Extensions on the Basic Model

e Open economy (based on work of Adolfson-Laséen-LindéVillani and
Christiano-Trabandt-Walentin (CTW))

e Search and matching in labor market (based on work of Gertler-Sala-Trigari
and Christiano-1lut-Motto-Rostagno, CTW).

e Financial frictions (based on work of Bernanke-Gertler-Gilchrist and
Christiano-Motto-Rostagno, CTW)



Basic Model

e Model of Example #5

— Household preferences:

C)) =loeC

EoZﬁt{< Ct — EXp (Tt)

— Aggregate resources and household intertemporal optimization:

R
Y, = AtNt, Uet = 5Etuc t+1—t
T+1

— Law of motion of price distortion:
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Basic Model ...

— Equilibrium conditions associated with price setting:
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Extension to Small Open Economy

e Outline
— the equilibrium conditions of the open economy model
x System jumps from 5-6 equations in basic model to 16 equations in 16
variables!

« additional variables:
rate of depreciation, exports, real foreign assets, terms of trade, real exchange rate, respectively
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price of domestic consumption (now, c is a composite of domestically produced goods and imports)
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reduced form object to (i) achieve technical objective, (ii) correct a fundamental failing of open economy models
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Extension to Small Open Economy ...

— computing the steady state

— the “‘uncovered interest parity puzzle’, and the role of ®, in addressing the
puzzle.

— summary of the endogenous and exogenous variables of the model, as well
as the equations.

— several computational experiments to illustrate the properties of the model.



Extension to Small Open Economy ...

e Modifications to basic model to create open economy

— unchanged:
x household preferences

« production of (domestic) homogeneous good, Y; (= A:p; IVy)
« three Calvo price friction equations

— changes:
« household budget constraint includes opportunity to acquire foreign
assets/liabilities.

x intertemporal Euler equation changed as a reduced form accommodation
of evidence on uncovered interest parity.

x Y; = C} no longer true.
% Introduce exports, imports, current account.
* exchange rate,

domestic money

S = domestic currency price of one unit of foreign currency = forsign money -
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Extension to Small Open Economy ...

e Monetary policy: three approaches
— Taylor rule

R R Yy
log (Et) —pRlog( ;{ ) (1—pp) Et[rﬂlog( ;jl)—l—?“yl g( ;1>]+ ERt

()

where (could also add exchange rate, real exchange rate and other things):
¢ ~target consumer price inflation
e rt ~1id, mean zero monetary policy shock
Y ~Yi /A
R; ~‘risk free’ nominal rate of interest

— Svensson-style policy that solves Ramsey problem with the following
preferences:

00 ' 9 2
E; Z B4 (100 [Wfﬂf_lﬂf_ﬂf_g — (ﬁf)ﬂ) + Ay (100 log (Zt))
=0
+AaR (400 [R; — Rea])® + As (S — S)°)
— straight Ramsey policy that maximizes domestic social welfare.



Extension to Small Open Economy ...

e Household budget constraint
SiAl |+ PCy + By

< BiR;_1+5; [@t_lR{_l} A{ + WiN;y + Transfers and profits;

e Domestic bonds
B; ~beginning of period ¢ stock of loans
R; ~rate of return on bonds
e Foreign assets
A{ ~beginning-of-period ¢ net stock of foreign assets
(liabilities, if negative) held by domestic residents.
d)tR{ ~rate of return on A{

®, ~premium on foreign asset returns, over foreign risk free rate, R{



Extension to Small Open Economy ...

e optimality of household foreign asset decision (verify this by solving
Lagrangian)

utility cost of one unit of foreign currency=>5; units of domestic currency, which is S;/ Pf units of C,
—~ N
Uc,tSt

FPf

conversion into utility units

= BE; Ue t+1

quantity of domestic consumption goods that can be purchased from the payoff of one unit of foreign currency

foreign currency payoff next period from one unit of foreign currency today\

o
Stt+1 Ry
>< C
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or
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Extension to Small Open Economy ...

e Optimality of household domestic bond decision:

— after scaling:

1 R
C :/BEt C t
PG P Ciia
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(7)
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Extension to Small Open Economy ...

e Final domestic consumption goods, C;
— produced by representative, competitive firm using:

e
) ne—1

1 (=1 L (ne—1
Cr = |(1—we)re (Cf) ™ +we (CF) =

(Jﬁ ~one-for-one transformation on domestic homogeneous output good, price F;
C}" ~imported good, with price P,"*

C'; ~final consumption good, with price, P/

1. ~elasticity of substitution between domestic and foreign goods.

— Profit maximization leads to:
Cf = (1—we) ()" Cy

pi\"
Ctm — UJC( m,c) Ct.

Py
1
c m,ex1—n, | T
pt — {(1_wc)+wc (pt ) 77] (8)
c _— Ptc m,c __ Ptm’c
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Extension to Small Open Economy ...

— C7" is produced by competitive firm, which converts foreign homogeneous
output one-for-one into C".

x Setting price equal to marginal cost:

P = StPtf (1 Yy R{ > , Ptf ~foreign currency price of foreign good.
or,
real exchange rate zsig?f

(1-vf+o/B)) =pf A~ (1-v +u R
(9)

m,c gstptf
pt T Ptc Pt

— Consumption good inflation:

1

: c m,eN1=n, | T-nc
Pt B Ptpt _ - (1 — wc) + We (pt ) ! (10)
Pc - P. ipC — m,c\ 1=, '

C
Ty
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Extension to Small Open Economy ...

e EXxports, X;
— foreign demand for exports

pr\
| 2t J oS
X, = <Ptf> Y/ = (p) ", (11)
th ~foreign output, Ptf ~price of foreign good, P, ~ price of export
— X; Is produced one-for-one using the domestic homogeneous good by a
representative, competitive producer. Equating price, S, F;*, to marginal
Ccost:
Stptx:Pt<V$Rt+1—Vx),
where v* = 1 if all inputs must be financed in advance. Rewriting

@pip; =V By +1—17, (12)
where

terms of trade
real exchange rate _ S, Ptf ~ _ ﬁ
qt — Ptc ) Dy Ptf

f
T S
qr—1 Ty St—l
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Extension to Small Open Economy ...

e Clearing in domestic homogeneous goods market:

output of domestic homogeneous good, Y;
= uses of domestic homogeneous goods

goods used in production of final consumption, C) exports  government
i

o~
— C’td + Xy + Gy

= (1 — LUC) <p§)77c Ct -+ Xt + Gt.
e Substituting out for Y;:

Api Ny = (1 — we) (pg)m Cy + Xi + Gy,
or,
piNy = (1 —we) (p))™ et + ¢ + gr,
Ct Xt Gt

Ct = ——, Tt =

At At , gt = At

(14)
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Extension to Small Open Economy ...

e Current Account

— equality of international demand and supply for currency:
currency flowing out of the country

~

acquisition of new net foreign assets, in domestic currency units
A

StA{ 1 + expenses on imports,

currency flowing into the country
N\

Va

receipts from existing stock of net foreign assets

= receipts from exports, + rStR{_lq)t—lAtf )
— The pieces:

c ne
expenses on imports, = StPtf (1 — o+ wfRf) We ( %C) Cy
Pt

receipts from exports, = S, P X;.
— Current account: ;
S,AL L+ S,P/ (1 — ol 4RI ) e ( {f;c) C, = S;PTX, + S;R @, 1 A,

Py
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Extension to Small Open Economy ...

— Divide current account by P, A, :

StA{H + StPtf (1 _ wf 4+ beR{) W, (p_f) " c = Siby 4 StR{—lq)t—lAz{

[E Y
PA, P e p P,A,
or, using (9):
Me f f
f m,c pg c T Sth—lq)t_la’t—l
a; + Wel 72| = Tt + : 15
P D W (p;n,c> LS PP A (15)

where a{ IS ‘scaled real, domestic value of foreign assets’:

StA{H

r_ Sidin
T TPA,
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Extension to Small Open Economy ...

e ‘Risk’ adjustments

& = ¢ (af B/, R.0,) = (16)
exp (=0, (of —a) — &, (Rl — R~ (R = R)) + &)

¢, > 0, small and not important for dynamics
¢, > 0, important
¢, ~Mean zero, iid.

e Discussion of ¢,
— ¢, > 0 implies (i) if a{ > a, then return on foreign assets low and a,{f Ly (i)
if a{ < a, then return on foreign assets high and a{ T

— implication: ¢, > 0 is a force that drives a{ — a In steady state,
independent of initial conditions.

— logic is same as reason why steady state stock of capital in neoclassical

growth model is unique, independent of initial conditions.

— in practice, &a IS tiny, so that its only effect is to pin down a{ In steady state

and not affect dynamics (see Schmitt-Grohe and Uribe).
18



Extension to Small Open Economy ...
e Discussion of ¢,

— Captures, informally, the possibility that there is a shock to the required
return on domestic assets. Perhaps this could be a crude stand-in for a
‘sub-prime mortgage crisis’, because it implies that people require a higher
return on domestic assets if they are to hold them.

e Discussion of ¢,.
- gbs Is an important reduced form feature, designed to correct an important

flaw in models of international finance. It represents a quick fix for the
problem, not a substitute for a longer-run solution.

— to better explain this, it is convenient to first solve for the model’s steady
State.

19



Extension to Small Open Economy ...

e Steady state

— household intertemporal efficiency conditions:

1

O: Et i —
Ct
1

O: Et - —
| Ct

5t+1R{ Dy
Ty, 1Ct+1€XP (Aaz41)
1 R, |

Ct+1 Ty, 1 €XP (Aatﬂ)_

— assumption about foreign households:

sR/D

, Steady state: 1 = 3
7-(-6

R
, Steady state: 1 = f—
¢

f
L= gt
af
Pf
f_ i
m = —— (exogenous)
t Pf

t—1

(17)

(18)

(19)
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Extension to Small Open Economy ...

— Taylor rule:
m¢ = ¢ (central bank’s inflation target).
— from (10):
Iy
=T =——
Py
— using price friction equilibrium conditions:
— 07
pF = e . (no distortion if 7 = 1,)
(=)
F 1 (don’t allow 7136 < 1)
= m
1 — BOme— L
o Z1lov) en(n) N (1 R)
1 — pOme
_ p~c—1 1_;
Ko7 1 —0r |
1—06

, (B0 < 1)

(20)

(21)

(22)

(23)
(24)

(25)
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Extension to Small Open Economy ...

— other steady state conditions:

= [(1 — we) + we (pmﬂ)l_”ﬂ (26)
p"™¢ = pq (1 — ! + ' RY) (27)
gp'p"=v'R+1—1" (28)
PN = (1 —w) () cta+g (29)
C 770 f f

; D . . sR/'®a
af+pq(1—¢f+¢fRf)wc<pm’C) c = pgp'x + - (30)
x=p") "y (31)

— 15 equations: (17)-(31), 15 unknowns:

pcjpmﬁ, Q7p$7 C? x) af’ R7 q)7 ﬁ) K) F7p*7 ﬂ-C? S
— for convenience, set exogenous variables, g, a,

g =mn,y, a=n,y, where y = p"N.
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Extension to Small Open Economy ...

— algorithm for solving for the steady state:
x p*, F, K can be computed from (21), (22), (23) and (25).

x solve (24) for V.
* Solve
g =mn,pN
o/ = a=np*N.
x (18), (19) imply

R R

of T e (32)

s ¢
* steady state depreciation, s, can be computed from the inflation

differential:
g — ¢ implies (see (13)) sw/ = 7°.
+ (17), (18) imply
sR'® =R, (33)

or after multiplication by 7/ and rearranging,

R/ R _
—& = —, s0(see (32)) @ = 1 and a; = a (see (16))
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Extension to Small Open Economy ...

— rest of the algorithm solves a single non-linear equation in a single unknown.

— set
p=pyq.
— use (27), (28), (26):
pm,c _ @RV’*
X Rx
p = —,
SO 1
p° = {(1 — We) + W (pm’c)l_m} o
Y
q = —-
p

— solve the resource constraint, (29), for c in terms of « :

pcqpxm_'_ SR;;af . CLf

C =

P°q (1 _ wf —|—¢fRf) w. (ppTc’c)ng
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Extension to Small Open Economy ...

— use the latter to substitute out for c in the current account, (30):

¢ \ Me C oL sRal f
c p pgp'r +=-— —a
af+pQ(1—¢f+¢fRf)wc(m’c) ; ; i
P prg (1= o+ R w ()
. . sRld
=Pt ——,

which can be solved linearly for x.

— evaluate (31) and adjust o until it is satisfied. In practice, we set © = 1 and
used (31) to define 3/ .
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Extension to Small Open Economy ...

e Uncovered interest rate parity puzzle and ®?

— subtract equations (17) and (18):
Ry — 5t+1Rtfq)t _0
] :

Fi
Ct1T §_|_1 exXp (AGH—I

— totally differentiate the object in square brackets, and evaluate in steady

State
R, — si R @ dRr, 1
qg— e e S [std@t+st{ + Rlds;,,
Cr17§ 1 €xp (A1) cm¢  cm©
R — sR/
- 5 d[0t+1775+1eXp (Aatﬂ)];
em]

so that, taking into account (33), (34) is, to a first approximation:

Rt = FySi41 + éif + (i)u Ty = log (x¢) — log (x) = i x-

X

(34)
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Extension to Small Open Economy ...

Ry =

Ry

— Note:
log Ry — log (R) ~ 1, —log R, k] =log Rl —log (R') ~r/
= 1+, Rl =1+,
so that:

—log (R) = log S;11 — log Sy — log s + ’I”t log R + @,

It follows from:

R
log (R) — log s — log R/ = log (st) =0,

that

Tt = Et lOgSH_l — lOgSt + 7”{ + (i)t

@tzlog@t ¢ (at —a) —¢ (Tt — Tt — (Tf_/'a))—i_&t
which is our log-linear expansion of (34).

—log R/

(35)
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Extension to Small Open Economy ...

— Uncovered Interest Parity (UIP)
+x Under UIP, &, = 0 and

Ty > frf — there must be an anticipated depreciation (instantaneous appreciation) of the

currency for people to be happy holding the existing stock of net foreign assets.

x Consider the standard “‘UIP regression’ (g~ba ~ (), c}t = 0), involving risk
free rate differentials:

log Sip1 —logSi=a+ 3 (’rt—r{) + Uy

x Substitute out for log S;.1 — log Sy from (35) and make use of the

fact that a (rational expectations) forecast error is orthogonal to date ¢
information, to obtain:

. cov (1og Sty1 — log St, e — "”{)
/8: ) _]‘_¢87

var (Tt — T{
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Extension to Small Open Economy ...

* |n data,

~ — .75, s0 UIP rejected (that’s the UIP puzzle)
1.75 — B = —0.75.

¥
+x VAR impulse responses by Eichenbaum and Evans (QJE, 1992)

- data: r, T after monetary policy shock — log .S; ; falls slowly for
7=1,2.3,....

- UIP puzzle: r; T and expected appreciation of the currency represents

a double-boost to the return on domestic assets. On the face of

It, It appears that there is an irresistible profit opportunity. Why
doesn’t the double-boost to domestic returns launch an avalanche

of pressure to buy the domestic currency? In standard models,

this pressure produces a greater instantaneous appreciation in the
exchange rate, until the familiar UIP overshooting result emerges -
the pressure to buy the currency leads to such a large appreciation,

29



Extension to Small Open Economy ...

that expectations of depreciation emerge. In this way, UIP leads to
the counterfactual prediction that a higher r, will be followed (after
an instantaneous appreciation) by a period of time during which the
currency depreciates.

- model’s resolution of the UIP puzzle: when r; T the return required
for people to hold domestic bonds rises. This is why the double-boost
to domestic returns does not create an appetite to buy large amounts
of domestic assets. Possibly this is a reduced form way to capture the
notion that increases in r; make the domestic economy more risky:.
(However, the precise mechanism by which the domestic required
return rises - earnings on foreign assets go up - may be difficult
to interpret. An alternative specification was explored, with risk-
premia affecting domestic bonds, but this resulted in indeterminacy
problems.)

30



Extension to Small Open Economy ...

e Model dynamics
— 16 equations: price setting, (1), (2),(3) and (4); monetary policy rule, (5);
household intertemporal Euler equations (6), (7); relative price equations
(13), (8), (9), (10), (12); aggregate resource condition, (14); current account,
(15); risk term, (16); demand for exports (11).

- . m,c — T
- 16 endogenous variables: p§7pt s qt Rt7 Tt 7T§7p§fc7 Ntap;fk7 a’{) (I)ta Sty Lty Ct, Kt7 Ft'

— exogenous variables: R, v/, ¢,, g;, ers, Day, 74, 1 .
for the purpose of numerical calculations, these were modeled as
Independent scalar AR(1) processes.

— the model was solved in the manner described above:
x compute the steady state using the formulas described above

« log-linearize the 16 equations about steady state
x solve the log-linearized system
« these calculations were made easy by implementing them in Dynare.
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Extension to Small Open Economy ...

e Numerical examples
e Parameter values:

foreign and domestic inflation same no financial frictions  small weight on ] in @,

70— ol = 1.005, b=l =" =0, ¢, =0.03

prices unchanged on average for 1 year 1/ Frisch elasticity

_ —N— —~ N
B =1.03"Y4 h=23/4 . o=1 |
subsidy extinguishes monopoly power in labor margin
modest elasticity of demand for domestic intermediate goods - 7 ~
N e —1
£=0 , 1 — Vi = ,

€
elasticity of substitution between domestic and foreign inputs in producing final consumption

=5

roughly 60% of domestic final consumption is composed of domestic content share of g iny net foreign assets/y

—"N— ——— A~
w.= 0.4 , Ny =10.3, n,=0
elasticity of demand for exports as function of relative price paid by foreigners monetary policy rule parameters

Ny = 1.5 =09, r, = 1.5,ry:O.15
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Extension to Small Open Economy ...

e iid shock, 0.01, to e

- ¢, = 0 —after instantaneous appreciation, positive ¢ ; shock followed by

depreciation.

— for higher &58, shock followed by appreciation.
— long run appreciation is increasing function of persistence of pp,.

Response of log exchange rate to monetary policy shock
0 T T T

0,=0
_0.01} — (I)s =05
¢0,=1.0
- o $.=175
-0.02F T s
— )
-0.03f [ —
-0.041
-0.05|
-0.063
%
-0.07| %
%
- H—
-0.081 T _ -
e e
-0.09F
-0.1
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Extension to Small Open Economy ...

We now consider a monetary policy shock, ez = 0.01. According to (5),
implies a four percentage point (at an annual rate) policy-induced jump in R;.
The dynamic effects are displayed in the following figure, for ¢, =0, ¢, = 1.75.

response to monetary policy shock

log, homogeneous output log, consumption domestic risk free rate (APR) log level, exchange rate
(0] i
~0.02 7 -0.07
-0.05 —-0.08
e -0.04 6
-0.09
-0.1 -0.06 5 _0A1
0 10 (0] 10 (0] 10 (0] 10
log, hours worked consumer price inflation (APR) log, real exchange rate real foreign assets
o G 0 o 0 AT e Mw ek
P 3 o
—0.01 0.02
—0.059 _1(:)9 —0.027 -0.04
—0.03 —-0.06
-0.1 -20 —0.08
0] 10 (0] 10 10 (0] 10
log, terms of trade log, exports log, imports
0.06 o} 0.06
0.04 —0.02 0.04 6,=0
7 —0.04y4 0.02
0.02 -0.06 ——— ¢_=1.75
[eF 3 s
o | —0.08 e
0 10 0] 10 0 10

Note: (i) appreciation smaller, though a more drawn out, when Ebs Is big; (ii)
smaller appreciation results in smaller drop in net exports, so less of a drop in
demand, so less fall in output and inflation; (iit) smaller drop in net exports results
in smaller drop in real foreign assets.
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Extension to Small Open Economy ...

Consider now a domestic economy risk premium shock, a jump in the
Innovation to ¢, equal to 0.01.

response to country risk premium shock

log, homogeneous output x 1078 log, consumptdwmestic risk free rate (APR) log level, exchange rate

5 5.8 0.08
0.06
0.04 54
0.02 s : 0.06
0 5.2 0.05
(o] 10 (0] 10 (o] 10 (] 10
log, hours worked consumer price inflation (APR)log, real exchange rate real foreign assets
0.06 0.04 0.03 0.2
0.04 0.02 0.02 0.15
0.02 0.01
0.1
o] o 0
0] 10 0] 10 (0] 10 (0] 10
log, terms of trade log, exports log, imports
0 0.08 (0]
—0.02 0.06
0.04 0.04 —0.05
' 0.02 -0.1
-0.06 0
(] 10 (o] 10 0] 10

With the reduced interest in domestic assets, (i) the currency depreciates, (ii)
net exports rise, (ili) hours and output rise, (iv) the upward pressure on costs
associated with higher output leads to a rise in prices.
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Extension to Small Open Economy ...

Next we consider a 0.01 innovation in log, government consumption, g;.

response to government consumption shock

log, homogeneous output ; log level, exchange rate
x107° x 1072 log, Consumpt&%estic risk free rate (APR) 4 107°

1 _1 4.95 -4.5
o s 4.94 -5
) 4.93 55

-1 -2 4.92 _6

[0} 10 0] 10 (0] 10 (0] 10
log, hours worked€onsumer price inflation (APR) |og, real exchange rate real foreign assets
-3 ’ —3 —4 _3
x 10 x 10 x 10 x 10
1 0 -3
-0.5 _5 -4
0] -1 _5
1.5 -10
-1 -6
-2 -15 -7
(6] 10 (0] 10 (0] 10 (0] 10
log, i rt
log, terms of trade log, exports ©9. Imports
x107° x107° x107°
3 [0}
3
2 o 2
1 1
_4 0
(0]
(0] 10 (0] 10 (0] 10

After a delay, the higher g; leads to a rise in output. However, there is so much
crowding out in the short run that output actually falls. There is crowding out of
net exports and consumption because of the effects created by a higher interest
rate. The higher interest rate directly reduces consumption, and by making
the currency appreciate, it produces a fall in net exports. The initial drop in
government spending in the wake of a rise in government spending Is interesting.
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Introducing Labor Market Search and Matching
Frictions into Open Economy Model

e Change the interface between workers and intermediate good firms in the
domestic homogeneous goods sector.

e Labor market in the previous model:

— supply side (household):

— demand side, 7" intermediate good firm enters homogeneous labor market
and hires labor required to satisfy demand:

Y; (P
Ny ==t (S
! At(Pt>
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Introducing Labor Market Search and Matching Frictions into Open Economy Model ...

e New setup:

— Each household has a large number of workers, and all are supplied

Inelastically to market.

* No variation in labor force participation rate. Not a bad approximation,
at least for business cycle variation:

labor force participation rate and HP trend

66 |

64}

62

60| ) y
P N . . .
1950 1960 1970 1980 1990 2000
correlation, filtered log participation rate
with filtered log real gdp = 0.25908

log, real gdp and HP trend

1950 1960 1970 1980 1990 2000

filtered log participation rate
——filtered log real gdp

0.02.5 *AA ) ; K. 3
ob o i 1 ﬁ[ e b 4’#*
_0.04 " ” y
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Introducing Labor Market Search and Matching Frictions into Open Economy Model ...

— Each worker is either unemployed and searching, or employed by an
employment agency
x the employment agency supplies ¢; units of intensity (hours) of labor
services per worker to a competitive labor market
« household utility:

00 workers share equally in household consumption
[—t j \
Ey E B 0g(Ct11)
[=0

1+0; €ach household has the same fraction, L, of its workers employed
St 7

—A L
i }

intensity of labor effort expended by each employed worker ~¢;

— household intertemporal efficiency conditions, (6), (7) unaffected.

— worker search:
x Intensity of search is fixed and requires no effort or resources

x search 1s ‘undirected’ (i.e., workers do not have useful information about
where the highest wage jobs are).
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Introducing Labor Market Search and Matching Frictions into Open Economy Model ...

e Employment agencies:
— each agency has a large number of workers.

— 1 — p attached workers are randomly selected to separate and go into
unemployment.?

— new workers arrive from unemployment, in proportion to the number of
vacancies posted by the agency in previous period.

— wage paid by employment agency to workers determined.
— intensity of labor effort per worker, ¢;, is set according to efficiency

criterion:
workers’ marginal cost of work
marginal benefit to agency of worker T T : E;V—j =4
S P G B
t | marginal utility of currency t = ALt G
(36)
— agency or worker unhappy with the match can choose to terminate it at this

point.

1 The assumed constancy of job separation is consistent with the findings reported in Hall (2005b,c) and Shimer
(2005a,b), who report that the job separation rate is relatively acyclical.
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Introducing Labor Market Search and Matching Frictions into Open Economy Model ...

— agencies are divided into M equal-sized cohorts:

« each cohort has a large number of agencies

« all agencies in each cohort negotiate the wage with existing workers
(after all current period new arrivals and separations)

x wage covers workers at the agency for the duration of the wage contract.

— to characterize what agencies do (bargain with workers and post vacancies),
need:

« “technology’ for acquiring new workers.

« value (surplus) of a worker to the agency, J;.

« equilibrium conditions that characterize vacancy posting decisions.
* marginal impact on J; of a change in the worker wage, .J,, ;.

* must scale J;, J,,+ and vacancy posting equilibrium conditions, so
that only variables that appear are those which have a steady state,
independent of initial conditions.
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Introducing Labor Market Search and Matching Frictions into Open Economy Model ...

— agency in i cohort posts vacancies, v!, more workers in t + 1

* cost of vacancies:

cost parameter that grows with A;
5=
KA Qt’Ut ll
2 [l

I! ~quantity of workers in agency i at ¢

Loyl
+1 i Qi
5211: (Ut t +P) Uzzf: Ji

t

(); ~probability that a vacancy is filled

~ ik -

agency ¢ hiring rate

Qtvi
li

(37)

| 1 Gertler-Trigari specification, emphasizes cost of new hires
~ | 0 emphasizes costs of vacancies per se.

« Ccosts of posting vacancies rise less rapidly in boom when . = 1.
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Introducing Labor Market Search and Matching Frictions into Open Economy Model ...

e Employment Agency Vacancy Posting Problem

— value function of employment agency in the period of contract negotiations

(z = 0), which pays wage rate, wy :

F (I),w;) = present discounted value of profits

- vacancy recruiting costs |
M—1 period ¢+ revenues per worker \ ~
]E Ut+j ’W > N P '%Atfj ~i) 2 lj
t:wt E 5 o, max ( t+j wt) St+j HiTo (Ut) t+j
=0 Ut Ut—i—]
wage rate negotiated at next contract negotiation
M, 2t o [0 W
+5" Ey M t-+M 7
Ut
where, |
Lyl
: v
~1 Qt 4
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Introducing Labor Market Search and Matching Frictions into Open Economy Model ...

— Note:
F (1, w) =J ()l

J (w;) ~ present discounted value of profits, per worker

F (17,
( tO wt) = J(w;) = max {(W;—wy)s — PtAtE (7719)2
lt { tﬂ}jjol 2
_lt1+1/l0
Ut+1 R
_1_5 {(Wtﬂ — cut) St+rl — Pt+1At+12 (Ut+1) } ( Q )
_l752+2/l0
—|—ﬁ2vt+2 |:(Wt_|_2 — wt) St4+2 — Pt+2f4t+2g (Ut+2) } ( Q ) (leQHl T ’0)
+.. —l—
_Z?JrM/lO
+5MUL;MJ (Wt+M> (TB?Q%_L +p) (@151+1Q%_L +p) - (Ut+M 1Qt+M 1T p)}
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Introducing Labor Market Search and Matching Frictions into Open Economy Model ...

— First order condition with respect to oY (after multiplying the result by

(9Q "+ p) /QI):
0 = —PAw (§0Q1" + p) /QF
+5vt+1 [(WtH — I qwi) Si1 — Pt+1At+1; (Ut+1) } ( Qi )

+ﬁ2vt+2 RWHZ — Drowr) ren — PH?AH?/; (0712) } (0/Q; ™" + p) (011Qs51 + )
” +...+
+5M t+MJ(Wt+M) (5Q "+ p) (341Q " +p) -+ (837 1Qt a1+ 0)}

Ut

K, ~ L
= T (wr) = Wy = wi) <o+ BAG ()" — PAwe} (501 +p) Q1

of,

Ko 3
J () = (Wi — wy) 6 + PtAt§ (U?)Q - PtAt/iv,?Qﬁ)L (38)

t
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Introducing Labor Market Search and Matching Frictions into Open Economy Model ...

— First order condition with respect to @,,, (after multiplication by

(vt+1Qt+1 + p) /Qt+1

Ut+1

U—t [ P Avak (Ut+1)] ( Q ) (UHthH -|-p) /Qt+1
+/32Ut+2 {(Wt+2 — W) G2 — P75+2At+2§ (Ut+2) } ( Q- ) (Ut+1Qt+1 n ,0)
+.. —i—

VT (W) (0QF + ) (0@ +0) -+ (331 @E k1 + ) =0,

t
which implies (using ¢} fonc to substitute out ¢ + 2 and later terms):

Ut+1

0= . [ P Avak (Ut+1>] ( Q ) (Ut+1Qt+1 + :0) /Qtl;f

t
PAKT) (3)Q; " +p) /Q "

K

5 (Ut+1) } ( Qi )

Ut+1
S — {(WtJrl — Ft,lwt) St41 — Pry1Arii=

Ut
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— divide the last term by (3/Q; * + p) and rearrange,

1 \2
P Ak Ut+1 0} 1 Of 1P
ﬁUO — (Wis1 — wi) See1 + Pri1Aik ( t; ) + tJil_L
; Ut Q11
— to help understand latter first order condition, note:
marginal cost (per 19) of a vacancy
may
4 | Q!
O3
t l?
K ) Q% P Ak ~0Qt
0 = PikA,; (E = PrAQ'DY = = Uy 0

period t+1 marginal revenue of a vacancy, per !

D (W1 — wi) Sea (Ut Tt p)
vy

(Wt+1 — wt) §t+1%
t

Introducing Labor Market Search and Matching Frictions into Open Economy Model ...
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Introducing Labor Market Search and Matching Frictions into Open Economy Model ...

— continue, for periodst + 5,5 =1,2,..., M — 2.

* multiply the first order necessary condition forvtﬂ by (?}t+th+] + p) /QHJ

« Substitute out for the period £ + 5 + 1 and later terms using the first order

.y j—1
condition for vy, .

— fort = M — 1, substitute out the period ¢ + M term using (38).

— result:
, J 1
Pt+]At+j“Ut+]Q
— RE Utj+1 W, P A <77gij1+1)2 ﬁg-tjl+1p
=p t+i "0, [( t+j+1 — wt) Ct4j+1 T L j+1A¢4+j+1K 5 + or ]
J t+j+1
j=0,...,M-2,

P A koMl L
t—l‘M 1 t—f—M 1 t_|_M 1Qt+M )

Vit M
Ut+Mm—1

= BB

<Wt+M Wi ) Strm + Py Ak (

2
~0
(Ut+M)

2

_|_ U?JrMp

Q1

)
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Introducing Labor Market Search and Matching Frictions into Open Economy Model ...

— the previous results provide equilibrium expressions for vacancy choices
over time by the cohort of employment agencies that bargain at time ¢.

— to solve the model, we require equilibrium conditions that hold in the
cross-section of employment agencies at time ¢:

vacancy decision by agencies that most recently bargained j periods in past, j=0,1,...,M —2
~ =

Bl o oA

t
~J+1 ~j+1

— BEtUL—:l[(WtH — Wt—j) St+1+ Pri1Apak ((Ut;) + U”llio)];

t+1
-1 1
P Akv, or

~0

2
- o ~0
= 5EtUL—:1 (Wit1 — Wi1) St + P Ak <( ;1) + Utﬁ))w

t+1

— next, scale these conditions.
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Introducing Labor Market Search and Matching Frictions into Open Economy Model ...

— divide by PtAt (Use Uy = 1/([%6%), Cy = Atct):

- ~j+1 .
v ~j+1
Kooi_ g i Wi_; (Hl) Vir1P
-Vt = 5 t—[ Wiyl — DA St+1 T K 9 + 1, ]7
¢ Ct+1 t+14 41 P

7=0,1,..., M — 2, where
Wi

T PA

Wy

Wt—j Wt_j
PiiAvyr BojArjme i T exp (Aar—ji1 + - - + Aagg)
V., . N Wy
(Wt—J/Wt—J) P A
Ti—j41 - Tes1 XP (Aay—jp1 + - - - + Aappq)
”wt_jU_Jt_]'

Ti—jr1 - - M1 €XP (A_jr1 + - - + Aayq)
= Gijjr1W—j W01
where
inflation and growth factor ~
,G_/H 1 Wt
t—iit1 = LWy = —.
Tt T—ip1 XP (Aay—jpq1 + - - - 4+ Aayyq) Wi
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Introducing Labor Market Search and Matching Frictions into Open Economy Model ...

—thus, for y =0,1,..., M — 2,

. 2
~j+1) .
v ~7+1

K _; Ct _ _
1—LU§ = BB —|(wi11 — Gt—j7j+1’wt—jwt—j> Ct+1 T K 5 + o= |
" Ct+1 t+1
(39)
—forj =M —1
~M—1 1 Ct _ - (@?+1)2 @?—Flp
KV, =, — BE— (wt+1 — wt+1wt+1) St+1 T K + 1
" Ct+1 2 Qt+1
40)
W, W,
Wy = 0, Wt = :
Wt PtAt

52



Introducing Labor Market Search and Matching Frictions into Open Economy Model ...

e Surplus Enjoyed by Employment Agency With Wage Rate, w; :

profits earned in employing the work force value of the firm in case the workers all leave (for unemployment)

ro (l?, wJ — 0

e Surplus, divided by [ :
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Introducing Labor Market Search and Matching Frictions into Open Economy Model ...

e Expressions for scaled surplus and derivative of surplus with respect to wage

=0, by optimality of vgﬂ
P

M—-1 ‘
dJ (wy) _ aJ (wy) N 0J (w;)  dv/y;
J
dwy e ov, 4 dwy
Ut+1 o Ut42
— —St— 5—§t+1Qt 1 — B §t+2Qt 2
Ut
oUt+M—1
e T 5 —§t+M—1Qt,M—1-
Ut
( 1 =growth rate of stock of employees
employment growth factor J '
€ = { H (thQtH + /0) 7>0 (41)
’ 1=0
\ 1 7 =0
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Introducing Labor Market Search and Matching Frictions into Open Economy Model ...

— result: (1)

dJ (wy Vty1 v

o Ut+2
— = — St — 5—§t+1Qt,1 - f §t+29t2
dwt (%
o Ut+M—1
—..—p —§t+M—1Qt,M—1>
Ut
or,
dJ (wt) . PtAtCt 0 9 PtAtCt 0
— = Jut = —St — B A Ct+134t1 — B A St4+23L¢.2
dwy P Aiacim P9 At oCiyo
) P Asey
—..—p St4M—182 -1
Pyt Avy 1G4 m-1
inflation and growth factor
Ct ~ = 9 Ct
Jut = =St — BSy1—— Gia Qi1 — B°Crro——GCG 28 o (42)
Ct+1 Ct4-2
M-1 Ct
—...—p §t+M—1—Gt,M—1Qt,M—1-
Ct+M—1
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Introducing Labor Market Search and Matching Frictions into Open Economy Model ...

— agency surplus per worker:

K g2 5
J(w) = (Wi — wy) 6 + PtAt§ <Uz(f)) + PL‘AtWU? [1)—[,

t

— scale by P, A;:

or

_ _ K /_0\2 -
Jay = (W — wply) ¢ + = (vg) - /iv?% (43)
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Introducing Labor Market Search and Matching Frictions into Open Economy Model ...

e The Worker

— V" ~value function (in currency units) of a worker attached to an agency in
cohortz, 2 = 0,.., M — 1, at start of period ¢, after period ¢ wage has been
determined and all period ¢ separations and job finding have occurred.

— U; ~value function of a worker (in currency units) at the start of period ¢,
after all period ¢ separations and job finding have occurred.
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Introducing Labor Market Search and Matching Frictions into Open Economy Model ...
— value function, 2 =0,....,. M — 1 :

disutility of work, converted to currency units by v,

current wage payments -
. - C%JrUL
Vi= Wiy -

t t—15t L
(14 o) vy
value in case of no separatlon next period

Ut+1 z—l—l

+BE——[p % Vi
Ut
value in case of separation (into unemployment)
N
+(1—p) X Ut ]
—scale by P, A; :
(44)
inflation and growth factor 1 to;
Vi — AR AOrcr — A “ .\ 3E vl o4 U
At — t—i,i Wt—jWr—iSt — L + 5 t—— [P Ait+1 ( ,0) A,t+1]
’ —|— O, Cti
— At =
At PA, 7 PA
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Introducing Labor Market Search and Matching Frictions into Open Economy Model ...

— for Nash bargaining, it is useful to have the derivative of V,’ with respect to
the wage rate negotiated at the start of period ¢ by workers in agencies of
cohort 2 = 0.

— denote this derivative, when evaluated at an arbitrary wage rate, w;, by

Vir (i) -
M-1 M-1
0 : Uty PtAtCt
Vi (Wt) — (ﬁp)j Et§t+] : BP Etgtﬂ P.A
0 0 t+j At +jCt+j
J J
M—1 growth and inflation factor
. " Ct
= ) (Bp) Eisi+; Gt —. (45)
0 Ct+j

— note: effort, ¢;, iIs independent of w;. It is determined by the efficiency
criterion.
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Introducing Labor Market Search and Matching Frictions into Open Economy Model ...
— value function of unemployed worker, U; :

unemployment compensation

Ut — PtAtb
prob of finding a job value function of worker that finds a job, before knowing what agency the job is in
Ui+1 /= AN
+AE; | fi X t+1

Ut

+ (1 o ft) Ut+1]7

probability that a worker who finds a job, ends up in an agency that was in cohort  in t—1

rhiring rate o
M—1 i 1—v7i _
V= Z t—1%t—1%—1 ¢ VtHl (46)
i=0 -1
M—1 job matches made by agencies in cohort j
total number of matches m
my = E v, Q' (47)
J=0
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Introducing Labor Market Search and Matching Frictions into Open Economy Model ...

—scaling by P, A;

Uar = b" + ﬁEt [ftVA o1 T (1= f) U]

Ct+1
% Ut
Vi = L Uy = .
M RAY YT RA

— other labor market relations:

total hours worked M-1
N _ E : J
Nt — gt lt )
j=0
total employment M—1
/\ .
_ J
Lt — lt ’
j=0
worker job finding rate
I =
t p—
1— L,

matching function

;ntszm(l Lt)a - 07 Ut —

total vacancies M-1

(48)

(49)

(50)

(51)
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Introducing Labor Market Search and Matching Frictions into Open Economy Model ...

e Nash bargaining problem

surplus of a representative worker who bargains with firm on behalf of all workers, 1! \
value funcion of worker, who receives wage, w:  the alternative to a successful bargain is unemplo ment
0 P J ploy
max V2 (wy) _ 0
Wt
surplus of firm, divided by 70\ (17

~ =

X J (W)

— first order necessary condition for solution to Nash bargaining problem
(after scaling):

+ (1 — )— 0, evaluated at w, = W,. (52)
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Introducing Labor Market Search and Matching Frictions into Open Economy Model ...

e changes to previous version of the model:
— clearing in homogeneous goods -

imports used in production of final consumption goods
N\

piN: = g + (1 —we) (p5)™ e
resources used up in producing vacancies
exports - M_lA N
e e K N2 .
+(py) "y + 5 > @i) lf
j=0

— price setting equation, (4) replaced by:

intermediate good firm marginal cost

(1 —v)w (1= +9R,) + ESOT;, K

€

K, —
' e—1

(53)

(54)
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Introducing Labor Market Search and Matching Frictions into Open Economy Model ...

e extra equations and variables that have been introduced because of the search
and matching:

variable equation(s)

wy (36)
l (37)
o (39),(40)
Tor  (42)
Jaq (43)
Vi (4
Vi, (49
Vi,  (46)
my (47)
Uai (48)
Qs (52)
St (49)
Ly (50)
fi (51)
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Financial Frictions

e Financial frictions occur when the people who implement projects are different
from the people who have the surplus funds needed to finance those projects.

— In practice, simple frictionless sharing rules are not feasible.

e Asymmetric information creates incentive problems in relationship between
borrowers and lenders:

— borrower might report ‘bad outcomes’, and pocket the difference between
actual and reported outcomes.

« borrowers might put in little effort, and then claim ex post that ‘bad
outcomes’ were due to bad luck.

« borrowers may undertake excessively risky investments, in case losses
are bounded below and potential gains not bounded above.
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Financial Frictions ...

e Arrangements between borrowers and lenders:
— can be a source of shocks to the economy

— can alter the propagation of standard shocks (e.g., government spending,
technology, ...)

x example: nominal interest is typically non-state contingent, so when
price moves unexpectedly wealth is transferred between borrowers and
lenders (Irving Fisher ‘debt deflation’). Has real effects when these
people are very different.

e \We will review the financial frictions suggested by Bernanke, Gertler, Gilchrist
(1999), as implemented by Christiano, Motto and Rostagno (2003, 2007),
Christiano, Trabant and Walentin (2008).

e Other notes on financial frictions,
see http://faculty.wcas.northwestern.edu/~Ichrist/d16/d1608/syllabus.htm
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Financial Frictions ...

e \We will stress financial frictions associated with the accumulation and
management of the society’s physical stock of capital (this involves long-term
finance which surely is where to biggest frictions exist!)

e In RBC model, the household does the saving and also the investing. That
model abstracts completely from financial frictions.

e \We will assume that households save, but they do not own or manage the
allocation of capital.

e First, we must describe the way capital is used in the model, and the technology
for accumulating capital.
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Homogeneous
Domestic Good

Foreign

Homogeneous
good

Foreign

Buyers

Intermediate
Good Producers

omogeneous Capita
Market

\

B

Labor Market Capital Producer

gouseholD




At end of period t:
1. Entrepreneurs sell old capital to capital producers
and pay off debt.

2. Households lend funds to banks.

3. Banks make loans to entrepreneurs, depending on
guantity of entrepreneurial net worth.

4. Entrepreneurs buy new capital from capital
producers.

5. In t+1 entrepreneurs supply capital to rental market.

6. At end of t+1, go back to 1.

Homogeneous
Domestic Good

Intermediate
Good Producers

omogeneous Capita
Market

\

B

Capital Producer

gouseholD




Financial Frictions ...

e Intermediate good production function:

— Previous specification:
Yii = ANy

— Now:
Yii=(AN;y) K, 0<a< L.
— Capital used by " intermediate good producer, aggregate capital:
1
Ky, Ki= / K da.
0

— To avoid conflict with notation in price equation, we now replace & in with
K7,
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Financial Frictions ...

e Optimization by intermediate good firms.
— price-setting problem completely unchanged.

« marginal cost still constant.

* price-setting efficiency conditions, ((2), (3)), and (4) becomes

€
P _
K, =

e, + B 0T K, (55)

where mc; denotes marginal cost in domestic currency units/FP; (see
below for more).
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Financial Frictions ...

— Production efficiency by intermediate good firms.
— firm enters in competitive factor markets and minimizes cost:

lef? Tf (1—1y) [Wt (1—vY+v¢YR) N+ Pt'eri,t} + A\ {Y;,t — <Ath’,t>1_a th}

where

i rental rate of capital, in units of domestic homogeneous good

7 shock to marginal cost that does not affect production function
A+ multiplier, nominal marginal cost

vy labor market subsidy
— foncs:
Will =+ yR] = N (1—a)(A) ™" (Niy) ™ KL,

Y

PtTtk = )\tCB (AtNZ',Ol_a Kiojt_l
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Financial Frictions ...

— rewriting two foncs:

_ _ 11—«
= Al=ep,
11—« o
_ a1 LY M (@1 — o+ eR) (56)
P\1 -« Q t
W
YT PAY
— also:
i1 Wil =+ Ry
mcy =

~ "R a) (A)T (Vi) K
_ Td U_Jt[l _Zp"‘szﬁ]

14 k, « (57)
(1 o Oé) (exp(Aat)Nt)
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Financial Frictions ...

e Domestic homogeneous good output:
Ve (4N) U KE pi= ()

1 = 3 4
Py = [ /0 Qfdi] — =0 B0 ()]

1 = ~ n
b= [/ Pﬁ_g)dz‘] — [(1 —0) t(l—s) +9Pt(:5)} :
0
— p; has law of motion, (1).

— Scale K, 1 by A, :




Financial Frictions ...

e Capital accumulation technology:

K= (1—-06) K, + (1—5*(%))@.
g(a:):%(az—l)Q, S(1)=25(1) = 0.

e ‘Cost of change in investment’ specification:
— Empirical motivations:
x Christiano, Eichenbaum and Evans (JPE, 2005): helps account for
hump-shaped response of investment to monetary policy shocks.

« Sherwin Rose, JPE, empirical evidence from housing construction.

x Matsuyama, 1984, ‘A Learning Effect of Model of Investment: An
Alternative Interpretation of Tobin’s (), manuscript.

x Conventional (“static’) adjustment costs rejected by data (more below).

— Economic motivations:
x ‘learning-by-doing’ Matsuyama (1984)

x D. Lucca, 2008, ‘Resuscitating Time-to-Build’, manuscript, US BOG.
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Financial Frictions ...

e Capital production is operated by identical, competitive ‘capital producers’

— buy investment goods, /;, for price P,
— buy ‘old capital’, z, for price PP,
— sell “new capital’, y, for price P, P
— no finance required (simplification)

— technology for building capital:

denote price by P, Py,
~>~
Kt—l—l — (1 - 5) Kt

transformed one-for-one from homogeneous output, so price = P,
= L =
+11-5(—— I;
I

— Divide by A; :

1—9 ~ [ €XPD (Aat) ’l:t .. [t
ki1 = k 1 — = —.
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Financial Frictions ...

e Objective:

50 marginal value (to household) of unit of currency

max Fj g B0y

{It+j7$t+j} =0

profits in currency units
N\

Ve

T
X {Pt+jpk’,t+j [xt—l—j + (1 _ S ( t+J )) [H—j] — Pt+jpk',t+jl't+j — Pt+j[t—|—j}°

Tiyj

-~

— Demand for « is indeterminate, so in equilibrium it is simply equal to
supply:

Tt = <1 — 5) Kt.
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Financial Frictions ...

— First order necessary condition for optimization of I; (after rearranging):

Py =

static marginal cost of capital =

price of investment - marginal product of investment in producing new capital

' 1 Y
O I I
15 () -5 (&) &
1 BEtUt—HPt—i—l

B 3 I, I, P,
=5 () -5 () v

>( if planning [;,1/1;>1, so that L:T saves on t+1 adjustment costs

Ve

Lt (T1\°
Py S’ —
(It ) ( ;
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Financial Frictions ...

— Compare to implication of ‘conventional’ adjustment costs:

I
KH—l = (1 — 5) Kt + K (?t) Kt, KJ/ > 0, /{N < 0.
t

1
Py =

) / £
()

— Conventional theory rejected because variables other than I; enter.

— Adjustment cost in change of investment predicts this result.

— Connection of present theory to current literature needs additional explo-
ration.

80



Financial Frictions ...
e Scaled equations associated with capital producer:

1
— L g (z’t GXP(ACLt ) S, (zt exp Aaﬁ) 1t GXP(AGt)

1
- 60
1-§ (itexpﬂ) _ & (itexp(mt)> irexp(Aay) (60)

-1 -1

U441 €XP (Aat—l—l)) (it+1 exp (Aatﬂ)) i

Pt

X BE; : :
1t 1t

Py 1S (

exp (A1) Cr1
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Financial Frictions ...

e Entrepreneurs

— the only people who can own and allocate (rent out) the economy’s capital

stock.

— find it profitable to own more capital than they can afford (they borrow from

banks).

— asymmetric information creates financial frictions.

e The entrepreneurintand ¢+ 1 :
— Period ¢ :
« State of entrepreneur: level of net worth, NV,

« Entrepreneur with net worth, N (‘N —type entrepreneur’) borrows:

purchase of capital by /N —type entrepreneur

N g N
Bt—H — Pth’,th_H — Nt_|_1.
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Financial Frictions ...

« After purchasing capital, N —type entrepreneur receives idiosyncratic
shock:

K, — K\ w, w~iid cdf F} (w)

w lognormal across entrepreneurs with Ew = 1, variance(log w) = o7

x Entrepreneur sees w, bank must pay a ‘monitoring cost’ to see it. Profit
sharing too expensive for banks.

«x Good arrangement:

- Bank gives /N —type entrepreneur ‘standard debt contract’, which

specifies a level of borrowing, B{Xl, and an interest rate, Zﬁl.

- The bank only monitors the (bankrupt) entrepreneurs who say they
cannot pay the stipulated interest rate.
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Financial Frictions ...

— Period t 41 :
x entrepreneur who purchased one unit of capital in ¢ earns:

rent sale of undepreciated capital .
—N— A\ ~ average return on capital
Prarfyw+ (1= 8)P 1 Pryw Tk
Pth/’t = i X W.
x resources available to /N —type entrepreneur with shock, w, for paying
back debt:

Rtpk',tRz]fHWKﬁl
+ cutoff idiosyncratic shock, w;, ;:
L B,
Ry PPy K

- N
Wiy1 = Zitt1

w < cD;ZV — NN — type entrepreneur declares bankruptcy,
IS monitored, and hands over everything to bank

(monitoring cost, u R}, ;wP, P K]\, is paid by bank)

w > chV — pays interest to bank, and is not bankrupt.
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Financial Frictions ...

e Banks
— zero profit condition for each type of entrepreneur:

net earnings from bankrupt entrepreneurs
earnings from non-bankrupt entrepreneurs r ~ - ~
A\

Poa

T F (@) 20,8 + (1—p) /O wdF (w) RE PPy K

money owed by banks to households, not contingent on ¢t+1 shocks (Fisher deflation)
—

= RtBL{le

— the only source of funds available for banks to repay debt in ¢ + 1 is assumed
to be their receipts from entrepreneurs.
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Financial Frictions ...

— substitute out for /Y, B;\ ; in zero profit condition:

RBY, = [1— F (@)@, +(1-p / wdF, (0) $ RE PP, K,

share of entrepreneurial earnings received by banks  share of entrepreneurial earnings used up in monitoring]
_ - N # —N
— [(wiy) — HG(Wpy )

entrepreneurial earnings
N\

X Ry BBy KL

Gl = / wdF(w), T@y) = oy [1— F@Y,)] + Gil@l,)

— can show: in neighborhood of equilibrium, object in square brackets is
increasing in w?

=model has (sensible) implication that shock which drives up R{fﬂ,
drives down bankruptcy rate
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— Zero profit condition, divided by R;/V; 1:

assets to ne/t\ worth ratio

Rt+1 N Pth’,tKﬁl
t

o) —1= [Ft(@i{\iﬁ MGt(WtH)]
— two parameters of the debt contract:

* loan amount, B, +1> and interest rate, Z;\ i
x or, equivalently, @7, ; and o)

— in equilibrium, loan contract chosen to maximize (ex ante) entrepreneurial
utility (scaled by entrepreneur’s opportunity cost):

E [ [Rfﬂwptpk’,thﬂ Zt+1Bt+1] dFy(w)

R
t+1 _ E 1 1—1 t+1 N
RNt t { [ t(wt+1)} R, } Ot 5

subject to bank zero profit condition.
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— Lagrangian representation of problem:
1 — Ty )| RY
ax Et{[ t( t+1)} t+1@t
inﬂ{ajzjf\—zi—l} Rt

state-by-state zero profit condition

' N\

([Ft(w%) — pGwity)| B0 oY + 1) }.

+)\t—|—1 Rt t

— First order necessary conditions for optimality:

. R} . R}
Lt { [1 - Ft(wi\iﬁ] }%:1 + )\t+1 ([Ft(wi\jd) MGt(WtH)] }Zl - 1)} =0

—I'(w t+1)+)‘t+1 [FQ(@H) MGQ(@ﬁﬁ] = 0

_ - R
[Ft<wﬁ1) —NGtWﬁD] ;{HQt - Qt +1 = 0.
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— Substituting out for A, ;:
T (™) — 0 (o Ry N oL
[ 1@y ) — pGra (@ )} Rt_th—1 Q1 T 1=

B q [1—Tuw@y)]

— key properties of solution:

x 0,, Wy Independent of NV (drop superscript, V)

x all entrepreneurs pay same interest rate, and /N —type entrepreneur

receives loans in proportion to his/her net worth.

Ot k-
—1Rt+1wt+1-

Bit1 = N (o — 1), Zipa = 0
. —
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e One more equilibrium condition: law of motion for aggregate net worth.
— density of entrepreneurs with net worth N, f; (N), aggregate net worth,
Nt
N = / N (N)dN
— N —type entrepreneurs have, after paying back bank loans,
VY =[1 =Ty (0)] Rf P Py 1 K

— multiply by f (V) and integate over all NV, to obtain:

Vi=[1—-T1() RFP,_ 1 B 110K,
where

_ N B N
Vt—/NV;s ft (N)dN, Kt—/NKt ft (N)dN
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— alternative representation of V;

=1-T' 1 (0)

/7 N\

‘/t = {1 — (Dt [1 — Ft_l(u_}t)] — / WdFt1<W)}RfPt1Pk/7t1Kt
0
— RYP Py K,

this represents earnings of banks, which must equal Bth,lth,l(PtflPk/’t_th—Nt)

N\

' N\

— ((Dt [1 — Ft—1<wt>] —+ (1 — ,LL) / CddFt1<w>> prt—lpk’,t—th
0

— 1 / wdFy_1(w) Ry Pr—1 Py y—1 K,
0

gross interest paid by entrepreneurs as a whole on their loans
N\

p s wdFy i (w)RE Py Py g1 K
- RfP_\Pu, K, — | R 0 _ B;.
t 1L 145 t—1 T P 1Py K — N, '
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— after V; Is determined, entrepreneur exits with probability 1 — ~, and
survives with probability v,, 1 — -y, new entrepreneurs ‘born’ without any
wealth.

— all entrepreneurs who pass into the next period receive a transfer, Wy

— law of motion of aggregate net worth:
Nisr =7 [1 = T (@ )]R P 1 Py Ky + WY

—scaling by P.A;

Pk
Rk ktlt_|_€

near = 7, [1 = i1 (@))] o exp (Aay)

N t+1 Wte

€
ney1 = —/——, W .
PtAt7 t PtAt
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e Summary of three equilibrium conditions associated with entrepreneur:

— aggregate, scaled, entrepreneurial net worth:

P 1k
ey =Y, [1 — Doy (@)] RF——21

7 exp (Aay)
— zero profit condition for banks:

k
Los(@1) — G (@) 2

Ry

Or1— 01 +1=0

— optimality condition for entrepreneurial contract

/

i+1
4+

Rby D) (I0@rer) — nGol@enn)) G

(61)

(62)

By |1 —Ti(@i)]

\

1o [ @r41) — pGy(Wr41)




Financial Frictions ...

e Clearing of domestic homogeneous goods.

— modification to (14):

yr = (1 —we) (p))" e + @ + g¢ + 14 + dy, (64)
where y; Is defined in (58) and scaled monitoring costs, d;, are:

_ MGt—l(@t)RfPt—lplc',t—th _ ,LLGt—l@zt)Rka/,t—lkt
PtAt T €XP (ACLt)

dy

— net worth of exiting entrepreneurs:

(1 =) Vi

 a fraction, 1 — ©, of (1 — ,) V; is taxed and transferred lump sum to
households, and © is consumed by entrepreneurs. We suppose © is so
small that consumption by entrepreneurs can be ignored.

97



Financial Frictions ...

— Concluding observations on financial frictions

— New impulses:

* Shock up in v,,; : raises amount of wealth in hands of entrepre-
neurs....model’s way of capturing a ‘bubble’ jump in the stock market
(i.e., one not obviously linked to fundamentals)

x Shock up In o; : Increases risk associated with entrepreneurial lending -
resembles current subprime lending crisis.

‘don’t know who is sitting on the bad mortgage loans and who is not’

98



Financial Frictions ...

— New propagation:

« shock that drives down rental earnings or price of capital reduces net
worth and restricts ability of entrepreneurs to borrow.

x entrepreneurs’ reduced ability to buy capital causes them to reduce
purchases of goods by capital producers and induces a fall in output and
employment

x new friction: rigidity in nominal rate of interest affects propagation
mechanism
- acts as an accelerator for expansionary shocks that raise the price level

- acts as a moderating factor for expansionary shocks that reduce the
price level.
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e Collecting the equations of the model, following 15:
— price optimization:

K = flmct+Et@97—r§HKfH, (65)
FY = 1+ By BOF), (66)
| —gr=1T
K! = F} t 67
t t [ 1 — (9 ] ( )
— Investment efficiency condition:
[1 B S (’Lt GXP (A&O) B g/ (’Lt GXP (A&O) it GXP (Aat)] Pk/’t
11 t—1 -1
(68)
_1_ 3R Ct Poyiid’ <7?t+1 GXP.(AatH)) (itﬂ GXP.(AatH))Q
eXp (Aat—l—l) Ct+1 bt 2
— household labor optimization:
exp (1) N/ ¢; = wy (69)
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— average rate of return on capital:

?”f —+ (1 — 5)P]{;/’t
P

RN =7, (70)

— cost minimization:

me, = (1—wy) 78 (1 1 )10‘ (l>a(rf)&(’wt 1=+ ¥R (71)

— «
o
me; = (1 —v) 78 @l = ¢ +k¢Rt] - (72)
(1~ o) (i)
— domestic homogeneous output
_ ky “
= pi (Ny)'° 73
Yt p; (Vi) (exp (Aat)) (73)
. MGt—1(@t)Rka' i—1ki
= (1 —w,) (p)" : 74
yr = (1 —we) (pi)" cr +a+ g+ 0 + 7 oxp (Aay) (74)
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— current account

i () o vamia  SEEGE o
— capital law of motion:
b = —— "k + (1 -3 (exp (24 “)) i (76)
exp (Aay) Bt 1
— conditions related to entrepreneurs:
nerr = v, [1—Lioa(@r)] Ry ﬁfe)i;(f;t) wy (77)
0 = {[Ftl(wt) — pGr1(wy)] R]ji - 1} Pklj;tlkt +1 (78)
g T (M) - sG] S - 1)
0 = Ei ¢ [1— (@) R, + D (@) — nC{(@rer) )
\ )




Financial Frictions ...

— 10 remaining equations:

monetary policy - (5); household intertemporal first order conditions - (6),
(7); price equations - (8), (9), (10), (13), (1); demand for exports - (11);
exporter equilibrium condition - (12).

— 25 variables:

c ¢ _mc — x f k
Sty Cty Ty Py Py 5 Gty Ty Py Ay 5 Tty T4 1, Rt ) Pk’,ta
_ . * D D k _
Fii1, 0 Neyig,py, K Y yme, ) Wy, Yy By
— shocks:

Tt, 8Rt7 Rt ) yt , 7Tt , Aa’ta Ut » Yt Gt yt ) ¢t7 Tt
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e Steady state of the model
— as before:

g =14y, @ =109,

where a is the parameter controlling ®; (see (16)).

— algorithm for solving for the steady state:
x ¢, m, R, p*, FP can be computed from (20), (21), (18), (22), (23).

x from (65), ;
KD — ;mc
1 — p0re

x combining this with (67),

e —1

mc =

1—9751]115 e—11-p07° [1 —Hw“]lle

Fp[l_ﬁgﬂ[ ¢ - 1o 1| 10

E
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x (18), (19) imply
R _R
o/ xe

which can be used to solve for R/ given /.

x Steady state depreciation, s, can be computed from the inflation
differential:

C

g — q implies (see (13)) st/ = =“.
x (17), (18) imply

sR/® =R,
or after multiplication by 7/ and rearranging,

f
R—CD = EC, so (see (32)) ® =1 and a{ = a (see (16))
7

y
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— equation (68), together with the facts, S = S’ = 0 in steady state implies
P.=1.

— rest of the algorithm solves a single non-linear equation, (11), in a single
unknown, © = p.

— set
P =1q
— use (27), (28), (26):
pm,c _ @RV’*
s Rx
p = —,
SO 1
pc — {(1 — CUC) + W <pm,c)1—770:| o
P
qg = —-
p
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— consider the following 11 unknowns:
n,c,w, k,N,y,z,i,0,7, R"
In the following 11 equations:
(WR" = 7 (Tk +1— 5)
@y = ' (V)

(aizll— 1_57k

exp (Aa)
(4)w = exp (1) N¥c
U
f m,c P ¢ . _sRld/
e = L () o it
peqp* "
6)n = v[l — [(@)] R" ¢
(On = 1 - @) B s+
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(7ﬁnc::(1—107d( : )lty(l)&(#ﬂQ@uD——w%wﬁml

1 —« Q

g W[l —1Y+PR]

(8)yme = (1—-v)7 z
8 1 (1—a)(m)

9y = (1 —we) ()" 1C+§+z+/;§>(<pgizl;
(10)0 = ([F(w) —uG()]% B 1)7;2 .

g B D@ (M) - sG] - 1)
( ) — [ o (('U)]f—'_ F/((D) —MG,(@>
— to solve these 11 equations, fix *. Compute R* using (1). Solve for @ using
(11). Solve for k/n using (10). Solve for n, k by rewriting (6):
w@
L =71 - D)) Rbeilr

Texp(Aa)

n =
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Solve for 7 using (3). Solve for w by rewriting (7):

mc

[(1 —)r () TR -+ pR)
Solve for N by rewriting (8):

51— —1
N = k (1_V)7_dw[ ¢+¢R]

exp (Aa) (1 — ) mec
Solve for y using (2). Substitute out for 2 in (9) using (5). Solve the

resulting version of (9) for ¢ :

G700 HG(@) Rk
. mexp(Aa)
(1 779) Y+ pegp® t 7 exp(Aa)

pc 770
P W, (pm,c )

(1= wo) () + Ll
Adjust * until (4) is satisfied.

C =
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— adjust o until the demand for exports, (11), is satisfied:
r=(p") "y’
— alternatively, one could simply fix  and let the previous equation define 3/ .

— we evaluate G (w) and I (w) .

« the lognormal distribution has two parameters, a mean and a variance,
o2,
x the mean is determined by the requirement, Fw = 1
x the variance, o2, is determined by F' (&) , which we fix a priori.
for a given w, we solve for o, using
log (w) +

Oy

2
op"

NO|—

F (w) = prob [v <
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* also,
G'(w) = wF'(w)
Mw)=1-F(w) —woF'(0)+ G ()
=1-— F(w) >0,
so that
M(w)
M(w) — pG'(w)

1 - F(w)
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