autocorrelation of the shock. Assume that log U has mean
zero, finite variance.
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The system made by (1) to (3) is a non-linear system with rational
expectations. We usually solve them in the following steps

e Find the steady state.

log A 0—>A=1
C = K%
1

- ) ()
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e Linearize around the steady state

equation 1
Ci=A "K' | — K+ K4
logC; = log (A}_‘"Kf‘_l —Ki + Kt_1)
take total differential around steady state
1 1 ,
G = < ((1 — &) AT KYdA; + a AV KA LAK,y — dK; + dKH)

K K
¢ = (1-a)Ar+akq— 6kt + Ekt—l
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e equation 2

Ci1 A}
E, [ =2 = BE 1
t ( Ct ﬁ I Kt +
steady state of both sides is 1

1 1—a
EtCtJrl —C = (1 — oc) <K> (Etut+l — kt)

(1-a)(1-p)
p

0 = —Eicpp1+o+ (Etar1 — ki)

e equation 3
ay = pa;_1 + uy
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Taking Stock

This is a dynamic system of 3 equations in 3 unknowns. To use a more
compact notation, we prefer to write it in the following form
0 = E; [FXt+1 + Gx; + Hthl + LZtJr] + MZt] (4)
z; = NZt_1 + e (5)
where

e x; is the vector collecting all the endogenous variables of the model.
e z; collects all the exogenous stochastic processes.
In our above example
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To summarize, a linearized DSGE model can be written in the following
form

0 = Ei[Fx+1+ Gxt + Hx;—1 + Lugyg + Muy]
Nz;_1 + e

Zt

The recursive equilibrium law of motion describes endogenous variables
as function of the STATE:

xt = Px;_1 4+ Qz; (6)

i.e.,, matrices P, Q such that the equilibrium is described by these rules.

e Finally, what we do is to plug the matrices in (4) and (5) in a
computer, to obtain (6).

In our toy example above, set « = 0.33, 8 = 0.99, p = 0.98. Then

¢ ] [0 0658 c1 ], [ 01755 2]
ke 0 0.9899 ki1 0.0151 |
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Nonlinear models

Nonlinear approximations of structural models can be represented
using three equations, written with variables typically expressed in
levels.
The first equation is

st =f (s-1,0t)
where s; collects the state variables, v; the collection of structural
shocks incorporated in the model.
The second equation is the policy function, which incorporates the
optimal specification of the control variables ¢; included in the model
as a function of the shocks

¢t =c(st)

The third equation maps the full collection of model variables into
the observables

X = g (5t,¢t, 08, ut)
where the presence of u; reflects the possibility that the observations
of X; are associated with measurement error.
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Occbin: Toolkit to Solve Models with Occasionally
Binding Constraints

Occasionally binding constraints arise in many economic applications.
Examples include:
Models with limitations on the mobility of factors of production;

Models with heterogenous agents and constraints on the financial assets
available to agents;

Models with a zero lower bound on the nominal interest rate;

Models with inventory management.
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Why is a Toolkit Needed?

Encompassing realistic features to improve model fit in empirically
driven applications may quickly raise the number of state variables. This
may render standard global solution methods, such as dynamic
programming, infeasible.

An alternative that has been used in practice, especially in applications
that deal with the zero lower bound on policy rates, is to use a piece-wise
perturbation approach.

This approach has the distinct advantage of delivering a solution for
models with a large number of state variables. Furthermore, it can be
easily extended to encompass multiple occasionally binding constraints.
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Related Stuff

Jung, Teranishi, and Watanabe introduced this approach (JMCB, 2005).
The approach has been adopted, among others, by Eggertson and
Woodford (Carnegie Rochester, 2003), and by Christiano, Eichenbaum,
and Rebelo (JPE, 2011).

Other methods have been used and proposed.

1) Show a toolbox that extends Dynare to use this solution technique.
2) For simple models, we gauge the performance of the piece-wise
perturbation approach relative to the dynamic programming solution.
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The Solution Method

The linearized system of necessary conditions for an equilibrium of a
baseline DSGE model can be expressed as:

AlEtXt—i-l + .A()Xt + A_lxt_] + But =0. (Ml)

There are situations however when one of the conditions describing
the equilibrium does not hold, and is replaced by another one.When
the "starred" system applies, the linearized system can be expressed
as:

ATEtXtJrl + AéXt + Ailxt,1 +Bus+C*=0 M2)

where C* is a vector of constants.

Both systems are linearized around the same point — same X across
systems.
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The Solution Method

When the baseline model applies (M1), we use standard methods to
express solution as:

Xt =PX;—1+ Quy. (M1_DR)
If the starred model applies (M2), shoot back towards the initial
condition from the first period when constraint binds again.
Main idea: suppose that M1 applied in t — 1, M2 applies in f, but M1
is expected to apply in all future periods ¢ + 1, the decision rule in ¢
is:

A PXy + ALK+ AT X +CF =0,
M2 M1_DR M2

Xp = — (AJP + A (A X + Brug +C*)

One can proceed in a similar fashion to construct the time-varying
decision rules when M2 applies for multiple periods.

In each period in which M2 applies, the expectation of how long one
expects to stay in M2 affects the value of X; today
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The Solution Method

The search for the appropriate time-varying decision rules implies that
for each set of shocks at a point in time one needs to calculate the
expected future duration of each "regime."

Truncate the simulation at an arbitrary point and reject the truncation if
the solution implies that the model has not returned to the reference
regime by that point.

Start with a guess of the expected durations that is based on the linear
solution. Update the guess based on where the conditions of system 1 are
violated using the piece-wise linear method until no violation remains.
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An Example

e To fix ideas, let’s first consider a simple, forward-looking, linear
model:

g = B —p)EtGer1+pge—1 —ore +uy
re = max(r,¢q:)

where 1; is an 7id shock.

e The general solution for g; takes the form

gt =  €Eqtdt—1 T Equ iUt + Cq,t
"t = Erpi—1t EnupUt +Crp

e In turn, the ¢ are functions of q;_; and u;.
e How do we find the solution?
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An Example: Solution ignoring the constraint

Ignore the constraint first

p(—p) p
= ~—F
qt 1+ 06 tﬂt+1+1+0¢%1+1+0¢
gt = aEuqp1 +bgiq +cuy
Find solution (method of undetermined coefficients)
g = &qr-1 + eyt (guess)
Etgir1 = ¢4t (expectation given guess)
aEwqrp1 = agqgqr = 1183%—1 + agge, Uy

Match coefficients
eqi1 + &ur = asgqt_l + aggeyur + bg;_q + cuy
t aEiqe i1
so that
g = aeé +b, &y = aggey +c

g = (1 —V1 —4ab) /20,6, =c/ (1 —agg)
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Plug some numbers

B 0.99
9 = 1

o = 05

o 1

r —0.02

In this case

g = 02677
g, = 0.5355

so that
qr =1 = 0.2677q;_1 + 0.5355u;
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Is this solution always correct? Consider the case of a large negative
shock to u. If g;_1 = 0, any u; such that

r* = 0.5355u" < —0.02
u* < —0.0373

will violate constraint.
Suppose for instance 11 = —0.2. Ignoring constraint, solution is

ry = 0.26771},1 + 05355ut

rn = —0.5355%0.2=—-0.1071
rn = 0.2677r1 = —0.0287
r3 > —0.02

Hence ignoring the constraint 7; would be below —0.02 for 2 periods.
Moreover, there is a feedback loop. Higher values of r imply lower g,
which implies lower desired values of 7, so r can end up being at r for
longer
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We use a guess and verify method to determine how long the constraint
will bind. We start by guessing durations that are based on the linear
solution that ignores the constraint. Iterate until convergence.

So the first guess is going to be 2 periods.

—> Suppose we guess that ¥ remains at ¢ for t_low = 2 periods.

—> Because 7 is not going to be low as guessed in linear solution ....
—> g will fall more than if » did not hit the constraint ...

—> and r might in turn stay at its lowest bound ¢ more than {_low
periods.

In all interesting cases, first guess is not last guess, since dynamics of
system depend on feedback loop between duration of constraint and
endogenous reaction of variables to constraint. In the example above, one
can think of a New Keynesian model at the ZLB.
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Now cast system using our general notation (use 8’ = g (1 — p)):

g = PB'Ege1+pqi-1 — ore +uy
no= max(r o)
A1EtXt+1 + AOX,} + A_1Xt_1 + But =0. (Ml)
-p 0 7 1 o q —p 0 gl —1 [0
[oo nlTl=g 1]r|T o of|n]T] 0" |0
and
ATEtXHJ + ASXt + Ailxt—l + B*Mt = —C* (MZ)
-p 0 il 1 o q —p 0 ql -1 _[o
[oo nlTloa[r] Lo of[n|T] o |"T|7
and
Xy = PXt_1+Qut (Ml_DR)

BRI
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We guess that in period 3 normal system applies. In that case, the
solution in period 2 should satisfy

Xy = — (AP + A (A Xy + Bruy +CY)
= PX;+Qoup + G

where
Py = —(A[P+45) AL,
Q = —(MP+A) ' Buy, C=—(AP+A) ' C
I plug the numbers now. Using
T —0495 0 1 02677 0 N |
Ai = { 0 0]’7)_{0.2677 0}’“40_[0 1}
« —0.495 0 « | —1 . 0
At = { 0 0]’8_{0}’6_{0.02}

I get

0.5706 0 023
X2 = [ 0 0 }Xl { —0.02]

P. (Ca
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We do not know the solution in period 1. However, assuming the starred
system applies in f = 1 and is expected to apply in t = 2, the solution in 1
is
.AI (PrX1+Co) + AéXl JrA*,1X0 +Bu; +C* =0,
X1 =— (A[Pr+ A) " (B'ug +C* + AjCy + A" 1 Xo)
X1 =P1Xo+ Qru1 +C

where
Py = —(AiPy+ A5 1A
Qi = — (AP + A5 B
Ci = —(AIP+ A 1 (C+AIG)

After plugging in all the numbers, assuming Xy = 0, we get

—0.23500
Xl_[ —0.02 }
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Now I plug X; back and get

«, — | 057064 0 —0.23500 023 1 [ —01111
2= 0 0 —0.02 —0.02 | — | -002

and now I plug X, into X3
X3 = PXp
B [ —0.0297 }

X3 —0.0297

which violates constraint in 3.
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Note the need to update guess.

We guessed that the starred system applies in 2 and that the normal
applies in 3. Based on this guess, the starred system applies in 3.

e Hence we update the guess that starred system applies for 3 periods.

Redo the whole thing again until the guessed duration in the starred
regime coincides with the actual duration.

In the next step, we assume that the normal system applies in 4 but the
starred applies in 1, 2 and 3, solve for P3, Q3 and Cs, use them to compute
X5 and X3, and go back to see if X3 satisfies the constraints. (it does, I
have checked it myself)
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Example 1: Borrowing Constraint Model

e To check if method works, we apply it to models for which we can
compute a a full non-linear solution to arbitrary precision using
dynamic programming methods.

o Consider simple model where a random endowment y; that can be
used as collateral

u=Eg {120 p'log (cr) }
Ct = Yt + bt — 1.05bt_1
by < 2y (c1)

log (yt) = plog (yi—1) +o\/1 — p2e

&N (0,1), o =0.03, p =09

e We look at how solution method handles cases when increases in y;
are large enough so that constraint is not binding. We try = 0.94
and B = 0.949

¢ Here: constraint (c1) BINDS in normal times.
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Example 2: RBC with Irreversible Capital
e Investment cannot fall below a given threshold
u=Eq{¥,0.96'log (ct)}

ct+ki—09k_1 = Atk?'_?’io’
ke — 0.9kt 1 > ¢kt 1

log (A¢) = 091og (A;—1) +0y/1 — p2g
&N (0,1), c=0.03, p =09

where ¢ > 0.
e Here: constraint (¢2) DOES NOT bind in normal times.

Housing AE]
000000000

(c2)
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Example 3:

u=

ct+qihy =
by <

log q:
Here the FOCs would be

Model Examples FBC
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00000000000
000000

00000000

Borrowing and Housing

[e9)

Eo Y B (logct + jloghy)
t=0

Yy + bt — Rbt—l + cht_l (1 — 5)
mathy

plogg; 1+ vt

py (by —mgehy) = 0

u' () =

Assuming SR < 1, here the borrowing constraint binds in normal times.

BREw' (1) + 14

Housing AE]
000000000
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Structure of Solution Programs (Dynare)

The programs we devised take as input two Dynare model files.
One .mod file specifies the normal M1 model from which we calculate

A1Ei X1 +AoXi + A1 X4 = 0.

The other .mod file specifies the starred model M2 with the occasionally
binding constraint inverted (binding if it was not binding in the reference
model, or not binding if it was binding in the reference model). This .mod
file yields

ATEtXt+1 + ASX{ +Ai1Xt,1 +C*=0.

We use the analytical derivatives computed by Dynare to construct
Al,Ao,A_l,AT,AS,Ail, and C*.
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M1: hp.mod M2: hpnotbinding.mod

y=1 y=1
c+q*h=y+b-R*b(-1)+q*h(-1)*(1-9); c+q*h=y+b-R*b(-1)+q*h(-1)*(1-9);
b=M*q*h; Ib=0;

Ib=1/c-B*R/c(+1); Ib=1/c-B*R/c(+1));
q/c=j/h+p*(1- q/c=j/h+p*(1-
0)*q(+1)/c(+1)+Ib*M*q; 0)*q(+1)/c(+1)+Ib*M*q;
lev=b/(M*q*h)-1; lev=b/(M*q*h)-1;
log(q)=p*log(q(-1))+u; log(q)=p*log(q(-1))+u;

The main file runsim_houseprice contains
1. mod files: modell = ’hp’; model2 = ’hpnotbinding’;
2. constraint violation triggers switch to m2: constraint=’1b<-LBSS’;
3. constraint violation triggers switch to m1:
constraint_relaxl=’lev>0’
4. solve modell to obtain M1_DR; write model2 in M2 form

5. given shocks, check if modell assumptions are violated, if so, look
for solution
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function [zdata zdataconcatenated oobase_ Mbase_] = ...
solve_one_constraint(modell,model2,...

gooe

shockssequence,irfshock,nperiods,tol0,maxiter)

e modell, model2: dynare mod files containing (linear or nonlinear)
model equations

o : strings with constraints that have
to be verified
constraint defines the first constraint
if constraint is true, solution switches to model2
but if constraint_relax is true, solution reverts to modell

e shockssequence: sequence of innovations under which one
wants to solve model
e.g. randn(100,1) *0; for simulation
or [ 1; zeros(50,1) ] for impulse responses
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Simulations - Borrowing and Housing Model
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IRF - Borrowing and Housing Model
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Accuracy — Borrowing and Housing Model

Log Consumption Correlations q% AWelf.

st.dv  skewness Ing,Inc Ing, th mean
Linear 6.1% 0.03 0.40 0.00 0925 0.18%
Occbin 4.5% -1.17 0.54 -0.60 0911  0.02%
Nonlin.perf.fores. 4.6% -1.20 0.53 -0.58 0910 0.01%

Nonlinear stoch.  3.7% -1.30 0.65 -0.71  0.896 —
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A DSGE Model with Multiple Financial Frictions

e Can financial frictions can explain of the quantitative effects of the
financial crisis?
e Elements of the Financial crisis
1. financial institutions suffer losses which impair their ability to extend
credit to the real sector, causing a recession.

2. borrowers balance sheets are impaired, causing a drop in spending
3. credit supply is tight

e Here we take to the data a model which embeds these elements

e Model elements: banks and heterogeneous agents
Event triggering cycles: (1) financial shocks; (2) changes in asset
values; (3) changes in credit supply.
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Main Findings

e Financial frictions and shocks in the financial sector account for more
than half of the decline in GDP during the last recession

¢ Most promising shocks:
Declines in asset values (2006-2007)
Shocks hitting balance sheet of banks (2008-2009)
Tightening of credit standards (2009-2010)

e We will see how to model them
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Setup

Households.

Some households are Savers: buy homes, supply deposits D to
banking sector and do not face credit constraints.

Some households are Borrowers: borrow Lg against their homes.
Banks collects deposits from savers and make loans for household
borrowers and entrepreneurs.

Entrepreneurs borrow from bank, transforms L into K.
Competitive firm rents K and N to produce final good Y.

HH savers and HH borrowers controlled by wage share in
production.

Size of Entrepreneurs controlled by capital share in production.
Shocks

Borrowers are subject to repayment shocks: they may
pay back less agreed

Changes in asset values and loan-to-values affect ability to borrow
and spend

The usual suspects (TFP and preference)

Hidden in the background, bells and whistles needed to take model
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Household Savers
Choose consumption and deposits (savings) and hours worked
maxEg Y_ By (log Crit + jilog Hp g + Tlog (1 — Npip))
t=0
s.t.
Cht + Dt + Kpt + q:AHp s =
(Rmt +1 —0k) Kpgp—1 + Rpge—1Dt—1 + Wi tNp ¢

If these households are not constrained, the equilibrium return on
savings will settle around 1/ B; in steady state.
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Household Borrowers

Low discount factor, creates simple motive for borrowing B¢ < Bg (s
stands for subprime)

[e)

maxEg Y B% (log Cs + jilog Hs; + Tlog (1 — Ns))
t=0

s.t.

Cst+qiAHgy + Rgy_1Lgs—1 — & = Lgy + WsNg

1
Ls; < E; (R'ﬂs,MtHHs,t)
St

If B¢ is low enough, the constraint on borrowing will hold in a
neighborhood of the steady state.
¢ is the repayment shock
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Entrepreneurs

Entrepreneurs borrow Lr. Transform loan into capital using one-for-one
technology, rent capital to representative firm.

max Eg 2 BLlog Cry
=0

where B < L — (Bp is banker’s discount factor)
B

75i+(1*’h§) B
s.t.:

Cet+ Kt + ReiLgi—1 + qiAHE; =
Les+ (Rt +1—0)Kgs—1 + (Rvi+ 1) He 1
Lgy < mpKgs +myEiq1Hg /Re s — WiN;

Borrowing constraint binds if fzRg < 1 which occurs if Rg sufficiently
low. (R tied to lenders” discount factor)
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Bankers

1. Bankers transform savings into loans. To do so, they are required to
hold some equity (bank capital) in their business

2. Bankers are shortsighted: blinded by greed /impatience, they try and
borrow as much as they can from household to increase the size of
their balance sheet.
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Bankers
The banker’s problem

maxE Z B log Cp
=0

where B, < By, subject to:

Cpt+Ryi—1Dy1+Lgs+Lsy = RgtLet1+ Rsp1Lst 1+ Dy — &
[ & repayment shock ]
and additional constraint:

Dy <y (Lgt + Lgs — &) <+ capital adequacy constraint (CAC)

CAC forces banker to hold some equity in the business
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Bank’s optimality conditions for D, Lg (similar for Lg):

1—-Ap; = Ei(mpiRuti1)
1—9Apy = Et(mpiRpsi1)

o Expression for spread:

AB
Rpti — Ry = mT}'tt (1—=7g)-

Ap : multiplier of bank’s capital constraint
mp : banker’s stochastic discount factor
e Spread is larger when banker’s constraint gets tigher (Ap rises)

e When constraint gets tighter, bank requires larger compensation on
loans to be indifferent b/w making loans and issuing deposits.
Loans are more illiquid than deposits: when constraint is binding, a
reduction in deposits of 1$ requires cutting back on loans by ’Y175$'

e Rise in spread depresses activity when bank net worth is low.
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Firms

Simple Static problem: rent capital from entrepreneurs and hire labor.
Production function is:

oA a(1—p) (1—a—v)(1—0) y(1—a—v)0o
Yf—KE,tflKH,tfl g,t—lNH,t Ng,

(variable capital utilization allowed for in estimation)
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Steady State

1
Ry = —— «+ return on HH savings

H
Ap=1—-BgRg=1- '['?B > 0 banker is constrained
H
1 1
Re—Ry=(1-17) < - ) > (0 «+ spread
Bs  Bu

Hence Rg > Ry (positive banking spreads):
1. Return on bank loans must compensate banker for higher impatience

2. ... must be higher than cost of deposits to make up for higher
“liquidity” of loans relative to deposits
The larger v, the more loans become substitutes with deposits in the
capital adequacy constraint, the lower the extra return on loans
required for the bank to be indifferent between borrowing and
lending.
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Calibration

Real return on saving 3% per year

Capital output ratio about 2.05, Housing output ratio 1.4
mg, mg, my: 90%, mg: 50% —> Total debt to GDP 105%
For added quantitative realism:

— inertia in the capital adequacy constraint

Kpt > ppKps-1+ (1 —pp) (1 =) (Les + Lt —€))
— quadratic capital adjustment costs
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Estimation

1. Estimate (with Bayesian methods) y (capital share of constrained
entrepreneurs), v (share of real estate for entrepreneurs) ¢
(adjustment costs), AR(1) process for loan losses ¢;, parameters
describing inertia in borrowing and capital adequacy constraints,
curvature utilization function, wage share of constrained HH o

2. Use data on

Consumption

Investment

Losses on Loans to Firms

Losses on Loans to Households

Loans to Households

Loans to Firms

Housing prices

TFP (utilization-adjusted measures from Fernald)

3. 8 shocks (housing demand j, financial shocks 1/2 b, by, LTV shocks
m,, my, preference p, investment k and TFP shock z)
(3 of the shocks are almost perfectly observed)
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Remarks

1. I am using net charge-offs for banks from the data, and assuming
that these charge-offs apply to the stock of mortgage and
non-mortgage liabilities of HH and firms (which is larger than the
stock of bank loans).

Data: cumulative loan losses for comm. banks from 2007 to 2009
around $450bn. Banks “own” 1/3 of all debt instruments of
households/firm: implied losses in the model are 3 times larger.

2. I'am assuming that lenders cannot offset future expected charge—offs
with higher interest rates
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Financial Shock (blue: baseline model, red: model without banks)
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Historical Decomposition

Table 3: Historiend Ddeepenposition
Contribution to Cutpuot growth of 2007 HWE 009 2010 207-2

Default shoeis -8 1.2 I
Housing Demana shock -4 1.9 42 0l
LTV shosks 1.1 i .5 -1.4
Preferenee: shodk 3.3 03 .2 3.1
TFF shocks -25 -1.2 L1 N

All shocks {data) 04 A -S4 01 -]

Contribution to Investment growth of 2007 2008 2009 20100 H7-2

Default shocks Ay O -EE 380 08 |

Housing Demana shock -5 3 -4 -8 -1.58 -
LTV shosks 55 24 ) I
Preferene: shodk 3.1 -7 5.7 H{H
TFF shocks -1.3 Ly 220 1.E

All shocks. {data) 209 40 -23.32 LG .

Neote: Comtribution of each estimated shock 1o annuel growth in Qutpet {sum of onszmption
residentinl fixed invesiment) and Iovestment.
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The Timing of the Shocks

1. First stage of financial crisis 2007-2008: Housing Demand Shock
drives drop in output

2. Second Stage 2008-2009: Redistribution Shock
3. Third Stage 2009-2010: LTV Shock
Estimation tells a story in search of a unifying model (and perhaps

one single shock): the decline in housing prices causes defaults
which in turn cause tighter credit standard.
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A DSGE Model of the Housing Market

Two questions:

. What is the nature of the shocks hitting the housing market?

. How big are spillovers from the housing market to the wider
economy?

To answer them we build and estimate a quantitative model with:

e nominal rigidities and monetary policy;
e multi-sector structure with housing;
e financing frictions on the household side.
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Housing and the Macroeconomy

Household balance sheet, 2008 billion §
A Assets 67,13
B Real Estate (Owner-Occupied Homes) 20,39
C Residential Real Estate of Noncorporate Business (Rented Homes) 4 964
D Other Tangible Assets 4779
E Financial Assets less Residential Real Estate of Noncorp. Business 36,99
F  Liabilities 14,21
H Household net worth 52.91

Housing wealth 25,362

Non housing wealth 27,555

La e T P e I e R I AR [ P, S B I S I T R B G e B
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Model

Production

e Y—sector produces C, IK, intermediate goods (using K and N)
e [H—sector produces new homes (using K, N, land and interm. goods)
e Different trend progress across sectors (C, IK, IH)

Households

e Patients work, consume, buy homes, rent capital and land to firms and
lend to impatient households

e Impatients/Credit Constrained work, consume, buy homes and borrow
against value of home
(We set up preferences in a way that borrowing constraint is binding)

Sticky prices in the non-housing sector, sticky wages in both sectors

Real rigidities: habits in C, imperfect labor mobility, K adjustment
costs, variabile K utilization
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Firms

e Firms produce :

Yy = (Actht) 1=k (thkct—l)m
TH; = (ApNj) 101 2k g )M R

¢ Y; : non-housing, sticky price sector,
IH; flex price sector
e Two types of households/workers of measure 1
« : wage share of unconstrained households (lenders)
1 — «a : wage share of constrained households (borrowers)

Ne = nén! ™%, Ny = njn)! ~*

Housing AE]
@0000¢
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Lenders
maxEq ) (BGc)' zi (log & + ji log e — Tig (net, )
=0

e subject to budget constraint:

k
o+ Ai(;f + kne 4 qe (he — (1= 0p) hy—1) + by
t

= = . / Rl‘—lb;fl
= Retket—1 + Rytkpe—1 + Ryl -1 + Divy + wagey + ———

Housing AEJ
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e Discount future more heavily (8’ < B)

()

max Eg Z (,B’Gc)t z (log¢; + ji log hy — T1g (ngy, 1) )
=0

e subject to budget constraint

Ry
ct +q; (hy — (1= 0y) hi_1) = wage; + by — ;_[7: i1

e and to borrowing constraint

by < mE¢ (qrahimia /Re)

m : loan-to-value ratio

Housing AE]
00000000
0000
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Monetary Policy

GDPt Y _ =7k URt
R = (R)® (7" | =—=nn— —
t (Re1) (nt (GCGDPt1> rr) st
ug; : iid monetary policy shock
St

persistent inflation objective shock

In Guerrieri and lacoviello (2013), we allow for ZLB

Housing AEJ
000000080
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Shocks

e Stationary AR(1)
z; : preference (discount factor) shock
jt  housing demand shock (or household technology shock)
T : labor supply shock
ug : monetary shock (iid)
st : inflation objective shock
upt : markup/inflation shock (iid)
e Trend-stationary shocks

InAy = tIn(1+9,4c) +InZy, InZy = pycInZy_1 + uc
InAy = tIn(1+7ay) +InZy, nZy=payInZy g +up
In Akt = tln (1 + ")’AK) + In Zktl In Zkt = pAK In Zkt,1 + Ukt
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Model Workings

1. At a basic level, it works like an RBC model with sticky
prices/wages in the Y —sector, like an RBC with flex prices/sticky
wages in the IH—sector (added twist: IH sector produces durables)

2. Sector specific shocks or preference shocks can shift resources from
one sector to the other

3. Housing collateral generates wealth effects on consumption
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Trends

Log preferences and Cobb-Douglas yield balanced growth

C and gIH grow at the same rate over time.

IK can grow faster than C, thanks to Ak progress

IH can grow slower than C, if land is a limiting factor and A is slow
Long-run growth rates

AC He
< 7AC+1_V YAK

[
AK
K YAC 1_1/[C'YAK

AIH +
TH (1 + 1) Yac + Pl T 1) (fi ) Yak + (1=, — 1 — 1) Yan
He
Aq e (1 —py — 1y)

7 (1= = #p) Yac 1—pu,

— (Y=, — 1y — ) Yan

YAK
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2. Estimation

1. Use 10 time-series (1965Q1-2006Q4) for US
per capita C, IH, IK, real housing price g
R, 7, sectoral hours N, and Ny, sectoral wages Aw, and Awy,

2. Some parameters calibrated to match steady state ratios
B =0.9925, ' =097, m = 0.85
Y = N?.65k(c).35, IH = N2'70k2‘10k2‘1010‘10
Targets: (K+gH) /GDP = 3.2, (qH) /GDP = 1.35,
(6ngH) /GDP = 0.06

3. Other parameters (including degree of financing frictions) estimated
by Bayesian techniques
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3. Results

Prior and Posterior Parameters

1. Slow rate of technological progress in housing construction
(7ac = 0.32%, Yay = 0.08%)

2. Wage share of credit constrained households 1 — a =21 percent
3. High price rigidity (6, = 0.83) and indexation (1 = 0.71)

High wage rigidity (0uc = 0.81, 0,y = 0.91), low wage indexation
(e = 0.07, 1y, = 0.42)

4. Taylor rule: Ry = 0.61R;_1 + 0.39 [1.3871; + 0.51 (gdp: — gdp;—1)]
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Variance Decomposition

Housing demand shocks and housing technology shocks account for one
quarter each of the volatility of residential investment and house prices.
Monetary shocks account for about 20 percent



DSGE Occbin Model Examples FBC

Housing AEJ
00000000 000 000 00000000000 000000000
000 000000 00000000 ocoeo
0000000000 [o]e]e]e}

Impulse Responses, Housing Preference Shocks

Real Consumption Real Business Investment
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Impulse Responses, Monetary Shocks
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2.

Role of Monetary Shocks

Sensitivity of residential investment to monetary shocks larger than
that of business investment, in line with VAR evidence

Key reason: wage stickiness
If IH sector were flex wage, flex price, it would not contract after
contractionary policy (BHK 2007)

Model elasticity of house prices to a monetary shocks of similar
magnitude to what is found in VAR studies
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Our two original questions, revisited.
1. What drives the housing market? Focus on recent period.
2. How big are the spillovers? Focus on pre and post 1980’s

Housing AEJ
000000000



Housing AE]

ooeo

Drivers of Housing Market
Focus on 2000-2006:

Period %q  Technology Monetary Pol.
19981 20051  14.1 5.9 2.1
200511 2006:IV -0.3 -0.2 2.7
% IH
1998:1 20051 222 -4.1 9.8
2005:11 2006:1V  -15.5 -4.3 -11.4

Comparison with 1976-1985 period: monetary policy has played a larger
role here.
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Size of Spillovers

e Most of the spillovers are through the effect on consumption.
For given LTV m, they are a function of .
Regression based on artificial data generated by the model

AlogC; = 0.0041+ 0.123Alog HW;_1 if &« = 0.79
AlogC; = 0.0041+0.099Alog HW;_;ifa =1

¢ To better measure spillovers in sample, we re-estimate the model
across subsamples (1965-1982, 1989-2006).
First period: fix m = 0.775,1 — & = 0.33
Second period: fix m = 0.925,1 —a = 0.21

e Two implications
Monetary policy more “powerful” in the second period
Housing shocks have larger spillover effects on consumption in the
second period
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