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A. Data Appendix

A.1. Data Sources

FRED2: Database of the Federal Reserve Bank of St. Louis available at:

http:/ /research.stlouisfed.org/fred2/.

BLS: Database of the Bureau of Labor Statistics available at: http://www.bls.gov/.

FR: Fujita and Ramey (2006) data on job separations and job findings available at:

http: //www.philadelphiafed.org/research-and-data/economists/fujita/transition rates.xls.
SH: Data on job separations and job findings available at Robert Shimer’s Homepage:
http://robert.shimer.googlepages.com/.

NIPA: Database of the National Income And Product Accounts available at:
http://www.bea.gov /national /nipaweb /index.asp

BGOV: Database of the Board of Governors of the Federal Reserve System available at:
http:/ /www.federalreserve.gov /econresdata/default.htm.

CONFB: Database of the Conference Board available at:
http://www.conference-board.org/economics/HelpWanted.cfm

A.2. Raw Data

Nominal GDP (GDP): nominal gross domestic product, billions of dollars, seasonally
adjusted at annual rates, NIPA.

GDP Deflator (P) : price index of nominal gross domestic product, index numbers,
2005=100, seasonally adjusted, NIPA.

Nominal nondurable consumption (C27, . ) :nominal personal consumption expen-
ditures: nondurable goods, billions of dollars, seasonally adjusted at annual rates, NIPA.
Nominal durable consumption (C}°™, ) : nominal personal consumption expenditures:
durable goods, billions of dollars, seasonally adjusted at annual rates, NIPA.

Nominal consumption services (C7. ) : nominal personal consumption expenditures:
services, billions of dollars, seasonally adjusted at annual rates, NIPA.

Nominal investment (I"°™) : nominal gross private domestic investment, billions of dollars,
seasonally adjusted at annual rates, NIPA.

Price index: nominal durable consumption (PC%", ) : price index of durable goods,
index numbers, 2005=100, seasonally adjusted at annual rates, NIPA.

Price index: nominal investment (PI"") : price index of nominal gross private domestic
investment, index numbers, 2005=100, seasonally adjusted at annual rates, NIPA.
Employment (F): civilian employment, CE160V, seasonally adjusted, monthly, thou-
sands, persons 16 years of age and older, FRED2.

Federal Funds Rate (F'F): effective federal funds rate, H.15 selected interest rates,

monthly, percent, averages of daily figures, FRED2.



Treasury bill rate (7'Bill): 3-month treasury bill: secondary market rate, H.15 selected
interest rates, monthly, percent, averages of business days, discount basis, FRED2.
Population (POP): civilian noninstitutional population, not seasonally adjusted, monthly,
thousands, FRED2.

Capacity utilization (CAP): capacity utilization, G.17 - industrial production and capac-
ity utilization, UTL: manufacturing (SIC) G17/CAPUTL/CAPUTL.B00004.S.Q. , season-
ally adjusted, percentage, BGOV.

Job separation rate (5): separation rate: E to U, seasonally adjusted, monthly, 1976M1-
2008M12, FR. Spliced with corresponding data from Robert Shimer for the sample before
1976, quarterly. SH.

Job finding rate (F'): Job finding rate: U to E, seasonally adjusted, monthly, 1976 M1-
2008M12, FR. Spliced with corresponding data from Robert Shimer for the sample before
1976, quarterly. SH.

Vacancies (V): index of help wanted advertising in newspapers, HELPWANT, The Con-
ference Board, seasonally adjusted, monthly, index 1987=100,

Unemployment rate (U): unemployment rate labor force status: unemployment rate,
LINS14000000, seasonally adjusted, percent, 16 years and over, monthly frequency, BLS.
Nominal wage (W): nominal hourly compensation, PRS85006103, sector: nonfarm busi-
ness, seasonally adjusted, index, 1992 = 100, BLS.

Average hours (H*9): average weekly hours, PRS85006023, sector: nonfarm business,
seasonally adjusted, index, 1992 = 100, BLS.

Participation rate (LabForce) : civilian participation rate, CIVPART, the employment
situation, seasonally adjusted, monthly, percent, BLS.

A.3. Data Transformations

Raw data are transformed as follows. POP is seasonally adjusted using the X12 (multi-
plicative) method. The indices for W and H*9 are normalized such that 2005=100. FE,
FF, TBill, POP, V, U and LabForce are converted to quarterly frequencies by averaging
monthly observations. For the job finding rate F', we compute the quarterly measure from
monthly data as follows:

Fql:le+<1_Fm1)Fm2+(1_(1_Fm1)Fm2)Fm3a

where F}; denotes the finding rate of quarter 1 and F,,1, Fy,2, Fyn3 are the corresponding
monthly finding rates. The case for the separation rate, .S, follows accordingly.

Due to missing data we use T'Bill as a proxy for the F'F' prior 1954Q3. All data are
available from 1948Q1 except for vacancies for which the first observation is 1951Q1.

We calculate the following time series which, among others, is used in the VAR:
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The price of investment is calculated as a Torn price index using PI1™", PCyo% o, T

and Cpom,. .. The resulting price index PIT and quantity index QQI7" are used to calculate
the relative price of investment as follows:
lati i fi t t PIT + 177
relative price of investment=———-—.
P P QIT

B. Scaling of Variables in Medium-sized Model

We adopt the following scaling of variables. The neutral shock to technology is z; and its

growth rate is p, ; :
2t

= /’Lz,t'
Zt—1

The variable, ¥,, is an investment specific technology shock and it is convenient to define
the following combination of our two technology shocks:

5 o= Uy,
Hory = Hap Hag (B.1)

Capital, K;, and investment, I;, are scaled by z"¥,. Consumption goods C;, government
consumption G; and the real wage, W;/P; are scaled by z;". Also, v; is the multiplier on the
nominal household budget constraint in the Lagrangian version of the household problem.
That is, v; is the marginal utility of one unit of currency. The marginal utility of a unit of
consumption is v, F;. The latter must be multiplied by 2, to induce stationarity. Output,
Y;, is scaled by z;". Optimal prices, P,, chosen by intermediate good firms which are subject
to Calvo price setting frictions are scaled by the price, P;,of the homogeneous output good.
Similarly, optimal wages, W;, chosen by monopoly unions which are subject to Calvo wage
setting frictions are scaled by the wage, W;, of the homogenous labour input. Thus our
scaled variables are:

]Ct_|_1 = @, _t+1 = ﬁ, it = i, C = ﬁ, (BQ)
2 Wy z 0, 2 W, z
g = %, Yoy = v Pz, W = %, Ut = z%,
N N
bt = E’wt = Wt

We define the scaled date t price of new installed physical capital for the start of period ¢+ 1
as py; and we define the scaled real rental rate of capital as 7 :

Pr't = \I’th',ta Ff = \Ijtrf-
where Py, is in units of the homogeneous good. The inflation rate is defined as:

_ B
Py

Tt



C. Equilibrium Conditions for the Medium-sized Model

C.1. Firms

We let s; denote the firm’s marginal cost, divided by the price of the homogeneous good.
The standard formula, expressing this as a function of the factor inputs, is as follows:

(@)“ (M)l—a
o 11—«

l—«
PtZt

St =
When expressed in terms of scaled variables, this reduces to:

5 = (%)a (f’i)la. (1)

Productive efficiency dictates that s; is also equal to the ratio of the real cost of labor to the
marginal product of labor:

(M\I/,t)a wi Ry
(1 - a) (e /Her)

The only real decision taken by intermediate good firms is to optimize price when it is
selected to do so under the Calvo frictions. The first order necessary conditions associated
with price optimization are, after scaling:!

(C.2)

St =

T
B e+ () s - | = o, (©3)
T
By | Apthos ginse + BE,, (;tT) th+1 Kl =0 (C.4)
t+
1—)\f
1 ’* |
) - - 7T ) X7
bt = (]- - fp) ipt—l) , (C5)
(1-25)
1—
Tre = (C.7)

'When we log-linearize about the steady state, we obtain,

(1 - ng) (1 B gp)g

= BB + t
3

where a hat indicates log-deviation from steady state.
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C.2. Households

We now derive the equilibrium conditions associated with the household. We first consider
the household’s consumption saving decision. We then turn to its wage decision. The
Lagrangian representation of the household’s problem is:

& hit?
E? Y lln (C, = bC,_1) — Ap—L
0;5{ (G = bCir) — Aupl5
_ 1
Uy {Vvt,jht,j + XfKt + R By +a; — P, (Ct + a[t) — Biy1 — PPy Ay
¢

o [Amt(l S K+ (1 _s (%)) L —Ktﬂ}}

The first order condition with respect to C} is:

1 b3
—F = v by,
C,—bCry  'Crq—bC, U

or, after expressing this in scaled terms and multiplying by z;":

1 1

Yoty = —5 — PbE; . (C.8)
e bet Coatflzt 1 — bCy
The first order condition with respect to A, is, after rearranging:
PPy, ==L, (C.9)
Ut

The first order condition with respect to I; is:

Iy I I Iy Iiq 2 Pyuy
-5 () =5 () 2| 4 EBfw S Sy
“t{ <1t_1> (It_l) It_1}+ Bl (It I, v,

Making use of (C.9), multiplying by ¥;z;", rearranging and using the scaled variables,

Yot Phr {1 -3 <m) ~ 9 (“Z+it“‘1”t t) Hatabhos t} (C.10)
’ (P (P ()
. . 2
Moottt 10y g1 2t+1 Lt
+5¢z+,t+1pk',t+1sl( - i - )( 3 ) Mot pr1ilwer1 = 1/’z+,t7

Optimality of the choice of K, implies the following first order condition:
Wy = ﬁEtUt—f—lth.H + BEwi (1 - 5) = BB [th_u + Pt+1pk’7t+1 (1 - 5)} .
Using (C.9) again,

Xf+1 + Pip1 Py (1 =6)

Pth/’t = Etﬁvt+lRf+17 (Cll)

Uy = EtﬁUtH
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where Rf,; denotes the rate of return on capital:

Rk = XF+ PPy gy (1—0)
t+1 — Pth:’,t

Multiply (C.11) by Pz and express the results in scaled terms:

k
Rt—H

Vory =PE 4y ———. (C.12)
M1+ ¢ 41
Expressing the rate of return on capital, (??), in terms of scaled variables:
&
Up1Tr 1 — alu +(1—6)pw
RfH _ Tl YT ( t+1) ( )pk 7t+1_ (0.13)
M 41 Pkt
The first order condition associated with capital utilization is:
Ut = d (u),
or, in scaled terms,
= d (u). (C.14)
The first order condition with respect to By, is:
vy = Bug Ry
Multiply by z P, :
v,
(LRSS 5Et—+’t+l R;. (C.15)
Foot 417841
Finally, the law of motion for the capital stock, in terms of scaled variables is as follows:
- 1—60 - ~ (I, { ,
Fon= 0 T+ <1 -3 (i» (C.16)
Moot ey g ti—1
C.3. Resource Constraint
The resource constraint after scaling by z;" is given by:
, k
Yo = ge + o+ i+ a (uy) ———. (C.17)
Hoop b2+ ¢

In appendix D we derive a relationship between total output of the homogeneous good, Y7,
and aggregate factors of production which in scaled form looks as follows:

o AA—Ll 1 1 “ 11—«
Y = (Pe) ™ ——k | H; " =], (C.18)
Mg ¢ oot
where
kt = /;:tut. (C].g)

Finally, GDP is given by:

gdpt = Gt + Ct + it. (020)



C.4. Wage Setting by the Monopoly Union

We turn now to the equilibrium conditions associated with the household wage-setting de-
cision. Consider the j™* household that has an opportunity to reoptimize its wage at time
t. We denote this wage rate by ;. This is not indexed by j because the situation of each
household that optimizes its wage is the same. In choosing W;, the household considers the
discounted utility (neglecting currently irrelevant terms in the household objective) of future
histories when it cannot reoptimize:

e i (hjeri)' ™
Et (55@) _ALW + Utﬂ'Wj,tﬂhj,tﬂ' )
=0

i

where v; is the multiplier on the household’s period ¢ budget constraint. The demand for
the j** household’s labor services, conditional on it having optimized in period ¢ and not

again since, is:
Ay

A o I/Vt'ﬁ-w,t—‘,—i e ﬁ-w,t—i—l e H

it = t+i-

j,t+1 VVt—f—z‘ 7

Here, it is understood that 7y 44 - - - Twi41 = 1 when ¢ = 0. Substituting this into the

objective function and optimizing (see appendix F for details) yields the following equilibrium
equations associated with wage setting:

— + —
Wi . wt+1zt+1pt+1 Wi ot g1 Tt41

ol = - = : C.21
T t+1 W, Tyet P @ ( )
Aw
ht = ﬁ)tlikw Ht, (022)
—Aw
1 >\u1 Aw
Tw.t 1-Aw

o -G <”w;t) Twt o iy
e = | (1=&,) e +&, (—’twt_l) . (C.23)

In addition to (C.23), we have following equilibrium conditions associated with sticky wages?®:

2Log—linearizing these equations about the nonstochastic steady state we obtain,

B, 770@1&71 + 7]1?/1_\& + 772{I\}At+1 + N3y + Ny M1 + N5Te—1 } —0
+776¢z+,t +n.Hy + n8ﬂ2+,t + 779:D‘z+,t+1 ’
where

[)‘woL -(1- )‘w)] 2

by = Mo = bwlusM = 0L w — bw (14 BE5) ;19 = buwBE,,
(PR £ = 0L (14 B2) o BE

N3 = _bwgw (1 + ﬁK’w) y T4 = bwﬁfwﬂ?s, = bwng’wvnﬁ = (1 - Aw)a

Ny = _(1 - )"w)aLu Ng = —bwfwﬂ?g = bwﬁfw'
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st T w Fwgrr) T
Fyuy= v S, TN By + BE By | JaR Foyii1 (C.24)
Aw Wy Tw,t+1
__Aw 1+¢ /ﬁ-w 11 13—1,1\)“)(1"'"13)
K’LU,t — (Uojt 1-Aw ht> + ﬁwat (ﬂ. 7t+1) Kw,t+1 (025)

o\ i e )
P (BT
AL 1_£w

th’w,t == K’w,t (026)

1—Kw)

~ K
Fupr1 = TP

C.5. Equilibrium Equations

The equilibrium conditions of the model correspond to the following 28 equations,

(C.1),(C.2), (C.3), (C.4), (C.5), (C.6), (C.7), (C.16), (C.8), (C.10), (C.14),
(C.15), (C.22), (4.22), (C.17), (C.18), (4.24), (C.19), (4.25), (C.13),
(C.21), (C.24), (C.25), (C.26), (C.23), (C.27), (C.20), (C.12),

which can be used to solve for the following 28 unknowns:
ff, Wy, Ry, Sty T8, Dt 15 K1 l%t+1, Ug, hey Hy, 1y, 4, @tht, Y,
th7 F;ffu ﬁ-f,taﬁt; Kw,tu Fw,ta ﬁ-:‘,va Rf, St7 a (ut) 7u®}t7 7Tw,t7 gdpt
D. Resource Constraint in the Medium-sized Model

We begin by deriving a relationship between total output of the homogeneous good, Y;, and
aggregate factors of production. We first consider the production of the homogenous output
good:

1
}/tsum — /ifz,tdz
0

1
_ / (20 Hy)' " K&, — 2] di
0
1 a
K
-« 7’7t + N
= Z Hy — =z di
ol () s
o (KN [ .
= z (i) /OHitdZ—ZtJr(P,

where K is the economy-wide average stock of capital services and H; is the economy-wide
average of homogeneous labor. The last expression exploits the fact that all intermediate
good firms confront the same factor prices, and so they adopt the same capital services




to homogeneous labor ratio. This follows from cost minimization, and holds for all firms,
regardless whether or not they have an opportunity to reoptimize. Then,

sum __ Jd—a1rarrl—« +
Yo = KT HT = 2

The demand for Y, is

A

P\ Y,
P, A

so that R
1 1 =5 Af s
o P, N1 L o \ T
nz/nmzfn LY = vp (P) T
0 ’ 0 —Pi,t
say, where
1—X
. L v
Py = / P, T di . (D.1)
0
Dividing by F;,
12y
R A N
= _— 1 s
: / (P)
or,
12y
1\ A X7
1 _5 ﬁ 17)\f 5 /\f
o P\ m Tt o =y
bt = (1 - fp) 1— gp + fp ﬂ__tptfl . (D2)

The preceding discussion implies:

A

o Tf_lo o )\_)\Ll l—ajraryl—a +
Y, = ()M Y, = (po) ™ [Zt K H,; _ZMO]?

or, after scaling by z;",

Y, 1 1 “o
yr = (Pe) ! l<_ kt) Htl a_SO];

Mg ¢ Moot ¢

where

kt = l_ftut.

Finally, we adjust hours worked in the resource constraint so that it corresponds to the total
number of people working, as in (F.6):

Af 1 1 ar oy Qi@
Y = (P) ! (— kt) {Uo)t o ht:| — |-
Mg g Mot ¢




It is convenient to also have an expression that exhibits the uses of the homogeneous
output, 3
iy =G+ G+ I,
or, after scaling by 2, )
. K
Y=gt + ¢+ i+ a (uy) ——.
Hoop b2+ ¢

E. Optimal Price Setting in the Medium-sized Model

The profit function of the i intermediate good firm with the substituted demand function

is given by,
A —A

Bt R Pityj e
Etzﬁ Ut+JPt+JYt+J{< ) ) — Sty ( D ) 3
Jj=0 Py t+j
or,
-4 =y
Etzﬁ Utﬂptﬂytﬂ{(Xt]pt) At — Styj (Xtyjﬁt)*f—l}’
7=0
where

P. Mg Tt
Mfﬂ Xt,th; Xt,] ”f+317ft}1’ ‘70> 0

The " firm maximizes profits by choice of ;. The fact that this variable does not have
an index, i, reflects that all firms that have the opportunity to reoptimize in period t solve

the same problem, and hence have the same solution. Differentiating its profit function,
A

Lo+1
multiplying the result by ﬁtAf ' , rearranging, and scaling we obtain:

(ﬁ’fp)j Apyj [PeXtj — Apsers] =0,

J=0

where A ; is exogenous from the point of view of the firm:

At+j = @/)z+,t+jyt+th,j-

After rearranging the optimizing intermediate good firm’s first order condition for prices, we
obtain,

E Y20 (88,) Audrsny K
By Y720 (B8,) AviXey Fl

say, where

Z 55 At+] AfSt+j

Z
Il

(65 ) AtJrth,j-
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I
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o
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These objects have the following convenient recursive representations:

1

s 1-Ay ]
Et ¢z+,tyt + < ,t+1) /BSpP’tJfl—l - Ef =0
Tt+1
2 1
s Y
E; Af¢z+,tyt8t + 651) <7T’t+11) th+1 - th = 0.
t+

Turning to the aggregate price index:

1o (1=Ap)
o= || Rl (E1)
0

1

1 1 10=Ap)
- l(l - gp) Ptlikf +&, (71 P-1) 1Af1 :
After dividing by P, and rearranging:
1
1-¢, (i—f) Y 1
¢ = (Py) . (E.2)

This completes the derivations of optimal decisions with respect to firms price setting.

F. Optimal Wage Setting in the Medium-sized Model

The objective function with the substituted labor demand function looks as follows:

- D 1+¢
WiTtw t4i Tw,t 1=
P -
El )y (B6,) AL
i—0 1+¢

= ~ T—\w

Wtﬂ'w,t+i cc TTw,t+1 H

t4i]-
Witi

FUiWiTw g+ w41 (

Recalling the scaling of variables, (B.2), we have

WiTtwiti *** Twit1 Witwiri - Twgrr Wi b% (F.1)
- - + i + 124 :
Wiy WyiZyy i Pryi Weyiz Py
Wi W/ W, wy | Wi/ Wy -
WWy
- TXLZ' - +Xt,i = = Xt,i7
W2y By (i Wit
where
7hi—w,t+i T ﬁw,tJrl .
Xt,i = 5 7 > O (F2)
TpiTpdi—1 " Tl o+ gy " Mot g1

= 1,i=0.
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It is interesting to investigate the value of X, ; in steady state, as ¢ — co. Thus,

(mp - mygia)™ (Wi)(l_nw) s

Xti — .
i Tagi—1 " T 1ot g ° " Mot 41

)

In steady state,
iVEw (i\(I=Kw) g
(x)™ (@)

_ 2zt
X, = Z. —1.

%
T+

Simplifying using the scaling notation,

Aw 1+¢
s ' ((%Xm> T Ht+i>
ELY (B8, [-AL T

=0
Aw

W Wy W Wy 1= Aw
FU Wi —— X ( Xt Hypl,

Wy Wy

or,

A 1+¢
- T—X
Wi Wt . w .
<1f}t+i Xt#) Ht‘H)

1+¢

A

1—Aw
Xt,z') Hyyil,

Bl (B€,) [-AL (
=0
W Wy

F1 4+ W0 Xy ( -
W4

or,

Ay 1+¢
= 1—X
'S ) Y H )
) t+1
P 24 (149)
1-Aw
w

Bl (BE,) [-AL T t

=0

N _ Aw

I s vl Wy 1=
4+ Wy Yy Xy ( Xii Hyyi).
W44

Differentiating with respect to wy,

< Aq 1+¢
0 ( Lt Xti) e Ht+i)
. . Wi ’ i\w (14¢)—1
EJ [ —A Aw 1+ wl Aw
t ;_0 (ﬁfw) { L 1+¢ ( ¢> t
A ) 1>\)\
w w —A\w
ot w0 Xy (_tXt,i> Hi ] = 0.
W44
Dividing and rearranging,
o0 D 1+¢
. ‘ D o
BN (B6) AL | (—=Xei ) Hi
=0 Weyi
by
L 1-Aw(149) i o
+1/Jz;\ﬂt+z w, T—\w tht,i ( fUt Xt,i) Ht+i] = 0.
w Wii



Solving for the wage rate:

A 1+¢
j o @] 7 T3 1-w
1-Aw(1+¢) Et Zi:o (ﬁfw) AL ((@TLXISJ Ht-l—i)
1=y —
wy = g =
j Vo i — T 1-Aw
Ej ZZO (BEw) %tht,i (%th> Hyy
_ ArKuy
Wy ¢
where
> ; 4 e
. . wt —Aw
Kup = Bl (BE,) (( X) Ht+,~>
— Wi
i=0
i 7 T
i + 414 Wt Thw
Fuop = EY (B¢ etriry, ( - Xt,i) Hyi.
i—0 w Wi

Thus, the wage set by reoptimizing households is:

1—dw
Ap Ky | 7700+
Wy = | ——=—= .

Wiy 4

We now express K,,; and F,,; in recursive form:

IS Aw 1+¢
1—Aw
Kw,t - EgE 65 << th> Ht+i>
W44

1=

1+¢

=

" Rw —Raw 1—Aw

1 Wy T Mo+

= Ht+¢+6§w ( _ = Ht—|—1
W1 Tg1Ma+ g41

1+¢

A
_ Kw onN(l—kKw) 2 T-\w
wy (mymn)™ () 1 o
- 42
Wiy T 2T 1 o+ ppofbo+ 141

+(8€,)° (

+...

or,

R (1—kw) 24— (149)
1 Wy T T oo+ 1+
Kup = HﬁMEtﬁfw( t > {HY
W1 Tg1Mp+ 41
Al 1+¢

— Rw 1-X

Wiyl Tyq T Ho+ ¢

+B€w < - Hiio + ...}
Wey2 T2+ t19

(1—Kuw)

. @y ey T24=(1+9)
= Ht+¢+6€wEt ( — ) KW,t+1
W41 Te41 M+ 111

1 ,ﬁ. t+1 1— )\w(1+¢)
= H oy BEwEx (w—) Ky,

Tw,t+1
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using, . )
Wit B wt+1zt+1pt+1 Wi ot g1 Tt1

Twt+1 = - =
W, w2 By wy

Also,

Dw

I~ i Vot oy w 1w
Foyp = EZ Z (5510) MEAL Xt,i ,—tXt,z‘ Hy

7 i—0o Aw Wi

wz+t
= —>f
Ay

Aw Aw
— - Kw —1— 14+-—=
¢z+,t+1 Wy 1= 2w ﬂ-twﬂ- leu’z"" 1w H
+BE—— S — t+1

Aw W1 T+1M2+ 141

H&fﬁﬂﬁ(ﬂg%%

Aw Wet2

14w
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(mmey1)™ (%) ot H

X t+2
Tt 2Tt 1 o+ g2 Mot 141

+...

or,

¢z+ t
F,, = ~H
t o t

u Ay
W T—Aw Wﬁ/wﬁl—fiw . 1+ 1-w ¢Z+
+BE€,, ( ! t > ( t K +) { )\7t+1Ht+1

Wiy1 Tr1 o+ 141

A

— ¢7 K 1— w 1+ i\w
wt+1 1—-Aw 7Tt<|li)17T K /~'LZ+ 1-Aw wz+,t+2 H
+58., S — — iy

W2 T2+ 142
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_ ~ 1+%
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t

)\w Tw,t+1

so that

Aq
Vot g W1 Tw,t+1 TG
Foy =~ + B¢, B, (2L Foirr. (F.5)

Aw Wy Tw,t+1
We obtain a second restriction on w; using the relation between the aggregate wage rate
and the wage rates of individual households:

~ ﬁ B L e
mzkrme@l*+gwmm4ww} .
Dividing both sides by W, and rearranging,

11— fw (%) s
I- fw

Wt =
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Substituting, out for w; from the household’s first order condition for wage optimization:

g e e)
L s (BT
AL 1- gw

Wy = Kyt

We now derive the relationship between aggregate homogeneous hours worked, H;, and
aggregate household hours,
1
ht = / hj7tdj.
0

Substituting the demand for h;; into the latter expression, we obtain,

1 Ay
W‘t 1—w )
hy, = / (—j) H.d F.6
t ; W, taj ( )
H, 1 Ay
T N
(Wt)lf)\w 0
Aw
= w, ™ Hy,
where
W, ! A Su
wy = Wz, Wy = {/o (W) T d]}
Also,

Aw

= [0 (7)™ e (i)

This completes the derivations of the optimal wage setting.

G. The Wage-Phillips Curve in the Medium-Sized Model

The household faces the following demand for the j™* type of labor:

Dw
VVt T-—w
- H;. G.1
Y (WtJ) t 0
By (G.1), R
Wt . = Wy W =
Wl = La’ H, z‘:( . tXi) Hiys. G.2
- (Wm " Wi " (2
Here, we have used,
. Wt _ Wt T 17~ =
wy = w,’ We = ﬁ’ Wi = Wiltw e -« Ru i (G-3)
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and

Tap b3 Tw, t+1 .
th' _ T iTim LTt ot g Hat 441 1 >0 '
’ 1 i=0
Rewriting (?7),
N ‘ Wt ht,, (ht,)"+
Et (/Béw)l Ut+'Plf+'Z+z‘ R AL +1
; T Poazly (14 ¢) veri Pz
or, using,
Vo, =0 Pz
we have ) "
- . Wi hty, (htys)
Et (ﬁgw)l wz‘*‘ i Lh b AL + .
; T Pzt (1+ @) Yot 14
But,
Wi ihi Wi (VVt/ Wt) P X Gkl X
Praitihs B = el X
A
7 1-Aw
= Wywy (u_)ttht,i) Hy i Xy ;.
Wit
Then,
Dw
- war, |\ ()™
E ﬁgwl¢z ; D <t tX ) H X—AL W44 5
t; ( ) +t+ t Ut Wres t,i t+i<Mt, (1 T ¢) ¢Z+’t+i
Differentiating with respect to wy,
ad A o 24
i w _ wtwt —Aw
E ‘ Vw (20X, ) HipX,
t;(ﬁgw) ¢z+,t+z[<1 ' + > wy <wt+i t, ) t+ikt,
_ 24— (14¢)
Wy W 1= 1
il (1+¢)A (w;?X“> t:ﬁ]
_ . '
L= Ay we (L4 @) Yot 44
or .
Et Z (ﬁgw)z wz+,t+ih‘§+i [wttht,i - )\wMRStt_A,_J 5 (G4)
i=0

Here, MRS},;, in (G.4) denotes the (scaled) cost of working for the marginal worker in
period t 4+ 7 whose wage was reoptimized in period ¢ and not again reoptimized in periods
t 1t +2, i

t \¢
MRS:_H = AL Eﬂhtjl) .
zT i+
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According to (G.4), the union seeks to set the wage to a markup, \,,, over the cost of working
of the marginal worker, on average.
We now expand (G.4) about a steady state in which

we=1, x4, =1, Xy; =1, forall i, wy = A\yMRS, T =T, Tt = Thipt, Tyl = T+
It is convenient to obtain some preliminary results. Note,

Xt R { - (Anwﬁ—t-&—l +F Anw’frt—l—i) - (ﬂz+7t+i +---+ /jbz+7t+1) 1 >0

0 1=0
~ _ - (Anwﬁ—w,t+1 +--+ A/-ew’frw,tJri) >0
Xei = 0 i=0
— A~
MRSt+i = ¢z+ ti ¢Ht+z +¢ < t+i Ht+i>

where
Anwﬂ-t—i—l = Ti41 — KT, Amwﬂ-w,t—l—i = Twt+l — RwTt

Also, from (G.2),

A N ~ ~ .
7t _ a L 171)0\74, (U}t - A"’vwﬂ-wyt‘i’l U _A"’vwﬂ-wyt‘i’i) > O
hi i — Heyi = { 1i§w - i
We have
Ao . Aw . .
¢1 — )\w Wy + (ﬁgw) _ )\w (wt - Anwﬂ—w,t+l)
Ao R R
+(B€,)" o7 (= Ay Funr = Dy Fung2)
Aw . . . R
(65 ) ¢ —\ (wt - A,'-cwﬂ'w,z‘,+1 - Aliwﬂ-w,t+2 - ANw7TuJ,t+3)
+...
1 A A 1
— w A~ _ w A A
)\w 1 2 ~ )\w 1 3 A~
- Am w - Am w
P 1= BE. (B€w)" An, sz = 97— 1= BE. (BEw)” Dy Twrs

Using the last expression, we can write the discounted sum of the marginal cost of working
as follows:

. i T Aw 1 .
SMRS,t = Z (ng) MRSt-H‘ ot + ¢1 — )\ 1 — 55 [wt - Sw,t] : (G'5)
i=0 w

Here,

o0

So,t = Z 65 |: 2t t+i + ngt-H - _Z/Z)Z+,t + QSﬁt + ngso,t-i-l (G6)

(55 ) Amwﬁ-w,t—&-i — /BéwA:‘iw,ﬁ-w,t-Fl + 6£w5w,t+1' (G7)

3
M1l
\ Mg ||
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The following expression is also useful:

Sxi = Z (551”)1 Xt,z‘ =1 —165 Z (ﬁfwy [—ﬂz+7t+i — A,@w'ﬁ-t+1‘] (G.8)
=1 w o1
-] f%ug [_,&zttﬂ - AnwﬁtJrl] + B Sy t41-

Because the object in square brackets in (G.4) is zero in steady state, the expansion of
(G.4) does not require expanding the expression outside the square bracket. Taking this and
w = A\, MRS into account, the expansion of (G.4) is:

_ 1
_1_6510

We now deduce the restriction across wages implied by the aggregate wage index. Using
the wage updating equation and the fact that non-optimizing unions are selected at random,
the aggregate wage index reduces to:

0

(W; + ) + Sx.t — Smrsi- (G.9)

”WZ{ﬂ—f@(w)rh+fwﬁwwgﬁ%myﬁw

Divide by W; and use (G.3):

1= (1 - Sw) (wt)ﬁ + gw (M) o :

7Tw,t

Log-linearize this expression about steady state, to obtain:

iy = —Su
' 1_5112

Replace Syrs: in (G.9) using (G.5) and then substitute out for @, using the previous ex-
pression:

Aﬁwﬂ—’wﬂf'

I 1 Euw R
T g, T B, T g, e T S (G-10)
N 1€, ) Ao 1
So,t+¢1_)\wl_ﬁgwl_gwAmwﬂ-w,t ¢1_>\w1_6§w5’w,t

Multiply (G.10) evaluated at t 4+ 1 by ¢, and subtract the result from (G.10) evaluated at
t to obtain:

1 ~ ~ 1 w R .
- %, (wt — ﬁfwwtﬂ) + 1—Be.1 f < (Apy Tt — BEW Ak, Tuwi41)
+ (Sxt — BEwSx41)
Aw 1 w . R
- (So,t - ngso,t—&-l) + ¢1 — /\w 1— ﬁfw 1 E fw (Afswﬂ—w,t - BfwAmwﬂ-w,t—&-l)
Aw 1
_¢1 — )\w 1— ﬁfw (Sw,t - ﬁngw,tJrl)
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Simplify this expression using (G.6), (G.7) and (G.8):

1 Eu
ng 1- f'u)

1

1- ﬁfm
—% (At 1 + Dy Treg)

A N Aw 1 Ew R A
= —t,+oH + ¢1 W T g (Ap, Twt = BEW Ak, Fwit1)
Aw 1

_¢1 . )\w 1 . 65w/8£wA/’vwﬂ-w,t+1

The relationship between wage and price inflation, the change in the real wage and technology
growth is given by:

(@t - 6€w@t+l) + 1_ (Anwﬁ-w,t - ngAnwﬁw,t-f—l) (G]'l)

A

Wy = Wyt + Ty — o — flyr . (G.12)
Then,

T = Wiy — Wi+ Tt — [ty
Anwﬂ-t

Tt — RwTt—1

W1 — Wt + Tt — Pt 4 — KuwTe—1

= W1 — W+ Aﬁwﬂ-w,t — Moty

Use this to substitute out for A, ;11 in (G.11):

1 = = 1 gw ~ ~

T gg, (7 O] g 7, (e = HuaFue)
1 ffgé ({T\’t — {T\)t-&-l + Amwﬁ-w,t—i-l)

g a2 )\w ]' gw A N

- _wﬁ,t + Qth + ¢1 — /\w 1 — ng 1 — fw (Anwﬂ-w,t - ngAnwﬂ-w,tJrl)
A 1

_ w A A

¢1 _ )\w 1 _ ﬁgwﬂgw Iiw/]-rw,t+1

Collecting terms in Wy, Wet1, Tty T t41 -

1 . BE,, . — BE,, _ B, >
1-p5¢, 1-8¢,] ¢ |1-pB¢, 1-p8¢,]
R PRI SN P
" ll—ﬁfwl—gw _¢1—>\w1—6§w1—5w1 Ay T
e G PG A B G
1—-p88,1-¢&, 1-0&, 1— A, 1—BE,1—¢,
Aw 1 )
= Ao 1= (€, BeulBn T
= _&z+,t+¢f{t
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or,

‘| A/-cw 7Tw,t

55 1 A
1—BE,1-¢, {1_%—%

1—55 1 {
= wz+t+¢Ht wt+

] Anw 7Tw,t+1

Let

_(1-6)(-pE)
N Sw
Multiply the previous expression by k., and rearrange:
Aw
1— Ay

)\w ~ 9 2 o~
<1 - Qb ) Anwﬂ-w,t = Ry <_wz+,t + ¢Ht - wt) + <1 - Qb

1 — )\w ) ﬁAnwﬁ-w,H»l-
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