





























As noted above, competition implies that the loan contract is the best possible one, from
the point of view of the entrepreneur. The entrepreneur’s utility is linear in its net worth at
the end of the loan contract:

Et {/ [(1 + Rerl) WQK/’th+1 - Zt+lBt+1:| dFt(w)}

t+1

=F; {[ [W - @ﬁl] dF(w) (1 + Rf+1) } Ql_{/,thJrl?

N
t+1

after substituting from (10). Dividing by Ny41 (1 + Ry +1) , the last expression can be written
in compact form as follows:

1+ Rk,
E, {1 —Ty(@ ——— ke, 14
t{[ t(wt+1)] 1 +Rf+1 t+1 ( )
where _
forst — QR”,tKH-l
1 —_—— .
a Nyt

The standard debt contract is found by choosing k1, @11 to maximize (14) subject to (12).
In Lagrangian form, this problem is:

L1+ RF, 1+ RF _ _
E {1 —Ty(@)] —=Lk 4 My [ h——2L (T (@) — pG —k+1
B {1~ D@ b s b (134@) i)~ 1]},

where \; ;1 is a multiplier. The first order conditions for k and @ are, respectively:

1+ R L+ R _
T pe —F (I — uG —1 =0
1+ R§+1 t+1 1+ RteJrl ( t(thrl) % t(wt+1))

Ty (@r1) = A [TH(@r41) — pGH{@141))]

B {11~ 1o

Using the second expression to define the multiplier, we conclude that the necessary condi-
tions that determine the two parameters of the optimal debt contract are (12) and:

1+ Ry, [ (@p41) [1+Rk H:O

t+1 _ ~

Ly(@p41) — pGy(@ —1
]_—I—Rf_;'_l Fé(ajt—’—l)_MG;ﬁ(@t—&—l) 1+R§+1( t( t+1) lu t( t+1)) ( )
15

B {11 - T
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The derivatives in the above expression are straightforward:

[ (@r1) = 1 — Fi(@41) — @01 F{ (@041) + GL(Wr11)
=1- E(@ﬁf—l)
Gy @r41) = W1 FY (@p41).-
The law of motion of aggregate net worth is given by the following equation:

Niyy =y Vi + WE, (16)

where V; is the net worth of entrepreneurs at the end of the period, just prior to the time when
1—~, are selected to exit. In (16), v, captures the fact that at the end of the period, after the
entrepreneur has sold his capital, paid off his debt, and earned rental income, he exits the
economy with probability 1 — ~,. At the same time, a fraction, 1 — ~,, of new entrepreneurs
enters. The fraction, v,, who survive and the fraction, 1 — ~,, who enter both receive a
transfer, W¢. Without this transfer, new entrepreneurs would not have any net worth, and
they would not be able to buy any capital. In addition, among the v, entrepreneurs who
survive there are some who are bankrupt and have no net worth. Without a transfer they
too would never again be able to buy capital. In (16), V; is

_ o [ wdFy(w) (14 RY) Qrry i K _
‘/t —_ (1 +Rf) Qf(’ytfth - 1+Rt 4 fO t(7 )( _ t)7 K’ t—143t (Qf{/’tith _ Nt)
QK’,tfth - Nt

The first term in braces in (16) represents the revenues from selling capital, plus the rental
income of capital, net of the costs of utilization, averaged across all entrepreneurs. The
object in square brackets is the average gross rate of return paid by all entrepreneurs on
time ¢t — 1 loans. As indicated by equation (11), this must be the sum of what is owed by
banks to households, plus monitoring costs associated with bankruptcy.

The 1 — 7, entrepreneurs who exit in period ¢ consume a fraction, O, of their net worth:

FCP = (1 =7)0V,. (17)

The complementary fraction, 1 — O, is transferred, in lump-sum form, to households.

The key equilibrium conditions associated with the entrepreneur are (77?), (77?), (12),
(??) and (16). Another equilibrium relation, (17), will be addressed in our discussion of the
resource constraint. Equations (?7) and (?7) are in scaled form, and need not be transformed
further. Equation (?7), in terms of scaled variables, is:

(1= 7%) [uearfy — 77 a(ua)] + (1= 0)qin
Tq,

1+ Rf—&-l = Tt41 + Tké. (18)
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Equation (12) after transforming the variables, becomes:

1+ Ry n
Ly(@e41) — pGe(@p41) = TRZH (1 - qﬂ:;) : (19)
i+1

Multiply by (giki1/me1) (1+ Rfy) /(14 Rf,y), to obtain:

Giker @k 1+ RE ~ )
- g —HG 1.
Ni41 e 1+ Ry [Ce(@r41) = pGe(@rsn)] +

Rewriting (16), and expressing the result in terms of scaled variables:

nes = ——q, 1k, {Rf — Ry - u/ wdFy 1 (w) (1+ Rif)} ol + —L (14 R) .
2 4Tt 0 Moo= 1T
(20)

1.5 Banking

Following is the Lagrangian representation of the bank problem, after substituting out for
T; using (?7):

max M{RSP + [(L+ Rf) By — (14 R")Diy — (1+ R}) Ty (21)

Ay, DY T, S K212 Fy

— [Bis1 — T, — D}y] — RaAr — (14 ¥ Ry) Py Ky — (1 -+, Ry) Wilt}
+ BE N1 { RS, + [(1 + Rf+1) By — (1+ RiY) Dy — (1 + RtT+1> Tt}
- [Bt+2 - Tt+1 - Dﬁﬂ - Rat+1At+1 - (1 + ¢k,t+1Rt+1) Pt+17:f+1Kf+1

- (1 + wl,t+1Rt+1) MQHZ?H}

Ay — 7 (A + SY) (Ay + S +<Dy)

+)\2 h(I?,Kf,li), Rﬁ 75157‘1.1}5)721‘/) - Pt
A1 — 7 (A + SE
+ ﬁEt)‘g+1[h(x?+1v Kf+17 l1€+17 ;ﬁ—&-l t+1) ) ft—&-l? ngrla Zt—H)
_ (A + 58 46D,
Pra

+ 1, [Ty + Dty — Bepa| + BEuiyiq [Tipa + Difyy — Biya)
Here,

r o 11—« € n1—
h(%?,Kf,l?,@t,gt,l’?,Zt) :.f? ((Kf) (Ztl?) ) (€t>1 &

:g:At—7t<At+S;U)
P, P,

T
€
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Here, p, and f1,,, denote the Lagrange multipliers on (77).
Differentiate with respect to 7; and D%, :

N+p = BEMi (1+REL,)
Nty = BEM(1+ Rfy)+ BEN ——
1

Subtracting these:
b5
t+1 Pt—|—1

The first term in braces represents the gains from increasing D7} ,. It reflects that when D},
increases and T} therefore must decrease, profits rise because interest charges fall (we assume
RI., > R™,). These profits are discounted to ¢ using SA:+1. The next term reflects that
increasing Dy} requires increasing capital and labor inputs to provide the implied increase
in banking services.

The first order conditions are, for Ay, SP, K?, (%, respectively:

Ey | BAea (R, — Ry) + BA =0 (22)

1
— MR+ A?F [(1=7)hery —1] =0 (23)
t
1
M&—yfhmw+u:0 (24)
t
_)\t (1 + whth) Pt'Ff + /\i)th,t - O (25)
N (L4, R) Wy + Ahp, =0 (26)
Aohgr
MRY — 22— 27
tilt Pt ) ( )

where h; denotes the partial derivative of h with respect to its i*" argument. Substituting
for A? in (25) and (26) from (24), we obtain:

~ Rth[(b7
(1 i) 7 =
and A
1 R Lt IRt 28
(4w fe) P 1+7he, (28)

These are the first order conditions associated with the bank’s choice of capital and labor.
Each says that the bank attempts to equate the marginal product - in terms of extra loans
- of an additional factor of production, with the associated marginal cost. The marginal
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product in producing loans must take into account two things: an increase in S* requires
an equal increase in deposits and an increase in deposits raises required reserves. The first
raises loans by the marginal product of the factor in h, while the reserve implication works
in the other direction.

After scaling, (28) reduces to:

0— Rthz,lb,t

14 They B (1 T qut) Wt (29)

where
hz,lb7t = hlb7t/z:.
Substituting from (24) for A into (22):

)\t+1§Rt+1 ] —0

Et |:)\t+1 (R$+1 - ﬁl) - h —_— +1

Expressing this in terms of scaled variables:

Aztt1 [ T SRy ]
EF————|R, ,— R, ———| =0, 30
tufé,tﬂml ik T he T +1 (30)

Taking the ratio of (24) to (23), we obtain:

— T) heT,t —1
Th/erﬂg + 1

g U R, (31)
This can be thought of as the first order condition associated with the bank’s choice of A;.
The object multiplying R; is the increase in S* the bank can offer for one unit increase in
A. The term on the right of the equality indicates the net interest earnings from those loans.
The term on the left indicates the cost. Recall that R; represents net interest on loans,
because the actual interest is ; + R, so that R, represents the spread between the interest
rate charged by banks on their loans and the cost to them of the underlying funds. Since
loans are made in the form of deposits, and deposits earn R in interest, the net cost of a
loan to a borrower is R;.
The derivative of h with respect to [ is:

«a 1-a\ &1 N 1— Kb “
b = aat ()" () ) e - (£F)

Ztl?

which, after scaling, is

k o
h — b..b . 1—5,5 1_ t *.
1ot §a’x) (e ,t) ( ) Tu“z*,tlt 2

14



Here, we have used the fact, k/1° = k;/l;. Also,

o
(D) ()™

The derivative of h with respect to excess reserves, ej, is:

Eut =

hery = (1= &) "] (€)™

The production function for deposits is:

Mtb — Mt + S;U + §Dm7t

abxi’ (ev,t)_gt e = 2
t

which, after scaling, reduces to:

¢ 6; Mtb — Mt + (MJVVtZt + waPtffKt) + §Dm,t

b_b -
a x, (e, = = 32
t ( ’t) z; z;‘Pt ( )

= M + My,

where

m? (1 —my + Sy t)

*
7Tt/1’z,t

myy =

k
T k't
M = Py wily + Py y——c.
It k‘,t,uth

The ratio of real excess reserves to value-added, denote by e, , is:

Ay —T(At -I-Sgﬂ)
P

(K2 (alf)
(1 — T) mf (1 — mt) — T <wl7twtlt + "l’k,t"‘f kft)

* *
7rtuz,t Pzt

(et = vhob)” (=)™

Cut =

)

In practice, we set ¥ = v.. Here, value-added is expressed in terms of aggregate homoge-
neous labor, I;. This is related to the differentiated labor of individual households by (77).
We denote the unweighted integral of differentiated household labor - what we assume is
measured in the data - by L;. In subsection 1.7 below, we show that L; and [; are related by

15



Ay
Iy = (w})*=1 L;, where w; is a variable discussed there. Expressing the last relationship in
terms of L;, we obtain:

Ay —1(As+S}")
Cot = . (33)
C(ED) (alt)!

. mb . . l wk,ﬂ“fk,
(1 7‘) (1 mt) T wuwt ¢+ —Mz X t

*
ﬂ—tuz,t

(1= vh) (k) (wp =)

z,t

1.6 Households

Our discussion is divided into two parts. First, we consider the non-wage decisions of the
household. We then turn to the equilibrium conditions associated with wage setting. Finally,
we derive the scaled representation of the utilitarian welfare function for our model.

1.6.1 Non Wage-setting Decisions

We consider the Lagrangian representation of the household problem, in which \; > 0 is the
multiplier on (??). The consumption and the wage decisions are taken before the realization
of the financial market shocks. The other decisions, M} ;, M; and T; are taken after the
realization of all shocks during the period. The period ¢t multipliers are functions of all the
date ¢ shocks. We now consider the first order conditions associated with Cy, M}, ,, My, D",
and T;. The Lagrangian representation of the problem, ignoring constant terms in the asset
evolution equation, is:

E}> B¢ {[u(Cr = bCi1) = (,2(hye)

t=0
1-04
(I4+7) Py i Cepy (1X01) e (A+79) Py1Cep (1=x40) 0 =0cr0) (A+7) Py Coay \
e o7, o7,
1—o0,
( Men
- (L,
t+1-1

+ ML+ RY) (M) — M) + Xo — T, — Dty — (1+7°) BC,
+ (L4 R Ty + (L4 BY) DY + (L= 71) Wyehye + My — M},

deleting terms in the budget constraint that are not in the household’s control. We now
consider the various first order conditions associated with this maximization problem.
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The first order condition with respect to time deposits, T}, is:
Ey {=X+ 1 (L+ R/4)} =0,
which, after scaling, becomes:

frf——Amﬂ(L+Rgg}=o. (34)

Hz,t+17rt+1

Although the capital decision is made by the entrepreneur in the benchmark model, we
also explore a more standard formulation in which that decision is made by the household
(see Appendix B for further discussion). In this formulation, we drop the variables, @; and
Ny, and the three equations, (15), (19), and (20), which pertain to the standard debt contract
and the law of motion of net worth. We replace these three equations with an intertemporal
equation for the household:

E{=X\+BX\1 (14 RfL) 1) =0,

where R}, the after tax rate of return on capital, is defined in (18). Expressing this in
terms of scaled variables:

B

Tt+1My 41

E{—&,% &Hﬂ1+RHJ}:O. (35)

The first order condition with respect to M; is:

l1—0oyg
Bic. | (LET)RC (=0 (14 79 RO\ U (14 70) BOy\ M
toet™ M, MP — M, Dy
(36)
(1—x)0 (1—x)(1-0) g My (1 y My Mgy
X [ Mt Mtb _Mt ] CCtH <Mt 1>Mt_ +6C—c,t+1H( Mt ) Mt2
- )\tR?} = 0

Equation (36) is the ‘money demand equation’ in this model. The term to the right of the last
minus sign before the equality indicates the net increase in interest earnings in period ¢ that
occur with a unit decrease in transactions balances, M;. Multiplication by \; converts this
gain into utility units. The rest of the expression indicates the utility cost of the reduction
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in transactions services. Expressing this in scaled terms:

(1=x,)0¢ (1—x,)(1—6¢) x, ] oq

1 t 1 t 1 +

L+m)e | — — 37
( +7')Ct (mt> (1—mt> (dzn) ] ( )

X(@%fﬂquam@_u—mxrwo

my

Et{gc,tvt

b * * *
] C- Hl( T T 11\ Tt Te—1 1
TSt b b
my 1—my M1y M1y

2
H mt+1mi’+17rtu’;t mt+1m§+1 (w’;t)
Ty (mtmt)

- )\ztR?} - O

The first order condition with respect to M}, is:

EfBC 11001 (1= 0i11) (1= xpq1)

1 (1*Xt+1)9t+1 1 (1*Xt+1)(1*9t+1) 1 Xt+1 -
onate (i) Geems) (o)
) e (7 My = Mis Dt

1
Xrh
Mpyy = My

Jq

B0 (L4 RE) = A} =0

This expression can be understood as follows. Suppose in period ¢ the household reduces
consumption by one unit of currency. The utility cost of this is \;, the last term before the
equality. The other two terms capture benefits. One is that the extra base at t+ 1 generates,
holding M;,; constant, more deposits in ¢ + 1. This generates extra interest in ¢ + 1 which
can be consumed in ¢t + 1 for a time ¢ utility benefit of S\;;1. The other term captures the
increased utility generated by the greater deposits. Rewriting this expression in terms of the
scaled variables,

Et{ﬁgc,t+1vt+1 (1 - 0t+1> (1 - Xt+1) (38)

1 (1—Xz+1)9t+1 1 (1—Xt+1)(1—9t+1) 1 Xt+1 1=
1+7%9¢ _— —
( ) e <mt+1> (1 - mt+1> <d§11)

2—0
X( ; ) (rentyn)
b t+1M2 41
my 1 —muq

1
+ B—Az,t—f—l (1 + R?+1) - )‘z,t} =0

*
Ti+1M5 441

X
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The first order condition with respect to Dj} is:

1 )(1Xt+1)9t+1

E{BCc,t+lvt+1Xt+1[<1 + 7_0) Piy1zir16i41 <]\4b—
t+17Mt+1

1 (1=X141)(1=0241) 1 Xt+1 - 1
“\ (1= MP_dr S VT
t+1( mt+1) t+1041 t+1%11

+5)\t+1 (1 + Rﬁl) - )\t} = 0,

which, in terms of scaled variables reduces to:

1 ) (1=xe11)0es1 )

Et{ﬁ§c,t+lvt+1Xt+1[(1 + TC) Ct+1 (
My
2

% ( 1 > (1_Xt+1)(1_0t+1) < 1 >Xt+1]10q 1 ( 1 > E (ﬂ- lu* )l_aq
— T am . s,
1 —myn dity ity m?+1 o

+ 75* Avir (14 Rij) = A} =0
Tit1fMy 11

We now consider C;. It is useful to define u.; as the derivative of the present discounted
value of utility with respect to C} :

E; [uc,t - Cc,tul(ct —bC; ) + bﬁgc,tJrlul(Ct—i—l - th)} =0,

which, in terms of scaled variables corresponds to:

5z,tgc,t b8 €c,t—|—1 ] —0 (40)
ct:uz,t - th,1 Ct+1uz,t+1 — th

The first order condition associated with C, is:

(1 N TC> i (1=x4)0: P, (1—x;)(1—04) i Xt
M, Mp — M, Dy

_(1 + TC)Pt/\t} = 07

z
Et |:Uc7t -

l1—0oq4

Et{uc,t - Cc,tUtC;Uq

which, in terms of scaled variables, corresponds to

(1 N TC) i (1—x¢)0: 1 (1=x¢)(1—0) L Xt
T 1-— my dmt

19

0= E{u;, (41)

q * 1—0o
Trt:uz,t !
my

_<1 + TC)Cc,t)‘z,t}‘

1-0o

q

_thvtct_g




1.6.2 Household Wage Decision

Suppose the j™* household has the opportunity to reoptimize its wage at time ¢. We denote
this wage rate by ;. This is not indexed by j because the situation of each household that
optimizes its wage is the same. In choosing W;, the household considers the discounted
utility (neglecting currently irrelevant terms in the household objective) of future histories
when it cannot reoptimize:

E> (B8) {=CorriCrpiz(huss) + Mpa(1 = Th ) Wiagihiapi},
=0
Here,
h1+G'L
h f—
Z( ) ¢L 1 + O_L )

and A\;y; it the multiplier on the household’s period ¢ 4 ¢ budget constraint. The demand
for the j*" household’s labor services, conditional on it having optimized in period ¢ and not

again since, is:
A

T 1—X
—Aw
b Wit ]
Jt+i = W t+is
t+i

where [;,; denotes homogeneous labor in period ¢ + i. Given our assumptions about the
evolution of the wage of non-optimizing households, we have

Wt+7j Wt WWy
= = P Xt,i = = Xt,i7
Wit Weyi2y £ Wei
where
T+ Fuagr (1) (u s 1)19
w,t+1 w, z* z* t+1 2* 4 .
X = L i>0
L e B U N |
= 1,1=0,
and
~ — target\ tw,1 tw,2 =1—tw 1—1
Tugar = (407 ) " () wlThwrmhwe,
Also,
Wit _XAVVN_ .Wt W, X
P * tJP * t,zW P = AW Wy.
t+i%t4i t2t t L1724
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Substituting out for h;,.; using the demand curve, and using the scaled variables:

Aw ~ 2w
o0 Wt_;'_l 1—Aw . M+l 1-w
( ) { gc zC i% ( [ Z) + A %(1 -7 Z)W7 i\ 71 l i}a
; A4St Wi t+ t+ o) Witti | 37 Ny t+
and substituting out for the wages,
o0 v i IS
; wWyW —Aw - W —Aw
B Y (360) {=CanConst((Fomtes ) e herssO=rh s (20 ) T )
=0 7

Differentiate this expression with respect to w;, rearrange we obtain the first order necessary
condition for household optimization of w;:

Y (5, ’ (-

1=0

Ay
T=w )‘z,t+7j ~
) liif Wy Xy — Cc7t+iCt+iz1€+i} =0,

Wi+i )‘w

where

Aq oL
wyw 1=Aw .
Zy = Vi [( : tXt ) lt+j] ;] >0

Wit
D )L
= ’lbL |:'wt Awlt] , j:O

The first order condition can be solved for w; as follows:
A —1
le Kw,t] o (1+or)—1
Wy = |—=— 75— )
Wy Fw,t

where

bV (1+O'L)
1+op,
Xt z) ltJrz C c,t+iCt+i
Wi

Ky = fojws (2

- i W e A
Fw,t = Et Z (5511}) (w_tXt,l) ltJri%Xt,i-
i=0 w

t+1i

We obtain a second restriction on w; using the relation between the aggregate wage rate
and the wage rates of individual households:

W, = [( — &y ) (VVt> +€ <7?w,t (Nz*)l_ﬁ (/jjz*j)ﬁ Wtq) 11%] s .
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Dividing both sides by W; and rearranging,

7 =
1- gw <:Z:i (/”Lz*)l_ﬁ (luz*,t) > o
=w
1 — é-w ty
where . N
Ty = Wi _ W2y Py _ wt:lfz*,tﬂ-t.
’ Wisi Wz P Wy_1

Substituting, out for w; from the household’s first order condition for wage optimization:

1—>\w(1+0'L)

1
Tt 1-9 AN
1 1- Sw (ﬂw:t (:uz*) (Mz*,t) )
wL 1- gw

thw,t = Kw,t

We move now to express K, + and F,; in recursive form. Making use of the facts,

Wy X, — Twt41 " Twtdj o 5 \1-7 9
~ tyg — 2* oo 45 Moxpv1)
W45 Twt+1 *°° Twt+j
Xt
~ 0 XtJrifl,l? l_1727"'72_17
Xt

it is straightforward to verify:

(1—71HA4 (42)

Dw
E{Cey (wy)*T Ly 3
1 A T
19 A “Aw Ty, “1
+6£w (:U’z*) 1w (:U’z*,t—&-l) P < > - Fw,t+1 - Fw,t} =0
T, t+1 Tt41
£ 2w I4or
B (w7 L] ¢t (43)
~ 2L (1407,)
7Tw, _ 9 1—Aw
"‘ﬁéw (ﬂ_it—'—l (luz*)l ’ (Mz*,t—‘rl) ) Kw,t—|—1 - Kw,t} = 07
w,t+1

These equations make use of the equilibrium relation between L,, the aggregate level of house-
hold employment, and I;, the quantity of homogeneous labor. This relation can obtained by

using the labor demand curve and the definition of L,

1 A
L= / he () dj = 1y x ()25 | (44)
0
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where w; = W} /W, and:

! YT %
we=|[womsa]
0

To obtain a law of motion for w; divide both sides of the last equation by W, :

1—Aw
- _ Aw Aw Aw
W\ . 1-9 o Wiaa Wi\ 172w
Wy ( gw) (Wt> f'w T, t (/“Lz ) ('u ,t) Wt Vthl
- L i
e (Fue o oaeg o . \T| O
= (1 - gw)wtl R + Sw (ﬂ__z (Mz*)l (:uz*,t) wt—l) ]
) 9 1 )\w
Tw,t 1—9 1-Aw
1 1- fw (ﬂw:t (:uz*) (Mz*,t) >
= [1-¢) —
- AAL
T t 9 Y 1=Aw 12y
+€w <_ (uz*)l (:uz*,t) wtl) ] Aw
7Tw,t
Tw, .
= Ny (_t7ﬂz*,t7wt—1) ) (45)
7Tw,t

say.

Following Yun (1996), as well as Erceg, Henderson and Levin, (2000), when we linearize
the system about a non-stochastic steady state in which wages and prices are not distorted,
then w; = 0 and the equation characterizing wage dynamics reduces to:

77@&5—1 + 7711771: + 772Et7v/‘:}t+1 + 03 W1 + N3+ N FaT + 775ﬁt + 7765‘Z*t (46)

target target

F07flp p + N Bty 11 + NoTy + moErmir =0,

where

o = buwy, M = —by (1 + 5121;5) + 0L Aws My = buw&yB; N3 = buwé,ta,

UE] —bu&y (1 + Br2) s g =bué,B, 15 = =0 (1= A), ng=(1— ),
nr = buly (0 —=1), ng = =bu&,,B (0 —1), 19 =buyt1, Mo = —bu,bu,
oA — (1= Ay)

(1= B&,) (1 =&,)
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1.6.3 Household Utility

In this subsection, we derive an expression for average household utility, in terms of scaled
variables. The objects in (??7) are written in terms of unscaled variables. Writing them
directly in terms of scaled variables:

[e.o]

Eg Z ﬁl_tgc,t{log (Zz;lfl) + 1Og(ct+l/iz*7t+l - bct+l—1) - Ct+l2(hj,t+l)
=0
A479) et imepitr y1 (1 (1=x41) 011 1 (1=xe42)(1=0t4) A o
e () (=) (#)
— Ut }

1—o0,

Since log (z;‘ +l—1) is exogenous, there is no loss in simply dropping it. So, the period utility
function is simply

Ceallog(erpiey = bera) = (2(hy) (47)

(breemepzney (1) X0 1 A=x)=00 | \x]T
e () () (=)
—v, }.

1—-o0y

Note that utility is a function of the j** household’s level of effort. We adopt a social
welfare function which weights each household equally. So, we must integrate:

! wL ! 1+
z(h;)dj = hiToL s
/0 ( ]7t) j 1 _|_ O-L /0 ]7t ‘7

v [T,
B 1+UL/0 [Wt] : /

w 1 )\w(1+0L) \ (1 )

I 1—Aw lto u1_+UL

T 1+o; <Wt) (1) 7F (Wih)
@bL Aw 1+0L)

(S e

where the demand curve for h;; has been used:

A
. 1-Aw
hju = [VVN} ly

W,
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Also,

1w
i 1 )\w(1+a ) >\w(1+a )
W= | [ v g
LJo
' e N R
= (1 - fw) (m/t ’ + f'u) (/ﬁ_w,t (/’Lz*) - (:uz*,t) I/I/t—tl ’
Divide on both sides by W} :
1—Aw
o (1401) | u(itor)
. A“Jl(jIZL) Fas o ) (on) 7 (i+or)
Wy = (1 - gw)wt + Sw _t (:UJZ*) (luz*,t) Wy
Then, substituting out for wy,
1-9 9 171)\ /\w(1+UL)
+ 1 - gw (ﬂ:z (Mz*) (:uz* t) >
wi = [(1-&,) —
Aw(14or)
Twt ( \1-9 9 DRt e
+€w : (:uz*) (uz*,t) Wy_y ] w(itor)
= At (ﬂm,uz*,t,w;;)
w,t
Recall,
2w
(wy)*e=T Ly = 1y,
so that, in terms of total household employment, L, :
1 Aw(1+op Aw(1407)
[0 = e () R S e
0 ’ 1 + oy,
>\1_u(1+UL)
= YL wy \ et oL
1+o0p w;’ !
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We conclude that the scaled, period utility function is:

* + c —
u (Ct> Ct—1, Wy, Wy Lt7 My T —1, Tt—15 Mpx 45 Cc,ta gta Tty Xt Ht) - (49)
)\w(1+aL)
Wy

o (W L,
Cc,t[log(ctuz*,t - bctfl) - Ctl —|—LO'L w;,- LtlJr t

(A+7)mecepx 4 1=
—y, mg(mt)(l—m)%(1,mt)(1—>ct)(1—9t)(d{n)><t ]
1—-oy

1.7 Resource Constraint and Zero Profit Condition

Following the approach of Yun (1996), we now develop the aggregate resource constraint for
this economy, in terms of the aggregate stock of capital and the aggregate supply of labor
by households. Let Y* denote the unweighted integral of output of the intermediate good
producers (we assume that production is non-negative in each firm):

1
Y;* = / Y}',tdj
0

1
= / [EtK;:t (Ztljﬂg)lia — @zﬂ dj
0

KN\ !
= €& = (Zt)l_a/ ljtdj—q)z:,
ly o

where K, is the economy-wide stock of capital services and [; is the economy-wide level of
homogenous labor. This expression exploits the fact that all firms - intermediate good firms
as well as banks - confront the same factor prices, and so they adopt the same capital services
to homogeneous labor ratio. In equilibrium, this ratio must coincide with the economy-wide
aggregate capital to homogeneous labor ratio. Let v! denote the share of economy-wide
homogeneous labor used by intermediate goods firms. Then,

Yt* = Uiﬁt (Kt)a (Ztlt)lia — CDZ:
Recall that the demand for Y is

Aft

(L) e
Py Y’
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so that

1 1 J— T LA,
. . Py \ et
Y, E/ Yj,tdjz/ Yt(P—t> dj
0 0 Jit
Akf’t1 YA
— ViR (BT
say, where
1_Af,t
1 )\Afyil Afit
r=| [
0 K
Then,
At D 1-a
Vim G0 |afst et (DT L) - (50)
where
B
pt - Pt .

The law of motion of p; is provided in (5). In (50), we have written aggregate homogeneous
labor in terms of the aggregate of household differentiated labor, using (44). The law of
motion for w; is provided in (45).The first equality uses the results derived above, and the
second can be confirmed by taking into account the demand curve and integrating.
Evaluating the resource constraint, (??) at equality, replacing Y; by (50), and scaling by

*

P
oil ];t it
dt + Ty G(Ut) Tu:’t + g: + Ct + E + @(1 — ’)/)Unt (51)
" Apt "tl ];t “ 5oy 2w l-a
= (pi) {Et’/i <Utm> [(wt)“”l Lt] - q>} )
where,

IUG(CDt, O'tfl) (1 + Rf) Qf_(’7t—lkt

d, —
t Z:Pt

pG (@, 04-1) (1 + Rf) Gr—1ky i

ui,t Qv
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We will use a steady state zero profit condition to determine a value for the constant
term in production. Economy-wide average period ¢ profits are:

1 1 1 Aft
/fM%MJ%(/YMH@ﬁ>ZU/EMM—B&OH)”N+@J
0 0 0

Afit
= Pt}/;—PtSt (K( )1 Aft—i-(I)Zt). (52)

1.8 Other Variables

Other variables that are of interest in our analysis are the laws of motion of the monetary
base, M1,, M3,, the external finance premium and total loans. The monetary base evolves
as follows:
M, = M1+ zy),
where z; is the net growth rate of the monetary base (z; = X;/MP.) In terms of scaled
variables, this law of motion is:
My = ——mb(1 4 2,). (53)

*
t:uz,t

M3; is defined as the monetary base, plus household demand deposits, plus firm demand
deposits, which consists of working capital loans:
M} = My, + Dty + 4y Wils + 0, Pt .

Our definition of M3, is designed to correspond to the end of period t stock of M3. The
monetary base, M? is defined as the base available at the beginning of time ¢. Similarly, the
savings deposits, D}, are made at the start of period ¢. After scaling,

Tf Ut
T,UZt
Total loans are defined as working capital loans plus loans to entrepreneurs:

B?Ot = %,ttht + wk,tptff[(t + QI_{/7t[_(t+1 - Nt+17

st mt+1 (1 + dt—H) + %,twtlt + ¢k,t E’t. (54)

or, in scaled terms:

usky
e, T + gk — nega. (55)

The external finance premium is defined as follows:

k
thOt wl fWily + 1y, 4t

ik
Pr=Z,—-(1+R)=m,(1+R) -2 (14 R, (56)
Ge—1ky — ny

after making use of (10) and after scaling.
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1.9 Pulling all the Equations Together

Following is a concise listing of all the equilibrium conditions we have derived, expressed in
scaled form.
Equation (1) is a measure of marginal cost:

s = ( 1 >1—oc (1)a (Tf [1 +¢k,thDa (ojzt [1 +¢l7thD1_a_

l1—« « €

Equation (2) is another measure of marginal cost:
AN
€ (Tﬂz’flt)

utkt

St =

Equation (7) is the first order condition for investment by capital producers:

1 A,
E /\thtFLt — Aut + 5 AR

*

T C_It+1F2,t+1 |Qt:| =0.
Hy K tr1

Equation (9) is entrepreneurs’ first order condition for capital utilization:

rf = Tfila/(ut).

Equation (15) is the condition for the standard debt contract offered to entrepreneurs to be
optimal (subject to constraints):

1+ Ry, N T (011) {1 + Ry ] } o

t+1 _ -
I'y(w — puGe(w —1
T+ Ry Ti(@i) — pGi(@ea) 1+R§+1( t(@141) = pG(@441))

L {[1 = Ti(@41)]

Equation (19) is the zero profit condition associated with lending to entrepreneurs:

. ) 1+ Ry n
o)~ nGiton) = i (- )
t+1

Equation (20) is the law of motion for net worth:

“r . 1+ R\ 1
Ngy1 = ,)/t* {Rf—Rf—M/ WdF(W)(]_—f—Rf)}ktqt_l—f—wf—l—fyt< t) ; Tyg.
U722% 0 Tt Kyt
Equation (18) is the definition of the after tax rate of return on capital:
k oil
U1y — Toa(u +(1-96
R,’;;l _ [ H17 i — Tinal t+1)} ( )Qt+1ﬂt+1 Lorks 1

Tq
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Equation (33) is the ratio of bank excess reserves to their value-added:

b ,,Jc
(1 — Tt) my (1 — mt) — T <wl7twtlt + %kt)

*
ﬂtuz,t

Cut =

? a -«
(e (= vh)k) (1= wi)
Equation (29) is the necessary condition for optimal choice of labor by firms:

Rthz,lb,t

= HT—M — (1 + wl,th) Wy,

By =P /2
Equation (32) is the banking services production function:

T
G

b b —¢ _
a’zy (€pr) = My + Moy,

*
t
where

ml (1 —my + ¢y y)

*
7T-tluz,t

miy =

k
T kt
Moy = Py wily + Py, ——.

Lt k.t ,uth

Equation (31) is a relation between net interest on bank loans, R;, and interest on deposits,

R, dictated by banking efficiency:

(]. — Tt) h/e"',t -1
Tihery +1

Rat -

t-

Equation (40) is the marginal discounted utility of household consumption:

E, [ui - — sbet 4y ECM ] ~0
7 C’t:u’z,t - bct—l Ct+1ﬂz7t+1 - th

Equation (34) is the intertemporal efficiency condition associated with the household time
deposit decision:
5

*
oz t41Te+1

Ey {—/\m + Azt (1 + Ral)} = 0.
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Equation (37) is the efficiency condition associated with the household cash decision:

1—0o
(1 N Tc) . i (1=x4)04 1 (1=x;)(1—0¢) i Xt B
! my 11— my d%n

y (ﬂ'tﬂ:>2_aq [(1 —x)b  (1—x)(1— 9t)] ¢, H,(mtm?m—luit_l TS T 15—y

b b b
my my 1—my Me_1my_q M1 My

Et{Cc,tUt

b * b ( *)2
T 1Ty Tty T2 Ty Tty

mymy (mem?) ?

+ B H'( — AR =0

Equation (38) is the efficiency condition associated with the household M}, decision:

Ef{ B (1 —0i11) (1 — xopa)

1 (1—Xt+1)9t+1 1 (1—Xt+1)(1—9t+1) 1 Xt+1
1+ %) ¢ P _—
( ) e <mt+1> (1 - mt+1> <d§11)

1 2—0y4 Y 1
() e

X

My 1 —my4q
1
+ A1 (1 + R?ﬂ) — At} =0
7Tt+1:uz,t+1

Equation (41) is the efficiency condition associated with the household consumption decision:

0= Et{ui,t

1-0o
(1 N TC) L (1—x;)0t 1 (1=x;)(1—0¢) i Xt B ﬂ-tlu;"t 1-0q
my 1 —my dm, mp

—(1+ 7))

q

_thvtct_g

Equation (51) is the resource constraint:

| k i 1-
dy + 79 (u)) —— + g + ¢ + —— + O——LE [y, — wf]

Tus, o Ve
— oo et () TR )
= W €tV utT,u* (wy)>e t ¢
z,t

Equation (8) is the capital evolution equation:

= 1 - Cig tpty, L .
ki1 =(1-9 k 1-5 | ——— )
1 = ( )MZ,tT t 1 { ( i 1t
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Equation (53) is the law of motion of the monetary base:

1
My, = W—*mi’(l + 24).

t:uz,t

Equation (35) is the efficiency condition associated with household capital accumulation in
the version of the model in which there are no entrepreneurs:

E, {—Azt + L*Azm (1+ Rf;l)} =0.

T+1My 141

Equation (30) is a banking efficiency condition:

E )\zt+1 RT m §Rt+1 —0
L2 t+1 — fU1 T h 1(
Mzt r1Te+1 ert+1Te41 T

Equation (39) is the household efficiency condition associated with the choice of D}, :

o 1 (1=xe11)0es1
Et{ﬁCc,t+l,Ut+1Xt+1[(1 + 7 ) Cit1 ( )
Mt

y ( 1 > (1—Xt+1)(1_9t+1) < 1 >Xt+1]10 1 ( 1 >20q ( * )l—aq
I e B Tet1He,
(1 —myg1) dit, dity \mgy o

+ L*/\t—s-l (1+ Rﬁl) — At =0
Tt1fy 11

Equation (54) is the law of motion for M3; :

Tf Ut

mas — m?_’_l (1 + d?—ll—l) + d}l’twtlt + d}k’tT—*Et.
Mz,t
Equation (55) is the law of motion for total bank loans (working capital plus entrepreneurial

loans):

rf Ut kt

b " = Py Wil + Py =
LT T

+ (C_It]_ft+1 —Ngy1) -

Equations (5), (45), (3) and (4), respectively, are the equilibrium conditions associated
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with Calvo sticky prices:

Py — hy (%7%-1) =0
wy — hy (Ww’z,uz*7t,w;k_1) =0
. 1
E; {)\z,thz,t + (::1) o BEpFpie1 — Fp,t} =0
B _ s
Ey S ApadaiYeuse + BE, (::1) 1 K1 — Kp,t} = 0.
The variable, K,,;, is a function of F},; via the following relationship:
1 a1
1 - éﬁp (%) o
K, =F

. (1 o é“p)
Also,
ﬁ_t . (ﬂ_iarget)b (7Tt—1>1_L —0.

Equations (42), (43) and (48), respectively are the equilibrium conditions associated with
Calvo sticky wages:

1-0 0 1 = 7~T1107—Aw
+B84 (f1p) e (Nz*,t+1) e ( ) ’t+1Fw7t+1 —Fu,:} =0

Tw,t+1

T t+1 —9 2\ T
+B€wEt < s (Mz*)l (:uz*,tJrl) ) Kw,t—l—l - Kw,t} =0
Tw,t+1
/ﬁ_w,t
w:_ = h+ ( 71“2* t wt—1>
Tw,t
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where

p 9 + 1-Aw(14+0y)
T, t 1— 1-Aw

1 1- gw (ﬂ-w’t (:U’z*) (:uz*,t) >

wL I- gw

,lI)tFw,t - Kw,t =0

~ target\ tw 1—¢,
Ty — (m9) " ()™ = 0

When we work with a first order expansion of the model about a steady state in which wages
and prices are not distorted, then the seven wage and price equations, (5) - (48), reduce to
simply (46) and (6). In addition, the unknowns associated with these equations reduce to
just w; and 7.

When we linearize the system about a steady state in which wages and prices are not
distorted, our system is composed of 27 equations in 27 variables. Because the growth
rate of My, and Msj, require lagged capital, in putting our equations into matrix form, it is
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convenient to work with the following 29-dimensional column vector:

Zt = )\z,t (57)

29x1

Wy

Kyt
Riy
T
ity
Ryt
mst

b
my

Tot
bt

Fi

The vector, Z;, includes the 27 variables discussed above, as well as one lag of two of the
variables. Our basic 27 equations are composed of, first, the following 24: (1), (2), (7),
(9), (15), (19), (20), (18), (33), (29), (32), (31), (40), (34), (37), (38), (41), (51), (8), (53),
(30), (39), (54), (55). In addition, we include the price/wage equations, (6), (46), and
the monetary policy rule, (??). Finally, we require two equations which capture that two
variables Z; and Z; i coincide. We thus have 29 equations in 29 unknowns.
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Our system also includes equation (48), which determines the variable, w;", which is
required in the computation of average utility, (49). This is only used in the computation of
optimal policy.

2 Appendix B: Alternative Versions of the Model

By dropping and/or replacing equations in the previous appendix, we obtain alternative ver-
sions of the model. We consider three versions of the model: a version without entrepreneurs,
a version without banks (‘the financial accelerator model’), a version without entrepreneurs
and banks (‘the simple model’), and the real business cycle version of the model. Tables B.1
and B.2 report the priors and posterior distributions for the parameters of the simple model
and the financial accelerator model.

2.1 Model Without Entrepreneurs

The equations of the model dealing with the entrepreneur are the Euler equation associated
with utilization, (9), the optimality condition for debt contracts, (15), the zero-profit condi-
tion on associated with entrepreneurial loans, (19), the law of motion of entrepreneurial net
worth, (20), and the definition of the rate of return on capital, (18). We replace the three
equations, (15), (19) and (20), dealing with the entrepreneur with the single equation (35),
associated with the household decision to accumulate capital. So, when the entrepreneur is
dropped, we lose two equations, net. Corresponding to this, we drop the two variables, @,
Ni41-

2.2 Model Without Entrepreneurs and Banks

To drop the entrepreneur, we make the adjustments in the previous subsection. That is, we
replace (15), (19) and (20) with (35) and we drop the two variables, s, n¢41.

To also drop the banks, we make additional adjustments which make the model similar
to the one in Christiano, Eichenbaum and Evans (2005). Households begin the period with
the beginning-of-period monetary base, M?, and they choose to hold part of it, M; < MP,
in the form of currency. They do so because M; generates utility. The part of M? that
households do not hold in the form of M, is deposited in a financial intermediary. If either
¥, > 0 or ¢, > 0, then there is a demand for loans by firms, for working capital. An
equilibrium condition of the model is that this demand equal supply, M? — M,;. We allow for
the possibility that 1), = 1, = 0, in which case the equilibrium condition is M? — M, = 0.
Apart from demand deposits, there are no other financial assets in this version of the model.
In addition, the financial intermediary requires no resources to do intermediation. As a
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result, the random variables, x¥ and £, do not appear in this version of the model. The rates
of return on time and savings deposits respectively, BRI and R, do not exist in this version
of the model. Similarly, the rate of interest earned by the bank from entrepreneurs, R, no
longer appears. The interest rate on household deposits with the financial intermediary is
R{. The assumption that banks require no resources implies that R, = R}, where R, is the
interest rate paid by firms for working capital loans. We drop the following five banking
equations: (33), (29), (32), (31), (30). We also drop the household efficiency conditions
associated with time, T}, and savings, D", deposits, respectively, (34) and (39). In addition,
we drop the equation pertaining to ms;, (54) and the equation pertaining to b7, (55). We
add the money market clearing condition:

Q/Jl,tVtht + @/}k:,tPtffKt = Mtb — M.

Scale the money market clearing condition by F;z; and express employment in terms of
the sum of household employment, L;, using (44):

- Aw k k b

Uy Ly (wy )Xo =T + hyriug

t
Tpl,  mpiy S (58)
Thus, dropping the banking system leads us to drop 8 equations, net. We drop the following
8 variables from Z; in (57): e,;, Ry, ¥4, RY, RS, |, d, ma;, bl

When we drop the entrepreneurs and banks, the system is reduced by 10 equations
and 10 unknowns (not counting the two identity equations in the full system.). Thus, the
complete system of equations is now composed in part of the following 14: (1), (2), (7), (9),
(18), (40), (37), (38), (41), (51), (8), (53), (35), (58). There are, in addition, the equations
corresponding to sticky prices and wages, (6) and (46) and the monetary policy rule, (77).
In (??) it is understood that RI*¥“ corresponds to the single nominal rate of interest in the
system, R;. Also, gs3; does not appear in the Taylor rule in the version of the model without
banks and entrepreneurs. An implication of this is that we do not now need to include lags
of k; and m?. The reduced system has a total of 17 equations and 17 unknowns. The date ¢
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endogenous variables, Z;, are:

Z, =| R (59)

17x1 z

Ct
wy
Ly
kit
Tt

2.3 Model with No Entrepreneurs, Banks or Money (‘Simple Model’)

Following is a description of the version of the model without financial frictions, banks or
money. We list the equations.
Equation (1) is a measure of marginal cost:

. ( 1 >1‘“ (1)0‘ (rf [+ B (0 [L 0 R]) " 60)

1—« « €t

Equation (2) is another measure of marginal cost:

Tf [1 + djk,th}

St s (61)
it Lo (wp) T T
e rosg)
Equation (7) is the first order condition for investment by capital producers:
1 Cc )\ZtJrl
E(CerAatqiF1e — Copha + B ’t:rl T Q1 F241|% | = 0. (62)
Ky ¢ Hztv1
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Equation (9) is entrepreneurs’ first order condition for capital utilization:

rk = Tfila'(ut). (63)

Equation (18) is the definition of the after tax rate of return on capital:

— ) [warfy — T8 a(u)] + (1= 0) g

(1
Rf—‘rl = th

Tepr + 750 — 1. (64)

Equation (40) is the marginal discounted utility of household consumption:

Et uzt o luzJCC,t + bﬂ Cc,t—i—l -0 (65)

c7
Ceflyy — berq Crr14% 41 — bt

Equation (38) is the efficiency condition associated with the household M}, decision:

1
Et{ﬁi*gc,tﬂ)‘z,ﬂ—l (1 + Rt+1) - Cc,t)\zﬂf} =0 (66)
Tet1My 41
A relation connection marginal utility and the multiplier:
Uit =(1+ TC)Cc,t)\z,t

Equation (51) is the resource constraint:

‘ k 7
oil t t
—_— — 67
77 a(ut)TM;t + g+ + o (67)
% )\—A% E't “ S\ 2w l-a
SRR G U ol B (e e
Equation (8) is the capital evolution equation:
T I Gig bz, TV
=(1- 1— —_ . 68
ki1 = ( 5)u§7tTkt + [ 5( - it (68)

Equation (35) is the efficiency condition associated with household capital accumulation:

B

*
Te+1Hz 141

B {—cc»zt i Gt (L4 RE) } 0. (69)

39



Equations (5), (45), (3) and (4), respectively, are the equilibrium conditions associated

with Calvo sticky prices (and, in one case, wages):

T
P — hy (W—z7pt1) =0
Wy — hw (Ww’t>ﬂz ,t’w:—l) =0
w,t
N
T I=Ap
E; {)\z,th,t + ( t+1> BEpFpit1 — Fp,t} =0
Tt41
A
T _,\f—l
Ey { ApedadYoysi + BE, (;“) Kp i1 Kp,t} = 0,
t+1
where h,, is defined in (45) and
o () )
[ Tt ﬁ N
1__§p<??>
Kpi— Fou (1 y: ) = 0
P

" A>\f ];:t Yr S\ 2w I-a
()™ Qe U (wy) w1 Lt] —¢p = Y
z,t -

(70)

(71)

(72)

(73)

Equations (42), (43) and (48), respectively are the equilibrium conditions associated with

Calvo sticky wages.

Dwi (1 —7h)),
B (G, (up) ot LT

Aw
19 94 1 T—Aw 7"{-;—/\11;
+BE,, (p,) T (Nz*,t+1) A ( ) ’t+1Fw7t+1 —Fu:}=0

Tw,t+1

Tw, _ 9
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where h' is defined in (48) and

9 o\ T 1)\ 1—>\w(1+UL)
Taw 1— —Aw
1 11— gw <ﬂ-wzz (Mz*) (:U’z*,t) >

¢L 1- f'w

thw,t - Kw,t =0

~ target\ tw,1 L —1— —
I O e N

Relative to the model with no entrepreneurs and banks, but with money, we drop four
variables, m, m®, \., x. Here, there are 18 unknowns:

k ~ 7. z . * * k +
St ,rt ) Rta W, Lt7 kt7 Uty Gt, uc,ta Tty Ct, Ztapt ) wt 9 Rt ) Fp,ta Fw,t7 wt

and 17 equations, (60)-(76). Actually, the five variables, p},w;, F},;, Fi4, w;", are only used
for computing optimal policy. For our positive model, we drop these 5 variables and replace
the 7 equations, (70)-(76), with the two, (6) and (46). In addition, we use the Taylor rule,
(??). This give us 13 unknowns and 13 equations.

2.3.1 Steady State

We now turn to computing the steady state for these equations. We have set u; = 1 here.
The expression for real marginal cost is:

() e

1—a a € ’
or,

et

1
1+ o,R

(@) (1 —a)'™®) se
(r* [L+ ¥, R])"

The expression corresponding to equation (?7) is:

W =

(77)

2w I-a
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Equation (?7?) is the first order condition for investment by capital producers:

1 A
)\zqFl_)\z_—i_ﬁ * qF2:0
Hy luzT

Now, F| = 1, F5, = 0 in steady state, so that the latter equation implies, after dividing by

Ay
1

q=—" (79)
Hy
Equation (?7?) is entrepreneurs’ first order condition for capital utilization:
e (80)

where o’ is the value of @’ (u;) when u; = 1. This is an equation that is simply used to pin
down «'. Equation (?7?) is the definition of the after tax rate of return on capital:

1—7F)rk + (1= 6)q

e

Tq T 4 7k — 1,
or k k Tq
Ry —7Fy 4+ 1 —(1-9
rk _ ( T + ) rSS ( )q’ (81)
1— 7k

where a (u;) = 0 for u; = 1 has been used. Equation (7?) is the marginal discounted utility
of household consumption:

z /J;Cc b Cc _ 1(:“; B bﬁ) Cc

_ _ — 82
e cut — be cut —be ¢ pr—>b (82)
Equation (?7?) is the efficiency condition associated with the household M}, decision:
1
B 88 % (1 + R) =
T
or,
7TSSILL*
R=——=-1. 83
3 (83)

Equation (??) is the efficiency condition associated with the household consumption decision,
u? = (1+79)\,, so that, after substituting from (82):

(1+79¢As (84)



Equation (8) is the capital evolution equation:

_ 1 _

k=(1—-0)—=k+i, (85)
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where we have used that adjustment costs are zero in steady state. Equation (?7) is the law
of motion of the monetary base:
14z
peo

Here, we have cancelled m® from both sides of the equation. Equation (?7) is the efficiency
condition associated with household capital accumulation:

Ss

(86)

RE = THe 1,
g
where \, has been cancelled from both sides.
Equations (?7), (?77), (??) and (??), respectively, are the equilibrium conditions associ-
ated with Calvo sticky prices and these reduce to:

(87)

i =Y
=\ A
16, (75w Y
1-6) (=42
1- fp (%) Y
_ 1o
i N 1\ M T
1_£w Trlii,z* Fw
<1—£w>( Ce) )
W' = —— (59)
()
L . i
FE, = —— (90)
1= ()" 56,
ALY,
Kp = Y )\fS, (91)
L ()7 s,
where F}, and K, have the following relationship:
1-);

16, ()77
1—-¢&x

Kp:Fp
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The latter expression, given (?7) and (90):, implies

A I B Y
1 - (7:;5) T ﬁfp 1 - gp (%) M

1 (&)™ 4, 1=4

)\fS = (92)

Equation (?7?) is the resource constraint:

1 A k @ Ao 1-a
ghet— =Y, Y, = (@) {e <Tu*) [(w*)»w—l L] - @} . (93)
Here, we have used that a(u) = 0 and v = 1 in steady state. We can simplify (93) by
substituting out for g with our assumption, g = 7,Y,, and we can substitute out for ® using
the steady state zero profit condition on firms. Dividing (52) by P;z/, the steady state zero
profit condition is:

A
Y.=5s (Y (p*)' ™ + 4))

This is output net of fixed costs (i.e., the quantity sold) minus total cost (net output plus fixed
cost, times the constant marginal cost). Divide both sides by s and use (92) to substitute
out for s, to obtain:

Now,
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so that

. i N S [V
1 1— 751:8 1/\f 1— %17” 1 « o L 1705_
Y, = — (7r ) 65 gp (7r ) E( *) |:(w*)>\21 =:| k
M- (&) 8, L4 e '
1 « L l—ai
= -T— k
“(g) [=s]
by (??). The resource constraint becomes, after using g = n,Y> and making use of (7?):
1—(1—6)-=2_
c+ )“zT k
Hy
1 @ Sy 2w L 1 -
= (1- 779) s€ (Tu’;) l(w )xw E} k,
or,
c = Ak (94)
1 “ S\ 2w L -
A = (1 _77g) s€ (T ;) l(w )%wT %1
1-(-d)gx
Hy
In (?7)-(77?):
7—(r)'w7 =0 (95)
Tw = M7 (96)
Equations (?7), (??) and (??), respectively are the equilibrium conditions associated
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with Calvo sticky wages.

A
w* )uni L(l T))‘
P U il e v o
1- B¢, (’“‘Z*“’)l " I
(=) ™
Kw == 14,\}\L (1401) (98)
1- B, (“ )
r Aw(l+or) T 1(7/\10 )
. 1 w (o Aw (140,
1_£w Tru;r‘;z* A
(1 - gw) < ( 1'511;) )
wh = Mw(1tor) (99)
16 () T
Here, K, is related to F, as follows:
B # 1-Aw(l+oy)
1 1_€w(ﬂ%*> ) 0F, — Ky =0
- WLy — Ny = U,
wL 11— fw
Also,
T — (T55) 7l = 0. (100)
Substituting out for F,, and K, from (97) and (98), we obtain, after simplifying:
1 7 1-2w(ltor) Y o D oL
1-¢, (22)TW Tz, @] e ()T L)
] T T (I—=7")w = Ay S
- fw 1— 651” (%) 1-Aw z
(101)

Ignoring w* and the two objects in square brackets before the equality sign, this says that
the after tax real wage is a markup, A,, over the marginal cost of leisure, measured in
consumption units.

The equations can be solved, conditional on a given value of the steady state money
base growth rate, x. The variables, ¢, 7°°, and R* can be solved using (?7), (??) and (?7),
respectively. Then, r* is obtained from (??) and a’ from (??). R is solved using (?7). With
7 /7% from (77?), solve (??) for p* (if #* = 7, then p* = 1). With 7, and 7, from (??) and
(100), respectively, solve (?7) for w* (note, if 7% = 7, then w* = 1). Solve (99) for w*. Solve
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(??) for 5. Given s it is possible to compute @ from (??). Then, L/k can be computed from

(27).
Solve (101) can be solved for A, :

¥uCe ()™
1 1-Aw(1+0or)
llfw(:;%m] [1 se.(28) ™

1*6 1— BEw(W;"qS)l /\w

Y= (1+0)

] (1—7hHw

g

Substituting out for A, from (84) and for ¢ from (94), we obtain

1 C A * Aklil L i ];;UL
I —b8) (1+ 7 utrr (G ()T §)
Ak iz —b ¢, (Z1) T R (ﬂ)%mm (1— 79 |
p w\ 785 — T
1*511; 1— BEw(#s%)l /\w
so that )
k = D7er,
where
) 1 1*)\w(1+UL) A -
llgw lﬁ%)lfkw [1 B, ( SS)_lf)\ (1+ L)] (1 _Tl)w
1 (1t = bB) v Lhe ()T
D= A ur—b c AN
b (14 7O (e () ™ k)

This completes the description of an algorithm for computing the steady state of the model
without entrepreneurs, banks or money.

3 Appendix C: Estimation

We solved the model by log-linearizing the equilibrium conditions about steady state, using
the strategy in Christiano (2002).! The 27 equilibrium conditions are summarized in Ap-
pendix A. There are 27 endogenous variables whose values are determined at time ¢, and
these are contained in a 27 x 1 vector denoted Z,.2 Given values for the parameters of the

!The computations require finding the matrix root of a matrix polynomial. For this,
we used the AIM algorithm provided by Gary Anderson of the Federal Reserve Board of
Governors.

2See equation (57) in the appendix.
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model, we compute steady state values for each variable in Z;. We then construct the 27 x 1
vector, z as follows. If Z;; is the i*" element of Z, and Z; is the corresponding steady state,
then the i element of z; is z;; = (Zy — Z;)/Z;. Given the shocks described in the previous
section, we can write the equilibrium conditions in the following form:

Ey [aoziro + 01241 + oz + Byset1 + Bise) =0,

where «; are 27 x 27 matrices, ¢ = 0, 1,2, and (3, are 27 x 14 matrices, ¢ = 0, 1. The solution
to this system, which takes into account (105) is:

2 = Az_1 + Bsy, (102)

where A is a 27 x 27 matrix with eigenvalues less than unity and B is a 27 x 14 matrix.

The variables in z; are chosen partly for computational convenience, and not at all with
the variables in mind that we wish to use in estimation. These variables appear as the solid
lines in Figures 2a (EA data) and 2b (US). To derive our model’s implications for these
variables, we log-linearize the mapping from X; to z; and s; :

Xt =a+ 7z + TSSt + T2 1. (103)

The real oil price in our model corresponds to 79, discussed in section ??.
Equations (?7?), (102) and (103) represent a complete description of the joint (linearized)
distribution of the variables, X;. We make use of this for purposes of model estimation.
For convenience, we describe our system using the notation in Hamilton (1994, chapter
13). Let the state vector, &, be:
2t
&= 2
St

Then, the state equation, which summarizes (??7) and (102), is

Zt+1 A 0 BP 2t B
Zt = I 0 0 Zt—1 + 0 Uty1,
St+1 O O P St I

or, in obvious, compact notation:

§ev1 = F& + vigr, EUHW;H =Q, (104)
where
B
Vt41 = 0 Utt1- (105)
I
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The variance covariance matrix, (), has the following structure:

BDB' 0 BD
Q = By, = 0o 0 0
DB" 0 D
The observation equation is:
v = HE, + wy, EBwaw, = R, (106)

where R is diagonal and wy is iid over time. Also,
H = [ T T T } .

Note from (103) that H{, = X}, apart from the constant vector, a.

The state-space, observer representation is a function of (F, H, R, @) . These objects are
themselves functions of the model parameters. We form the Gaussian likelihood function in
the way described in Hamilton (1994), section 13.4. In particular, let

fi = (2m)F |HPy H' + R

1 : ;o
X exp {—5 (?Jt - H§t|t71) (Hpt\tle + R) ' (yt — Hft|t1)} )

fort =1,2,...,T. Here, t = 1 corresponds to 1981Q1 and ¢ = T" corresponds to 2006Q4. The
variable, n, denotes the dimension of &,, and

St\tfl =F [§t|yt—1a --'>y1] )
t=1,2,.., with §;;p = £ (§;) , the unconditional expectation of §,. Also,

P =E [(ftﬂ - €t+1|t) (’5t+1 - ft+1\t)/ Y, ---791]
= F [Pyys = Py i H' (HPy B+ R) ™ HPyuo| F'+Q,

fort=1,2,...,T, with

Pio=FE (& — E§) (6 — Efl),-
Finally,

-1
Eoap = Féyyoy + FPyuH (HPy—H' + R) ™ (yp — Héypy_y) - (107)

Then, the log likelihood function is:

T
Zlogfta

t=t1
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where t; corresponds to 1985Q1. Our Bayesian estimation criterion is:

N T
L= logp; (6:) + Y _log fi, (108)
=1

t=t1

where p; () is the density of the prior distribution associated with the " model parameter
being estimated, 6;. In selecting p;’s, we choose from three density functions: normal, inverted
gamma and beta.

4 Appendix D: Variance Decomposition

To obtain the variance decomposition for our model, we first summarize the basic equations:

€t+1 = F§+ Gerqas E€t+15:§+1 =V
D(L)y. = D(L)HE + D(L)w;, Bwaw; = R,

where D (L) is a possible transformation on the observed data, y;. For example, we may be
interested in levels of some of the variables which appear in growth rate in y;. In this case
the relevant diagonal term of D (L) would have 1/(1 — L).
Note:
=D L)y, =D(LYH[I — FL " Ge,+ D (L) w,.

Define the ‘spectral density’ of ¥, :
/
S;(2) =D (2) H (I — F2] ") GVEG" ([1 — Fz] ‘1) H'D(:")' +D(z)RD (+7Y)',
where z is a complex variable: ‘
z=e " wel0n].

The conversion from w to time is
21
At = —.
w

Recall:

~ -~ 1 —iw
Ejq, = %/Sy (e7) dw.

Consider the following decomposition:
N

Sj(2) =Y _Si(2)+D(2)RD (=7,
i=1
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where

Sy(2) = D () H (11 = F2 ) GViG! ([1 - F=7Y] ‘1>' H'D (1

and Q; is the original () matrix with only the i*" diagonal element of Q and zeros everywhere
else.
Say we are interested in the j** variable in §, j = 1, ..., N. Define

jth entry

Then,

N
785 (2) 7y =Y _7iSi(2) T, + 7D (2) RD (1) 75,
i=1

and the percent variance of the j** variable due to the i** shock is:

1S () s
P (2) = 100 x M
’ 7355 (2) 7;

J

i, j=1,..,N.

The percent variance of the j** variable due to the measurement error is:

7D (2) RD (2 Tj

100 x
T;Sg (Z) Tj

5 Appendix E: Comparing Models Based on Forecasts

We evaluate the fit of our model by comparing its out of sample forecasting properties with
those of a Bayesian Vector Autoregression, as well as with versions of the model without
banks and without financial frictions and banks. Our model comparisons are implemented
in two ways. First, we do a direct comparison of out of sample root mean square errors
(RMSE). The RMSE comparison ignores covariances in forecast errors, and this motivates
our second method of comparison. This computes the optimal weight assigned to our model
in a portfolio of two models that includes ours and the BVAR. The optimality criterion is
out-of-sample RMSE.

5.1 Computing RMSE’s

To compute out of sample forecasts from our model, we use a procedure analogous to our
estimation strategy. In particular, when we compute a forecast as of time ¢, we remove
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the sample mean (computed from data ¢ and earlier) from the data. We then re-estimate
the model parameters and use standard Kalman filter formulas to compute forecasts. (In
practice, we only re-estimate the model every other period.) We take the model forecast to
be the forecasts produced by the Kalman filter, plus the sample mean. Alternative possible
strategies would involve adding back the sample mean over the previous year or two, but we
have not explored these.

5.2 Statistical Test of Differences Between RMSE’s

Following is a Generalized Method of Moment strategy for determining the statistical signifi-
cance of the difference between the RMSE’s of different models.® Let ¢! denote forecast error
at a particular date, ¢, from model i, © = 1,2. The horizon of the forecast error is denoted,
n. That is,

i 7
€ = Ty — Ptn7

where P! is the forecast based on model 7, computed at ¢ — n. Define
Y =01—02,
where o; is the RMSE of forecasting procedure, i :
2 i12
(0:)° = E [¢}]

Note
g (7 + (‘72)2) = (01)2 - (02)2-

he (v,02) = ( T 7 [(632 B (efﬂ ) ;

(02)" = (e})°

Ehy (7v,02) = ( 8 ),

when v and o9 are evaluated at their true values. Define

Consider

and note that

gr 770-2 = ’770-2

IIM’ﬂ

and let 4, 65 denote the (unique) values of v, o5 which set gr (v,02) = (0 0 ),. Note that
4 is just the standard estimator of the difference between the RMSE’s of the two procedures.

3This statistic was proposed in Christiano (1990).
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Define the 2 by 2 matrix, D :

p99r(voe) _[v+o2 v |
9 (v,02) 0 o2

evaluated at the true values of v, o5. Define

S= > Ehhiy,

k=—o00

where h; is evaluated at the true values of v, o5. Then, according to GM M,

A

ﬁ( T )~N(0,V),

&2—-02
where
V=D"'s (D).

Thus, we use the following sampling theory for the variables that interest us:

=7\ - 14
. N0, =).
<Cf2—02) (O’T)

Note that V' is a function of the true parameters because S and D are. The matrix D
is replaced by D, which is D with the parameters replaced by their point estimate. The
matrix S is replaced by Sr, where St is an estimator of the frequency zero spectral density
of h;. One estimator of this is:

r R L r
Sp = Zg(k)C(/f)a g(k)z{ ! 0 {ZQET ’

k=—r
where
. 1 &
C(k) = T Z hy :t—k'
t=k+1

In practice, we set r = 5. We found that the results are not sensitive to alternative values of
T,
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5.3 An Alternative Strategy for Comparing Models

An alternative comparison of two models computes the optimal linear combination of the
model forecasts. Thus, let y; , be the forecast computed at time ¢ using model ¢, i = 1, 2.
The forecast errors are:

Cit+k = Yitk — y§+k‘
The forecast error of the weighted combination of the two models is:

exttk = A1k + (1 — ) egpqn-
A measure of the value of model 1 compared with model 2 is given by the value of A\, which
minimizes the root mean square error of ey ;4 :
1
. ) 5
Ap = arg mAm T ; (extrr)”

where T is the number of observations on the forecast error. In practice, this is a function of
k. The solution to the optimization problem is the coefficient on y; in the bivariate regression
of y; on y} and y?, when the coefficients are constrained to sum to unity. Although we have
not yet done so, it would be interesting to consider the case where the coefficients are not
constrained to sum to unity. In addition, it would be useful to also investigate the inclusion
of past forecast errors at various horizons.

We derive a sampling theory for Ay by considering the first order condition (or, regression
normal equation):

T

1

? Z hy ()\lm €14, 62,1&) =0,
t=1

where
hy ()\ky €1, 62,t) = Ak (62,t - 61,t)2 — €2 [62,t — €14 -
Let

D = F (62,15 - 61,t)2

= Z Eht :fflm

k=—o00

where both S and D are evaluated in population, at the true parameter values. Our estimator
of the sampling uncertainty in \ is based on

VT (Xk - Ak> N (0,V), (109)

S
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In practice, we estimate S using the strategy in the previous subsection, and we evaluate D
using the sample analogs of the population moments in D. This strategy does not take into
account the sampling uncertainty in the estimated model parameters used to construct y;,
1 =1,2. A more complete analysis would take this sampling uncertainty into account.

Figures Ea and Eb display our results for Ay for the EA and the US, respectively. Note
that in many cases the confidence intervals are very wide. We view it as evidence in favor
of our model if Ay > 0.5 cannot be rejected. In the case of the EA the null hypothesis,
A > 0.5, cannot be rejected in all cases except for M1 and hours worked. Interestingly, our
other measure of fit based on RMSE’s also finds evidence of poor forecasting performance
in these cases. In the case of the US, the null hypothesis, A\, > 0.5, is rejected in the case of
inflation, the risk premium and M3. This is consistent with the negative assessment of the
forecasting performance of our model for these variables based on our RMSE-based statistic,
in Figure 4b. Interestingly, the two measures of forecasting performance differ in the case
of the spread between long and short rates. Our RMSE-based metric finds that our model
forecasts of the spread are significantly worse than the BVAR’s forecasts of that variable.
However, the regression-based measure we consider here says that there is not a significant
difference between the two models on this dimension.

We also consider a multivariate analog of A.. Let ¢, denote the k step ahead forecast
error in variable j using procedure i. Then,

2
]__
)\k—argmm—zz /\kelt /\k)em] )

t=1 j=1 J

where o, is the variance of the underlying variable being forecast. The first order condition
for this problem is:

T
Z hy ()\lm eg,ta 6%75 all ]) =0,
t=1

where N | | | |
. . . el +(1_/\)€J el — ¢l
he (Ak, €]y, e5all j) = ; et 23 2] 10 2,t]'
Let

S

I

&

™M=
,sb

k=—o0

95



As before, we estimate D by replacing population moments with sample analogs. We esti-
mate S as discussed above. The distribution of our multivariate statistic (abstracting from
sampling uncertainty in the underlying model parameters) is given by (109).

6 Appendix F: Laplace Approximation

Although these calculations are standard, for completeness we include the derivation of the
Laplace approximation for the posterior distribution of our parameters. Let § € R denote
the N—dimensional vector of parameters. Let

g(0) =log f (y|0) f(0),

where f (y|0) denotes the likelihood of the data and f (f) denotes the prior on the parameters.
Let 6" denote the mode of ¢ (f). Write out the second order Taylor series expansion about
0=0":
* * * 1 * * *
9(0) ~ g (67) + 90 (67) (0 = 67) — 5 (6= 6) gao (67) (0 = 67),

where

2 0) f (0
o 7= LS OSO)

Note that the fact that 6* is the mode implies ggg (6*) is positive definite and gy = 0. Then,

FOIO)F(0) = £ 0167 (0 exp { =5 0~ 87 am 070 =07}

after imposing gy (6*) = 0. Note that

1

o @) xp { =3 0= 0 a0 0) (0 - )

27)

is the multinormal density for an N-dimensional random variable, #, with variance covariance
matrix, ggo (0*) ", and mean 0*. As a result, its integral over all values of 6 is unity:

/ (2;) |999 (0*)’% exp {_% (9 - 9*)/999 (9*) (0 . 0*)} d0 =1

2
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Then,

12

[rwors@a = [ 1) s@)e {500 aoe) 00|

_fweyfe) o
L [goo (6°) / (2

(2m)%
flo™) f(97)
|

NEY
(2:)% | 900 (07)]2

X |90 (0*)|% exp {—% (0 —6") goo (0%) (0 — 9*)} de

=

)

Thus,
v £ 10" f

_ o )£ (07)
F)= [ 11605 6)d8 =~ 2m) T

7 Appendix G: News Shocks

We now modify our environment to allow the possibility that there are advance ‘news’ signals
about some future variable, say x;. The model, proposed by Josh Davis in his thesis, is as
follows:

Ty=pria e 0+, + .+ ni,p. (110)

When n;_; = , = ... = nj_, = 0, then this is the usual scalar first order autoregressive
representation. The variable, nifj is realized at time ¢t — j and represents news about x;. The
superscript on the variable indicates the date of z; that the news is relevant for, while the
subscript indicates the date that the news is realized. The model with news in effect has p
additional parameters:

o} = Var (n_1) . 05 = Var (i) n0h = Var (1)

These parameters are all independent and it is possible, for example, that the econometrics
would prefer a subset to be zero. For example, it is possible that only 0123 > (. This means
that at time ¢, there is news about x,;,, and no further news arrives until time ¢ + p when
Ty4p 1s realized.

To better understand the nature of the news time series representation, it is interesting to
note that the addition of news has no impact on the univariate time series representation of
x;. Put differently, whether there is news in a variable cannot be determined by examining
the scalar time series representation of that variable. Consider, the pure moving average
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representation of z; :

o= [etn gt ni—p]
+p [t + 0Ty F0lTs 0]
+0” (a1 + 75 + 1 + - 1)
+...

Note that the objects in square brackets at different dates are not correlated with each
other, but each has the same variance. As a result, x; has a first order autoregressive
representation, regardless of the pattern of 0?, j = 1,...,p. Manipulating the pure moving
average representation, or the original representation above, we find:

Exw, oy = pExqx  +Eeg+0_ 4+ 0o+ . +0i_,] T
= pVar(x),

because
Elec+ni_y + g+ 1] 20 = 0.

The latter result reflects that there is no overlap between the shocks determining z; ; and
the object in square brackets. Similarly, it is easy to show that:

Bz, ;= p'Var(z),j=1,....

This establishes that the number of signals in x; is not identified from observations on x;
alone. However, the cross equation restrictions delivered by an economic model can deliver
identification of the 03’s.
We now set this process up in state space/observer form. Suppose, to begin, that p = 2.
Then,
T = pro1 + &+ My + o (111)

It is useful to set up some auxiliary variables, u!*] and uf_,. Write

Ty p 0 1 Ti_1 €4
u™ | =100 0 w4+ | it (112)
u™ 010 ] [ uf, U

It is easy to confirm that this is the same as (111). Write the first equation:

Ty = priy Ul + & (113)
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To determine u!_; evaluate (112) at the previous date:
u'y =
Uy = Uy T
The second of the above two expressions indicates that we must evaluate (112) at an earlier
date:

t

¢
U o = M9

t—1 t—1
Up_3 + 1) _o-

U g =

Combining the first of these equations with the second of the previous set of two equations,
we obtain:
Uy = Ny_g 1y
Substituting this into (113), we obtain (111), which is the result we sought. We can refer to
ul_, as the “state of signals about z; as of t — 1”7. We can refer to n!_, as the “signal about
x; that arrives at time ¢ — 2”. We can refer to n}_; as the “signal about x; that arrives at
time t — 17.
We now consider the case of general p. Thus, we have

t
Ty = PTi—1+ &+ Uiy
t t t
Up_q Up_g +1_q
t t t
Uy_o Up_3 T 1o
t ot t
Up_pr1 = Uiy T i

Uy = Tip
According to this setup, there are p signals about x;. The first arrives in ¢ — p, the second in
t —p+1 and the p! in t — 1. This is set up in state space form as follows:

T p 0 0 1] [ £t
ult? 0 0 00 ub et ntP
uy P 01 00 || u'? ne P!
uptt | 00 Lo | u, it

We can write this in compact notation as follows:

\:[I$,t - Pz\Ijx,t—l + Ex,ts
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Figure Eb: US - Weight (1) on Model versus (1-1) on BVAR. +/- 1 std Confidence Interval.
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Table B.1. Simple Model

Sp

Sw

T T T T ™™™

Calvo prices

Calvo wages

Weight on inflation objective

Weight on inflation objective

Weight on technology growth
Investment adjust. cost

Capacity utilization

Weight on inflation in Taylor rule
Weight on output growth in Taylor rule
Weight on change in infl. in Taylor rule
Coeff. on lagged interest rate

Investm. specific shock (tty t)
Government consumption shock (Jt)
Persistent product. shock (i)
Transitory product. shock (€t)
Consump. prefer. shock ({ ¢ t)

Margin. effic. of invest. shock ({'i 1)

Qil price shock (79"

Price mark-up shock (A )

Type

Beta

Beta

Beta
Beta
Beta
Normal
Gamma
Normal
Normal
Normal
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta

Parameter Estimates: EA and US

Prior

Mean

0.75*
0.375

0.75*
0.375

05
05
05
17
6
175
0.1
03
0.8
05
05
05
05
05
05
05
05

Std. dev.

0.05

0.1

0.15
0.15
0.15
35

0.1
0.05
0.1
0.05
02
0.2
0.2
02
0.2
0.2
0.2
0.2

Posterior

Euro area

Mode

0.7263

0.6498

0.8846
0.3195
0.8696
15.886
271.827
1.8778
0.1087
0.2422
0.8193
0.9753
0.9467
0.0562
0.9623
0.9110
0.3155
0.9167
0.9221

Std. dev.
(Hess.)

0.0361

0.0444

0.0544
0.0874
0.0554
2.7404
7.9778
0.0901
0.0499
0.0964
0.0180
0.0112
0.0242
0.0414
0.0166
0.0312
0.0869
0.0280
0.0264

Posterior

us

Mode

0.5388

0.7398

0.5165
0.2735
0.9281
1.1031
22.274
1.8992
0.1072
0.1756
0.8177
0.9885
0.9345
0.1639
0.9929
0.9157
0.8900
0.9137
0.9667

Std. dev.
(Hess.)

0.0425

0.0310

0.1520
0.1138
0.0327
0.4303
5.5214
0.0907
0.0499
0.0976
0.0237
0.0054
0.0225
0.0763
0.0027
0.0245
0.0318
0.0247
0.0161



Table B.1, continued.

Posterior Posterior
Prior
Euro area usS
Std. dev. Std. dev.
Type Mode Df. Mode Mode
(Hess.) (Hess.)
o Investm. specific shock (i y,t) Inv. Gamma 0.003 5d 0.0033 0.0002 0.0032 0.0002
o Government consumption shock (Jt) Inv.Gamma 0.01 5d 0.0216 0.0016 0.0239 0.0018
o Persistent product. shock (i) Inv. Gamma 0.01 5d | 0.0053 0.0005 0.0078 0.0007
o Transitory product. shock (€t) Inv. Gamma 0.01 5d 0.0040 0.0003 0.0041 0.0004
o Consump. prefer. shock ({c.t) Inv. Gamma 0.01 5d 0.0153 0.0021 0.0162 0.0020
o Margin. effic. of invest. shock ({it)  Inv.Gamma 0.01 5d 0.0245 0.0020 0.0978 0.0045
o Oil price shock (z9') Inv.Gamma 0.1 5d | 0.1555 0.0120 0.1327 0.0101
o Monetary policy shock (&t) Inv. Gamma 0.25 5d 0.5578 0.0477 0.5501 0.0468
o Price markup shock (A ) Inv. Gamma 0.01 5d 0.0093 0.0019 0.0066 0.0008

Notes: *Upper numbers refer to EA, lower numbers to US. The US priors was taken from LOWW. The EA prior for prices is consistent
with the results produced by the Inflation Persistent Network (see Altissimo et al., 2006).
Simple model: version of main model without banking sector or financial frictions. This version basically corresponds to CEE or SW.



Table B.2. Financial Accelerator Parameter Estimates: Euro area and US

Posterior Posterior
Prior
Euro area usS
Std. dev. Std. dev.
Type Mean Std. dev. Mode Mode
(Hess.) (Hess.)
. 0.75"
Ep  Calvo prices Beta 0.05 0.7302 0.0363 0.4992 0.0368
0.375
0.75*
Ew  Calvo wages Beta 0.1 0.655 0.0416 0.7823 0.0288
0.375
l Weight on inflation objective Beta 05 0.15 0.8587 0.0669 0.2498 0.1019
lw  Weight on inflation objective Beta 05 0.15 0.2857 0.0845 0.2706 0.1090
3 Weight on technology growth Beta 05 0.15 0.8901 0.0471 0.9263 0.0333
S"  Investment adjust. cost Normal 7.7 35 21154 2.8468 18.075 25415
0 Capacity utilization Gamma 6 5 25711 7.5877 23.001 6.0091
o, Weighton inflation in Taylor rule Normal 1.75 0.1 1.8877 0.0824 1.7932 0.0913
oy Weight on output growth in Taylor rule  Normal 0.1 0.05 0.1126 0.0498 0.1083 0.0613
a4, Weighton change ininfl. in Taylorrule Normal 0.3 0.1 0.2204 0.0970 0.2044 0.1086
pi Coeff. on lagged interest rate Beta 0.8 0.05 0.8408 0.014 0.8625 0.0139
p Investm. specific shock (tty t) Beta 05 0.2 0.9693 0.0166 0.9856 0.0060
p CGovernment consumption shock (Jt) Beta 05 0.2 0.8546 0.0977 0.9159 0.0334
p Persistent product. shock (u;) Beta 05 0.2 0.0573 0.0423 0.1488 0.0834
P Transitory product. shock (€t) Beta 0.5 0.2 0.9432 0.0281 0.9750 0.0172
p  Financial wealth shock (y+) Beta 05 0.2 0.7212 0.0535 0.9727 0.0098
p  Riskiness shock (ot) Beta 05 0.2 0.8150 0.0316 0.9312 0.0228
p  Consump. prefer. shock ({'c.t) Beta 0.5 0.2 0.9525 0.0152 0.9476 0.0165
o Margin. effic. of invest. shock ({'i 1) Beta 05 0.2 0.5398 0.0998 0.9768 0.0076
p  Oilprice shock (z9" Beta 05 0.2 09157 0.0282 0.9234 0.0251
P Price mark-up shock () Beta 05 0.2 0.9334 0.0276 0.9808 0.0122




Q Q9 9 9 9 9 a9 9 9 Q9 Q

Investm. specific shock (Lt t)
Government consumption shock (g+)
Persistent product. shock (,u;t)
Transitory product. shock (€t)
Financial wealth shock (yt)
Riskiness shock (o't)

Consump. prefer. shock ({ ¢ t)
Margin. effic. of invest. shock ((j it)
Oil price shock (72"
Monetary policy shock (&t)
Price markup shock (A1)

Table B.2, continued

Type

Inv. Gamma
Inv. Gamma
Inv. Gamma
Inv. Gamma
Inv. Gamma
Inv. Gamma
Inv. Gamma
Inv. Gamma
Inv. Gamma
Inv. Gamma

Inv. Gamma

Prior

Mode

0.003
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.1
0.25
0.01

Df.

5d
5d
5d
5d
5d
5d
5d
5d
5d
5d
5d

Posterior

Euro area

Mode

0.0033
0.0150
0.0054
0.0041
0.0167
0.0780
0.0265
0.0289
0.1557
0.4985
0.0104

Std. dev.
(Hess.)

0.0003
0.0013
0.0005
0.0004
0.0024
0.0063
0.0055
0.0028
0.0120
0.0408
0.0019

Posterior

UN)

Mode

0.0032
0.0205
0.0076
0.0040
0.0056
0.0344
0.0243
0.1774
0.1328
0.5019
0.0071

Std. dev.
(Hess.)

0.0002
0.0016
0.0006
0.0004
0.0005
0.0029
0.0051
0.0556
0.0101
0.0402
0.0008

*Upper numbers refer to EA, lower numbers to US. The US priors were taken from LOWW. The EA prior for
prices is consistent with the results produced by the Inflation Persistent Network (see Altissimo et al.,

2006).

Financial Accelerator refers to the version of our model without banks, but with financial frictions.





