Appendices

(Not for Publication)

A Steady state

In this section, we derive the steady state around which the model is log-linearized, where
gross inflation equals 1.

Evaluating equation (27) in the main text at the zero inflation steady state gives
me = —— = C—C (1— C)—(l—C) L (TK)C. (1)

From the first order conditions of the households it follows that in this steady state we

must have

(2)

BZ
=7, (4)
=+ (Z-1). (5)

Normalizing Z to 1 (and letting v, = % — (1 —6) so that (3) is satisfied ) yields:



Having set Z = 1 simplifies the resource constraint at the steady state which reads as:

Y=C+1+Yyg. (7)
Moreover, from the wage setting equation of labor unions, it follows that

Cow (1 —-7")= H"—"—. 8

W (1= 7) = B 0

Furthermore, normalizing technology A, to 1, it follows from equation (21) in the main
text that

Y — KHC, (9)

Using the law of motion of capital, we can express steady state investment as a function
of steady state capital:
=K. (10)

So that the resource constraint writes as:

yz%(m(m). (11)

Using the steady state marginal cost (1) and (6), we derive the following relation for the

real wage at the steady state

0= (9%)(&) (e (- Qe (12)

From the firm’s cost minimization problem we may write the steady state real wage and



rental rate of capital as follows:

Combining the two equations above and (6) we receive:

i = 12—41‘(.

S

Substituting (14) in the production function (9), we get:

o (m1=0\'"
() ok

Combining (11) and (15), we receive:

Solving for C, we get:

Exploiting relation (14), we can expand further:

(13)

(14)

(16)

(17)



Gathering terms and solving for K, we end up to the following expression:

i={la-a((2) 5] a-ms 2 e“’gwl}nio,

(20)
where the equilibrium steady state real wage is given by (12). Using (14) and (20) the

equilibrium value of labor reads as:

Since we have expressed private consumption, C' and investment I as a function of K,
we are able to pin them down by plugging (20) in (10) and (17), respectively. We can pin
down output by plugging (20) into (15).

Then we turn to the government budget constraint. In steady state, it reduces to

) ﬁ<%+%Ww —g)
b= =3 :

I

(22)

where we assume that steady state lump sum taxes and transfers are 0, and where we used
(2) to substitute for the gross interest rate. Having pinned down w, H and Y above, we
are able to also pin the steady state debt ratio down. Clearly, the model features a unique

steady state.



B Derivation of Household’s Value Function

Households solve a maximization problem that includes utility within the planning horizon
as well as a valuation of the state at the end of the horizon. This valuation can be seen
as an approximation of the utility that households are expected to obtain after the end
of their planning horizon, given their accumulated wealth at the end of their horizon. In
particular, in the spirit of Woodford (2019), we assume that this approximation is obtained
by using a value function which is consistent with a future stationary equilibrium where
there are no shocks or other frictions and all variables other than then the household’s
own consumption, bond capital holdings and investment /capital decision are at the steady
state.! Here we also assume that capital utilization is fixed at Z° = 1, and that there are
no investment adjustment costs: S(.) = 0. The F.O.C. w.r.t. capital and investment, (?7?),
at the stationary equilibrium then implies:

RF

P 71 (23)

Our considerations regarding households’ assumptions about what happens after the

end of their horizon imply that the maximization problem can be cast as follows:

V(B,K) = max {u(C) + BV (B, K')} st K’+§B’ = X+(1—6+7) K+§—C, (24)

where the last term of the RHS of the budget constraint, X, consists of labor income, profits
and taxes/transfers which the household considers to be at the stationary equilibrium. To

derive the value function, V'(.), we implement value function iteration. We start with:

L Given that we also assume a non-stochastic steady state as well as no growth in total factor productivity
in the long-run, all variables do not grow at a stationary equilibrium, like the steady state.



VO (B, K) = 0. (25)

Here, the optimal consumption at the initial period (period zero) is determined by the

household’s budget constraint, assuming K’ = B’ = 0:
B _
C:(1—5+71)K+E+X. (26)

At the steady, we have that (1 —§ + ) = % Therefore, optimal consumption at iteration
0 reads also as follows:
1

B -
C 5K+H+X (27)

The above expression produces an optimized value:

Vi (B,K)=u (%K + % + X) , (28)

or

Vil (B,K):u(% (K+ﬁfB> +X>. (29)

which is the updated value function in the household’s new maximization problem in
iteration 1. Using thus this value function, the household’s maximization problem reads

as follows:

V(B,K) = Jusx {u(C) + Bu (% (K'—I— ﬁﬁB,) —|—X)}
Py gl Bl
S.t.K—I—ﬁB—X-i—BK-l-I—I C. (30)



Plugging the budget constraint into the value function, the problem writes as follows:

V(B.K) = max {u(C) + fu (% (X + %K + % - C) 4 X) . (31)

From the F.O.C. of the maximization problem above and by monotonicity of the utility

function we get that:
1 1 B =
C=——|=K+=)+X, 32
1+p (5 H) (82)

and the optimal decision for B’ and K’ is thus:

BB B

/ _ B (1 B
K+H——1+5<6K+ﬁ). (33)

Therefore, the value function for optimization problem for iteration 2 is computed as

follows:

Vi? (B, K) = u(C) + Bu (% (K’+’6§/>+X>- (34)

Substituting for the optimal consumption and optimal choice for the assets from (32) and

(33), we get

Vi’z(B,K)—u(ﬁ (%K—i—g) +X> +5u<m (K+5EB) +X>
:(1+B)u<ﬁ(%l{+§)+x). (35)

Continuing in a similar vein up to infinity we get that the limiting function for the

optimal consumption decision is given by:

C=(1-p) (%K+§)+X, (36)



and the optimal decision for B’ and K’ is thus:

, BB 1 B
KO = (a7 (37)
while the value function is given by:
. . 1 B _
V' (B,K)=(1-7) u<(1—ﬁ) (BK+ﬁ>+X). (38)

Similar toWoodford (2019), this problem describes the optimal intertemporal consump-
tion decision of the household assuming that all variables that the household is not directly
choosing are in steady state. Under this assumption households make fully optimal deci-
sions in steady state. Moreover, when they have more wealth at the end of the horizon,
they realize how this will allow them to consume more after their horizon and hence obtain
more utility. However, they are not sophisticated enough to plan how e.g. wages and profits
would change after their horizon if they would have different consumption levels. The value
function hence captures partly how future utility depends on end of horizon wealth, but in

a boundedly rational matter that only approximates the complete true value function.

C Log-linear model

C.1 Optimal consumption decision

The log-linearized optimality conditions of the household (including budget constraints)

are given by

n. oL 1 A )
Ci=Cloy — (ER, ~ Ejmer),  s=tt+ 14T 1, (39)

s



A

)

N 1 . B .
=—I  +—Q'+—1I s=t,t+1,..t+T—1, 40
s 1+651 Ii(l—i-ﬁ)Qs (1+B) s+1 ( )
Qi=B1—-8Q ,, +ai,, —& +prkit s=tt+1,..t+T—1, (41)
K . c .. C .
biyri1 = _B_YKHTJA + oy G + e (42)
£ 5’7_% i BY -
Kt+T+1 = _W%H—T - 7 T+ 1) (43)
25 2 1 A i
Livp =1Tir g — - (UCt+T + %+T> ) (44)
7i wH _ in ¥a i~ Lo 7on 1. = i
bs+1 = ﬂ_}_/((l - TW)(Etws+EtHs) - EthW) + Bbs + b(Rs - EEtﬂ-s) + Y_ﬁEt:S
7K <Ak Ai) C 2 I 5o 1
N K- ——Cf— i - ~7, =t t+1,..t+T
+ /BY t+ t /BY s BY S /BT S + +
(45)

Plugging the capital accumulation equation (4) in the main text in its log-linear form to

substitute out for investment, ft, we receive the following expression for the household
budget constraint:



' ; 1=, - - 1 =
b, = —=((1 -7V (B, + EIH,) — EiFYV) + 20 + b(R, — = Ei,) + — EIZ,
= = )= Bi7) 4 5h 4 WA~ SEiR) + 5B
Nk <Ak Ai) C A K ( i Ai) L.
— K;)——=C!——=|K 1—-90)K.) — =7, =t,t+1,..t+T,
+ /BY Ts + S /BY S /BY s+1 ( ) S /67- S + +
(46)
Taking the —f(t+1 term to the LHS we receive:
- K wH : - : 1o, -, 1 . =
b — K —((1 =7V (Elw, + ElH,) — Ei7Y) + ZbL + b(Rs — = Ejfty) + —
+1 6Y +1 BY (( )_( t t ) t ) 5 ( B t ) Y/B
nk <Ak i C i K v 1
+ 1 TS+KS> O o (1=K — =7, s=tt+1,.t+T 47
5% 5% % (1-0) 3 (47)
Gathering the f(; terms and using the fact 1 — § + 7 = 1/, we receive the following:
- K wH , — 1. =
v —K! 1— 7V (Ei, + EH,) — Ei7Y) + b(R, — < Ei#,) + — EIZ,
+1 BY +1 BY (( )( ) t ) ( /B t ) Yﬁ t
71K ~k C i ( ) z) 1.
o — = (b +—Ks — ZF, s=tt+1,.t+T. 48
s ettt art) T )
Iterating the log-linearized budget constraints from period ¢t + T backward gives:
Ti K -, o Ko C'Ts% ETsiA
5T+1 (bt+T+1 + ﬁ_YKt+T+1> = (bt + 5_YKt) - ? ;5 (Ct+s) + ? ;5 ( t:t+8>
s WH <
+ bz 5 <BEZRH—S - E;ﬁt-i-s) 5 Z 5 <<1 ") <E2Ut)t+s + EtZHt-‘rs) - EZ%YS)
s=0 s=0
= T
Z “Eiit, — Z B°EiTess. (49)
5=0
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Using (42) we receive

(j i (j i
BTJrl TY Ct+T + 5T+1mE Rt+T

K\ O S .
= (0 i)~ § LG + 5 (B

T 7 T
7 i ) i wH s — i~ i 1] i
+ 5255 <5E2Rt+s - E;Wt+s> + v 25 <<1 -7) <Etwt+s + Eth+s> E Tt+s>

s=0

(50)

Next, we use the Euler equation to substitute for future consumption. Iterating the Euler
equation gives
s—1
i Ai Loz i
Cho=Cl+> (B Reyj = Eimiije), T—s>1. (51)

J=0

Substituting for future consumption in (50) gives:

T+1 C_’ ~i — 1 i 1 i T+1 C
B v (Gt 2 ;(EtRH-j — Eimiji) | +8 O_TYRH-T
K C <
_ (b; + 5—}/[(;) ~ > pe (c" + Z (BiRyy; — E;WHJ-H))
s=0
= T - T
+ = Y B (EE) +bY 8 (BE R — Eifu,)
s=0 s=0
w[j] - s % 7
+ v 25 ((1 —-7") (Etwt-‘rs +E Ht+s> L Tt+s>
s=0
At { s i nk d S i
+ 5 D BB = ) B B (52)
s=0 s=0

Taking contemporaneous consumption to LHS of the equation gives the current decision

11



of consumer 1

C (BT 1 - BTN
?( T 15 )%

K cdL [ 5
(bl ﬁyK;/L) — ? Z ﬁs (Z ;(EZRt+j E 7Tt+j+l)> -+ ? Z /83( ZEt+S)
T

Z 3 ( (1—7" (E R o Ht+s) Elms)

= T
i K S A S 1t~
+ 17 Z ﬁ Et f+s 5T+ TYRt+T - Z ﬁ EtTtJrs- (53)

s=0 s=0

Aggregating this equation over all households yields an expression for aggregate consump-

tion as a function of aggregate expectations about aggregate variables, only.

O /BT+1 1 _ gTHLN
_(5 L1=8 )Ct

Y T 1-5
R\ O (S 5
= (bt + 5_}—/Kt> Ty ;5 <]z:; ;(Ethﬂ Etﬂt+]+1)) + v z; Et\—lt-i—s

T _
_ N R C 1 A
+ bz B <5Eth+s - Et7Tt+s> - = ;(Eth-I—] Eymerji)
s=0 X
WH &
+ 7 Z ﬂs <(1 — ’7_'W) <Etwt+5 + EthJrS) EtTt+S>
s=0
=~ T

ZﬁsEt e BT-H C

+ 2 Y Rt+T Z@ EyTips. (54)

<[z
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C.2 Investment decision

Iterating (41) forward, we obtain

N A 1
Q;:BT(l_é)TQIZH-T—{—B(l_é)Zlﬁs( S@sz—&-s ZBS 1_ s@;-i—s
e Zﬁs (1-6) k... (55)

From equation (7) in the main text, we have that:

~

ws = —oCl, s=tt+1,..t+T. (56)

Plugging (56) into (55) we receive:

T T—1
Qi =" (1 -0 A;;T—ﬁzﬁsu—6>Séz+s+azﬁs<1—6>séz+s
ﬁfy . s=1 s=0
A T D DL (57)
s=1

Plugging (51) into (57) we end up to the following expression for Q;@

s—1
N N 1 A )
s=1 7=0
T-1 s—1 1
+ 0258 (1-10)° < L+ ;(EZRH] E! Tt i1 > NIt S A 1 - Z/BS 7:7’;»3‘
s=0 7=0

(58)
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Gathering the consumption terms yields:

T s—1
Qi =p"(1-06)"Qir—B(1L-0)> B (1-0) (Z(EZRM — Efﬂt+j+1)>

s=1 7=0

T-1 s—1 T
s S P 1 7 /87 s S A
+Y 8 (1-9) (Z(Etzm - Emﬂ-H)) oy 28 -0 (59)
s=0 7=0 s=1

From (42) and (43) and by combining (56), we receive the following law of motion for Q::

T s—1
O = 8 (1= 87 Eifurr— 51— 8) S5 (1 — ) ( (Ei s — Ezmj+1>>
0

s=1 j=

T-1 s—1 T
+ Z B (1—6)° (Z(E}Rw — E;‘WHJ.H)) + % Zﬁs (1 =687, (60)

7=0 s=1

Using (42) - (44) it follows that
i b Fi L5
Iivr = (Et]t+T1 + ERt+T> . (61)
This can be used to solve (40) from period t + 7" — 1 backward to
Fi _ fi L s rl 4
Iy =1, + - ZOB Qs+ ERt+T- (62)

Iterating (41) s times, in a similar way as the derivation of (60), we can obtain expres-

sions for Q1 , for any s < T

14



T—s -1
Qi}s =B (1=6)" " E{Riyr — B(1-0) Z B8 (1-0) <Z(EZRt+s+j - Ezﬂt+j+s+1)>
=1 =0

T—s—1 -1
+ Z g1 —6) (Z(EtiRtJrsﬂ' - Efﬂt+j+s+1)> Zﬁl Af+s+l'
1=0

J=0

(63)

Plugging in @}, in (62) gives

T—

-1
. zas[ =0 Bk 51935 15 inRt+s+j—Ezms+jH>)

-1
7 7 /87
+ Z Bl - ( (E Rt—i—s—l—j Eﬂt+s+j+1)> - Z B (1 - Tt+s+l + " Rt+T-
7=0 =1
(64)
~. AL ﬁT DN -1 T— 1~ ﬁ”}/l 1 k
Iy =1 4 — ?EZRIH-T Z (1=0) "+ 5TERH-T t o o Z ey Z B (1= 0) g
s=0
(T T -1 '
- 6 (1 - 5); 58 Z Bl (1 - 5)l <Z(E2Rt+s+j - Ezﬂ—t—l—s-i-j-i-l))
s=0  I=1 =0
(Tl T -1 A
to2 0 B (1—0) (Z(EfRHerj - E§7Tt+s+j+1)> - (65)
5=0 1=0 =0

Exploiting the definition for finite sums of fixed parameters, we may re-write equation

15



(65) above as follows:

)
(Tl Tos -1 A
— 5); Z B> (1 =5 (Z(EZRH-S-H - EZWt+s+j+1)>
= I=1 J=0
[Tl Tos -1 A
+ — Zﬁs Z ﬁl 1-— (Z(Eth—i-s-i-j o Ezﬂt-i-s-i-j-&-l)) : (66)

=0

A 1—6)(1—(1-0)" r . 1
Ié=121+<1—< = ”)%E;RHﬁ 6% ;5326’1— st

Aggregating gives

- (1=0)(1—(1=8)T) BT . 5% 8 A
[t :Itil - <1 - 6 ?EthJFT + Sz;)ﬁ Z ﬁl - 7ﬁererl
1 T-1 T—s -1 R
_ 5)E Z ﬁs Z 5l (1 — (5)1 (Z(Eth+s+j — Et'/rt+s+j+1)>
= =1 j=0
T 1 T—s—1 -1 A
+ Z/BS Z /Bl 1 - (Z(Eth+5+j - Et7rt+s+j+l)) . (67)
7=0

C.3 Wage setting

Wages are set according to the aggregated loglinearized version of equation (20) in the

main text:

A~ - A T s
Wiys = NHpyps +0C1s + _t—+ (68)
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C.4 Pricing decision

Log linearizing equation (27) in the main text gives:

pi(d) — D
= (1 - Wﬁ)Eg Zwsﬁs (mct+s + Diys — ﬁt) + (Wﬂ)THEtJ (ﬁt+T - ﬁt) )
s=0

which can be written in terms of inflation expectations as

pi(3)—pe = (1-wp)

T s
mct ‘l— Eg E C&)Sﬁs W‘ZCH_S ‘I— E 7Tt+7‘
s=1 T=1

T
+HWB)TE]Y s (69)
T=1

Next, equation (28) in the main can be log-linearized to
1
po=si +(1-w) [ B0
0
from which it follows that

=22 ([ i -5). (70)

Aggregating (69) and plugging this in in the above expression gives

T T s T
1—w)(l—w R P > wp)TH! 2
T = ( )fu ﬁ) (mct—FZwSﬁsEthHS+ZWSBSZE’57THT+%ZEtWtJFT) .
s=1 s=1 T=1 T=1

(71)
Writing the Double sum as a geometric series and combing with the final term we can

rewrite this as

(1-w)

T
S QST A
T = Kme g w’BEEmcy s +
s=0

T
ZwsﬁsEtwt+s, (72)
s=1
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Ko = (1_5‘})(1_@6). (73)

C.5 Final model

The log-linearized version of the resource constraint, equation (33) in the main text, reads

as follows:

Z,. (74)

C BTH 6T+1 Y . I. Y. ~yK,
> =Y, — =L — =0 — —=%
Y —p C C C C
~ K R C T s—1 1 E T
= |0+ ——Kt> —S > ( —(E Rty — Et7Tt+]+1)) + =) (B
( ﬁY Y s=1 7=0 g s=0
T o Ty
+0b Z p* (5Eth+s Etht+s> - 5T+1ﬁ Z —(EiRiyj — Eymigj41)
s=0 =0
WH &
+ 7 Z /8 <(1 — T ) <Etwt+s + Eth+S> EtTt+5>
s=0
1K C
+ ITZBSEt fes— BT TYRtJrT Z@ EiTiys. (75)

s=0
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Rearranging terms and solving for output, Y,

Y, =
1/~ K . C_'Tss_llA 1ET5A
; (bt + 5—}—/Kt) - Y_p ;5 (j:O ;(Eth-f—j - Et7Tt+j+1)> ;7 ;5 (EiZe1s)
T = T-1
1 s . . 1 C 1 A
+ 55;5 <5Eth+s - EﬂTt+s> - ;BTHW 2 E(EtRH-j — Eymigjia)
WH
— ZO 8 ((1 — %W) (Eyiy, s + EyHy ) Eﬁt‘j‘:s>
17 K C 1 & I K
1 s~k ~ s - ~ _ 1 ~
+ 0 Y ; Tiys — 5T+10T1—,Rt+T T ;5 EiTips + ?It + 9+ TZM (76)
where
BT+l 1 _ gT+
= , 7
p < Tt 15 (77)
Next, note that firm’s j nominal profit is given by,
PE(j) = Pi(7)Ye(j) = WeHi(5) — Ri Ki(j) (78)
After log-linearizing, the real profits of firm j can be written as
20) = 7= (i) — ) + i) — T (19)
= = — — mc
t\J 1—7ﬁcptj bt t\J 1 — e e
Aggregate profits can then be written as
=, =Y, — (0 — Dnicy, (80)
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0—1

where we used that mc = o

Next, we write marginal costs as

me, = (1 — Oy + CPF, (81)

and by log-linearizing equation (17) in the main text, use:
=227 (82)

Finally, the loglinearized production function can be solved for aggregate labor as

Cn - K — 7. (83)

We now assume that agents know, or have learned about the above relations between
aggregate variables (which hold in every period). Therefore, expectations about profits,

the price of capital and aggregate can be substituted for. This gives

.1/ K . I. 1K 4
(1-1)Y, = ; (bt+ B_}—/Kt) + ?Lﬁ'gt‘i‘ v Zy — —Zﬁ EiTigs +Vy25 Et)/;t—i-s)
T T T
— Vg Z B (EiKiys) + v Z B (EiZiys) — vy Z B (EtTt+s + U Z B° (Eitbyys)
s=0 s=0 s=0 =0

M’ﬂ

(BEth+s Et7Tt+s>

blb—‘

T s
s N R
— Uy E B E (Eth+j—1 - Et7Tt+g
s=1 j=1

T-1

s=0

1 C 1 c .
—;BT“TY; (EvRyyj — Emigj) — BT“pUWRHT, (84)
with
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1 Ly @H 1
yy_e—p+(1—¢ )p}‘fl—c’ (85)
Y2 71[7{ 0—1 ) W ’U_Jﬁ C
L= 2 )= (1= —_ 86
Y p’n(Y 0 ( T)p 1-¢ (86)
— (-7 s 87
Vg ( ) pY 1_C7 ( )
v = (89)
pY
u WH 0 —1
e —_ e 1_
o= (1= 22 -T2 -0), (59)
C
- 90
Ol (90)
Next, using (82) in (67) gives
. 1-0)1—(1-6)7)\ 8"
I =14 + <1—( ) 5( ) )> b Eth+T+ 255251 (1-0 Zt+s+l
s=0
T-1  T-s -1
1 .
—0)~ Z B> (1= 6) <Z<Eth+s+j - Em+s+j+l>>
=1 =0

Tl T—s—1

-1
+ = ZBS Z B(1—4¢ (Z(Eth+s+j — Etﬂt+s+j+1)> - (91)
=0

Using (74) and the production function we can write

nﬁt+Uét:(—+T
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We can plug this into (68) to obtain

. n oY - n¢ - oY . ol. on K n¢ . T
s= (e Ty - R - g, - - (T 7
=gt e gt eh e tamg) i
(93)
Further, plugging in marginal costs in (72) gives
T T T
T =Ky Z W’ BBy s + K, Z W B EZy s+ K Z Wi B By s,
s=0 s=0 s=1
Kw = Eme(1 — (), (94)
Ry = Hmccﬁa (95)
71
(1-w)
.= ) 96
o = (96)
The capital accumulation equation can be log-linearized to
. . I .
Kt+1 == (1 - (5) Kt + ?]’t (97)

Cost minimization in the firm problem implies:

. (-1
ko Ki(j)
ry = mcAC (Ht<])> (98)

~ ¢
w = meA(1 = ) (Ziji) (99)

Log-linearizing (98) gives
P = mic, + (¢ — 1)(K, — Hy). (100)

Combining this with (81), we can obtain an equation for capital utilization.
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72 1 I -
4+ —— | 7, = Y, — K . 101
(’V1+1—C) PSRt (101)

To complete the model we log-linearize the government budget constraint, equation

(30) in the main text, and substitute for labor using the production function to receive:

~ 1. wH A - 1. - . 1. 1.
bt+1 = Bgt — ﬁ—}_/(TW(wt + Ht) + TtW) + Ebt + b(Rt — B?Tt) — BTt, (102)

_ 1. )
T + —bt + b(Rt — —7ATt) (103)

D Robustness

D.1 Firms with infinite planning horizons

In this section, we perform a robustness exercise where we let firms have an infinite planning
horizon and fully rational expectations. We acknowledge, however, that the role of firms in
our model is modest, as they do not accumulate capital, nor do they face corporate taxes
or subsidies. This limits the extent to which the current exercise can speak to the role of
horizons of firms (in a more general sense) versus that of households.

In this robustness exercise, pricing decisions are made based on the discounted sum
of all expected future marginal costs until infinity. Households, on the other hand, are
still assumed to have finite planning horizons and form expectations accordingly. Since
they do not have the cognitive ability to anticipate how fully rational firms with infinite
planning horizons will set their prices in future periods, households still need to rely on

the same expectation algorithm outlined in section 2.5 in the main text. Households
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Figure A1l: Fiscal Multipliers

0.6 Py 1.1
05" 1 /\
04 1 09 _
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50 100 50 100
(a) Government spending multipliers (b) Labor tax cut multipliers

T
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Notes: Fiscal multipliers (vertical axis) for the case of fully rational firms (with an infinite plan-
ning horizon) for government spending, labor tax cuts, and transfers for different planning hori-
zons (horizontal axis). Dashed blue are impact multipliers. Dotted orange and solid green are
cumulative multipliers after 12 and 20 quarters, respectively.

thereby implicitly assume that firms make their decisions and form expectations with the
same planning horizon and cognitive limitations as the households themselves. Given the
limitations of their planning horizon, these are the most sophisticated higher-order beliefs
about the expectations and future decisions of firms that households are able to form.
Comparing Figure A1l with Figure 1 in the main text, it, first of all, can be seen that
both figures look very similar. The qualitative results of planning horizons on fiscal mul-
tipliers hence are robust to letting price setters having finite or infinite planning horizons.
Considering the figures more closely quantitatively, it can be observed that the horizon
effects in Figure Al are somewhat smaller than the horizon effects in Figure 1, especially
when the impact multiplier is concerned. That is, it seems that letting price setters have
infinite planning horizon dampens our results somewhat. However, the horizon effects

observed in Figure A1 are still substantial, especially for the cumulative multipliers.

24



D.2 Shock persistence

In this section of the appendix, we discuss robustness to the assumption that fiscal shocks
have an auto-correlation coefficient of 0.97. First of all, we note that when shocks have
low persistence, the model may practically return to steady state after 20 periods, which
implies that agents with a planning horizon of 20 periods would hardly be different from
infinite horizon planners. That is, our setup only really becomes interesting when there is
enough persistence in the model and the shocks. See also discussions in Sections 2.1 and
2.5 of the paper.

That being said, our qualitative results do not rely on calibrating the shock persistence
as high as 0.97. Instead, we find that our main results are robust to assuming, e.g. auto-
correlation coefficients of 0.9, instead. This case is plotted in Figure A2. Comparing that
figure to Figure 1 in the main text, it can, first of all, be seen that less persistent shocks
lead to lower labor tax multipliers for all planning horizons. However, the qualitative effect
of the planning horizon on the multipliers of all three fiscal shocks is the same as in Figure
1 in the main text. Further, as was to be expected, the magnitude of the horizon effects
becomes slightly smaller for shocks that are less persistent. This is because less persistent
shocks make agents with finite planning horizons less wrong about what happens after the
end of their planning horizon, causing their decisions to deviate less from those of infinite

horizon planners.

E The model with Rule-of-Thumb households

In this section, we present the version of our model with rational expectations and two types
of households, namely Ricardian and rule-of-thumb. Ricardian households hold government
bonds, invest in capital, earn labor income, and collect profits from firm ownership. Rule-

of-thumb households are excluded from financial markets and consume entirely out of the
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Figure A2: Fiscal Multipliers
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Notes: Fiscal multipliers (vertical axis) for the case of shock persistence of 0.9 for government
spending, labor tax cuts, and transfers for different planning horizons (horizontal axis). Dashed
blue are impact multipliers. Dotted orange and solid green are cumulative multipliers after 12
and 20 quarters, respectively.
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labor income. The rest of the model, e.g. firms, monetary and fiscal policy, rests the same
as in the paper, but for the case of T' = 0co. To save space and avoid repetition, we present

thus the maximization problems of the household sector and labor unions alone.

E.1 Households

We follow Gali et al. (2007) and assume a continuum of infinitely lived households, indexed
by i € [0,1]. A fraction 1 — X of households have access to capital markets where they
can trade a full set of contingent securities, and buy and sell physical capital (which they
accumulate and rent out to firms). We use the term optimizing or Ricardian to refer to
that subset of households. The remaining fraction A of households do not own any assets
nor have any liabilities, and just consume their current labor income. We refer to them as
rule-of-thumb households.

Optimizing Housheolds. Let CY and HP denote consumption and hours of work for op-
timizing households. Preferences are defined by a subjective discount factor 5 € (0, 1), and

the period utility U(C?, HP). The representative optimizing household seeks to maximize:

o [(CRDTT (HG )T
ES;B{ l—0c 1479 (104)

subject to the sequence of budget constraints:

B9 B9 k7 K© _ T.
stgl S(l_TW)wsHS+ s +Rs STts —a — S

CO + 19
s+s+ s Ps Ps

and the capital accumulation equation:

]O
K&, =(1-8§K?+ {1—5(15 )}JS, (106)
s—1
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The first-order conditions for the optimizing households read as follows:

CcP: w? = (CO)7, (107)
O Rs
By, wy = BE; {—wﬁ“ ] : (108)
1_[s—&-l
O O 0] RK 1 O
K2y 09 = 08 @0 (5 2 —alZun)) + =001, (109

19 19 19
[O: O: O 1 — s e/ s s
Poat =t |i-s(g5) -9 () ]

o w19 (1%
wom o2 (B2) (53], (110)
RK,
Z 5 =d (Z), (111)

where Wy = Wt/Pt-

Rule-of-Thumb households. Rule-of-Thumb households Rule-of-thumb households are as-
sumed to behave in a hand-to-mouth fashion, fully consuming their current labor income.
They do not smooth their consumption path in the face of fluctuations in labor income, nor
do they intertemporally substitute in response to changes in interest rates. Their period
utility function reads as follows:?

= (Hp

(
Ur — _ 112
K l—-0o 1+n (112)

which they maximize subject to their budget constraint:

PCy = (1—7")WH] — T/ (113)

Given that they do not smooth their consumption and do not accumulate wealth outside

2We assume that relative risk aversion, o, and the inverse of the Frisch elasticity of labor supply, 7, are
the same across the two household types.
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their labor income, their period budget constraint pins down their consumption, such that:

T

T,
Cl=(1-7")wH — ?f (114)
t

where w; denotes real wage, common to both types of households. Aggregation Aggregate
consumption and hours are given by a weighted average of the corresponding variables for

each household type. Formally,

Cy=(1=X)CP+XCT (115)
and

Hy= (1)) HP + \H (116)

In a similar fashion, aggregate investment, I;, and capital, K;, are respectively given by:
L =(1-)1I° (117)

and

K=(1-XK? (118)

E.2 Wage setting

In the monopolistic competitive labor market, labor unions act as wage setters. We assume
a continuum of labor types j which are distributed uniformly across households. Each
labor union sets the wage of a given labor type j. This means that there is a continuum of
labor unions which coincides with the labor types. Households always offer the demanded
quantity of labor of type j at the current wage W,f+5 of the labor union of type j (as in

Galf et al., 2007). We assume that labor unions set wages in a flexible manner at date ¢.
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Firms allocate labor demand uniformly across different workers of type j, independently of
their household type. Unions set the nominal wage by maximizing the expected discounted
sum of the utility of the households subject to the households’ budget constraint and the

demand for labor of type j.
N
. w7
hl =+ H 119
t ( Wt > ts ( )
where 6, is the intratemporal elasticity of substitution between labor types and W; is the

nominal wage aggregated over all labor types. H; is the aggregate demand for labor given

by ,
L opm1 ]t
Hy = { / VARE dj] : (120)
0

Since the union sets the wage at every date, the maximization problem of the union becomes
static. At a generic time ¢, the union maximizes the utility of the household subject to
(119) and (??). Similar to Gali et al. (2007), each typical union, representing worker of
type j, sets the wage for its workers in order to maximize:

(CPUN7  (Ha()*

] +(1-)) [ - (121)

\[(CEG)TT (H(G)™
1l—0 1+mn

l1—o 1+mn

subject to the budget constraint of each type of household and the demand for labor (119).
Note that in setting the optimization problem of the union, we have taken into account that
firms allocate labor demand uniformly across different workers of type j, independently of
their household type. It thus follows that in the aggregate we have H; = HP = H}'.> The
first order condition reads:

AN

Wi (1—7") = ewei - (gt))_a. (122)
t

3For more details, see Appendix A in Gali et al. (2007)
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E.3 Linearized Equilibrium Conditions

Given that HZ = H} = Hy, the log-linearized consumption of rule-of-thumb households

writes as follows:

A wH™ (1 -7V . W Y

1—7

Aggregate consumption and hours read as follows:
C,=(1—-NCP+ AT (124)

and

Hy = (1— )\ HP + \H! (125)

Combining (39), (123), (124), (125) and (83), we end up to the aggregate Euler equation:

A 1—A .
Ct Ct—l—l — T <EtR Et7T5+1> — /\ILLPAUJH_1
g . . AP . AY
1 ( 1 — C (AKt+1 + AZtJrl) + FLWATt‘i/l + FATtJrl (126)
where 7 = wH (1 -7V) /C.
The Phillips curve is given by:
11— 11—
Ty = ( wﬁz)( w) Wict -+ /BEtT‘-tJrl (127)

The rest of the model equations are given by (40), (41), (74), (81), (82), (83), (93),
(97), (100), (101), and (103).
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F The model with a Blanchard-Yaari structure

In this section, we present a version of our model with rational expectations but where
households face every period a probability to die. Specifically, we adopt the specification
of the Blanchard (1985) and Devereux (2010) model of perpetual youth in discrete time
similar to Smets and Trabandt (2012). Households die with probability 1 — & each period
and every period a newborn generation i represents a fraction 1 — ¢ of total population,
where 0 < § < 1. In other words, 5 captures the probability of survival from one period
to the next. Therefore, Y .~/ = ﬁ represents the average household lifetime. As
pointed out by Smets and Trabandt (2012), an alternative and empirically more plausible
interpretation of 1/1 — & is that it reflects the effective planning horizon of households.
Households have no bequest motive and the usual Ricardian equivalence breaks down.
The rest of the model, e.g. wage setting, monetary and fiscal policy, rests the same as in

the paper. To save space and avoid repetition, we present thus the maximization problems

of the household and the firm sectors only.

F.1 Households

In every period a new generation/cohort is born. The size of generation i at time t is
<1 — 5) 5t and total population is of measure 1. The representative household [ in each

generation ¢ maximize the expected lifetime utility function:

Esi {(55)3 (Cips() 7 B (Ht+s(i))1+n:| (128)

— 1—0 1+n

subject to

' _a<zt(z~)>f<t<i>)+(1_7y) wo(i) (i) 4,
(129)
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The first order conditions for the optimizing households are summarized below. Since

all households within each generation are identical, we drop indicator ¢, for convenience.

Ct LWy = Ot_o—, (130)
R
Bt+1 Wy = 5Et {wﬂﬂ t] ) (131)
t+1
RK
K1 v = BE; [wt+1 (Ptﬂ Ziy1 — Oé(Zt+1)> +(1-9) 7t+1} : (132)
t+1

. I L\’
+ BdEt /Yt—f—lS/ t+1 t+1 ’ (133)
I I
K
Zt . RP L - Oé/ (Zt), (].34)
t

where Wt = Wt/Pt.
Aggregate Budget Constraint. Let us now derive the aggregate budget constraint. The
nominal budget constraints of the different generations living in the economy at a given

time t are given as follows:

P,Cy+ P + Rt_lBH—l

(-9

(1-7")WiN,+ PE, — T, (135)
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PGy + P14+ R 'Byyy

(1-9)4

- (1 - 5) S[ (1—7Y)WiN, + PE, — T,| + (1 - 5) g B, + R*Z,K, — Pa(Z,) K,
(136)
(1 . 5) 32| P,C, + P, + R\ By
N~ N 2 _
_ (1 . 5) 2| (1—7"YWN, + PE, ~T,| + (1 - 5) = | Bt REZK, — Pa(Z) K,

(137)

Let us denote the relation between generation specific variable ! and aggregate variable

x; as follows:
t
Ty = Z (1 — 5) gt’ixi

So that the aggregate nominal budget constraint reads as follows:

B _
P,C, + P, + ];“ < (1—7YYW,H, + B; + REZK, — Pa(Z) K, + BZ, — T, (138)

t

which coincides with the aggregate budget constraint when households have finite lifetimes.
Aggregate Euler equation. We now derive the aggregate Euler equation. It will be conve-

nient to define:
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Writing the individual budget constraint for period ¢ + 1, + 2, ..., we receive:

t+ 1:
. ~  Bio(i N
PraCoaai) + Prorle (i) + 2220 )| 5
t+1
< By (6) + Ry Zipa (D) K1 (1) = Prpaa (Zea (1)) Kiga (2),
t+ 2

. . Bys(t N
Pr2Ciia(i) + Prpaliin(i) + gd( ) _ Apya(i)| 0
t+2

< Biio(i) + Ry 9 Z42(1) Kiya (i) — Proa (Zyso (i) Kipa (i),

Using (140) to subsitute for Byy1(i) in (129), we receive:

PCy(i) + PIy(i) — A(2)

Byio(i N B
t+2( ) N At+1(2) E +5Rt—}§( )
tLU+4-1

+ | Pt1Ci41(3) + Py Ly (7) +
t+1

% (Bu(i) + REZy(i) Ky (i) — Pra (Z(4)) K1)

[Rt—HZH-l VKi1(i) — P10 (Zysa (1)) Kiga (4)]

Using (141) to subsitute for Byyo(i) in (142), we receive:
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P,Cy(3) + P 1y (i) — A(i)

J

+ [Pe+1Cra1 (1) + Prpa Lo (6) — Appa (4)] T
t

: , . 52 ~ By.al(i
+ [Pra2Cipa(i) + Pryaliga(i) — Arya(i)] RiRy +0° RtR):i(RLz

% (Bu(i) + REZ,(i) Ko (i) — Pra (Zy(i)) Ko(3))

E [Rt+1Zt+1( )JKi41(2) = Prrra (Ziga (4)) Ktﬂ( )}

RiRit [Rf+2Zt+2(i)Kt+2( ) = Prioa(Zyo(i)) Kipo(i )} (143)

and by iterating forward we can write:

o0 Ss o0 8’8
Pt+sct+s -[:)t—l-s]t-‘,-s(i) At—&—s (Z)
SZO HS 0 Rt-i—s Z s 0 Rt—l—s ; HS 0 Rt+s
- Z R t+s+1Zt+s+1( )Kt+s+1( ) Pt+s+1a (Zt+s+1( )) Kt+s+1(i)]
s 0 “U+s
<

% (Buli) + REZu(i) Kuli) — Pra (Z4(0)) Ki(3) (144)

where we have imposed the transversality condition. Now we need to work with the first

term on the LHS of the equation above. Using the first order condition (131) and iterating

forward, we receive the following expression:

-1
58 ]Dt—‘rs _ ]Dt 1

HS oRt—l—s Wiys(1) B (1) (55)8 (145)

Using the definition @} = (Cy(i)) 7 equation (144) can be rewritten as follows:
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= o° P, e N 0% _
Z H T p wtj+ Wi is + Z ——— Pl (i) — Z —A(4)
s=0 tlU+s 3 —

s=0 z é t+s s=0 HS 0 RtJFS
[o@) 68
Rf+s+1Zt+s+1 1) Kiyst1 P ona(Zigs Kt+s+1
> | () Ko (i) - (Zis o (1)) Ko (1)
< < (Bil0) + REZG)K.(D) ~ Pua (20) Kol ) (146)

Substituting (145) into (146), we receive:

[e.e] o0

P, - _ 6° .
m ; <55 > wWiys(i)) 7 + Z S ORt+s Prioliys(i) — ; Hs oRt+s —— A7)
> o (R Zesea (0 Kieana) = Pria (Zeseia ) Krcon (0]
< = (Bli) + REZ(DEK(D) - P (Zi(0) Ki(0) (147)

By rearranging and aggregating, we receive:

P, 1

o—1

Et - > a0 (558> Wi is

B, + RV Z,K, — Pia (Z,) K,

—Z

— s 0 Rt+s

+Z

— 5 0 Rt+s

Ss
— 7 Baslirs + ) 7Dt
Z HS 0 Rt+s

t+5+1Zt+s+1Kt+s+1 — Prysnia (Zt+s+1) Kt+s+1]

(148)
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It is also convenient to write the above expression as follows:

= 1

o—1

= v, (35) wis

Bt — Pt[t + R?Zth — Pta (Zt) Kt + At

1 _
+ ﬁ (Rf+1Zt+1Kt+1 — Pria(Zyq) Kt+1>

— Z Pt+5]t+s + Z i At-l—s

_ s 0 Rt+s HS 0 Rt+s
+ Z t+s+1Zt+S+1Kt+S+1 — Prysr1a (Zigsi1) f_(t+s+1]
gl ] S Rt+s
(149)
By adding and subtractmg i Wr (Bt+1 + Rt+1Zt+1Kt+1 — Pry1a(Zia (i) Kt+1)>
s wt+s
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we can write:

P 1
— = X

o—1

=Y, (08) mr

B, — P11 + RthKt — Pa(Z,(3)) K+ A+ — i (Rf+1Zt+th+1 — Pra(Zig) Kt+1)

0 _
R (Biy1 + R Zea Kooy — Praa (Zi (1)) Ki)
t

(5 1 "
Rt > a0 (55 > wt—l—sl

Bip1 + Ry Zi Koy — Prna (Z4a (i) Ko

> o* 5* ,
Z —— Lol + Z A1 (9)

HS 0 Rt+s+1 HS 0 Rt—l—s-‘rl
o 58 . 3
Z H T p [Rt+s+2Zt+S+2Kt+S+2 — Piisioa (Zt+s+2> Kt+s+2}
s=0 fU+s+1
(150)
Note that:
Piiq 1

= o—1 X

w52 (38°) Peden

Biy1 + Rj1 Zi Koo — Prnia (Zeg1 (3) Ko

> 5 5
———— Py + ) A1 (0)
Z Hs o Revsit Z HS o Ritst1
f: -
Hs 0 Rt+8+1

i _
[RYoi2Zirss2Kiisia — Prisiaa (Ziisia) Kipsyo]

(151)
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So that we can re-write (150) as follows:

P 1
— = X

o—1

=Y, (08) mr

N 1 _
By — Pl + Ry Z K, — P (Z,(i)) Ky + A + R (RY1 Zis1 K — Praa (Zis) Ko

t

5 -
— — (Biy1 + R¥ 1 Zii1 Koot — Priva(Ziga (4)) Kig)

o0

()

t+1

(152)

Using the aggregate budget constraint (138) to substitute out for B, in the expression

above, we receive:

P, 1
= X

=y, (98) mr.

1-46 o
PGy + 7 (Bir1 + RE Zinn Kin — Prna (Ziga (i) Kipa)
t
0 " (5p0) 2=t P
4+ — (5 S) S 153
Rt sz:; /8 t+s+1 41 ( )
Since C; = @y, we have that:
P, 1
p—— — 1 X
A D (5/68> Wi {s
11-94 i o
Py + T (Bt+1 + Rt+1Zt+1Kt+1 — Ppa (Zt+1(l)) Kt+1)
t
0 = (= o=l Py
L9 (5 )w SlanY 154
Ry ; P " +1wt+1 (154)
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o—1
Multiplying and dividing the first term of the RHS with w, = |, we can write:

P, 1
- = T X
@ Zs 0 (56 )thrs
P, 1 1-9§
Etwt + (B + Ry Zeni Ky — Prpaa (Ziya (4)) Kipa)
t t
0 o= [+ o=l P
+— (558) A 155
Rt ; t+s+1 wt+1 ( )
Rearranging yields:
1-— th E = ! X

1-6 _
7 (Bis1 + R Zir Koy — Prra (Z4a (1)) Ky )
t
0 = =1 P
S ()i, B
Ry ; b " +1wt+1
(156)
o—1
Multiplying and dividing the RHS with w, © , we receive:
1— YﬂjT =) ﬁ = th =1 X
D o (‘WS) o IR P (55 ) Wifs
1—46
r (B1 + By Zey1 Koy — Pria (Z4a (6) Kipa)
Rtwt
- ~ o P
= > (08°) @it (157)
Rtwt =0 We+1
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Define:

= ————% (158)

and multiply and divide the last term of the RHS of (157) by w;%l to get:

o—1

INP 1| 1-9 . 0w, 7y P
(1 - —) == o (B + RY\Zy1 K1 — Priaa (Zig) Ky ) + t; T
Hte ) Tt Mt Rtwt - Rtwt o Wit41
(159)
Rearranging yields:
~1_ P 1-% - @) P
MR~ = —— (Bt + R Zia Ko — Praa (Zi (i) Kep) + ( tH) fes1——
) (" 5w, ° Wy W1
(160)
Using the definition (158), the law of motion of y; reads as follows:
o (= o-1
>3 (08) =i
e =1+ = (161)
w,; °
or writing it recursively: B
A
e =1+48 ( t“) fer (162)
Wt

Plugging the above expression into (160), we end up with the aggregate Euler equation:

P, 1—-96 _ P
5Rt;t == (Bt+1 + Rf+1Zt+1Kt+l — Pipia(Zia) Kt+1) + th (163)
b o
F.2 Firms

Firms are owned by households and as such they are also subject to a heavier discounting

given the household’s stochastic discount factor. The profit maximization problem of the
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firm producing variety j thus writes as follows:

pe(5) 1_9Y —me pe(5) _ey
Pt+5 t+s t+s Pt+5 t+s

(164)

max Eg(iws (65)8 (Og;s)_”
s=0

From this, it is straightforward to derive the first order condition as well as the Phillips

curve.

F.3 Linearized Equilibrium Conditions

Log-linearizing (163) gives the Euler equation

R 1-6 . .\ - 1/ 1-6 - _
t ( BRéouC ( r )) 17 ( t t7Tt+1> BREouC ( r ) Ht+1
16 ” K jrfr 2K jraK =K 72 5
m (y (btJrl — 7Tt+1) +r KKt+17’ KT’tJrl -+ (7” K — ’)/1) Zt+1) (165)
with:
) Bs . Bb . .
= = — = —1)(Ciq —C 166
Mt 1 +55ﬂut+l 1 +55ﬂ(0 ) ( t+1 t> (166)

where, from (163), the steady state gross interest rate now reads as follows:

!

—_

1 _ _
R=—+——(b+7K 167
while from (162):
1
= _ 168
Sy (168)
The Phillips curve is given by:
(1 - wﬁg) (1—-w) .
Ty = 77@0,5 + BéEﬂrH_l (169)

W
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Investment evolves as

. 1 . . 5 .
e=—I 1+ —Q° + b —~1; 1 s=tt+1,.t+T -1, (170)
1+5 n(1+ﬁ5> (1+55>
with
QL=00(1-0)Q,, +&, — &+ Briet, s=tt+1,..t+T—1, (171)

The government budget constraint is given by

. __ __  Rwd RwH 1 ~ RwH QG
b = — W T EW Y, o w

i1 =Rgr — RTy v T Wy % T 1=0) t + % T =0
RwH ¢ . RwH._ T

% TW<1 o -~ #V 4+ Rb, + b(R, — Bm). (172)

t

The rest of the model equations are given by (74), (81), (82), (83), (93), (97), (100),
and (101).
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