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A Baseline model

The model consists of 5 types of agents: the final goods producer, intermediate goods producers,
consumers, workers and the fiscal and monetary authorities.

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 its
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
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subject to the sequence of budget constraints
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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 gross nominal interest rate, P; denotes the price of the final good,
7 = Py/ P, is the gross inflation rate, and T ; is a lump sum including net fiscal transfers, Arrow-
Debreu state-contingent securities, and profits from monopolistic firms. There are two stochastic
disturbances with mean zero: &, creates a spread between the return on bonds and the risk free
rate (cf. risk spread shock in Smets and Wouters, 2007) and ¢, ¢ is a preference shock. Preferences
are separable between consumption and labor:
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where 7" is a parameter controlling external habits, ¢~ > 0 is the inter-temporal elasticity of
substitution, w™! is the Frisch elasticity of labor supply, 9 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 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 i in the first order conditions (FOCs)

of bi,ta and Cit-

A.1.1 Consumption choice

The consumer problem is
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The FOCs of b;; and ¢; 4, are respectively given by
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A.1.2 Wage-setting

Labor packer. Following Erceg et al. (2000), we assume that a competitive labor intermediary
builds a single labor input from a set of differentiated labor types ¢;, for i € [0,1], according to
the following CES technology

RN L
¢ = (/ w1/ wdi) : (A.6)
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where 6,, > 1 is the elasticity of substitution between any two labor types. Profit maximization by
the labor intermediary yields the demand for type—i labor

0, = (W%t) 0, Vi, (A7)
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while the aggregate nominal wage obeys

1 1/(1=0u)
W, = < / w0 dz’> : (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 — «,,. The re-calibration consists of two steps: first, the worker
chooses a wage indexation scheme for updating his wage in non re-optimizing periods; and second,
the worker chooses an optimal wage level that maximizes his utility. The two indexation schemes
in the economy are §' and 6%. The former updates wages using the previous period inflation rate
while the latter uses current trend inflation. Formally

51},T =1 +mr-1) 51},T—1 and 5t2,T = (1+77) 5§,T—13

VT >t and 5f,t =1 for k € {1,2}; t is the period where the last optimization occurred. For
exposition purposes, it is better to first describe the wage-setting problem given the choice of 5,12T.
The selection of the indexation scheme is described afterwards. Thus, given a (5,’;T, a worker sets

his wage according to (dropping subscript i, as any worker maximizing at ¢t and with a rule 5f7T
will choose the same wage)
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where rwf ™ is the relative wage of workers using indexation rule k, 'y = Wy /W, and
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Replacing labor-specific demand into the optimal wage-setting equation yields
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!The distortion created by my monopolistic wage setting can be eliminated by subsidizing labor. See Erceg and
Levin (2003) for an example.



Indexation-rule selection. Let £, denote the time ¢ total proportion of workers who have se-
lected past-inflation indexation, independently of their last contract negotiation. In short, &, repre-
sents the degree of aggregate indexation to past inflation in time ¢. Furthermore, let ¥; be an infor-
mation set describing the economy’s markets structure, the distribution of stochastic shocks, and the
economic policy rules, i.e., the economic regime in period ¢. Finally, let the vector = collect present

oo
and future levels for aggregate indexation and economic regimes, so =Z; = E; ({ [gt Th Et—f—h] /}h )
=0

We can now formalize workers indexation-rule decision as follows: If worker ¢ can re-negotiate his
labor contract in time ¢, he selects the rule that maximizes his conditional expected utility, i.e.

7t (Er) € argmax Wy (0;,Z;) subject to p(Z¢), (A.13)
6i6{5trend76past}
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The term p(Z;) is a system of equations that summarizes all relevant general-equilibrium con-
straints that determine the allocation of the economy. Notice that W;; is constrained by the
expected duration of the labor contract (as the effective discount factor is Sau,). In addition, indi-
vidual consumption equals the aggregate level, and it does not depend on the individual indexation
choice §;. It does, however, depend on aggregate indexation &, and the current economic regime ¥,
because, first, all households have the same wealth at the beginning of each period; and second,
because a worker’s individual indexation-rule choice has a negligible effect on aggregate indexation,
given the worker’s small size with respect to the aggregate. Thus, for worker ¢, &;, 3, and ¢; are
given, and as a consequence, the worker selects the indexation rule §; that minimizes this individual
expected labor disutility, given by € (6;,Z¢). In formal terms, &7, (Z;) also satisfies the problem

7t (E) € argmin Q(0;,%), subject to p(Z),
5i€{5trend,§past}

where -
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Labor market aggregation. The degree of aggregate indexation &, is determined as follows:
each period, only a fraction 1 — oy, of workers re-optimize their wages. Let , denote the time ¢
proportion of workers from subset (1 — ) that selects 67!, Accordingly, &, is given by

&=01—aw) Y xin(aw)", (A.16)
h=0

which recursively can be written as & = (1 — ay) X; + aw;_;. Without loss of generality, assume
that workers are sorted according to the indexation rule they have chosen, so workers in the interval
i e IP" = [0,€,] use P!, while those in the interval i € I}"®"4 = [¢,,1] use 07", 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-specific demands. So, we have that fie I+ ¢;1di = i dispy, ;, where
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dispy,, = fZ erk (W—’tt> di. Recursive expressions for the wage dispersion measures are given by
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Finally, given the Dixit-Stiglitz technology of the labor intermediary, the aggregate wage level is
given by VV1 —Ou — fo Wllt_ 9v ;. This expression can be rewritten in terms of the sum relative wages

Wi\ 0 :
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within each indexation-rule sector, which are given by @} = I
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Notice that these weights may change over time due to variations in rwf and y,. The recursive law
of motion of @} is given by

0w—1
1=, 147w 3
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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 a CES production function

where 0, = 0,1—1 = exp(ept) > 1 is the price elasticity of demand for intermediate good j
and €, is a stochastic disturbance with mean zero. Profit maximization yields the typical set of

input-specific demand functions
P, —Op,t
Js .
it = V.
y],t <Pt > Yt V)

The aggregate price level compatible with a zero-profit condition and the particular shape of the

production function is:
P = < / K| ) -

where P;; denotes the price of the type—j intermediate good.
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A.2.2 Intermediate-good firms

Each intermediate good y;; is produced by a single monopolistic firm using the a decreasing returns
to scale of the form .
yj+ = Aexp(z) nﬁt ,

where 0 < ¢! < 1, the rest of variable definitions remain the same. The real cost function is
denoted by S(yj ) = wy [y;¢/ (Aexp (2))]? so the marginal cost is Sjt = Qwy [yj7t]¢71 [Aexp ()] 7%

Profit maximization now reads:
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where 77 = Pr/P;. Replacing the input-specific demand into the marginal cost, the latter

becomes
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Substituting into the optimal relative price yields (j sub-index is dropped)
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Price dispersion and labor demand Since the aggregate price level equals P, = ( fol pt tdj ) =t ,

j?t
it follows that

14 Op,t—1

1-6 U

1= (1 ap) (7)) + (5,, ) -
t—1,t

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

specific demand)
1 " ¢ .
njdj = | ———— | dispy,
Jy e <Aexp <zt>> :

—0p,t¢ . . . .
dj. In recursive form, this equation becomes:

where dispf = fol (%)

9p,t¢
_ 147
. 0 t .
disp} = (1= ap) [p}] """ + o ( ) dispy_;.

Labor market and goods market equilibrium See Erceg et al. (2000) and Benigno and
Woodford (2005). Aggregate supplied hours equal aggregate labor composite times a the wage

dispersion distortion,
1
/@ﬂthXZMﬁ,
0

ke{1,2}
The labor composite is partitioned or distributed among all intermediate firms, according to
their labor-specific demand, so
1
gt = / nj,tdj.
0

Finally, aggregating the labor specific demand across firms yields an output composite times
the price dispersion distortion,

Yt ¢ p
gt = (146)(1)(215)) dlSpt .

A.3 Government and Monetary Policy

The government budget constraint is balanced at all times (or there is no role, for debt in the
model), and government spending obeys

gt = gexp (gg.t) Yt (A.23)

where 0 < gexp (g44) < 1 is the public-spending-to-GDP ratio and ¢4 is a stochastic disturbance
with mean zero.

In the spirit of Cogley et al. (2010), the central bank chooses the gross nominal interest rate
according to the rule

1 *
exp (emy) with R — — L (A 94)
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A.4 Equilibrium

The resource constraint is given by
Yt = ¢t + gt,

(A.25)

The equilibrium of this economy is characterized by a set of prices { Py, Pj;, Wi, W, R} and a set
of quantities {ys, g¢, ¢it, bit, nj e, be, iy}, 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 cidi, fol 4 di = fol n;dg, fol bidi = 0.

A.5 Summary of non-linear equations
A.5.1 All equations

Consumption and savings

1— BEt {)‘H—l Rt exp (61,7,5) }
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Wage-setting
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Price-setting

p
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57&71,1‘,
1 + 9p,t¢
. — U .
dispf = (1= ap) (}) "% + ( e t) dispf_;. (A.41)
t—1,t
Labor market
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Policy and equilibrium
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Technology and shocks
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A.5.2 Detrended economy

The model has an stochastic trend due to the technology shock process. All real trending variables
are divided by exp (z¢) .

ys = Yt S = Ct g = gt ws = Wi
! exp (2t)’ ! exp (2t)’ ! exp (2t)’ ! exp (2t)’

A = Arexp (z).

Consumption and savings

. Riexp (e
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Wage-setting
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Price-setting

p
* 1+9p,t(¢—l) — num, A.62
7] e (A.62)
s\ ¢ R )\ 1 gp’t¢
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Labor market
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Policy and equilibrium
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(A.72)
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Technology and shocks
Az = p,Azt1 + 1, (A.74)
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A.5.3 Deterministic steady state

Consumption and savings

Wage-setting

Price-setting

Firms profits

1+
B

& (1 _ ’yh>_0 (1 _ mh) — A

R

den™ = ¢p,,num"”, with p,, =

[Z]I—HU
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1 dw
e

num =
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1 (1)
num? = pO,w (14> ,

den? = (6, —1)
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(A.77)
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Labor market

X =&

£ the one at which workers have no incentives to change indexation rule.

Policy and resource constraint

g
g = v

1 *
R=_-1T
B

CS

1—gS:E

A.5.4 Flexible price/wage economy

Consumption and savings

Af’f/exp (2t) = BE, {/\ffl/exp (Zt41) 7"{ exp (%,T)} ,

Ai/exp(z) = Ug,t - /B’YhEt“g,tH
—0
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Wage-setting

(6 = 1) N = vt [¢]]”

Price-setting

s s ¢-1
B ¢9p¢u%J,(y{f) (%)¢
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s ¢
@f: (yff>
¢ A

g = gexp (eg) y!

yf’f _ C;’,f +gts,f

1

Labor market

Policy and resource constraint
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(A.92)

(A.93)
(A.94)

(A.95)

(A.96)

(A.97)

(A.98)

(A.99)

(A.100)
(A.101)

(A.102)

(A.103)

(A.104)

(A.105)
(A.106)



B Deterministic vs. Stochastic Steady State

This section explains the differences between the deterministic and stochastic steady states. We can
verify that the model has been correctly solved by comparing the suitable analytical expressions
with Dynare output. We show that this is particularly important for forward-looking variables. We
also deliver the analytical expressions for wage dispersion that are used in the main document.

B.1 Main differences.

Consider the household first order condition for consumption (stochastic shocks have been removed
to simplify the exposition):

At = <Ct - ’Yth—1> - ﬁ”tht { (Ct—l—l - ’)’th> } s

In the absence of external habits (y” = 0), this condition establishes a contemporaneous relation
between A and c. But the existence of habits makes this relationship inter-temporal, with a forward-
looking term for consumption.

Define the steady state level of variable z; as its unconditional expectation, so zss = E (),
which, by definition, is time invariant. Now, suppose that all variables in the economy equal their
steady state level for periods t and t—1, and that all stochastic shock processes equal zero. Applying
the unconditional expectation operator to the last expression and re-arranging, we have

Ass = (Css (1 - vh>>_a — BY"E { <Ct+1 —~ 7h058>_a} , (B.1)

The expectation term gauges the impact that future shocks will have on future variables.? If there
is at least one shock with a strictly positive probability of realization (i.e., its variance is positive),

the expectation term takes it into account and so E{(CtH — 'yhcss)_g} + (css (1 — vh))_a. To

see why, consider the second order Taylor approximation to the term (Ct+1 — yhcss)_(7 around the
point cg :

<Ct+1 - thss)"’ = (CSS (1 - Vh))ig + (Cr41 — Css) <—O' (Css (1 — 7h>>01>

ot % (cr41 — 038)2 <a (c+1) (css (1 — 'yh>>_a_2> )

or

—o -0 O (Cta1 — Css oo Ct+1 — Css 2
(e =) 7 (e (1-9")) {1 LREE <c+s:<)1(—+vlh>>2 ) }

It follows that the unconditional expectation of this term is affected by the second moment of the
random variable cy41:

E { (Ct+1 — 'yhcss)a} ~ (css (1 — 'yh>>7a + ;MVM {ct+1},-

2The expectation operator does not apply to variables in ¢ and ¢ — 1 because, once their value is known, as it is
assumed in the example, they are no longer random variables.
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where var {¢c;41} = E {(ct+1 — 033)2}. When any stochastic shock has a positive probability of

realization in ¢ 4+ 1, the variance term var {c¢;11} needs to be added to the equation determining
Ass, Which, up to the second-order approximation, becomes:

Ass (css (1 - 7h>) 7 (1 - ,B’yh) — Byt olo+1) svar {cii1} - (B.2)
2 (css (1 =)
In the deterministic steady state, as by definition no shocks exist or are expected, the variance
term collapses to zero. It thus follows that in general the stochastic steady state will differ from its
deterministic counterpart.

Finally, notice that in the absence of habits, Ags would not depend on var{ci11}. In other
words, correcting ‘variance’ terms will appear in all equations that have forward-looking variables,
or future values of control variables. In contrast, equations that describe a contemporaneous
relation or depend on past variables (e.g., for state variables ) will not have correcting variance
terms, because no conditional expectations operator (i.e., E; {-}) is present in such equations. Some
examples are provided below.

B.2 Correction terms for the labor market equilibrium

Output and other real variables are lower in the stochastic steady state than in the deterministic
steady state because the possibility that shocks may happen entails welfare losses that agents would
like to prevent. Their decisions are thus affected by the risky character of their environment (see
Schmitt-Grohé and Uribe, 2004, 2007) From last subsection, we also know that the decision rules
of forward-looking variables are affected by their expected future variance. For instance, Amano
et al. (2007) show that the long-run stochastic mean of inflation differs from trend inflation (i.e.,
the central bank’s target). Their results support the notion that, when computing the stochastic
steady state levels of relative wages, aggregate wages, and wage dispersion, we should take into
account the long-run differences in the levels of inflation and trend inflation, and the expected
variances of forward-looking terms.
Before showing some partial results, define the differences between 7, 7%, and 7* as:

1+ 7y 1+ 7y
1+F; = = , and
5151—1,t Lt
1+m 147

5t2—1,t 1+ TF '

1+A, =

If the expected growth rate of productivity is zero, we have that [[Agl|| > ||F ss|] = 0 at the
stochastic steady state. This implies that ||E (7}) — E (7) || > 0 while |E (7¥*) — E (m¢) || = 0.3

B.2.1 Relative wages (heuristic).

Optimal relative wages, rw), at the stochastic steady state are distorted by the variances of the
terms 1+ F ;41 and 1+ A4y and their covariances with other forward-looking terms. To see why,
recall that

[rwt’ } = Yty dony, for k € {1,2} (B.3)
,t

3These differences hold in Dynare. For a formal proof, one needs to compute the unconditional expectations for
inflation and wage inflation, and then to show that they are indeed the same. This exercise is beyond the scope of
this appendix.

17



with
numy, = [Et]Hw + By Es {(1 + At+1)9”(1+w) numg’t“} ,
deng, = MNwily + BayE: {(1 4 Mgyl dend‘:tJrl} ,
where 1 + Ay =1+ f for 5%_17“ and 1+ Ay =1+ A, for 5%_17,5. A second-order approximation of

the term (1 + Ayyp)?» 0+ numg’, g s

L+ 0y (1+w) Apyq +mumy, o+
N 2
(L4 A )™y~ (14 A) ™ mamy 4 | O (L4 @) (0 (14 w) = 1) (A ) ,
20, (1+w) (Ars ) (S0, )

where Z; = ”;7:5” It follows that the unconditional expectation of this term is equal to
E {(1 + At+1)9w(1+w) nuth_H} ~ (1+ ASS)Qw(Hw) numy; . + Gy, (At+1, num};"’tﬂ) ,

where G,, (At+1, numyﬁ",t_s_l) = % [Gw (I14+w) 0y (14+w)—1)var {Ass1} + 204 (1 + w) cov {At+1, numxt+1}} .
The term numj’, at the stochastic steady state is thus equal to:

1
numy, o = T Gan ([BSS}Hw + Gy (Ag1, numg’tﬂ)) :
w
A similar reasoning leads to an analytical expression for the term den}g’, s
1
den‘lg,ss - m (Asswssess + Gd (At+1, denﬁﬂ_l)) .
w

Notice that in the deterministic steady state, we have that ¢y, numy - = deny,, while G, () =
G4 () = 0. However, in the stochastic steady state these equalities might not hold and the optimal
wage rwfg* might be above or below 1.

B.2.2 Aggregate wages.

1-6
Wi,t w 3
Wi
for k = 1,2, notice that this a state variable and it depends on past and present values of state and
control variables. Therefore, no correcting terms related to the expected variance are needed. At
the steady state, equations A.20 and A.21 become:

Now, to have analytical expressions for the aggregation of wages within each sector, W} = fz IR, {

111;8 =(1—ay)é [rw;;*]ligw + ozwﬁ);s, and (B.4)

@ = (1) (=8 rwdy] ™" o (1 A) 7l (B.5)
solving these equations, we have that

wl, = €x (rw;;*)liew , and (B.6)

1-— _
i (o) 4o x ) 3.7
These analytical expressions hold in Dynare.
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B.2.3 'Wage dispersion and optimal wages.

The wage dispersion for each sector is also a state variable, so no correcting variance terms are
needed here. Following similar steps than for aggregate wages, we have that (has been checked
with Dynare)

dispY,, = &x (rwy) ew, and (B.8)
l1-a -0

dispy,, = 2 1—¢&) x (rw2r) . B.9

by (1_aw(1+m9w>< &) x (ru’s) (B.9)

Comparing equations B.6 to B.9, it is apparent that

dispy s < wl, < € when rwl* > 1,
dispyys > wl, > ¢, when rwl* < 1, and

dispY s = wl, =€, when rwl* =1

If A is small enough, symmetry between @, and w2, (the zero-profit condition of the labor in-

termediary, 1 = fo (

1—04
W ) di, imposes the symmetry) will lead to similar conclusions between
t

dispy g, w2, and 1 — & In Dynare, we frequently observe that || dispy s % 1>l ﬁ)gs _g |, for
g ={{,1 —¢&} for #k = 1,2 respectively.

C Welfare

We make a distinction between an individual’s conditional welfare, which depends on the duration
on his labor contract, and social welfare. We describe the latter first.

C.1 Social welfare

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

W, = /exp(s%T)U(Cz’,t,gi,t)di

2

Y (eir =" T71)1_U -1 G’
— ) ) _ ) d
eXp(g“vT)/O ( -0 e )@
h -0 1 €1+w
(cr —~"er—1) -1 iT .
_ _ EMT 1
exp (eu,1) . Y exp (Eu,1) /0 o wdz (C.1)

The last line follows from the fact that consumption is equal across households under the model
assumptions.
Expected social welfare is then defined as:

SWy = Et{25§_tWT}

T=t
- Wt + ﬁEt {SWtJrl} .
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At the steady state, social welfare equals its unconditional expectation:

E{SW;} = E{i BTtWT}

T=t

_ 1_1BE{W,5}, since E{Wy} = E{W,} VT.

Notice that in equation (C.1) aggregate labor disutility can be decomposed into

1 gltw el 1w
/ g :/ g +/ 43,
0o 1+w ielry, 1 +w ierry, 1 +w

1
/ g P (g dispV i
ierry, 1 T w l+w ’

where

Wi\ Owte) o o : : .
. ) di. Dispersion in wages entails welfare costs, just as price

with dispVie = ficppe (5
dispersion. Following the approach for the dispy; formulations in A.17, one can show that:

O (1+w) 147w Pull+e)

. x) W w ™ .

dispVy, = (1= ) x; (7)) + ( . ) dispVy s, (C2)

t-1,t
0w (14w)
) —0w(1+w) 1+ 7% )
dispVy = (1 — aw) (1 — xy) (rwf’*) + oy ( 52 L ) dispVg,_;. (C.3)
t-1t

C.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:

Wit (63, 2¢) = Ey <Z (Baw)™ ™" U (er (€7, 27) Cir (035 &, ZT))) . (C4)

T=t

Notice that the discount factor takes into account that the labor contract might end each period
with probability 1 — «,. Since individual consumption is equal to aggregate consumption, we can
decompose the welfare criterion into two terms, one related to consumption and the other to labor
disutility: W; (0;,2¢) = I'y — Qi1 (6,Z;) where

0o h 1—0o
— _ -1
I, = Et{ g (Bozw)T_t exp (Eu,T) (CT Ter 1) }, and

1—0
T=t

14w &7
T=t T

Qi1 (0,5) = Ef{Z(ﬁaw)T_teXp(eu,T) P é”“’},
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C.2.1 Recursive expressions

A recursive expression for T’ (§) is simply:

) (ct — ’Yth—l)l_g -1

I'y = exp (5u,t T

+ BayEdl 1.

(C.5)

In turn, for the the discounted conditional expected disutility of labor, assume that =; = = for all
t. Then, simplify notation to QF = Q (04,4, 2) for 6F and make use of the labor-specific demand

—0
5k w )
gi’it,T = < e wa) {1 to obtain

o0 k —0w
(0 T—t Obr 4
QF = E w “ ’ ¢
F= B | X e e e | Tt |t

Next, expand the expression and factorize common terms:

"

Qf = TIZ) | DN (wa Ty t+1
14w k » o
(S w
(Baw)® exp (€u,t+2) [(ﬁ) liio + ...
K , J
Notice that Qf_ﬂ is:
\
exp (eupr1) [es1] T +
i —bu 1+w
Oi i1 t42
0w (1 — V4
b, = LEt (rth) (14w) By exp (Eui42) [(”m,tm) 4o +
1+w k » o
2 1) w
(505111) exp (€u7t+3) [<M> €t+3 4+ ...

\

So we can write QF as :

(0 —Ow e }tut 1 rwy
Of = exp (Eu,t) (”ﬁ) & + BayE e
5t 1 TW

1+w

exp (u,t) [Et]Hw +

9
5k *
)—ew(1+w) By exp (Eu,t+1) [( Z’f“) liiq +

1+w

14w

Ow(1+w)

0w (14w)
. . OF ok, oF wk
(trick 1: write T = L LT trick 2: multiply by ( ”1> and re-arrange).
Wiy

tt+T Tl Mo 1447

C.2.2 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.,

k_
QF =
T=t

21
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71—ss,l

0
. sk h .
Notice that at the steady state, we have that E’;sl = < solpwk ) lss, where | € {0,1,2,3,...} is

k:
the number of periods since the last re-optimization. If we assume that WS“ 1 for all I (recall

ss,l

that, because of the stochastic steady state, there might be small differences between inflation and
target inflation; see Section B), then we 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.

_G”UJ
k k
e, = (rwss) lys.
1+w

Now, assume that €, 7 = 0 V T. A second-order approximation of term [EET} around its steady
state reads

] R[] (- ) 0o [+ 5 (- ) o )]

It follows that QF can be expressed as:

o0 Ok T ek — k) (1 + w) 28]
o ~ 1w B q > (Baw)™ | 1} " (:TQ ) k[w}l ’
Tw T=t +§ (et,T - gss) ( ) [5 ]
e o Ek - El;s glscs ¢
~ L[ d + By (Baw)" ™ ( . >2[ | w—1
w1 = fon, 5 (thp—eh) w [e]

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

to each side of the last expression, which leads to:

(thy = 5,) e8]
(g 8) w s

Qo

B{of} =l ~E ”@Ewwz (Bow) {
)

since E { <€§T — E’;S)} =0 and var (Ef’T) {<€fT ok } it follows that

o L[] S (),
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
~ 1, then the second term can be simplified into (1#9 [E’;s]wfl var (),

assumption that —5t Baw) 2

ssl

where the subscript 7" has being removed. And QF, can be rewritten as

OF ~ _v (R’;S + V;;) , where

1 — Bay,
1+w
58 14w’
w—1
o ] e
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. . . 0w
Now, notice that we can use the labor-specific demand to substitute ¢%, = (rw%) " £, from

the expressions above. Further, notice that at the stochastic steady state, relative wages and wage
dispersion are altered as follows

diSpW -0
7;’88 = (rwig*) ¥, and
dispy . 0
) ~ 2% w
~_f e " (rwss )
5k
given that —=t ~ 1.

7Tss,l

C.2.3 Wage dispersion and the expected variance of hours worked.

The optimal policy literature usually describes the price and wage dispersion measures in terms of
the volatility of wages using a second-order approximation (see Rotemberg and Woodford, 1998;
Erceg and Levin, 2003; Gali and Monacelli, 2004) To build up intuition, we will compute similar
expressions for our labor market. Notice that, since we have two sectors in the labor market (one
for each indexation rule), some extra terms are added to the otherwise typical expressions for

dispersion found in the aforementioned papers.
N\ 10y
The first step is to approximate the term (V“,/[}tt) using the transformation X = exp (In (X)),

and define w; (i) = mW;,, w, = InW;, and @ (i) = w (i) — ws. The approximation is centered
around 1 (or, equivalently, %y = 0). This number is arbitrarily chosen, but it helps greatly to
simplify the computations (another candidate point would be g (i) = wss (1) — Wss, in case Wgs (7)
is not unique due to wage dispersion and the distortions caused by the stochastic steady state,
but the computations become cumbersome). So, the transformation and then Taylor expansion of

. 1_911)
(W“t> is given by

Wy
Wit 1=t
Wi

exp ((1 — 0y) % (7))

2
= (1 0.) %) (1 Fa-om )+ g @) +o(la*))

(1—0,)
2

12

? (i) (up to the second order).

=H

14 (1—0y) 0 (1) +

Integrating the latter over the interval [0, ] leaves

Wi\ . — 0, .
at= [ (J) " asera-onEi@ o+ Sl o),

where Eg {z ()} = fof x (1) di is the partial expectation operator on the interval [0,&]. Solving this
equation for Eg {%; (7)} yields

1 1

. O
g1 &) F

RS (52 (1)}

E§ {% (i)} ~ 5

-\ —Ow
The second step to approximate the term (%j) using the same methodology as before, so
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Wi, —0w 02
( I/I; > ~ 1 — O (1) + ?“’ﬁf (¢7) (up to the second order).
t

Again, integrating over the interval [0, ] yields

e [ (Wi T € (o /s 00 (oo,
dispY, = W di >~ & —0,E5 {8 (1)} + 7E0 {wt (z)} )
0 t

Now, substituting Eg {% (1)} yields:

¢ W’L 0w Hu) . ~
dispy; = / < W7t> di ~ &+ ?Eg {87 (i)} — o (€ —@F)
0 t

. . . disp}’, .
Relative wage dispersion g Is thus

disp‘{vt Hw 3 2 5 B UN}l
=~ 14 —Ep W (2)p — L.
£ =1 e (o ) o ()
It proves convenient to restate the term Eg {v‘vtz (z)} as a function related to the distance of the secto-
rial wages w; (i) = In W;; from the the aggregate wage level wy = In W;. Let vector wf contain all the
(log of) relatives wages @; (i) = In W ; — In W; for labor contract k, such as wf = {@; (i) : i € IR} .

~ £ if k=1

Now, define function Dy (wf) = % icIR,, (InW;; —1In VVt)2 di, where £ = ' . Func-
1-¢ ifk=2

tion Dy is proportional to the square of the Euclidean norm of vector w,{f ,i.e. Dy (uif) = % Hwﬂ H2 .

Function Dy effectively measures the square of the distance between all the wages perceived in
sector k and the aggreate wage level, normalized by the proportion of workers choosing indexation
rule k. In other words, the larger is Dy , the farther away are the sectorial wages from the economy
average. Now we can write the relative dispersion measure as:

diSp‘th ew 1 g_wtl
L~ 14 2Dy () — = 1),
£ =1 5 (ol) - ()

At the stochastic steady state, this expression becomes

dispy’ dispY’ ., 0. B _E @l
N A (=

s-B{oi}

The term —p,, <§> appears because in the steady state w!, might differ from ¢ (see above).
A similar expression can be found for k = 2. First, notice that

B — 1
2

1 )
g1 (-0 -@)+

Eé {# (i)} ~ D, (w})

where vary {InW;;} = ﬁ /. 51 (InW;y —In I/Vt)2 di. For relative dispersion, at the stochastic steady
state, we have that

dispy, | _ dispy.s Ou 0 R
) S, (1B
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To conclude, notice that labor demand implies that

¢ i\
Z’t = (?;/t) , which implies
t t
1
— (111 E@t —1In Et) 97 = (lIl W@t —1In Wt) N
2 _ _
and so, we can write Dy (ﬂ)f) = % ‘IR, (— <lnE§7t —ln&) i) di = H%Dk (E,’f), where £ =

{ln Eﬁt —Intb;:iel Rk} . The dispersion measures could be written as:

i L (o (8 (£
T s (@)} - (). ©0)
i ¢ if k=1
where £ = .
1—¢ ifk=2

It follows that the farther away are the expected hours worked in sector k£ from the economy
average, relative wage dispersion increases, and so does labor disutility.

C.3 Welfare costs measures

We quantify welfare costs due to the presence of stochastic shocks with respect to a benchmark
welfare level. Schmitt-Grohé and Uribe (2007) measure welfare costs in terms of the deterministic
steady state consumption. We choose to measure them in terms of the deterministic steady state
labor, thus highlighting the differences across labor contracts (although we reach exactly the same
conclusions with the consumption-based measure). We assume in what follows that utility in
consumption is logarithmic (o = 1).

Social welfare in the deterministic steady state is given by:

1
SW (ca,ba) = mu(%ed),

= 1_15 {log (Cd (1 - Vh)) - 1_wa [fd]Hw} :

where Notice that this level does not depend on £. In contrast, at the stochastic steady state, social
welfare will vary with & and the structure of shocks, and the current policy practices.

S 1
SWss =E {Z Bgit / exp (5u,T) u(ci,tu Ez,t)dz} .
T=t 0

For reasons explained above, SWgs < SW (cq,lq) when at least one of the shock variances is
strictly positive. For expressing welfare costs in terms of deterministic consumption, let the fraction
A¢ represent the proportional cost in ¢y that makes the social planner indifferent between the
deterministic environment and the stochastic one, i.e.

SWes = SW((1— ) ea, ba)
= 1—15 {log ((1 — X% cq (1 - 'yh>) - 1?}[_)(’0 [ﬂd]Hw} .
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Solving for A\° yields

SWes (1= 8) = log (ca (1—7’1))—&[ed}”ulog(l—v)

log (1—X°) = SWys(1—B)—SW (ca,la)
A= 1 —exp{SWss (1= 8) —SW(cq, la)}-

As an alternative, we propose to measure these costs in terms of leisure. Let A’ denote the
percentage increase in deterministic steady state labor that makes the social planner indifferent
between the deterministic environment and the stochastic one. Formally, M is defined as

Wi = SW (ea, (14+2%) ta)

. 1—16 {log (ca(1=19")) - 11’“} [(1+2) Ed]1+w}.

Solving for X’ yields

M=

SWys (1 ) — log (cq (1 — W] o 1.

71_’_% [gd]ler

Notice that —1%) [0q)' T = SW (ca, ly) (1 — B) — log (ca (1 —=~")), so we can rewrite the above

expression as

[y

SW (ca,£q) (1 = B) —log (cq (1 — "))

For individual workers, the benchmark welfare is the one that is conditional on the expected dura-
tion of the labor contract, and which value is maximum at the stochastic steady state, i.e.,

1
1 = Bay
Notice that this benchmark is equal amid agents, and does not depend on £ neither. Similarly to

social welfare, in the stochastic long-run equilibrium, individual welfare will depend on &£, on the
structure of shocks, on current policy practices, and on the indexation rule a worker decides upon.

W(Cd,gd) = Z/{(Cd,fd).

W (5’“) =E {i (Bozw)T_t exp (5u7T)Z/l(ci,t,£i,t)} )

T=t
Let \“* denote the percentage increase in deterministic steady state labor that makes an worker with
indexation rule k indifferent between the deterministic and the stochastic environment. Formally,
XOF is implicitly given by
W, (5’“) — (cd, (1 n W) £d> .

_ 1_15% {log (ca(1-4")) - 1-%00 [(1+2%%) ¢4] Hw} .
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Solving for \** yields

Wes (5k) (1 - Bay) —log (cd (1 — ,yh)) =
W (cd7£d) (1 - /Baw) — log (Cd (1 — fyh))

Aok — ~1.

D New-Keynesian Wage Phillips Curve with fixed indexation co-
efficients

Proposition 1 If the proportion of workers indexing their wages to past inflation is exogenous and
fized, so & = ~* € [0,1], then the log-linearized equation for wage inflation collapses to a typical
New-Keynesian wage Phillips curve of the form

(1 - Baw) (1 — o)

o ko my + BE; (ﬂ”ﬂ — s — (1= 'Yw)fffﬂ) ;
w

T = R — (1 =)A=
where ki = (1 + wwew)fl and mj’ = wWwly — A\p — 1y

Proof. First, we need to log-linearize the equations for the optimal relative wages (eq. A.28, A.29,
and A.30), and the equations for labor-market aggregating equations (eq. A.31, A.32, and A.33),
which give

@:’1 = (1= Bay)kygm + Bawﬁ)t (fr;‘jrl — ﬁt) + Bawﬁ]t@;ﬂl, (D.1)
= (1= Bow) symi + BawBy (fihy = ) + BowBr o) (D.2)
0 = 7 (@) + (-9 (&) (D.3)

B o= (=) (1= 00) 70" ) +aw (00 = D) FE = Fi) + @) (DA)
B = (1= aw) (1= 00) 757 + aw (00— 1) (7 = 70) + B, ) (D.5)

Substituting eq. D.4 and D.5 into D.3 results in

~% w AW ~ /21
" (1= ) (1= 0) T} = ey (0w = 1) (1 = Fema) + By ) = (D.6)

(1= 9") (1= ) (1= 00) 7577 + (1= 4") e (B0 = 1) (R = 77) + By ) -

~1 ~92
After simplifying eq. D.6 by using eq. D.3 in order to eliminate the w,_; and w,_; terms we
obtain

1- . —~
R — (L= P)i) = s = ——2 (yerpt + (=) 7). (D.7)

w

Substituting eq. D.1 and D.2 into the above expression gives
. . . o
(A = (L=y")AF =7"Fe1) 7= = (D.8)
—
(1 = Baw) k§mi’ + BoawEy (71 — (L= ")&7 101 — V%) +

BaEy <X@:-Ll1 +(1=x) 7777);31) :
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After iterating one period forward eq. D.7 and substituting it into the last term on the right
hand side of eq. D.8, plus some manipulations, we obtain that

1 — Pa 11—« R . R
o 0P Lm0w) o g (a0 i, — (1= )ity

E Sensitivity analysis

Figure (1) illustrates some cases where parameter changes affect equilibrium indexation in a non-
linear fashion. We start from the 2000:Q1 calibration and increase the volatility of the technology
shock by 15%. This benchmark calibration results in an aggregate indexation level of £* = .55
and serves as a reference point. This point is marked by a star in each box. Each panel shows
how different values for a structural parameter, given on the x-axis and holding all other structural
parameters at their benchmark values, results in different levels of aggregate indexation £* (on the
y-axis). It is apparent that shifting the structural parameters away from the reference point can
result in some pronounced nonlinear effects on £*, a result that also comes to attention in Section
4.2 in the main paper.

28



‘yueueuwriod ST 93URYD 97} ‘9UO PUODSS o) Ul J[Iym Areroduwra) st
9SII 93 ‘@sed 9s1y oY) ul {1oedwr je jusdted g AQ sesLI ¥OOys jo8Iej-uoljeyurl oYy ‘Aqreur ‘juedrad T Aq joedur je osu1 Surpuads
JUOWUIDA0S ‘}DOYS PURWOP 104 ‘UnI-guo[ oYy ur jueoied T sesut ndino jer) pawmnsse s 91 ‘Aj1arponpoid 10 ‘1031e) UOIIRPUI O
pue ‘(spoys puewop) Surpuads juowrurosod ‘A31aronpoid Ul SYOOYS I9jJe UMOYS It SO[(RLIBA PIYId[s 10J sosuodsol oy ], :@J0N

T 80 90 144 20 OO SC 0z ST 0T mc T 80 90 144 20 OD T 80 90 144 20 OD
20 20 20 20
144 ¥'0 70 7’0
-~ -~ -~ -~
* . . v
90 90 90 90
80 80 80 80
T - T T T
£ddns 1oqe] Jo £yrnser s <7 puewep oqe] jo A3pHser "y So1IPISLL dFeM [eUIION ‘™D sonpr3it oond ‘o
SHO1OVH TvdNLONYLS ¥3H10
8 9 14 Z 0 90 144 20 0
0 0
20 20
70 0
= =
. %
90 90
80 80
T - T
Spoys puewop jo £3ryeroa ‘o spoys £yaronpoad jo £yrryeioa ‘o
SHOOHS 3LVYOTHOOV 40 ALITILVYIOA
T 80 90 144 20 OO S0 144 €0 20 T0 oc S20 20 ST0 T0 S00 OO 8T 9T VT T Ho
20 20 20 20
7o 70 7o 0
= = = =
* " . *
90 90 90 90
80 80 80 80
- T T T T
POYS L Jo Ayprieon ‘o de8 mdno jo mois Jood ivp des mdmo Jood ip UoTjRPUI JOOD ‘*1

ADIT0d AYVIINOW

sisATeue A)JIAT}ISUOG (T 9INSLg

29



F Validation exercise with a monetary policy shock

This section complements Section 4.1 of the main paper. We vary the standard deviation of
monetary policy shocks and check the implications for equilibrium indexation. As mentioned in
the paper, Gray (1976) and Fischer (1977) state that the relative importance of nominal shocks in
explaining output fluctuations is a determinant of the degree of wage indexation to past inflation.
Since there is evidence that the variance of shocks to the interest rate equation has changed over
time (see e.g. Boivin and Giannoni, 2006, Canova and Gambetti, 2009), it could be that changes in
the non-systematic component of monetary policy was an important driver of the changes in U.S.
wage indexation. Table (1) shows the equilibrium indexation levels after adding a monetary policy
shock to the model. As Hofmann et al. (2012) do not include a monetary shock to their model, we
take the values from the estimation of Cogley et al. (2010) as measures for the standard deviation
of monetary policy shocks. It follows that introducing the monetary policy shock to the model has
only a negligible influence on equilibrium indexation £* in the 1974 calibration and no effect at
all in the 2000 calibration. Compared with the other shocks in the model, it is not an important
contributor to the business cycle. We conclude that changes in this parameter cannot explain the
changes in wage indexation, which is why we leave it out of the main text.
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Table 1. Validation exercise with monetary policy shock

Great Moderation

Great Inflation

2000 (benchmark) 1974
Common parameters
B8 Subj. discount factor .99 .99
o Intertemp. elasticity of subst. 1 1
¢~' Labor share 1 1
w™!  Frisch elast. of labor supply 2 2
0, Elast. labor demand 10 10
0,  Elast. input demand 10 10
Specific parameters

~"  Habit formation 37 71
~P  Inflation inertia A7 .8
oy,  Calvo-price rigidity .78 .84
a,  Calvo-wage rigidity .54 .64

ar  Taylor Rule: inflation 1.35 1.11
ay  Taylor Rule: output gap 1 A1
apny Taylor Rule: output gap growth .39 .0
pr  Taylor Rule: smoothing .78 .69

o, Std. dev. Tech. shock 31 1.02

og  Std. dev. Dem. shock 3.25 4.73
om Std. dev. Mon pol shock .07 .16
p?9  Autocorr. Dem. shock 91 .89
¢ Estimated indexation by HPS A7 91

Case 1: 0.+ =0
& Implied equilibrium indexation 0 .86
£ S Implied social optimum 1 0
Case 2: o+ >0

ox« Std. dev. inflation target .049 .081
& Implied equilibrium indexation 0 .87
13 S Implied social optimum 1 0
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