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A New Keynesian Model with Sticky Wages and Prices

The model consists of 5 types of agents: the final goods producer, intermediate goods producers,
consumers, workers, and the fiscal and monetary authorities. The complete version of the model is
used in Section 5.2 of the main text and Sections D2-3 and E in this Appendix, where we calibrate
it for the United States (US). A stripped-down version of the model, with sticky wages, flexible
prices, and no habit formation, is used in Sections 2-4 of the main text to gather intuition about the

mechanism we are studying.

A.1 Households and Wage Setting

The economy is inhabited by a continuum of differentiated households, indexed by i € [0, 1].
Household 7 is endowed with a unique labor type, ¢;;, which allows it to set its own wage using
monopolistic power. Household 7 selects consumption, ¢;;, one-period-maturity bond holdings,

b; +, and a nominal wage, W, ;, in order to maximize its expected discounted lifetime utility

o0

Et25T_tu(Ci,T, lir), (A.1)
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and no Ponzi schemes. E; is the expectation operator conditional on the available information
in period t. R; is the risk-free nominal interest rate, 7,, is a labor-income subsidy calibrated
to eliminate any non-stochastic steady-state distortion in labor allocations generated by workers’
monopolistic power, P, denotes the price of the final good, 7, = P,/P,_; — 1 is the inflation
rate, T;; is a lump sum including taxes, Arrow-Debreu state-contingent securities, and profits
from monopolistic firms, and €, is a stochastic disturbance with mean zero that creates a spread
between the return on bonds and the risk-free rate (cf. risk spread shock in Smets and Wouters,

2007). Preferences are separable between consumption and labor:

h 1-0o 1+w
(Ci,t -7 Ci,tfl) —1 gi,t

_wl%—w’

u(c’i,t7 gi,t) = (A3)

l1—0

where " is a parameter controlling external habits, o~*

> ( is the inter-temporal elasticity of
substitution, w~! is the Frisch elasticity of labor supply, v is a normalizing constant that ensures
that labor equals % at the deterministic steady-state. We assume for simplicity that households are

divided into two units: a consumer and a worker. The former chooses consumption demand and
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bond holdings, while the latter sets the nominal wage knowing that the elapsed time between wage
re-optimizations is a stochastic process. Notice that the presence of state-contingent securities
ensures that all households begin a period with the same wealth and therefore choose the same
level of consumption. Therefore, we can drop the subscript ¢ in the first-order conditions (FOCs)

of b+, and ¢; ;.

A.1.1 Consumption and Savings

The consumer’s problem is

00 h 1 bl
Tt (CT Y CT_1) A T—1 (2 :
EH%X Et { E tﬁ [ 1 o 1+ T I I G, (1 + Rfl ) €exp (gb,T) 7

where ) is the Lagrange multiplier of the household problem. Notice that this variable also serves
as the shadow marginal utility of wealth and that it is common to all households due to the pres-
ence of Arrow-Debreu securities. Finally, ); is also a signaling device for income effects in the
economy. An increase in \; implies that households become poorer and, if workers’ labor supply

does not change, households will afford a lower consumption level.

The first order conditions (FOCs) of b; and ¢, are respectively given by

Aty1 (14 Ry) exp (ep7) }
1 =pE ’ A4
B t { )\t 1+ Tt ) ( )
(Ct — ’thtfl)ig - /nyhEt {(Ct+1 _ ,yhct)fo'} = )\t- (A.S)

A.1.2 'Wage Setting

Labor packer. Following Erceg et al. (2000), we assume that a competitive employment agency
builds an aggregate labor input from a set of differentiated labor types ¢; ,, for i € [0, 1], according

to the following CES technology

1 Ow/(0w—1)
0 = < / ggiw—”/ewdz) , (A.6)
0

where 0, > 1 is the elasticity of substitution between any two labor types. Profit maximization by

the labor intermediary yields the demand for type— labor

—O
iy = (W”t> 0, Vi, (A.7)




while the aggregate nominal wage obeys

1 1/(1-0.)
W, = < / m};ewdi) : (A.8)
0

Wage setter. Similar to Calvo (1983), we assume that in each period a worker re-calibrates his
labor contract with a probability 1 — «,,. In the re-calibration, the worker chooses a wage index-
ation scheme for updating his wage in non-re-optimizing periods and an optimal wage level that
maximizes his or her utility. There are two indexation schemes in the economy, namely §**** and
§'rend The former updates wages using the previous period inflation rate, while the latter uses the

central bank’s inflation target, which in the model correspondes to trend inflation. Formally
= (T, and AU = (L ) 075,

VT >t, and 5f¢ = 1 for k € {past,trend};t is the period where the last optimization occurred.
For the ease of exposition purposes, it is convenient to first describe the well known wage-setting
problem given the choice of (57’; o. The selection of the indexation scheme is described afterwards.
Thus, given a 55’ 1> a worker sets his wage according to (dropping subscript 7, as any worker maxi-

mizing at ¢ and with a rule 5f,T will choose the same wage)

> 5k Wk (¢h)
W™ € arg max By {Z (Baw,)"™" (ATG + 7)ol — wL) } . (A9)
%

t’
i Tt PT 1 +w
subject to
-0,
6kka w
= (tTTt lr. (A.10)
The FOC with respect to W, * is
oo T— 14w
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rw,” = =1 (A.11)
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where rw;™ is the relative wage of workers using indexation rule k, 7%, = Wy /W, is gross wage

inflation between periods ¢ and 7" and the labor-specific demand fﬁ o takes the form

611),]6 =0
k t,T k%
T

Notice that to eliminate the wage markup p,, = 6,,/(0,, — 1), the labor subsidy must equal 1+7,, =

1,,- To get a simplified wage-setting equation, replace the labor-specific demand and the calibrated
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labor subsidy into the optimal wage-setting equation and re-arrange to obtain

14wy num,’
k,x k.t
(rwt ) zwd g (A.12)
eny
where
1 w 0w (14w)
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41
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deny, = Awily + By, By B deny,q ¢,
tt+1

and 7' = W;/W;_; — 1 is the wage inflation rate.

Indexation-rule selection. Let &, denote the time ¢ total proportion of workers who have selected
past-inflation indexation, independently of their last contract negotiation. In short, £, represents
the degree of aggregate indexation to past inflation in time ¢. Furthermore, let X be an information
set describing the distribution of stochastic shocks in the economy. Finally, let =; denote the vector
containing current and expected future levels of aggregate indexation, such that =, = {E:&,; }2,.
We can now formalize workers’ indexation-rule decision as follows: If worker ¢ can re-negotiate

its labor contract in time ¢, he or she selects the rule that maximizes his or her conditional expected

utility, i.e.
074 (§,X) € argmax W, (0;, =, %) subjectto p(0,§,,%), (A.13)
5i6{5t7>end761)ast}
where
Wiy (05,2, X) = Eq Z (ﬂaw)T_t Uler (§r,2), L (6, s Z))} g (A.14)
T=t

where O is the full set of structural parameters of the model, and p(-) represents a system of
equations that summarizes all relevant general-equilibrium constraints that determine the allocation
of the economy at any given period. Notice that W, ; is constrained by the expected duration
of the labor contract since the effective discount factor for a worker is S«,,. In addition, state-
contingent securities ensure that individual consumption equals the aggregate level. Indeed, a
worker’s individual indexation-rule choice has a negligible effect on aggregate quantities since
a single worker counts for a infinitesimal proportion with respect to the aggregate. In contrast,
aggregate consumption does depend on aggregate indexation £, and the current economic regime

Y. Thus, for worker 4, £, and ¥ are given, so he or she selects the indexation rule §; that maximizes



his or her individual expected utility. The latter brings the possibility of coordination failure, since
workers do not internalize how their own choice affects the aggregate. The externality implies that

what is good for a worker, may not be good for all workers.

Labor market aggregation. The degree of aggregate indexation &, is determined as follows:
each period, only a fraction 1 — «,, of workers re-optimize their wages. Let x, denote the time ¢

proportion of workers from subset (1 — «,) that selects 6****. Accordingly, &, is given by
&=(1=0)> Xinlaw), (A.15)

which recursively can be written as £, = (1 — ay,) x; + awé,_;. Without loss of generality, as-
sume that workers are sorted according to the indexation rule they have chosen, so workers in the
interval i € I’ = [0,€,] use §7***, while those in the interval i € I"*"¢ = [¢, 1] use 5.
Measures of wage dispersion for each of the two sectors can be computed by adding up total
hours worked, which are determined by the set of labor_—especiﬁc demands. Therefore, we have that
Jic * liydi = £, dispy,, where dispy, = [ I (%) " di. Recursive expressions for the wage

dispersion measures are given by

Ow
—0., 14w
dispy, = (1—oaw)X; (rwf *> + vy ( (5:_ i > dispy; 1, (A.16)
t—1,t
» X; if k= past
where x; = . (A.17)

1—x, ifk=trend

Finally, given the Dixit-Stiglitz technology of the labor intermediary, the aggregate wage level is

given by W} = fol I/Vzlt_ %wdj. This expression can be rewritten in terms of the sum of relative

1- w
wages within each indexation-rule sector, which are given by wF = - (2‘2/;) d:. Thus, it
t
follows that
1 =" + @ and (A.18)
) W\ vl
@t = (1= o) x [rwl*] " + o ( an ) oLy, (A.19)
5pas
t—1,t
) Op—1
~tren 4110w +m .
w;t ¢ (1 - aw) (1 - Xt) |:71wa2 ] + Qy < 5t7’en(§ > wt2—1' (A20)
t—1,t



Notice that these weights may change over time due to variations in 7w? and ;. The recursive law

of motion of WY is given by

w—1
1-0., 1 w
af = (1= aw) i [rof ] o, (%) k. (A21)
t—1,¢

The rest of the model is quite standard, so we describe it briefly.

A.2 Firms
A.2.1 Final good producer

A perfectly competitive firm produces a homogenous good, y; by combining a continuum of inter-
mediate goods, y;, for j € [0, 1], using the following CES production function

0

1 Op—1 9127}11
0 .
Yt = (/ yj’tp d]) 3
0

where 0, > 1 is the price elasticity of demand for intermediate good j. Profit maximization yields

the typical set of input-specific demand functions:

ljt O .
Yjit = (H) Yt V1,

where P;; denotes the price of the type—j intermediate good. The aggregate price level compatible

with a zero-profit condition and the particular shape of the production function is:

([ )
0

A.2.2 Intermediate-good firms

Each intermediate good is produced by a single monopolistic firm using the linear technology
Y = Aexp (20) Tt

where 1, is the composite labor input, A is a normalizing constant that ensures that the detrended
output at the deterministic steady state equals one, and z; is a permanent technology shock that
obeys

2 = 21+ Vay, (A.22)

where v, is a zero-mean white noise. Each period, an intermediate firm re-optimizes its price

with a fixed probability 1 — «,. If the firm is unable to re-optimize in period 7', then its price is
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updated according to a rule-of-thumb of the form P} = 52 P+, where t < T" denotes the period
of last reoptimization and &7, = (1 + ) % (14 my)% 6,0y for T > t and ot = 1.' The

firm sets P;, by maximizing its profits, so

> A 6 1 Pj 4
Tt At+1 | YTt
Pj*,t € arg ngftx Eq Tz:t(ﬁap) t)\—t [ Pr Yjt T — (1- Tp)S (yj,t,T) )
& p P\ "
subject to y; .7 = (%) yr,

where the real cost function is given by S(y; ;) = wy;+/(Aexp (2:)), 8, > 11is the price elasticity
of demand for intermediate good j, and 7, is a fiscal subsidy aimed to remove allocation distor-
tions associated with the monopolistic power of intermediate firms. The subsidy is set such that
1—7,=(0,—1)/0,.

The FOC of the optimal intermediate-good price P} is given by:?

P} num?

P den?’
where
0
b WY Aeyr (Lm0 )7 P
num, = ——— + fa,E num ,
t Aexp (Zt) B P )\t 55,1?—&-1 t+1

A 147 Op—1
deny =y + BBy . ( D Hl) den?—&-l
)‘t (5t,t+1

1
Price dispersion and labor demand. Since the aggregate price level equals P, = ( fol let_ rq J ) e

it follows that

0,—1
_ 14+m\"7
*\1—0 t
L= (=) () o ()
t—1,t

The aggregate labor demand is (using the definition of the production function and the input-

1
. Yt .

n;dj = ———disp?,

/0 » Aexp (z)

specific demand)

; _ep . . .
where disp! = fol (%’f) dj > 1. In recursive form, this equation becomes:

. - 1+ \"
disgf = (1) ()7 + 0 () st
t—1,t
"We could have assumed that firms also endogenously select their price indexation rule. However, we keep the
model as simple and tractable as possible to study the determination and implications of wage indexation.
Notice that each intermediate firm optimizing its price in period ¢ will set the same price, since all firms have
identical technology and face similar demand functions.




Labor market and goods market equilibrium. Aggregate supplied hours equal the aggregate

labor input times a wage dispersion distortion,

1
/ Cigdi = £,y " dispy,.
0 k

The labor composite is partitioned or distributed among all intermediate firms, according to their

1
gt = / n”d]
0

Finally, aggregating the labor specific demand across firms yields aggregate output as a function

labor-specific demand, so

of aggregate labor and price dispersion:

Ui Aexp (z) by (A.23)

B dispy
Flexible prices. In Sections 3 to 5 in the paper, we assume that producer prices are flexible,
which implies that o, = 0. If such a case, it is easy to show that P;; = P, for all j and ¢, and
therefore w; = Aexp(z;). Price dispersion does not exist (i.e., disp! = 1), so we can summarize
the production sector of the economy using a single representative firm with technology v, =
Aexp(z)l;.

A.3 Government and Monetary Policy

Fiscal policy. For simplicity, we assume that the government budget constraint is balanced at
all times, so government purchases of the final good g; plus labor and production subsidies equal

lump-sum taxes levied on households:

gt + Tw /wi,tgi,tdi + 7y /#‘gj{;)dj = taxes;,
i i t

where taxes; are an element of the aggregate lump-sum variable fz T, +de. In Sections 2 to 4 of the
main text, we assume that g; = 0, while in Sections 5.2 and Online Appendix sections D2-3 and E,
we assume that g; = g, exp (£4+) yr, where 0 < g, exp (g,+) < 1 is the public-spending-to-GDP

ratio and €, is a stochastic disturbance with mean zero.

Monetary policy. Similar to Cogley et al. (2010) and Hofmann et al. (2012), we assume that the

central bank follows the rule below to set the short-run nominal interest rate:

[ ay any 1—ppr
14 R = (1+ Rey)Pr [(1 + R (1 il 7”) (ﬁ) (i> ] : (A.24)

L+ 7; Yy Y1
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where
*
L+ 7

/8 Y

and y is the level of output at the deterministic steady state. This rule has shown good empirical

1+ Rf =

properties, and we use it in Sections 5.2, D2-3, and E, where we calibrate all policy-rule parameters
to the estimated values of Hofmann et al. (2012). In contrast, in Sections 2 to 4 we assume that

PR Gy, and ap, are all equal to 0 to favor intuition. Finally, the inflation target evolves as
Ti1 = T + Va1

Therefore, inflation-target shocks are permanent.

A.4 Shocks

The model economy face permanent technology and inflation-target shocks, z; and 7}, respectively,
and temporary aggregate-demand shocks, €, and 4, each one following an autoregressive law

of motion of order one, such that

Ext = Prait—1 + Vgt

where 0 < p, < 1 for z € {b, ¢g}. In turn, v, are white noise processes with standard deviation

o, forz € {b,z g,1}.

A.5 Equilibrium

The resource constraint is given by
Yt = ¢+ G, (A.25)

The equilibrium of this economy is characterized by a set of prices { P, P;;, W;, W;;, R;} and a
set of quantities {yy, g;, Ci+, bit, nj1, bt £i 1}, for all ¢ and j, such that all markets clear at all times,
and agents act consistently according to the maximization of their utility and profits. Notice that
in equilibrium ¢, = fol ¢; 4di, fol ;di = fol n;.+dJ, fol b ¢di = 0.

The model has an stochastic trend due to the technology shock process. Therefore, we divide
all trending real variables by exp (z;), except for A; ,which we multiply by exp(z;), to preserve a
stable saddle path:

= A=) )
exp (z)’ P exp (%) t +exp (21)
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Tables 1 and 2 summarize the equilibrium conditions of the simple model used in Sections 2
to 4 and the complete model used in Sections 5.2 (and D2-3 and E), respectively. In addition,
Table 3 describes the calibration used for each model. The simple model is calibrated using values
typically found in the ballpark of New Keynesian models. In turn, all the values for the Great
Moderation and Great Inflation periods, except for the standard deviation of the inflation target o,
are taken from Hofmann et al. (2012), while o is taken from Cogley et al. (2010). The two papers

mentioned estimate a very similar New Keynesian model as the one presented here for the US.

Table 1: Summary of Model used in Sections 2 to 4

Consumption & savings:

_ Aei1 (1R exp(sp 1)
L= pH, {A——H } (M
&’ =N a0
Wage setting:

ok 14+wby, B ﬂumz’,t
Ty = Veny, (I
w 147w, 9w(1+w)
numy, = 07 4+ Bag, By { (ﬁ) num“kft+1} (IV)
w ey \ 0w

deny , = Mwily + P, Ey ( 55’41 ) deny ;.4 (V)
1= w%)ast + wgrend (VI)
~ ~ *,past]1—0w Tw Ow—1 ~
@ = (1) ¥ [rop™ ] + (;3_—) @k, (VID)

C W ~ *,k —Ow 147y’ Ow . w
dispy, = (1 — o) X (th’ ) + o ( 55_11) dispy,_, (VIID)
X; =Xy ifk=past; x,=1-—x,ifk=trend (VD)
o =1+m_y and ST =147} (IX)
Price setting:
wy = Aexp(z) X)
]-+7Tt:Pt/Pt—1 (XI)
Py —wily =0 (XII)
Aggregation:
Yy = L Aexp (2) (XIII)
§=(1— )Xy + iy (XIV)
L+ Ro= (L4 Ry (H2) (XV)
Yt = Gt (XVI)
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Table 2: Summary of Full Non-Linear Model Used in Sections 5.2, D2-3, and E

Consumption & savings:

_ Aey1 (1+Re) exp(ep1)
1= 6Et {3\_1:1 14741 } (I)
(Ct - tht—l)_a — B E, {(Ct+1 - Wth)_J} =M (1D
Wage setting:
ok 14wl B numg’t m
Ty - ¢ den} ( )
w 147w, ew(1+w)
numy, = 07 4+ Bag, By { (ﬁ) numkat+1} (IV)
w 1+7r%v+1 fu—1 w
denk,t = Nwly + BBy (m) denmﬂ V)
1 =P + alrend (VD
- N rpast11—0w gw\ Ol
W = (1= o) Xy [rwr™ ] + o (;:_—) ak (VID)
- w ~ k) 0 e\
dispy; = (1 — aw) X4 (rwt’ ) + <5k t ) disp; ,_4 (VII)
’ t—1,t ’
X; =x,ifk=past; x,=1-—x,ifk=trend (VD)
5??‘91% =14+ m and 6?;61’2? =147 (IX)
Price setting:
" num?
p; =t X)
w Tt 917
num} = Aexf(tzt) + Bo, By {/\f\tl (1%_;1) nume} (XD)
0p—1
den? = y, + BB, {A;l (1;%) ’ deng’ﬂ} (XII)
1o . 0,—1
=1 —a) @) " +a (557;3) (X1
0
disp} = (1 — ap) (p?)fe” + a, ( 51;”” > ’ dispy_; (XIV)
t—1,t
Aggregation:
yr = i Aexp (z;) /dispf (XV)
&= (1—aw) Xy + by (XVI)
an ay AAy lpr
L+ Ro= (1 Raee |0+ R (H22) 7 ()7 () (XVID)
Yt = Ct + Gy (XVIID)
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Table 3: Calibration used in the paper

Sections 3 to 4: Section 5.2: Section 5.2:
Simple Great Great
Model Moderation Inflation
Deep parameters

B Subjective discount factor .99 99 .99
o Intertemp. elasticity of subst. 1 1 |

w  Inverse of Frisch elasticity 1 2 2
0., Elasticity of labor demand 10 10 10
0, Elasticity of interm. goods - 10 10
~"  Habit formation - 37 71
~P  Inflation inertia - A7 8
o,  Calvo-price rigidity - 718 .84
a,, Calvo-wage rigidity 5 .54 .64
a,  Taylor Rule: inflation 1.5 1.35 1.11
a,  Taylor Rule: output gap - 1 A1
aa, Taylor Rule: output gap growth - .39 S
pr Taylor Rule: smoothing - 18 .69
gy  Public-spending-to-GDP ratio at - 2 2

steady state
Shocks

p?  Autocorr. govn’t spending - 91 .89
p®  Autocorr. risk spread 5 - -
o, Std. dev. technology 5 31 1.02
oy Std. dev. govn’t spending - 3.25 4.73
op  Std. dev. risk spread 25 - -
o Std. dev. inflation target S .049 .081

Note: All the values for the Great Moderation and Great Inflation periods, except for the standard deviation of the
inflation target o, are taken from Hofmann et al. (2012). In turn, o, is taken from Cogley et al. (2010). The two
papers estimate a very similar New Keynesian model then the one presented here for the US.

14



B Welfare

As noted in the previous section, a worker’s private welfare, which depends on the duration of
his labor contract, is different to social welfare - the sum of all workers’ welfare - and it is not
constrained by the average duration of a labor contract. This difference, along with the fact that
individual workers do not internalize the effect of their choice on the aggregate, raises the possi-
bility of coordination failure in the decentralized equilibrium of the economy. In this section, we

present formally the welfare functions and the welfare costs associated with a particular regime.

B.1 Social welfare

Define S, as the un-weighted sum of instantaneous household utilities:

St == /U(Ci,t7 él,t)dz
l1—0o

B / (Ci,t - WhCi,t—l) —1 _y gil,;rw &
; l1—0 1+w

h 1-0o 14w
(ct - ct,l) —1 o _
— —dxs. B.1
1—o 1w ®.D

The last line follows from the fact that consumption is equal across households under the model

assumptions. Expected social welfare is then defined as:

SW, = E.{> B 'Sr
T=t
= St + ﬂEt {SWt+1} .

Notice that in equation (B.1) aggregate labor disutility can be decomposed into
R Gy . G
——di = ———di + ——dj,
0o 1+w ierry, 1 T W ietry,,,, 1 W

gH—w 770
Y : .
/ o di (e dispy ,di
i€IRY,

where

1+ w :1+w

—0w (14+w)
. S Wit
with disp;, , = j;eIRgt ( W )

ates welfare costs because it amplifies the disutility of labor.> Following the same approach for the

di. Since ), dispi’t > 1, nominal wage dispersion gener-

3Showing that > k dispi,t is bounded below by 1 is easy using Jensen’s inequality. First, let rw; = VVII/; denote

the relative wage of worker ¢, where we have dropped the time subindex for simplicity. Then, notice that from the
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recursive formulation of disp‘,zt in (A.16), one can show that:

0w (14w)
dispy,_;. (B.2)

) ~ L\ ~Ow(1+w) 1+7¥
dlSpi,t = (1 — o)Xy (wa’ ) + !

B.2 Private welfare

The relevant welfare criterion for workers drawn to choose a new indexation rule is their own

expected lifetime utility, conditional on the duration of the labor contract:

o0

Wi =Ee <Y (Baw)" ™" Uler, liz) ¢ - (B.3)

T=t

Notice that the discount factor takes into account that the labor contract might end each period with
probability 1 — «,,. Since preferences are separable, we can decompose the welfare criterion into

two terms, one related to consumption and the other to labor disutility: W;; = I'; — €2, ; where

G 7 (or — thCTfl)l_g —1
I, = E TE:t (Boww) T , and
_ - T-t w 14w
Qi,t(éi,t) = E T§:t (Bow) 1+ wgi,T

Since individual consumption is equal to aggregate consumption, a recursive expression for I'; is

simply:

(Ct - ’Vthq)l_a -
l—0o

1
Iy = + BoyE{T41}- (B.4)

For Q,.(d;+), we need to arrange further terms to obtain a recursive expression. Let us simplify

)

: : . ok —u
notation to QF = Q;,(d;,) for 6*. If we insert the labor-specific demand (¥, ;. = (Wi,;T rwf) lr
sby t,T

into QF, we obtain

o k 6., 14w
QF = Ld E; Z (Baw)™ ™" (St—’Trwk O
14w o Ty

definition of the aggregate wage index, we can write 7w = fol f (rw;) di = 1, where f (rw;) = (1/rw;)? ", Next,
consider the convex function g (u) = u?(+«)/(=1) "with /(9 — 1) > 1 for § > 1. The convex transformation of f
using g is given by h (rw;) = (1/ rwi)e(Hw) . Jensen’s inequality states that the convex transformation of the mean of
a function is less or equal than the mean of the transformed function, i.e., g (Tw) < fol h (rw;) di. Since g (Tw) = 1,
it follows that 1 < [, (rw;) """ +) di.

16



Next, expand the expression and factorize common terms:

i
Y 0 (1+w) +0Ba (‘Sﬁt—“)gwé o
Qf - 1+ E; (wa) ’ b N e
w o 14w
+ (Baw,)? (—55’**2) ™y +
w s +2
Then, notice that f ; is equal to
Uty
1+w
_ 5f+1,t+2>_ v /
f1= 1:LD Eia (waﬂ) el e RW&LH? - 1+
2 5f+1,t+3 ) —u N
+ (Bay) [(—mlm lii3 + ...
So we can write 2F as :
0w w
Qk o ¢ |:(ka)—‘911; 6 i| 14w + /805 E 1 + W%ﬂ*l wa+1 (1+ )Qk (B 5)
t T T hw ¢ t w kit 5 ruf 41 (- :

B.2.1 A second-order approximation to labor disutility

The indexation criterion prompts workers to choose the contract associated with the lowest labor
disutility at the stochastic steady steady state. For this subsection, we depart from the definition of

labor disutility to obtain a second-order approximation, i.e.,

0 = T oE (Z (B [ths] ) |

T=t

w
Trss,l

. ot —0uw .
Notice that at the steady state, we have that E’;SJ = < soil rwfs) lss, where [ € {0,1,2,3,...} is

. . S sk
the number of periods since the last re-optimization. If we assume that —= = 1 for all /, then we

ss,l

have that hours in sector k£ do not depend on the periods since last re-optimization but only on the

relative optimal wages of each labor contract, i.e.

0k, = (rw? )_6w Ugs.

Ss

o 1 .
A second-order approximation of term [E,’;T} T around its steady state reads

[Ef,T} e ~ [glsgs] e + (KII;T - élscs) (]‘ + w) [glscs}w + % (EII;T - 655)2 w (]‘ + CO) [glscs} . .
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It follows that QF can be expressed as:

koL - v | [T (G- 05) 1+ w) [fss]w
& = 1+wEt{Z(ﬂaw) { %(EfT—E"‘) w(1+w)[ek]" }}’

T=t

~ ¢ [f’;s} o - T—t (gf,T - glgs) [6’;8}
S ol gay TR 2 o) { 5 (g — ) w ] } |

T=t

In order to find the steady-state value (2¥,, we need to apply the unconditional expectation operator

to each side of the last expression, which leads to:
1+w w

since B { (¢f — (%)} = Oand var (¢f ;) = E { (5, — é’s“s)Q} , it follows that

N R R E G
OF ~ = + Zw [E] o) var (OF
ss 1_50510 1+w 2 [ ss} ;(ﬁ w) ( t,T)?
From this expression, it is evident that labor disutility at the stochastic steady state is composed
by two terms related to the expected level of hours worked as well as its variance. If we maintain the
k —
assumption that —= AN 1, then the second term can be simplified into (l_g—aw)% (e8] " var (),

ssl

where the subscript 7" has being removed. And Q¥ can be rewritten as

koo Y k k
Q) =~ - (Rss + V;,S) , where
Rk _ [653] o

5 l+w’

VE = 5[] var (8)

. . . —0
Now, notice that we can use the labor-specific demand to substitute /¢, = (rwﬁs) lss from
the expressions above. Further, notice that at the stochastic steady state, relative wages and wage

dispersion are altered as follows

dispy’ _

18121’85 = (rw;;*) 6“’, and
dispy o,

1 —25 : (ngg*)

given that 5= “l ~ 1.
s,l
Therefore, labor disutility for workers with the past-inflation and trend-inflation are, respec-

tively:
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dispy ey w [dispy,, w=1
Ql, ~ 1 —ﬂOéw <1+w } + 3 {—5 Ess} var (¢}) |,

QQ dlSp2 ss w diSp;V,ssg ot 62
ss 1—50410 +§ 1_5 ss Val"(t) .
>

In the paper, we assume that w

1. Thus, as wage dispersion increases per sector, or the
variance of labor hours in a sector increases, the largest is the unconditional expectation of labor

disutility in said sector.

B.3 Welfare costs measures

Lucas (1987) measures welfare costs caused by stochastic disturbances in terms of deterministic
steady-state consumption. We take a similar approach here, following the standard practice in
DSGE models as suggested by Schmitt-Grohé and Uribe (2007). We assume in what follows that

utility in consumption is logarithmic (o = 1).

Social welfare in the deterministic steady state is given by:

SWd (Cd, Ed) = ﬁU(Cd, éd)
1
= 1-3 (log (ca(1—7" ))—HLM%JW).

Notice that this level does not depend on £. In contrast, at the stochastic steady state, social welfare

will vary with &, the distribution of shocks (summarized by vector ), and current policy practices.

W (&, %) =E {Z pI-t /1u(ci,t,€i,t)di} .
T=t 0

When shocks appear, SWy, < SW (cy, ¢4). Let the fraction 0 < ce < 1 denote welfare costs
as a proportion of deterministic consumption ¢4, such that (1 — ce)c, makes the social planner
indifferent between the deterministic environment and the stochastic one, i.e.

SW%(&, Z) == SWd ((1 — 06) Cd, Ed)

1 ¢ 14w
- 5 <10g (1=ce)eq (1=7")) - ol ) .

Solving for ce yields
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ce =1 —exp ((SWy(€, X) — SWq (g, €a)) X (1= 5)). (B.6)

For a worker, the benchmark welfare is the one that is conditional on the expected duration of

the labor contract, and which value is maximum at the deterministic steady state, i.e.,

1
1 — Bay,

Notice that this benchmark is equal amid agents and does not depend on & neither. Similarly

Wd (Cd, gd) = U(Cd, Ed)

to social welfare, in the stochastic long-run equilibrium, individual welfare will depend on &, 3.,

current policy practices, and the indexation rule a worker 6" decides upon.

W, (6,5,6%) = E {Z (mw)T‘tu(ci,t,&,t)} .

T=t
Let ce* denote the percentage decrease in deterministic steady-state consumption that makes a
worker with indexation rule 6% indifferent between the deterministic and the stochastic environ-

ment. Formally, ce” is implicitly given by
WSS (f, E, 5k) = Wd ((1 - ce)cd, gd) .
1
= — (log (1 =ce)ea (1 =9")) L4 €1+w> :

1 — Bay, 14w @

Solving for ce* yields

ce’ =1 —exp (Wy(£,5,6%) — Wy (ca, la)) % (1 — Ba,)) . (B.7)

B.4 Numerical illustration

To complement the analysis of Section 4 from the main text, Figure 1 displays the impulse re-
sponses of output (first row) and inflation (second row) to shocks in technology, aggregate demand,
and the inflation target for the flexible-wage economy (plain lines), and two versions of the sticky-
wage economy: one that follows the decentralized equilibrium (£*, dotted lines), and another one
that follows the social planner’s preferred degree of wage indexation (¢°, lines with circles). In
turn, Table 4 presents the discounted percent deviations of output and inflation from their efficient
levels for each of the shocks. The results confirm that output and inflation rejoin their efficient
levels quicker when workers coordinate towards the social planner’s indexation choice. Output
and inflation are indeed more persistent in the decentralized equilibrium.

The decentralized level of aggregate indexation and the planner’s choice differ because workers

take the level of aggregate indexation as given and neglect how their own indexation choice affects
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Figure 1: Impulse responses for different £s: decentralized equilibrium vs social planner’s choice.
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Note: Each row shows selected impulse response to an aggregate shock, indicated at the left of the row. For the
technology shock, £* = 1 and & S = 0; for the aggregate demand shock, £* = 0 and §S = 1; and for the inflation-
target shock, £* = 0.8 and £° = 0.

Table 4: Discounted deviations from efficient levels.

Output Inflation
Shock £ &S & &S
Technology 2 0.67 0.84 0.44
Aggregate demand 0.72 0.60 0.36 0.35
Inflation target 1.32 0 0.62 0

Note: Each number is expressed as a percentage deviation from the efficient level, i.e., the
level the variable would obtain if wages were perfectly flexible. For output, we compute

%0 8 3o — it

, while for inflation we compute Zfi 0 B ’ﬁ't — 7%{ ’ For the technology

shock, £ = 1 and §S = 0; for the aggregate demand shock, £* = 0 and ¢ S = 1; and for the

inflation-target shock, £* = 0.8 and £° = 0.
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. The atomistic size of workers and the lack of a coordination technology among them effectively
exert a negative externality into the decentralized equilibrium. The nature of this externality im-
plies that, even if the economy would start at £°, workers would have incentives to change their

indexation rules because, at the margin, they think they could reach a higher personal welfare.

B.S An example using comparative statics

In order to understand a worker’s preference towards an indexation rule, we introduce the following
thought experiment. Suppose worker i’ has a flexible-wage contract, while all other workers in
the economy face staggered wages. Worker i"’s supply of labor hours has the same functional
form as in the flexible-wage economy, in the sense that the marginal rate of substitution between

consumption and labor equals the real wage:

*
%i’t = W}, (B.8)

where w7, , is worker i"’s optimal real wage. For short, we refer to the above expression as the MRS
condition, which results from imposing «,, = 0 in equation (A.11). This condition determines
what we call the desired labor hours of worker i, namely (7, ,. If the worker supplies that amount of
hours given the real wage wj; , and the income effect ), the welfare of household ¢ is maximized.*
Now suppose that an aggregate shock reduces the income of all households, so that \; increases.
For any given wage, equation (B.8) suggests that worker i’ would like to increase his or her labor
hours in response to an increase in \;. Since the worker faces a labor demand equal to ¢, =
(wy/w;s )% ¢;, he or she must choose wy, , strategically. Imposing v, = 0 in equation (A.12),

worker i"’s optimal real wage equals
1
. 1\ Tow
Wy = (M) Wi, (B.9)
where M, represents an efficiency wedge in the labor market due to staggered nominal wages,

and it is defined as the ratio between the aggregate real wage and the average marginal rate of

substitution of the staggered-wage economy, such that

e
ey

M, can also be thought of as the average wage markup in the economy. According to equation

MtE)\t

(B.9), for a given aggregate real wage w; and aggregate labor hours /;, an increase in )\; implies

“Notice that even if worker i’ has a flexible-wage contract, he or she receives the income-effect signal \; of the
staggered-wage economy. Therefore, when aggregate shocks hit the economy, 7, , will differ from the flexible-wage

economy hours, Zfﬁt.
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that worker ¢ would like to cut his or her real wage relative to the aggregate level w;. By doing so,
labor hours will increase by the right magnitude as suggested by the MRS condition (see equation
B.8).

Figure 2: Labor market for worker ¢’ under a staggered wage contract.

(a) Flexible-wage contract

Wy 4 1 — @ (i — b)) - F
. w0 !/ Hw(wg W; ) +£0 MRS

\

~ ~ L4
* * ~
7o Ui by =1nly

(b) Staggered-wage contract, "' type (c) Staggered-wage contract, 6" type

D) AN D) AN
Wy ~ W;/

gd

wz’,O wz’,O Al
Tk YK
i1 i1
ot N
Wyr 1

. 2

~

s/ .
i1 i

ok2 J%
e i1

Note: The figure shows the effect of an increase in A; on the desired labor hours of worker 7/, given a constant level
for the aggregate real wage wy and aggregate labor hours ¢y. As \; increases, the desired labor supply schedule of
worker 4/, denoted by the MRS condition, shifts rightwards. Under a flexible-wage contract, the worker may again
achieve the desired labor hours given the change in A; if he or she sets the real wage equal to wj, ;. Under a staggered
wage contract, the dynamics of worker i"’s wage and labor hours depend on the indexation rule chosen. In the example
above, the most preferred indexation rule is 61 because it minimizes the gap between desired and effective labor
hours.

Figure 2 displays graphically the effect of an increase in A\; on worker i"’s desired labor hours
and the optimal real wage. Panel (a) in the figure shows worker i"’s labor market under a flexible-
wage contract, in which the employment agency’s labor demand schedule is given by ¢? (in logs).

Worker ¢'’s labor supply schedule is represented by ¢°, which is completely flat because the worker

23



sets a wage and pledges to work whatever the employment agency asks for that wage. In turn, the
MRS curve denotes the MRS condition expressed in equation (B.8) (also in logs). In the case of
a fully-flexible wage contract, every period worker i’ can set a wage such that the MRS condition
is satisfied. In Figure 2, the initial equilibrium is given by point ( 00 wi*,,o). After an increase in
At, the MRS curve shifts rightwards. In order to fulfill this condition again and avoid any welfare
costs, worker ¢ must reduce his or her wage to the point where the MRS curve cuts again the
employment agency’s labor demand, which happens at the point (6371, ’wi*u)-

Now assume that we inform worker 7’ that he or she cannot afford a fully-flexible wage contract,
but rather has to settle with a staggered wage contract that can be personalized by choosing an
indexation rule from the menu {5"“1, 5k2}. Under this setting, worker ¢’ selects both an indexation
rule and a corresponding optimal nominal wage while considering how the chosen indexation rule
affects the dynamics of his or her wage and labor hours. Panels (b) and (c) in Figure 2 depict
a hypothetical scenario for the wages and labor hours under each indexation rule. Similar to the
case of the fully-flexible wage contract above, we assume that a recessionary shock shifts the MRS
curve rightwards, so desired labor hours increase to £}, ;. In panel (b), the 6" contract implies that
worker ¢'’s effective labor hours éf,%l would be slightly above the desired level, while the real wage
would be slightly below the unrestricted welfare-maximizing real wage wy, ;. In contrast, panel (c)
shows that under the 6" contract, worker i'’s effective labor hours Ef,?l would be below the desired
level, and the real wage above wj, ;. The latter means that worker ¢" has better chances to smooth
consumption under the § k1 contract than under the §*2 contract. In other words, in this example, the
0" rule achieves lower welfare costs than the §*2 rule, and, thus, the former is the most preferred
indexation rule.

The twist of this example is that any worker in the staggered wage economy is worker i/, and so
every worker chooses the indexation rule that minimizes the expected welfare cost. We next show
how this intuition maps into the dynamic model after a series of shocks, and then we rank the rules
§rend and §P** according to the welfare they generate to an individual worker at the stochastic

steady state.

C New-Keynesian Wage Phillips Curve with fixed indexation

If the proportion of workers indexing their wages to past inflation is exogenous and fixed, so
& =" €[0,1] for all ¢, then the log-linearized equation for wage inflation collapses to a typical

New-Keynesian wage Phillips curve of the form

@y = k"my’ + BE {@}), }, (C.1)
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where

AW AW w A W Ak
@ =7 — e — (1= ")77,
mfzwwﬁt—)\t—wt, and

W = (1 — Baw) (1 — aw)
(T4 weby)

To prove it, we first need to log-linearize the wage-setting equilibrium conditions (i.e., III to
VIII in Tables 1 and 2), which give

FopPt = (1= Bay) kime + Bag By (7, — #10) + Ba, Bawy ™, (C.2)
et = (1= Bay, Kgfmt + BayBy (7Y — 740) + B Berwy (C.3)

)
)

0 = v < past) y <w:rend> (C4)
)((

o = (11— A*W“) T ((ew 1) (AP — ) + fbfﬁt> (C.5)
DM = (1= ) (1= 0) T 4 ((ew 1) (RY — ) + @i’f{“‘d) (C.6)
Substituting (C.5) and (C.6) into (C.4) results in
7 (1 = o) (1 — By TP (1=7") (1 = o) (1 — 6,) 7"
{ 7, (0w = 1) (7Y = fa) + 0107 ) } =\ = ay (00— 1) (7= 7) + 3,77

(C.7)
After simplifying (C.7) by using (C.4) in order to eliminate @taslt and @imln ! terms, we obtain

A% w A 1_ Oy W =—~%,pas W\ =%
— (1 =)y =T = (’y rw;” by (1 -+ )rwt’2) . (C.8)

w

Substituting (C.2) and (C.3) into the above expression gives

(1 = Bay,) kymy'+

(77 = (L =97 =" %) § Y _ ] BB (T — (1= 9) T —7°T) + L (Co)
BaBr (F + (L= Fri ).

After iterating one period forward (C.8) and substituting it into the last term on the right hand side

of (C.9), plus some manipulations, we obtain (C.1).
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D Explaining the time-varying wage indexation in the US: ad-
ditional results

This section provides some additional results that complement the analysis from Section 5 in the
main text. First, we elaborate on why the stylized facts of changes in US wage indexation are
consistent with a changing degree of wage indexation in the simple model presented in Section 2.
Next, we present a robustness check of our endogenous wage indexation predictions when trend
inflation is allowed to be non-constant. Finally, we conduct a counterfactual analysis to detect the

drivers of wage indexation changes over time.

D.1 Wage indexation effects as predicted by the simple model

Figure 3 summarizes Hofmann et al.’s findings in terms of the time-varying correlations between
1) price inflation and its lag (blue line), and ii) wage inflation and lagged price inflation (black
line), as calculated from the TVP-BVAR model of their paper. The red markers show the annual
COLA index. Periods when COLA values are high (low) correspond to a strong (weak) degree of
co-movement between lagged price inflation on the one hand, and current wage and price inflation
on the other hand.> This subsection shows that this evidence is consistent with a changing degree
of wage indexation in the simple model presented in Section 2 of the main text.

As we argued in Section B.5, nominal wage rigidities constrain the aggregate labor supply to
adjust freely to shocks. A first-order approximation to the wage-setting equation (A.12), and the

aggregate nominal wage index yields a wage Phillips curve of the form:
T} = &Ry — kM + BE {7 — €7} + 0y, (D.1)

where hatted variables denote the percent deviation from a variable’s non-stochastic steady-state
level, K = %, nw = (1—¢€)(1—p)xr, and M, = 1, + A — ¢; denotes the econo-
my’s average wage markup (see equation B.9). In this approximation, we assume that aggregate
indexation £ remains fixed.

The sluggishness in the labor market translates into an upward-sloping Phillips curve for prices,

even if prices are flexible. Using the equilibrium conditions of the economy, the above wage

5A similar result is obtained when the implied slope in 7 = a + 37} _; + € is calculated from the TVP-BVAR
output as 3 = cov(w}’, mh_,)/var(mh_,).
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Figure 3: COLA index and derived time-varying correlations.
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Note: The COLA index gives the proportion of union workers in large collective bargaining agreements
with explicit contractual wage indexation clauses. The series is annual from 1956-1995. The time-varying
correlations between i) price inflation and its own lag, and ii) wage inflation and lagged price inflation are
derived from a time-varying parameter VAR. Sources: Ragan and Bratsberg (2000); Hofmann et al. (2012)
and own calculations.

Phillips curve can be rewritten as a New-Keynesian Phillips curve (NKPC) for prices:®

2K I}
& —— &+ ———E e + 1, D.2
Tt 1 ﬁfﬂt 117 3e tTq 3¢ tTe+1 T 1t (D.2)

p — (1=9(1-Bp,) 1
where 7, = N T3

which we define as the log difference between output in the staggered wage economy y; and the

~

= .1, and &; = U — 2 is equal to the flexible-wage output gap,
level that would prevail if wages were completely flexible, which in the simple model equals the
productivity term z;.

From the above Phillips curves, we can derive three predictions concerning the effects of wage
indexation on the dynamics of wages and prices:

A higher degree of aggregate wage indexation to past inflation implies, ceteris paribus:

1. A stronger link between wage inflation and past inflation (see the first term in equation D.1),
2. A higher intrinsic persistence of inflation (see the first term in equation D.2), and

3. A lower sensitivity of inflation to changes in the output gap (see the second term in equation
D.2).

The conditions we use to obtain this equation are the following: the FOC of consumption Oy = —17), labor
demand (w; = 2z:), the production function (¢ = 2: + Zt), an accountable definition of wage inflation (7}’ =
wy — wy—1 + ), and the exogenous processes for productivity and the inflation target (2 = 2:—1 + €.+ and 7} =
PrxTi_1 + Ext)-
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Figure 3 above supports the first two predictions: inflation persistence and the degree of co-
movement between wage and past inflation broadly follow the COLA index’s evolution; in partic-

ular, the correlations peak when wage indexation was supposedly at its highest level.”

D.2 Robustness checks

D.2.1 Robustness check for non-constant trend inflation

The endogenous wage indexation predictions from Section 5.2 in the main text are based on a
model extension that is compatible with the empirical analysis of Hofmann et al. (2012). However,
as their model does not allow for shocks to trend inflation, this subsection performs a robustness
check with non-zero volatility of trend inflation shocks. In short, we find that allowing for sensible
volatility to trend inflation shocks does not change our predictions for aggregate wage indexation.

Table 5 replicates its counterpart from the main text, but considers two cases for trend inflation.
In case 1, trend inflation remains constant (o, = 0) - the result discussed in the main text. In case
2, we use the estimated posterior median values for trend inflation volatility from Cogley et al.
(2010) for the two regimes.® They find that trend inflation volatility is higher in the Great Inflation
than in the Great Moderation.

Adding trend inflation volatility to the analysis does not affect the results. Specifically, allowing
for time-varying trend inflation, the £* estimates of case 2 remain at the same levels for both
regimes. The rationale of this result is that the trend inflation shocks are relatively small compared
to the other shocks in the economy, even during the Great Inflation, when trend inflation volatility
was twice as high. According to the model, trend-inflation shocks only explain about .79 percent
of long-run output fluctuations in the 1974 regime and 1.25 percent in the 2000 regime. Ireland

(2007) reports similar numbers.’

D.2.2 Robustness check for zero price indexation

Building on the previous subsection, we also check how our wage indexation equilibria change
when the price indexation parameter is calibrated to zero. The motivation for this exercise follows

from Cogley and Sbordone (2008), who show that the estimated price indexation is equal to zero

"Providing evidence for prediction 3 is more complex since changes in the second term of equation (D.2) could
also be driven by changes in the frequency of wage renegotiations (parameter «,, ), the presence of nominal rigidities
on prices, or the smoothness at which agents change their spending patterns.

8Cogley et al. (2010) estimate a New Keynesian model with sticky prices and flexible wages using Bayesian
methods over two sample periods: 1960:Q1-1979:Q3 and 1982:Q4-2006:Q4. We use the estimated o,« for both
subperiods for respectively the Great Inflation and the Great Moderation calibrations.

°Treland (2007) estimates a New Keynesian model with a maximum likelihood/Kalman filter approach and finds
that the long-run contribution of trend inflation shocks to output fluctuations converges to zero as the horizon increases.
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Table 5: Validation exercises.

€ 9 @

Common parameters across exercises

Subjective discount factor .99
Intertemp. elasticity of subst. 1
Inverse of Frisch elasticity 2
Elasticity of labor demand 10
Elasticity of interm. goods 10
Public-spending-to-GDP ratio at steady state 2
Year-specific parameters for: 2000Q1 1974Q1
Habit formation 37 1
Inflation inertia 17 .8
Calvo-price rigidity 78 .84
Calvo-wage rigidity .54 .64
Taylor Rule: inflation 1.35 1.11
Taylor Rule: output gap A A1
Taylor Rule: output gap growth .39 S
Taylor Rule: smoothing 18 .69
Autocorr. govn’t spending 91 .89
Std. dev. technology 31 1.02
Std. dev. govn’t spending 3.25 4.73
Estimated wage indexation by HPS A7 91
Casel:0,=0
Implied equilibrium wage indexation 0 .89
Implied social wage optimum 1 0
Casell: 0, >0
Std. dev. inflation target .049 .081
Implied equilibrium wage indexation 0 .89
Implied social wage optimum 1 0

Note: All common and specific parameter values are extracted from Hofmann et al. (2012), who estimated
the extended model with US data for 1974Q1 and 2000Q1. For more details about their estimation proce-
dure, see their Section 3.2. The standard deviations for trend inflation are taken from the estimation results
of Cogley et al. (2010). The implied equilibrium wage indexation values are computed using the procedure

from our Section 3.

29



under a persistent process for trend inflation. The only change in predicted indexation values from
Table 3, is that £* declines from 0.89 to 0.73 when o, = 0, and to 0.75 when o, > 0. Yet, these
values still indicate high levels of wage indexation that contrast with the social equilibria. Hence,

our main conclusions remain unchanged.

D.3 Counterfactual analysis

In this subsection, we conduct a counterfactual analysis to detect the primary drivers of the changes
in the equilibrium wage indexation presented above. The exercise is divided into two parts. First,
we run a series of counterfactuals, where we take the calibrated parameters for 2000 from Table 5
and then set each parameter one-by-one to its 1974 value.!® The implied wage indexation equilib-
rium &* from these counterfactuals is shown in column (1) of Table 6. For the second part, we do
the opposite: we start from the 1974 calibration and substitute each parameter with its 2000 value.
These results are shown in column (2) of Table 6. The results reported in both columns allow us
to assess whether there was a dominant factor explaining changes in £*. We first discuss the effect
of changes in the volatility of shocks, followed by the monetary policy rule, and finally, structural

changes in habit formation, and the degree of nominal rigidities.

The relative importance of shocks. Several studies have documented a substantial difference in
the volatility of aggregate shocks between the Great Inflation and the Great Moderation (see e.g.
Sims and Zha, 2006). The effects of changes in the volatility of shocks on wage indexation are
shown in part I of Table 6. Starting from the 2000 parameter values in column (1), substituting
the standard deviation of the technology shocks (o) by its 1974 value has a strong effect on wage
indexation: £* shifts from O to 1. Replacing the volatility of the trend-inflation shock (o) by its
1974 value has a smaller but still substantial impact as £* increases to .6. However, substituting
the volatility of government-spending shocks leaves £* at zero. The direction of these changes is
consistent with the results reported in Section 3 in the main text. Specifically, we showed that a
regime driven by either productivity or permanent inflation target shocks results in an equilibrium
where £* = 1, whereas a regime driven by demand shocks results in an equilibrium with £* = 0.
What is surprising, however, is that raising the variance of the inflation-target shock to its 1974
value has a large effect on the predicted degree of wage indexation, while it only has a small effect
on the level of wage indexation in the model predictions of Table 5.

A cross-check with column (2) of Table 6 shows that there is no inconsistency. The column

10The entry in the first row and first column of Table 6 thus corresponds to the 2000 calibration except for o, which
is set to its 1974 value. The entry below corresponds to the 2000 calibration with only o at its 1974 value, etc.
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Table 6: Counterfactual exercises.

2000’s £* is 0, 1974’s £ is .89,
applying 1974 applying 2000

calibration calibration
gcounteifactual Scounterﬁzctual
) 2)
I - Shocks
o, Std. dev. tech. shock 1
o4  Std. dev. dem. shock 0 1
o Std. dev. inflation target .6 .89
Il - Monetary policy parameters
ar  Taylor rule: inflation 0 1
a,  Taylor rule: output gap .05 .89
apy Taylor rule: output gap growth 0 1
pr  Taylor rule: smoothing 0 .94
III - Structural parameters
4" Habit formation 0 1
~P  Inflation inertia 18 a7
oy,  Calvo-price rigidity 0 .89
o,  Calvo-wage rigidity 49 95
p?  Autocorr. govn’t spending 0 .85

Note: In this exercise, we keep all parameters at their calibrated values as indicated in the top of columns
(1) and (2), and we only change the value of the parameter indicated in each row while other parameters
remain equal to their original calibration for the period. Our aim is to evaluate the impact of the change in
each parameter on wage indexation.
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shows how & changes from its value of .89 in 1974 when we substitute the volatility of each
shock by its value in 2000. Technology shocks are again important, as they drive £* to zero.
However, replacing the volatility of trend inflation has no effect, as £* remains .89. It seems
thus that technology shocks had such a large variance in 1974 that the variance of trend inflation
becomes unimportant, in relative terms. We interpret this result as evidence that the volatility of
technology shocks was the key driver of changes in wage indexation over time and not drifting
trend inflation. This exercise also illustrates that the consequences of changes in some of the
parameters depend on other parameters in the calibration. In this case, the volatility of trend-
inflation shocks in 1974 was simply too small to have a relevant effect on wage indexation. Finally,
it is clear that changes in the variance of government-spending shocks cannot explain the stylized

facts.

Changes in monetary policy. The good-policy hypothesis for the Great Moderation asserts that
macroeconomic fluctuations became more stable in the post-Great Inflation period as a result of a
shift in the monetary policy rule (see e.g. Clarida et al., 2000). Such a shift could have changed
inflation dynamics and hence wage indexation practices. However, the second part of Table 6
shows that substituting the 2000 policy rule values with their 1974 counterparts has no significant
effect on the wage indexation equilibrium. Further, a cross-check with column (2) shows that
replacing the 1974 policy rule parameters by their 2000 values increases wage indexation. This
exercise clearly shows that changes in the conduct of monetary policy cannot explain the observed

changes in wage indexation.!!

Structural change. Finally, we check whether other structural adjustments in the economy could
have caused changes in wage indexation. It is clear that habit formation (7"), Calvo-price rigidity
(ap), and the persistence of demand shocks (p,) cannot explain the stylized facts. In column (1),
these parameters do not affect £*, and in column (2), they predict either little change or the wrong
direction of the change in £*.

The interpretation of changes in inflation inertia (7”) and Calvo-wage rigidity («,,) is more
challenging. Column (1) shows that setting inflation inertia to its 1974 value in the 2000 calibration
has a large effect, i.e., £* increases from 0 to .78. However, in column (2), changing this parameter
from its 1974 value to its 2000 value only has a small effect on £*, which decreases from .89 to just

.77. Therefore, we can conclude that this parameter’s effect depends on the entire set of parameters

""This result relates to De Schryder et al. (2020), who use a panel dataset to estimate a wage Phillips curve equation
with interaction effects. Their results suggest that monetary policy regime shifts were not a crucial driver of wage
indexation changes.
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in the calibration. Concerning Calvo-wage rigidity, it predicts a moderate increase of £* from 0
to .49 in column (1). However, column (2) predicts that a decrease in this parameter leads to an
increase in £* from .89 to .95, which indicates that non-linearities are at play. We conclude that
there is no clear indication that modifications in 7” and «,, and the other structural parameters have

been important contributors to the observed time-variation in wage indexation.

Firms’ preferences towards aggregate wage indexation. In this paper, we assume that work-
ers have all bargaining power to settle their preferred indexation rule. Given this assumption,
intermediate firms simply accept workers’ indexation choice and resume production. However, en-
trepreneurs might prefer a different indexation scheme than workers, for instance, the one that max-
imizes their profits. In this exercise, we analyze the relationship between profits of intermediate-
good firms and the aggregate degree of wage indexation to past inflation in the US economy. In the
next section, we show that with the calibration of 1974, according to the model, firms’ profits were
maximized with a high level of aggregate indexation (£ = 0.88). In contrast, in 2000 a lower level
of aggregate indexation was optimal for firms (¢ = 0.46). Therefore, according to the model, in the
US of 1974 firms’ owners would agree to have a large proportion of workers with a past-inflation
indexation for wages, whereas in 2000 owners would prefer to have a lower proportion of workers
with past-inflation indexation contracts. The latter means that, regardless of which actor had the
largest bargaining power between workers and firms, the model predicts that wage indexation to
past inflation would be higher in 1974 than in 2000. The choices of firms’ owners regarding the
degree of wage indexation to past inflation may be explained by a favorable combination between

the standard deviation of profits and the correlation between the latter and real wages.

E Endogenous wage indexation and firm profits

In the main text, we assume that workers have all bargaining power to settle their preferred in-
dexation rule. In such a setting, each period firms simply accept workers’ indexation choice and
resume production. However, entrepreneurs might prefer a different indexation scheme, for in-
stance the one that maximizes their profits. In this section, we show the relationship between
profits of intermediate-good firms and the aggregate degree of wage indexation to past inflation in

the economy.

The model used in this exercise corresponds to the one used in the US application of Section 5
in the paper. Therefore, we calibrate the model to the 1974 setting and the 2000 setting. We focus

on profits of firms that can change their price optimally each period. Profits are thus defined as
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follows:

P*
Profits, = (Ft — wt> 0. (E.1)

t

Figure 4: Firm profits and degree of past-inflation indexation in wages
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Figure 4 shows the relationship between firms’ profits and the aggregate level of past-inflation
indexation in wages. The results suggest that in the US of 1974, firms’ profits were maximized
with a high level of aggregate indexation (£ = 0.88), whereas in 2000, a lower level of aggregate
indexation was optimal (£ = 0.46). The results are robust to the degree of variation of trend infla-

tion, as the first and second rows of the figure suggest.
Recall that, according to the model, workers preferred a high degree of past-inflation indexa-
tion in wages in 1974, when productivity shocks were quite volatile. In contrast, they favored a

lower degree of past-inflation indexation in 2000 when shocks overall were less volatile than in
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the 70s. Therefore, according to the model, in the US of 1974 firms’ owners would agree to have
a large proportion of workers with a past-inflation indexation for wages, whereas in 2000, owners
would prefer to have a lower proportion of workers with past-inflation indexation contracts. The
latter means that, regardless of which actor had the largest bargaining power to negotiate labor
contracts, the model predicts that wage indexation to past inflation would be higher in 1974 than
in 2000.

The choices of firms’ owners regarding the degree of wage indexation to past inflation may be
explained by a favorable combination between the standard deviation of profits and the correlation
between the latter and real wages. On the one hand, a lower volatility of profits ensures a relatively
more stable stream of dividends to owners. On the other hand, a correlation closer to zero between
the growth of both profits and real wages indicates that the former is more isolated from fluctuations
in the latter. Table 7 compares these two second-moments derived from a 10,000-period simulation
of the model for four different calibration settings belonging to two sets. The first set considers
the 1974 calibration, and it varies the degree of aggregate wage indexation from 0.46 to 0.88. The

second set performs the same exercise for the 2000 calibration.

Table 7: Profits and wages according to the model

Calibration of 1974 Calibration of 2000
£E=046 =088 £=046* £=0..88

Standard deviation of Profits; 0.69 0.68 0.42 0.47
Correlation between A%Profits; and A%w; -0.48 -0.20 -0.06 -0.03

Note: (*) indicates the preferred level of aggregate indexation by firms, according to Figure 4. The table
shows that standard deviation of profits, as defined in equation (E.1), and the correlation between the
growth rates of profits and the real wage. To obtain these numbers, we simulate the model 10,000 periods
using the calibration settings mentioned in the first two rows of the table.

Two results are noteworthy. First, profits are relatively less volatile on the preferred level of
aggregate indexation by firms for each of the two calibration sets. And second, for the 1974
calibration, the correlation between the growth of profits and that of real wages decreases when
aggregate wage indexation to past inflation increases. In this case, this is the criterion that seems
to prevail for firms’ choices, since profits standard deviation does not vary much when £ = 0.46
or & = 0.88. In contrast, in the case of the 2000 calibration, the correlation between the growth
of profits and that of real wages is so close to zero that the criterion of profits’ volatility seems

to prevail. Overall, these results suggest that further research on profits and wage indexation is
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needed. However, this topic is beyond the scope of this paper.

F Endogenous wage indexation in a more complex
DSGE model with financial frictions

In Section 2 of the paper, we introduced the endogenous wage indexation mechanism in a simple
model without capital, in which the only new feature was the selection of an optimal indexation
rule by an individual worker. We chose the simple model for expositional purposes. However, such
a model omits important real frictions which help to replicate business cycle fluctuations in actual
economies. In particular, investment, capital accumulation, and the presence of financial frictions
have been shown to be important determinants of output fluctuations (see Christiano et al., 2014).

This section shows that the endogenous wage indexation mechanism featured in the simple
model delivers the same predictions in a more complex DSGE model that includes capital and
financial frictions. In particular, we use the model described in Carrillo ef al. (2021), which in
turn is based on the one proposed by Christiano et al. (2014), who introduce risk shocks into the
New Keynesian model with costly state verification in financial intermediation, as in Bernanke
et al. (1999). The model includes six types of agents: a competitive final-goods producer; a set of
non-competitive input producers who set prices in a staggered manner a la Calvo; a competitive
physical capital producer; entrepreneurs who seek financing for their risky projects and may incur
in moral hazard; financial intermediaries who perform costly monitoring of those entrepreneurs
who claim to have gone bankrupt; and households who consume, save, and work. Full details are
provided in Carrillo et al. (2021). To this framework, we add staggered wage-setting a la Calvo
and allow each worker to individually select a wage indexation scheme for updating his/her wage
in no-reoptimizing periods.'> The two indexation schemes are §**** and 6"“"¢, which are defined
as in Section A.1.2 of this Appendix.

Figure 5 shows the long-run welfare costs faced by an individual worker according to the two
indexation schemes available. As in the paper, the welfare costs are expressed as compensating
lifetime utility-equivalent consumption variations relative to the deterministic steady state (defined
as ce). Three economic regimes are considered: one driven by permanent technology shocks
(left panel); one driven by risk shocks, which affect the volatility of the returns of entrepreneurs’
projects, causing financing costs and investment to vary (center panel); and one driven by per-
manent shocks to trend inflation. Remarkably, as in the simple model, the figure shows a corner

solution in the first two cases. For any aggregate indexation level to past inflation &, worker ¢ has

2For this exercise, we set the Calvo parameter such that workers re-optimize their wages on average once every
year.
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Figure 5: Welfare costs for different economic regimes in a model with financial frictions
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Note: The figure shows the private welfare costs associated with each indexation rule conditional on specific shocks
(the § lines), as well as the average costs perceived by the social planner for the economy as a whole (dashed-and-
dotted line). The decentralized equilibrium level of aggregate indexation to past inflation is signaled in the x-axis by
the dotted line. The socially preferred level of said indexation is the one that minimizes social costs.

a clear preference: he or she chooses past inflation indexation in the permanent-technology-shock
regime and trend inflation indexation in the aggregate-demand-shock regime. As in the simple
model, we find similar results with different types of aggregate demand shocks, such as those
affecting government spending or inter-temporal consumption. In addition, there is an interior,
globally stable solution in the permanent-trend-inflation-shock regime with a high proportion of
workers indexing their wages to past inflation.

Figure 5 also displays the welfare costs faced by an average or representative household, as
perceived by the social planner. Recall that the social planners preferred level of aggregate index-
ation ¢ is the one that minimizes the social welfare cost. As such, as in the simple model, the
socially optimum level of wage indexation to past inflation is exactly opposite to the decentralized

equilibrium, while it is consistent with the seminal findings of Gray (1976) and Fischer (1977).
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