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1 Overview

This technical appendix describes in its next three sections the different versions of the
credit frictions model:

FF model The full model, with heterogeneous agents and credit frictions.
NoFF model The model with heterogeneous agents but no credit frictions.

RepHH model The model with representative agent and no credit frictions, equivalent to
the standard New Keynesian model discussed in Woodford (2003).

2 FF model: heterogeneous agents and credit frictions

This section describes complete model of credit frictions, also refered in the text as
the "FF" model. It includes both heterogeneous agents and credit frictions.! The first
subsection contains all the non-linear equations and objective welfare function, the second
presents the steady state, the third the log-linearized equations, and the fourth presents a
detailed description of the parameter values used for the numberical exercises.

*The views expressed in this paper are those of the authors and do not necessarily reflect the position of
the Federal Reserve Bank of New York or the Federal Reserve System.

f E-mail: vasco.curdia@ny.frb. org

tE-mail: michael.woodford@columbia.edu

'For details on the derivations please refer to Ciirdia and Woodford (2009) and its technical appendix.



NOTES ON INTERMEDIATION MODEL

2.1 All equations
The objective:
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s )G (A ()
=mp——r—t (1 — ! L — H™V | = A 2.1
U =m 1_01)_1 + ( ) I — o1 10\ &, " (Zt> ¢ (2.1)
The equations describing the economy are summarized below:
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2.2 Zero inflation steady state

We consider the solution to steady state in which we simply assume zero inflation.
For simplification of the analysis consider the following definitions

Se = mpsp + (1 — mp) S,

Sp = 4)/Y,
ss =Y,
Slc’s = Sp/Ss,

7 = mpspop + (1 — ) S50,
Ops = Ub/Us,
Py =b/Y,
e =Z(5) /7,
pr=0/Y,
sy =GY,
Vo = /1),

Without any loss of generality we calibrate the following values:

e=

YV =1,
b= 1.

The values of s., sp/ss and o,/0, are set according to the calibration described in the

paper.
For the interest rate we have:

1(5+1)+@[5+(1—5)m]—\/{(5+1)+@[5+(1—5)7rb]}2—45(1+@)
20 (14 w) '

1+ 7 ="

(2.17)

(Note that if @ = 0, this reduces to 1 + 7% = 37'.) We use this steady-state relation to
calibrate /3, given assumed values for 6, 7, @ and 7.
The nominal deposit rate is equal to the real rate:

1+7¢ =147 (2.18)

The markup is calibrated so that ¥ and = insure that the equation defining @ is satisfied.
We consider two cases:



NOTES ON INTERMEDIATION MODEL

e Exogenous, takes resources: set 7 = 1, » = 0 and x = 0, implying that = = © and
Sz = Wpy.

e Endogenous, takes resources: set 7 > 1, > > 0 and y = 0, implying that =’ (I_)) =W,

The two marginal utilities of consumption are related through:

N = QN (2.19)
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Given the assumption that we calibrate 1,, and 1, we can then write
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Given our calibration of s. and s, we can write:
s
s = - , 2.2
§ mpshs + (1 — ) (2:26)
and s, = s’fsc.
The resources constraint implies
w
1-— Se — 8g = 1(E>0) pr, (2.27)
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where 1(é>0) is an indicator function that takes the value one if = > 0 and zero otherwise.
Zero inflation implies that B
A=1. (2.28)
The debt equation is
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which is then used to solve for real debt according to b = p,Y. Given b and s, the real
resources equation (2.27) determines s, =1 — s. — 1(é>0)%pb.

Furthermore, we set &, hence

o
S , 2.
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Finally,
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A=)
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We further set v, /1, such that the labor supply is the same in steady state, which implies

that
b
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wb ws

5\17
<:>__S__:>—:Q7 2.36
A (2:36)



NOTES ON INTERMEDIATION MODEL

hence .
o= [mQ 70+ (1= m)|

wb = me
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2.3 Log-linear equations

(2.37)
(2.38)

(2.39)

(2.40)
(2.41)

In this section we present all the log-linear relations of the model, in which we linearize

around the zero inflation steady state.
Full system
The full system of log-linear equation is given by:
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Auxiliary equations:
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The exogenous variables all follow an AR(1) process as follows:
§ = ngtq + & (2.58)

In the above equations we consider the following definitions

w=n(1+4)/(1+7%)). (2.59)
r=n((1+w)/(1+a)), (2.60)
. = InTl,, (2.61)
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K, =In (Kt/l_() ,

b = In (bt/l_)) ,
h.=In(H;/H) ,
z=1In (Zt/Z) ,

Te=—log((1—7)/(1-7)),
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Alternative (simplified) log-linear system
We can write the required equations as
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ge = sce + Gy, (2.85)
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Th (1+@)
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2.4 Calibration

The paper discusses the strategy for the calibration. Here we present the exact values
for all the parameters.

Notice that unless otherwise mentioned, all exogenous disturbances follow an AR(1)
process with autocorrelation coefficient equal to p;, which in the baseline calibration is set
to 0.9. The only expection to this is the autocorrelation coefficient of the monetary policy
shock, in the case of a Taylor rule, in which case we consider an autocorrelation coefficient
of 0.6.

Exogenous, takes resources

The spread in the FF model is exogenous and consumes resources, i. e. » = 0, ¥ = 0,
= =@ and n = 1. The full list of parameters is:

¢! 0.75 1+o (1.02)Y* sz 0.0159 g 0.16
oY 0.66 ) 0.975 It 0 o 8.9286
Wy 0.473 e 0.5 Se 0.7 o,  13.8019
v 0.1048 D 3.2 sy 0.7821 o, 2.7604
@®—-1)"" 015 n 1 ss  0.6179  o/0, 5
P 1.15 > 0 sp/ss  1.2657  N\p/As  1.2175
7 0.01 T 1 Vv, 11492 7 1
6 0.9874 7 0.2 Y, 0.9439 H 1
Y 1 S 0.2841 Uy, 1.2175 Pe 0.9

Endogenous, takes resources
The spread in the FF model is endogenous and takes resources, i.e. 7 > 1 (such that the
spread elasticity to debt is 1/4), >r = 0 and Y = 0. The full list of parameters is:

¢! 0.75 1+o (1.02)Y* sz 0.0003 g 0.16
& 0.66 § 0.975 Jot 0 o 8.9286
Wy 0.473 ey 0.5 Se 0.7 o,  13.8019
v 0.1048 s 3.2 sy 0.7821 o5 2.7604
@—-1)" 015 n 51.623 s 06179  oy/0, 5
P 1.15 > 0 sp/ss  1.2657  N\p/As  1.2175
7 0.01 T 1 Y, 1.1492 Z 1
B 0.9874 7 0.2 Y, 0.9439 H 1
Y 1 S 0.2997 Uy, 1.2175 Pe 0.9
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3 NoFF model: heterogeneous agents and no credit
frictions

This section describes the model with heterogeneous agents but no credit frictions. This
model is referred in the paper as the "NoFF" model. In this version of the model there is
no spread nor any costs of financial intermediation, so that the deposit and borrowing rates
are equal at all times. Because there is no spread at any time then it must be true that the
marginal utilities of consumption of the two types are equal in equilibrium, hence we know
that A\ = X = \,.

3.1 All equations
The objective:

- ACY PTG/ WA 7 S
Ut = Ty ]_t _i + (1 — 7Tb) ¢ ¢ H;U <7t) At (31)
t

A
0—(1+zf)5Et{ m}_& (3.2)
it
B Y, 14wy o1
0= p” (14 wy) bpy H™ (i) +afk; [Htiiwy)KtH} — I (3.3)
0= At (]_ - Tt) }/;5 + O{BEt [Hf;llFt_A'_l} - Ft (34)
~b —0op ~s —0s g g 1 + Z.tdfl
0= Ty (1 - 7Tb) [Ot ()\t) - Ct ()\t) ] - 7Tbbt + ) [bt—l + Wbbt—l} I - bt (35)
t
0=mCN 7 4+ (1 —m) CSN 7 + G, — Y, (3.6)
0—1 0(1+wy)
w 1 —oall;™ o=t
0= aA 1) 4 (1—a) <%) — A, (3.7)
0—1
1 —all'! F,\ Tyt
Auxiliary: B
= ClN (3.9)
=08\ (3.10)
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3.2 Zero inflation steady state

We consider the solution to steady state in which we simply assume zero inflation.

For simplification of the analysis consider the following definitions

Se = mpsp + (1 — ) S,

ss=2)Y,
ss=cY,
P = 53/,

o = mpspop + (1 — mp) S50,
Ops =0 b/ Os,
Py =b/Y,
Py =Y,
sy =GJY,
Without any loss of generality we calibrate the following values:

Y =1,

=1

The values of s., sp/ss and o,/0, are set according to the calibration described in the

paper.

For the interest rate we have the standard 1+7¢ = 7. We use this steady-state relation
to calibrate 3, given assumed values for §, 7, and #¢. The nominal deposit rate is equal to

the real rate:
14+7%=1+7%

Using F = K, -
pr (At wy) Py H™
(1-7) Z1twy

A:

Given our calibration of s, and s%, we can write:

Sc
mpst + (1 — )’

Sg =

and s, = sgssc.

The resources constraint implies
Sg=1—s..

Zero inflation implies that

>
I

(3.11)

(3.12)

(3.13)

(3.14)

(3.15)
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The debt equation is

Sp — Ss

(1=9)p, =mp (1 —mp) —ﬂ'bpg[l—(S(l—Ffd)},
implying that

_Wb(l—ﬂb)(sb—s — TPy [
Pp = (1 n T‘d>

which is then used to solve for real debt according to b = p,Y .
Furthermore, we set &, hence

o (L+7)] , (3.16)

o
. 1
4 TpSp0ps + (1 — 7p) S (3.17)
Op = OpsOs. (3.18)
Finally, B B
C? = s\, (3.19)
C* = 507", (3.20)
P (Lt wy) Yt H
K= 3.21
1 _ Oéﬁ Y ( )
_ A(1-7)
F=—*" 3.22
I —ap (3.22)

3.3 Log-linear equations

In this section we present all the log-linear relations of the model, in which we linearize
around the zero inflation steady state.

Full system

The full system of log-linear equation is given by:

)\t = Zt Etﬂ-tJr]_ + Et)\t+17 (323)
Kt = (]_ — Olﬁ) [L;U — V;Lt ‘I— (1 + C(}y) (YA; — Zt):| ‘I— OéﬁEt |:9 (1 + C()y) 7Tt+1 + Kt+1:| s (324)

Fy=(1-ap) [Xt — T+ Yt} + afE [(9 — 1)1 + EH] , (3.25)

b = m(1—m)pp! [sbeg 5,8 — (5505 — 847) Xt] (3.26)
+9 (1 + Fd) oL/ Py (iffl — 7rt) — Wbpgl [l;tg -4 (1 + fd) I;ffl]
+0 (14 77) by,
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Y, = TsuCo + (1 — ) 5,6 — [mpspop + (1 — ) 5505 M+ Gy, (3.27)
Ay = oAy, (3.28)
_— ; a : +1wy9 (f(t _ 131) . (3.29)
Auxiliary equations:
&= — o), (3.30)
&= — o\ (3.31)

Alternative (simplified) log-linear system
We can write the required equations as

Y, =EY -G (if — Eymii) — BiAge, (3.32)
7 = BETo + u + & (Yt - Yt”> , (3.33)
l;t = T (1 — 7Tb) IOb_l |:SbCIZ — Sséf + @ (ﬁ - gt>:| (334)

+0 (L 7) mopl oy (s = o) —mopy* [B =6 (L+7) B
+6 (14 77) by,

with
Vo= (w40 ) [0 g 4 vh + (14 wy) 2], (3.35)
5:Cy = mpsyCe 4 (1 — mp) 84C, (3.36)
g = s.cr + Gy, (3.37)
up = € (I +70) (3.38)
Agi = gt — g1, (3.39)
€ = peliy + v (3.40)
and
s =y (1 —m) @ (3.41)
e=1 aa%, (3.42)
k=E& (wy + C_T_l) , (3.43)
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3.4 Calibration

The paper discusses the strategy for the calibration. Here we present the exact values
for all the parameters.

Notice that unless otherwise mentioned, all exogenous disturbances follow an AR(1)
process with autocorrelation coefficient equal to p;, which in the baseline calibration is set
to 0.9. The only expection to this is the autocorrelation coefficient of the monetary policy
shock, in the case of a Taylor rule, in which case we consider an autocorrelation coefficient
of 0.6.

The full parameter values are the following ones:

ot 0.75 l+o 1 Sz 0 o ! 0.16
o) 0.66 § 0975 Jot 0 o 8.9286
Wy 0.473 e 0.5 Se 0.7 o,  13.8019
v 0.1048 P 3.2 Sp 0.7821 O, 2.7604
@—-1)"" 015 n — s, 06179 o0, 5
P 1.15 % — sp/ss  1.2657 A/ 1
7 0.01 Tk 1 Yy 1 Z 1
3 0.99 7 0.2 Y, 1 H 1
Y 1 S 0.3 (UNETR 1 Pe 0.9

4 RepHH model: representative agent and no credit
frictions

This section describes the model with a representative agent and no credit frictions. This
model is referred in the paper as the "RepHH" model. In this version of the model there is no
spread nor any costs of financial intermediation, so that the deposit and borrowing rates are
equal at all times. Furthermore we consider a representative household. In a representative
household environment there is no intrahousehold debt, hence b; is not defined.

4.1 All equations
The objective:

- AT 1 (Y
U, = e 1—|-VHt <Z A, (4.1)
The equations describing the economy are summarized below:
d A1
0= (1+1)BE, 0., — X (4.2)
7 Y\ e o(1
0= 1 (14 w,) Yul H " (Z) + afE, [Ht(+1+“y>Kt+1 ~ K, (4.3)
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0=X(1—-7)Y, 4+ aBE, I} F] — F
0=CN°+G — Y,

o1 20ten)
0= a7 4 (1 - a) <—1 - O‘Hoi ) A
0= 1 — I’} B (ﬁ)l-ﬁ;f}
11—« K;
Auxiliary: B
e = Ci\ 7

4.2 Zero inflation steady state

We consider the solution to steady state in which we simply assume zero inflation.

For simplification of the analysis consider the following definitions

se=clY,
0 = 8.0,
Py =Y,
sy =GY,

Without any loss of generality we calibrate the following:

Y =1.

The values of s. is set according to the calibration described in the paper.

For the interest rate we have the standard 1+7¢ = 3'. We use this steady-state relation
to calibrate 3, given assumed values for 7#¢. The nominal deposit rate is equal to the real

rate:
1+7%8=1+7%

Using F' = K, _
pP (1 +wy)py H™

A= — )
(1—-7) Z1twy

The resources constraint implies
S5g=1—s..

Zero inflation implies that

Finally,

(4.9)

(4.10)

(4.11)

(4.12)

(4.13)
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1P (1+ wy) Yp® e

K= 1—af ’
- A1-7)
P

4.3 Log-linear equations

(4.14)

(4.15)

In this section we present all the log-linear relations of the model, in which we linearize

around the zero inflation steady state.
Full system
The full system of log-linear equation is given by:

<y .
At =0y — Eymin + By,

K, = (1—ap) |pf —vh+ (1+ wy) (th — zt)] + afE; [9 (1+wy) T + Kt+1] ,

E=(1—ap) |:5\t _7A—t+}>ti| + afSE; [(9— 1) T +Ft+1] ;

Y;t = Sc.Cp — Sca/\t + Gt;

At:aAt—la
11—« 1 N R
- K —F).
t a 1+wy9< ! !

Auxiliary equations: R

ét = ét — U)\t,
Alternative (simplified) log-linear system
We can write the required equations as

Y, = EthJrl -0 (i? - Et77t+1) — EyAgia,

= BEm +u+ K (Y/Q — }A/;gn) ;
with
Y = (wy + 5_1)71 (67 g+ vhe + (1 +wy) 2]
g = sct + Gy,
up = (g +7e),
Agi = g1 — gi-1,
§ = pei1 + e

and
l-—al—-ap

£= a 14wl
mzf(wy—kﬁ’l),

17
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(4.17)

o
N =
=)

(4.22)
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4.4 Calibration

The paper discusses the strategy for the calibration. Here we present the exact values
for all the parameters.

Notice that unless otherwise mentioned, all exogenous disturbances follow an AR(1)
process with autocorrelation coefficient equal to p;, which in the baseline calibration is set
to 0.9. The only expection to this is the autocorrelation coefficient of the monetary policy
shock, in the case of a Taylor rule, in which case we consider an autocorrelation coefficient
of 0.6.

The full parameter values are the following ones:

ot 0.75 l+o — Sz 0 a1 016
o 0.66 ) — o 0 o 89286
Wy 0.473 T — Se 0.7 op —
v 0.1048 Pp — Sp — Os —
@—-1)"" 015 n — Ss - op/0s —
P 1.15 x - sp/8s — M/As —
7 0.01 T vy, - Z 1
6 0.99 702 T H 1
Y 1 s 03 v, — Pe 0.9
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