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Great Layoff, Great Retirement
and Post-pandemic Inflation

By Guido Ascari, Jakob Grazzini and Domenico Massaro*

A. Derivation of TANK model equations

HouseroLDS.. — To derive first-order conditions for the household problem, write the value function
for type a as

(A1) Vot = max Ugt + BEVg 11 -

a,t,Ma,t
Rewrite the budget constraint as

R W, A
(A.2) Cat = Das = =7 Das1 + Bagp 0"Vt + U3y Nas = 5 (Das) + Qas
t t

where (), ; collects all terms outside agents’ control.! The first-order condition for optimal con-
sumption choices are

8Va t aua t aVa t+1
= : E;:————— =0
9Du: ~ 9Du: " oD,
1 1 Ry >
=Z;———— (1 —=ADgy) + BE; | —Z =0,
tca,t —&Cut-1 ( o)+ B < = Capr1 — §Ca g

yielding the Euler equation
(A.3) Ry (Qf 1T Y) + ADgy = 1.

Consider now the households’ labor supply decision. The derivative with respect to employment is
given by

NVay Moy
aEa,t B aEa,t

NVa,i+1

AA4
(A.4) T

+ BE

* Guido Ascari: University of Pavia, De Nederlandsche Bank, CEPR, RCEA; Jakob Grazzini: University of Pavia; Domenico
Massaro: University of Milan.
ISpecifically, 24, includes real dividends d;, steady state transfers tr/(1—¢) and —tr/¢ for old and young agents respectively,
as well as net lump-sum taxes which are given by Tyt = (Us — Uo,¢)b" — ¢by No,t — 7¢/(1 — ¢) for the old agents and Ty =
(Ut — Uy,e)b* + (1 — )b} No,t + 1¢/¢ for the young agent.
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Using that 0V, 142/0Eq: = 0, we have that

NVat+1 Ziy1  0Ci

(A.5) = + ¢(ha,t+1)

— —Vq 8ha,t+1
8Eja,t Ct-i—l - fCt 8-Eob,t .

OFE, ¢

By substituting Eq. (A.5) in Eq. (A.4) and computing g%‘;’t we have that
81)a,t _ Zt 8C'a,t + <Z>(ha,t)7l'“ 8ha,t +
8Eja,t Ca,t - gca,t—l aEa,t 8Ea,t

Ziy1 0Cat11 _, Ohgi11
E ’ hag1) Vet )
O <Ca,t+1 —&Cu OFuy +9lhacst) OE,

Rewriting the dynamics of employment as

(A.6) Ei=0—-p)E+ fiSe =1 —pi)Er—1 + 1 itft U,
and computing derivatives
Car _ Wi n bU(1—fr) b
OE.: P Ji fe
St = (1= o) Al (-1 -
fgfj = T )
Tt — (1= o) AL (P = ) |
we can rewrite the equation for 9V, 1/0E,; as
OV, Z Wy b*(1 — be 1-—
. maiamééglKP{j(ﬁfﬁJ;>MR&¢O+F ﬂﬂﬂ+-
+ BE; [Cmtﬂtilf(}’a,t < ;tft;l (1-— Pt+1)(bg,t+1 —b" + FMRSa,tJrl))] )

__on
where MRS, = C’l’t%tc“’t_l¢j437t(l —a)(hay) Ton 7 denotes the value of home-produced goods
generated by the marginal non-participant in terms of market consumption goods. Setting the
derivative of Eq. (A.7) to zero, we obtain the participation condition for households

ft% + (1= f)b* + Eq [Q?,tﬂft(l - ,0t+1)177ft+1
Pt ft+1

bat + MRSa[fe + (1= f)l] .

s @MR&Hrw”M@Hﬂz

To provide an intuition for this equation, let us define the value of a marginal resource in the
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various states: searcher, employed, unemployed or out of the labor force. Note that all this values
generally would imply a continuation value, but one: the value of the marginal searcher that can
be defined as

(A.9) Vo = aVE+ - vy,

a

because an individual is a searcher only at the beginning of the period and then immediately
becomes either employed or unemployed within the period t. If employed, agents receive a wage in
period t. In the following period t+1, they may either lose their job or remain employed. Separation
occurs with probability ps;+1, in which case agents join the pool of job seekers and obtain a value
Vtil. Conversely, with probability (1 — pt+1), they remain employed and receive a value Vtﬁl
Hence

Wy
(A.10) V) = B, + B [QF 11 (e Vi + (1= pe) VL]

The value of a marginal unemployed individual is
(A.11) Va(,]t =b0"+ (1 -T)MRSq; + E; [Qgt—l-lva?t—i-l] ,
because the agent gets the unemployment benefit and can work at home a fraction (1 — I') of her

time getting M RS, in the current period ¢. In the next period ¢+ 1 the agent is back in the pool
of searchers thus getting Va*?t 41

Finally, the value of a marginal individual out of the labor force is:
(A.12) Vaj,\; = by + MRS, + E [QZt—HVaJ,\i—O—l} ,

because individuals out of the labor force receive the pension and the full value of home production,
wt T MRSq, plus the continuation value.

Substituting Eq. (A.9) into Eq. (A.11) we can write the value of being unemployed as

(A.13) V(Et =b"+ (1 -T)MRS.; + E; [Q?,m (ft+1va€€+1 + (1 - ft+1)Va[£s+1)] :

Eq. (A.8) describes the condition under which agents are indifferent between participating in the
labor market and staying out of the labor force. At the optimum, the marginal value of these two
choices must be equal.
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The value of a marginal searcher is given by equations (A.9), (A.10) and (A.13):
Vir = fiVae + (1= fi) Vi
= fi {I;Zt + B¢ [QF 141 (Pt+1VaS,t+1 + (1 — pt+1)va€£+1)] }

t
+ (1= fo) {b*+ (1 —T)MRS,; + E, [Q?,tHVaS,tH] }

W,
= fip + (1= )" + (1 =T)MRS,,)
FEQ i | filpra Vs + (L= pr)Vi ) + (L= fi)VErp]
W,
= fip + (1= )" + (1 ~T)MES,,)

+EiQf 111 [(1 — ft + ftpt+1)Vaé:t+1 + fi(1 - pt+1)Va€€+1}
Given that at the FOC, the household must be indifferent, i.e., Va‘?t = Vﬁ for all ¢, we have that

ftV]Z; 4 (1= f)(B" + (1= T)MRS,.)

+EQf 141 [(1 - fi+ ftpt+1)Vas,t+1 + fi(1 - Pt+1)Vft+1
= by + MRSat + E:Qf 114 Va],\iJrl

Since Va]){ 1= Vft 11, the expectation term simplifies:

5%
ft?; + (1= fi)(b* + (1 = T)M RS, )
+ EtQZt—i—lft(l - pt-ﬁ-l)(Vag—&—l - Va],\llf—l-l) = bg,t + MRSa,t
Now using Eq. (A.9),

S
VE Varer 11— fina
@it Jt+1 Jt+1

U
Va,t+1

and since V.. | = V5, 11, we obtain:

ng + (1= f)(0" + (1 - T)MRS,)

1— fixa

+ EeQf 141 ft(1 = prs1) oot

(V],\QH - V[,]t+1) =byy + MRS,

a a

Finally, using Eqgs. (A.12) and (A.11), we can write

Vot = Vi = by + TMRS, 41 — b
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and recover Eq. (A.8):

ft‘;? + (1= f)"+ (1 —-T)MRSy:)

1— fis1

+ EeQf 1 fe(1 = pes1) Frot

(batr1 + TMRS, 111 —b") = by, + MRS,

In what follows, we derive the net benefit of having an additional member employed instead of
unemployed, for a chosen level of participation, used in the bargaining process between union and
firms. Let us define V2, = V., — VY and rewrite Eq. (A.10) as

V)l = B + B [QF i1 (P Vipsr + (1= pe1) VELD)]
W a
= ?tt + B¢ [QF 141 (P41 (ft+1Va]:Jt+1 +(1— ft+1)V£t+1) + (1= pey1) Va€f+1)]
W a
(A.14) = ?tt + Ee [QF 1 ((pestfren + 1= pry) VIS + prrn (L= fre)Vio )] -

Substituting Eqs. (A.14)-(A.11) in the definition of V" yields

1%
Vi =V = Vi = 5 = 0" = (1-T)MRS,; +E,

"= Qi1 ( (Prs1fert + 1= pen) Vi

+ o1 (L= sV — frra Vg — (1— ft+1)Va(,Jt+1>]

The first term in the equation captures the difference between the direct marginal benefit of
being employed in period t, given by W;/P;, and that of being unemployed, given by b* + (1 —
I')MRS, ;. The second term instead reflects the expected difference in future values associated with
employment and unemployment. Specifically, an employed individual in period ¢ may either lose
her job with probability p;y1—in which case she finds a new job with probability f;1; or remains
unemployed with probability 1 — f;41—or remain employed with probability 1 — p,y1. Similarly,
an unemployed individual in ¢ may find a job in ¢ + 1 with probability f;+1 or stay unemployed
with probability 1 — f;11. These different possible transitions determine the expected future values

Vft 41 and Va{ft 41 entering the continuation term. Collecting terms yields

w W U a
Vor = ?: — 0" — (1 =T)MRSas +Ee | QF 11 (1= pre1) (1= fir) (Vi = Vi)
W,
= ?tt — 0" = (L =T)MRSu; + Bt [Qf 11 (1 = pri1) (1 = fer1) Vol ] s

w

" used in the main text.

which is the expression for surplus
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FINAL-GOOD PRODUCERS.. — Denote by 1 — ¢ the probability of resetting prices, and define the reset
price of firm ¢ as P*. The downward sloping demand function, for any period £ > 0 in which the
firm does not reset its price, is given by

*

P —€
(A.15) Yigrr = | 5 Yitk
’ Pyyg

where € is the elasticity of substitution and Y; is aggregate income. The optimization problem of
the firm is given by

o0 1 .
(A.16) mQXZ SFE, |:Qt,t+k (Mt+kPi,tYi,t+k - TC(Yi,t—&-k)) )
Pl = Pk

where Q)41 is the stochastic discount factor described before, pi1y is a cost-push shock akin to
the revenue tax mechanism introduced by Adjemian et al. (2008) and Abbate and Thaler (2019),

and T'C(Y; ;1) is the total cost in period ¢+ k as a function of output Y; +y. Using the production
function we have that TC(Y;;) = P X;; = PXY;;, and we can write firm’s marginal costs as

MC;; = MCy = P~ .

Differentiating Eq. (A.16) with respect to price P}, we can derive the first-order condition

o T
sy  OTC OYjiqk
K¢ 5th,t+k7 Ltk Yigtk + Py —o — o =0

;;) i Py ' TP Yk OP
0

| DY 1k aTC

E: |65Qy it —— Yk + —2 P, — —— =0

kZ:O t I tit+k Pt+k (,u/t+k i,t+k af,{:} /"Lt+k 1,t a}/;j’t+k
0o B * —e—1

1 P 1
ZEt 5th,t+kP7 Ptk Yk — € <Pl’t > 2 Yiek (teu By — MCyy) || =0
= | bk b+ -k
< 1 1

(A.17) Z Ei [6*Qtirk—— | ek Yitah — Vigsr o (ek Py — MCpap) || =0
k=0 L Pt-i—k: F)i,t
0
k 1 1
Z Et |0"QuivkYiprk5— | (1= ppyr +eMCyip—- || =0
Pt+k P@ t
kIO L )
> [ 1 €
Y E 5th,t+kYi,t+kP7 (Mt+kP{ft - 1Mct+k)] =0
o L t+k €—
> [ 1 €
ZEt 5th,t+kYi,t+kP7 <,Ut+kpi*t — RMC’HthJrkﬂ =0,
i btk Toe—1
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where RMCy ) = Pt)—(l—k /Piyk are real marginal costs. To derive a recursive formulation of the

pricing equation, rewrite Eq. (A.17) as

(%s) B P‘*t —e 1

2
> B |6 Quisk ( 5 ) Yiehp — (quP” - RMCMPM) =0
- t+k €—

k Yt t+k
kZOEt 0" Q,t+k (Pt k) < > Yt+k (Mt+k 2 P, )
> [ P € P,

E k 2t t+k _
kz_o t |07 Q ik <Pt+k> ( > Yivk <Mt+k P, -1 P, 0
- oI

00 F’: B
kZ:oEt 0*Qu ik Yerkltirk <Pt+k> <p:>

> k P\ (P e
> By [0°QuiirYir fz T RMCiii
=0 L t -

Py

*

o\ —€
Dividing both sides by (Ijéf) we get

P, 1—e Px
ZEt S QuurkYerkiurk <P ! ) ];’t
Pt -k (

Py
Py

5th,t+kYt+k< ) RMCt+k] .

e—1
k=0

Factoring out and defining I1; 1 = P;1x/P; yields

*

P, €
(A.18) 2t ZEt [5 Q: t+kn+kﬂt+knt+k} =7 > E [5th,t+k:n+k:H§+kRMCt+k
k=0 -

Define the right-hand side of Eq. (A.18) as K, that is

K =

o0
p— > E [5th,t+kY2+kH§+kRMC’t+k} ;
k=0

and take the first term of the summation out to get

[e.9]
€
> B | QuekI Yk RM G
k=1

€
K = Y;
=gt
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Noticing that K41 is given by

€
e—1

Ky = ZEt [5kQt+1,t+kHzE€+1+kY;€+1+kRMCt+1+k} ;
k=0

we can then write K; recursively as

€
K; = - 1YtRMCt + O, [Qt,t+1H§+1Kt+1} .

Similarly, defining F} as

o0
Fy =) "By [QuuraTly  Yikpesn]
k=0

and writing F} recursively in a similar fashion as
Fy =Y + 0Ey [Qt,t-i—lH:;%Ft—i—l] ;

we can finally use Eq. (A.18) write the optimal relative price in a symmetric equilibrium where
Py, = P for all resetting firms as

A19 ==t

In each period ¢, the average price level is given by the aggregator
(A.20) Pl =6PfF+ (1 -8 (P .

Dividing both sides of Eq. (A.20) by P}~ we get

* 1—e
1= ST 4 (1 - 6) (]]3;) ,

t

so that inflation is linked to the optimal relative price according to

1—(1-4) (%{)1_6 N
; .

(A.21) I, =

SEARCH FRICTIONS AND EQUILIBRIUM WAGES.. — Let V' denote the surplus of having an additional
member employed rather than unemployed, for a chosen level of participation L; = L. In this case
we have that employment is given by

Ey=(1—p)Ei1+ ftSe = (1 — pt) E—1 + fele — f:(1 — p) Ey—1 = (1 — p)(1 — fo)By—1 + fil
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and the surplus V', can be written as

o aVa,t Ca,t - gca,tfl - aua,t Ca,t - fca,tfl aVa,t+1 Ca,t - gca,tfl

Ve = = + BE
(A.22) ¥ 3/Ea,t Zy OFE, Zy PR O0FE, Zy
= ?: —b" - (1 - 11)]\4Rsayt + E [Q?,tJrl(l - Pt+1)(1 - ft+1)Val:Jt+1] .

When bargaining wages, the union considers average surplus given by Vi = (V' + (1 -0V,
According to Nash bargaining, the optimal wage (W;/P;)* maximizes the Nash product, which
balances each party’s payoff according to their bargaining power:

max (V) ="(v/)" |
(V)77

where 7 is the firm’s relative bargaining power. The first-order condition for the problem above is

(V) v )
oW,/

v
oW, /P

vy
oWy /P,

=1 =)™ (V)" + (V) (v

The condition above can be simplified to yield the following constant (period-by-period) sharing
rule

(L=m) (V) V) = (Vi) (v )
(A.23) (L= (V)" = V(v )
1=V =V,

which defines the optimal wage (W;/P;)*. Under the assumed form of wage rigidity, the real wage

is then given by
W (Wt > * We
— =1=0y)| =5 | +0u=—1I;".
( ) Pt Pt—l t

MARKET CLEARING.. — The aggregate production of the intermediate-good sector is given by
X; = fol Xj1dj = Ay By, while the standard aggregate resource constraint is given by Y; = C; + kV,

=1\ 1
where aggregate output is defined by the standard aggregator Y; = < fol Y, di) . Moreover,
market clearing in the labor market requires F; = fol E; 1di, where E;; denotes labor used to

produce X; ¢, in turn used for the production of Y;;. Using the production function of final-good

}Z’tt di, and substituting in the individual demand faced by firm ¢ yields

1 Lrp\ ¢ 1
FE, = —Y, - di = —Y; A
t A, t/o <Pt> 1 Attt’

) —€
where the last equality follows from the definition of price dispersion A; = fol (%’5) di. The

firms we get Fy = 01

aggregate production function can thus be written as Y; = X3 A, ! while the law of motion for A,
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is

P\ YiPaa\C
=(1- L &
Pr\"° LiP 1\
=(1-4 t) +5H6/ < 2 ) di
( >(Pt [ (e

= (1-9) (f;) + 0TI A

t

B. TANK model with CES technology

MONTH YEAR

This section derives an extension of the baseline model by introducing a CES aggregator over age-
specific intermediate goods, and letting labour-market object be age specific. Specifically, vacancies,
tightness, job-filling and job-finding rates, Nash bargaining, wage stickiness and firm/worker values
are duplicated by type. Matching efficiency w is common across markets, as is the search cost I'.

The two age-specific intermediate goods are produced linearly in age-specific labour

(B.24) Xat = AatLat ,

with a € {y, 0}, and a representative final-good producer combines them through a CES bundle

o—1 L—1:| o—1

(B.25) X = [’Yy(Xy,t)7 + Yo(Xoyi) @

The demand for input X, ; is given by

P, \7°
B.26 Xt = = X,
( ) o <'7aPtX> !

and the real price of the intermediate good P;/X/P; is

Pr
P

(B.27)

1
. Py,t 1—0o . Po,t l—-o| 1=0
’Yy < Pt ) +’Yo ( Pt .

The type-specific prices then enter the (otherwise unchanged) job-creation conditions and Nash
bargaining FOCs by age type, translating into different wages and different employment outcomes

across the two markets.

Data and estimation. The estimation uses U.S. quarterly data from 1998:Q1 to 2019:Q4 on
real GDP growth, CPI inflation, the shadow policy rate from Wu and Xia (2016), changes in labor
force participation and retirement rates, real average wage growth, real wage growth for prime
age individuals, real consumption growth, and unemployment rates for individuals both below and
above 55 years of age. The calibrated parameters are reported in Table 1 and they are set from
the same targets as the baseline model, with the only additions being the two CES distribution
parameters (7, is pinned down in steady state, 7, is normalised to 1) and the wage-ratio target R,

used to identify ~,.
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The list of estimated parameters, information on the priors and the posterior modes are reported
in Table 2. The posterior mode of the CES elasticiy o is 3.85, while the remaining estimates are
very close to the baseline paper, suggesting that adding the imperfect substitutability across young
and old workers does not significantly change the estimated structural and policy parameters.

Table 1—. Calibrated parameters

Param Value Target / Source
Discount factor I5) 0.99 4% average real return
Elasticity of substitution between goods € 6 20% price markup
Home-production exponent ap 0.30 Campolmi-Gnocchi (2016)
Firms’ bargaining power n 0.4 Campolmi—-Gnocchi (2016)
Elasticity of matches to searchers y 0.6 Campolmi-Gnocchi (2016)
Household search cost r 0.368 ATUS
Mean separation (young, old) Py Po 0.12 quarterly separation rate
Vacancy cost / wage v 0.10 SS calibration of k&
Target old/young wage ratio R, 1.10 SS pin-down of v,
Target aggregate employment rate E/Ltet 0.955 US data
Target aggregate participation Lot 0.63 US data
Target old participation L° 0.40 554 participation
Job-filling rate (SS, both markets) q* 2/3 SS calibration of w
Share of young population w 0.63 Pop. shares (16-54 vs >55)
Portfolio cost A 0.01 Montoro—Ortiz (2023)
CES distribution: old Yo 1 normalisation
CES distribution: young Yy SS-pinned matches R,
Unemployment benefit b SS-pinned E/LY** = 0.955
Home-good scaling (young, old) ¢y, ®o  SS-pinned Nash equations
Pension benefit P SS-pinned  old participation 0.40
Matching efficiency w SS-pinned ¢ =2/3

Counterfactual exercise. Figure B.1 reports the smoothed baseline (solid) and the counterfac-
tual without the excess-retirement (dashed) for inflation, log GDP, retirement, the nominal wage,
total participation and 55+ unemployment. Figure B.2 reports the implied contribution of excess
retirement to the price level and to real GDP.

The results are qualitatively similar to those of the baseline specification. Quantitatively, however,
the effect on inflation is stronger, with a cumulative contribution of approximately 4 percentage
points, whereas the effect on output remains limited, in line with the baseline results.
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Table 2—. Estimated parameters

Param Dist. Prior mean Prior SD Mode Mean 10% 90%

Intertemporal elasticity (young) vy 1G 2 2 1.093 1.129 0.908  1.368
Intertemporal elasticity (old) Vo 1G 2 2 1.199 1.268 0.956  1.613
Consumption habits 13 B 0.5 0.06 0.743 0.740 0.670  0.811
Calvo parameter 0 B 0.5 0.1 0.648 0.649 0.611  0.687
Wage stickiness (young) 0%, B 0.5 0.1 0.433  0.449 0.380 0.516
Wage stickiness (old) 0o, B 0.5 0.1 0.357  0.367  0.303  0.432
Pension scaling S N 0.5 0.1 0.505 0.505 0.341  0.670
Monetary policy (inflation) o N 1.5 0.1 1.549 1572 1413 1.731
Monetary policy (output gap) by G 0.125 005  0.111 0.140 0.053 0.224
CES elasticity (young / old) o G 3.5 1.0 3.849 4149 2995 5.270
Policy rate inertia PR B 0.75 0.1 0.446 0451 0374 0.528
Productivity (young input) PAy B 0.5 0.1 0.744 0.711  0.595  0.830
Productivity (old input) PAo B 0.5 0.1 0.614 0.611 0.471  0.749
Home productivity (young) PAhy B 0.5 0.1 0.506  0.515 0.348  0.683
Home productivity (old) PAho B 0.5 0.1 0.529 0.540 0.365 0.713
Preference pz B 0.5 0.1 0.726  0.721  0.660  0.783
Cost-push Pep B 0.5 0.1 0.369 0.387 0.232  0.538
Tax-redistribution pr B 0.5 0.1 0376 0.382 0.246  0.517
Separation (young) Poy B 0.5 0.1 0.765 0.750  0.661  0.842
Separation (old) Pp.o B 0.5 0.1 0.633  0.604 0.458 0.754
Productivity (young) OAy 1G 0.1 1 0.013  0.014 0.012 0.016
Productivity (old) OAo 1G 0.1 1 0.018 0.018 0.015  0.022
Home prod. (young) TAhy 1G 0.1 1 0.042  0.055 0.021  0.091
Home prod. (old) O Ah,o 1G 0.1 1 0.032  0.040 0.017  0.065
Preference oz 1G 0.1 1 0.036  0.037 0.030 0.045
Monetary Omp 1G 0.1 1 0.016 0.016 0.014  0.019
Cost-push Ocp IG 0.1 1 0.017 0.018 0.013 0.022
Separation (young) Opy 1G 0.1 1 0.023  0.024 0.019 0.029
Separation (old) Opo 1G 0.1 1 0.024 0.025 0.019 0.031
Tax-redistribution or 1G 0.1 1 0.023 0.025 0.018 0.032
LFP change OLtot 1G 0.05 1 0.0055 0.0057 0.0049 0.0065
Real wage growth Ow 1G 0.05 1 0.0058 0.0059 0.0051 0.0067
Retirement change ORe 1G 0.05 1 0.0049 0.0050 0.0044 0.0057
Consumption growth o 1G 0.05 1 0.0060 0.0061 0.0053 0.0069
Unemployment 55+ Oou 1G 0.05 1 0.0057 0.0059 0.0050 0.0068
Unemployment <55 Oy 1G 0.05 1 0.0068 0.0070 0.0058 0.0081
Young real wage growth Ow, IG 0.05 1 0.0058 0.0059 0.0051 0.0067

Note: Prior distribution, prior mean and SD, posterior mode and posterior summary statistics. Distributions: B Beta, IG:
Inverse-Gamma, N Normal, G Gamma.
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Figure B.1. . Smoothed baseline (solid) vs. counterfactual without the Great Retirement (dashed).
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Figure B.2. . Contribution of the Great Retirement to prices and output.

Note: Left: Contribution to price level. Right: Contribution to real GDP.
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