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Abstract

The above four models are compared from the point of view of their implications
for the dynamic response of the economy to a technology shock and to a monetary
policy shock. There are four results. First, it makes essentially no difference whether
markets are complete or not. Second, a parameterization is found having the following
two implications: (i) in the wake of a technology shock, the model without financial
frictions (CEE) responds in roughly the same way as the model with financial frictions.
This is explained as reflecting the fact that Irving Fisher’s ‘Fisher price deflation effect’
cancels with income and capital gains effects; (ii) in the wake of a monetary policy
shock, the model with financial frictions responds much more strongly than does CEE
because in this case the Fisher price effects and the income and capital gains effects
work in the same direction. Our third result is that, while (i) and (ii) reflect a plausible
parameterization, alternative (seemingly) plausible parameterizations produce models
with properties different than (i) and (ii). Fourth, without additional frictions the
model with just financial frictions appears to have counterfactual implications for what
happens after a monetary policy shock.
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1. CEE Model

1.1. Model
Final good firm technology:

1 L Ay
Y, = {/ th*_tdj} , 1< Af < o0, (1.1)
0

Intermediate good j is produced by a price-setting monopolist with technology:
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0, otherwise

where ®z; is a fixed cost and Kj; and [;; denote the services of capital and homogeneous
labor. Capital and labor services are hired in competitive markets at nominal prices, PyrF,
and W}, respectively. The object, z;, in (1.2), is assumed to evolve deterministically:

2 = 2t 1/l (1.3)

Law of motion of technology, ¢; :

log (e;) = plog (e1—1) + .

We adopt a variant of Calvo sticky prices. In each period, t, a fraction of intermediate-goods
firms, 1 — &, can reoptimize their price. If the it firm in period ¢ cannot reoptimize, then
it sets price according to:

Py =m P 1,

where
fp=me_ wh (1.4)

Here, 7; denotes the gross rate of inflation, 7, = P,/P,_;, and 7 denotes a constant (in
practice, it would be set to unity or to steady state inflation). If the i** firm is permitted to
optimize its price at time ¢, it chooses P;; = P, to optimize discounted profits:

o

Ey Z (86)" M [PrssYirrs = Progsing (Yoo, + ®245)]. (1.5)

J=0

Here, Ai4; is the multiplier on firm profits in the household’s budget constraint. Also,

P, 4+;, 7 > 0 denotes the price of a firm that sets P;; = ]5t and does not reoptimize between

t+1,...,t+j. The equilibrium conditions associated with firms appear in the next subsection.
The household maximizes utility
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subject to the constraint
Py (cr + i) + My — M+ Ty < Wyl + Pk + (14 Ry) Th, (1.7)

where M¢ denotes the household’s beginning-of-period stock of money and T; denotes nom-
inal bonds issued in period ¢ — 1, which earn interest, R, in period ¢. This nominal interest
rate is known at ¢t — 1. The household’s problem is to maximize (1.6) subject to the capital
accumulation technology linking investment, 7, to capital.

The j** household, j € (0,1), supplies a differentiated labor service which is aggregated
into a homogeneous labor good by perfectly competitive labor contractors using the following
constant returns to scale technology:

Aw

1 1
0

Aggregate labor is sold competitively by the representative labor contractor to intermediate
goods producers for wage W; and the j* household’s wage is W, ;. The contractor hires h; ;,
j € (0,1), in order to maximize profits:

1 L Aw 1
max W; l/ (hyj)> dj} _/ Wi ihe ;dj,
0 0

t.J

which leads to the first order condition:

Aw—1
Aw

1w
Wil ™ (hey) %o = Wy,

or,

(1.9)

The j*" household views (1.9) as a demand curve for its specialized labor services. The rules
are that if the household posts a wage, W, ;, then it must supply the services, h; ;, implied
by the demand curve.

Thus, the household’s problem is to choose its wage rate, W, ;. With probability, 1 — &,
it can optimize its wage rate and with the complementary probability, it cannot. In this
case, we suppose that it sets its wage as follows:

Wij = TwaWisij, Tws = (me-1)™ T, (1.10)

The 1 —¢&,, households that set their wage optimally in period ¢ all find it optimal to set the
same wage, W;. The household which can optimize its wage in period ¢ does so to optimize
the following objective:

oo

% @/) o
Etz (BE.w) {_ﬁhﬂﬂp + MriWitrihijivit,
i=0

where A\;y; is the multiplier on the household’s budget constraint, (1.7). The household
discounts by 3¢, because it is only interested in continuation histories in which it does not
reoptimize its period ¢ wage.



1.2. Equilibrium Conditions

The equations pertaining to prices are:

N l—Af
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where ), ; denotes Az F;. Also,

O 7 e (2) (i) o] )
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Note that both these equations involve F),;. This reflects that a lot of equations have been
substituted out. In particular, we have

1 1-A
e (mamye ]
p Tt Kp7t

Fp,t = Rpy, D= 5

1_€p Fp,t

where p; is the price set by price-optimizing firms in period ¢. In addition, p; is substituted out
using the equilibrium condition relating the aggregate price level to the prices of intermediate
goods.

Now, consider the wage equations. The wages of non-optimizing households evolve as
follows:

~ ~ — lw —=1—¢
Wit = Twiht,Wje1, Tws = (m0)™ 7 . (1.14)
Nominal wage growth, m,,;, is:
_ Wy,
7Tw,t - ~ 9
Wt—1
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The optimality conditions associate with wage-setting are characterized by:
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The law of motion of the labor market distortion is:
(1.17)
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Resource constraint:

e+ 1= 07 {a (2) [y - o] (119
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where [; is investment scaled by z;.
Equation defining the nominal non-state contingent rate of interest:

1

Tet+1f,

- 1)2] I, (1.20)
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The derivative of utility with respect to consumption (after scaling by multiplying by z;),
(11)E; |1 eyt ~0 (1.22)
i cept, — bepq o Cry1 — bey ’ '

where ¢; denotes consumption scaled by z;. The capital first order condition:

1+ R
(12) - /\zt + Et/\z t+1EM - 07

Ky T4

(1.23)

where R}, denotes the rate of return on capital:

Aw 11—«
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where ¢; denotes the market price of capital, k; 1, scaled by the price, P;, of homogeneous
goods. The investment first order condition:

(14) E{\ ].-51—@———1) T L 1)5 (1.24)
o 2 I Lo T |
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I; I;
where [; is interpreted as investment, divided by z;.
The monetary policy rule:
(15) log(1+ R;) = (1—p)log(1+ R)+ plog (1 + Ri_1) (1.25)
— P
+1 R {apﬂlog— +a yzlog } + 2t

where 2} is an iid monetary policy shock and y; denotes output, ¢; + I;.
There are 15 equilibrium conditions in 15 unknowns:

~ * * k
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1.3. The Flexible Price Case

It is interesting to consider the special case of price flexibility, i.e., when {, = £, = 0. In
this case, (1) implies p; = 1, (2)(3) imply s; = 1/As, (6) implies w; = 1, and the remaining



equations imply:
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and the household’s intertemporal equation:

Aot + Et)\z,tﬂu— ! =0 (1.32)

This represents 7 equations in 7 unknowns: ki1, ¢, Ity hey Aoty @y (14 Ry) /741, An-
other equation is required to disentangle inflation and R; from the real rate. Consider the
possibility that the Taylor rule could do this:

(15) log(1+ R:) = (1— ~)log(l + R) + plog (1 + Ry 1)
1—
+1—|—REt apwlog—+ y4log + a?,
Note that this equation cannot be solved for 7; conditional on the real rate and other
variables, because of the presence of ;1. When this is replaced by current inflation, however,
the system does have a unique solution.

2. Adding Financial Frictions to CEE

We now add a version of the financial frictions proposed by Bernanke, Gertler and Gilchrist.
This introduces 3 new relations: the optimality condition associated with the standard debt
contract offered to entrepreneurs, a zero profit condition on banks and the law of motion for
entrepreneurial net worth.



2.1. The Additional Equilibrium Conditions

A group of households, ‘entrepreneurs’, own the capital stock and rent it out. The sequence
of events from the close of goods markets in period t to close of the goods markets in period
t+ 1 is as follows:

e At close of period t goods markets, entrepreneurs’ state is their net worth, and they
go to a bank where they receive a \loan contract.

e Their loan is combined with their net worth to buy the entire stock of capital, k.1,
that can be rented in period ¢ + 1.

e Each entrepreneur receives an idiosyncratic shock, so that their capital becomes wky, 1.

e In period t + 1 the entrepreneur rents the capital in a competitive market for capital
services.

e In period ¢t + 1 the entrepreneur sells the entire stock of capital and the period ¢ loan
contract is brought to an end. The entrepreneur’s period ¢+ 1 net worth is determined.

e A fraction, 7,,,, of entrepreneurs dies (the entrepreneurs who die receive a last meal,
the only consumption they ever get). The complementary fraction is born. Surviving
and newborn entrepreneurs all receive a (small) lump sum transfer.

e Entrepreneurs go to the bank to receive a new loan contract.

We now describe what happens to entrepreneurs in detail. After the period ¢ goods market
closes, entrepreneurs have net worth, n,,;, and they borrow B;,; in order to finance their
purchases of the stock of capital:

By + 11 = gk

Here, B;;1 and n;;; are both divided by P,z;. (Recall, ¢; is the period t currency price of
capital, scaled by P,, and k;,; is the end of period ¢ stock of capital, scaled by z;.) After
purchasing capital, each entrepreneur receives a mean-unity idiosyncratic shock, w, which
has log-normal cdf, F;. The subscript here reflects that the variance of logw, o2, is itself a
random variable which is realized at time ¢. This random variable controls the riskiness of
individual entrepreneurs, and this has aggregate consequences. We refer to o, as ‘risk’.

Entrepreneurs receive a standard debt contract from banks, which specifies that they
pay Z;y1 in interest on their bank loans in period t + 1, if it is feasible for them to do
so. Entrepreneurs who draw a low value of w declare bankruptcy, are monitored, and have
everything taken away from them by the bank. The cutoff value of w which divides bankrupt
from non-bankrupt entrepreneurs, satisfies,

(Dt+1 (1 + Rerl) qtktJrl = Zt+1Bt+1. (21)

In the benchmark version of our model, we follow BGG in supposing that markets are
incomplete. In particular, banks must satisfy a state-by-state zero profit condition:

Wi+1
[]. — Ft ((Dt+1)] Zt+1Bt+1 + (]. - /JJ) / CUdFt (w) (1 + Rf+1) tht+1 = (]. + Rt) Bt+1. (22)
0
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From the point of view of households, the assumed absence of complete markets reflects our
assumption that the only opportunities for intertemporal trade available to them is their
non-state contingent deposits with banks. From the perspective of banks, the only agents
with which they could in principle trade in complete markets is households and other banks.
Households are ruled out by assumption and other banks are ruled out by the assumption
that all banks are identical. An implication of the fact that (2.1) and (2.2) must hold in
each state of nature is that w,,; and Z;,; must both vary across the period t 4+ 1 state of
nature. The fact that interest paid by entrepreneurs varies across states of nature is perhaps
implausible, and for this reason we consider an alternative formulation below.!

The first term on the left of (2.2) represents the revenues received from non-bankrupt
entrepreneurs, who pay gross interest, Z;,1, and borrow B, in period ¢t. The next term is
the total receipts from entrepreneurs who are bankrupt, net of monitoring costs. Rearranging
(2.2) and making use of the cutoff equation we obtain:

_ _ 14+ R, Niy1
16) T — uG =——[|1- 2.3
( ) t(wt+1) % t(thrl) 1 —I—Rfﬂ ( thtJrl) ) ( )

which must hold in each realized ¢ + 1 state of nature. Here,

share of entrepreneurial earnings, (1+Rf+1)qtkt+1, received by bank
— _ _ _
L (@41) = W1 [1 = F(@e1)] + Ge(@i{2-4)

Wi+1
Gt(":)t—s—l) = / wdFt(w)
0

The loan contract must satisfy an optimality condition. To derive this condition, note
that entrepreneurs’ utility at the termination of the contract entered into at date ¢ is given
by

net worth of entrepreneurs at conclusion of date ¢ debt contract, scaled by Pzt

A\
7 N

Et[ [(1 + Rfﬂ) wWqikir1 — Zt+1Bt+1] dFi(w)

141
opportunity cost of entrepreneurial funds, scaled by Pzt

——N—
(1+ Ry) niea

assets to net worth ratio

share of entrepreneurial earnings kept by entrepreneur " ——
— 1+R k
— 1 qii+1
~ K 1= (@) S = B 5
+1 O, Ot .
1+ Rt ’ N1

Here, we have scaled entrepreneurial utility by the opportunity cost of their funds. In
equilibrium, the loan contract (which we can parameterize by o, and @;,1?) must optimize

I'BGG present a defense of the implication that Z;, | varies across states of nature in footnte 10.

2To see this, note
O

o, —1

Bipr=mnep1 (0 — 1), Ziy1 = (L+ Rfyy) @
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the entrepreneur’s utility, subject to the bank’s zero profit condition. In Lagrangian form,
the problem is:

[1 —Ty(@e41)] (1 + Rfﬂ) Oy

max FE 2.6
0p{@t+1} t{ 1+ Rt ( )
state-by-state bank zero profit condition
Ci(@ir1) — pGr(@ir)] (14 RELy) o
1+ R,

The choice variables in the optimization problem are the single o, and one w;,; for each
possible period ¢t + 1 state of nature. The cost of funds and the rate of return on capital are
taken as given in this optimization problem because banks are competitive. The first order
necessary conditions for optimality are:

1+ RE - B 1+ RF
Ey {[1 @ Tgl + N1 ([Ft(th) — nGy(0p41)] Tgl - 1) } =0
—T(@e41) + Ny T (@041) — pGi(@41)] = 0
k

R
[Te(@e41) — pG(@i11)] %Qt —o+1 = 0.

Substituting out for 1, ; from the second first order condition into the first, we obtain:

1+ Rf—&-l + F:&((DH—I) 1+ Rf—&-l
1 + Rt F;<wt+1) — IUG;/ ((I)t+1) 1 + Rt

B {11 1o
= 0.

(@) = nGoforn)) 1] }

In principle these equations should have been derived separately for entrepreneurs with each
different level of possible net worth. It is clear from the first order conditions that had we
done so, each one’s standard debt contract would have been characterized by the same p,,
{@¢+1} . Using the facts, Y =1 — F and G’ = @F’, we obtain

1+ R, n 1 — Fy(@41) 1+ Ry,
L+ Ry 1= F(0n1) — popr FY(0pa) [ 14+ Ry

um&{u—n@ﬁm (C1(@11) — $Cr(Grs)) —
0.

We now derive the law of motion of net worth. After the loan contract received in ¢t — 1
is settled, but before it is known which entrepreneur exits and which stays, the (scaled by
P,z;) net worth in period ¢ of entprepreneurs is

share of entrepreneurial earnings received by entrepreneurs

,—/\q _
v — T—T, (@) x (14 R 4=t

Tt

kta
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where the appearance of m;u, in the denominator reflects that ¢;—1k; has been scaled by
P,_1z;,_1. The above expression can be written

:1_Ft—1(®t)

V, = {1—%[1—3_1(%)]— / wdﬂ_l(w)}(1+Rf) 1y,
0 7Tt:uz

earnings of banks, which must equal By(14+R¢—1)=(1+R¢—1)(qt—1kt—n¢)
7\

= R St (@l PG+ 0 [ wdRa ) 0+ B Sl

Tef, Tef,

—u / wdF,_y(w) (1 + RF) 21,
0

Ty

i _ 14+ R
= [1 + Rf - (1 + Rtfl) - ,LL/ wdFt,l(w) (1 + Rf)] di—1 kt + Mnt-
0

T, T,

At this point, 7, entrepreneurs exit and are replaced by v, new arrivals. Both surviving
entrepreneurs and new arrivals receive a lump sum transfer in the amount, w®. Thus, n;y; =
’Yt‘/t + ,we7 or,

- 14 R,_
(18)ns1 = - {Rf — Ry — PJ/ wdFi—1(w) (1 + Rf)} kg1 + w® + 7, (—t 1) Ng.
th, 0 Tl
(2.8)

There is a way to rewrite this expression in a way that conveys additional intuition. Recall
the identity, B; + n; = q;—1k;. Substitute this into the above expression:

we 1+ R
N1 = e {Rf — Ry — M/ wdFi oy (w) (1+ Rf)} kege—1 +w® + 7, <—tl> (qi—1kt — By)
Tt 0 T,
i 1+ RF 1+ Ry
= l ll — ,u/ Wdﬂ_l(W)] t ktqt—l + w’ — Yt (7tl> Bt, (29)
M 0 4y i,

after cancelling. Recall that 1+ RF is proportional to 7, so that inflation does not affect the
earnings of entrepreneurs. However, a jump in m; does reduce the payments on debt, and so
enhances their net worth in this way.

The resource constraint becomes:

1- Vi e * >\>\—f kt “ ) T2 1-a
di+ca+1,+0 (e —w = (p)V ' e — [(wt)m_l Lt] —¢ (2.10)
/Yt :uz
Here, [n;11 — w®] /7, denotes the assets of entrepreneurs before they have received their real
transfer, w®, and before it is determined if they are to be selected to exit. The assets of
the fraction of entrepreneurs that exit is (1 —+,) times this amount, and they consume O
of their assets, with the other 1 — © being transferred to households. Also, d; denotes the
resources used up in monitoring:
d__uG@w(1+Rﬂqﬁﬁg1
t = —_—.

0 u
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In the modified economy, entrepreneurs rather than households accumulate capital. This
means that the household intertemporal equation, (1.23), (i.e., (12)) must be deleted. So,
we have added three new equations, (2.7), (2.3) and (2.8) and deleted one. The net increase
in the number of equations is two. We increase the number of endogenous variables by two:
w1 and ngqq (the first variable is a function of the period ¢ + 1 state of nature, while the
second is a function of the period ¢ state of nature).

2.2. Some Additional Technical Details for the Model

This subsection evaluates various integrals and derivates pertaining to the log-normal cdf.
The log-normal pdf has two parameters, the variance of logw and the mean of w. We set the
mean to unity and we calibrate the steady state value of the variace so that, in steady state,
F (w) is equal to a specified calibrated value. To evaluate (8.9) it is useful to have a formula
for computing

G) = /0 * wdP(w).

Thus, note w = €*, dw = e*dx, v = logw, dr = dw/w

[Ceare = [ @,

where x = log (w) and f is the Normal density function. Writing this explicitly:

/Ow wdF(w) = /logw e f (z)dx

—00

1 log@ —(z—Ex)?
= / eexp 2% dux,
—0o0

o\ 2T

where o2 is the variance of . Now, Ew = 1 implies Ex = — (1/2) 2, so that

@ 1 log @ ,!H%U% !2
/wdF(w) = / eexp 2t dx
0 O-:c\/% —00
1 log @y xza§—<x+%a§)2
= / exp 203 dx
—00

o\ 2T

1 ploes —(=4e2)°
e ex 20% de'
o\ 2T /_Oo P

vo= 2 % = 22 o,
Ox Oz
- 12
- log (W) + 507
v o= — 0,
Ox
1
dv = —dx
Ox
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so that

V2T J—0o
log(@)+ % o2
1 ox = Oz 7/u2

= — exp 2 dv
V2T ) oo
log (@) + 102
= prob{x<—g(; 2% o,
where
Fw = FEe'= e[E”’J’%”i] =1
1
Exr = —=o’
2

Now consider F' and its derivative. Note

@ 1 log @ ~(#+402)°
F(w) :/0 dF(w) = - \/%/ exp % du.

We make a change of variable similar to the one above:

T+ 302
v = —=2Z%
04
- log(c?))—l—%ai
P o= — 2 2%
Oy
1
dv = —dx
Oy

so that

log(@)+402
Ox

F(w) = /0 dF (w) = \/LQ_W exprv2 dv

log (@) + %O'i:|

= prob {v <
Os

Differentiate with respect to w :

1 1 _[res@+4027?
F'(0) = .
@) = o P
1 log (@) + 102
= ——Standard Normal pdf (M)’
WO, o

where the first equality uses Leibniz’s rule.
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3. No-monitoring Cost, no Sticky Price/Wage Version of the Model

When p = 0, the 5 equations that pertain to the entrepreneur part of the model reduce to:

1+ RY,
Ey—— = 1
Tym, (3.1)
ki (1-90
Tl k)1 (3.2)
qi—-1
1-— B\
a+1Ii+0 i (i1 — W] = e (M_i) hi ™ —¢ (3.3)
t z
1+ R
g1 = - {Rf - Rtfl} kegi— +w® + 7, (—tl) ng. (3.4)
Ty tz
Ty(@i41) (1 + REy) gikirn = (1+ Ry) Bi (3.5)

The first equation is the first order condition associated with the optimal contract. We can
derive it more simply in the case, = 0. Again, we suppose that the entrepreneur cares only
about the expected value of what he/she gets to keep at the end of the contract:

share of income from capital going to entrepreneur

—N——
max Et [1 - Ft<@t+1>] (1 + Rf+1) tht+17

Biy1,{@ot1}

subject to the state by state period ¢ + 1 zero profit condition:

share of entrepreneurial earnings received by bank entrepreneu};ial earnings obligations from bank to households in t+1
—— - . N e e
L'y (Wr41) X (14 Ryy) arkein = (14 Rt) Brya ,
where

Biy1 = qikeyr — g1, Ti(@1) = @ppa [1 = Fi(©0pg1)] + Gi(@p41)-
This is the same as

total earnings of capital part of earnings going to bank
o\ o\

max  Fy ¢ (1+ Ryy) @k — De(@en) (1+ RYy) @k

Biy1,{@e41}

= max Et {(1 + Rf+1) qtktJrl — (1 + Rt) (qtkt+1 — nt+1)}

Biy1,{@er1}

=  max E{(1+R},) (Bu1+n1)— (14 R) B } (3.6)

Biy1 @11}

= max Et{[(1+Rf+1) - (1+Rt)] Bt+1 + (].“f—Rf_,'_l) nt+1} s

Bit1,{@i+1}

Note that this problem can be motivated in an even simpler way. Consider someone who
has assets, n;.1, and wishes to borrow B;;; at a nominally state-non contingent interest
rate, R;. That person will choose B;;1 to maximize (3.6). As long as borrowing occurs (i.e.,
Biy1 > 0), it must be that

ER} = R,.
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If we leave this like this, then (3.6) is sometimes positive, sometimes negative. How can we
interpret this? The household is getting a non-state-contingent nominal payoff, (1 + R;) Byy1,
and the projects collectively generate a state-contingent nominal payoff, (1 + R¥ +1) (Biy1 + nys1) -
The ‘incomplete markets’ interpretation is that entrepreneurs in fact have a standard debt
contract with banks, in which they pay a specified state-contingent interest rate in case they
earn enough on their project and they turn over everything they have in case they do not
earn enough. Under the ‘complete markets’ interpretation (see below) the entrepreneur also
has a fixed nominal non-state-contingent interest rate with a bank, and the bank enters
state-contingent financial markets with the household that allows it to pay the non-state-
contingent amount, (1 + R;) B;11. As a result, condition (3.6) only has to hold when summed
across date t + 1 states of nature, where the different states are weighted by the household’s
marginal utility of currency in that state. Here, we pursue the incomplete markets interpre-
tation. In part, this is because of evidence below that the equilibrium allocations are roughly
the same in the two cases.

Under incomplete markets and standard debt contract interpretation, the zero profits
condition of banks implies:

L'y (Wr41) (1 + Rfﬂ) (Bit1 +nus1) = (14 Ry) By,

or,

N 1+ Ry N1
r _ o (o 3.7
(@) = T ( qk) , (3.7)

where

log (Wey1) + %Uf;,t

Oxt

)

Ft(@t+1) = a)t+1 {1 — pTOb ['U <

log (@¢+1) + 302
}+prob [x< g (i) 2 ol — Oy

J:L",t

Numerical experiments suggest that the function, I';(w;11), has a hump-shape in the neigh-
borhood of its maximal value, when p > 0. However, in the y = 0 case considered here,
['y(wi41) seems to be monotone increasing in w;;1. Thus, for given O’ijt, there is a unique
value of @, that solves the above equation, if there is one at all. Since I';(w;11) is bounded
above by unity, we cannot have RF "1 be too much smaller than R;, for example. In steady
state, it must be that Rfﬂ = R;. In this case, a solution requires simply that the debt be
positive.

When the state-contingent value of w;,; which solves the zero profit condition has been
found, then the state-contingent rate of interest, Z;,;, on the contract can be determined
from:

(1+ R ) aikenn
By
The measure of entrepreneurs who pay this is [1 — F} (w41)] -

Also, to see the Fisher effect here, recall the alternative representation of the law of
motion of net worth derived in (2.9):

a}t+1 — Zt+1' (38)

1+ Ry
Tt

N1 = % {[Tf + (1 — 5)%] kt —

Bt} + we.
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That is, next period’s net worth is equal to the current period payoff on capital minus the real
payments on the nominal debt, which are reduced by inflation when R, ; is not contingent
on the date ¢ state. This corresponds to the Fisher effect on the debt. It is interesting to see
how the intertemporal Euler equation is changed by this nominal rigidity. Making use of the
fact, (1+ R;) = E, (14 Rf,), we have that the houschold’s intertemporal Euler equation
is:
E, (ﬂﬂ) E, (14 Ryy) = A,
My Tt
S0,

B A " ( B A+l ok )
E—————(1+R =14covy | ———— R . 3.9
tﬂz Azt Tig1 ( Hl) ' [y Azt T4 i (39)

3.1. No Idiosyncratic Uncertainty

Consider the case when there is no idiosyncratic uncertainty at the level of entrepreneurs.
In this case,

- - 0 w<l
c@ . r@={7 25}
so that ['(@) is a continuous function:
_ _ _ _ w w<l1
F(w):w[l—F(w)]+G(w):{ 1 551

For small enough fluctuations in aggregate shocks, I'(w) < 1, so that I'(w) = w, and (3.7)

implies:
14+ R, By

1+ RE gk’

Wiyl =

and, hence, using (3.8),

1+ Ry = Ziy.
for it is still true that the zero proft condition must be made to hold in each state. So,
entrepreneurs, when there is no uncertainty, must simply pay interest equal to 1 + R;. For
small enough shocks they can always afford this, since if R¥ 1 < Ry, they can simply dig into
the earnings from their own net worth.
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The equilibrium conditions in this case are:

Yrhy L
1 Aw he \ @
— =t e (A (3.10)
Af (]_ — Oé) €t kt
1— B\
9t+0t+lt+@ ’y’}/t [nHl —U)e] = €t (—t> hiia—gﬁ (311)
t S// z
kpor — (1 =0 . thy = (— —1)*| I (3.12)
2 I,
1+R
Et{ﬁ Api—— = Ay = 0 (3.13)
e Tt41
1
E, [Az,t M g 1 — 0 (3.14)
Ceft, — bei—y o Cryr — bey
S" 12 1 1
E D |1 — 2 e gy C g )
2 tqtl 2 (IH S el
It-i—l It-‘rl 2
Nt + B S (== —1) (== ] } =0 (3.15)
I, I,
11—«
fh 1
rF = aeg " t) N (3.16)
ki (1-6
1+ R = +d-da (3.17)
qt—1
E (1+Rf,)=1+R, (3.18)
14+ R
Ng1 = % {[Tf + (1 - 6)qt] lft — ﬂ_—tl [qtflkt — nt]} + w° (319)
z t

This represents 10 equations in 11 unknowns: Ay, ki1, ¢, Iy Aot @i, 78, RE 70, Ry, mgs 1. Sup-
pose we add an equation that characterizes monetary policy to close the system. Note that
in this case, (3.19) plays no role in the dynamics of the model if © = 0. Indeed, that equation
and ny.1 can be dropped in the solution of the model, and it can be introduced later simply
as a way to define net worth. So, the Fisher effect plays no role here. When © > 0 then
equation (3.19) cannot be dropped, because n; also appears in the resource constraint.

To gain additional insight, consider the special case in which the household is the one
doing the investment. In this case, we replace (1+ R;)/m:41 in the household’s intertemporal
Euler equation, (3.13), with [rf,; + (1 — 6)gi1] /¢ In this case, (3.10)-(3.16) represents 7
equations in 7 unknowns: hy, kiy1, ¢, It, Aoty @, 75 1 suspect that, up to linearization, there is
no distinction between these two systems when © = 0. One problem is that entrepreneurial
net worth does not exert a drag on the ability of entrepreneurs to buy capital. Without
this, it’s not clear why an entrepreneur who, say, has his net worth reduced because of a
jump in the price level, would be affected in how much he borrows. How much or how
little investment he does should be dictated by investment opportunities. Inspection of the
Euler equation, (3.9), indicates one slight effect of having the entrepreneurs do investment,
which is that they are not risk averse. But, given that risk aversion plays very little role in
household investment, giving the task of investment over to risk averse entrepreneurs should
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not change things very much (and, perhaps not at all in the first order approximation).

3.2. With Idiosyncratic Uncertainty

When there is idiosyncratic uncertainty and p = 0, then the equations of the system are still
the ones in the previous subsection. In particular, the Fisher effect and net worth play no
role in the dynamics of the system if © = 0. In this case, the law of motion of net worth
simply defines net worth and plays no role in model dynamics. When © > 0, then net worth
enters as though it were a lump sum tax on ordinary households and creates a wealth effect
on them.

3.3. No Frictions, 4 =0

We take this down to the simplest version of our model, no sticky prices/wages, no adjustment
costs, no habit. Just the financial frictions.

L Aphite (pahe)®
S 2
Af (]_ — Oé) €t ( kt (3 O)
1- Vi e kt : l1-«
gr t+ ¢+ It + 06 " [nt+1 —w ] =€ | — ht — gb (321)
t z
kt—|—1 - (]_ - 5)#;1]{} = It (322)
1+ R 1
g lrf 1 (3.23)
HyCp1 T4 Ct
11—
ph 1
rf = ae ( P t) I (3.24)
Erj+(1=0)]m=1+R, (3.25)
1+ R
nt+1:%{|:7“f+1—5] kt—%[lﬂ—nt]}‘i‘we (326)
z t

This is 7 equations in 8 unknowns: ht,kt+1,ct,]t,Rt,ﬂt,rf,ntH. Note that when © = 0
(3.20)-(3.25) represents 6 equations in the 7 unknowns, hy, kiy1, ¢, Iy, Ry, 7, 7. These could
be solved by adding a Taylor rule monetary policy. In this case, (3.26) would simply define
ng, but would have no impact on the dynamics of the variables.

3.4. Steady State

We now have a total of 11 equations (including the 5 in (3.1)-(3.5)) in the 7 previous un-
knowns plus 5 additional T';(wsy1), R, 7, di, n; variables. Now, the system requires an
additional equation to solve. That equation is provided by the monetary policy rule.

We discuss the computation of the steady state of the model. We have:

RF=R.
The households’ intertemporal condition on nominal debt implies:
p.m
1+ R=—"%-.
B
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The intertemporal equation on investment implies ¢ = 1. The sticky wage equilibrium con-
ditions are:

A\,
F, = S
1_B§w
1
K, = —wF,
(45
h1+0L
Kw = T o
1_B§w
so that .
h1+aL 1 ~ )\zE thcrL _

- - — A
1—BE, v, 1-pB&, X

The sticky price equilibrium conditions imply s = 1/A;. Efficient employment decisions by
firms then imply:

i o w :U’zht :

A f B (]_ - Oé) kt ’

which can be put together with the household condition to obtain:

Yrhy L
1 B )\w izi (,uzhf)a

)‘_f_(l—@) ke
We have that i
1
‘I—R :Tkﬁ—l—(s:&,
m B

where efficiency in the use of capital by intermediate good firms implies:

,,,,k:a :uzh liai
K N

Finally, the resource constraint, law of motion of net worth and zero profit condition on
banks correspond to:

c—i—[—i—@l_v[n—we]: (£> R — ¢

Y 2
1+ R
n=_", [ k—i—l—(ﬂk—i—we—v(L)B
z T,
total earnings of entrepreneurs total payments to households
O+R@1-F@]+G@)k = (Q+R(k—n)

We now describe a numerical algorithm for finding the steady state. First,
-«
ph I
= —==—(1-9
) ( k > Ar B (1=9)
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delivers the labor/capital ratio:

> =

o a

;[Af%u@]ﬁ

Manipulating the law of motion of net worth, we obtain:

Also,

™R

z_w_e_ﬁ[;_ll_w_@
k k k 1—% kl—%

We work out the implications of the steady state zero profit condition for ¢. Thus,

<£> ) plme = fek + frh

o2
1 R\ E\°
e () s ()

N o T

Then,
zero ss profits 1
y = =kt dh = —[fik+ fuh]
T8 Af
— i [ + ¢]
= )\f Y
Ar=1Dy = ¢

We conclude:

or,



Substituting the latter into the resource constraint:

1—7 1 [k w,h 1o
g+c+I1+0 n—we:—<—)(z )
g | | Ap \to) \ K

or, since 1,y = g,

1— 1- k R\
ct 1+0 T w] =~ (_> (“_>
gl A\ k

Substituting the steady state capital accumulation equation:
L= =0u ' k=1,

into the resource constraint:

c B 1—v[n w° 1—n, 1 (ph\"
e 1—(1-— 1 A I I g _— z )
pHi-0-ou+e— lk k] ¥ u(k)

Substituting out the simplified version of the law of motion for net worth:

X

c l—v 5 w* 1-m,1 (ph o .
Cle— 2 b8 W _ 2 (ke - (1=4
PR e VA (1= (=07

The relationship between the marginal rate of substitution and the marginal product of labor

is, after rearranging,
1 - wL/\i - :uzh “
M (1—a) \ k

and we also have:

Combining the latter two:
— Bie— (,LLZh)JL (ﬁ)O’L EEN
At (ﬂ_kh>“ fr, = b k TRy

-« w, — b (k)_(HaL)
a+o - o
pA ey (B2) T He D A

substitute this into the resource constraint:

or,

l—a e —bB
i At () Y gl oy §owt 1omg 1 <“Zh>1a — 1= (1= )]
(14+0r) 1-2 k A k ’
(%) ol
1



which is a single equation in the one unknown, k. Alternatively,

a 1—7 % w*
C) — =9}
(e
e
where
-« Mz_bﬁ

pAP, (22)" e

_1_77!]1 :U’zh e —1
- L () e

Obviously, there exists a solution for &, and that solution is unique. If © = 0, then it can be
solved for analytically. Since we work with a small value of ©, it is useful to consider, as a
starting point for nonlinear computation, the steady state value of k when © =0 :

o 3)

The actual value of k will be somewhat larger than this.
Given k all the other variables substituted out in the previous derivations can be com-
puted. We obtain @ from the bank zero-profit condition:

k—mn
T

This is the steady state debt to asset ratio of entrepreneurs. This determines the steady
state share of entrepreneurial profits going to banks. Recall,

51— F@)]+G @)= (3.27)

log (@) + Lo

Oz

log (&) + 102
G(w) = prob{x<m—%].
O

We find w as follows. First, set a calibrated value of F' (@) , the bankruptcy rate. Given w, this
allows us to compute o2. Given @ and o2 we can compute G (@) and, hence @ [1 — F(©)] +
G (@) . Then, adjust @ until (3.27) is satisfied.

4. The Fisherian Debt-Deflation Hypothesis

We wish to diagnose the role of the assumption that payments to households are non-state
contingent in nominal terms. We do this by exploring the BGG version of the model in
which the payment on households’ bank deposits is non-state contingent in real terms. Thus,
suppose that instead of earning gross nominal return, 1+ R;, from ¢ to t+1 households instead
earn gross nominal return,

Fymi,
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from t to t+ 1. Here, F; denotes the real return from ¢ to ¢ + 1, which is non-state contingent
in real terms. With two exceptions, we substitute 1 + R; with Fym; 1 everywhere. The two
exceptions are the Taylor rule, where we continue to assume a non-state contingent nominal
rate of interest is ‘controlled’. To ensure that that rate of interest is well defined, we keep
equation (10). We add an equation for household deposits:

1

/le,t—|—1

(10) Ef{

)\Z,t+].Ft - )\z,t} = 0.

We must change the relevant equations associated with the entrepreneur. The zero profit
condition becomes:

- — Fy_ymy Uz
16) Ty — uGhe = 1—- .
(10) Tia@0) = nGir(@) = T (1- 45

The optimality condition becomes:

1+ Rfﬂ [y (@i41) {1 + Rfﬂ - ) } }
+ 0 0 F W - G w - 1 = 0
Fimea T@e1) — pGy@re1) | Fimenn (Le(@er1) — pGe(@r41))

17YE, {[1 (@)

and the law of motion of net worth becomes:

wi Fi
(18),nt+1 = 7]-;)//1* {1 + Rf — thlﬂ—t — /L/O‘ O.)dthl(O.)) (1 + Rf) } ktqtfl —+ w® + Yy /i 1nt

5. Complete Markets Version of the Model

We replace the state-by-state zero profit condition, (2.2), by

Wi+1
E’tth [[1 — Ft (@t+1)] Zt+1Bt+1 + (1 — IU) / O.)dFt (UJ) (1 + Rf—i—l) qtktJr]_
0
= Emuy (1+ Ry) By = By,

using (1.21). Here, my, 1 is the relative price of consumption in period ¢ and each state
of nature in period ¢ + 1, which is treated as exogenous by the bank. In equilibrium, this
relative price is related to the household’s intertemporal marginal rate of substitution in
consumption as follows:

_ Bhar 0 BAn

miy1 = .
At )\z,tﬂt+lﬂz7t+1

In effect, this specification of the zero profit condition allows the bank to have non-zero
profits in each individual state of nature, as long as the zero profit condition is satisfied.
Positive and negative cash positions in different states of nature correspond to transfers
between banks and households. Thus, we are implicitly allowing households to participate
in state contingent markets for money, in addition to holding deposits with banks.

We suppose that Z;,;, the nominal interest rate paid by non-bankrupt entrepreneurs, is
not contingent upon the date ¢ + 1 state of nature. Thus, the standard debt contract offered
in period ¢ is associated with a single Z;,; and a single B, ;. There is a sequence of w;1’s
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across period ¢ + 1 states of nature which is determined by (2.1). To derive the equilibrium
condition associated with the optimal debt contract, it is convenient to substitute out for
W41 using (2.1):

2o 5 T s
Eym 1-F t+1 811 7 B g / RE ko o (N (14 R
o { t ((1 + Rfﬂ) qiki1 ik qiki i1 ( 1) ; t(w) ( t+1)
_ B
Gkt

Making use of the definition of the asset to net worth ratio, g,, in (2.5):

A TR 1
Eymy i [1 -k ( L )} A+ (1—p) /HR“rl wdFy (W) (1+ R} ,)| =1——,
Rt+1 0 Oy
where . B
Ay =Ziy <1 — —> = Zipi— (= Dpt (1+Ri,)),
Ot Gk
and, recall,
0, tht—f—l.
41

The standard debt contract can now be expressed in terms of two parameters, o, and A;.
Competition among banks ensures that these two parameters are selected to maximize en-
trepreneurial utility subject to the zero profit condition. The Lagrangian representation of
the problem is:

- T () 0+ R
o 1+ R,

Ot

Ay

A 1+RF,
+m{Etmt+1 {1—3( }tz )]At—l—(l—,u)/ T GdFy (W) (14 RE)
t+1 0

1
ol

Since the zero profit condition associated with the period ¢ problem is now represented by
a single equation, there is only one multiplier, 7,, for each date. The first order necessary
condition associated with the optimal p, is

[1 I <m>] (1 + Rt+1)

2
= E
T]t (Qt) t 1 + Rt
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The first order necessary condition associated with the optimal A, is:®

TR Ay Ay Ay
B———4 E —F 1-F | ——
" 1+R, o i Ermea| t(1+RII€€+1> 1+R1’s€+1+ t<1+Rf+1>

Ay Ay
1-— F/ =0

or,

BA: 111 Ay ’ Ay Ay Fé (H?%%H)
E gy |1 = By ——— | — uF, - 0, ¢ =0

7t>\z7t7ﬂt+1#z,t+1 1+ Rfﬂ 1+ Rz’fﬂ 1+ Rfﬂ 1+ Ry

We summarize the equilibrium conditions associated with the standard debt contract in
terms of the notation of the other sections:

6)\zt+1 [ ( At ) /( At ) At :|
0 = F —_— |1 -F | ———— | — uF 5.1
t{"vmmﬂuz,tﬂ "\1+rE, ) "MO\TERE ) TTRE, (5-1)

1+ R;
Ay
o (e ()| 0 R

n = (Qt) E; 1+ R,

1 /BAZt+1 k |: At At
l1-— = B—————— (1+ R N(————) — puGif(——————) | , 5.2

Ot t)\z,tWtH,Uz,tH ( H—l) t(l"’Rfﬂ) s t(l"’Rfﬂ) ( )

where

At — @t+1 (1 + Rf+1) .

The three equilibrium conditions associated with the financial frictions are the law of motion
of net worth, (2.8), the optimality condition (5.1) and the zero profit condition, (5.2). In
addition, the resource constraint is (2.10).

6. Simplified Equilibrium Conditions

Here is a summary of the equations. They are expressed in simplified form. There are no
adjustment costs in capital, no sticky wages, and no habit persistence in consumption. The
three versions of the model are differentiated.

3We have made use of the result,

when
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6.1. CEE Model

The pricing setting equations are as before (we set p; = 1 because this is without loss of
generality when linearizing and w; = 1 because there are no wage setting frictions):

B\ gl ﬁ
(2)E; {)\z7t€t (—t> hi™* + <t7> BEpFp 1 — Fp,t} =0,

2 Tt4+1
and
kt : l1-«
(S)Az7t)\f €t Iu_ ht —Qb St+
RN S ¥ PN S oY
peptoo o (16, (Z222)70 1, ()T
B¢ < ) F,in1—F,
p Ti+1 1_510 s Pt 1_€p

When linearized about steady state, these reduce to the usual Calvo equation:

) ) _ 1-¢,) (1-5¢
ftr = BE i + 780+ Ay, 7 = ( p); ),
P
Setting £, = 0, (4) and (5) reduce to the usual condition that the wage (scaled by P, z;)
is a markup over marginal cost:

) - )
)\z,t Cy

h{*t 1
0 )\wwL—ta )\zt =

Wt =
where ¢; is consumption, scaled by z;. Real marginal cost:

s = Wy ol “
(1 — Oé) €t k’t ’

where k; is the stock of capital, scaled by z;_;. Resource constraint:

l{ o)
ct + [t = €t <—t> hi_a

z

where [; is investment, scaled by z; and
kt+1 — (1 — (S)M;lkt = It.

Equation defining the nominal non-state contingent rate of interest:

1

Ter1lh,

EApB Aopr1 (L+Re) = Aoy} =0

The capital first order condition:

E; {_)\z,t + )\z,t+1uﬁ (1 + Rf+1)} =0,

z
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where Rf,; denotes the rate of return on capital:

h 11—«
1+ R =¢F 19, rf:aet(uzt> S¢.
t

The monetary policy rule:

log(l1+R) = (1—p)log(1+R)+ plog(1+ R;_1)

1
(1-0p) &pﬂlog% + (1= play; log 2

1 D
TR 1R &y T000+R""

where y; denotes GDP (i.e., ¢; + I;), scaled by z;.

6.2. CEE+BGG

We drop the household’s capital accumulation Euler equation. We add the following equa-
tions. Bank zero profit condition:

K k
[Fe(@e1) = nGi@ra)] ais (1+ Rfﬂ) = (14 Ry) (M - 1)

N1 N1

which must hold in each realized t+1 state of nature. Optimality condition for entrepreneurial
loan contract:

E, |1 —-T(w
t{[ t(@r1)] L+ Ry Ty(@1) — pGi(@ea) | 1+ Ry

(Ns@esr) = 0ol = 1] § =0.

Law of motion of entrepreneurial net worth, n;; :

N1 = 7T% {Rf — Ry — M/ wdF,_;(w) (1 + Rf)} kiqi—1 +w° + 7, (
0

th,

1+ Rt1>
— | ng.
T,

The resource constraint replaced by:

1-— B\
dt+ct+[t+@ ’nyt [nt+1 _we] = € <—i) L%ia,
t z
where
d = ,UG((I)t) (1 + Rf) qt,lkt 1
t = —.

0 Ty

6.3. CEE4+BGG-Fisher

The households are given an additional equation:

1
Et{ﬁlu_Az,t—l—lFt - )\z,t} = 0.

z

The zero profit condition on banks becomes:

Fyam n
Li-1(@¢) — G (@) = 5 tJrlR’t“ (1 o Ik,) '
; -
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The optimality condition becomes:

1+ RY,, [ (@r41) ll + RY ] } —0

1 B
y(w — uGy(w -1
B D@e1) — pGy(@e1) | Fimesa (Fe(@t41) = pGy(@r41))

B {11 - Tiera)

and the law of motion of net worth becomes:

we Fi_
Nip1 = 7}; {1 + R} — Fyamy — M/ wdF;_1(w) (1 + Rf)} kiqi—1 +w® + 7, ; S
0

*
z z

7. Results

We first describe the results relative to a benchmark set of frictions. We then examine the
role of those frictions by shutting them down.

7.1. Benchmark Frictions

We used the following parameter values:

& = 075, A\, =105, o, =1, b=0.56, 3 =1.004"%, ¢ =110,
F(©) = 0.026, 4 =0.01, y=1-0.022, © =0.02,

e 1— 2

oo 2227 o0s, 11, = 1.0053,
c+1+g ol

Af = 1.20, @ =0.36, d = 0.02,

= 0 (i.e., no indexation to lag inflation), a, = 1.85, a, = 0.20,
p = 08, 100 (7* —1) = 3.5, p=0.9729,
tw = 0.40 (wage indexation to lag inflation), S” = 37.43,
I i

¢ 047, —— —033, — =020, — L —0.20
c+g+1 ctg+1 c+1+g ct+g+1

Consider the dynamic response to a technology shock in the various versions of the model
considered. The shock drives up the state of technology by 1 percent, which then decays
back to steady state according to a geometric pattern with coefficient 0.9729.

Percent Response in GDP to 1 percent Technology Shock
period 1 period 5 period 9 period 13 period 17 period 21 period 25

CEE 0.18 0.52 0.61 0.62 0.61 0.58 0.55
Incomplete 0.19 0.56 0.66 0.68 0.67 0.64 0.60
Incomplete/No Fisher 0.20 0.60 0.71 0.74 0.73 0.70 0.65
Complete 0.19 0.56 0.66 0.68 0.67 0.64 0.60

There are several things worth noting about these results. Whether markets are complete or
not makes virtually no difference. Also, the model with financial frictions (with or without
incomplete markets) produces relatively similar response in output compared with the CEE
model. When the Fisher effect is dropped from the incomplete markets version of the model,
then the effects on output are stronger. This is consistent with the view that the fall in
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the price level associated with a positive technology shock reallocates wealth away from
entrepreneurs. This inhibits entrepreneurs’ ability to buy capital, and acts on a drag on
output by slowing investment.

Consider now the effects of a monetary policy shock. We perturb af in (1.25) by .01.
This represents a 4 percentage point (400 basis points!) shock to the interest rate.

CEE

Incomplete
Incomplete/No Fisher
Complete

Percent Response in GDP to Monetary Policy Shock

period 1 period 5
-0.77 -0.92
-0.86 -1.36
-0.87 -1.39
-0.85 -1.35

period 9 period 13 period 17
-0.52 -0.30 -0.19
-1.18 -1.07 -1.00
-1.19 -1.06 -0.97
-1.17 -1.06 -1.00

period 21
-0.13
-0.93
-0.89
-0.92

Note that now the financial frictions are more important. In the 17th quarter, the effects on
output are 5 times larger than they are in CEE. Once again, we see that whether markets
are modeled as complete or not makes no difference. Following is the graph of the dynamic
response of gdp and other variables, to a technology shock. With some exceptions, all objects
are in deviation from steady state. The exceptions are consumption, investment, output,
net worth and loans. Their deviation from steady state is multiplied by 100 and divided by

steady state gdp.
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Following is the response of the variables to a monetary policy shock:
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Interestingly, the effects of the financial frictions that we describe here are smaller for
larger monitoring costs, p. When we set p = 0.15 (u = 0.12 is the calibrated value used in
BGG) we obtain the following response to a monetary policy shock:

Percent Response in GDP to Monetary Policy Shock, ;= 0.15
period 1 period 5 period 9 period 13 period 17 period 21 period 25

CEE -0.77 -0.92 -0.52 -0.30 -0.19 -0.13 -0.10
Incomplete -0.93 -1.11 -0.65 -0.41 -0.30 -0.24 -0.19
Incomplete/No Fisher -0.93 -1.11 -0.63 -0.39 -0.27 -0.20 -0.16
Complete -0.92 -1.09 -0.63 -0.41 -0.30 -0.24 -0.20

There is now a much smaller effect from the financial frictions.
It is even possible to reverse the impact of the financial frictions. Consider the following
simultaneous change in the values of the parameters:

©=0.15, §" =4, o, = 0.001,

where o, is a new parameter, which controls costs associated with variable capital utilization.
Thus, the capital that firms employ is the ‘services’ of capital, u;K;. Utilization of capital,
uy, generates adjustment costs in units of the final good that entrepreneurs must pay, in the
amount a (u;) K;, where

a(ug) = ok EXP (o (u; — 1)) — 1‘

Here, 7% denotes the steady state rental rate of capital and o, is a parameter. The function,
a (), is increasing and convex, and has value and slope zero at u; = 1. Unity is the steady
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state value of u;. The modification requires adjusting the rate of return on capital, RF,
and the resource constraint in obvious ways. The results are as follows. Note that now the
economy without financial frictions responds much more strongly to a technology shock than
does the economy without those frictions.

Percent Response in GDP to 1 percent Technology Shock
period 1 period 5 period 9 period 13 period 17 period 21 period 25

CEE 0.39 1.40 1.54 1.36 1.15 0.99 0.89
Incomplete 0.43 1.12 1.00 0.74 0.53 0.41 0.35
Incomplete/No Fisher 0.49 1.31 1.20 0.88 0.62 0.46 0.38
Complete 0.43 1.11 1.00 0.74 0.54 0.42 0.35

In the case of the monetary policy shock, output in the economy without frictions declines
more than does output in the economy with the frictions.

Percent Response in GDP to Monetary Policy Shock
period 1 period 5 period 9 period 13 period 17 period 21 period 25

CEE -1.32 -2.05 -1.28 -0.70 -0.40 -0.26 -0.20
Incomplete -1.30 -1.82 -1.02 -0.48 -0.22 -0.12 -0.10
Incomplete/No Fisher -1.34 -1.93 -1.02 -0.42 -0.15 -0.07 -0.06
Complete -1.27 -1.77 -1.01 -0.50 -0.25 -0.14 -0.11

The impulse response functions are displayed as follows. The response to the technology
shock is:
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The responses to the monetary policy shock are:
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7.2. Dropping the Non-Financial Frictions

Now consider the case in which there are no wage/price frictions (i.e., {, = £,, = 0), moni-
toring costs are zero, there are no adjustment costs in capital (S” = 0), and there is no habit
persistence (b = 0). All other parameters are at their benchmark values listed above. In this

case we obtain:

CEE
Incomplete

Incomplete/No Fisher

Complete

Percent Response in GDP to Monetary Policy Shock

period 1 period 5 period 9 period 13 period 17 period 21
0.00 0.00 0.00 0.00 0.00 0.00
-12.76 -11.96 -11.20 -10.48 -9.79 -9.14
1.49 0.05 0.05 0.04 0.04 0.04
-12.76 -11.96 -11.20 -10.48 -9.79 -9.14

As expected, the monetary policy shock is neutral in the CEE model in this case. However,
note how very non-neutral monetary policy is in the incomplete and complete markets mod-
els. This finding is consistent with the conclusions reached in section 3.3, because © > 0. To
further confirm those findings, we set © = 0. In this case, equilibrium indeterminacy results
if expected inflation appears in the Taylor rule, so we replaced it with current inflation (this
is no surprise in light of the analysis in 3.3.) In this case, we obtained the following results

CEE
Incomplete

Incomplete/No Fisher

Complete

Percent Response in GDP to Monetary Policy Shock

period 1 period 5 period 9 period 13 period 17 period 21
0.00 0.00 0.00 0.00 0.00 0.00
0.00 -0.00 -0.00 -0.00 -0.00 -0.00
0.79 0.03 0.02 0.01 0.01 0.01
0.00 0.00 0.00 0.00 0.00 0.00
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This is as expected, although we do not have good intuition for the result in the no Fisher
case.

We then reset © = 0.02, and we also set © = 0.10. We then obtained the following very
different results*:

Percent Response in GDP to Monetary Policy Shock
period 1 period 5 period 9 period 13 period 17 period 21 period 25

CEE 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Incomplete 4.44 3.59 2.95 2.45 2.05 1.74 1.48
Incomplete/No Fisher 1.48 0.06 0.05 0.05 0.04 0.04 0.03
Complete 4.38 3.59 2.94 2.45 2.05 1.74 1.48

This last result may at first seem odd. The positive monetary policy shock drives up the
rate of interest and causes a jump in output. The jump is particularly pronounced when
there is a Fisher effect. The following figure displays all the impulse responses. Note the
enormous jump in net worth. In this model, the rise in net worth acts like a lump sum tax
on ordinary households. They respond by working harder and consuming less. Investment
jumps. These responses don’t resemble the responses we think we see in the data.
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We conclude that although the financial frictions are a source of non-neutrality, even in
the absence of other frictions, they have counterfactual implications without those other
frictions.

4In this case, the Taylor rule in the CEE model had current inflation (otherwise there would have been
indeterminacy), but the Taylor rule in the other models was reset to having expected inflation one quarter
in the future.
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7.3. Adding Monetary Frictions But Leaving out Adjustment Costs and Habit

We now set £, §,,, 1 and © at their benchmark values, and keep S” = b = 0. Following are
what happens after a monetary policy shock

Percent Response in GDP to Monetary Policy Shock
period 1 period 5 period 9 period 13 period 17 period 21 period 25

CEE -65.70 -4.87 -1.88 -0.90 -0.46 -0.23 -0.09
Incomplete -79.91 -7.49 -3.82 -2.42 -1.68 -1.20 -0.86
Incomplete/No Fisher -29.18 -5.54 -2.44 -1.41 -0.92 -0.63 -0.43
Complete -79.91 -7.49 -3.82 -2.42 -1.68 -1.20 -0.86

Note how the fall in gdp is gigantic. This is true even in the CEE model.
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The jump in the interest rate creates a massive collapse in investment.

7.4. Adding Adjustment Costs and Habit

When we set S” to its benchmark value, we obtain the following response to a monetary
policy shock:

Percent Response in GDP to Monetary Policy Shock
period 1 period 5 period 9 period 13 period 17 period 21 period 25

CEE -2.03 -0.91 -0.48 -0.28 -0.19 -0.13 -0.10
Incomplete -2.03 -1.34 -1.14 -1.06 -1.00 -0.93 -0.85
Incomplete/No Fisher -2.05 -1.37 -1.14 -1.04 -0.97 -0.89 -0.80
Complete -2.03 -1.34 -1.13 -1.06 -1.00 -0.93 -0.85

35



Note that now the response to a monetary policy shock is less gigantic. We can see this in
the following figure too:
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Next, we also set b at its benchmark value and obtained:

Percent Response in GDP to Monetary Policy Shock
period 1 period 5 period 9 period 13 period 17 period 21 period 25

CEE -0.77 -0.92 -0.52 -0.30 -0.19 -0.13 -0.10
Incomplete -0.85 -1.35 -1.17 -1.07 -1.00 -0.93 -0.84
Incomplete/No Fisher -0.87 -1.39 -1.19 -1.06 -0.97 -0.89 -0.80
Complete -0.85 -1.35 -1.17 -1.06 -1.00 -0.92 -0.84

Note that now the fall in output is much smaller than it was in the absence of habit.
The following set of impulse responses suggest that the reason lies in the smaller fall in
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consumption in the wake of a positive technology shock.

rear ase_oney wage ase _oney HIQ1 ase_oney cons _ase_oney
1070 m x10° b m x 10 m b

5 10 5 10 15 20 "5 10 15 20 "5 10 15 20

inv ase_oney gdpbasemoney Rkbasemoney rcl)sgfbasemoney

5
rept ase_one
x 10 63EmONeY

5 10 15 2
pcapitalbasemoney

5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20

« I%“uowsbasemoney nskybasemoney networthbasemoney )? 1e0muumbasemoney

=

%

i
i

5 10 15 20 5 10 15 20

Ioansbasemoney

incomplete markets
—#— complete markets
—6— no Fisher effect

0 — CEE
5 10 15 20

8. Steady State

To solve this model, we need to develop an algorithm for computing its steady state. In our
analysis, we distinguish between steady state inflation, 7, and the quantity appearing in the
price and wage updating equations, 7. Equation (1.11) in steady state, is:

1—X
f
)\f' >‘f

1
1—¢ Trt2ﬁ7r1—t2 =Xf
(1-¢,) (=

p= Ry

plegl—ra \ I-Af
=6 (=5)

Note that, if 7 = 7 then p* = 1. Equation (1.12):

A
A

w07 | (£)" (wmn) -
1 (222 g,

F, =

1— L
2 1

e, < 1.

T2

™
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Equation (1.13) in steady state is:

A

A 07| (£) (1) o
i plta\ TN 7 1= s
B f[“%(w)”]

Equating the preceding two equations:

F =

p

1

1-¢ (7#2&1%2)1,&, o —
P T 7r”277r1_b2 -
1 1-¢, 1— 551) < T ) !

§=— ; . (8.1)
)\f 1 . (71.L27—r17L2>m /85
™ p

In the case, m = 7, s = 1/A;. Equation (1.15) in steady state is:

X
E, = ,

as long as the condition,

Dw
1 11Xy
Bé'w,ﬁ-&]*)\w (ﬂ') < 1’
T
is satisfied. Also
T = (m) 2 plriwe,
Equation (1.16) is
1+o
[Cokadis

F, = ,

as long as

Equating the two expressions for F},, we obtain:

ho
W =Wy i , (8.2)
Az
where
o 1 7 Aw(dor)-t I
A 1_w7r_w1—>\w 1_ w_UJ1—>\w
W = (w*)A:ﬁlUL 51 E“ ) 6£~ ( i(Ho ;- (8.3)
o -, (B)
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In steady state, (1.17) reduces to:

1-X
B . )\w 7] Aw
1-€, ﬂﬂi T=Xw

(8.4)

According to the wage equation, the wage is a markup, W\, over the household’s marginal
cost. Note that the magnitude of the markup depends on the degree of wage distortions in

the steady state. These will be important to the extent that 7w, # m,.
The marginal cost equation, (1.18) implies:

g <u2<w*>%h>“
- (1-a) k ’

where w* is determined by (8.4). The steady state rental rate of capital is:

A, h 11—«
)\ A —1
’I“k =« (:U’Z (w ) > s.

k

In steady state, the capital accumulation equation, (1.20), is

[1—(1 =6 k=1

In steady state, the equation for the nominal rate of interest, (1.21), reduces to:

Ty,
1+R=-"=
p

In steady state, the marginal utility of consumption, (1.22), is

N

cp,—b
Finally, the euler equation for investment, (1.24), reduces to

qg=1.

(8.5)

(8.6)

(8.7)

We proceed as follows. First, fix the nominal rate of interest according to (8.6). Now, fix

a value for r*. Solve (8.5) for

h 1*%7“’gﬂ
i CRAREN (vl B

where s is determined by (8.1). Then,

RE=[r*"+(1-0)m—1
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Then, solve

1+ RF (@) 1+ R*
[1-T(@)] TN e

1+R  TI'(w)— pG'(w)
for w. Taking into account, IV =1 — F and G' = WF’, we have

O

Next, find n/k which solves (2.3):

In steady state, (2.8) is

o 1
n:l*{Rk—R—u/ wdF (w) (1+Rk)} (E>n+we+7( +f%> n,
Tk 0 n T,

so that

L= 2 R = R =G (@) (1+ RO} (5) — o (L)

- ()
- (3

1= [1--0u]k
where G (w) is obtained from (2.4).

(8.10)

(8.11)

We now need to solve the resource constraint for consumption. But, first we require ¢. We
compute ¢ to guarantee that firm profits are zero in a steady state where m = 7. Let h** and
k** denote hours worked and capital in such a steady state. Also, let F*** denote gross output
of the final good in that steady state. Write sales of final good firm as F'** —¢. Real marginal
cost in this steady state is s = 1/A;. Since this is a constant, the total costs of the firm are
s* %%, Zero profits requires s** F'** = ['** — ¢. Thus, ¢ = (1 — s°°) F** = F**(1 — 1/)y), or,

- (5 (o3

Solve the steady state version of the resource constraint, (2.10), for ¢ :

1_ —)\L k @ Aw l-a
d+c+1+06 Wv[n—we] = (p*)M! (E) [(w*)kifl h} — ¢.

Compute the steady state real wage using (1.18):

L pe (w) =5 0]
w=s(l—a) [T] :
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Then, solve the labor supply equation, (8.2), for A :
A oL
h = /]
|:W)\w¢L w:| 7
where )\, is obtained using (8.7). These calculations began by fixing a value for 7*. Adjust
r* until the value of h obtained from the above expression coincides with the value implied
by (8.11).
It is of interest to understand what happens when p = 0. In this case, (8.9) implies

R = R*. So, one chooses r* so that R = [r* + (1 — )] = — 1. Then, (8.8) implies a value for
h/k. From (8.11),

In the case, 7 = 7, u = 0 implies:

c+[+@1_7[n—we] = (ﬁ*) hl_a—(ﬁ*> hl_"‘(l—i)
g [0 1 Af

or,
c N l—y[n—w] 1 /1\*/h\'"°
—+1-=-0tl+o—L——=_—(—= —
R e 1A
The labor-leisure choice implies:
p,—bB8

o kemb o
: wh™ ",

“= W/\wwL

where w can be computed from (8.12) and W = 1 according to (8.3). Substituting this into
the resource constraint, we obtain:

_ @ 11—« _
J—Muz,lf - 1 N @(1 —yul A_lf (;le) (F) " - <1 - 1u_j>
N L ey I ’

which is a single equation in one unknown, h. Note that the right side must be positive for
consumption to be positive. Also, the left side goes from 0 to oo as h goes from oo to 0. Thus,
there is a unique solution, as long as the model implies positive steady state consumption.
Once this is solved for h, then we have k. Then, given k we can compute w from (8.10):

F(@)zl—%

This gives the same solution as the model without financial frictions, except for the fact that
entrepreneurs consume resources.
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