Parallel Digital Currencies and Sticky Prices
ONLINE APPENDIX

By HARALD UHLIG AND TAOJUN XIE*

MATHEMATICAL DERIVATIONS FOR THE LINEARIZED NK MODEL
B1. Households

The lifetime utility of a representative household is given by:
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(B2) U(Ct,Lt,Nt) =

The marginal utility of consumption, liquidity, and labor:

(B3) ’U,C"t = Ct_a
(B4) up; = L;¢
(B5) un; = —Nyf.

The household’s budget constraint is
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The first-order conditions with respect to Ny, By, and L, are
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Upon log-linearization at the first order around the zero-inflation steady state,
the optimality conditions are expressed as:

(B10) wy = pnitoce
B1) o = Efen] (i~ Bufm]) + - (1 p2) =
g g
B8 -0 = 1250~ Blon]) - Bidmea] + ElAcien] - (1 p2) )

B2. Firms

The production function of firm ¢ that prices in currency j is
(B13) Yja(i) = AeNje(i)' 70
Recall that W; denotes the real wage. The real marginal cost of a firm in sector
7 is then given by
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where we have used Eq. (10) as well as C; = Y; and C(i) = Y;(4) in the last step.
The average real marginal cost of the economy
J
(B17) MCy =) / MG, (i) di
j=17Vi(®)
J N
W, _a E: P T—a
(B18) =y Z/ 220} di
T — [y P
(1 — a) At j=17"it

In order to log-linearize this equation when V;; = V; is independent of time,
examine first the term

an
11—«

J -
_ 5j7tPt(Z)) ,
Q= jz:; /VJ ( P, di

Log-linearization delivers
an

(B19)
g (S0 (B20) )= [ (BE0) T o
an qt - v, ]5 Pt = o v, P 7, Dt
Jj= Jj=
Likewise, log-linearizing the definition of the price index delivers
J =5\ 17

& P(i) N g

(B20) e = ; /V (JP> (ej + pi(d))di

Note now that

& P()
P

as all firms will choose the same price expressed in dollars at the steady state,
and that price therefore equals the general price index. Use this and (B20) in
(B19) to find that ¢t = 0. The log-linearized real marginal cost is therefore

=1

1

B21 - _
(B21) A

at

It follows that an individual firm’s real marginal cost and the average real marginal
cost, after log-linearization, are associated with the following equation:

. o .
(B22) mcy (i) = mey — % pe(3) + e — pi]
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The firm seeks to maximize real profits per its choice of the price P(i). With
flexible prices, the desired price Pi(i) = I:’j,t is chosen so as to equalize real
marginal revenue to real marginal cost, taking into account the demand function
(10) with C; =Y; and Cy(i) = Yi(q). ThlS leads to the markup equation

n—1& 4P,

B23
(B23) PR

= MCy(3)

where MCy(i) is evaluated at the price P;(i) = Pj;. The log-linearized desired
price is
(B24) Pjt = MCjy¢ + Pt — €j¢

where (from Eq. (B22))

o .
(B25) INC;j 4|4 = MCt — % [Djt + €jt — pi]

The desired price can be solved as

(B26) Pji = ©me; +pr — ey
where
l—a+an
B27 o= """
(B27) o

Note that the dollar-denominated desired price, p;; + e, is independent of cur-
rency choice. When prices are sticky, the log-linearized optimal price is

o

(B28) P}it = Z Et mct+é|t + Dite — €, t+€]
£=0

To simplify the equation, use Eq. (B22) to establish the relationship between the
optimizing firm’s real marginal cost with the economy’s average marginal cost:

arn *
1~ a [pj,t +€jt+e — Pt+€]

(B29) mMCyyp)p = MCtyg —
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Substitute into Eq. (B28) and simplify:

(B30)
Pjt = 05> (B6;) Ex [mct” Tl L R R
=0
(B31)
o0
(1=30;)> (B60;) B [©mcrir + pire — ejure — (1 — ©) pl/]
=0
(B32)
oo
=—(07'-1) Pis+ o '(1-p0; Z ) Ey [©mey s + proe — €j.t44]
=0
(B33)
o0
1-86,)> (8 [j.+¢]
=0

which can be written in a recursive form

(B34) P =BO;Ee [pj 0] + (1= B0;) b
The law of motion for inflation is derived using the sectoral price index

(B35)  pis—pje—1 = BO;E: D] 1 —pj] + (1= B6;) Dje — pjs—1+ B0 pjs
(B36) = BOE; [P} 41— pje] — (1= B65) (Dj — Pie) + it

From the identity p;; = 0pj—1+(1 — 6) P4 we have mjy = (1-0) (p;t — pj,t—l)-
The above equation becomes

(B37)  (1—=0)"mju = (1=0)"" BO;E: [mj1] — (1= B6;) (je — Bie) + e
Rearrange terms to obtain the law of motion for sectoral inflation
(B38) Tt = BE[mje01] — Aj (pje — Djie)

where p;; — pj is interpreted as the price markup.
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B3.  Equilbrium

The market clearing conditions for the goods and labor markets are
(B39) Y, = C
where the aggregate output is defined as

n—1

J
(B40) V= 30 ] Vi)'
j=17Vi
The labor market clears when
J
(B41) Ny=>_ / N;+(i)di
j=17Vi

Y, \ e
B42 = = D
(B42) (At ) !

n
EitPe(i T 1o . . . . . .
where D; = [Z}]:l I, (%ﬁ”) dz} is a version of price dispersion for a

multi-sector economy. The price dispersion is elaborated as

J __n_ . _.n_

S-tP-t 11—« Pt(l) 11—« .

B43 Dy = <J’ J’) / ( di
( ) ! Z Pt Vi ‘Pjvt

J=1 7
J n . —
5 T—a Pt(Z) tme
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]‘Z; ]7t ‘/j,t szt
J PR/
(B45) =D P/ Diy
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where D;; is the sectoral price dispersion

n
P(i)\ T-a
(B46) D, = / <t(z)> di
Vit Pj,t

J
n n

= P (i) Toa
By,
vinsi) \ P

J
n n

vi.ns@ \ Pt P

(B48) = v (1—6;) <P;t
J J P]
[ - n
S Pua()) 7%
+11 a/ ( 2 di
( P v insey \ P

(B47) =v; (1 -10;)

(B49) = Uj (1 - 93)

J
n
P*
j,t

T 1« _n_
(B50) = vj (1 — 0]) ]7> + QjHjlga -1

The labor market condition is linearized as

Yt — Q¢
B51 =
( ) i l-«a

Note that the price dispersion vanishes at the first order.

Bj4. Deriving the Sectoral NKPC

Combining (B10), (B21), (B51) and ¢; = y; yields

o+ +1
(B52) me; = <O‘—|— 1_z> Yt — f—aat
With that, (B26) delivers
- R a—+ @ p+1
(B53) Pjt —DPjt = Djz—© [<0+ 1_a)yt—1_aat}

The last equation eliminates the real wage using the household’s optimality con-
dition for the labor supply. Under flexible prices, p;; = Dj+, Pj+ = 0, and we
have

1
(B54) 0=-0 [<a+a+¢>y?—¢+aat]

l—«
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Solve Eq. (B54) for the natural level of output

(B55) yll = wya ag

Take the difference between Eqs. (B53) and (B54). The price markup is expressed
in terms of the output gap defined as y; = y; — yi:

. a+\ .
(B56) Pjt = Pjt = Pjt — O <U + 1_§> Ye

Substitute the price markup back into the law of motion for sectoral inflation.
The sectoral NKPC is derived as:

(B57) ¢ = BEL [T 1] + K5 9 — Aj Djt
B5.  Dynamic IS Curve

Using the market clearing condition y; = ¢;, one can rewrite the optimality
condition for government bonds as

! (it — Be[m]) + % (1= p2) 2t

2

(B58) Yt = Et[yt41]

Subtracting the flexible counterpart from B58 gives

- - 1.
(B59) Gt = Et[G141] — . (it — By[mea] — i)
where the natural rate of interest is a linear combination of exogenous shocks
(B60) ri = =0 (1= pa) Yyaar + (1 — pz) 2t

B6. NKPC in Non-Linear Form

The firm’s profit maximisation problem is expressed as

o0

Ejire P

(B61) max > 6E [Qt,t% []PWN Yo — Pire (Yjﬁ“)”
it =0

subject to the demand function

e PENT"
(B62) Yo = <]P]> Yite
t+/



VOL. VOLUME NO. ISSUE PARALLEL DIGITAL CURRENCIS (APPENDIX) 9

where W, (-) is the real total cost of production. The first-order condition for
price setting is

(B63)
> jiror  Prve MCj g Y gy
0;"Br | QueveEjve (1) Prve) | Vierae + Ply—or L = ” =0
% J [ J VB | VB 8Pj7t gj,t—l—[ 8Pj7t
which can be simplified to the following condition
(B64)
B\ Ejpre Py Pt A n Pjite
GZE o ( ) Cjt+l Y Js I, P _ MC. =0

Multiply both sides by PJ,
(B65)

o
> 0iE,
=0

t Prye b+

)

E; P \" P; . P;
¢ P t+ It t * n AL
BrCI < Jgj ) Yireg? , <Hj,tPj,t+£ -1 P, MCj,t+flt>] =0

EP?
where II7 , = P,Jt*t. Rearrange terms,
’ 7

Pjite

(B66) Z 0E,

& P, P
62 t+UKH* 1— n< 7 t+L t > }/t—i-l t

]7
Eit Py Pjtte

(B67) = Z 0E,
=0

E P,
¢ . - e Py
POt "( Ejt Pt+€) YHEU MG, t+€|t]

Substitute the expression for idiosyncratic marginal cost:

&; P\ Py -
(B68) H* 1+L ZeﬂEt BE t+£< g€ Lt ) J,t Pj7t+£Y;‘/+€

Eit P Pjiyy
(B69)
Eivir P -n P: R —ih
:n Ui ZefEt gt o ( g: Pt-:ﬁ) (P_i’jrzpj,tM) Y e MCypy
9 J’
which can be rewritten as
(B70) I e, = 14

]t ) ,)7_1 ’
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where
(B71) 2oy = C; 7Y, Py + BOE, H?,;il (P;;;&l) B 372,t+1]
7,t
and
(B72) Ti4= 0;01@15];% MC; + B0,E; Hfgl (iﬁ“) B :cl,m]
7t

The relative price follows

LI ¢

(B73) Pjy = Pji 0,

In the case of flexible prices, the desired price is given by

(BT74) By, — 1t (nMCt>®

B7.  Firm’s Lifetime Profit in Non-Linear Form

Iterate the value function:

(B75)

o0
_ l -
Vigle = i [Z 9th,t+6~j,t+1z|t]

=0

= E; Z 9th,t+eP7Yj,t+£|t
—0 t4-£

oo
—E [Z 05Qu1+MCj 404 Yo
/=0

The value function of the firm is therefore

(B76) Vit =Rjt = Cijs

)
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The revenue is given by

EjrreP;
(B77) 29 Q¢ t+€jP7+€]tht+£|t
=0
> Cire\ 7 & t+£P
(B78) = 2(59]')€< g ) ]P o Lavede
=0
> Ct_t,_( > g] t+fP <£j,t+fp >
B79 = 50 < Y,
(B79) ZZ;( ) Cy Py P e
> Ct+g -7 gj,t—&-fPTt e
B8O = 0,)" J Y,
(B30) S (G) (Faot) v
00 — 1—
Cri R N
BS1 = 9-’5< t*) <H*P J ) Y,
( ) g(ﬁ ]) Ct gt ]’H_ij,t-&-e t+4
(B82) _ Ly (86;)° Cr5 <P't i )1n1€ ¢
Ct—o' gt part J t+¢ Jt+ P] St +

Let Rj; = R I, 'C;77, then

(B83)
Ry =30 ) B | 05 (Puvsepit )
. ottt Y,
jit 2 t |Cr% NHP;‘,H@) t+e
(B84)
—o pl— Pjt o
=Cy 7P, "Yt+z (89;)" t+g< gtHPt’Jr > Yiie
(B85)
a1 P‘7t 1-n o© Y R P‘7 1 1-n
— o | (5 (86;)" Cry ( Pare 22
Jt+1 = Jit+L
(BS6)
_ —opl— ‘F)jvt e »)
= C77PLTY, + BO;E, Rjein
I Pj1i1
(B87)

= CTOPYy 4 BO;E [ Ry

11
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The discounted cost is

(BSS)
Cjt = Z 0 Qtt+0Y 040 MCj i1t
(B89) n
o . _ _on
= % 05 (Cg£> <H*tP Ao PPz’t ) ' Yite (H* Pt PPZ) o MGC;j1
(B90) 3 o
- Z 0 (ng> <H}‘-,t15j,t+z Pi’;) o Y eMCjhe
(B91)£:0 n
Cl —— 11, “Ta Z (B0, ) c o, (Pj,tu P]Z;)la Y1 eMCy g

=0
5 —ox T
Let Cjﬂg = j,tCt Hj,t17a> then

n

i R =
(B92) Cis = Z (89;)" Cr (pﬁMP it ) Yy MGy
=0 Jit+4
P\
(B93) = C’["P e “YiMC; + B0;E; (P ) Cjtt1
Jit+1
~ 1 ~
(B94) =C,° P YtMCt + B0;E; [ ]t—la—lcj’t+1:|

The steady states are

(B95) Vj=y="—- "2
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SOLUTIONS TO A TwWO-SECTOR ECONOMY
C1. AIAO

Since the exchange rate shock is the only exogenous variable in the equation
system, all endogenous variables can be expressed in terms of it:

(C1) Je = Vi Ney;  m =08 Ney; iy = " Aey.

ye Te

where 152, 7%, and ¢7?? are unknown coefficients to be determined. Because

E:Ae;11 = 0, the forecasts of the endogenous variables one period ahead are:
(C2) E¢[ft+1) = 0;  E¢[m1] = 0.

Substitute E¢[g+1] and E¢[m41] into the three-equation system, and use the Tay-
lor rule to substitute out the nominal interest rate in the dynamic IS curve. The
equation system reduces to:

(C3) g = =0 (Pame + byl
(04) Tt = Iigt + UAet

from which 7; and ¢; can be solved in terms of Ae;:

o VO
(05) Yt = —U+¢y +H¢WA€t
(C6) = MAe

o+ by + K

From the Taylor rule, the nominal interest rate is

A VODr
C7 = ——— Ae;.
(C7) " o+ ¢y + Kor “

Define Q = 0 + ¢, + k¢r. The coefficients are

(C8) pe' = —v6rQ,
(C9) w0 =0 (0 +¢y) 9D,
(C10) 90 — o P

The sectoral dynamics involve the bilateral relative price as a state variable.

aiao aiao . __ ,Jatao aiao
(C11) T = st-1 PR Aey;  mop = st—1 + Yne’ Aey.

, TS T1E 28 mT2€e
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The forecasts for the sectoral inflation are

aiao _, . __ _aiao
(C12) Eim 141 = sty Eymop1 = 5¢

18 T2 S8

From the dollar sector’s NKPC:

(C13) T = BB se + rG Aer + Avse
(C14) = (BUms® + Mv) s¢ + Ky Aey
(C15) = (BYE% + M) Os—1 + [(BYEY + M) 0 + kae] Aey

The last equation comes from the autoregressive representation of the bilateral
relative price. From comparison with the unknown coefficients:

(C16) ms = (BURE + ) 0
(C17) me = (BUmS + M) 0 + ry

The coefficients 17:%° and ¥2%° can be solved as:

(C18) me=v(l-0)
(C19) 2190 = 1 (1 — 0) — VEPN

By combining the terms with common coefficients, the dollar-sector inflation can
be rewritten as a function of the contemporary bilateral price and the exchange
rate shock:

(C20) Tt = U(le_e)st — v Ae;
(C21) =v(1—=0)si—1+v(1—0—KkpQ) Aey

The dollar-sector inflation is above its steady state if

(022) 1- 9 > K'Qber

(C23) 0+ + Kdr > T

(C24) a+¢y>¢w(1—ﬁ9)@<0+?f§>
(C25) (1-56)6 <a+ i‘jj) < “;j’y
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From Proposition 2, inflation in the non-dollar sector is

1-6
(C26) Mop =T = —5— St
(C27) = Mo(l_g)st — kO QAe;

The sectoral output gaps are derived from the demand functions:

(C28) Y1t = Yt +onse

(C29) = vnsy — vPrQAe;

(C30) = wunlsi—1 +v (Nl — Q) Aey
(C31) Gop =0t — (L —v)msy

(C32) = — (1 —v)ns — vPNAey

The contemporaneous response of the dollar-sector output gap depends on the
parameters. The sector produces above the natural level if

(C33) no > ¢

(C34) o+ Gy + Kby > ‘zg

(C35) (7719 - n> Or <0+ ¢y

(C36) 1710 k< “;ﬁby
C2. DIAO

The expected aggregate inflation in the dynamic IS curve is rewritten as:

(C37) E¢[mey1] = B [(1 — ) m1 41 + 0w 441]
(038) = Et [7T1,t+1 +wv (St—i-l — St)]
(039) = Et [7T17t+1] — vV (1 — 9) St

where the last equation follows from (46). The bilateral relative price s; can be
viewed as an exogenous autoregressive variable in a three-equation system; so all
endogenous variables can be written as functions of s;. Let 7 = wgéaost, and m 4 =
diaog, — Again, it follows from (46) that E4[fi11] = ¥%9°0s;, and Ei[my41] =

1S ys

@Z)ﬁﬁ,"ﬁst. Substitute these, together with the Taylor rule, into the dynamic IS
curve and the dollar-sector NKPC yields the following equation system for

diao
Ys
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and Wﬁ?:
diao __ diao

(040) (1 _/69) s — I ys + Av
(C41) (fr — O) V7Y = = [0 (1= 0) + ¢ ] 5 —v (1 - )
Define A = (1—/36)[0(1—9)1+¢y]+rs(¢ﬂ—9)‘ The solutions to the equation system are:
(C42) dia0 — —NvgrA

- 1-10
(c13) R ey

The response of dollar-sector inflation depends on the parameters. It is negative

if wﬁi‘;" < 0, and positive otherwise. Taking into account the expression of A, this

condition becomes:

(C44) (1=p0)[c(1—=0)+ ¢y + K (or —0) < KPr

(C45) (1—80)[o(1—0)+ ¢,] < Kb

(C46) Ao + (1—59)% <K
(k—MXo)b

(C47) ¢y < T

The dynamics of the nominal interest rate are obtained by substituting the solu-
tions to the output gap and dollar-sector inflation into the Taylor rule:

(C48) it = Orpl sy + Pylios,
(C49) =—v(k—A0) (1 —6)prAs;

Its response is negative if:

(C50) ko >\
-1
(C51) Ye <1 + "(O‘ﬂo)> > A
11—«
(C52) ;s 1Z91l-a
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Inflation in the non-dollar sector is obtained using Proposition 2:

1-46
(053) ot = Tt —

6
1-0
(C54) =-—g (1 — v+ vkdrA) sy

St

The aggregate inflation is the weighted sum of the sectoral inflation:

(C55) m = (1—v)m s+ vmey

(C56) = — 1 ; evm@r/\st + vAe;

(C57) =—(1-0)vkprAsi—1 +v [l — (1 —0) kprA] Aey
(C58)

The coefficient of the exchange rate shock is
(C59) V{0 (¢r —1) + (1= B0) [0 (1 =0)+ ¢y} A >0

The real interest rate is:

(C60) P = iy — By[mppa]
(C61) =—v(k—Ao)(1—0)pzAs; + ; VKO NOsy
(C62) =vAo (1 —0) prAs;

The sectoral output gap dynamics can be derived from the demand functions:

(C63) U1t = Gt +onsg = —v (ApzA — 1) s¢
(C64) Uop = — (L —v)nsy = — Mg A +n (1 —v)] s

For the dollar sector to produce above the natural level, n > A¢,A. Otherwise,
it produces below the natural level.
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C3. DIDO

Follow the same method as in the case of DTAO. Solutions to the three-equation
system are:

(C65) Ut = —Av <¢7T + % ¢y) A sy
(C66) Ty = ”(19_9) [1 K (% n 16—779%) A] 56
(C67) W= v (k—Xo)(1—0) <¢W+10_770¢y>A8t

From the IS curve, the real interest rate is positive:
5 On
(068) ’)"t:U)\O'(l*Q) ¢ﬂ+m¢y ASt

Inflation in the non-dollar sector is negative:

1-6

0
(C69) Mot = =g [1—v+vn (¢W+1_779¢y) A} st <0

Sectoral output gaps are given by:

(C70) Y1t = —v [)\ <q57r + % (by) A— 77} St

. 0
() e == v (64175 6,) At n(1 =) =
Aggregate inflation is:

(C72) T = —

H’UK, <¢7r+19779¢y> Asi+vAey

The coefficient of the exchange rate shock is
(C73) V{0 (¢r =1 —ngy) + (1= B6) [0 (1 —0) + ¢y]} A

whose sign depends on the parameters. In the case of a large elasticity of substi-
tution, the aggregate inflation response is negative.
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CURRENCY CHOICE: PRICING PROBABILITIES

In this section, we provide an analytical approximation to the probability of
currency choice. For the value function of the firm, we use

(D1) Vst =Z¢ (Pfs) + EtQuis1 (HjVj,s,tH +(1—-6;) HIJ?}X Vj',t+1,t+1>

rather than equation (85), i.e. we exclude the continuation value of the firm, in
case it can change its prices. l.e. for this appendix, we assume that firms are
“reborn” with a different owner. Thus, the continuation value for the old firm
owner, in the case of a price-setting opportunity, is zero. The calculations mostly
carry over to the version in equation (85).

Second order approximation to the currency choice around the logged desired
price is

(D2)

—_ e} ]5 2 K 15 2
" Vi =ppt ¢ [ px t+0 Sy * 40
Pri, — Pr; = — 4=t g et | Pz, — AN N
Jst J 9 Z’Y]/le t ; Qt,t+ j ( j,t 5j,t+£> ]/Zl Vg ( j’t gj’,t-{-ﬂ)

(D3)

—_ o) K
Vi Zpp,t - 2 5 - 2
= LBy | Y B |04 (05 + €jae — Prae)” — D Pl (05 + €jr e — Prre)
2> Vi = ji=1

A proposition from the baseline case of homogeneous price rigidity can be sum-
marized as follows, echoing a result in ?:

PROPOSITION 1: Assume homogeneous price rigidity in a two-sector economy.
Let v1 = 1, v2 = . The second-order approximation to the probability of pricing
in dollars is

1 ")/K (.%'t>

(D4) Pry: ~ s
1+7  (14+9)2W

where K(xy) = —épp(ﬁt | 2;) and Vy is the value function of a firm always using
the optimal flexible dollar price, both evaluated at the date-t optimal log flex price
Dt-

PROOF:

The proof and its logic are patterned after 7. For a two-sector economy, let
Vit
Vi ty Ve’

A first-order approximation around the flexible-price optimum Vi s = Vo v = Vs

v1 = 1, and 2 = «. The probability of pricing in dollars is Pr, =
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delivers
8PI‘t
8V1’t7t [Vit.6=Va,t:=Vt

1 Y
D — Vit —V
(D63 ey (1+7)2Vt( Lit = Vait)

(9Prt

Pr(D5y Pr+
Vot [V1,6,6=Va,t0=Vs

(Vl,t,t - ]}t) + <V2,t,t - f%)

“Telescope out,” i.e., iterate on (85) to obtain®

(D7) Vz’tﬂg = m*ax Et

Pt o

o0
D 0QuiniE (Ph2 + €241 th)]

=0

Consider the second-order approximation of the profit function around the log of
the flex-price optimum, i.e.

— = 1_ _
(D8) E(p| 1) = Epp + *::egrz(p - pt+l)2

2

where ftH = E(Pr+i1 | we41) is the profit at the optimal flexible price in t + I
and where =/, is the second derivative of Z(- | 2;1) at ps;. Note that the first
derivative is zero by virtue of the optimality of p;1;. Replace the profit function
in (D7) With the second-order approximation in (D8). Additionally assume that

EY.; = Ef + €141, where ¢4 is (approximately) independent of other sources of

randomness. Likewise, assume that Q4 = BY up to a term (approximately)
independent of other sources of randomness. We obtain

o

1_ R,
Z S+ 5 5= =) (P2 + €241 — Prt1)

=0

(Dg) VQ tt = max Et

t2

The first-order condition

(D10) 0=F,

o0
l~// ~
Z )'E¢ (P2 + €241 — Prti)
1=0

can be simplified to

(D11) P:J = Et[pi1 — 62,t+l]

when we assume that the right-hand side is (approximately) independent of I: we

IThere is only one exchange rate, which is the exchange rate of the second currency with respect to
the dollar. For notational consistency, we keep the subindex 2 on that exchange rate.
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shall do so. With that (D9) becomes

(D12)
B |> (B89)Erp
=0

For the dollar, the same calculation delivers a simpler expression, since there are
no exchange rate terms,

o0

_ 1 .
Z < Varyes,i1] — Cov(ea i1, Pr1) + 2Vart[pt+l]>

=0

Vot =

oo o
(D13) Vit = Z B0)'Zp| +Ef Z Val"t [De+1]
1=0 1=0

Plug (D12) and (D13) into (D6) and rewrite to obtain equation (D4).
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ADDITIONAL IMPULSE RESPONSES

MONTH YEAR
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FIGURE E1. IMPULSE RESPONSES TO A 25-BASIS-POINT MONETARY POLICY SHOCK.



