A EHL algebra

A.1 Calvo

The Lagrangian for the EHL Calvo setup is given by
L=Y (86,)" E
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(A.1)

where A4 is the Lagrange multiplier and the j index has been suppressed. The FOC

for consumption is given by
(L + 7o) Akt P = Vornge - (A.2)
The FOC for W} is given by
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where Uy denotes the partial derivative of the felicity function with respect to N. Using
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k|t < Win t+k (2.2)
Wtj;&-k:\t =Ty Ve (2.3)

and suppressing the arguments of the felicity function this can be rewritten as:

o0

Ew U1 n in. *
0= 3 ()" Be [Neess (=2 S - mporitny )| (4
o Ew — t+k|t

Replacing A using (A.2) yields
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Making use of the definition of the after-tax marginal rate of substitution
14+7°,)U
MRSy gy = — (L4 7ivi) Unasa (2.5)
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this yields

=3,

k=0
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Performing a log-linearization around the deterministic steady state yields?®
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or
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k=0
Expand M RSi45e(Ceikpr, Nitkye) by the average MRS in the economy
MRS
M = —"M A.

RS, e MRS RSy (A.8)

and log-linearize around the deterministic steady state:?”
MRS,y =" <Ot+k|t — ét+k> +en’? (Nt+k|t — NtJrk) + MRSk , (A.9)

where e = (MRSc x C)/MRS and €"* = (M RSy x N)/MRS denote the elasticities
of the MRS with respect to C' and N, respectively. Due to the required assumption of

complete markets and equal initial wealth, marginal utilities are equal across households.

Therefore
Ve = Ve (A.10)
and log-linearized
Voo CCuir + Von NNy = VCCCét+k|t + VCNNNt+k|t : (A.11)
Rearranging
VeeC <ét+k|t - ét+k) = —VenN (Nt+k\t - Nt+k> (A.12)

26Depending on the exact conduct of monetary policy, e.g., in case of an interest rate rule, the steady
state of nominal variables like P, and W} may not be well-defined (see e.g. Gali 2015). Linearization in this
case can be interpreted as being done around the long-run trend of the nominal variables. Linearization
around a proper steady state would involve rewriting the problem in terms of stationary variables like
the real wage W;/P; and inflation rates, but would yield the same results as trend changes only appear

as ratios and therefore cancel out.
2"The computational steps here follow Sbordone (2006). If the MRS depends on additional variables

like housing or durables, the same approach can be followed to replace the idiosyncratic MRS by the

aggregate one.
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and plugging into (A.9) yields
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This together with the linearized labor demand
Neprip = =& (fﬁik + Wy - Wt+k> + Ny (A.13)

and the fact that up to first-order wage dispersion is zero and therefore Nt‘ik = Ny can

be used to express the idiosyncratic MRS as
MRS, i4e = MRSs,p, — €™ (fiﬁgik T WHk) . (A.14)
Plug into (2.6) to get
W = (1— 86,) (Wt + <M/\RSt - (Wt - Pt))) + 80,E, (W;H _ fggﬁl) .

mrs
1+ eweint

(A.15)
where we have made use of fﬂ‘ik = f‘@’ﬁl + F”}rl v and Fﬁd = 0.
Next, plug in from the linearized LOM for wages in the economy
Wy = L W, — Ou (D W) (A.16)
1—10, 1—10,
to get
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Now add 0 to the left-hand side and expand the right-hand side:
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Factor the left-hand side and collect terms related to W; on the right-hand side
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Subtract W, from both sides
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Collecting terms:
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Solve for wage inflation:
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A.2 Rotemberg

The Lagrangian for the EHL Rotemberg setup is given by

_ W] e
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(A.22)
The FOC for consumption is given by
(1+ th+k)>‘g+kpt+k = Vet - (A.23)
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The corresponding FOC for the optimal wage is given by
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As there is no wage dispersion in the Rotemberg case, imposing symmetry means that

(A.24)

N/ = N# = N,. Additionally substituting for \, from (A.23) and dividing by V¢, /(1475),

the above equation can be written as

Un, Ny 1 { ( 1 W, ) =, }
0 = M0 479 (cew) b+ = d (1= e0) (1= )Ny — [ e 1) =2t
VCJ ( t) ( ) Wt Pt ( ) ( t ) t ¢ Fg,ldlyt Wt_l Fg’l%tht_l

_{_EﬁVC,tJrl (1 +th) {¢ ( 1 Wi B 1) Wi 1 Et+1}
Ve k)W 1T Iy Wa Wy Tty P ] 7

(A.25)

or, dividing by N;, multiplying by P;, and making use of the definition of the after-tax
MRS (2.5), as

I, 11 F
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Linearizing (2.13) around the steady state and making use of
o = (Wt - 1%) — MRS, (2.9)
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and T'i"? = 1 yields
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Simplifying and using the steady state relation II = II,, yields
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B SGU algebra

B.1 Calvo

The associated Lagrangian is given by
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where in the budget constraint we have made use of
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The last term, X ,4, captures the wage level in the other labor markets where price
resetting has taken place. Hence, it is independent of W, and can be omitted as it drops
out when taking the derivative.

The FOC for consumption is given by

(L4 7 ) Ak P = Vo (B.3)

while the FOC for W} is given by
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we can evaluate the inner derivative in the first line of (B.4) to get
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Factoring out, and multiplying by (Wt*)‘sw‘l yields
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or
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Using the after-tax MRS definition, this is equal to
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Performing a log-linearization around the deterministic steady state yields
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Note that compared to the EHL case, it is the economy-wide MRS that shows up here,
not the individual one. Subtracting W; from both sides and using (2.9), we can write

this recursively as
Wy = Wy = =B, W, + (1= 80u) i (1) + B0 By (Wi = T, (B.12)

Using (A.16) we obtain
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from which the New Keynesian Wage Phillips Curve follows as
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B.2 Rotemberg

The Lagrangian is
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The corresponding first order condition for the optimal wage is given by
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Imposing symmetry
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which is identical to equation (A.25).
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C Elasticities of the after-tax MRS

C.1 Habits
C.1.1 Additively separable

First consider additively separable preferences with habits of the form

(Ci=¢cCi) 7 =1 N
1+¢’

(C.1)

1—-0
where 0 < ¢. < 1 measures the degree of habits, ¢ > 0 is the inverse of the Frisch
elasticity, ¢ > 0 determines the intertemporal elasticity of substitution, and ¢ > 0
determines the weight of the disutility of labor.

If habits are internal, we get

VCt = (Ct - <Z5cCt71)_g - ﬁ¢c (Ct+1 - ¢cCt)_U
and in steady state
VC = (1 - /B¢C) ((1 - ¢c) C)ig :

Similarly, the other partial derivatives are given by

Uy, = —tNY
Uy = —)N?

Voo, = =0(Cr = 6:Cioa) 771 + B2 (—0) (Cor — ¢Ce) ™7
Voo = (14 86%) (=0) (1 =) C) 7

Ven =0

The marginal rate of substitution and its derivatives follow as

1 47° YN#
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Therefore,
En = (C.2)



‘powmnsse are 1—7)°¢ — 9 w10} oy} Jo UOIdWNSUOD UT SHRY [RUINIXD 10 [RUIOIUI UM AJID13Se[0 [©30) 9} AR[dSIp SMOI 0M] 3SB]
o7, “(uwmnjoo y3moj) seoustdfold odA1-(QET) URWPNH PUR ‘ZIIMOIIOH ‘POOMUSSIL) pue ‘(UWN[Od PIry)) seoustajord aaryeordiynur 1oJ ‘(UWN[OD PUOISS) SINSIO]
8ol pue uorpdwnsuod ur seousrofeld ojqeredos AoAn)Ippe ‘(UWN[OD 1SIY) PoIom sInoy pue uondwnsuod ul seousiojold o[qeredos AoAryippe 10j ‘ 1oi3 ‘Aj1orgsero

[8303 90U} pue ‘g ;2 ‘wondunsuod 03 309dsor YHM ‘¢ ;3 ‘POYIOM SINOY 03 $00dsol YHM UONIISINS JO 9el [RUISIRUL Xe}-103J€ O3 JO SONNSR[H $2J0N 19 9[(R],

(syqey
_ o) N — O
& e TU@ — 1) s — L e ? 1X0) S
2 0 b — O
’ | s a S (na ) e
N-T | T-(o—Dl N—T o
& N T -1 L N ? s
O H 0 0 m,k\twm
N—IT N—1T u
¢ N N ¢ e
(N—T) b -t o010 ul—T 010 ut—1
0 Co—1) T SIFT AT TR O oSN
ul— A>N|ﬁv b ul— b\b ul— o— D ud
=N + 1)y R = = ON-T2 =, ToNT o NSy
ul— — b oyi— — ud o— ul—
N (P + Dy S s Py S
AN (& + T)epx D0
0 0 NOA
o (o NP =)0 (T—o)(b-1)(0—T)l
o (34N — D) 0= L1—(o-1)l) (o =1l 000~ [—0- D0~ 29/
bIAS+H>\<§|DV m Ab - Hv? o— o— Q\w
sN (P +T1) (p—) x 1 N-T
(N — D) S o—1)(l—T1) S sNP— NA
o0—\H+T -
o— o— &
ﬂ ﬂ (N = 1) o[+ = el 1

H\blﬁAS.THZ\\s\DV

(b (N-DuD)

-1

HHD

o[qeredas "N

aansto[ So1 *des ppy

o[qeredos ppy

SUOTIOUNY AYIOT[0] JUOIOPIP 10 (143 PU (113" ¢, 3 SOIOISE[H 9 A[RT,

49



147¢ ¢ —1 —o—
anre _ O Gvee | VeeC gy (L 868) (<0) (1= 99 C) 'O
: E Ve (1-66)(1—6C) "
14892 o
1_5¢C(1_¢C> 7
(C.3)
Because of Vo = 0, we also have?
Erot. =ENTT (C.6)
If habits are external, we get the partial derivatives
VNt - _th(p
Vy = =ty N¥
Ve, = (Cy — ¢Ci1)”°
Ve=(1-¢)C)"
VCtC't = (_0) (Ct - QSCCt—l)iUil
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and the marginal rate of substitution
1 ¢ N¥
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L=7"((1-¢.)C)
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and therefore
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28 A related functional form with unitary Frisch elasticity considers log utility in leisure:
l1—0o
(€ = ¢010t__1) e Ylog(l—N) . (C.4)
(o)
and yields
gt =¢er™ =N/(1-N) (C.5)
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with similar expressions for log leisure. As a consequence, £""® is the same as in the case

of internal habits and, because of Vo = 0, we also have

ot =Em . (C.8)

C.1.2 Multiplicatively separable

Consider a multiplicative felicity function® with habits

_ n _ anti-miTe _ (1-0) (1 _ an\(1-n)(1-0)
v, (G 0C)"A=N) ) (Gl (=N

1—0 l1—0

where 0 < ¢. < 1 measures the degree of habits, 0 < 1 < 1 determines the weight of
leisure, and o > 0 determines the intertemporal elasticity of substitution.

If habits are internal, we have
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29Tt has e.g. been used by Backus, Kehoe, and Kydland (1992).
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Therefore,
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Finally
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= |1—

In case of o = 1, i.e. log utility, utility becomes separable again and (C.12) reduces to

(C.5).
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With external habits,
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g = 1+7617_77(17%)0(7—1 (C.14)
-t g 1-N
Finally

Vo (m(1=0)(1=n) (0 —1) a56am

v (=) (1(1—0)—1)U
ce (1-6.)0)2

_(=p)e-1)(1-6)C
nl—o)—1 1-N
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s e mrs 4 omrs
1-— -1 N N
ST e
- S a0 oy ©15
C.1.3 GHH
Consider GHH preferences with habits of the form
(e YN | ©.16)

l—0

where 0 < ¢. < 1 measures the degree of habits, ¢ > 0 is related to the Frisch elasticity,

o > 0 determines the intertemporal elasticity of substitution (¢ = 1 corresponds to log

utility), and ¢ > 0 determines weight of the disutility of labor. In case of internal habits

we get
Vi, = (Cr = 6Cioy = ONT) 7 (=) (1 4+ )N
V= ((1=¢)C = N'™) "7 (=) (1 4+ ) N¥
Ve, = (Cr = 6eCry = NI) ™7 = 8o, (Crur — 6oy — NLE) ™
Vo= (1-66) (1 =)0 —pN'T) ™"
Vero, = =0 (Cr = 6.Crot — ONF9) 771 = 86, (—0) (—62) (Crr — 6.C: — ONJT7) 7
Vee = —0 (14 8¢2) (1 — ¢.)C — ¢ N'*#) 7"
Vo, = —0(Cy — 6Cut — N9) 777 (=) (14 ) NY
Ven = o ((1—¢) C — N") 7771 (1 + ) N¥

and therefore

14+7°((1 = ¢.)C — YN 7ah(1 4+ p)N¥

1Tl +p)N?

MRS =

L—7" (1= B¢.) (1 —¢)C —opNFe)™7 1 —717 (1 - o)
MRSy = 25T 01 4 oo
NI Y T8,
MRS: =0
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and

1+T Y+0)e pre—1 7

mrs —7" (1 5¢c)
eqrs = = (C.17)
n 147¢ Y(+0)
1—7m ( /B(bc N(P
el =0 (C.18)
and therefore
Epor. =S (C.19)

For external habits

Viv, = (Cr = 6Cooy = N T) 7 (=) (1 + @) NY
Vi = (1= ¢)C = N'™*2) 77 (=p) (1 + @) N¥
= (C = ¢Cry — N #) 7
Vo= ((1=¢.)C —yN'T)™7
Voo, = —0(Cy — ¢Ciq — YN %)
(1= )0 — pN'*F#) 7!
Ve, = —0(Cy — ¢Ciy — N ) 77
Von = o((1=¢.) C —¢N"#) 77"

—o—1

N
Q

|

q
—~

N(—) (1+ ) NY
(14 ) N¥

and therefore

1+ 7 (1= ¢)C — N9 71+ )N¢  147°

MRS = = 14+ ¢)N¥
1—7n (1= ¢.)C —pN1+e)™* 1 —T”¢( ?)
1 C
MRSy = +T b1+ )N
MRS- =0
and
1+7°¢ 1+ NP— 1N
et = = 1+TE o) = (C.20)
(L + )N
el =0 (C.21)
and therefore
Epop. = EpTS . (C.22)
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D Welfare

To keep the exposition simple, we in the following abstract from sticky prices. As long
as 1) price dispersion/price adjustment costs are 0 in steady state and ii) we consider
an efficient steady state, they could easily be added without affecting the conclusions
derived.?® Without loss of generality, we also omit the preference shocks for notational

brevity.

D.1 SGU framework

In the SGU framework, household members supply the same homogenous labor good to

unions so that the aggregate utility function is given by

1

C«l—a Nl-‘rso

USGU:/U N di = t o t
+(j)dj -0 1+g

(D.1)

0

A second-order Taylor approximation around the deterministic steady state yields
rSGU —0 A 1 —o—1_/~2 © N 1 =1 _n712

D.1.1 Rotemberg

In a symmetric Rotemberg equilibrium, we can drop all indices j. The aggregate produc-

tion function and the resource constraint are

Y, = AN} (D.3)
¢SGU )
Yi= G+ (I - 1Y (D.4)

We can use them to express consumption as a function of production and wage ad-

justment costs:
$SCU
w

a:&wﬂ(1 Q(Munﬂ (D.5)

30In case nominal rigidities affect the deterministic steady state or a second order approximation to

the model dynamics is required, there would be interaction effects between price and wage rigidities.
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A second-order Taylor expansion yields

(bSGU ¢SGU
C,—C=N'"* (1 - (- 1)2) (Ay—A)+ (1 —a) AN (1 - (- 1)2> (N, — N)
— ANV (I — 1) (1T — 1Y)
1 —a d)gGU w 2 1 1—a 1 SGU (TTw w2
+52(0-a)N <1— (1 —1))(Nt—N)(At—A)—§AN GV (Y — 11v)
1 a1 Pu” 2 2
+5(1=a)(—a) ANT® (1—T(Hw—1)>(Nt—N) :

(D.6)

Letting hats denote deviations from steady state, X, = X, — X, and imposing a zero

inflation steady state, we can write hours worked as

R 1 R . . .
Nt _(1 — a)N_a Ct — Nl_aAt — (1 — CY) N_aNt — (1 — Oé) N_aNtAt
1 R ¢SGU R 2
+5a(l—a) NN+ B C (H}f) . (D.7)
Plugging into (D.2) yields
. 1 A o 1 o
UggeUmberg =C"7Cy — 5070710’03 — NYN; — §N¢71§0Nt2
~ 1 N
=C77C; — EC’_"_lUC’f
1 C’t — Nl—aAt — (]_ — OZ) N_aNt — (]_ — OZ) N_aNtAt
N
— —a 1 R SGU R 2
(I-a)N +5a(l—a) NI 4 it O(H;ﬂ)
1 N
— 5N%D—lgoNf
N¥ ~ 1 .
_ O—o e O . _Cf—a’—l 02
( <1—a>N—a) ‘Ta T
1 Ne 1 o) .
- (iN“ Ry = L R ) N
NP N« R A N (bSGU R 2
A, + NYNA, — 2w (H“’) .
Ta N T T T N Ty
(D.8)

Note that in an efficient steady state, the linear term in consumption will drop out as

. Ne o
"~ T an= = (D.9)

This is nothing else than the condition that the marginal rate of substitution is equal to

the marginal product of labor. This is the well-known result that with an efficient steady
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state, a linear approximation to the policy functions is sufficient to get a second order
accurate welfare measure. Second order terms from the policy functions plugged into the
second order approximated utility function would result in terms of order higher than

two.

D.1.2 Calvo

In the symmetric Calvo equilibrium, aggregate output and the resource constraint are
given by

N 11—«
Cy =Y, = A, (—t) , (D.10)
St

where we aggregated over labor services:

1 1 N —Ew 1 N —Ew
, w? w?
N,= [ N/dj = —t Ndd':Nd/ —t dj . D.11
; / 1 dj /(Wt> Ldj h W, lj (D.11)
0 0 0

1 i\ —Ew

Defining the auxiliary variable S}V = [ (%) dj, which captures wage dispersion,
0

implies

=g

A second order approximation to (D.10) yields

N (D.12)

G = <%) (4, -y Lm0 AN ;si))g N, = N) — (1 @) AN(Sw) "0 (g gw)

(1 — G{) N~ B B _ aleafcuy—(1-a)-1 quw _ cqw B
N A e

—(1—a) (= (1—a) AN"(S*)" "7 (S — %) (N, — N)

AN (= (1= ) (= (1 = a) = 1)) (8%) 0725 — )2
+ = N-a-1

2 —a)(—a) A———(N, — N)?

=) (-0 A (V= )

Q- @) NONA, - N7oS¥ A, — (1 a) (— (1 - a)) N5e N, ]

—(-(1—a)(=(1—a)—1)) Nla(égv>2 + %a (a— 1) N*2N2,
(D.13)
where the second equality uses that in steady state A = 1 and S} = 1. We will show
below that S = 0 up to first order, so that

. 1 Co+(1—a)C8Y — N @A, — (1 — a) N°N,
Ny = (D.14)

_ —« A 1 R
A=) N=" 1 (1 _ o) NN, A, + 50 (1= ) NN
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Plugging this into the approximated felicity function (D.2) yields
) o A 1 Ci+(1—a)CSY — N'™@A, — (1 — ) NN,
Saivo =C~7C1 — 507‘7710@2 - N¥ 1—a)N-—< 1 .
(1-a) ~(1= @) NN A+ Sa (1 — a) NN
1 _ N
-5 Lo N?

N¥ 1 A

l—a)N-«
1 N¥ 1 -
_ _Ngofl e 1 — Nfozfl N2
(2 R T R ) ) t
N¥N> . A N¥ A
— A+ N*NA — ——— (1 — i
a1 me)es
(D.15)
Next, consider the law of motion for the wage dispersion term S;:
; Wj —fw W —Ew ; Wj ew
SV = L) d=(1-90 L 9/ = dj
0 0
1 . —Ew
Wy Wi\ ™ / Wi, ,
=(1-46 L 0 d
( )G%) +(W@) 0(m1 /
w*x\ —Ew W_ o
= (1—0) (I1) +6< V;/tl) CHE
= (1—0) (I") " + 0 (7)™ S, . (D.16)

A second order Taylor approximation yields
SV = (1= 0) (=) (7)1 (I — %) 2,0, (IT)1SW (I — T1*) + 6, (IT)* (S} — 5°)
1 [u —0) (—ew) (=20 — 1) (1) (1 Hw*f}
Hew (2w — 1) 0 (7)™ S (I — 11°)°
b e (T2 (I — T17) (1, — 5°)

= (1= 0,) (—€y) (TP — TI") + £,0,, (I1Y — T1°) + 6, (S}, — S¥)
+ % (1= 0u) £w (20 + 1) (IG" = T1")? 4 &, (2 — 1) O (T} — T1*)7]

+ el (ITY —TI%) (SIY, — S™)

—ey (B (I — 1) — (1= 6,) (IL — I1")) + 6, (S}¥, — S*)

T % (1= 0u) ew (e + 1) (TP = TI"*)? + &, (4 — 1) 0, (ITY — T1)?]

+ by (I —11%) (S}, — 5v)
(D.17)
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where we again imposed a zero inflation steady state. The evolution of wages is given by
1
Wt = [(1 - ew) (Wt*)lisw + ethl_zsw] tew (D18)

so that
1= (1—6,) [I*)' 7 4 g, ()™ " (D.19)

A first order approximation yields

0= (1—60y) (1 —gy) (II¥*) 7= (II¥* — II**) 4 By, (g, — 1) (IT¥)™ > (II¥ — I1*)  (D.20)

so that
0, (I — II*) = (1 — 6,,) (1L — 1I*7) | (D.21)
which implies )
gw 2 2
Iy — 1I*)° = (15" — 11" D.22
() e = e = e = e (022

A second-order approximation of (D.19) yields
0=(1—6,) (1 —ey) (") 7™ (I = I1*) + 6, (2, — 1) ()77 (I — I1¥)
Ll (1= 0u) (1= ey) (—ey) (IP) 77 (I — )°
2| #0020 — 1) (0 — 2) (I3 (1T — T17)?
= (1= 6,) (I = I1"") — 6, (I — I1%)

#1000 (o) (@ — 1 — 6, (2 — 2) (117 — 11

(D.23)
so that
O (I —T1) — (1 — 6,) (I — I1*)
==%[O-—&»<—an<H?*—IV”V——@U@w——m(Hf—-wa]. (D.24)

Inserting into (D.17), we get:

N

51 = 5w [(1 = 62) (—e0) (T = T2 — 6, (e — 2) (T — T°] 46, (ST, — 5*)
[0 B2 (e ) (L — T 4 2, (2, — 1), — 1177
ey (I — II7) (S, — 5% |

(D.25)

This shows the well-known result that S} is 0 up to first order in a zero inflation steady

state. Thus, up to second order, we can drop the last term as it is of third order. Now
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we can use (D.22) to get

S <0, (S, 5%) + 5o

b\~
1—-6 ) (I = T1°)° + &y (2 — 1) B (T — T1°)°

)
(1 6) (2% ) (O =T (22 + 224 2)

0, (I —TI*)? (—€2 — 22, + €2 — &y

+

% (1—9w)€w(£w—|—1)(

=0, (S, — SY) +

0 (S, = 5°) 5 | oty (T — e + (I — 1),
=0, (5" —SU’)+15 N T (Y — 11v)°

v 2 (1—6,) !
o w 1 H’LU (1_0) w w2
=0, (S}, S)+2 whw {(1—9)+(1—0)]<H — 1)

w 1 ewly w

=0, (S}", — 5) + 3T e,w(Ht_H)

A 1 eg,0 2
. 1%74 - wYw
_ewst_1+21_ ( )

(D.26)

Iterating this equation forward from time ¢, onwards yields

A A 1 ewbu [2w)?

S =0uSH + 31— (1)
A N 1 ewblu (2002
SZJVJrl =0 <6wStVovl + 21— 0. (Hto) )

* 1
A 1 ewbluw (2002 1 ewby (2w \2 1 e,04 w )2
Sm?:(e <6 Si- 1T, (Ht0> )+§1—9w<Ht0+1) >+2 — 0, (Ht0+2>
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so that the discounted sum is given by

S g

t=to

> t—to {1 €wbu

~ 2 ~
(1) +9w5:0V_1) +
t=tg w t=to+1

- st (320 (1)) S on

t=to t=to

wew - = —
- (%18—_9 (H%+1)2) > (B0,) 70+ ..
w t=to+1

_ 9w SW ( 1 €w9w

o0

1—860, " " \21-4,
0w  aw 1 1 el [2w)? 1 eubu
_1—59w5t°—1+1—69 [(51—9 (Ht0>>+<§1—9
1 ¢ A\ 2
t—to - _Twrw w
>0 (5 (m))

bt L Ewbw ~ 0\ 2
:1—ﬁ9 o= 1+Zﬁ 5( 1—59w)(1—9w)<nt)>'

0.,
- 1- 80, Sig-1 +

1—59

D.2 Comparison

§ /Bt—togt—to—l-l
w

w

(1)) =g + (75 (e

)2) 1 —Bﬁe
( to+1> )B+ ]

(D.28)

Comparing welfare under Calvo (D.15) and Rotemberg (D.8) shows the difference is given

by
AUSGU = Aggquo UlggeUmberg
N¢ SGU 2 N¥
_ B (Y - N
(I1—a)N—" 2 (1—a)N—«

o N¥ ¢’LSUGU Tw 2 Qw
_<1—a)N—aC( , (1) _(1_O‘)St> ‘
Using (D.28) and
NeC
(1—a)N—o

N#N'-e

(1—a)N—o

N1+90
(1—-a)’
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we can write the welfare difference as

oo

Z ﬁtfto AUSGU

t=to

Nite =2 iy N2 R
— — w H’LU _ 1 _ w
a2 (Z-() - a-asy)
. SGU , 2 0 .
t—to Tw Hw _ 1 _ w w
Nl-i—go ;/B 2 ( t ) ( Oé) 1— /Bew Stgfl

(1—a) — t—to Fwluw 1)’
~(1-a)) B %(u—ﬂew)e(l—@w)(m))

<¢5JGU —(1-a) (1— 5955)02111 — ew)) (
(D.31)

N | —

T (1-a) _<1_O‘)1—60 to— 1+Zﬂt v

t=to

Assuming that initial price dispersion is 0, i.e. StVOV_l = 0, this simplifies to

o) - B N1ty > t—to 8w0w 1y 2
D HAU = (0 == =gy ) ()

t=to

N | —

I

Nite wl ((Ew—1A=-7")N o Ewlw
‘<1—a>;B 2(( ew><1—ﬁew>9w S )(1—59w)(1—9w))(
_ATl+p t— tol 1) 1_7_n) gwew
RS ttoﬁ 2 0, (1 50"~ (1—6%)(1—%))

(D.32)

where the second line uses that the slope of the wage Phillips Curve is identical with

SGU _ (6w —1)(1—71")N
o T ) (1= o)

With X = (1 —«a)and (1 —7") = oty 1-e. if the monopolistic distortion is counteracted

(D.33)

by appropriate subsidies:

w
t

(11

" at—to A 7SGU _ - t—to L Ewbw B £l ~\2
> pAU <N 2((1_%)(1_%) (1_50w)(1_6w>><m)_0.

(D.34)

Thus, in the case of an undistorted steady state, i.e. when the labor tax undoes the
effect of monopolistic competition, the welfare losses conditional on initial wage dispersion
being 0 are identical between the Rotemberg and Calvo frameworks. This completes the

proof of Proposition 2 for the SGU framework.
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Finally, consider unconditional welfare. Taking the unconditional expectations of

equation (D.26) we get

W W 1 eyt )2
BS) = B85, + S E(Ht ) (D.35)

so that the unconditional mean of the price dispersion term is given by:
A 1 O Ao\ 2
BSY = —5“’—215(11;0) . (D.36)
2 (1 - ew)
Hence, the average wage dispersion in the stochastic model is not 0. Taking the uncon-

ditional expectations in (D.31) and using the previous result, we obtain:

0 R
—(1-a) - ES
S t—to Nite =0,
E_ZB ALTSCU —ia) o . L s el ()
= 2 5(% —(1-a) (1—69w)(1—0w>> ()

t=to

1—5%%u?%yE(Af

(1-a) Wb . \?
T (_ ST —ng)e(l = 9w>> liﬁE<Ht>

6
SGU __ 1 — Ewlw
Loy (S T Ty | 1 e
_1 —E(ng”) .
1- B‘gw (]. — Hw)Q
(D.37)
Again imposing identical wage PC slopes via (D.33), we get
(1—a)ey,
= 1 N+ C (Gw— DN(1—77) 1 N2
E t tOA SGU — SGU w E(11v) .
;6 u 2(1—a)¢“’ (A= 1—-a)b, (1—a)ey 1-p < t)
(1—10,) (6w —1)R(1 —77)
(D.38)
With an undistorted steady state characterized by X = (1 — «) and (1 — 7") = e
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E Z BtftOAUSGU

t=to

1 NY? oo . (1—a)e, (1—-05)(1—a)by, (1—a)ey, 1
T 2(1—a) ( C (Ew—DN(1—77) (1—0,) (5w—1)N(1—T")>1—
_ 1 Nt SGU (1-8)(1—a)b, 1 ~w)
T 2(1-a) (_ (1-6,) )1—5E<Ht>
1 squ (_ (1=0B)6,\ 1 w2
=N (_ (1= 6, ) —e(m)
(D.39)
Noting that
1-p0, 1-0, 1—p0, —0,+B0, —0,(1—p)
L= 1-6, 1-6, 1—-6,  1-6,  1—0, (D.40)
we get that
Ezﬁt—tOAUSGU — %NH%E)GU <1 - 11—_%0“,) | i BE(f[j;“>2 <0. (D.41)

t=to
Hence, Calvo wage setting is associated with higher unconditional welfare losses. This

completes the proof of Proposition 3for the SGU case.

D.3 EHL

In the EHL case, workers supply differentiated goods, which complicates aggregation in
the Calvo case. In the symmetric Rotemberg equilibrium, the aggregate felicity function

is still ,
1— 1+
_Ct "—1_Nt “0_ saU

Uggea’bbew - /Ut (]) dj - 1—0o 1+ © - URotembeTg (D42)
0
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Aggregation in the Calvo case is more involved. We obtain

[7EHL _/ (OJ) - _ (th)lw

- di
Calvo 1—0o 1_’_80 ]
0
1
G- / (7)™ dj
 1l-o0 1+ J
0
Wi\ ¢ 1+¢
Ol O‘_ ((Wi) Ntd)
-] 4
1-0 1+
0

1 o\ —ey 1t
e LA
 1l-0 1+ Wi J

0

1 N\ —€
e NC R 1
- 1+ W, J

0

o 1+
l—o L+ °F

1+
a-—1 ()
== — = X", (D.43)
l—0 1+

where the second equality uses the complete markets assumption and where the auxiliary

variable X}V has the recursive representation

L o\ —cw(l+y) —ew(14) ! , —ew(1+¢)
W/ Wi\ e W/
XV = —t di=(1-10 9/ =t dj
0 0
e o, 1 o\ —ew(l4e)
:u—mcw) mwﬂfm*) /IWl dj
Wi Wi / Wi

oo o)
- t Wt t—1

= (1= 0) (1) o) XY, (D.44)
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Thus, compared to the Rotemberg case in (D.42), the disutility of labor term is different.

A second-order approximation to the disutility of labor term yields

N 1+¢
(#) " v e
X, =~ + T
1+¢ Lty  (SW)T%
X ()
S NPTIo(N, = N)2 4 ST (x W x W
+2(SW)1+90 SO( t ) + 1_{_90 ( t )

I\ Y Lo aw | L 1 A2 e
:1+¢+N9"Nt—N+‘f’St + NN +

XW (N, = N) — NV (sW) "ty w (g gy

(D.45)

where we used that the dispersion terms 5‘;“" and th are 0 up to first order, as we will
show below. As the resource constraint and the production function are the same as in

the SGU case, we get

: L1 : : 1 ., N
bl =c0C, - 50*"*10—03 — N?N, + N2 (§)V = 5W) — §N@*1¢Nf 175 (X" —x")
o ) 1 Ci+(1—a)CSP —N'@4, — (1 —a) NN,
:C_UCt - 50_0—_10'0152 — N¥ W o 1 .
(1-a) — (1= @) NT"Nid + 5 (1 - a) N7 K
+ N (S — SV — Lotz N (X —x")
¢ 9 PLV 1+g t
N¥ | A 1 N¥ 1 .
=0 ——— |, —=C7 e C? - [ =N - ————— —a(l—a) N | N?
( 1—a) N—a) T T (2 P i-aN=2l-9 ¢
N¢N* . " N¥ . Nlte
— A+ N°NA, — | —C - N ) 5 — XV,
TNt e (N—a > Pt
(D.46)
Thus, the period utility difference between Calvo and Rotemberg is given by
R R N¥ ¢EHL R 2 N¢ R N1+<p R
EHL EHL w w 1 w w
~U = P (1) C—N'e)gr - X
Calvo Rotemberg (1 _ Ol) N-—o D) t + N-—o t 1+ © t
N® ngHL . ) R N 1 N
= O (P (M) = (1 =a) ) + N (S = —— X)) .
1-a)N—= ( 9 t ( @) S ) + t T+
(D.47)
As in steady state
N#C NeNi-« Nite
= = (D.48)

(l—a)N (1-—a)N— (1-a)

we can simplify the welfare loss to

¢EHL
w

2

1+¢
AUEHL __ 7rEHL UEHL _ N
— Y Calvo Rotemberg — (1 _ Oé)

(ﬁ;;’)2 G O‘)X}V) . (D.49)

14+
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The derivation of the second-order approximation to the auxiliary variable
X} = (1= Gw) (T17) =) 4 gy (1) 2 XY, (D.50)

follows the lines of the one for S;”. A second-order approximation yields:

~

X = (1= 0u)(—ew (1 @) )7 HHTHI 1) 2,y (14 9) 0, (1) CH9 7 X (1T
+ 0, (1) z—:w (1+¢) thl Xw)

—eu (1+9)) (=eu (1+¢) = 1) ([pe) "2 ame - 11v)?
[+5w 1+ @) (f (14 @) — 1) O, (1) A2 X W (e — 11v)?
+eu(149)0 Hw)fw“*W (MY — %) (XY, — X*)
—0,) ( + @) (I — II"*) + &, (L4 ) 0, (I — IIV) + 6, (X7, — X¥)
[ + ) (w (14 ) +1) (I — 1)
Few (14 ¢) (e (1 + @) — 1) 0, (ITF — 11%)?
+éew (1 +¢)0 - ") (X7, — Xv)
=c0 (1 +¢)( —II") — (1 = 6,,) (I — II**)) + 6, (XY, — X¥)

[ (1 —0y)ew( 1+go)(€w(1+80)+1)(n};0*—Hw*)z

+ew (14 ¢) ( ew(1+<ﬁ)—1)9w(ﬂi"—ﬂw)2

+ew(1+p)0 — ) (XY, — X¥) .

(D.51)
We already know that

;= 1Y)

O (I — I1*)—(1 — 0,) (I — 1I*") = % (1= 00) (—ew) (11" = T1*%)* = B, (20 — 2) (1T — 11%)7]
(D.24)
so that
X =Sew (14 ) [(1 - 00) (—20) (T = T2 = 6, (e, — 2) (T} — T1*Y]
+ 6, (XY — X¥)
1 (1= 6u) ew (1 +¢) (20 (14 ¢) + 1) ([T — I1°°)?
21 e (14 9) (e (1 +¢) — 1) 0, (TTY — TI%)°
+eu (1+ )0, (I —1I) (XY, — X¥) . (D.52)

68



Like S}V, the dispersion related term )A(tW is zero up to first order. For that reason, we

can immediately drop the last term in the previous equation as being third order. Using

() (= = e ey (D.22)

we obtain:

O 2 L\ 2
X Z%ew (1+¢) e ((12— 9w)> (1) + 6, (XY, - X™)
—0y (6w — 2) <f[§”)

(1—9w)5w(1+<,0)(5w(1+<,0)+1)( Ou >2<f[§“>2
tew (14 ¢) (60 (1+ ) — 1)9w<ﬂ
(1—9w)( bu )2(11;“)2 (—e2 +el (1+¢) +ew)

(-2 —2eu+e2, (1+¢) —ew)

T3

1
=0, (X7, — X") + 3 (1+ )

0, (X2, = X") + 5 (1) | (17 )

=0, (XY, — X") +

% (ew (14 pew)) 0w (1 + ¢) {(1 fwgw) + 1] (f{;v>2

=0, (X7, — X*) + % (gw (1 4+ 2y)) Oy (1 4+ ) [(1 f“’ew) + S:Z:ﬂ (H;,J)?

it g D )

=0, (X}¥, — X") +

(D.53)

Analogous to (D.28), the discounted sum of the auxiliary price dispersion term is given

by

- t—to VW __ ‘9w tto 1+‘P)(5w<1+‘ﬁ5w))0w ) 2

The present discounted welfare loss then follows as:

™ it I O S

Dorear — g o (B () - )

_ N'te O w t—to L EHL (1 —a)(1+¢)(cw (14 pey)) b 2 w) 2
T (1—a)| 1-86, Xt01+zﬁ 5( I+  (1—p6,)(1—6,) )(Ht)
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Conditional on initial wage dispersion being 0 so that XXJV_I = 0, we get the conditional

welfare difference as:

o0

EtZBt_tOAUEHL

- N”“’ 0o - EHL (1—a) N

- _@22& ( L+@X?>

N . —a) (14 ¢) (gw (1 + pey)) O ~ ) 2
“T-a Zﬁ 2 (¢EHL e e ) E()
. Nite & t—t()l )(gw (1—’_906117)) 9w FTw 2
“i 0 |27 §(¢EHL 0 ) () >Et(Ht>

L [((ew—1)0p (1 —7") R (1 + pey) Ew (1 4+ @ey,) Oy ~ N2
_ NI-HO ﬁt to — ( _ E (1% 7
[g 2 (1—(1/) (1_011)) (1_5‘9111) (1_69111) (1 _Hw) t< t)
(D.56)
where the last line imposes identical slopes of the wage PC via:
GPHL _ (w —1) 0, (1 = 7")R (1 + pey,) ‘ (D.57)

(1= 6w) (1 = B6u)

In an undistorted steady state with X = (1 — «) and (1 —7") = L

Et Z/Bt_tOAUEHL — N1+<p {

t=to

ew) (1 - Bew) (1 - 59111) (1 - ew)

t=to

This completes the proof of Proposition 2 for the EHL framework.
Finally, consider unconditional welfare. Taking the unconditional expectations of

equation (D.53) we get

N N 1 Ew (14 pey)) O ~ 0\ 2
EXtVV—ewX321+§(1+gp)( (1_9 ) E(Ht> (D.59)

so that the unconditional mean of the auxiliary price dispersion term is given by:

(14 ) EulFvew) 0”E(ﬂ;”>2 . (D.60)

EXWV =
! (1-16,)°

l\DI»—
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Taking the unconditional expectations in (D.55) and using the previous result, we obtain:

E i ﬁt_tOAUEHL

t=to

N [ & oL ( BHL (ew (1 4+ @ey)) b w 2 (1—a) 0, I
T (1-0) ;%5 2 (% —(1-a) (1—B6,)(1—6,) >E L) 1+ 1—59wEXt01]
! (ew (1 + @ey)) Oy 2
Ni+e 2<¢EHL =) a- ) (H)1 3
" l-a)| (1-a) 6, 1 (0 (1 —i—goé?w ) b,
Tirp g2t T T s (1)’
1 N EHL _ (1 _ (ew (1 4 pew)) b 1 . 0w (ew (14 pew)) ew}
=31 | - ) R e g B
(D.61)
Again imposing identical slopes of the wage Phillips curves, we get:
(1 —a)ey
" -0 _ 1Nt (ew - DRI =) L (i)
Et_ztoﬁ AWEE = S e 0 we | 1B ()
 (1-6,) (e DR -7
(D.62)
In an undistorted steady state with ® = (1 — @) and (1 —7") = 225
(1—a)ey,
" -0 _ 1Nt (ew - DRI =) L (i)’
Et_ztoﬁ A =% | 0 mU-we,  (1-a)e 1_5E<Hf>
(10, (e L)R(A -7
1 N pur (1-58)(1—a)by 1 )
==y <_ (1—06y) > 1_5E<Ht)
1 pur (1= 0) 6, 1 w2
=N (_ (1= 06.) ) 1_5E<Ht) '
(D.63)

Again using (D.40) it follows that:

s 1 1— 36, 1 2w) 2
Ezﬂt—toAUEHL _ §N1+<P¢5HL (1 - —56 ) - ﬁE(H};’) <0 (D.64)

t=to
Thus, Calvo wage setting is associated with higher unconditional welfare losses. This

completes the proof of Proposition 3 for the SGU case.
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D.4 Comparison SGU/EHL with efficient steady state

The previous sections have compared Calvo and Rotemberg wage setting in the SGU
and EHL setup, respectively, for a given amount for wage stickiness as measured by the
Calvo wage setting parameter. But for a given Calvo wage setting parameter, the EHL
and SGU setups produce very different slopes of the wage Phillips Curve, implying that
amount of wage inflation variability will differ across the two insurance scheme. Thus, to
make the EHL and SGU frameworks comparable, we need to fix the slope of the Wage
Phillips Curve at the same level by setting the respective Calvo parameters to satisfy

(ew — 1) OEHL (1 —7")R (1 + peu) (6w —1)05CY (1 —77)R
(L= 650 (1~ GET7) (1~ 0500 (1 — ")

EHL SGU
¢w - ¢w = = ¢w :

(D.65)
This in turn implies that §ZHL < 925GV Put differently, the slope of the wage Phillips
Curve under Calvo wage setting is steeper in the EHL than in the SGU framework for a
given amount of Calvo wage stickiness. In order to keep the slope of the Wage Phillips
Curve the same, the EHL setup requires a lower degree of Calvo wage stickiness. The
difference in unconditional welfare between the SGU and the EHL case under identical

slopes of the Wage Phillips Curve then follows from (D.41) and (D.64) as

EZ Bt_tOAUSGU _E Z 5t_tOAUEHL

t=to t=to

_ 1N1+¢¢_w (1 — % — (1 — %)) E(ﬂ;ﬂ>2

2 1-8 1 —gscU 1 — QEHL
1 1+ gbw 1_605HL 1_605)GU “Tw 2
=N ¢1—5(1—65HL e E(Ht> <0, (D.66)

where we used that inflation variability is the same in both setups with ¢, = ¢E7L =

$3¢Y and that 9L < 9SGU . This proves Proposition 4
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Table 7:  Model moments from the Gali (2015), Chapter 6 model

Strict Targeting Flexible Targeting

Price Wage Comp. Price Wage Comp.

Technology Shock

o(m,) 0.000 0.135 0.123  0.298 0.243 0.246
o(my) 0.266 0.000 0.021  0.238 0.165 0.169
o(y) 3.417 0.204 0.000 0.848 1.183 1.113

Demand Shock

o(m,) 0.000 0.000 0.000 0.026 0.041 0.038
o(m) 0.000 0.000 0.000 0.054 0.066 0.064
o(g) 0.000 0.000 0.000 1.082 1.054 1.061

Table 7:  Notes: Displayed are the variance of log price inflation ,, log wage inflation 7,,, and of the

log output gap y. Numbers have been multiplied by 100.
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