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1 UNIT ROOT SHOCKS AND SCALING OF
VARIABLES

e Shocks to labor-augmenting technology S} and to the inflation target 7} are a key fea-
ture of the model.

e To make the model stationary, this requires the following:
— All real variables must be rescaled by the level of technology S7.
— All nominal variables must be rescaled by the target price level P;.

e As we will do this rescaling throughout this Appendix rather than at the end, we present
these two processes first.

e Technology Shocks:

— In Levels:
Sf = qugt
9 = 9{" 9"
Ing!"=(1-p,)Ing+p,Ing/”, +&"
In gl = éiev
— Linearized:
9= 00" + g ()
9" = peGit + & 2)
9" =a" 3)
e Inflation Target Shocks:
— In Levels:
T, =T 15?*
— Linearized:
= e )



2 HOUSEHOLDS

2.1 Optimization Problem

e Indices for different heterogeneous agents in this paper:
— 1 for households.

— j for manufacturing firms.

— z for financial intermediaries.

e Objective Function for Household i:
00 141 AN 1—e
Mazx EO;[? {55(1 — g)log(Ht(i)) _ StLd}Ltl(szl; - i : (Mél)) } , where
Hi(i) = Cy(i) — al/tC’t,l (external habit) 1
ao=([ et s)" = ([ roe)
e Budget Constraint (multiplier = \.(2)/P,):
Bi(i) = i1 Be1(i) + My_1(i) — My(30)
Wi (i) Ly (i) + RFx K, (1) — Poa(wy) K, (i)
+ /01 0,0, j)dj + /01 I, (i, 2)dz — Pyrai)
—P,Cy(i) — PI,(i)S™

~p% k) (W) - i)z _plika <ft(i) _ i )2

2 K6 K 2 K() K
&, (Li(i) — )’

e Cost of deviating from “normal” labor supply of other households:
— Quadratic in the % deviation from “normal” labor supply %‘f (Ly(i) — Ly)* /L2,
— Proportional to the aggregate wage bill W, L.

e Capital Accumulation (multiplier = \;(7)q(7)):

Ky (i) = (1 — A)Kq(2) + (i)
— K;(i) is the (unscaled) capital stock.
— I,(4) is (unscaled) investment.



e Technical Notes:

(a) Linearization for any variable x around its steady state  uses the following nota-
tion: &; = (z; — Z)/Z. The exception is investment /;, where we use &; = (x; — ).

(b) Assume complete contingent claims markets for labor income and identical initial
endowments of capital, bonds and money. Then all FOC are the same except for
labor supply. Therefore drop subscript i except in the wage setting problem. The
latter is dealt with much later, after firm and intermediary price setting.

(c) All inflation and interest rates in our notation are gross rates.

2.2 First-Order Conditions

e FOC for B;:
A = Bl (At“)

Tt4+1

— Rescaled by technology (A, = \:SY) and by the inflation target (i, = i,/7},

Tl = Tep1 /M)
A = BiLE, <—/\t+1 >

419641541

— Linearization (remember that E2], , = 0):

Ao =i+ B (5\t+1 = Tl — §t+1> (5
e FOC for C;:
St(l - 5) — A
H,

— Rescaled by technology (H; = H,/SY):

S0,
H,
— Steady state:
(1—-v) <
_~ =)
H
— Linearization: R . “
Sy —Hy =\ ©



e Habit H,:

Ht = Ct - VCt_l
— Rescaled by technology (C; = C;/SY):
Ht = ét — Vct_l
gt
— Steady state:
( g)
— Linearization:
N 1 . L4 R X
thl_zot_1j2<ct_l_gt> (7
g g

e Capital Accumulation K;:

Ki=(1-A)Ky 1+ 14

— Rescaled by technology:
Kig, = (1- A)thl + 1
— Steady state: B B
I=@g+A-1)K
— Linearization:
Kg (Kt - flt) = (1—A)KK 1+ 1, (®)
e FOC for I;:

: I I I I 4
et mu 9 —_—— — 97, _—
qr = 5" + O V( K, K) V‘i‘ K, Kt1>
— Rescaled by technology (K = K;/S}, I = I,/S}):

| A [
_gimvgg (2 L) pp (2
o= ’“(Kt K) <Kt KH)

— Steady state:
B, = g (the inverse of the steady state gross real interest rate)
qg=1
— Linearization:
=0 O O (i) - M (- o) s o



e FOC for K;,4:

Mg = BEMa [ga(l— A) + 71721 — awr44)
1 I\ I 1 1 1
+9k<t—“——>t—“+9i< 1 __t>t_+1
Kiw K) K Ky Ki) K

O <It+1 _£>2_@ (Itﬂ _£>2
2 \ Ky K 2\ K1 K

— Rescaled by technology:

gy = Etgﬂj\tﬂ [ (1= A) + 78 @1 — a(wes)
141

I I\ I I L\ I
40, < iz N T) das! 1o, (vt_—&—l B T) das!
K K) Ky Kiyn K/ K

. =\ 2 - 22
_@(Itﬂ _i) _@(Itﬂ _i)
2 \K k) 2\K. K

— Steady state:

1—
7 = (r + A) = a/(z), where r = By
By
— Linearization (;,; terms cancel):
Mta = Bf A =g+ 8,(1 = D)o + B, + A)ik,, (10)

Bl o BT

+ o2 e e K
BOT /. o\ BOE . )
+ %2 (ItJrl - ]t> - ‘(}(2 (KtJrl - Kt)
e FOC for z;:
ry =d'(x)
— Steady state:
"
W)
a'(x)
— Linearization:

Ty = €y (11)

e Wage Setting: See below, after derivation of price setting.

(o))



3 FIRMS

3.1

Cost Minimization

e Production Functions:

e (j) = (SV6()) ™ ku(5)”

e Real Marginal Cost:
— Inlevels:

mcy =

(s)

Aw ™ (uy)”

, where A = a™%(1 — )~ (=%

— Rescaled by technology (w; = w;/S}):

— Linearized:

me; = Ay~ (ug)”

T/I:L\Ct = (1 — Oé)’UA)t + Oé’&t

(12)

e Input Demands for Aggregate Firm Sector (see next page for definitions of aggregate

variables):
— Inlevels:

6 = (1-a)X%y
Wy

mce -~
ke = a—Y;

Uy

— Rescaled by technology (Y; = Y; /S}):

— Linearized:

6= (1-a)=ty,
Wy
io= oGy,
Uy

by =mey — 0y + Yy

kt:@t—at‘f‘}/t

(13)

(14)



e Definitions used above:
— Labor:
*x Aggregate:

ﬁt:/ li(7)dj , where 4(j) = (/ Li(j,1) dz)
0 0

1
L) = [ L
0
« Varieties L;(j,4) supplied by households i, see above and also Section 5 on
household wage setting.
x Cost minimizing varieties demands:

Wi (i)

1 =660 () eretore 1,0 = ()

w

— Capital:
* Aggregate:

ok

1 1 o-k,1 ok—1
ks :/ ki(7)dj , where ki(j) = (/ ki (7, z)sz)
0 0

() = /0 k(G 2)dj

« Varieties k(j, z) supplied by intermediaries z, see below.
* Cost minimizing varieties demands:

ki(j: 2) = ki(7) (M> ’ , therefore k,(z) = k, (“t(2)>_0k

Uy Ut

« Equality between household supplied capital K; and aggregate firm demand
for capital k;:
K:]; y [A(t‘*—i't:]%t
— Output:
* Aggregate:

g L

(/ ' 1 op—1 op—1
}/;, = / yt<j>d] 5 while }/; = (/ yt(]) ot d])
0 0

x It is easy to show that:

>

Y=V,

~

t:

~



3.2 Profit Maximization

e Discounted real profits:
— Real revenue ”k()y k(j)

Z/ +k(J)-

— Real cost of dev1at1ng from ‘normal” output of other firms:

2
* Quadratic in the % deviation from “normal” output ¢ (y”"(y)+y”k)

t+k

— Real marginal cost 22

* Proportional to aggregate real output Yy, .
e Pricing policy of firm j that reoptimizes at ¢, choosing V; and v; (a gross inflation rate):

Pein(j) = Vi (v)"*
e Profit maximization:

Vi (v,)F . , D — Yieg)?
Max EtZ(55)k Ass i () Yern(G) — merntesn(G) — f(%%(]) t+k) st
Vi,ut =0 Pt+k 2 Yt+kz
‘ V v E\ “9t+k
Yeri(J) :Yt+k< ;3( 2 )
t+k

e Substitute constraints:

l1—0yyk B\ “Ottk
V, (v)" v, Y,
Ma:vEtZ (68)" Aisr (ﬂ) Yook — MCorn ( t (ve) ) Yirk — & e (J) — k)’

Vewor £ Py Py 2 Yiir

e Define terms:
— Front-loading term:

_V
Pt = j2)
— Inflation rescaled by the inflation target:
ﬁ-t = 7'('t/7'l';;<
— Cumulative aggregate rescaled inflation:
k
My = [ [ #ess fork > 1 (=1 fork = 0) (15)
j=1
— Cumulative aggregate rescaled inflation deviation:
k
Myp =Y g fork>1 (=0fork =0) (16)
j=1
— Mark-up:
He = o — 1



3.3 First-Order Conditions

Rescaled by technology, with 3,(j) = v:(j)/5S?.
Rescaled by the inflation target, with 0, = v, /7.
FOC for V;:

Et ZZO:O (56)]‘3 5\t+kgt+k(j)0t+k <mct+k + Qﬁ (%)) (17)
Dt = . Vk
B3 (68 M) (e — 1) ()

FOC w.r.t. v; (rescaled by technology):

E, ZZOZO (55)k k;\t+k?3t+k(j)0t+k (m0t+k + ¢ (M))

bt = : Yitk (18)
e kX kiieon (i (30)"
Ey o (68)" kAirliern(J) (0gn — 1) <m>

Rescaling by the inflation target - comments:

This takes the form of dividing all price levels by the target price level F;".

In the preceding formulas this only affects £, (1.”1?:, i.e. future firm-specific and

aggregate cumulative inflation rates have to be deflated by future cumulative target
inflation rates.

However, under unit roots all expected future quarterly target inflation rates are
simply equal to the current target rate.

In all forward-looking conditions like (17) and (18) we can therefore simply lin-
earize around the current inflation target ;.

Example: Our final conditions will contain expected inflation terms for periods ¢
and ¢t 4+ 1. For actual future inflation the correct definition is 7;1; = In(m; 1) —
In(7}, ;). Butit is ok to linearize around =} instead because only the expected
future inflation deviation enters the equations, and for this we have (up to an ap-
proximation error that disappears in linearization):

Byt = By (In(meg1) — In(m),,)) = By (In(mr41) — In(7))

The same is not true for backward-looking conditions. See Section 4 on “The
Price Index”.

10



3.4 Linearization

e Geometric distribution formulas:

(68)" k= —— (19)
kz_; (1—-3p)*
Z (68)F k? = M (20)
k=0 (1—98)
e Linearization of goods demand:
(61420) = Vi) = =5 (o + bt — L) @
e Linearization of markup:
/lt =0y — [La't (22)

3.4.1 Linearization for V,

e Rewrite (17):

pr(ores =D B Y 09 hiat) (L)

k=0

= FE, i (55)k 5\t+kgt+k(j)0t+k <m0t+k T é (M))
k=0

e Linearization of the common terms A3+ (j) cancels.

e Remaining terms are:
p oo L .
1 _t(w + B35, (55)k [k’Ut — Iy + M0t+k]

= B3 (56)’“ [ﬁl\ctﬂc + o (@Hk(]) - }A/;H’k) + 6t+k}

e Using (19), (21) and (22):

Pt __ 003 N 0 k[~ A .\, A
1= 55(1+¢N0) + = 55)2(1+¢/M) = EX2, (00) |:mct+k + (1 + ¢po) + Mt+k]
e Equivalently:
f)t @t(sﬁ k W/l\Ct+k + [’Lt—‘rk} ~
=EX2,(0 —— 11 23

11



3.4.2 Linearization for v,

Rewrite (18):

v,k
PeES 0 (68)" ki Gen () 0ok — 1) <(v ) )

IT s

= B3, (55)k k5‘t+kgt+k(j)0t+k (mch + ¢ (M

Ytk
Linearization of the common terms Ay, 7 x(j) cancels.

Applying (19) to the p;-term, the remaining terms are:

- o B
(12)—157555)2 +EX2, (08)" k []ﬂ)t — L + No't—i—k}

)

= E32, 08)" k [77/7'\616+k +on <?9t+k(j) - f/ﬂk) + &t+k]

Applying (21) and (22), and simplifying, we get:
P
(1—0p)
= EX2,(08) k [ﬁl\cwk + ey + (1 + ¢ﬂ5)]
Applying (20) to the v;-term and simplifying further, we get:
P03 n 00B(1 +4p)
(1-68)°  (1-3p)°

77/1\0t+k + ,&t+k
(1+ ¢pa)

— B, (56) k [

12

(14 ¢fia) + B2 (68)" k*6,(1 + ¢fio)

+ ﬂtyk}

(24)



3.5 Quasi-Differencing

3.5.1 Quasi-Differencing for V;-Equation (23)

e Rewrite (23) as:
) 003 = k[ MCr + gy | 2
+ ———=(1-908)E o —— +1I 25
e gy = 009 B 09| Tt 25)
e For future reference, lead this by one period and multiply by (1 — §53):
(1—-48) Etﬁtﬂ + 0B E D111 (26)
mct+1+k + Iu’t+1—|—k: > ~
= (1-4p) 68" + 11
B)° kZ B 1+ om0) ,; L

Note the following for Ht+1,k::l
M1 = Ofork=0, (27)
= Myeo fork=1
= 7%,5_;'_2 + ...+ ﬁ-t_i'_k_i'_l for k:2,3,4,...

Write out terms in (25):
0003
(1-008)
me: + [y My + flyyy | o (MCria+ g . .
—— 4+ (0 — ) 2 T P42
"1+ ouo) +(98) ( (1+¢[L—) +7Tt+1) + (08) < (L + o10) + T +7Tt+2)

MCit3 + [ . R .
—s TSy Tpp1 + Tipo + T3 | + .o

+(88)°" ( —
T
e Multiply the last equation by /3, and lead by one period:

(68)°
(1-4p)
E, | (58) MCiy1 + fly n (5/3)2 MCii2 + flyyo e

t (1+ ¢pio) (I+opo) "

mc + . ~
+ (55)3 ((f—’——i—gﬁ/t;g + Mo + 7Tt+3) + ... :|

Pt + = (1-08)*

BEpri1 + By = (1-68)*

L The first line shows why for the last term in the previous equation we can let the subscript

run from 1 instead of 0.

13



Deduct the last equation from the preceding one:

R R 0 R R
[pe — 6BEipri1] + ﬁ [0 — 0B Ey14]
meg + [ .
—(1-68) ﬁ + B (084 (68 ++(68)° + ...)
Equivalently:
. . R 0 . . .
[Pt — Eiprr + (1 — 08) Eypria] + (1_—555) [0 — Eyy1 + (1 — 03) Eypya]
mee + 1 .
=(1-08) 7(1 _: qb;j:) + 0B ETt 11
Equivalently:
R . d . R
[pt - Etthrl] + (1_—656) [Ut - EtUtJrl]
me; + [ . R .
= (1-6p) ((1%@;:) - Etpt—l-l) + 0B (B — Eypya)
Equivalently:
. . 0 . .
{Etptﬂ - pt] + ﬁ [Et’UtH - Ut]
meg + [ R R R
= —(1-0p) (OJ:—QM/:) - Etpt+1) + 68 (Eitry1 — Eiftin)
Equivalently:
R . J . .
OBEpry1 — P + ﬁ [EyDe i1 — D¢
L ) )
= —(1-4p) (%) + 0B E 11 — 6B E 11

14
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3.5.2  Quasi-Differencing for v;,-Equation (24)
e Rewrite (24) as:

C L (1408) . (1=08) O s {@% i o }
= E, 08) k| —————=+11
ST ) L tZ;(ﬁ) L+opo)
e Write out terms:
o (146B). [(1=06B)°
P AT\ )"
mes. 1 + [ . MCyo + [ . .
E; [(55) (aﬂi—@]lg;l + 7Tt+1> +2(58)? (@Hj—¢;;)+2 + M1 + 7Tt+2)
Meiis + [ R . .
+3 (55)3 (Jj—()ﬁ + M1 + T2 + 7Tt+3) + }
e Multiply the last equation by ¢/, and lead by one period:
X SB(1+08) . 1—083)?
OBEpry1 + %E}’Utﬂ = (% *
o [(MCrya + [l . 5 (M3 + flyys | . ~
Et ((56) (1-1-—¢Ia§) + Tt42 + 2 ((56) (1-1-—¢pﬁ) + T42 + T¢t+3 + ..
e Deduct the last equation from the preceding one:
. . 1+66) . ) 1-08)
[pt - 66Etpt+l] + ﬁ [Ut - 55Etvt+1] = (%) *
Meis1 + [ MCryo + [! X MCii3 + [1 R .

+e1 (08 +2(68)° +3(38)° +...)]
e Use (19) for the final term:

2
Bt (“ ) ) (08 +2(68)* +3(68)° + ...) = Eiftea

op
o Simplify:
. . 1400) .. . A
[pr — OBEpyi1] + % [0 — 0BE U1 1] = Eyfryyq + ((1 _ 55)2) .
M1 + g MCiyo + fliye . o (MCiis+ i3 . .

15



Rewrite:

[Pe — 0B EPyy1] + El - ggi [0r = 0BEyiy41] = Eyrpa + (1 - 55)2) *
B3 (08) Tt Psick | g [(58) 2,1y + (08)° (Froa + Fria) + ]
(1 + 970)

The final term can be rewritten using (27):

Ey [(08) 7tesz + (08) (Feye + Teys) Z B)* M1
k=1
Then we have:
. . 1+9
[P — 0BEPyy1] + E 52; [0 — 6B E 01| =
- 2 S R MGk + i | N 2
Eite + (1= 068)°) B, ; (65) 1+ ono) + ; )" Ty
Now we can replace the right-hand side using (26):
. . 1+90
(Dt — 0B Epria] + El — 52; [0 — 0B E041]

= B+ (1= 008) Exprer + 0BE 041
Further simplification:
. . . 1+48) . . .
[Pt — Eipryr + (1 = 08) Eyprya] + 21_752; [0t — Eylpy1 + (1 — 08) By 4]

= By + (1= 68) Epr + 08E 01
Cancel terms:

R . 1+00) .. .
[pt - Etpt+1] + ﬁ [U EtUtJrl]
= 7ty — B
Equivalently:
. . 1+6 .
[Etpt—H - pt] + ﬁ [Etvt+1 - Ut]
= B — Byt
Equivalently:

(14+65)

1=08) [EvO41 — 0]

Eipry1 = pr + By — Eyreyq —

16
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Equivalently:

. . —20 . . 149P3) .
Eipiy1 — Dy = ﬁﬂ:vml — By + ﬁvt (30)
3.5.3 Combine (28) and (29)
(28) for ease of reference:
R R 0 R R
OBEPri1 — pr + ﬁ [Eidiq — 4
e ) )
= - (1 - 55) (%) + 55Etvt+1 - 55Et7Tt+1
Plug in (29):
) . . ) . .
op [Pt + By — Byt — % (B 1 — Uy
R 0 R X
—b 1(1_—655) [Eies1 — B
mey + i . .
=—(1-48) (ﬁ) + 08B0 y1 — 0B E i1
Equivalently:
R R . 0 . X
(08 = 1) pr + 0BE D41 — OBE 41 + (1_—% (1 —=1-08) (Eib1 — Br)
me; + [ ) R
=—(1-98) (%) + 0B E 01 — 0B E T4
Cancel terms and multiply by —1:
N ;) RO
(1—468)pe + % (Eidpq — ;)
o
Simplify further:
OB g iy = (1—op) (Pt
[ —op) Bl =) = =00 s

Preliminary difference equation for v,:

) ) 1—68)° [ mec+f, .
(Etvt+1 —Ut) = ( (56)@ ( e +,u_) —pt)

1)

17



4 THE PRICE INDEX

4.1 Formula for the Index

e Price Level:
1

(1 — 5) Z 0° [Vt—s(vt—s)s]lml -

P, =

e Deflate by current target price level P and write out terms (P, = P,/ Py, V, = V;/ Py):

1—o¢
()7 = = o e - (L)

t

3 02 (1—04) 5 V3 (1-0o1)
+(1 = 8)8%V, (t—Q) + (1= 0)8 V15 (—“” > T
1

%,k %, % *
Ty T 1T 2

e Divide by P,_1:
1—0o¢ ~ 1—0¢ ~ 1—0o¢
(7o) - eE) (5
P4 P, P
¥ 1-0o¢ l1—0o¢
+(1—6) <Vfl) (“t*l)
Py Ty
~ 1—0o¢ ~ 1—0o¢ —0o¢
- (B2) 7 (B2) (22 )
P P M
~ 1—0¢ ~ —0ot ~ 1—0o¢ —0ot
e () () () ()
P P P T 1Mo
e Use P, / B =i = :—Z (this is the deviation of gross inflation from its target):
(@) = =8 () " (7)
1—0o¢
+(1=0)6 (prr)™ (Ut—_*l>

Ty

) - 1 1-0y U1;2 9 (1—-0v)
+(1—=6)6" (pr—2) (E) (ﬁ)
- tht—1

. 1 1—0y 1 1—0¢ Ug_ (1—0¢)
e () () (e )
7Tt72 7Tt71 7Tt7Tt_17Tt_2

18




e Divide through by (7,)" "
L= (1ot

1—o¢
+1 oy (1)

*
tT¢

9 1—o¢
oo ()

hd * *
ﬂ-t—lﬂ-tﬂ-t—lﬂ-t

3 l1—0¢
+(1 = 6)8*pl=g < (v:-3) ) + ..

ﬁt,gfrt,lﬁtm’{_ﬂﬁ_lﬂ;‘
o Letd, 1 = v_y1/7m;_,, the deviation of firm-specific gross inflation from the inflation
target, and use 7} /77 | = €T :
1 = (1=0p (32)
D 1—0o¢
+(1 = 8)oply | =%
( )Op; 3 oem

1€t
L2 1=oy
Ve
1 - iy [ — 2l
7Tt717rt (Etfl) gt
(#1-3)°

1—0¢
+ ..
oM 1T¢ (5?i2)3 (5f—*1)2 Ef*>

+(1 - 6)0°p; 5" (

4.2 Linearize (32)
e Linearize:
0 = (1_6)<1_0t)ﬁt

—|—(]_ — (S) (]_ - O't) 0 (ﬁt—l + ”lA)t_l - ’ﬁ't - é? )

—|—(1 — (5) (1 — O't) (52 (ﬁt,Q + 27}1‘/,2 - 7ATt,1 — 7ATt - 2égj1 - é;r*)

+(1=6) (1 — 04) 6 (Prs + 3by—g — Frpo — yu1 — Ty — 387 5 — 287 | — &7 ) + ...
e (Cancel terms and bring 7; onto left-hand side:

A (0482 +06°+.) =P+ 0 (Pro1 + 001 — &7 )

2/~ ~ A am* A 3 /A N A o AT Agt*
+5 (pt_g + 2Ut_2 — TM—1 — 2615—1 — & )+5 (pt—3 + 3Ut—3 — M_g — M1 — 3615—2 — 2615—1

19
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e Equivalently:
1-9
o

~

Tt =

pit(1—96) (ﬁt—l + 01 — éf)+(1 —0)0 (ﬁt—2 + 209 — 1 — 25?_*1 - éf)

+ (1 — 6) 82 (Prog + 30p—g — Fpmg — frp1 — 357 5 — 2867 — &) + ...

4.3 Quasi-Differencing
e Lag the last equation and multiply by 9:
51 = (1= 0)Pro1+ (1= 6) 6 (Pros + 10 — &) 1)
+ (1= 6) 6 (Pros + 20,-3 — Frp_o — 287 5 — &7 1) + ...
e Deduct the last equation from the preceding one:

~ ~ 1 - 5 ~ ~ N ~ ~ AT ATT*
Ty — 57Tt—1 = 5 D + (]_ — (S) (Ut—l — & ) + (1 — 5) ) (Ut_g — Tt — &1 — & )

*

+(1—46)0° (5 — T — &[5 — CHRES éf*) T
e Equivalently:

R N 1 - 6 N N A ATt A ~ATt* Ar*
T — 57Tt_1 = 5 Pt — 57'('75_1 + (1 — 5) (Ut—l — & ) + (]. — 5) ) (Ut_g — &1 — & )

F(1=06)0 (g —2f 5 — &7 — &7 ) + ...

e Equivalently:

1—-6 . . .
o= ——he+ (1=0) (01 = &) + (1= 0)0 (b0 — &7, = &)

+(1—0)8% (Brg — &), — &1 — &7 ) + ...
e We finally obtain the key expression discussed at some length in the paper:

) 1-5. -
Ty = 5 ¢ + Uy (33)

B = (1= 8) (Broy — &7 )+ (L= 0)8 (Bra — 277y — &7 )+ (1 = 8) 8 (Brms — £7° — &4 — 7 )+
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4.4 The Auxiliary Variable @Abt
Lag the last equation and multiply by ¢:

*

0y = (1= 0)8 (D0 — &5 1) + (1 — 0)82 (D43 — &7 5 — EF1) + ...

Deduct the last equation from the preceding one:

Uy =0ty + (1= 8)bp1 — &7 (34)
Also, for future reference:
(Btbis =) = (1= )i = (1= 8) &y (35)

Finally we will also be able to use (33) to substitute p, out of equation (31):

b= 2 (7= 1) (36)

4.5 More Intuition for (34)

Assume that we incorrectly linearize (32) around the period ¢ inflation target 7; regard-
less of the time subscript of the variables. We get the following, after changing notation
to distinguish this linearization from (34):

by = 0y + (1 —8)5 (37)

Note that for v;_; we have (the same holds for 1/1::)

—_

U1 = In(ve—1) —In(7}) , while
-1 = In(vy_q1) — In(7;_4)

This implies that (again similarly for qﬁ/t:)

— A~

V-1 = Ut—1 — éf
Also L
Yy =1y
Substituting the foregoing into (37) we obtain (34):
Uy =60y + (1= 8)ip 1 — &
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5 FINAL INFLATION DYNAMICS

5.1 Final Equation for 0,
e Equation (31) reproduced for ease of reference:

o =g metpy
(Btbrar = 8) = (58)? ((1 +ono) pt)

e Plug (36) into this:

(1-68)° & {b_(l—aﬁ)? 6 . (1=08)" meu+ i
(68 1—0' (68 1-6"" (68 (1+¢po)

(38)

Byt =0 +

5.2 Final Equation for 7,

Deduct (33) from its once led version to get:

. R 1-96 . . - 5
(Eiftipr — ) = 5 (Eipre1 — pr) + (Etwt—kl - wt)

To substitute for the first term on the right-hand side, use (30), which we reproduce

here: 258 (1+85)
A . — N . + N
Eipri1 —pr = mEtvt+l — Eymten + mvt
To substitute for the second term on the right-hand side, use (35), which we reproduce
here:

(Bbia =) = (1= 0)in — (1= 0) &
Substitute:

(Etﬁt+1 - ﬁt) = (1 - 5)@ - (1 - 5) @Z’t

1-6[ =20 Ay
o [(1 _ 566) By — Byt + %@t}

e Equivalently:

. 1-6\ . 1-6 258 1—6(1+0p) ) .
Et7Tt+1 <1 + T) = T¢— R mEﬂJH_l‘f“(T (1 — 55) + (1 - 5)) ’Ut—(l — 5) ZZ)t
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e Simplify and substitute from (38) for F;v;:

.1 1—6(146p) A .
Etﬂ—t+1g_7rt (T(l—(gﬁ)+(1_6))Ut_<1_6)¢t
(1-6 208 | (1-0p) 6 {p_(l—aﬁ)? 6 ., (1L=08)" e+ i
o (@1=0B) | T B 1-0 ' (B 1-0 ' (68)° (1+0pu0)

e Equivalently:

1 2(1-358)\ . [1-6(1+68) -5 258
E””“S‘”t(” 9) )”f(Tu—am”1‘5)‘7(1—55))
(20-488) )_1—52(1—66)77/1\0t+ﬂt
wt( G T TSGR U eno)

e Equivalently:

.1 [(ép+2-208 (1= (1+08—2p)
Et7Tt+1——7Tt<T>+Ut( 5 (1 —08)

5 +(1—5)>

3 (2—255+55—525> C1=02(1-68) me+ iy
t op 0 (68)  (1+ ¢uo)

e Equivalently:

1 (2-68\ . ((1=08)(1+9)
Em“g_“( 55 )”t (f)

g (A8 E) _A-a2o ) Mt
T 560 1+ o)

e Equivalently:

Bty =y <% —5) +0,((1=0)(1+9)) (39)
R 2 20-6)(1=468) ,_— .
vé (o0 - 2) - Fa . (e
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6 THE CALVO-YUN CASE

6.1 Profit Maximization

e Pricing policy of firm j that reoptimizes at ¢, choosing V; and indexing to 7} (the current
inflation target):
Prii(j) = Vill,
e Define additional terms:
— Cumulative inflation targets:

k
117, EH?T;_J- fork>1 (=1fork=0)
j=1

— Cumulative lagged aggregate inflation deviation:

k
I, =Y #j,, fork>1 (=0fork =0)
j=1
e Profit maximization:
thfk ? (yt+k(j) - Y;H—k:)Q

, S.t.

k
Maz By (08)" A

k=0

Tﬂt,k yt+k:(]) - m0t+kzyt+k(]) 9 Yiir

. VAL 77tk
Yerr(J) = Yigr ( t’k>

BIL

e Substitute constraints:

S Villj o VI T 6 (i) — Vi)’
MazE S k A t.k V.. _ tk v, -2 t+k\J t+
t%f t;( 5) t+k (Pth,k t+k — MCitk Pth t+k 5 Yier

e FOC for V,, normalized by inflation target:

E, ZZOZO (55)k 5\t+kgt+k(j)0t+k: <mCt+k + ¢ (%))

pr = .
Eid o 0B)* Neriern(G) (e — 1) (ﬁ)

e Linearization of goods demand:

<yt+k() Y;t+k> = (pt ﬂtk)

(40)
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Rewrite (40):

PES 69) Seatinon - 1) (-

Pt IT;

3 Y,
Z (68) M riesk () Ttk (mct+k +¢ (M))
Yitk

Linearization of (40):

i SO
—— L IT
25~ B (09 T

= L Z (56) [mct—kk + ,ut+k + op (yt+k( ) }/t+k):|

e Equivalently:
BB S 0 T - 1Y oy e )
A S A o (1 + ono)
e Equivalently:
D - Mok + flig) |
pu— H
5 kz:: [ At ome)
e (Quasi-Differencing:
R A me; +
Pr — 08Epri1 = (1 —6P) [(;—qﬁlj;)] + 0BE 111 (41)

6.2 The Price Index

Price Level:

1_ Z(SS‘/;S tsslgtllat

e Deflate by current target price level P;* and write out terms (P, = P,/ Py, V, = V;/ P}):

(B) 77 = (1= OV 4 (1= 00V + (1= )82V + (1 — 05V + ..
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e Divide by P

1—0¢ > 1—0oy 1—0y
7o) - o) (5
B4 B B4

o Use B,/P =7, = It
t

(7)™ = (1=0)(p) " (7)™
+(1 = 6)8 (p_g) ™

(1= 6)82 (ppa) ™" (L>lat

T—1

1 I—O't 1 1—0’t
(1 - 0)8 (po (_) ( ) ;.
O e e I G

e Divide through by (7,)' 7"
U= -k

1 1—0¢
+a -0t (£)

t

1 1—0y
(18 ( )

T—1T¢

1 1—0o¢
+(1—0)8°p, 5" <—) T

T—9Tt—17
e Linearize:
0=pr+ 6 (Pro1 — 1) + 0% (Proo — Fem1 — 1) +0° (Prog — Fpma — Feg — e) + ...
e (Cancel terms and bring 7; onto left-hand side:
Ty (5 + 6%+ 6% + ) = Py + 0pr_1 + 67 (Dr—2 — T—1) + &° (Dr—g — Mo — 1) + ...
e Equivalently:
. 1-9

Ty = (5

Pet+(1=0)pr1+(1 —0)0 (Pr2 — T—1) +(1 = 9) 5 (Dr—g — T2 — 1)+ ...
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Lag the last equation and multiply by ¢:
0fti1 = (1= 0) Pro1 + (1 = 6) 6pr—2 + (1 — 6) 6% (Pr3 — #ry—2) +
Deduct the last equation from the preceding one:

__1-5
i =~ 42)

6.3 Final Inflation Dynamics
Plug (42) into (41):

o
1—-9
Simplify:

mce + ,lALt

(1 + ¢po)

. ) . .
Ty — 5ﬁmEt7Tt+1 = (1—-4p) l 1 + BB

(43)

o 8B+ L0 [T

o (1+ ¢po)
This is the New Keynesian Phillips Curve for the Calvo-Yun case, which replaces the
three equation pricing block of the optimal indexation system.
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7 RIGIDITIES IN FINANCIAL INTERMEDIATION

7.1 Market Structure and Intermediation Demand

e Intermediaries z:

— Competitive in their input market, renting capital K, from households at rental rate

k
Ty,

— Monopolistically competitive in their output market, lending capital varieties k;(2)
to firms at rental rates u;(z).

e Firms j:
— Need all varieties of intermediated capital, because they must use the composite:

1 k1 UZ_]il 1 ok 1 UZ_:
ki(5) = (/ (kt(j,2)) & dz) , therefore k; = (/ (ke(z)) oF dz)
0 0

— Cost minimization yields demands:

ki(2) = K (“t(z))_a

Uy

— The overall user cost to firms is:

"y — ( /0 () dz)_

7.2  Optimization Problem

e Profit Maximization:

- i i Fevi(2) = By 2
MamEt Z ((SkB) >\t+i ‘/tk (Uf) kt—l—i('z) — Tf+ikt+i(2) — @ut—&—i( s ( ) s ) s.t.
Vtkﬂ)f 0 2 kt—‘ri
_ok
UL\ =2

— Cost of deviating from “normal” activity level of other intermediaries: ,
* Quadratic in the % deviation from “normal” intermediation activity % Mﬁ%
t4i

* Proportional to aggregate intermediation revenue w4 ;K4 ;.
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e Define terms:
— Front loading term: pf = V¥ /u;.

Gross intermediation spread: s; = u;/ rf.

Gross rate of change of user cost: 7r,’f = uy/u;—1, with cumulative rate of change
IT};, as in (15).

Mark-up: y;, = o*/(c* — 1) (assumed not time-varying).

7.3  First-Order Conditions
e First-order conditions rescaled by technology (k:(z) = ki(z)/SY).

— FOC for Vi
k - ix . (’Uf)z
i Ey Z (0k58)" Mevikiri(2)Usrs W
1=0 9
00 AR y 1 ]% (2 —]v{ i
= PJk:EtZ (0k8)" Atgiborsi(2)usr { + ¢, (M)]
= i Kiti
— FOC for v}
Pt E: i (01B)" iMgikiss (2) s (Lk)l
t i=0 Hf,i
(e o] 7 -\ b 1 k ; 2) — k ’L
= MkEtZ((Sk:ﬁ) ZAt+ikt+i(Z)ut+i {_ + ¢k (M)}
- e Fre

e The linearized FOC for this problem are exactly analogous to those for firm price set-
ting, with three modifications:

— The term mc; is replaced with —3;.
— The mark-up p,, is assumed to not be time-varying.

— The user cost of capital and return to capital are real returns rather than nominal
price levels, therefore the unit root in the inflation target has no effect on the inertial
component of pricing.
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7.4 Final User Cost Dynamics

~k ~k N
Uy = 0kthy_y + (1 — 0k)0) 4 (44)

g (=8B 0 sk (=B 6 . (L=6B)° &
Ewp =0 + (5k5)2 1_5k¢t (5k5)2 1_ 5k7ft (5k5)2 (1+¢kﬂk6(2)5)

Bty = i %—@)+ﬁ«rwwu+m» (46)
» 2\ 2(1—6) (1—645) .
Su(1+6,) — = .
T ( e(1+0%) 5) * (0x8) (1 + @411 0k)
Uy = U1 + ﬁf 47)
8 = Ty — 77 (48)
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8 HOUSEHOLD WAGE SETTING

8.1 Utility Maximization

e Wage setting policy of a worker 7 that reoptimizes at ¢, choosing V,* and v;" (a gross
wage inflation rate):

Win(i) = V" (o)
e Define terms:
— Front-loading term:

T
Py =
t
— Real wage:
Wi
Wy = —
R

Wage inflation rates re-scaled by the inflation target, with 7} = 7}’ /7.

Cumulative aggregate rescaled wage inflation:
Iy, =TI 7y fork > 1 (= 1fork =0)
Cumulative aggregate rescaled wage inflation deviation:

ﬂéuk =Yk 7y, fork >1 (=0fork=0)

e Utility maximization - relevant part of the problem:

= Lyk(i) Ve (o) W
M E§j5w’“—sL(t+’“—A bt L
Vt“”,%t% tk_o( ) [ PS5, 1_'_% + Atk Wir P 1+ (1)
A\ Gw Wik (Liyn (i) — lesr)?
A2 , sl
2 Py Cerr,

) Vv (pw)k o
i (52
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8.2 First-Order Conditions

Real wage rescaled by technology, with w; = w;/S}.
Firm specific wage inflation rescaled by the inflation target 0" = v}" /7}.

— By the unit root property we can ignore future changes in the inflation target (see
discussion above for firms):

Bty = Ei (ln (U#}Fk) - hl(”ﬁk)) = E (ln (”Zﬂk) - ln(ﬂf))
FOC for V,*:

[ee] - k .
{ N w w (0 y w [ Liri(i) =4
Ey Z (5w5)k Ati Ltk (2) (wt+k (Ut+k - 1) Dy (&) — Wit k04, (M)>

Tw
k=0 Ht,k i

By (3uB)* Yot Stis (Lee(i) (49)

k=0
FOC w.r.t. v;":

oo

~w\k N
B3 (0uB) FvsiLusa () (w (ot~ ) e L o (u))

t B w
k=0 Ht,k €t+k

oo

By (0u8)" kot oSEy (Lua(i) (50)

k=0

32



8.3 Linearization

8.3.1 Linearization for V"

e First step:

E, Z (0,B)" [5‘t+k: + Loyn (i) + pn + (15?} + kv’ — ﬂ}ka)}
=0
> R A 1\ = ‘ (s . -
=E Z (6.,0)" [ﬂﬁk +She+ <1 + ;) Lk (i) + Gyl (Lt+k(l) — £t+k)1
=0

e Linearization of labor demand:
<it+k(i) — ét+k:> = =0y <ﬁf:u + kv’ — ﬂfk)
e Marginal rate of substitution:
— MRS in levels:

2=

L L.(3
mirs; = Sy 7vb)\t(z)
t

— Log-linearized:
— ]- T . A N
mrs, = —Ly(i) + SF — N
Y
— Combine with the expression for labor demand (note that, for contemporaneous
terms, k = 0):
Ow

ﬂ/lﬁt:—ét——pt _"S’tL—S\t
Y Y

e Combine the above:

= . . ~ = TSk — Witk + ﬂﬁrk)
B3 (0uB) (B4 ko =TI ) = B (6 !
t 2 (6wB)" (P + KO} t.k t 2 (6wi) (1 + bulinow)

e Apply formulas (19) and (20):
Dy 003 = p | (M8, — Won + 1) -
+ =F 0w/3 —— + 11’ (51)
1-— 5w6 (1 — 5w/6>2 ' ; ( ) [ (1 + ¢wﬂw0w> bk
e With the appropriate change in notation this is exactly identical to equation (23) for
price setting, after replacing (¢, .k + iy y,) / (1 + ¢fa) with (mrsex — ek + fi'yy,) /
(1 + ¢wﬂw5—w)'
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8.3.2  Linearization for v;’

First step:
Ey Z (5w5)k k P\H—k + f/t+k(i) + Wipp + (]5115” + kv, — ﬂ?k)]
k=0
- . A 1\ - . [ N
= £ Z (6,8)" k l“t-&-k +Sf + (1 + ;) Lk (1) + Gyl <Lt+k<l) - Et—l—kz)}
k=0
Combine with the above:
- . . ~ = T84k — Wik + fif'y 1)
E 5wk%(W+kw_ w):E 5wkk(
t;( B) Py Ut tk tkz_;( B) (1 + by fiiu)

Apply formulas (19) and (20):

OB 0P0,B(L A+ 0.,B)
(1—6,8)" (1—6,8)°

(52)

- TS — Wik + ﬂ;’ik) A
= E 8uB)" k ( I
t ; ( 6) [ (1 + ¢wﬂw5-w) + t,k

With the appropriate change in notation this is exactly identical to equation (24) for
price setting, after replacing (Mci + fysp,) / (1 + ORG) with (Mrsr, — ek + fif'yy,) /
(1 + dhyOow)-
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8.4 Final Wage Inflation Dynamics

e Given the identical forms of (51)/(23) and (52)/(24), we obtain after quasi-differencing
as the end result an equation analogous to (31):

~w AW 1_5w62 At_ At+A17;U NV
- - et (T ) @

e Furthermore, the derivation of the wage index is identical to that for the price index
above. The correct expression for wage inflation is:

T =Wy — We1 + Ge — T (54)
e Furthermore, the derivation of the wage index is identical to that for the price index
above. We get:

Ry =y (55)
{bt = 5w{bt—1 + (1 - 5w)@zq‘fv—1 - é;r* (56)

e Combining this with the results of quasi-differencing we obtain the equations for £,0;", |
and Fy7t)’, o

o (1=0,0)% 6y cw (1=0,08)% 6w ..

Ey0 = _
t0;41 v+ (5w5)2 1—o, (5w5)2 1— 5w77t (57)
(1= 6,8)° (mrs, — 1y + i)
(5wﬁ>2 (1 + gbwﬂw&w)
AW 2 AW
Eaf, = 7y <E — (5w) + 0 (1 = 04) (1 4 04)) (58)
w 2\ 21— 8,) (1= 0,8) (s, — iy + i)
+ 511) 1 + (510 - _) - — _
,L/}t < ( ) 5 (51115) (]' + ¢wﬂw‘7w)
e We can also use (55) to get a final expression for the marginal rate of substitution:
_— Lo 0% 6y ., 07 Oy <
mTSt:;gt_Tl—(Swﬂ-t—}_’}/l— Q/Jt +SL /\t (59)

8.5 The Calvo-Yun Case

By analogy with the derivation under price setting we obtain the following for wage

setting:
1—0u,0)(1 = dy) (mrs, —w; + 1
o I (k) g
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9 GOVERNMENT AND MARKET CLEARING

e Interest rate rule in levels:
— Re-scaled by dividing through by ;.
— Remember that i, = i, /7.
— Letr, = g/p.

. 4 . % 4 Eint 1— int T ~ gy
(Z_t> o (’Ltl 7Tt—1) [(r >4 7Tt77t177't277't3} ¢ [Wt+17t7tlﬂt21 ¢ l%l} lﬁﬂ}
* - * * g «\4 * \/ Y
Tt -1 T (77) (Wt)4 Y Yi s

— Equivalently:

" 4 é—int o 5 5 ligznt 5 o 5

(5 )4 B (%—1) (r )4 TTMe—1T¢—2T¢—3 M1 TeTt—1T¢—2
t - * * *
f T () () CR

e Linearized interest rate rule:

it — fint (it—l . é;{'*) + (1 . g’int)Et (

4
(61)
LR, (ﬁt—i—l + 7+ M1 +47ATt—2 — 28} — é?l) ey (%)—f—fAyEt (Qtﬂ ; §t3)+5im
e Real Interest Rate:
Ty =1 — Eyfria (62)
e Steady State Spending = Fixed Fraction of GDP:
GOV = s,Y
GOV, = S{GOV
e Goods Market Clearing:
— Inlevels:
Y, =Ci+ I, + GOV,
— Rescaled by technology:
Y, = Cy + I, + GOV,
— Linearization: o . X R
YV, =CCy + I, + GOV S} (63)
e Capital Market Clearing (skipping the aggregation steps):
ke = @ + K, (64)
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10 STATIONARY EXOGENOUS SHOCKS

e Consumption: A .
Si =S +&
e Labor Supply:
gf = PLSf—l + étL
e Investment Demand: N o .
Sim = p g 42
e Government Spending: X )
S = S+
e Monetary Policy: . . .
S =M &

e Goods Mark-Up:

e Labor Mark-Up:

37
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11 COMPLETE DYNAMIC SYSTEM

11.1 Steady State and Parameter Calibration

L =1/3 (fixed at the outset, 1 is endogenous to that choice)

s, = 0.64 (labor share after adjusting for markups)

(SS1)

(SS2)

(SS3)

(SS4)

(SS5)

(SS6)

(SS7)

(SS8)

(SS9)

(SS10)

(SS11)

(SS12)



11.2 Demand Block

A =i+ B (S\H—l — g1 — f]t+1>

S’tc—]f[tzj\t
= - — (G- a)
t_1—¥ t 1_v t—1 — Gt
g g

Kg (Kt - gt) (1- A)Kf(t—l +1

O e G oy 6T : .
A+q = E {5\t+1 — Ge1 + By(1 = A)Grpr + By (r + APy,
LB BT
7o Tt — oz [

LB G- 1) - %ﬁ(mﬂ—m)}

Py = edy

]NVt

)\Hl ~>
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(SS13)

(SS14)

(SS15)

(D1)

(D2)

(D3)

(D4)

(D5)

(D6)

(D7)

(D8)



by = Oty + (1= 8,)0", — &F (D9)

. . (1=0,8)° 6u ~w (1=0,08)7% 0u ., (1—08,0)mrs, —y+ i
E w w w
tUpq = Uy + (5w5)2 1— wt (5wﬁ)2 1_5w7Tt+ (5wﬁ)2 (1 + by fiy0w)
(D10)
AW ~ W 2 AW
By, =7} (E — w) + 0 (1= 6y) (1 +04)) (D11)
w 2\ 2(1—6,) (1= 6,0) (mrs, — iy + 1)
e (5“’(1 + Ou) 6) (603) (1 + by Tu)
?IJt — 'UA}tfl - gt + 7%%0 — 7ATt (DIZ)
1. 0"y, ., 0" 6, Los
mrst_;Lt_Tl—é 7rt+71_ wt—l—S - M\ (D13)
~k ~k ok
Yy = Opthy_y + (1 = 0p)07 4 (D14)
R 1= 0B 66 ok (L=6:8)° Ok . (1—6,8) .
e = T8 T P 16 G T
2
Bt = #F <ﬁ ) ) +0F (1= 0%) (14 63)) (D16)
ik 2 2(1 — %) (1 — 04f3) .
+ih, [ Op(1+0) — = ) +
wt ( k( k) 5) <5k6> (1+¢kﬁk5k)8t
Gy = Gy + 7V (D17)
8 =ty — 77 (D18)
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11.3  Supply Block

@Z)t = &bt—l + (1 - 5)@15—1 - é?* (Sl)
o (=0B* s s (=08 & . (1=0B) met iy
Byt 1 = 0 + (55)2 1— 5% (55)2 15" + (55)2 (1 + o10) (52)
Bty =y <% —5) +0,((1=0)(1+9)) (S3)
. 2\ 20-6)(1-08), _ .

S(1+0)—=2) — "

e ( (1+9) 6) 6B (1 + o) e )
Ly = mey — iy + Y, (S5)
ky = me, — 4, + Y, (S6)

11.4 Aggregate Relationships

A A A A N N ~A*
T+ Ty + Mo+ T3 — 38, — 28,1 — &5

=" (o — 27 ) + (1= €™ E, (

4
(A1)
+§"E; (ﬁtﬂ At R +47Art2 — 28 — é;”) +&Y (%) LM, (ﬁtﬂ ; ?Qt—3> +Si"t
Ty =i — EiTti (A2)
Y/Yt = Oét + ft + GOVS'thU (A3)
I%t =Ty + Kt (A4)

41



11.5 Shocks

11.5.1  Unit Roots
ge= 9" + g
9" = pygiti &l

~idd _ ~did
9 = €t

11.5.2  Stationary
Se=pS 4 +&
Sk =ptSE | +&f
g = g+
S’tg‘”’ = pIov gfﬁ 4 ao

Gint __int &int ~int
St =P St_l +é&

iy = &"
=&t
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(V2)

(U3)

(X1)

(X2)

(X3)

(X4)

(X5)

(X6)
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12 REPORTING VARIABLES

e Remember that the “-variables are the ones that come from the computer code.

12.1 Real Variables - Growth Rates
e Real GDP Growth:
DOT GDP,=lnY,—InY, , =Y, —InY,_; +Ing =Y, — Vi_y + 4 + In(q)
e Real Consumption Growth:
DOT C;=InC;,—InCyy =InC, —InCy_y +Ing, = C;, — C_y + G, + In(g)
e Real Investment Growth:
DOT INV, =Inl,—Inl, ; =Inl,—In ], ;+Ing = In (1 v ﬁvTa) “In (1 + ﬁ\fT/H) +Gi+1n(g)
e Real Wage Growth:
DOT Wy =Ilnw, —Inw;_y =Inw, — Inwy_y + Ing = Wy — w1 + G + In(g)

12.2 Nominal Variables - Growth Rates
e Inflation Growth:
DOT_PAIL =In(m;) — In(m_q) = In(%;) — In(f1) + In (] ) = 7 — Fpog + 2]
e Nominal Interest Rate Growth:
DOT_INT, = In(iy) — In(i;—1) = In(i;) — In(i,—q) + In (] ) = & — 41 + &}

12.3 Real Variables - Stationary
e Labor Supply:

— A

NODOT L, =In(L;) —In(L) = L
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