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Fiscal and Monetary Policy Interactions in a Model with Low
Interest Rates

Online Appendix
By Jianjun Miao and Dongling Su

APPENDIX A. PROOFS

PROOF OF PrROPOSITION 1. — The entrepreneur’s objective is to solve the following dynamic
programming problem:

A
(A1) Vi(Kji_1,Bji-1,Dji_1,650) = max  Cjr + BB ——2Vi iy (Kji, Bjt, Djt, €e11) »
{I;+,D;¢,Bjt} Ay
subject to
(A2) Kjt = (1 — (S)Kjtfl + 5thjt,
(A3) Bj > —pkji—1,
R;_ Ry
(A4) Cjt +ILjt + Bjy + Djy = R Kji1 + ﬂilBjtq + 1fliletfl,
¢ ¢
(A5) Cjt > 0.

We conjecture that the value function takes the following form
(A6) Vi (Kji—1, Bjt—1, Dji—1,€jt) = O} (€jt) Kje—1 + &% (j1) Bjr—1 + ¢ (€j¢) Dji—1,

where ¢i(c;i), i € {k,b,d}, satisfy

A

(A7) Al CC)
A

(48) 1= P [ ol (dr (),
A

(49) 1= BB [ 6l (P ().

Substituting (A2), (A4), and the above conjecture into the Bellman equation (A1), we
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have
Vi (Kji—1, Bjt—1, Dji—1,€jt)
—  max (Rkt +(1- 5)BEtAt+1 / ¢f+1(5)dF(s)) Kji 1

{I;+,D;¢,Bjt} Ay

R;_ R
IE[ 1Bjt71 + tiletfl + [/BEt
¢

11
A A
(A10) + [BEt 1:1 /¢?+1(5)dF(5) - 1} Bji + [5&;1/(??“(5)6117(5) - 1] Djg.

A

. it [ obaeare 1) 4

Optimal choices of Bj; and Dj; imply that (A8) and (A9) must hold in equilibrium. Oth-
erwise, all entrepreneurs will either save or borrow at the same time, contradicting the
market-clearing conditions for bonds.

Since Ij; > 0 and Cj; > 0, it follows that I;; = 0 if € < 1/gf = 7; but the firm makes
as much investment as possible so that Cj; = 0 if ¢j; > ;. It follows from (A4) that when
€jt > €;, we have

R R
(All) Ijt = —Djt — Djt + RktKjt—l + lflilBjt—l + Iflilet—la
t t

(A12) Djt == 0, Bjt == —MKjtfl.

Consider first the case where €j; < ¢f and I;; = 0. The entrepreneurs are indifferent
between borrowing and saving. Substituting the decision rules into (A10) and reorganizing
yield

Vi (Kjt—1, Bjt—1,Dji—1,€t)
Ry Riq

- Ry +(1—6 ’C)K, Mg 4 2lp
{Ijtfgiﬁ’iBﬁ}< ke + ( )a; jt—1+ 1, it—1 + 10, it—1

Notice that (A8) and (A9) ensure that the indeterminacy of Bj; and Dj; does not affect
the value function.

Matching the coefficients, we have

¢f(€jt) = Ry + (1 — 5)Qf,
Ry

o) (eje) = df(eje) = o,

Next we consider the case where €;; > ef. Substituting (A11) and (A12) into (A10) and
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reorganizing yield

Vi (Kjt—1, Bjt—1,Dji—1,€5t)
max (Rkt + (1 —68)qF + Ry (qfejt - 1) — (1 - qfsjt)> Kji1

{I;¢,Dj¢,Bjy
Riq k Ri 1 k
+ L, (qt 5jt> Bji1+ I, (qt €jt) Dji 1.

Matching the coefficients yields
k &jt k &jt
€t €

Bt (gfe) = Bt (14 (2 -1)).
II &y

Peji) = ¢ (eje) = L \%eit
t t

Combining the two cases above, we have
o €;
It _ 1,0>> + (1 —6)gF + pmax <J: - 1,0) ,
&t

¢F(gjt) = Ry (1 + max <6*
t
R _ .
W(eji) = ¢eje) = (1 + max (%*t - 1,0)> ,
Ht &t

for €51 € [Emin, Emax| - Substituting these two equations into (A7), (A8) and (A9), we obtain

(13) and (14).
Finally, for the entrepreneur’s objective to be finite, the value function must satisfy the

following condition by the Bellman equation (Al):

iA i
lim Etﬁ Atﬂ Viti (Kjvi-t1, Bjtti—1, Djiyi—1,€514:) =0
t
Q.ED.

1— 00

Using equations (A6)-(A9) we can derive the transversality condition (16).

Proor oF LEMMA 1. — To simplify notations, we define
A A Dy 1Ry
(A13) My = b Hla Mtl+1 = Phen (1 + Q£+1> y Ty = M-
Ay Ay I

Then we can rewrite (34) as
xy =S¢ + E;Myp1xi11 + Ey (MtlH - Mt+1) Tit1
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Leading the above equation by one period and multiplying by My, we obtain

Mij1zi11 = Myp1Si41 + Ee i My 1 Myyowy o + Ey 1 My <Mtl+2 - Mt+2> Tpi2.
Following similar procedures recursively until period t 4+ T', we have

My iMyyo.. Myyrxeyr = MypiMyyo. . MyypSipr + Eopr My My oMy 12741

!
+E e M1 Myyo.. . Myyri <Mt+T+1 - Mt+T+1) ToyT41-

Taking conditional expectations E; on the two sides of above system of T' 4 1 equations
and using (A13), we obtain

(A14)
T T
Dy 1R B Aiti B A i1 Dyt Ry BTN y147 Diyr Rigr
e L PSS U el axin Y +E .
IT; tiz(; A, T t; Ay G+it Miyit ' Ay 74

Summing over j in (16) and using the market-clearing conditions, we have

i )
hm Etﬁ At-i-z

1—00 Ay

(QeriKt-i-i + Dt-‘ri) = 0.

Since Ki4; > 0 and g}, > 0, we have

(A15) lim g, 5 Acki

1— 00 t

Dyyi = 0.

Since qi+1+T > 0, it follows from (14) that

0<E, BTN 1407 Dy Resr <E, BTAH-TBAH—H—T (144! )Dt+TRt+T
- Ay IMiirir — Ay Ayr T | PN
BT Apir BA 14T ! Dy rRyyr BT Apir
—E B,y 1+q —E
AT A ( b7 M1 YA
Thus,

BT Ay DprRevr
Ay My ra
Taking limit in (A14) as T' — oo gives (36). Q.E.D.

0.

lim Et
T—o0

Dt+T-
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PrOOF OF LEMMA 2. — Taking derivative of Ri(¢*) in (39) and reorganizing yields

ORy(e%) ufimax edF(e) — (871 (14 g) — 1+ 0)F(e*)
Oe [f“fa" max (g,e%) dF(g) ’

E€min

(A16)

The numerator in (A16) is strictly decreasing in *, with the maximum and the minimum
being pE[e] > 0 and —(871(1 + g) — 1+ d) < 0, respectively. Hence, by the intermediate
value theorem, there exists a unique threshold €x € [Emin, Emax) such that

M/Em edF(e) — (B 1+ g) — 1+ 6)F(ey,) = 0.

And it follows that ORy(e*)/0e* > 0 if £* < ex; ORy(e*)/0e* <0 if €* > . Moreover, we
have €5, = €5 (p) strictly increasing and lim, o e = emin.  Q.E.D.

PROOF OF LEMMA 3. — By Lemma 2, on [, emax|, Ri(¢¥) is decreasing and thus ®(e*) is
increasing. By (39), we compute

(1+9)/B =140 —p [Z"* edF(e) + pex(l — F(ex))
exF(e) + f;ma" edF (g)

(Al?) Rk(e’ik) =

By Lemma 1, we have
ORy, (8*)

Oe* e =0

Thus,
5\IIla‘X
(A18) " / edF(e) — (814 g) — 14 8)F(ex) = 0.
€k
Using this equation, we can eliminate F'(gx) in (A17) to obtain

(14+9)/B—1+08—p [2"edF(e)

Rk(@k) = fsekmax EdF(E)

Substituting this expression into (40) yields

(B~ =1 +g)
JEm edF (e)

D) = — < 0.

Since ®(emax) = +00 and ®(g;) < 0 and P is increasing on [ek, Emax], it follows from
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the intermediate value theorem that there exists a unique value g; € (ek, Emax) such that
(19(51) =0.
By (39), we have

(1+g)//8*1+5*M(E[5]*5min)'

R min) =
#(€min) B
Substituting this expression into (40) yields
111 +g)+ pemin
by - O D0+ i

Ee

When p = 0, we have

-1 _
®(emin) = — (8 Iég(l 9)

By (A18), e is an implicit continuous function of u and € — emyin as p — 0. By continuity,
for sufficiently small 1 > 0, we have ®(*) < 0 for £* € [emin, 1] Q.E.D.

< 0.

PROOF OF PROPOSITION 2. — By the assumption and Lemma 3, the investment cutoff €* in
any steady state must satisfy e* > ¢i. Since ®(¢g;) = 0, by (40) and setting e* = ¢;, we have
d = 0. Thus (41) or (43) is satisfied for s = 0. We deduce that £* = ¢; is the steady-state
cutoff for s = 0. This is the only steady state with d = 0 because ®(£*) increases with
€* € [ek, Emax] by Lemma 2.

Suppose that there is another steady state with d > 0 if R"(g;) > 1+g¢. Then (41) implies
that R" (¢*) = 1+ g for s = 0. Since R" (¢*) increases with ¢* and since R"(¢;) > 1+ g,
we must have the steady state cutoff ¢* < ¢;. Since Ry (¢*) decreases with €* on (eg,€;),
it follows (40) that ® increases with €* on (ex, ;). Thus we have @ (¢*) < @ (g;) = 0 for
e* € (ex,e1), contradicting equation (40) as d > 0 and R" > 0.

If R"(e;) < 1+ g, we show that there is another steady state with d > 0. It follows from
(41) we must have R" = 1 + g. Since R" (¢*) is a continuous and increasing function and
since R"(g;) < 1+ g and R" (emax) = (1+¢)/B8 > 1+ g, by the intermediate value theorem
there is a unique solution ¢* = &, € (g],&max) such that R"(¢*) = 1 4+ g. We then have
R" = R"(ep) = 1+ g in the steady state. It follows from (40) that R"d/k = ®(e;). Q.E.D.

PrROOF OF PROPOSITION 3:. — Recall that ¢; satisfies ®(e;) = 0. Total differentiating this
equation and reorganizing yield

aR max
de, (14 2o [z car(e)

dpe 8Rak75(fl)famx edF(e) — (n+ Ri(e)aF'(e1)

€l

By (39), we have 14+ 0Ry(e;) /O > 0 and that ORy(e;)/0e; < 0. Thus we have de;/du > 0.
By (38), R" (") increases with ¢*. It follows that both ¢; and R"(g;) increase with p.
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Q.E.D.

PROOF OF PROPOSITION 4:. — By Lemma 2, for a sufficiently small p > 0, we only need
to consider steady-state the investment cutoffs in [ex, emax] - It follows from Lemma 1 that
Ry, (¢%) is a decreasing function of e* € [eg, Emax] . Thus ®(e*) increases with £* € [eg, Emax]
by (40). We also know that R"(¢*) increases with £* € [emin, Emax]) - By (43) we have

(A19) () = {1— ééuf)] Ri‘f();)w*).

Thus W (¢*) is a product of three increasing functions on [ef, Emax| - Since ®(g;) = 0 and
O(c*) < P(gy) = 0 for e* € [eg, &1], we will focus on the region [g], emax] as equation (40)
must hold with R"d > 0. On this region ®(*) > 0.

Suppose that R" (g;) > 1+ g. Then we have

1+4+g 1+g¢g
1l—-———>1——>0
Rr(e¥) R (e))

for e* > g, > . Since ®(g;) = 0, we have ®(¢*) > 0 for ¢* > ¢;. Thus, as a product of
three positive increasing functions on [e7, emax], ¥ (€*) increases with £* € [}, emax| - Since
U (g;) =0 and ¥ (emax) = +00, it follows from the intermediate value theorem that there
exists a unique solution ¢, € (€7, emax) to equation (43). Then R" (¢,) > R" (¢7) > 1+ g.

Suppose that R" (¢;) < 1+ g. Then Proposition 2 shows that there exists €, € (&7, €max)
such that R"(ep) = 14 g and V¥ () = 0. Thus R"(¢*) > 1+ g for €* € [}, Emax] by the
monotonicity of R" (¢*). It follows that W (¢*) increases with * € [g,, emax] because ¥ (£*)
is a product of three positive increasing functions on [ep, €max|. The intermediate value
theorem implies that there exists a unique cutoff €, € (ep, max) such that ¥ (g,) = s/y > 0.
Then we have R" (¢,) > R" (ep,) =1+ 9.

For ¢* € (g1,¢ep), we have R"(¢*) < R" (e,) = 1 + ¢g and thus ¥ (¢*) < 0. There cannot
exist a steady state with s/y > 0 by (43). Q.E.D.

PROOF OF PROPOSITION 5:. — As in the proof of Proposition 4, for a sufficiently small p > 0,
we only need to consider the region [g, emax] for the steady state investment cutoff. By
assumption, R" (¢;) < 1+ g. By the proof of Proposition 4, ¥ (¢*) is positive and increases
with €* € (e}, €max|. But ¥ (¢*) is negative for ¢* € (g,¢p,) . Moreover, ¥ (¢5) = ¥ (g;) = 0.
Let s be defined as in the proposition. By the intermediate value theorem, for any s/y €
(—s,0), there exist at least two steady-state cutoffs ¢ and e; with g; < e < ¢} < ¢j, such
that (43) holds. Q.E.D.
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APPENDIX B. DETRENDED EQUILIBRIUM SYSTEM

The model exhibits long-run growth. To find a steady state and to study the dynamics
around a steady state, we need to detrend the model around a long-run growth path. We
consider transformations of z; = X;/A; for any variable X; € {K;, D;, S, Y;, Wy, Cy,
I;}. For the marginal utility, we denote Ay = A;A;. Then the detrended system can be
summarized by the following 20 equations in 20 variables { Ry, k¢, Ry, qF, qb, €F, dy, 7, 11y,
P, T¢, T2, Ay, wi, Aty puts Nis Yt, ¢, ie}, where {R_1, Ay, d_1, k—1} and {zm¢, 274, Gat }
are given exogenously:

1) The capital return,
(B1) Ry = a (14 g) ¥ putk® N

2) Evolution of capital,

R _ €max
B2 (o= (1= 0k + (et R ks + Tt ) [ eare)

3) The nominal interest rate,

B A1 Ry I
B 1= (1 )
(B3) 1+g " N I Tl
4) Tobin’s Q,
(B4)
k B At ( I ) B Al g B o At
= Ei—R 1 —E,— 1-6 E,—— .
4 T+g a5 kt+1 |1+ @i +1+g a5 qpyq ( )+1+g a5 Gi1
5) Liquidity premium,
E€max
(B5) d= [ (d=-1)are)
€f
6) Investment cutoff,
(B6) e =1/qf.
7) Government budget constraint,
Ry 1 dy
(B7) L g — G+ de.

Ht 1—|—g
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8) Fiscal policy rule,

(B8) (7t = 7) [y = balde—1 — d) [y + 2r.

9) Monetary policy rule,

I\
(B9) By =R{ 4 exp(zmt)-
10) Pricing rule,
o IY
B10 L= L.
( ) Pt o—1T?
11) Numerator in the pricing rule,
a Ht+1 7 a
(B11) Y = Mpwtys + BEE: T g
12) Denominator in the pricing rule,
b Ht+1 ot b
(B12) I} = My + BEE, i Ty

13) Evolution of inflation,

(B13) 1=

14) Price dispersion,

(B14) Ar=1-8p; 7 +¢ <1-1;[t>_ Apg.

15) Labor demand,

(B15) we = (1= 0a)(L+9)"" puthiy (Ne) ™.

53
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16) Labor supply,
(B16)

17) Marginal utility,
(B17)

18) Aggregate output,

(B18)

19) Aggregate investment,

(B19)

20) Resource constraint,

(B20)

(1 + g)it = <(,u + Rkt) k;t—l +

MONTH YEAR

w _E
t >\t.
)\t = 1/Ct.

ye = A7 (L4 9) T Ry (V)T

R4

ct + it + Gar = Yy

For the real version of our model, we set py,y = 1—1/0, II; = Ay = 1, and R; = R] in the
above system and the detrended equilibrium system consists of 13 equations (B1)-(B7),
and (B15)-(B20) in 13 variables {R:, Ry, At, €5, aF, ¢k, wy, di, ke, Ni, ye, ct, it }.

APPENDIX C. STEADY-STATE SYSTEM

We study the nonstochastic steady state of the detrended system with s/y and II being
exogenously given. Define real interest rate as R = R/II. Let variables without time
subscripts denote their steady state values. By the steady-state version of (B13), we obtain
p* = 1. It then follows from (B14) that A = 1. Combining (B10), (B11), and (B12), we
have p, = 1 —1/0, I'* = p,,I'* = py,Ay/(1 — B¢). With w and X being eliminated by using
(B16) and (B17), and noting that z; = z, = 0, we obtain a steady-state system of 11
equations in 11 variables {R", Ry, €*, ¢*, d, k, N, y, c, i,q'} :

1) The capital return,

(C1)

Ri=(1—-1/0)a(1+g) @k INT
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2) Evolution of capital,

€max

(C2) (g+6)k = (4 + Ri) k + R™d) / cdP(e).

e*

3) Nominal interest rate,

(C3) - HﬁgR’" (1+4).
4) Tobin’s Q,
(C4) q" = 1_/ing (1 + ql) + 1;6;qu(1 —0)+ 1fguq’-
5) Liquidity premium,
(C5) ¢ = /Emax (qke - 1) dF(¢).
o
6) Investment cutoff,
(C6) e =1/¢".
7) Government budget constraint,
R d s
0 (F)is
8) Labor demand,
(C8) e=(1-1/o)(1—a)(1+g) k"N~

9) Aggregate output,

(C9) y=(1+g) "kNI""

10) Aggregate investment,

(C10) (1+g)i=[(u+ Re) k + R'd) (1 — F(e")).

55
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11) Resource constraint,

(C11) c+i+Gy=1y.

As discussed in Section II, the investment cutoff €* can be solved for by combining (C3),
(C4), (C5), (C6), and (CT7). Given the inflation target II, we obtain the nominal interest
rate R = R"(¢")I. By (C6), ¢* = 1/e*. By (C5), we derive ¢'. With R" = R"(&*),
Ry = Ry(e*) and R"d/k = ®(¢*), we can determine y/k from Ry, = (1 —1/0)(1 + g)ay/k
and d/k = ®(*)/R"(¢*). Noticing that equation (C10) pins down the value of i/k, we can
derive i/y = (i/k)/(y/k). Using the resource constraint and the exogenously given G, /y
by calibration, we obtain ¢/y = 1 — G,/y — i/y. Dividing (C8) over (C9) and reorganizing
yield the steady-state value of labor:

l—a , ,c
" /(;)-

Then by noting that Ry = Ry(c*) = (1 — 1/0)a(l + g)'72k* I N1=2 we can solve for k.
Combining with the ratios given above, we can then determine y, d, i, ¢, w, and s. Finally,
we have I'y = (1 = 1/0), = (1 — 1/0)(y/c) /(1 — BE).

N=(1-1/0)

APPENDIX D. LINEARIZED SYSTEM

Let &y = (¢ — )/ denote the log deviation from steady state for any variable z; except
for the surplus s; and public debt d;. For these two variables we consider level deviation
relative to output, d; = (d; — d) /y and 7, = (7 — 7) /y, instead of log deviation, because
d may be zero and 7 may be negative.

__ By standard linearization of the DNK model, we know the deviation of price dispersion
Ay is of second-order. Thus we ignore the law of motion for the price dispersion. Moreover,
the supply block can be summarized by the New-Keynesian Phillips curve. Hence, we can
further eliminate py, Ft , and Ft Then the linearized model can be summarized by a system
of 16 equatlons in 16 variables, Rkt, k:t, Rt, a, @, &, dt, T, Ht, Duwts wt, )\t, Nt, Ut, Ct,
and zt, where R_ 1, d_ 1, and % 1 are predetermined, and 2;¢, Zm¢, and Gat are exogenous
AR(1) processes:

1) The capital return,

(Dl) ékt = ﬁwt + (Oé - 1)7{3}71 + (1 — Oé)j\\ft.
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2) Evolution of capital,
(D2)

T T R"d * *\ 2k
(1 + g)k‘t :(1 — (S)k‘t_l - <M + Rk + k) 3 2f(€ )Et

r

% (Re— 1) +

*

Emax ~ ~
+ / edF (e) ((,LL + Ry)ki—1 + Ry Ryt +
€

Ry~
di—1 ).
;)

3) Nominal interest rate,

l

VI ¢ o
(D3) Ry — Eidlyyq = Ey <)\t - )\t+1> - ﬂEtQtH-
4) Tobin’s Q,
N = B Rp(l+4) . 5
(D4) Z]\f :Et <)\t+1 - )\t> + 1+ s qk EtRkt—i-l
B (n+Rd . B Ak
+ 1+g p Eq 1 + m(l — 0) gy
5) Liquidity premium,
(D5) ~ _ fsimax deﬂ*
= qlE* Et-
6) Investment cutoff,
(Do) oo gt
7) Government budget constraint,
-~ Ggx R" ~ R" d /~ ~
D7 Rt dy = —2Go + —diy + —— = (Ria — Thy)
(D7) ttde = "hat et t—1 t

8) Fiscal policy rule,

(D8) Ty = (bdgtfl + 27t



58

10)

11)

12)

13)

14)

15)

16)

AMERICAN ECONOMIC JOURNAL

Monetary policy rule,

(Dg) ﬁt = (z)wﬁt + Zme-

New-Keynesian Phillips curve,

(D10) Il; = BB L1 + Kpuwt,

where k = (1 —§)(1 — BE) /€.

Labor demand,

(D11) @t = Put + k1 — aNy.

Labor supply,

(D12) Dy = —Ai.

Marginal utility,

(D13) W

Aggregate output,

(D14) Ui = aky_1 + (1 — a)N;.

Aggregate investment,

(D15)
(1+ g)%@'\t =[1— F(e")] [(,u + Rk)/];t—l + RiRpy +

R"d
- (u—i—Rk—i- k )f(s*)e*é‘;f.

Resource constraint,

(D16)

R'd ~ R'd~

k

Ry — —1I +

k

MONTH YEAR

R"y

dy
L t—1
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APPENDIX E. ADDITIONAL RESULTS

In this appendix we present some additional results not reported in the main text. First,
Figure E1 shows the determinacy region for the steady state in which the interest rate is
higher than the economic growth rate. We set the long-run s/y = 4.45% and fix other
parameter values as in Table 1. The implied debt to GDP ratio is 120%.

Next we study welfare for different policy parameter mixes ¢q € [—0.2,0.2] and ¢, € [0, 3]
given adverse financial shocks as in Section IV. We consider parameter values in the set
such that the model admits a unique equilibrium. Figures E2, E3, and E4 present the
welfare losses in terms of the consumption equivalent relative to the steady state without
the financial shock for the equilibria around the three steady states, respectively. We find
that the welfare loss is the smallest when ¢4 = —0.2 and ¢, = 0 in regime F.

No
solution

1.5 Unique

r

0.5 :
Unique Indeterminate

B |

0 E1+g B
-0.005 0 0.005 0.01 0.015 0.02
®d

Figure E1. : Determinacy region for the steady state with R" > 1+ g.
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Welfare loss %

Figure E2. : Welfare loss in response to financial shocks under different policy mixes around
steady state L.

Welfare loss %

Figure E3. : Welfare loss in response to financial shocks under different policy mixes around
steady state H.
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Welfare loss %

Figure E4. : Welfare loss in response to financial shocks under different policy mixes around

the steady state with R" > 1+ g.
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APPENDIX F. THE STANDARD NEW KEYNESIAN BLOCK

Retailers are monopolistically competitive. Their role is to introduce nominal price
rigidities. In each period ¢ they buy intermediate goods from entrepreneurs at the real
price p,¢ and sell good j at the nominal price Pj;. Intermediate goods are transformed into
final goods according to the CES aggregator

1 o—1 o-1
Yt:[/ thadg} o> 1.
0

Thus retailers face demand given by

P\ "¢
(F1) th=<ﬁ) Y,

where the price index is given by
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Aggregating equation (F1) yields aggregate output equation (31).

To introduce price stickiness, we assume that each retailer is free to change its price in
any period only with probability 1—¢, following Calvo (1983). To introduce trend inflation,
we follow Erceg, Henderson and Levin (2000) and assume that whenever the retailer is not
allowed to reset its price, its price is automatically increased at the steady-state inflation
rate. The retailer selling good j chooses the nominal price P}, in period ¢ to maximize the
discounted present value of real profits
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subject to the demand curve
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where II denotes the steady-state inflation target. We use the household intertemporal
marginal rate of substitution as the stochastic discount factor because retailers must hand
in all profits to households who are the shareholders.
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The first-order condition gives the pricing rule

o B30 (B Arskpusn Py Yeun(ITF) 0
71 B (B Ak P ()= Yo

Pft =P'=

for all j. Let pf = P;*/P,. We can then write the pricing rule in a recursive form as follows
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It follows from (F2) and Calvo price setting that
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