Online Appendix

D CPS data

D.1  Adjustment for the CPS redesign in January 1994

In computing the (un)employment rate, we use the multiplicative factor constructed
in Polivka and Miller (1998) to correct the break attributable to the CPS redesign
in January 1994. The adjusted (un)employment rate equals the adjusted number of
(un)employment divided by the adjusted number of labor force, where the adjusted
number of employment is given by the adjusted employment-to-population rate times
the civilian noninstitutional population and the adjusted number of labor force is given
by the adjusted labor participation rate times the civilian noninstitutional population.

Similarly, in calculating the adjusted full-time and part-time employment rates plot-
ted in Figure 2, we use the multiplicative factor for the ratio of part-time employment
to total employment.

D.2  Margin adjustment

In order to correct margin errors, we employ the method proposed by Elsby, Hobijn, and
Sahin (2015). Below, let EI', EF, UF, UF, and O; be the number of workers in the labor
market states EF, EP, UP, UP, and O, respectively, at the beginning of period t. We
define a vector As; to be

As; =81 — 811 = [EtF - Etlib Etp - Etfip UtF - Utfila UtP - Utﬁl]/'

The identity that the change in the stock is the sum of the inflows out of the stock minus
the outflows to the stock shows

As, = Xi-1P,



X =
-gf, -Bf, -EF, -EF, EFP, 0 0 0 Ul 0 0 0 Ur, 0 0 0 O-1 0 0 0
EF, 0 0 0 -pBf, -EF, -EF, —-EF, 0 UE, 0 0 0 Ur, 0 0 0 O 0 0
0 EF, 0 0 0 EF, 0 o -uf, -Uf, -Uf, -UE, 0 0 ut, 0 0 0 Op1 O
0 0 EF, 0 0 0 EF, 0 0 0 ul, o -upf, -uf, -vf, -uf, o 0 0 O
and
p =

Pprgr pPgrur PeruP Pero PEPEF PpPyur PePuP PePo PuFEF PurgP PuruP Puro PuPer Purer Purur Puro PoeF PoeP Pour PouP

with the element p;; denoting the transition probability from state i to state j.

Given the vector of the transition probabilities in data p, the vector of the change of
the stocks in data As; and the matrix X;_;, the vector of corrected transition probabil-
ities is chosen so as to minimize

1 . .
5(P—D)W(p—p)
subject to
As; = X;1p,
where the weight matrix satisfies
_ 4 -1
Wgr O 0 0 0
0 Wgp O 0 0
W = 0 0 WUF 0 0 ’
0 0 0 Wyp O
| 0 0 0 0 Wy |




and

Wy =

Ppppp(l1=Pprppr)  PpFpPPpryF _ PgFpPPpFyP _ PpFpPPpFy
By, By, By, By,
_ PpFyFPprpp  Ppryr(l=Ppryr)  PpFyFPpFyp _ PgFyFPRFy
By, By, By, By,
_ PpFyPPRFEP _ PpFyPPpryF  Pgryp(l—PpryrP)  PpryPPpFy
B{_, By, B, E{,
_ PpFNPRFRP __ PpFNPRFyF _ PpFNPpFyP Prry(1—Pgry)
By By By E{
Ppppr(1=Ppppr)  PpPpFbppyF _ PpPpFPgPyP _ PpPpFPpPy
By, By, By, Bf,
_ PppyFPpppp  Pppyr(l=Pgypyr)  PppPyFrbppyp _ PpPyFPgPy
By, By, By, By,
__ PpPyPPRPERP _ PppyPPpryF  Ppryp(l—Pppyr)  PpPyPPpPy
B, By, By, By,
__ PpPNPRPRF __ PgPNPRPyF __ PpPNPRPyP Prpy(1=PppPy)
B, By, B, By,
PyFgF (1-Pyrgr) PyFgpFPyFgP _ PyFpFPyFyP _ PyFpFPyry
Uity Uity Ui, Uity
_ PyFppPPyrpr  Pyrpp(l—Pyrgpr)  PyFpPPyFyP __ PyFpPPyFy
U, Uy ULy Uy
_ PyFyPPyFgF _ PyFyPPyFgP pyryP(1=PyryP)  PyFyPPyFy
Ui, UL, Uity Uity
_ PyFNPyFgF _ PyFNPyFRP _ PyFNPyFyP pyry(1—PyFry)
Ui, Ui, Ui, Uiy
pyPpr(1-Pyrgr) PyPpFPyPpP _ PyPpFPyPyF _ PyPpFPyPy
U, Uz, U, UfZ,
_ PyPppPPyPpr  PyPpp(l—PyPppr)  PyPpPPyPyF _ PyPpPPyPy
Uiy Uiz, Uiy Uiy
_ PyPyFPyPEF _ PypyrbPyrrp  Pypryr(1—PypPyr)  PyPyFbypPy
Uiy Ui, Uiz, Uiz,
_ PyPNPyPRF __ PyPNPyPRP __ byPNPyPyF PypNy(1=PyPy)
Uiz, Uiz, Uiz, Uiz,
PypF(—PypF)  PypFPNpP _ PnpFPNyF _ PnpFPNuP
Ni—1 Ni—1 Ni—a Ni-1
_ PypPPypF  PygP(l—PypP)  PnpPPNyF _ PngPPNuP
N1 N1 N1 Ni—1
_ PNyFPNEF _ PnyFPypP  PyyF(I=PyyF)  PyyFPnyP
Ni—1 Ni—1 Ni—1 Ni—1
_ PNyPPNpF _ PNyPPNgP _ PnyPPyyF  PyyP(l—Pyyp)
Ni—1 Ni—1 Ni—1 Ni—1 |




E Supplement on the CPS evidence

E.1  The monthly transition probabilities

Figure E.1 displays the monthly transition probabilities from EF (Panel (A)), from EP
(Panel (B)), from UF (Panel (C)), and from UP (Panel (D)) from 1994 to 2018.

Figure E.1: Transition probability
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Note: All series are seasonally adjusted. Since there are missing observations in 1995 due to the failure
of individual identifiers in the CPS, we use Tramo (“Time Series Regression with ARIMA Noise,
Missing Observations, and Outliers”)/Seats (“Signal Extraction in ARIMA Time Series”) interface to
interpolate the missing observations along with seasonal adjustment.

Table E.1 shows the average of the monthly transition probabilities. Due to the
missing observations in 1995, we report the averages over 1996:M1-2018:M12. In this
table, by construction, the sum of each row is 1. We find that about 24 percent of
unemployed workers in full-time labor market find a job and 2/3 of them find a job
in full-time position. Also, about 26 percent of unemployed workers in part-time labor
market find a job and 4/5 of them find a job in part-time position.



Table E.1: Average transition probability (monthly)

St
EF EP UF UP O
EF | 0934 0.039 0.009 0.001 0.017
EP | 0.169 0.727 0.016 0.010 0.078
Si UF | 0163 0.081 0.548 0.002 0.206
UP | 0.049 0.215 0.016 0.340 0.380
O | 0.020 0.025 0.018 0.007 0.930

E.2  Net-flow decomposition analysis with alternative definition of the

Great Recession period

Table E.2 reports the result of the net-flow decomposition using the alternative definition
of of the Great Recession period, from December 2007 to November 2009.

Table E.2: Net-flow decomposition of employment stocks over 2007M12-2009M11

j=FEF j=FEP
Rate of change in stock of state j (rl,, —7) —0.48 0.33
Net flow rate from state i to state j (Fop— /")

1=FEF — 0.74

1=FEP —0.16 -

i=UF —0.22 —0.09

1=UP —0.01 —-0.13

i=0 —0.09 —0.19

Note: Average monthly flow (%) over the Great Recession period (December 2007 to November 2009),
compared to the long-run average over the entire period (January 1996 to December 2018).

E.3 Involuntary part-time employment

In this section, we divide part-time employment further into voluntary part-time employ-
ment (EV P) and involuntary part-time employment (EIP) based on the CPS Question-
naire. Earlier work, such as Lariau (2017) and Warren (2017) emphasize this distinction.
Table E.3 reproduces the transition matrix (Table E.1) with this distinction.

In the main text, we emphasize the gross flows between full time and part time. From
Table E.3, one can see that a larger fraction of EIP moves to FF compared to EV P
does. At the same time, in terms of the total number of people who flows into FF;, EV P
is also an important origin because the size of EV P stock is substantially larger than
the size of EIP stock. (The average stock of EV P is about four times larger than the



Table E.3: Average transition probability

St

EF EIP EVP UF Upr O
EF | 0945 0.007 0.021 0.009 0.001 0.017
EIP | 0.261 0.421 0.214 0.049 0.009 0.046
Si EVP | 0.132 0.039 0.728 0.009 0.010 0.082
UF | 0.161 0.034 0.032 0.559 0.002 0.211
UP | 0.047 0.024 0.177 0.015 0.348 0.388
O 0.018 0.002 0.018 0.017 0.007 0.938

Note: This table shows the average of the monthly transition probability between 1996 and 2018. EF
is full-time employment, FIP is involuntary part-time employment, EV P is voluntary part-time
employment, UF' is the unemployed looking for a full-time job, UP is the unemployed looking for a
part-time job, and O is out of labor force.

stock of EIP.) Therefore, both EV P and FIP are important sources of gross inflows
into EF. For the inflow from UP, the largest employment destination is £V P. Note,
however, UP is also an important source of inflow for E'IP, given that the size of EIP
is much smaller than E'V P.

In our baseline model, we do not make distinction between EIP and EV P. The first
reason is that the important counterparts of the gross flows are similar (E'F and UP)
between these two. The second is the concern regarding the distinction: whereas there
is a clear metric for distinction between full-time and part-time (usual hours of work),
the difference between EIP and EV P is arguably more subjective. This subjective
aspect, we suspect, is reflected in a large flow from FIP to EV P—in terms of economic
intuitions, it is not clear why so many would change the status from “involuntary” to
“voluntary” for each month.

Table E.4: Net-flow decomposition of employment stocks over the Great Recession period

j=FEF j=FIP j=FEVP

The rate of change in stock of state j —0.49 3.37 —0.31
Net flow rate from state ¢ to state j

i=FF - 2.94 0.38

1= FEIP —0.09 — —0.26

i=FEVP —0.07 1.30 —

i1=UF —0.22 —0.62 —0.06

i=UP —0.01 —0.26 —0.11

i=0 —0.09 0.01 —0.27

Note: Average monthly flow (%) during the Great Recession period (December 2007 to November
2009), compared to the long-run average between January 1996 and December 2018.

Table E.4 repeats the analysis of Table ?? with the distinction between E'V P and



EIP. Two results emerge. First, as is pointed out in previous studies such as Lariau
(2017), Warren (2017), and Borowczyk-Martins and Lalé (2018) EIP stock is strongly
countercyclical. Second, although E'V P stock is procyclical, its low components behave
very similarly to the components of EIP (except for the net flow from O, which we
ignore in the model). For example, the net flow from EF contributed positively to both
EIP and EV P during the Great Recession. The decline in job finding from both UF
and U P contribute strongly to both EIP and EV P stocks. This pattern is in contrast
to E'F stock, for which the UP contribution is almost zero. This similarity in the each
component of the flows is another reason we put FIP and EV P together in the model
specification.

As is emphasized in earlier studies, there are also some potentially important differ-
ences between EFIP and EV P, especially from a quantitative viewpoint. For example,
the cyclicality of EIP is an important feature that stands out, and the cyclical E'F' to
E P flow, which we emphasize in the main text, is mainly due to the EF to EIP flow. As
is explained in the main text, we decided to pool EIP and EV P in the baseline analysis
due to the tractability reasons in the estimation and also over the measurement concerns.
The pooling assumption is, from this viewpoint, a limitation of our analysis and it is
an important future research to consider a model with explicit distinction between EIP
and E'V P as well as investigating the measurement issues further.



F Derivation of model equations

F.1 The optimization problem of the wholesale firms

Since all the subdivisions in the full-time and part-time division face the analogous
problem except that the evolution equations of the employment stock are differ depending
on the division to which the subdivision belongs, we describe the optimization problem
of the subdivision in the full-time division.

Each subdivision’s value function in period t is given by

F/ _F F R
Fi (nj,t—hvj,t—l? wj,t) =

FoF W op kLF Jal T F(.F F
. Js _ _ - Jt—
P: Yjt Ny — Ty kj,t (ICt < nF ) + A (Qj,t)> jt—1

Pt jyt—1

max
F oF nF LF
AN AR B (A FLa(nfy, vl wf )]
subject to
F F_F F F PF
Wiy < 05 Mp—1 + QGqVj g 1, (F.1)
and
vl >0 (F.2)
j7t - . .

Let JJ, and @;}tF be the Lagrange multipliers for the constraints (F.1) and (F.2),
respectively. The optimality condition for capital input implies

F F
ko[ Yt F( Y
Ty =P @ | 7F :PtO‘(_)-

At the optimum, (F.1) holds with equality. The first-order necessary conditions for nf,,
Qf ¢, and vf . are respectively given by
Fn F (pF F. F
F o Wy aﬁ+1(njt>vjt?wjt+1) .
pray ———=+E [Ny — : =J,, (F.3)
t Dt 8n£ ] gt
0Af(9ft)
— =i (F.4)
8Q§T . at
and
af;fil (nFt7 th; wFt+1> v.F
e | A oor, | O =0 (F.5)
J




with vft@;’f = 0.
The envelop theorem shows

aff<n£tflavftfl;w£t) a’CF( Tjo 1)

x, -1 (Icf(xft—l) + Af(@ft)) + J]t@Jt? (F.6)

F - J,t
8nj7t71 8%,#1
and
a F F F
OF, ( e 17Ugt hwj,t) _F JF _ K ( T t— 1) F.7
B =G 75t B) F ) ( : )
Uj,t—l Lit1
where h
F 4 v
Tie = 7 F
j7t

Here, we focus on the interior optimum, at which @;}tF =0 for all j € J¥. Then

(F.5) and (F.7) imply that
OK {1 (x;)
Aprgf [ iela R A740 [} QY
tt+14; (]t—l—l da,

Because ¢/ > 0, for any states, it must hold that

oK
Moo <J;j;+l %)] 0
7t

Since KF(+) is a quadratic function, substitute (F.6) into (F.3) delivers®

E,

Fn

w:
th - pfaf B ];: + K, [At,t+1 (Kirl( ) At+1(@g t+1) + g5 j.t+10;5, t+1)] (F8)

Then, the above equation shows Jf, = J/'(wf"), (F.4) shows of, = p/ (w]}"), and, by

j t
construction, x}, = z{ (w*) respectively. We can rewrite (F.8) as

w/} K (a (wid) — Al (ol (wida)
JtF(w]FZZ) :pfaf— ;’t +E; | A er W PR . (F.9)
¢

+p£|—1( wj, t+1)<]t+1( 7, t+1)



Therefore, using

By [Aia KLy (2f (wii)] = By [Aeazy (wi) I (wii))] = B [Apnd K (27 (w))]
we rewrite (F.9) as

Fn

n w j,t n n
JtF(wft ) = pfaf - ];t — E, [At,t+1 (Ktlirl(xf(wft ) + Aﬂ1<pﬂ1<wft+l)>)]

+ By [ (] (wi ) + o (wi o)) T (wit)]

F.2  Wage functions

e Worker’s surplus

We define the worker’s surplus from being employed as H/ (wj ") = V;" (w}}") — U,
and Hf (wiy) = V;P(wl]) — U; and denote their average condltlonal on bemg a
newly employed Worker by HI, =V}, — U and H, = V), = U;. By construction,

Hf (wiy) and Hf (w]}) respectively are give by

Fn F F n
- w; P (w t+1)Ht+1( t+1)

Hf(wft )= P%J_bﬁ—Et At FP ’ F] P F F

! +A (1 — pt+1(wj,z1+1)>Hx,t+1 = SipHy
and

whn . pli—l( t+1)HtI-Di-l( t+1) oH, t—i—l)

Htp(wf?) =2 — b+ B [ Mg K “

¢

P yP
_3t+1Hz,t+1

where 1] =1 — (1 — ul)b /0.

e Firm’s surplus

The firm’s surplus from hiring an additional employee is respectively given by

Fn F
wr K
I ) = pfaf = 25 B g (M @)+ Aol

+ By [Arer1 (pra( JFZLH) +ay (w], w; ¢ M) I (w jt+1)] ;
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and

w; /‘iP
) = ol =0+ B [ (SRl @+ o 0l )]

Optimality conditions

OA (pf (wj}"))
= J (Wi, F.1
oor () (i) (F.1)
OALWE W) _ oo
Opy (i) P
“ﬁlxt ( )Et [Ati1] = Eq [At t+1Jt+1( Jt+1ﬂ , (F.2)

and
’{th ( )Et [Aviy1] = E [At t+1Jt+1( ]H‘l)}

De-trending

We convert the non- stationary variables into the stationary variables: A;; 11 =

(Zt+1/zt)Att+l> @f = /Zt7 @t = at /Zt, bt = bt/zt JF = JF/Zt, jtP = Jtp/zn
HtF - HF/Zt7 HtP - HP/Zt7 jt - /Zﬁ ]t = w /Ztv 'AF(Qt ) Af(gf)/zh
A(t)—Af(Qt)/zta —/{t/zt,and/{ —“t/zt
Some definitions and lemmas
We define .
ey = _ DA ()
! of (w)02AF (of (w))

Recall that Af(+) takes a power function with an exponent (', so we have

For later use, we present the following lemmas

Lemma 1 For any A > 0,

A" (p (Aw))
ow

0Jf (Aw)

_ F _F

11



and

OpF () JF (hw)
ow

0Jf (Mw)
o(A\w) ’

=A(ET+1) of (w)
We define the aggregate variables as follows:

In F
w; n.

wf:/ —”(%f)dj, for {=F P
gt Pt \ Ty

In addition, we denote the average of the hiring rate and the retention rate weighted
by the employment share by

nt
at :/ g (ws,) (i;) dj, for ¢=F,P
Tt Ny

)\
pi =/ of (wj,) (#) dj  for {=F,P.
NE Ty

The law of large numbers implies the dynamics of the average nominal wage for

and

full-time workers follows

1 ,F *F'n 1 - F (+ Fn
ns (w ) Loy 4— n; (L W5 )
F _ Fy, xF Gt \ . F wit—=1 gt \"wst gt=1/ ;.
wy = (1 —7,)w; / ———5—dj+ ﬁw/ Wi t—1 dj.
0 0

F

The log-linearized equation is given by
wf = (1= 950" + 95 (cofmr +0f — & — ) - (F.3)

F _ o F
where w,” = w, /.

Analogously, the (log-linearized) evolution equation of the average real wage for
part-time workers is given by

u:]tP =(1- ﬂi)uz):P + 795 (Lw'frtfl + szf—l —&f — 7~Tt) ; (F.4)

where 0! = wl /2.

F.2.1 Wages for full-time workers
We aim to find the expression for w;¥".

e The surplus sharing rule

12



The renegotiated nominal wage w;!

" satisfies the following surplus sharing rule:

X ( *Fn)JF( *Fn> [1 — ! ( *Fn)]HF( *Fn)7 (F5)
where
Fn KJF
) =pfal = 28 g [ (o D+ Al it
PtZt
+ B¢ [Averr (ol (wit]) + xf( ") Ji (wii)]
A ~ n xF'n F6
— 05 [Apes [A0f (fwl) — Aol (wi )] (F-6)
F ~ Fn F(» Fn TF (£ Fn
n 195Et At,t—',—l (Pt+1(bw,twjt ) + (Lw,tw‘t )) Jt+1(’/w,twj7t )
(pt+1 (w?f?) + (w:f?)) Jt+1 (wrffl)
and
B an 0 w*F'rz HF *Fn
Hf(Mf?) _ . . bt + Et At 41 t—i—l( t+1 ) t—i—l( t+1 ) i .
Pz +)‘FP(1 - pi&-l(w:—f{t))Hf,t-f—l - Sfo:t—',-l
n 195]Et At,tJrl (Qt+1(Lw tw]t )Hﬂl(zw,thS) 91:- (wjf{b)ngl(w;"f{L
—\FF (9t+1<2w,twft ) — Qt+1(w:ffl)) Hf,tﬂ
(F.7)
where i, = v, (7)1 7 ().
e The effective bargaining power
The effective workers’ bargaining power satisfies
F 77{
] ol (=0l ) uf (wi) fef (wit™)
where
e (wi') = pOH] (wi}) /0wy,

6zi—l (Zw,twgl‘?) =

(2t/ 2041)Pee1OHL (b g 1) /O (b pw]

F

n))
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~
—~

p (wig') = —p0J} (wif') /Ow;y',

and

Mfﬂ(zw,twff) = (Zt/ZtH)PtHaJtH(Lw twjt )/8(% thn)

e The recursive formulations for e/ (wf;") and p; (w!}")

Using Lemma 1 and

a‘zﬁrl(zmwﬂn) _ 1 01 (b, thn)
a(zw7tw5f‘) Zi+1 a(Lw thn) )

e/ (wi) and pf (wj ) can be formulated recursively as

F

€ (an) =

j?t

Fn\_pt_ ¢
At t+1Qt+1(Lw tWj, Zl) : bw,t

Pt+1 (Fg)
1 + ﬁgEt Eﬂ_l(zw,twftn)
X
oy (A (e -NPPHE )
g Mt+1(Lw tijt> t+1 Jti—l(,‘w tw]Ft) =
and
,th ( Fn) _

(F.10)

— . p ~ “
1+ 90K [ Ay (Qgﬂ(bw,twff) + wf(wff)) p—ttlbw,tﬂiﬂbw,twﬁ)
+

Since 9L 0" € (0,1), we have in the balanced-growth steady state:

i7F_\FP P
F FﬁEF FH }F H
1 —9Ft5

F:

and
P 1

SRR PO T

Below, we denote the real wage by w}, = @}/ /p; and @}, = @]} /p.

e Log-linearization
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First, log-linearizing the optimality conditions (F.1) and (F.2) deliver
of (wiy) = ML (wih), (F.11)

and
il () = B [JE (i) + 05E, | T (uawf?) = TEaif)], (F12)

respectively.

Then, combined with the steady-state condition k"2 = J& and AF (%) /8, A" (o) =
of /(¢F + 1), the log-linearization of (F.5), (F.6) and (F.7) are respectively given

by 3 )
T (wi™) + (L= X)X (™) = HY (wi™), (F.13)

where

Iy =5 (5 +ap) — sy (@) — b= 2) + 6" + e B (wif])
+ [(QF +a') - (xF/Q +0"/(¢+ 1))} Et/:\t,t+1 (F.14)

+ 5 (0" + a")BE: | Gl = I (Wit

with s = pFalf /JF and »f = wf/JF, and

~ (L L b = _
H,:F(@UfZ‘) TP (wftn — Pt — Zt) - ﬁbt — Bs"E, [Sf + H:ft—i—l]
+ B (gF — s+

+ BgFgF]EJﬁl(wfff‘) + BQ K, t+1(w:ff)
)\FP P

FP TP

HF

(1 - QF)) Et/:\t,tﬂ

+ B (1-o )EtHx A+1

)\FPH .
NI (i)

(F.15)

— Bo"
ﬁFﬁngFEt T (uewl?) = T (il
+ 0L B0 By | Hf () — I (wif)]

)\FPHP - - )} |

— 05807 € S By | T (el ) — JE (i)
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e Find the expressions for Et[jﬂl(imwﬂ”) — Zﬂl(w;*ff)] and Et[ﬁlﬁl(iw’twf[‘) —
HE (wiT)]

With (F.14), it must be held that

E, [‘]til(Lw tw]t i) — Jt+1(w:fln)]
= — sy By [voTe + @) — W]
05 (0" + @ VBB o tuw]f) = I Cuawi 7))
= — s, E [[fwﬁ-t + U:}ft — &4 — M1 — 'U:J:fl]
— 95 (0" + 2") B[Ry [T + ﬁ)ft —€f1 — g1 — ’U:J,ffl]
— (195(QF + xp)ﬁ)2%5Et [wart + @ft — €l — W1 — @ffl} 4o

Recall that pf” = (1 — 95 (o + 2)B)~L. Tterating forward the above equation
yields

B[ I (fwiwyy') = T (WiiT)]

(F.16)
= —(oehy By [y 4+ ), — E7 1y — Ty — W] ] -

Similarly, with (F.15), it must be held that
EHL (bwgw]y) — HE (wiT)]

—F

:ﬁEt |:Lw7Tt + ’LU w;;f{b}
+ U5 B0" K[ H t+2<Lw 1w Wi ) = Hi o (twwi{T)]
+ ﬁﬁi o (HT — NFP HP)VEVE, [T, (i, t+1buw WS ) = T (w1 wiiT)]
U_}F HE — )\FPHP

HF (1 — ﬂFﬁQFMFgFT> ]Et [Lwﬁ_t + @ft - é?—i—l - ﬁt-i—l - i}:—fl}

ﬁFBQF]Et[ t+2(Lw t+1lw twft ) — Hg-Q(Zw,le:—fln)]'
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[terating forward the above equation yields

Et[Hgﬂ(Zw,thm - Hﬁl(wﬁv{t)]
P op (F.17)
W € ~z ~ =+ F
= Gr E, [wat + w —Efq — Tyl — wtﬂ} .

e Find the expressions for JZtF(wft) and }:ItF(wft)
Substituting (F.16) into (F.14) delivers

JE(why) = s (55 +af)
- %5 (ﬁ’ft + B(QF + xF)ﬁiﬂFEt [Lwﬁt + @ft - 5tz+1 — Tiy1 — 15:51])
+ BE, [g;ijjrl(th) + XTA, m] + Bo"E, [Jf;l(wm) A, m] . (F.18)

with X7 = (2 + o) — o — (a7/2+ 0" /(" +1)) = 2"/2 = 0" /(¢ + D).
Substituting (F.17) into (F.15) delivers

= ”LT) ~ ~ ~ ~ ~z ~ =
H ]t _H_ (w ﬂiﬂQFGFEt [me + wft — &1 T Tl — wtfl])
13
— —b, — Bs"E, [St +HF o+l T At t+1}
+ BQFEt]\t,t—H + BQF]Et [gthde(w:fF) + ﬁﬁl(wffl)} (F.19)
)\FP 7P ~ ~
+ ﬁﬁ—(l — o")E, [Hf,t—f—l + At,t+1]
FP P .
— Bo" Er ErJi (wiis),
where ef' = " — EFF(HE — NFPHT) ) JF.

e Find the expressions for w;’

Substitute (F.18) and (F.19) into (F.13) and use the steady state condition ¥ J =
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(1 — xT)HT to obtain

Fp

% (pt + a, ) e (u:)*F + BOE LR, [Lwﬁ't 4w — €1 — g1 — U:szJ)
Fard FavEd jF «F
+xFpat EtJtH(th) +x"BX _EtAt 1T X "Bo" Et]t+1(wt+1)

b = P H
_(1_XF)Fbt—( ) Bst —Et [st +H t+1+Att+1}
}—[ FPHP
+ (1= x")Bo" EthH(th) +(1-x")p (1-0")E, [At t+1 T Ha: A1
H _ )\FPHP JF .
+ (1 - XF)BQFTEFEISJEH(WHO XF(l - X ) wFXt (th)'
(F.20)
Collect the terms to simplify (F.20) as
oL (ﬁf + af) + (¢f — QD,Ij)EtLIil(wZﬂ) + @NEiAr i1 + of by
+ IR, [St + HFt+1 + A, t+1] — o By [/_\t,t+1 + H t+1]
(F.21)

+ 905 [Xf(w:F> - 5@FEt>~<ﬁ1(wZ‘fl)]

~x [ F ~ ~xF ~z ~ ~yF
=w; +¢ K, [Lth twy =Sy — M1 — wt—i—l}

with
pa JF JF b
Pa =X P =XBE s e = XX gy = (1= xT)—,
F _F F F F\—1 ‘]_F F F )\FP P
p = (1—x")Bs" —F oy =x (1-=x") —F p, =(1—=x")B (1—20"),
H _)\FPE[P
pf = (1= X"B——F—0"E", and o = (1 - x")0Lo"Be" + X BOEL"
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Define w¢(w;!) as

(W) =l (B +af ) + (¢ = DB (wi) + QX Bl i1 + 5 by
+ QOE]Et |:§tF ‘I— H:f:t-}—l + At,t+1:| — (,Dg‘]Et |:/_\t,t+1 + H;‘D,t—l-l] (F22)
+oy X (W) = Bo"Eex{ (wiih)] -
Then, we simply (F.21) as

0 = (1= 770 (wi") — 77y [twfe — €y — Fea1 — Wity) (F.23)

where

= (14 0)

We note that if 92 = 0, then w;" = w?(w;¥). Below, we will delve into the
expression for w¢(w;¥) to express this in terms of difference between the newly-
contracted wage w;T" and the aggregate wage wy".

e Find the expression for I (w;¥)

We note that the expressions (F.16) and (F.17) hold in more general:
IE @]y = I (i) = =G (@f —a;") (F.24)
and?
HY (wf) = B (") = (0= ")) Gelu”) (@f —a;"). (F.25)
Furthermore, (F.11), (F.12), (F.18), and (F.19) imply that®
o= (wy),
of = of (wf) = €I W),

and 3 3
HE, = H (w)). (F.26)
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Thus, we have
EtJt+1<wt+1) EtJt-H ( 5MF)Et [@:—fl - @5-1} . (F-27)

Now, we are ready to find the expression for yI'(w;¥). Log-linearizing (F.8), we

express Y1 (wif) in terms of €€ (wiF) and il (w;f) as follows:

X (i) = (1= x") (& (") = il (i) + (1 =X)L =) te

Rearranging the terms in the above equation delivers

X (i) =1 = ") (& (wf) = 3 () + (1= x")(1 =) 7re”
(F.28)

+ (1= x") [(& (wy") — & () = (i (wy™) — fiy’ (w)"))]
Let us define & = & (wf), &1 = &a(wity), i = if (w]), and ffyy = fyq (wfiy).

We need to find the expressions for € (w;*) =€/ and fif (w;*)—fi{ and the dynamic

equations for € and jif’. For convince, define Yy 1 = Ay p1 — Tt + Lwfie — €7y
Log-linearizing (F.9) yields

~F *F
& (wi")
(1= eb) (Ten + &y (wawi) + EF T, ("))

= 9F oF ~ ~ * 7 A *

o ﬁwQ 5Et —GF Mﬁ-l(bwith) - Jt}j-l(bw tth)

o iE FP P
g g HE (i) — b HE
with ef = & p” i}ip—H Log-linearizing (F.10) yields

fiy (wyT) = Iy (" +2")BE, [Tt,tﬂ + g (fwgwr") + mfjtlil(zw,tw:F)] (F.29)
with m% = 28" 4 oF'€F. Then, substitute

E, ‘Zfl—l(zw,tw:F) - ‘Zt}j—l(wtffi-l)} = _(%E,UF)Et [Lwﬁt + @?F - éj—i—l — Tp41 — ﬁ’til]
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into (F.29) to obtain

il (wi) = fif (wf) = — 05 (" + =) BmY (sep ) (07" — @)
+ 0y (0" + &) BBy [y (wpw; ™) = fip (i ] )]
= — 0y (0" +2)Bmy (sep ™) (0" — w)")
+ 050" +27)B (=05 (" + 27)pml Gep ™) (0;" — @f))
+ (050" +27)8)” (950" + &) BmE (seb ™) (07" — )
L

Recall that 95 (o + 27)B € (0,1) and uf = (1 — 9L (0! + 2¥)B)~L. Tterating
forward the above equation delivers

fu (wi) =y (w) = = (9, Bmyg) e )" (07" —wy) . (F.30)
As for €' (w;F), we have

& (wi") — & (wy)

=050" 8 (1= eD)EF + b)) Bu | Iy (st ") = Iy G )|

- 1959F565Et [ﬁﬂ-l(zw,tw:F) - ﬂﬂ—l(zw,twf)}

_19F FﬁeF EF
wl PC Hp _\FPEP

+ 950" B(1 — el VEq [€) 1 (fwpw;™) — €y (fwpw;)] -

By [ (i) = HE (B0

Use (F.17) and (F.30) for By[HE,, (iyw!F) — HE (1 ,wF)] and B[l (i wiT) —
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firy 1 (bwswf)] respectively to obtain

& (w;") — & (wf) =0 (w;" — @)
+ 000" B(1 — el By [ef1 (bwpw;™) — €y (fuwywf)]
5 i)
+0,0"B(1 — e )U (0" — @)
+ (90" B(1 = €)))*0 (0" — @)
L.

with O = =95 oF B35 ") [(2 — el)EF + el — eF (9E BmE ) "], See Appendix F.2.2
for the derivation.

Lemma 2 If it is satisfied that |95 0" B(1 —el)| < 1,

1
1 FFRl _ oF FOFR(l _ P21 ... = —
+19w@ ﬁ( eo)—i_('ﬁwQ ﬁ( 60)) + 1_795QF6(1_65) €

Under the condition that |9 o B(1—eX)| < 1, applying Lemma 2 to above equation
brings
& (wif) — &l (wf) = "0 (w;" —w;) . (F.31)
Now, substituting (F.30) and (F.31) into (F.28) delivers
Xt (wi") =X+ (1= x")"0 + (9, 8mg) (e )] (07" — o7

(F.32)
+ (1= =)t

where
=0 = xNE - m). (F.33)

Similarly,
EiXie (i) =B + (1= x")[e"0 + (04 8my) (e u )" B, [0, — @0/ ]
+ (1 =X)L =n") ket
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e Find dynamic equations for for € and al°

As shown in Appendix F.2.2, the dynamic equations for €/ and jil" are, respectively,
given by

& =vn0"B(1 — eg)Et [At,t+1 — M1 + LTy + 65;1 — éfH] — ﬁigFﬁeg]Etﬂf;l

— OF oF BeF (AT — NFPPY'E, [ﬁFﬁ;jt - AFPHPﬁf}

) (F.34)
+ ﬁZQFﬁ ((1 - ef)gF + 65) Etjtljrl(thH)
+ "OE, [0 — Fpp1 + b — Wrpy — E14q) -
and
fif =(056mL B, + 0} PR, [At,tﬂ — o1 + LTy + iy — 5@1} (F.35)
.35

— (0 BmL) (el p ) By [ @] — Topr + vl — Wfyy — 6544 -

e Find the expression for f]ft Combining (F.25) and (F.26), we find that ]flft satisfies

Hyy = H (w") + (L =n")(n") " Geyu®) (@ — o).

Substituted into (F.13), HY, is given by
Hyy =I5 (") + (1= x") 7% (wi) + (1 =n0") (") 7 Geyn”) (@) — ") .

Below, we abbreviate~jf(wf) to JF. Using (F.3), (F.24), and (F.32), we obtain
the expression for E.HL,  ;:

EHE, o =By + (1= X)Xy + (1= ") B
(F.36)
05— 05) PR, [, — (8 — Frn + = E,)].

with I = —e"0 + [1 — n" (95 8mg ) "] (n") (e ).

w

e Find the expression for w¢(w;T)

Hence, substitute (F.27), (F.32), and (F.36) into (F.22) and rearrange terms to
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derive

where

wyt =l (37 + @) + (oF + oF — oNETE L + (0F + 0% — 05 ) EeAy i
+or b+ @l — VB HE ol [XE — B0 — sT B ] + bt
with

= (1=7") [(f — @ )seh ™ + o (0" B)(1 = x7)["0 + (95 8mL) (el i) ") + 0, TF]
7 = =1 =77l (1= x")[e"O+ (9, 8my) epu” ) "],

and?

oF — oy (L=x") (1 = Ba"pl) +olpy (1 —=x")pl[1 = B(e" —s")p)]
F =

1—nF 1—nf

Below, we write

~wF _  F-~nF

Note that the dynamic equation for x/ satisfies (F.47) and the dynamic equation
for 7 satisfies®)

JtF = %5(155 + aip) - %5@15}? + B(QF + XF)Et/_\t,tH +B(1+ QFgF)]Etjgrl'

Derive the dynamic equation for w/ Substitute (F.37) into (F.23) to obtain

@:F = (1_TF)7~E?+7'1F]Et |:u:)tF+1 - @:fl]+TzF(@f_ﬁJ:F)_TFEt [Lw%t - “’3f+1 = M1 — ﬁ):fl] :
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Use (F.3) to express w;” in terms of aggregate variables. As a result, we have

=F _ gF ( =~ =F -~
w, — v, (wat_l +w,_; — & — 7rt)

F F F - =F
= (1 =90 — 77wy + 907 (twfe + @) — Eeeyy — Eefteyr — Byidfy)
F_F ~ ~ F ~z ~ ~ [
+ 9075 (Lo + W0, — & — 7y — W, )
F ~ ~z ~ ~ [ F=F
-7 (me —Eif — B — By + 9w, ) )

Collecting the terms gives

~F __  F (=F F ~o,F F ~ R ~ ~ ~z
W, = w (wt_l — T + LwTi—1 —Et)—i-w w, +wp By [wt+1+7rt+1 —Lwﬂ't-i-EH_J

where w)' = (14 73)/®", wl ="/ wi = (77/05 — ) /@F, @ = (1 + 7)) +
I+ (7P /98 — 7)), and ¢ = (1 — 9F) (1 — 1) /9E.

F.2.2 Deriwations

e Derivation of U.

By construction of U:

o R L
el (— (D BmE) e W) — ef e O

o OF_OP OF

Recall that e = (1/e")EF ' (HE — MFPHFP) /JF and then
o HF i wlel e pw” _ EF
o [F _ \FPHP FF TF Zw

Hence, we have

U = 00" Bloeun”) [(2 — €5 )E" +eg — eg (9, 8mg )] .
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e Derivation of €

e —9F oF B(1 — eF)E, [f\tm Tt o+ & — 5;1}
+ 90" B(1 = e )e"OE; [0 — Ty + twfy — Wiy — &)
— 950" Beg Bujif’,
+ g0 Beg (04, 8my) e u ) By [0 — Ty + tfe — W)y — &1 ]
_ QQZQFﬁef(FIF _ )\FPHP)—IEt [I:_,Fﬁlit - )\FPHP[fot]
— 950" Bel (Y — NPHP) "o ",y [0f — yr + twfe — W)y — &4y
+ 050" B ((1—eb)Er + ef) B,
— 00" B ((1—e))ET + ) Gepu™ By [@0f — Fugr + toTy — 0y — E744]
=9F 0P B(1 — e)E, [f\t,m Y SPI 5;1} — 97 oF Bel Bk,
—9F o Bl (HY — MNP HP) IR, [ﬁFﬁfﬁt — AFPHPI?;D]
+ 050 B (1= e)EX + el B,
+ 1959Fﬁ(1 — eg)eFUEt [@f}f — Tya1 + LT — ﬁ’til - §f+1]

=F - ~ =F ~z
+ OE, [wt — M1 + bwT — Wy — 5t+1] )

Recall that 1+ 9% 0" B(1 — el )el” = € to simplify above equation into (F.34).
e Derivation of jil’
i =(0,8mg )Eed)y
— (V4 Bmg ) e i VB [W] — T + twffe — Wiyy — &y
+ ﬁiﬂEt [/_\t,t+1 — Tyl + LT + ﬂtFH — 5tz+1]

- ﬁiﬁwgﬁmf)<%5ﬂp)ﬂFEt [@tF - 7?-15—0—1 + LT — QEtFJrl - 5?4,1} .

Recall that 1+ 95 3u" = u* to simplify above equation into (F.35).
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F.2.3 Wages for part-time workers

We next find the expression for w;”. Since most process to derive it is analogous to the
process to derive the expression for w;¥", we just describe the setup and show the final

outcomes.

e The renegotiated nominal wage for part-time workers w;f™ satisfies the following

wage sharing rule:

Xt ( *Pn>JP( *Pn) [1 o Xt ( *Pn)]HP( *Pn)’ (F38)
where
B an /iP
Jf(wﬂl) =p; a; — L _E, Apir— 5 (z f(wﬂl))g
yuxa
+ E; [At,t—l-l (QP + xf( )) Jt+1(w:ff)]
+ LR, [/_\t,t+1 (QP + xf(wft”)) (Jt+1(bw twjt F) — Jt+1(w:ff))}
and
. Wity . pr . .
Hf(wff) :;t—zt ﬂfbt + E, [At,tﬂ (QPH5F1(U);}:17L) SOHftH) St+1H5t+1]

+ 9L w ot [At t+10 (Ht+1<bw twﬁ?) I:Itjil(w:ff)] :

e The effective bargaining power of the workers satisfies

X! ( *Pn) _ 771{3
{ A+ (L= i (wit™) /et (wi™)
where
e (wi}") = pOH] (wi})/owyy,
Egl(fw,twf?) = (zt/th)ptH@Hﬁl(Zw,twff)/ﬁ(iw,twff),
py (wiy) = =pidJy (wil) | dwgy,
and
Mirl(iw,twf?) = (Zt/zt+1)pt+1ajt+1(bw twjt )/ 0 (i, twpn)
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Then, we have

P/ Pny _ P P 1 Pt . p . Pn
€t (wj,t ) =1+73,0 K, {At,tﬂp ILW,thJrl(Lwiwj,t )}
-+

and

nyy Pt o«
Ly ( ) =1+9) wibt {Attﬂ (Q +x;, (w ( th )) ? tlbwtﬂtﬂ(bwtwﬁ )} .
i+

In the balanced-growth steady state, (V20”3 € (0,1) and 9 (o” + 2¥)3 € (0,1))

p__ 1
1—9PoPp’

and
P _ 1
1 =95 (oF +2F)B

1

e Log-linearization Log-linearizing the firm’s surplus and the worker’s surplus delivers
TP (i) = () +af)
— e (W], + BOLU By [ty + 0, — &y — T — 071
(F.39)
+ BBy |7 (wf?) + (1/2)A, m}

+ Bo"Ey [ JEA( jt+1> +Att+1} :

with s = pPaf/JF and »L = wul/JF and

=p pay W HG - P - =P = N =P
H, (wjf) = f[P (w]t + 519wg e K, [Lw’/Tt + Wi, — €y — Tyl — wm})
b =
bt + Bo"E, [Ht—H + At,t+1] (F.40)
P P | X P 590
— Bs"Eq |88+ Appyr + th+1 P Et Aipr + HE A -
Log-linearize (F.38) to obtain
JE (W) + (1= x") X (wi™) = HY (w™), (F.41)
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Substitute (F.39) and (F.40) into (F.41) to obtain

or (ﬁf + C:Lf) + (oF - @,I:)Etﬂil(w:ﬁ) + (OF /2)EtAs i1 + 1 b

+ VR, [gii—l + HY o4l T At t+1:| — Pl [/_\t7t+1 + Fff,tﬂ]

(F.42)
vy X (wiT) = B B (wil)]
=" + YR, [eof + w7 — &y — T — 0p]
with
PR 7P ~PT,
p a” P pr pJ P py 0
vy =x" e =X —p 5 ¢ =0—-X)—755
wPpf’ wPpy T s
PP 7P F
P p\Bs"H p_ H p\BpH
o =(1=X")—p75 »==pp ¢=0-X)—"F%7p
wPpg 7T wPy T P iy
JV = w20 and 7 = (1= x")0} 0" Be” + X" BOu"
With 77 = ¢" /(1 4+ ¥T), we can simplify (F.42) into
;" = (1= r7)ip (w; ") — 7R, [bwﬁt — &1 — g1 — “:):JI:J ’ (F.43)
where
wp(wih) =y (B +a;) + o7 By |:jtlil(wt+1) (1/2)A,, t+1] + ol by
+ ol E, [St + HPtH + At t+1} - SO,I;Et [/_\t,tﬂ + Hx t+1}
— ¥, Etxm—l (wt-i-l) + SOX [Xf(wgkp) - BQPEtiil(w:flﬂ .
Taking the similar steps in the previous section, we obtain
EtJt+1(wt+1) EtJtH ( 5MP)Et [@:51 wz{:—l} (F.44)
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and

Etﬁ£t+1 :Etjtljrl +(1- XP)_lEthﬁrl +(1- UP)_lpvag?’P

(F .45)
— 901 = 90) TR, (W) — (0 — T + twfe — E741)]
with I = [1 — " (95,827 )u”](n") = (3¢, 17), and
X Wiy =x{ + (1 = X)) (95 B2") el 1) (w;F — w[)
(F .46)
+ (=X —nP) e’
where
=1 =xD)(E -1, (F.47)
gf = QpﬁiﬁEt [/:\t,t-‘rl — 'ﬁ—t—i—l + Lw’ﬁ't + gzi—l — 5~§+1] s
and

i =05, Bx" B Jf + BILE, [/_\t,t+1 — Tt + b + [y — 5f+1}

- (19553713)<%5NP)NPE15 [’U:Jf - 77-t+1 + LT — U:J,il - éerJ .
Similarly to (F.46)

Etiiﬂ(w:i) :Etiiﬂ + (1 - Xp)wzljﬁxp)(%gﬂp)#PEt [i}:—fl - @1{11]

+(1L=x") Q=" ol

Substitute (F.44), (F.46), and (F.45) into (F.43) and rearrange terms to derive

P P

:pr T = =~ T ~ ~
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where

wpt =P (BF +ar) + (f + D EJE L + P + ofb,

+ (pf — Py T+ of 2)EiAy 1 — goletHx t41 T SDP =P
with
=1 =77 (el + oL (1= x") (0" B) (05827 sef ") " + 0, TF]

75 = —(1=7")pl (1 = x") W, Bx") (el )i,

and®
or = (1 =) 1= x")el[1 = B(e” = s")pl].

Below, we write

~wP __ PP
& =, &

See (F.36) for the expression for EtHx 11+ Substitute (F.48) into (I.43) to obtain

=*P ~P =xP

w;” = (1—7 )w§+7'1PIEt [ﬁ)ﬁrl — @;‘fl}—l—TQP( —w; )—TPEt [wart — 1 — W1 — @Z‘fl} )

P

Use (F.4) to express w;? in terms of aggregate variables and find that

W — 0% (twTe—1 + 0 — & —7)
= (]_ — 195)(1 - TP)'LUt + 19P7—1 (L’wﬂ-t + wt Etet_i,-l Etﬁ-t-i-l — Etul}ij_l)
+ 957y (twTior +0f  — & — 77y — ;)
— 7P (Lwﬁ't —Eery — B — Etﬁ]tlj-l + ﬁiﬁjtp) .
Collecting the terms gives

= P (=P P=oP P =p ~ ~ ~z
W, = Wy (wt_1 — T 4 L1 —Et)—i-w Wy Wy E, [th + M1 — Lwﬂt+€t+1:|,

Wherewb = (14+7)/0", Wl =" /@F Wi = (77 )95 — 1) /@7, & = (1+ 7)) +
P+ (7P )98 — 1), and ¢ = (1 —92)(1 — 7F) /9L
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F.2.4  Proof of Lemmas in Appendixz F.2
Proof of Lemma 1. Taking derivative (F.1) with respect to w derives

A (pf (Aw)) _ 9JF (hw)

", R bl TR
ow ow - A" (p; (Aw))py (Aw) = J; (Aw),

and therefore

e o AT EOw) T Ow) ol ) TP ()
py (Aw) = AF"(pF (N ))Jt (Aw) = AP (pF (Aw)) JF Ow) = & () I (Aw)
Hence,

W = AT (oF ()l (Aw) = Aol () €F (Aw) JF (Aw)
and
P DTN\ (o () TE () +f ()T )
=\ (& Ow) + 1) of (w) T (Dw).
| |

Proof of Lemma 2. Let A= EFpf'(HY — HF)/JF and B = 9 o' 3.

1 1 1 - AB 1-AB

€ .

1—0EgFB(1—e¢f) 1-B(1—- LA (1-AB)—B(1-A) 1-B

o 1-AB
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G Model estimation

G.1 Steady-state conditions

b pw’ pF7 pP7 xF7 xP’ Tku ]%F7 %P7 C_LF, C_LP, Z]F/:U, and Y Satisfy

)

pF OF €¢>“5nP eaiTa
pP_ 1—QF pF

pF &-1 5%1
Pl = p¥ (QF+(1—QF) <17> )
2" =1~ (0" +¢n"),
2L =1_ (QP + )\FPQFnF)7

AF(QF)CF _ /{FxF




e The steady-state values for (nf", nf uf' u?)

The steady-state conditions for (??) and (?7?), the calibration target nt’ /n? = 4.405
and the condition that total labor force is unity induce the stationary distribution
of workers’ employment state:

1—of —p —s" 0 nt’ 0
—Arp(1—0") 1—-0p" 0 —s" n? 0
1 —4.405 0 0 N

1 1 1 1 u? 1

e The steady-state values for the firm’s surplus and worker’s surplus

The firm’s surplus in the balanced-growth steady state is given by

) 1 F Fy1+¢F
JF — — [pFCLF — a4+ (%) (aF)? +19F% ] (G.1)
and
) 1 Ja) P\1+4¢F
P — = [pPC—LP — PP+ 8 (%) («P)? +§P% ] . (G.2)

The worker’s surplus in the balanced-growth steady state is given by

— 1 oF T
ar = 1—6(9F—5FC}?)( b) (G.3)

d
an ]

T 1-B(ePCP = $P)

H* (@1, =, 0), (G.4)

where CF =1 — AP(1 - o")/s" and CF =14 (¢/0")(s"/s" —1).

e The steady-state conditions for wages

Here, we describe how w! and w” are determined.
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Plug (G.1) and (G.2) into the definitions J& = xf'2f and JF = xF2P

F
wf = pFaf — (1- ﬁQF)HFxF + BrF ot (% n 1_|Q_CF)

and

P P P_P P\ _P_P PPmP o
wopy, =p a —(1—=po )k x" +Brx <——i— )

2 1+4¢P
The (staggered) Nash bargaining solution requires

(]‘ - XF)HF = XFjF7

and
(1 =X H" =x"J".
Plug (G.1), (G.2), (G.3), and (G.4), into (G.7) and (G.8)

F F

(1—XF)Z_):7DF—XF[pFéF—i—ﬁﬁFxF(I——i- 0 )+ﬁsFCfl<anF].

2 14 ¢F
and
P

P=P PP (zf 4
_ pat + PR (— + —)
(1= X")h = o — X" Pone
+B[s? — o (1 — Céj)]ﬁpxp

The steady-state condition s”HY = sfH* induces

This implies

HF_/\FPHP _ (1—)\FPSF/SP)HF — (1—/\FPSF/SP)((l—XF)/XF)K;FQSF

(G.7)

(G.8)

(G.10)

(G.11)

. (G12)

Solve x¥" and x* in terms of fixed and estimated parameters: x is given by

F_ 77F

St (L= )l et

X
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where

F_ 1
S A

and

F_ 1— ﬁiQFBgFﬂF([_{F o )\FPHP)/(HFZ’F)

‘ 1 —9E0F 3

Substitute (G.12) into above expression to find

N pF (050" B)ET (1 — NPT [sP) (1 — xT) I\
1 —9EoF 3 ’

Substituting this into (G.13) gives

_ n"
XF = nF + pF [(OEoF BYEF (1 — NFPSF [sPYnF 4 (1 — 9F oF B)(1 — nF)] € (0,1),

and -
F_ 1—n

(V5" BEN(L = NFPSF [sP)nF + (1 = 050" B)(1 — ")’

Next, x* is given by

P
XP _ n
n" + (1 —nf)ul/eP
h
where . 1
R T
d
aln » 1
€ = — .
1 —980Fp

The values for (k¥ w", b) are solved out from (G.5), (G.9), and the estimate of b,

b b
pfal + BrFal (xF /2 4 oF /(1 +(F))

The system of equations solves

F pPaf(1—0b")(1 —x")

a1 = B = 0F)(1 = XF) (@ /2 + oF /(1 + ¢F)) — B(o" — sPCIXT)]
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pla F[bF(l—xF)(l—BQF) — xF(Bo" = Bs"CF —1)]
BL =01 = xF) (@ /2 + oF /(1 + ¢CF)) = B(oF — sFCIXTF)’

and

PFaFBE 1 — B(oF — sFCFXF)]
1= B —0F) (1 — XF)(@F 2+ oF (1 +CF)) — BloF — sFCT\F)’

B:

Given (w!, b), the values for (v, w?, pf’) are solved out from (G.6), (G.10),
(G.11). From (G.11)
P _ sP(1=x") X" KF ol

2PsPA P 1 — \F

and (G.6) can solve for w”. Then use (G.10) to solve out fil .

G.2 Log-linearized model equations

Consumption, Investment, and Production

(1= Bho)Xe = hic(Co1 — & + BEiCr1 + BEET,) — Mooty + &) — BhE4EL
o=+ By — Bt — Bié?
Etf\t,t+1 =ENi1 — A,
B = 0.k — &) + (1= 0.)ir,
ke =iy + kP — &,
Vg =1y ff;
Q1 = BO.EiQrir + (1 — BS.) Bty — 77 + Eyftyga,
(1+ 5)@ =41 — &+ & + [1/(77k(72>2)]@t + BE,; [gt+1 +Efy — 5§+1} )
i = akf + (1 a)if,
G = akf +(1—a)@f + ),
ge = Q)" )G+ (1= Q)P ) gL
= QF (" /p*) =t pf + (1= QD" /p*)' 45!,
gl =yl = —€Bf —p7),
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where

=0 U ki
=il i,
ke = (K" JR)R + (7 R)],
Yt = YeCr + Yile + VGi + Y1 + yf@f + yg]:fl’;fp—l?
+yp (23] +0iy) +yg (28 + 0 y),

~ = ~ ~ ~p
Te = W1 + toPy + tpEeTeq1 + &,

hie=he/(1=h.), hoe=(14B(h)")/(1L—h.), he=he/7.,
0: = (L=0)/vz, nw=(1—%) /¢,
ye=l—(Wi+v+u+y, +yr +yr +vh), vi=(1-38)nk/"7),
yo =k/G), yr ="k " g,y = (55/2)[n"(2)? /7],

yo = (C+ 1) o kT /g,
b= bbp o= [(1=Dp)(1 = BY,)/0,][1+ (g = DZ] ",

vp = B¢y, and ¢, =1/(1+ Buyp).

Labor markets and employment dynamics

-p
Ty

nfal +nfal +ufal +uPal =0,

if = o (af +afy) + 2" (5, + al,) + pol (n” m Ly,

= (L =)oy + " (57 + ) + A (" /0" (1= o)y — 0" d)),

“F _ ~F | ~F ~F
Ty = ¢ TV —Ny,

~P _ AP , ~P ~P
Ty = ¢ TV —ny,

of =&FJE,

~F IF
T, =EiJii,
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nF ~F ~F
Qt

=V U,
(jtF:_O-’rI:zéf’v
(jf:_o_r};éfa

5§ =1 —on)f,
§f = (1 - Ui)étpa

JtF = %5(]55 + af) - %5“:]5 =+ B(QF + XF)Et/_\t,tH + 6(1 + QFgF)]Etjfjrl’

jtP = %5(]5;” + (:zf) - %i”i)f + %fEt]\t,t—i-l + @Etjt]j-l

“F _ ~fp ~F
Gy =Y — Ny,

~p _ =~p ~P
aQp =Y — Ny,

S +EHL, =5 +EHL, .,
EHY ) =EuJfyy — 05 (1 = 95) 7' TFE, [@fy — (@ — Fer + twTe — E74y)]

+ (1= X TEXE + (L") el et

Etﬁgm =B J} — 0L (1 = 95)'DVE, [0, — (@F — Fpgr + LT — E41)]

+ (1= xO) Bl + (1 =) plE”

Y
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e = AT (") /(0" AT (7)) = 1/¢, oy, = (6°)7/(1+ (6°)7),
sy =0’ (), s, = (04) ) (K'2"),
X =1-0" = @" /240" /(C+1), »f =B(1+0")/2, 5 =B(1+0"(1-¢))/2
I = —e"O+ [L = 0" (0, 8mg )" (segu) /0",
DY =1 =" (0,827 ) | e ™) 0",
U= 00" Boeun") [(2 = €5)E" + €5 — g (93, 8mg)n" ],

eF = (1P )P EF (HY — NFPEPY/(kF2F), and mfF = 2F + oF&F.

o

Wage dynamics

Xp = —(1=x"af —&),
Xi = -1 =n")(al = &),
e =9FoFB(1 — elE, [Z\t,m — Rp1 + by + €1y — & +1} — 98 o' el By il
9l Bl (H" — ATPHP) R, [ATHE, - NTHP A/ |
+ 050" B ((1—e)EX + el ) EJf, + €"OR, [0f — Fopr + tufe — W1y — E144]
& =o"(1 — p)ULPE, [/_\t,tﬂ — T41 + LTt + Etljrl - gfﬂ} ,
i = 5mEEG L+ OTE: [Ress —Fovs + 1+ R = &
— (9 8my ) e ) By [0 — Togn + e — 0y — E144]
il =L Ba" Bzl + BULE, []\t,t+1 — g1 + Lol + fifyy — éfﬂ]
— (082" ey Y By [0 — Ton + vy — Wiy — €14 ]
Pt =gl (B +ar) + (0f +of — ol By + N Belr i + @4 b

+ OF B — pEB AL+ ol [U - 8" — SMERE] + 8,
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T =1 =" A =X)L = Be" — sM)pk e,
Wt =l (B +ap) + (o + ¢F B, + o b, + OXE A
+ ‘pspEtgwil - (p@]Ethaft+1 + éjsﬂpv
=1 =" 1= X"l — (1 — 2" = s") Bl e,

P _ F(EF = - =z FzoF | Fp [=F | -~ -
Wy = wy (0f ) — Ty 4 twTi1 — &) +wy 07" + wi B [0 + 1 — e+ E141]

=p _  P(=P _ = . 2 PzoP | Pm [=P | -~ -
Wy = wy (0f ) — Ty + twTr1 — &) +wy W7 + wp By [0 + 1 — e+ E541)

where

po = XD (@) pr = XBR) (@) el = (1= XO)s BH (0 ),
wp = (L= x"b@" )" oy = (1= X" b(@" ),

Pl = Xw (1= X' e = Be"(1 = X"V H (@ )7

or =0h ok —0f, ol =0l —p+ 9L /2, o = X BXT ()

oy = (1 =x")BWTH Jo") 1= 0"), ¢y =1 —=x")B(H" = NTH")jw")o"ET,
Y= (14+73)/0 v ="/ ~p= ()0, — 1)/ P,

O = (1475) +<" + (0, —7), "=01—-0)1-79/0,, 7°=¢(1+¢7,
m o= (17" [enn (o —¢y) + ¢y (07 B) (1 = XN [T + (9 8my) e "] + o, TF]
7 = —(1 =77y (1 = X0 + (I 8m]) e )],

=1 =77) [l sl + ol (1= x") (0" B) (05827 ey ) + 0T

7 = —(1=7")p (1 = x") (W B27) (e ") i

OF = (1= x")one" Be" + X pogu”, & =" —E (AT = ANTTHT)/(x72")  and
WF = (1= X"k Be” + X" BILN",

Monetary policy and Government spending

f? = ¢rf?_1 + (1 - ¢T)[¢ﬂ'ﬁ-t + (by(gt - gnt)] + 5:7
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