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A. THE BVAR MODEL AND IMPULSE RESPONSES TO A LAND-PRICE SHOCK

The BVAR model is estimated with the following 7 variables: consumption, investment,
job vacancies, unemployment, total hours, real wages, and land prices, with the same ordering
of variables for Cholesky identification. The land price is ordered the last so that all other
shocks can have a contemporaneous effect on the land price. The estimation results are
robust to other orderings. For example, in an earlier draft of the paper, we ordered the
land price first and obtained similar results, although that ordering is not a priori appealing.
Furthermore, to be conceptually consistent with the DSGE model, all variables in the BVAR
model are expressed in log levels. The BVAR model is estimated with 3 lags.

The priors that we use follow closely Sims and Zha (1998) with the prior hyperparameter
values set at \y = Ao = A3 = 1, \y = 1.2, and u5 = pg = 3 according to their notation.
The hyperparameters p5 and pg allow for the presence of cointegration. Since the land price
comoves strongly with other variables, this component of cointegration prior is essential for
capturing the data dynamics. By the marginal data density (marginal likelihood) criterion,
the data favors the lag length being three over longer lag lengths such as four or five.

Figure 1 shows the estimated impulse responses to a negative one-standard-deviation shock
to land prices with 90% error bands (the shaded bands) from the BVAR, along with the
impulse responses to a housing demand shock estimated from the DSGE model (asterisk
lines). As one can see, the impulse responses from the DSGE model are remarkably in line
with the BVAR results.

B. AN EQUIVALENT SETUP WITH THE LARGE REPRESENTATIVE FIRM

In this section, we show that the benchmark model in the main text is equivalent to
an alternative setup with one large representative firm as in the real business cycles (RBC)
literature.! In this alternative setup, the decision problems for households and capitalists are
identical to those in the benchmark model presented in the text. The environment for firms
is different. Instead of the one-firm one-worker setup in the benchmark model, we assume
that there is one large representative firm. The firm employs N, workers in each period,
combined with capital and land to produce output. The firm bargains with the marginal
worker who is seeking for a job to determine the wage rate and average hours. Once the wage
rate and hours are determined, they apply to all active workers. We continue to assume that

capitalists own the firm.

ISee Pissarides (2000) for a related discussion.
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We begin with the representative household’s problem. Denote by Vj; (IV;—1) the value
function of the household. It satisfies the Bellman equation
(Li# (Ch — iiChu) /Z0)'

Vit (Ni-1) = o, max 1 — X9 (ht) N + BhEtVierr (Ne)

subject to the budget constraint

B
Cht + 22 4+ Qu (Lng — Lig—1) = Bp—y + Wiy N, + 020 (1 = N,) = T,, ¥Vt >0. (B.1)

Ry
We define the household surplus in consumption units as
1 Vi (Ny)
St = — 2 T/ B.2
t Aht 8Nt ( )

This is the marginal value to the household when a new member is employed. Note that we
consider a marginal change in N; because a newly hired worker immediately starts working
as in Blanchard and Gali (2010).

By the envelope condition,

Vit (N—1)
ON,

OVhiy1 (Ny)
ON,
OVhir1 (Ny) ON;
ONtr1 ONpgr)

= Ape (Wihy — 0Z7) — x19 (he) + BrEy

= Ape (Wihy —0Z7) — x09 (he) + BrEy

where marginal utility of consumption A, is equal to the Lagrange multiplier associated
with the budget constraint (B.1).
Note that
Ny = (1=p)Nio1 +my
= (1=p)Ni1 + quy
= (1=p)Neer + ¢ [1 = (1 = p)Nea].

Since the household takes the job finding rate ¢;' as given when an additional worker is hired,

one can compute that

on_ — = - (l=p) =0 =a)(1=p). (B.4)

Substituting (B.2) and (B.4) into (B.3), we obtain

1 A
Sf{ = Wih; — be - 5 Xt9 (ht> + Etﬁh Ml (1 - QZ‘+1) (1 - P) Stlil'
Apy Apy

This equation shows that SH corresponds to J}¥ — JU in the main text of the manuscript.
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Now, consider the representative firm’s problem. The firm chooses capital and labor inputs

and posts vacancies to maximize the present value of dividends. The flow dividend is given
by

Dy =Y — Rpeky Ny — Rygley Ny — Wihy Ny — UtKvZf,
where

Y, = Ztl_a+¢a (lftk?tl_¢>a htl_aNt =y Ny.

The firm’s value, denoted as P; (N;_1), satisfies the Bellman equation

CAC
Py (Nioy) = max Dy + Etﬂ 0 P (V) (B.5)
tybet,Vt ct
subject to
Ny =(1-p) Nie1 + g vr. (B.6)
Since the firm takes ¢} as given when choosing vacancies vy, equation (B.6) implies that
0N,
=1-np. B.7
N, p (B.7)
The first-order conditions for &, l.;, and v; are given by
Yy Oy, op, (N t)
R :—RI— Zp:—v- BS
Kt ok, 1t o, Ky ON, 4y (B.8)

By the envelope condition

P (Ni-1) ON, (0Yt ) VE Belcts1 OPi1 (Ny) ON,
—Qan t

—t _W,h
ON;_, ON,_; \ON, B Ay ON, ON, ,

BcAct-l—l aPt—i—l (Nt)

Act 8Nt (1 _p)a

= {?Jt — Rk — Ryl — Wihy + B}

where we have used equation (B.7).
Define the firm surplus as

OF (Ni—1) _ OB (Nie1) ONiwy 0P (Niwa) 1
aNt 3]\/},1 3Nt aNt,1 1-— p7

sz

where we have used equation (B.7) again. Combining the above two equations, we obtain

/BCACt+1
Act

Note that S} corresponds to JI in the main text. Thus, the last equation in (B.8) corre-

S;" =yt — Rtk — Ruyley — Wihy + E, (1—p) Sk,

sponds to the free-entry condition

A

@

Wages and hours are determined by Nash bargaining between the marginal worker and

Jf =

the representative firm. As in the standard DMP framework, when an additional worker is
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hired, surplus is computed as the marginal value to the household as well as to the firm.
The Nash bargaining problem is given by
V¢ 1
SH\THoe (QF) Tror
wox (S/") (S5) 7,
which is the same as the problem in the main text
V¢ 1
J = Jf )y ()
Wi (1 ) (1)
It is straightforward to show that this alternative setup of labor-market frictions produces

equilibrium dynamics identical to those in the benchmark model presented in the main text.

C. THE BENCHMARK DSGE MODEL

C.1. Stationary equilibrium conditions. We first present the system of stationary equi-
librium conditions for the benchmark DSGE model. To induce stationarity, we transform

variables so that

x Chni = Ca + L - K -5 Yy = B 5 T
Cht = Z_f’ Cct: Zf’ It:Z_tp7 Kt:Z_;/); }/;:Z_{” Bt:Z_l%/” Tt:Z_fJ
~ Qlt ~ th T Wt IrNB WNB & St X

Qlt = Z_tp7 th = Z_fu Wt = Z_tpu Wt = th ) St = Z_tp’ Act = Athf7

) ) T N 1

Aht = Ahtth; ,Mt = /.Lth, JtF = Z_tf’ Jt = Z_ttp, Jt = Z_ED

The stationary equilibrium is summarized by a system of 34 equations for 34 variables i,
Qe Qlt; Btv Vits —ft, €t, ]\cta éht, Ry, L, ]\ht, me, 415 qf 5 Ne, ug, f/ta Ry, th, f(t, CN’t, Let, vy,
WNB S, Wy, Cu, Uy, JE, TV, JV, 6,, and hy. We write the equations in the same order as
in the dynare code.

(1) Capitalist’s bond Euler equation:

1 Ac t+1 ﬂt
— — pptett M C.1
Rt tﬁ Act)\z,t-‘rl Act ( )

(2) Capitalist’s capital Euler equation:

A, 7
Qe = Etﬁc~++1 [Ritr1€i41 — P (ep1) + (1 —0) Qrasa] + fb_tw2£tEtQk,t+l (C.2)
Act 2z, t+1 Act

(3) Capitalist’s land Euler equation:

. A, . . 7 .
Qu = Etﬁc]\;ﬂ [Ql,tﬂ + Ry | + ;\L_twlgtEth,t—&-l/\z,t—&-l. (C.3)

ct ct

(4) Borrowing constraint:

Bt = §Ey <W1Ql,t+1)\z,t+1Lct + W2Qk,t+1f(t> . (C-4)
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(5) Investment growth rate:

(6) Capitalist’s investment Euler equation:

Q B _
1 = Qurpn |1— 3 (yee — 71) = Q (v1e — 1) vt

A, _
+ Etﬁm’—tHthH@[,tHQ (Vi4+1 — Y1) 7?,t+1'
Act/\z,t—‘rl

(7) Capacity utilization decision:
Ry =2 (er — 1) +m.

1 ﬁc;]c
E

— — Ei— .

ct — X =~
Cct - 77ccfc,t71/>\zt Cc,tJrl)\z,tJrl - ncCct

(9) Household’s flow-of-funds constraint:

s B - B;_ ~
Cht + Et + Qu (Lpt — Lpg—1) = =1 Wihy Ny.
¢

(10) Household’s bond Euler equation:

1 A
o Etﬁh _ ht+1 .
Ry Aht>\z,t+1

(11) Household’s land Euler equation:

N A -
Qu = MRS, + E. 3, /}{Hl Q415
ht

(C.5)

(C.9)

(C.10)

(C.11)

where the marginal rate of substituition between housing and consumption is given

by
MUL
MRSlt - AU t.

ht

(12) Household’s marginal utility of consumption

é -
Ane = Lftu(l_w (é'ht — e /\h’t1>
zt

AN
Lél,;yl)%’tﬂ <Ch,t+1 - hﬁt) A ] '

— B E; 3
z,t+1 z,t+1

(C.12)
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(13) Household’s marginal utility of housing

~ 1—y
—_— _ _ ~ C _
MUL, = SOLtL;ftLt(l M-l (Cht — N ;\Lt 1) -
zt

(14) Matching function
my = Empugv;

(15) Job finding rate

u_ M
% = U_t
(16) Vacancy filling rate
v _ M
% = U_t

(17) Employment dynamics:
Ny=(1—=p) Ny_1 4+ my.
(18) Number of searching workers:
up=1—(1—p)N;_1.

(19) Aggregate production function:

07

. 1—¢
~ e K o
Y= (2" Lern)’ (%) (Z N
2t
(20) Capital rental rate:
?t)\zt
Rkt == Oé(l - qb) = .
ey 1
(21) Land rental rate:
: 7,
Ry = :
It a(ch,tq
(22) Capital law of motion:
. K,_ 0 -
K=0-0="4+0n|1-=(yu—")°| I
Azt 2
(23) Aggregate Resource constraint:
T K, -
Ct+It+Gt+q)(et) +/€’Ut:Y;5.

2zt

(24) Land market clears (normalize aggregate supply of land to L = 1):

Lct + Lht - 1

(C.13)

(C.14)

(C.15)

(C.16)

(C.17)

(C.18)

(C.19)

(C.20)

(C.21)

(C.22)

(C.23)

(C.24)
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(25) Optimal vacancy posting:

Y,
L (1—a)ﬁt—wtht+3tﬁcA”“ (1—p)—. (C.25)

(26) Nash bargaining wage:

ﬁhAh t+1 K

WNBh, = xg(h) +b+ 19t— —E (1—p) (1 —gsy) D11 (C.26)
ey qr ht Qi1
where
g(hy) = f%::, v > 0.
(27) Wage rigidity:
Wy =W,y + (1 — ) WNE, (C.27)
(28) Aggregate consumption
Cy = Cp + Co. (C.28)
(29) Unemployment rate:
U =1-N, (C.29)
(30) The value of the firm:
JgF== (C.30)
dy
(31) The value of employment:
TV = Wih, — Xi(ht) o Bhﬁh 1 [(1 —p(1—q4)) (JtVKl - JtUH) + JtUH] . (C31)
ht ht
(32) The value of unemployment:
JU=bt EtﬁhA—Z“ [ v W (- q;bH)JtUH] . (C.32)
(33) Market tightness:
v
0, = u—i (C.33)
(34) MRS for hours:
XL"A'(ZQ —(1-a) N?ht (C.34)
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C.2. Steady state.

(1) Shadow value of collateral:

:& ﬁh - Bc
B C.35
X x (C.35)
(2) Capital Euler equation
Be -
(Rt 1= 0) + ok (30
(3) Capitalist’s land Euler equation:
(1 - ,BC w Aﬁ ) @l = 6CRZ' (C?)?)
(4) Borrowing constraint:
B = g <W1Ql5\ch + W2f(> . (038)
(5) Investment growth rate:
(6) Investment Euler equation (Tobin’s marginal q):
1
Qr=—=1 (C.40)
Pr
(7) Capacity utilization
Y1 = Rk (041)
(8) Capitalist’s marginal utility
A Z 50776
A= =22 C.42
C. A ( )
(9) Household’s flow-of-funds constraint:
5 —Dn &
Ch = B+ WhN. (C.43)
(10) Household’s bond Euler equation:
A
R="". C.44
B (C4)
(11) Household’s land Euler equation:
(1= $1)Qr = MRS, (C.45)

(12) Household’s marginal utility of consumption

B _ -

¥4 z
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(13) Household’s marginal rate of substitution between housing and non-housing con-

sumption
erCh A — 1
MRS, = = : C.47
" Lu A= B (©47
(14) Matching function
m = @uuv' e (C.48)
(15) Job finding rate
m
u —_ . -4
¢ = (C.49)
(16) Vacancy filling rate
m
Y= —. C.50
¢ = (C.50)
(17) Employment dynamics:
AN = m. (C.51)
(18) Number of searching workers:
u=1—(1-p)N. (C.52)
(19) Aggregate production function:
N\ 1-¢]¢
¥ m 1) K ~Zm 11—«
V= |z (& (Z"Nh)=. (C.53)
(20) Capital rental rate:
YA
Rp = ol — ¢)—. C.54
p=oll=0)— (C.54)
(21) Land rental rate:
- Y
R = ap—. (C.55)
L
(22) Capital law of motion:
I 1-6
= x (C.56)
(23) Aggregate Resource constraint:
C+I+G+rv=Y. (C.57)
(24) Land market clear
Le+ Ly =1. (C.58)
(25) Optimal vacancy posting:
K Y oo
1-(1-p)B] 2 =(1—a)~ —Wh .
1= (-8 & = (1= )y =W (©59)
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(26) Nash bargaining wage:

~ h - K
WhBh = xg(h) + 19— [1 = Bu(L = p)(1 — ¢")]. (C.60)
Ay, q
(27) Wage rigidity:
W=wnNB, (C.61)
(28) Aggregate consumption
é = éh + éc. (C.62)
(29) Unemployment rate:
U=1-N. (C.63)
(30) The value of the firm:
L (C.64)
qu
(31) The value of employment:
By By calh By
1= a1 = p(0 = gD = 0 = XA 50— g (C.65)
h
(32) The value of unemployment:
(1= 81— g")]J” = b+ Brg"J". (C.66)
(33) Market tightness:
v
0=—. :
" (C.67)
(34) MRS for hours:
xg'(h) _ Y
N (1 oz)Nh. (C.68)

C.3. Log-linearized system. We use X, to denote percentage deviation from the deter-
ministic steady state X for any detrended variable X;. The log-linearized system for the

detrended system is given below.

(1) Capitalist’s bond Euler equation:

A CR CAC CR]\c
dAey = 5— EdA iy + 5— AR, — STEtd/\z,t—&-l

+Rdji, + fidR,,

Ay = %\R <EtAct+1 + R, — Etj\z,t-l-l) + 7%/1 (ﬂt + Rt) .

z C
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(2) Capitalist’s capital Euler equation:

/N\chkt + de/ict

BeA

—|—%Etd/~\ct+1 [Ri + (1 —0) Q4]
CAC

_%Etd)\z,tﬂ Ry, + (1 0) Q]

Fwal Qrdfty + wod&Qrft + Wl LB dQy 441,

Qk@kt + Qk[\ct

= %Et [Rk (Rkprl + ét+1> — Y€1 + (1 —0) QkaHl]

z

+% [Ri + (1 —6) Q] E; (Act—i—l - 5\z,t+1>

z

+w2§Qkﬁ </1t + ét + Et@k,t+1) .
(3) Capital’s housing Euler equation:
QidA e + AdQy
= B (Ql + Rz) EidA i1 + BACE (dQl,t—l—l + de,t—i—l)

+wy (&E@zd[bt + A aQidé + /_\zg/:LEtdQl,t+1 + g@lﬂEtd)\z,tH)

QiA. (Act + Qlt)
= B (Qz + Rz) AcEheiir + BAE, <Q1Ql,t+1 + Rlél,t—i-l)

+W1S\Z£Qlﬂ </:Lt + gt + Et@l,t—l—l + Etj\z,t+1> :
(4) Capitalist’s binding borrowing constraint:
ABi = (wiQ\Le+waQuK) dgy

1By (NLedQues + QoL + Quidei L)

+Ewo <kEtko,t+1 + def(t>

12
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. W QN L, /- . .
B, = &+ % (Lct + EiQui1 + Et>\z,t+1)
Wl QLK /- R
+& <Kt + EtQk,t—i—l) .

(5) Investment growth rate:
e+ Loy = I+ A
(6) Capitalist’s investment Euler equation:

0 = dQu: + dor — QYrdryr + Et%QV%d%tHa

z

A ~ _ ~ ﬂc — A
Qre + o1t = Q77 (%t — 5\—7171,15+1 .

(7) Capitalist’s capacity utilization decision:
Ry Ryt = 7264

(8) Capitalist’s marginal utility:

_déct + ncdéct—l/j\z - ncécd)\z,t/;\z

e = -
(Cc(t=n/.))
—B.n.E; —AedCoyr — écd/\z,tﬂ 2+ Ucdéct7
(G =n)
ACACt _ - Act + nc/j\z (Cfc,tfl - 5\zt)

C.(1- 776/5\2)2

_S\z <C’c,t+1 + 5\z,t-‘rl) + ncéct

_ﬁcncEt = - 2 .
Oc ()\z - 77(:)

(9) Household’s flow of funds constraint:

- dB, BdR, -~
dChs + # - L4+ Qi (dLp — dLps1)
dB,_, B

et NhdW; + hWdN, + NWdh;.

z

13
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ChCie + g <Bt — Rt) +QiLy, (iht - ihtq)

_ § (Bir = Aut) + WNB (Wi + Byt

z

(10) Household’s bond Euler equation:

~

]\ht = E, <Aht+1 - 5\z,t+1> + Ry
(11) Household’s housing Euler equation:
QudAn; + ApdQy
= MRSidAy + AydM RSy, + ﬁthEtd[\ht+1 + ﬁh[\hEtdQl,t+1a

QA (Aht + Qu)
= MRSA,, <Aht + th + BrAn QB (Aht—i-l + Qz,t+1> ;

where
M/\R;Sht = mt - Aht'

(12) Household’s marginal utility of consumption:

AN C
Ay = —yLgHt <éh - "};zh) (dC’ht Zh dChi1 ”’;2hdxzt>
AN dL
+ <Oh - 771;_\ h) (1 )L% = <111 Lydpr: + o1 L:t>

14

(C.69)

~ —v—1
_ ~ C ~ ~ C 1
+ﬁh77h’)/LfL(1 & (Ch - 7711 h) E, (dChtJrl - %dcht i hd}‘thrl) 5\—

Az A2

) dL
—Brn (Ch - 77};_\ h) (1 - 7) LfL(l_W)Et (hl Lydoris + o1 Iftﬂ
z h
Ch\ | dX
+BumnEy | Ly <Ch - 77};\;) ;\gH] ;
~ —v—1 ~
1A er(1=y) [ A nCh ! A h ~ A MCh ¢
ApApe = —vL, Ch — 3 ChCht — /—\_Choht—l + N

~ N\
- C _ R ~
+ <Ch - h) (1—-7) LfL(l g (@L@Lt InLj, + @LLht)

X

Azt> (C.70)

(C.71)
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~ —y—1 ~
_ ~ C ~ A ~ A Cs »
+5h77h’YLfL(l K (Ch - 77%\ h) E, (Chcht+1 - %Chcht + %)\zwl) ﬁ]LC~72)

zZ AZ
AN 1
—Bunn (Ch - 77};_\ h) (1—-7) LfL(l_w)Et (@L@Ltﬂ In Ly + @LLht+1> X (C.73)
~ -y A
_ ~ A
BBy | Ly (ch - ”’;Ch> ;*1] . (C.74)

(13) Household’s marginal utility of housing

~ —’Y ~
AMUL, = @1 (1—~)Le-001 (C*h - ”*;Ch> (déht - %déht,l + ”’;—fhdxzt>

z

a\ dL
+@r, (C’h - ?7};—\ h) Lt ((1 =) doriIn Ly + (g1 (1 —v) — 1) ht)

&\
+L5L(1_7)_1 (éh - 77}3\ h) dSOL,t-

z

z z

~ — ~
—_—~— __— AN ~ C ~ ~ ~ ~ C ~
MUL MUL; = @ (1—~)LfE0-07t (C’h — m;—\ h) <ChCht — %Cht—loht—l + mﬁ—\ hd)\zt)

z

~ 1—v
~ C N . _ A
+or (Ch - 771;_\ h) LpH <(1 =) @rn Lppr + (P (1 —7v) = 1) Lht>

&
+or LZL(PW)A (éh - m%\ h) DLt

(14) Matching function:
My = Gt + atiy + (1 — a) 0.
(15) Job finding rate:
G = 1g — G,
(16) Job filling rate:
G0 = 1, — .
(17) Employment dynamics:

dNt = (1 — ﬁ) dNtfl + dmt,

Nt - (1 - ﬁ) Nt—l + f)mt
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(18) Number of searching workers:
dut = — (1 — p) dNt—h

uty = — (1 — p) NN,_,.
(19) Aggregate production function:
Y, =a [(1 — ) (K’H 6 — ﬁ\zt) + ¢ (Z{” + ﬁc,t,l)] +(1-0) (Nt + hy + Zg”) .
(20) Capital rental rate:
Ry=Yi+ e — K1 —é
(21) Land rental rate:
Ry =Y = Lesa.
(22) Capital law of motion:

dK; = (1 —0)dK;_1/\, — (1 — 8) K/ N2\, + dI, + Ideyy,

T N
K = — <Kt—1_>\zt>+?([t+§01t>-

(23) Aggregate resource constraint:

det + /id"l)t + dét,

~ ~ ~ ~ K
dY; = dI, + dCyy + dCpy + ;1

. C Ky . G -~
It+ Ct‘i‘—hCht‘i‘_rzlet—i——Ut‘i‘ Gt
Y Y ALY Y

¥4

(24) Housing market clearing condition:
chzct + Lh-i/ht == 0

(25) Optimal vacancy posting condition:

% L
g =(1—a) d¥ (1-a) —dNt hdW, — Wdh,
(¢¥) N
A, K LdA, K K
+Et5 Ll (g )E = Etﬁ L1- ) — — BB (1—p) @) dq;
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(26) Nash bargained wage:

- . R h'dh Ry dA _kdg?
WNBh<WtNB+ht>:X~ L S AN

Ay (1+v) (]\h)2 7’ (q")

- K A A - K
—,Bh (1 — p) (1 — qu> ﬁ_qut |:Ah’t+1 - Ah,ti| + 5}1 (1 - p) ﬂq_vEtdq;;’l

Kkd K
(1= p) (1= ) OB Y 5 (1 ) (1= ") diy
(qv)° q
= NB SNB , 7\ _ xh'+” A ﬁ 9 _ v
W h(Wt +ht> “Tasy ((1+y) he Aht) e <19t qt)

R

_ ) ) i y

—Pn(1=p)(1—¢ W@Et [Ah,m = Ah,t} + 5h19q7 (1—p) "B
U 3k 3 AV

—Bn(1=p)(1—¢ )ﬁaEt (ﬁt—&-l - Qt+1>

(27) Wage rigidity:

(28) Aggregate consumption:

(29) Unemployment rate
(30) The value of the firm.

(31) The value of employment:

o h A W ;
T Wy — X9 Brlbnin (1=p(=ai) (T = T0) + T

At Ant

JthW_m(mmt)_%g o) b — A

A
1= (=) Y + 50 -q")J"] B (4 htH—Aht)
a")J

+ B} [(1 —p(1—g") TV I +p(1 -

17

(C.75)

t+1:| + Brpq" (jw —JY ) Eg, .
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(32) The value of unemployment:

ﬂh/\htﬂ [

ht

J =b+ E; t+1J+1 + (1 Qt+1)<]t+1] . (C.76)

jthU = B [qu <jW — jU) + jU] E, (Aht—f—l - Aht)
+ Brq" (jW — jU) B¢y + BukEy [qujwjt‘i/l +(1—¢") jth(il}

(33) Market tightness:

(34) Hours:
xg' () Yi
At Nihi'

Vilt—f\ht:?t—Nt—ilt

=(1-a)

(C.77)

D. DATA, SHOCKS, AND MEASUREMENT

D.1. Data description. All data are constructed by Patrick Higgins at the Federal Reserve
Bank of Atlanta. Some of the data are taken directly from the Haver Analytics Database
(Haver for short), from Bureau of Economic Analysis (BEA), or from Bureau of Labor
Statistics (BLS). This section describes, in detail, how each time series is constructed.

The model estimation is based on six U.S. aggregate time series: the real price of land

(QP#2) | real per capita consumption (CP*?) real per capita investment (I°*%), vacancies

(vP?), the unemployment rate (UP?*); and per capita total hours (HP*#). All these series
are constructed to be consistent with the corresponding series in Greenwood, Hercowitz, and
Krusell (1997), Cummins and Violante (2002), and Davis and Heathcote (2007).

The time series of real wages are used by the BVAR for data description, but not used by
the model for the purpose of testing how the model fares in predicting movements of real
wages out of sample. Since the earliest date for the land-price data to be available is the
first quarter of 1975, the sample period used for this paper range from the first quarter of
1975 to the third quarter of 2015.

These series are defined as follows:

° QData _ quLandPrlcesSAFHFACoreLoglcSphce87
w DGDP_USNA
o ('Data _ NomConsNHSplusND/DGDP_USNA |
t - POPSMOOTH_USECON ’
]Data _ (CDX_USNA + FNEX_USNA + FNPX_USNA)/DGDP_USNA |

° POPSMOOTH USECON ;
° ,UData _ JOLTSHiggins
t JOLTSHiggins{ LANAGRA_USECON ’
e UP? = UnempRate;
° HData _ TotalHours

POPSMOOTH_USECON ’
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° wData _ LXNFC_USECON
t DGDP_USNA

The original data, the constructed data, and their sources are described below.

LigLandPricesSAFHFA CoreLogicSplice87: Liquidity-adjusted price index for res-
idential land. The series is constructed as follows. We seasonally adjust the FHFA
home price index (USHPIQUSECON) for 1975Q1-1991Q1, spliced together with
Haver’s seasonally adjusted CoreLogic home price index (USLPHPISQUSECON)
for the third month of the first quarter of 1987 to present. We then use this home
price index to construct the land price series with the Davis and Heathcote (2007)
method.? The adjustment methods of Quart and Quigley (1989, 1991) are used to
take account of time-on-market uncertainty. The CoreLogic home price index series
provided by Core Logic Databases is similar to the Case-Shiller home price index but
covers far more counties than the Case-Shiller series.

The CoreLogic land price, as well as the Cash-Shiller land price, shows much larger
fluctuations than the FHFA land price. The large difference comes mainly from home
price indices. The FHFA home price series includes only conforming/conventional
mortgages insured by Fannie Mae and Freddie Mac and excludes subprime or ex-
pensive homes with mortgages above the conforming loan limit ($417,000 in 2008
for example). The FHFA series is an equally weighted home price index so that
expensive homes receive the same weight as inexpensive homes. The CoreLogic and
Case-Shiller series are both value-weighted so that a home’s weight in the index is
(roughly) proportional to its price. Before 1987, the geographic coverage of the Core-
Logic series is sparse relative to the the FHFA series and thus the FHFA series is
probably more representative of the home price. But in the 1990s and 2000s, sub-
prime or un-conforming mortgages were so popular that an exclusion of the prices of
such homes would bias against the actual volatility of home/land prices. The volatil-
ity of our CorelLogic land price series is similar to the land price series constructed
in other studies (Sirmans and Slade, 2012; Nichols, Oliner, and Mulhall, 2013). Our
results obtain when we use the FHFA land price, which is constructed in the same
way except that the CoreLogic home price index after 1987 is now replaced by the
FHFA home price index.

Source for USHPIQUSECON and USLPHPISQUSECON: BEA and Haver.

2For details of this methods, see http://www.marginalg.com/morris/landdata_files/

2006-11-Davis—Heathcote-Land.appendix.pdf.
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DGDP _USNA: Implicit gross domestic product deflator (2009=100). The results in
the paper obtain when we use other overall price indices, such as consumer price
index and personal consumption expenditure index.

NomConsNHSplusND: Nominal personal consumption expenditures: non-housing
services and nondurable goods consumption (seasonally adjusted, millon of dollars).
Source: BEA and Haver.

POPSMOOTH _USECON: Smoothed civilian noninstitutional population with ages
16 years and over (thousands). This series is smoothed by eliminating breaks in
population from 10-year censuses and post 2000 American Community Surveys using
the “error of closure” method. This fairly simple method is used by the Census
Bureau to get a smooth monthly population series to reduce the unusual influence of
drastic demographic changes.® Source: BLS and Haver.

CDX_USNA: Nominal durable goods (seasonally adjusted, million of dollars). Source:
BEA and Haver.

FNEX_USNA: Nominal equipment investment (seasonally adjusted, million of dol-
lars). Source: BEA and Haver.

FNPX_USNA: Nominal investment in intellectual property products, including soft-
ware (seasonally adjusted, million of dollars). Source: BEA and Haver.

JOLTSHiggins: Job opennings. From January 1975 to December 2000, we use the
composite Help-Wanted-Index built by Barnichon (2010),* expressed in number of
vacancies and rescaled to match its value in December 2000 to LJJTLAQUSECON
(LJJTLAQUSECON is a series of total seasonally adjusted job openings expressed
in thousands from the BLS-JOLTS survey that started in December 2000). From
January 2001 to present, our series is the same as LIJJTLAQUSECON. We then take
the quarterly average of the monthly series. Source for LJJTLAQUSECON: BLS
and Haver.

LANAGRA_USECON: Total nonfarm payroll employees (seasonally adjusted, thou-
sands). Source: BLS and Haver.

UnempRate: Unemployment rate. Source: BLS and Haver.

TotalHours: Total hours in the nonfarm business sector. Source: BLS and Haver.

LXNFC_USECON: Nominal compensation per hour for the nonfarm business sector
(seasonally adjusted, 2009=100). Source: BLS and Haver.

3The detailed explanation can be found in http://www.census.gov/popest/archives/

methodology/intercensal\_nat\_meth.html.
4The series can be downloaded from Regis Barnichon’s website at http://sites.google.com/site/

regisbarnichon/cv/HWI_index.txt?attredirects=0.



SUPPLEMENTAL APPENDICES: LAND PRICES AND UNEMPLOYMENT 21

D.2. Shocks. We include six shocks in the benchmark model: a housing demand shock
(prt), a credit shock (&), two technology shocks (the permanent shock A,; and the sta-
tionary shock Z/"), and two labor market shocks (the matching efficiency shock ¢,,; and
the bargaining shock ;). Housing demand shocks are shown to be an important driving
force of house-price (land-price) fluctuations in DSGE models without labor search fric-
tions (Iacoviello and Neri, 2010; Liu, Wang, and Zha, 2013). Credit shocks are important
for macroeconomic fluctuations in a DSGE model with financial frictions (Jermann and
Quadrini, 2012). Technology shocks are typically considered as important sources of busi-
ness cycles in an RBC model.

The matching function describes a reduced-form aggregate relation between the number of
hires on one hand and the number of searching workers and job vacancies on the other. There
is no presumption that this reduced-form relation holds exactly in the data. In fact, frequent
deviations to this relation have been observed. For examples, in our sample, there have been
important shifts in the Beveridge curve relation (a relation between the unemployment rate
and the job vacancy rate derived from the matching function). Shifts in the Beveridge curve
can be captured by variations in the matching efficiency (i.e., the residuals in the matching
function).

Recent studies find that incorporating matching efficiency shocks is important for fitting
a DSGE model to the labor market data (Lubik, 2009; Justiniano and Michelacci, 2011;
Sala, Séderstrom, and Trigari, 2012). Other studies find that introducing shocks to the
relative bargaining power in a DSGE model with search frictions helps fit the data for labor
market variables (Gertler, Sala, and Trigari, 2008; Christoffel, Kuester, and Linzert, 2009;
Christiano, Trabandt, and Walentin, 2011). We are aware of the legitimate criticism that
such shocks do not offer a deeper understanding of the labor market, and thus we allow these
two shocks to be correlated. The results for the impulse responses of a housing demand shock,
however, do not depend on these correlations. We use these shocks to be consistent with the
existing literature as well as for the purpose of fitting the model to the data without insisting
on interpretation of these shocks’ effect on the labor market. Moreover, controlling for the
effects of these and other shocks is necessary for identifying and estimating the effect of a
housing demand shock on the dynamic link between the land price and the unemployment

rate.

D.3. Measurement. In this section we derive the six measurement equations used for es-

timation. For the three nonstationary variables @, C;, and I;, we have

= Qu
Qlt_ Zfﬂ
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log(Qu) = 10g<©lt> + log(Z7),
Alog(Qu) = Alog(Qu) + Alog(Z?),
Alog(Qu) = AQu +log A, + Ay,
Alog(CP*) = Alog(Qy) = log A, + Ay + AQu,
Gy
zZP’
log(Cy) = log(Cy) + log(Z7),
Alog(Cy) = Alog(Cy) + Alog(ZP),
Alog(Cy) = AC, + log A, + 5\z,t,
Alog(CP*) = Alog(Cy) = log . + A, + AC,

ét:

and
[

t— Z_f’
log(1;) = log(I;) + log(Z}),
Alog(I;) = Alog(I;) + Alog(Z7),
Alog(Ly) = Al 4+ log A, + .,
Alog(CP*#) = Alog(I,) = log A, + A, + AL,

22

where the superscript “hat” means the log difference from the mean and “Data” indicates

that the corresponding time series is observed (i.e., data). The other three observed time

series are stationary variables and the corresponding measurement equations are straightfor-

ward as
Data __
Ut - Ut7
Data
HP* = H,.
~Data __
Uy = Uy,

where H; = h,N; in the model.

E. PRIOR DISTRIBUTIONS FOR STRUCTURAL PARAMETERS

We categorize the structural parameters in three groups. The first group of parameters are

calibrated because they are difficult to identify by the model. These parameters are a, the

elasticity parameter in the matching function; b, the flow benefit of unemployment; ¥, the

Nash bargaining weight; «, the income share of capital input; v, the relative risk aversion;
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&, the average loan-to-value ratio; p, the job separation rate; wy, the fraction of land value
that can be used as collateral; and Z™, the mean of the stationary technology shock.

We set the match elasticity parameter to a = 0.5 as suggested by Hall and Milgrom (2008)
and Gertler and Trigari (2009), which is in the range estimated by Petrongolo and Pissarides
(2001). Following Christiano, Eichenbaum, and Trabandt (2013), we set the replacement
ratio to % = 0.75, where W is the steady-state real wage.”® We set the value of ¥ such
that the worker’s bargaining weight is 1%9 = 0.3 as estimated by Christiano, Trabandt, and
Walentin (2011). We set a = 0.33, consistent with the average labor income share of about
two-thirds. We set the risk aversion parameter to v = 2, in line with in the macroeconomics
and finance literature (Kocherlakota, 1996; Lucas Jr., 2003). Following Liu, Wang, and Zha
(2013), we set the mean value of the loan-to-value ratio to & = 0.75. We set the job separation
rate to p = 0.12 as suggested by Blanchard and Gali (2010), which is broadly consistent with
the average monthly job separation rate of 0.034 reported in the Job Openings and Labor
Turnover Survey (JOLTS). We normalize the values of w; and Z™ to unity.

The second group of structural parameters are estimated. They are 7, and 7., the habit
persistence parameters for households and capitalists; v, the curvature parameter of the
disutility function of labor hours; 79, the curvature parameter of the capacity utilization
cost function; €2, the investment adjustment cost parameter; A,, the mean growth rate of
technology; ws, the fraction of capital value in the collateral constraint; \,, the mean growth
rate; and all the parameters for shock processes. The complete prior specifications are
reported in Tables 1 and 2.9

We first discuss Table 1. The prior for the technology growth rate A, is such that the
90-percent probability interval for the annualized growth rate lies between 0.4% and 6%.
Thus, this prior is very diffuse.

We assume that the priors for 7, and 7, follow the beta distribution with the hyperparam-
eters taking the values of 1 and 2. This particular specification allows the possibility of no
persistence at all for the habit parameters. Clearly, the 90% probability interval covers most
of the calibrated values of habit persistence parameters in the literature (Boldrin, Christiano,
and Fisher, 2001).

The priors for the remaining parameters to be estimated follow gamma distributions, all
of which allow the possibility of zero value. The 90% probability interval for Q2 and ~, ranges

from 0.17 to 10, covering most of the values considered in the DSGE literature (Christiano,

®0ur estimated results are insensitive to the value of the replacement ratio. For example, the results hold

if we lower the ratio to % = 0.4 as suggested by Ravenna and Walsh (2008) and Hall (2005).
SFor comparison, Tables 3 and 4 reproduce some of the prior information for comparison with the estimated

posterior distributions.
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Eichenbaum, and Evans, 2005; Smets and Wouters, 2007; Liu, Waggoner, and Zha, 2011).
The hyperparameter values for the prior distributions of v and w, are selected so that the
90% probability intervals for these parameters cover a wide range of values.

We now discuss Table 2. The selected hyperparameters for the prior distributions of all
the persistence parameters allow the possibility of zero persistence and at the same time
give a wide range of values as shown by the 90% probability intervals. The priors for the
standard deviations follow the inverse gamma distribution with the 90% probability interval
given by [0.0001, 2]. The priors for all these shock process parameters are very agnostic and
in fact much looser than those used in the DSGE literature.

The third group of structural parameters are determined by the deterministic steady
state, conditional on calibrated and estimated values of the first two groups of parameters.
These parameters include ¢, the capital depreciation rate; 85 and f., the subjective discount
factors for households and capitalists; ¢, the land income share; ~;, the slope parameter in
the capacity utilization function; ¢y, the steady state level of the housing demand shock; ¥,
the scale parameter for the disutility of working; and k, the vacancy cost parameter.

The values of these parameters are obtained so that the model’s steady-state equilibrium
matches the following first-moment conditions in the data: (1) the investment-output ratio
is 0.275; (2) the average loan interest rate is 4% per year; (3) the ratio of the capitalist’s
land value to workers’ land value is 1.0; (4) the average ratio of capital stock to annual
output is 1.25;” (5) the average ratio of job vacancy costs to output is 0.005 (Christiano,
Eichenbaum, and Trabandt, 2013); (6) the steady-state unemployment rate is 0.055; (7) the
average quarterly job filling rate is about 0.7 (den Haan, Ramey, and Watson, 2000).

Given the calibrated parameter values, the prior distributions of the first two groups of
parameters, and the steady state equilibrium, we simulate the prior distributions for the
third group of parameters. The 90% probability intervals for these parameters are reported
in the bottom panel of Table 1.

F. ESTIMATION ISSUES

We use our own algorithm to estimate the structural model. One natural question is why
we do not avail ourselves of the canned Dynare package. There are two distinct problems
making the current Dynare tool ineffective. First, as one can see from Supplemental Appen-
dice C.2, G.3, H.2, and [.1 that the steady state is too complicated for Dynare to solve it
efficiently because it involves solving a large system of nonlinear equations for each iteration
or Monte Carlo Markov Chain (MCMC) random draw of model paramaters. Second, the

"The capital stock in our model is the value of equipment, intellectual property products, and durable

goods.
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posterior distribution is full of thin winding ridges as well as local peaks, finding its mode has
proven to be a difficult task. More often than not, Dynare either terminates prematurely in
finding the peak or stops because of the failure of solving the steady state. At the premature
solution, one would conclude with a misleading result that land-price dynamics have very
small effects on unemployment or the link between land price and unemployment is weak.
Such a result is in flat contradiction of the data.

Our own optimization routine, based on Sims, Waggoner, and Zha (2008) and Waggoner,
Wu, and Zha (Forthcoming) and coded in C/C++, has proven to be efficient in finding
the global posterior mode. The routine relies on a combination of MCMC simulations and
continual Broyden—Fletcher—-Goldfarb—Shanno (BFGS) updates of the inverse of the Hessian
matrix. When the inverse Hessian matrix is close to be numerically ill-conditioned, our
program resets it to a diagonal matrix. We first randomly select 100 different starting
points from the prior. For each starting values of the model parameters, we alternate using
a constrained optimization algorithm and an unconstrained BFGS optimization routine to
find a local peak. We then use the local peak to generate a sequence of 100 MCMC posterior
draws. We use the draw at the end of this long sequence as a new initial point for the
optimization routine to search for another local peaks. We repeat this process 200 times.
We collect all these local peaks and select the estimated parameter values that correspond
to the highest posterior peak.

The MDD estimation requires an equally amount of computation. To ensure its abso-
lute accuracy, we use three state-of-art techniques that are based on completely different
methodologies: the Sims, Waggoner, and Zha (2008) method, the Mueller method described
in Liu, Waggoner, and Zha (2011), and the bridge-sampling method developed by Meng and
Wong (1996). For each MDD estimate, we simulate two millions of posterior draws and
one million of proposal draws. On a 8-core modern desktop, finding each posterior mode
takes about 40 hours; estimation of each MDD takes about 50 hours. The computing time
will be significantly reduced if one has a large cluster of processors or have access to cloud
computing. We are in the process of collaborating with the Dynare team to incorporate our

estimation software into the Dynare package and to find ways to speed up the computation.

G. AN ALTERNATIVE MODEL WITH HOUSEHOLDS RENTING LAND

In the benchmark model, households own land but cannot rent housing services. However,
firms rent land from the capitalist. To examine the extent to which our results depend on
this asymmetric treatment of land rental markets, we now consider a version of the model,

in which households and firms both rent land from the capitalist.
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G.1. Model description. The representative household still consumes both goods and
housing services and saves in the risk-free bond market. Instead of owning land, we as-
sume that the household rents land services from the capitalist, who is the only owner of
land in the economy. As in the benchmark model, there is a continuum of workers within
the representative household. A fraction of workers is employed and the other fraction (un-
employed workers) searches for jobs in the frictional labor market.

The representative household’s utility function is the same as in the text. The budget
constraints are changed into

Cht + %h: + RyLpy = Bpeo1 + Wiy Ny + 027 (1 — N) — T, Vt > 0. (G.1)

The budget constraint here reflects the assumption that the household only cares about the
utility value of land services, so there is no incentive for the household to own land.

The representative capitalist has the same utility function as in the text, with the flow-

of-funds constraints changed into

B.
Co+Qu(Li — L)+ I, + ® () Ky + Bey—y = Rt + Rye Ky + RyLi1 + 11, (G.2)

t
The capitalist is the only owner of land in this economy and she derives rental income this
ownership. The capitalist rents out land to both the household and firms. Denote by L.

the quantity of land rented to firms. Aggregate production function is given by
Vi = [(ZeLa)? (eckii )] (Zohi)' 0 (G3)
Land market clearing implies that
L+ Ly =1L =L, (G.4)

where Lj; and L. denote the quantity of land rented by households and firms respectively,
and the last equality reflects our assumption that aggregate quantity of land is fixed in

equilibrium.

G.2. Stationary equilibrium conditions. We now summarize the equilibrium conditions
in this alternative model with households renting land from capitalists. To obtain stationarity

we transform the variables as follows:

> Cni = Ca + L - K -5 Yy = B 5 T
Cn = 7 Cct:Z—fa It:Z_f’ Kt:Z_f’ Y;:Z_f’ BtIZ—f, TtZZ—gN
A Qlt r th T Wt i NB WNB o St

Qlt = Z_tp; th = Zf’ Wt = Zf’ Wt = th ) St == tha ACt = ACtZt’

~ ~ _ JF - Jw - Ju

Ay = ApZP, = m2?, jtF - 2t J = 2 JU = Zt
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The stationary equilibrium is summarized by a system of 32 equations for 32 variables.
The 32 variables are [Lta th7 Qlta Bta Vit jt7 €¢, Acta éhta Rta Lht7 Aht» my, q;lla q;)a Nta Uy, ﬁv
Rit, Ry, Ky, Cy, Loy, vy, MULy, Wy, Coy, Uy, JE, IV, JU, and hy. The 32 equations, displayed

below, are in the same order as in our computer code.

(1) Capitalist’s bond Euler equation:

1 A, [l
Etﬁc ~ AR + fb_t
Rt Act>\z,t+1 Act

(2) Capitalist’s capital Euler equation:

A
Qre = Etﬂc% [Brirree1 — @ (err1) + (1 = 0) Qura] + }\l_tWQ&EtQ’f»t“
ct Nz t+1 ct

(3) Capitalist’s land Euler equation:

- ]\C - - i -
Qu = Etﬁc% |:Ql,t+1 + Ry | + ;\L_twlgtEth,t-&-l/\z,t—H‘

ct ct

(4) Borrowing constraint:

Bt = &Ey (WIQl,t+1)\z,t+1Lt + W2Qk,t+lf(t> .

(5) Investment growth rate:

(6) Capitalist’s investment Euler equation:

Q

1 = Qupn |1 — 3 (vie — 71)° — Q (yre — Y1) Ve

A,
+ Etﬁc~7—t+1th+1§01,t+19 (Y1441 — 1) 7%,t+1'
Act z,t+1

(7) Capacity utilization decision:
Ryt =y (e — 1) + .

(8) Capitalist’s marginal utility

A ]- clle
I Ben

ct — = ~ — Lt = -
Cct - ncCc,tfl//\zt Cc,tJrl)\z,tJrl - ncCct

(9) Household’s flow-of-funds constraint:

t—1

B . B
C — + RyLy; =
ht 7, + Fiy Lpg \

+ WthtNta

2zt

(G.10)

(G.11)

(G.12)

(G.13)
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(10) Household’s bond Euler equation:

1 Apgit
R ¥ L
R, AptAs i1
(11) Household’s land rental decision:
5,

it — N .
ht

(12) Household’s marginal utility of consumption

é -
o = L0 (éht——”h;’“>
zt

-\ Y
. ~ C 1
— OB L&tﬂ)%’tﬂ <Ch,t+1 - Z\h hi) 3 ] :

z,t+1

(13) Household’s marginal utility of housing

~ 1—vy
—_— _ _ ~ C _
MUL, = SOLtL;ftLt(l o (Cht — Th ;\Lt 1> .
zt

(14) Matching function
my = Pmpugv,

(15) Job finding rate

w_ M
% = U_t
(16) Vacancy filling rate
v _ M
@ = U_t

(17) Employment dynamics:
Ny= (1= p) Ny_1 + my.
(18) Number of searching workers:
u=1—(1—p)Ny_;.

(19) Aggregate production function:

28

(G.14)

(G.15)

(G.16)

(G.17)

(G.18)

(G.19)

(G.20)

(G.21)

(G.22)

(G.23)

(G.24)
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(21) Land rental rate:

Ry = a¢ ¢
" LCt
(22) Capital law of motion:

_ Q
1‘|‘801t 1—_(’71t—’YI)2 I.

K= (1-6)=
e = 5)Azt 5

(23) Aggregate Resource constraint:

L K. .
Co+ L+ G+ (e) )\t Ltk =Y

zt

(24) Land market clears (normalize aggregate supply of land to L = 1):
L+ Ly = Ly = 1.

(25) Optimal vacancy posting:

K Y, B.A el K
1—a)-~+ —Wh+E 1—p .
q¢ = )Nt . ' Act ( )qz)ﬂ

(26) Nash bargaining wage:

h A K
Wih, = Xg( 2 +b+ 1975— - EtM (1-p) (1 - qgﬂ) Vepi——|
ht qr A dt41
where
h%-i-l/ .-
g(hy) = T+ v > 0.
(27) Aggregate consumption
Cy = Cp + Co.
(28) Unemployment rate:
Ut =1- Nt'
(29) The value of the firm:
~ K
JE=—.
Lo

(30) The value of employment:

- ~ h A = = z
JtVV — W,h, — X9~( t) Bh hyt+1 [(1 > (1 _ qgﬂ)) ((]E:l — Jt(il) + thr1i| .

ht Ant
(31) The value of unemployment:

= Bl u u N7
JtU =b+ E, I = [ t+1JtV7[L11 + (1= th)JgA] '
ht

(32) Bargaining solution for hours:

xy'(he) _
Ant

29

(G.25)

(G.26)

(G.27)

(G.28)

(G.29)

(G.30)

(G.31)

(G.32)

(G.33)

(G.34)

(G.35)

(G.36)
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G.3. Steady state.

(1) Shadow value of collateral:

:& Bh - Bc
L R G.37
X x (G.37)
(2) Capital Euler equation
1= &(Rkle—é)—l—ngi. (G.38)
Az A.
(3) Capitalist’s land Euler equation:
(1 - /Bc - gwl]\ﬁ/_\z) Ql = /BCRZ' (G39)
(4) Borrowing constraint:
B = 5 (wlélj\z[/ + CL)QK) . (G40)
(5) Investment growth rate:
Y= Az (G.41)
(6) Investment Euler equation (Tobin’s marginal q):
1
Qr=—=1 (G.42)
Pr
(7) Capacity utilization
Y1 = Ry. (G.43)
(8) Capitalist’s marginal utility
o= L= Ol (G.44)
Cc )\z — e
(9) Household’s flow-of-funds constraint:
e ey
Cn+ R/ L, = ——B+ WhN. (G.45)
(10) Household’s bond Euler equation:
A
R=—. (G.46)
h
(11) Household’s land rental decision:
- MUL
R = ——. (G.47)
Ap

(12) Household’s marginal utility of consumption

B _ -
Ap = [1 - @] L e (1 - @) . (G.48)

¥4 z
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(13) Household’s marginal rate of substitution between housing and non-housing con-

sumption )
_ 5\2 o
MRS, — PLCh A== (G.49)
Lh >\z - Bhnh
(14) Matching function
m = @uuv' e (G.50)
(15) Job finding rate
m
u —_ . . 1
q" = (G.51)
(16) Vacancy filling rate
m
V= —. G.52
¢ = (G.52)
(17) Employment dynamics:
5N = m. (G.53)
(18) Number of searching workers:
u=1—(1-p)N. (G.54)
(19) Aggregate production function:
-\ 1-¢7¢
¥ m 10} K ~Zm 1-a
v=|zrL |+ (ZmNh)-e. (G.55)
(20) Capital rental rate:
YA
Ry =a(l — . G.56
(= all- g2 (G50
(21) Land rental rate:
- Y
R, = aqu—. (G.57)
(22) Capital law of motion:
I 1-6
7 x (G.58)
(23) Aggregate Resource constraint:
C+I+G+rv=Y. (G.59)
(24) Land market clearing condition:
Le+ Ly =1. (G.60)
(25) Optimal vacancy posting:
K Y oo
1—-(1-p —=1—-a)=—-Wh .61
1= (-8 5 = (=) =W (@.6)
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(26) Nash bargaining wage:

~ h - K
WhBh = xg(h) + 19— [1 = Bu(L = p)(1 — ¢")]. (G.62)
Ay, q
(27) Wage rigidity:
W=wnNB, (G.63)
(28) Aggregate consumption
C=0Ch+C.. (G.64)
(29) Unemployment rate:
U=1-N. (G.65)
(30) The value of the firm:
L (G.66)
qu
(31) The value of employment:
3 By calh By
1 Bul1 = p(0 = gD = 0 = X2 50— g (G.67)
h
(32) The value of unemployment:
(1= 81— g")]J” = b+ Bug"J". (G.68)
(33) Market tightness:
v
0=—. :
" (G.69)
(34) MRS for hours:
xg'(h) _ Y
N (1 oz)Nh. (G.70)

G.4. Log-linearized system. We use X, to denote percentage deviation of a stationary
variable X, from the deterministic steady state X. The log-linearized system for the de-

trended system is given below.

(1) Capitalist’s bond Euler equation:

A CR CAC CR]\c
dAey = 5— EdA iy + 5— AR, — STEtd/\z,t—&-l

+Rdji, + fidR,,

Ay = %\R <EtAct+1 + R, — Etj\z,t-l-l) + 7%/1 (ﬂt + Rt) .

z C
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(2) Capitalist’s capital Euler equation:

/N\chkt + de/ict

BeA

—|—%Etd/~\ct+1 [Ri + (1 —0) Q4]
CAC

_%Etd)\z,tﬂ Ry, + (1 0) Q]

Fwal Qrdfty + wod&Qrft + Wl LB dQy 441,

Qk@kt + Qk[\ct

= %Et [Rk (Rkprl + ét+1> — Y€1 + (1 —0) QkaHl]

z

+% [Ri + (1 —6) Q] E; (Act—i—l - 5\z,t+1>

z

+w2§Qkﬁ </1t + ét + Et@k,t+1) .
(3) Capital’s housing Euler equation:
QidA e + AdQy
= B (Ql + Rz) EidA i1 + BACE (dQl,t—l—l + de,t—i—l)

+wy (&E@zd[bt + A aQidé + /_\zg/:LEtdQl,t+1 + g@lﬂEtd)\z,tH)

QiA. (Act + Qlt)
= B (Qz + Rz) AcEheiir + BAE, <Q1Ql,t+1 + Rlél,t—i-l)

+W1S\Z£Qlﬂ </:Lt + gt + Et@l,t—l—l + Etj\z,t+1> :
(4) Capitalist’s binding borrowing constraint:
ABi = (i@ +wQuK ) de

€1 By (NLdQueis + QedLy + Quddesia L)

+Ewo <kEtko,t+1 + def(t>
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A - wi QN
B, = §t+—1€gl <

Et@l,t+1 + Et;\z,t—H)
WEQLK /- .
+% (Kt + EtQk,tJrl) .

where we have imposed the equilibrium conditions that total land supply is fixed at
Lt - 1

(5) Investment growth rate:
Yo+ L1 = I + A
(6) Capitalist’s investment Euler equation:

0 = dQu: + dor — Qyrdryr + Et%fﬁ?dwm,

A ~ — ~ ﬁc N
Qre + 10 = Q77 (’Ylt 3 e |
(7) Capitalist’s capacity utilization decision:
RkRkt = Y2by.

(8) Capitalist’s marginal utility:
_déct + ncdéct—l/j\z - ncécd)\z,t//_\z

dhei = :
(C.(0=n/2))
(€. =n))
[\C[\ct _ _éct + nc/j\z <C’c,t71 - 5\zt)

Co (1= ne/X.)°

_)\z <Cc,t+1 + 5\z,t-l—l) + ncéct

_BcncEt = = )
Cc ()\z - T/c)
(9) Household’s flow of funds constraint:
- dB, BdR, - -
dCh + TR + Ryd Ly + LpdRy,
dB,_, B

5 - ﬁd&t + NhdW, + hWWdN, + NWdh,,

z
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R ( Rt) + RiLy, (th + ﬁht)

Qz

|| wo]

L Chi +
(Bt LA >+WNh<Wt+Nt+ht>.

(10) Household’s bond Euler equation:

~

]\ht = E, </A\ht+1 - 5\z,t+1> + R;.
(11) Household’s land rental decision:
j%t:: jngzh‘_.Ahb

(12) Household’s marginal utility of consumption:

A2

z z

35

~ —y—1
dhpe = —yL{H (éh—”’fh) (déht—%déht_ﬁ”hc"dxzt) (G.71)

~ \ =7
~ C _ dL
+ (Ch - 77%\ h) (1—=7) LfL(l " <111 Lydor: + o1 L:t>

~ —v—1
. C . . c 1
+ By L) <Oh Ll h) E, (dchm ~ dCh + ”f;fdAzm) o~

~ C dL 1
—Brnn (Ch ! h) Lm(l 'E, (111 Lyderi1 + o1 htH) -

Ly A,
-
éh _ 77h0h> d>\z,t+1] 7

Lgl—v)wz 5 >

+Bnmn By

z

|

1
C
(Y ) (Chcht - )\_ZChCht 1+ 77];\ i\ zt> (G.72)

-
~ C - . _ 7
+ <Ch — mi_\ h) (1 —~) Lot (@Lth In Ly, + SOLLht> (G.73)

~ —y—1
_ ~ C nnC
+ By L0 (Gh - ”’; h) (chchtH _ chcht 4 hAzHl) E7eE

Az Az

z

-
- C _ R _oa
—Brnn (Ch - 77115\ h) (1—-7) LfL(l VE, (@LSDLtH InL; + SOLLhtH)

z

>/|| —_

z

+Bunn

(G.75)

~ —Y A
. - A
Li=# (Oh - ”’;Oh> A’t“] . (G.76)
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(13) Household’s marginal utility of housing

~ —’Y ~
AMUL, = @ (1—~) Lot (éh - ”’;Ch> (déht - %déht,l + ”};fh d)\zt>

z z

o\ dL
+orL (éh _ h) LfL(l_v)_l ((1 —y)dorIn Ly + (¢ (1 —v) — 1) ht)

Az

z

AN
+LZL(1_’Y)_1 (éh - mj—\ h) der:.

~ —y ~
MUL mt = ¢r(1—7) LfL(lfv)fl (éh — 77;;\0}1> (éhéht - %é’htfléhtfl + nl;\Ch dj\zt)

z z

~ 1—y
~ C - R - 2
+or (Ch— o h) LT (1= 9) o n Lo+ (P2 (1= 7) = 1) Lne)

AN
+or LfL(l_W)_l (éh — n}i—\ h) DL t-

(14) Matching function:
mt = @mt + cmlt ‘I— (]. — a) QA}t.
(15) Job finding rate:
Qf = mt - '&t-
(16) Job filling rate:
Cjz) = mt - 77t~
(17) Employment dynamics:
dNt = (1 — ﬁ) dNt—l + dmt,
Nt - (1 - ﬁ) Nt—l + ﬁmt
(18) Number of searching workers:
dut = — (1 — ﬁ) dNt—b
uﬁt = — (1 — ﬁ) NNtfl.
(19) Aggregate production function:
Y/;e:Oé [(1—05) ([A{tq*‘ét—;\zt) +¢<Zln+ﬁct>} +(1—-a) (Nt‘i‘ilt‘i‘ZAZn)-
(20) Capital rental rate:
Ry =Y+ Mt — Kioq — &
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(21) Land rental rate:
Ry =Y; = La.
(22) Capital law of motion:

dEK; = (1= 8)dK,_1 /XN, — (1 — 8) K /X2d )\, + dI, + Idgy,,

R 1—6 /- . I /.
K, = X <Kt—1—>\zt>+E(It+<ﬂlt>~

z

(23) Aggregate resource constraint:

5 . _ 5 K _
dY, = dI, + dC., + dChy + 5\% de; + kdv, + dG,,

z

(24) Housing market clearing condition:
Lcl:ct + Lh[:ht - 0

(25) Optimal vacancy posting condition:

K - -
B.dA, 11 K BedA, K K
g llettt gy B p PRt VBB (1 - p) s dg?
= (1—0p) s PR (1—0p) o t8: (1 —p) @) Qi1
K ., Y /0 . - .
i = (1 —a) g (Vi = W) = Wh (W, + h)
K A A K -
#0:(0=p) B (A = Aee) = e B (1= P) i
(26) Nash bargained wage:
_ xhdhy WMydAg Ko grdg)

WNBY, (WtNB + ﬁt> = X — _— <[\h>2 + dﬁtq_” — ﬁ(q”)Q

- K " A - K
(1= p) (=) OB [Rnr = M| + B (1= p) 0 Bty
fidqgﬂ
(¢v)°
Xh1+u

WNE, (WtNB‘i‘iLt) = m ((1+V) Bt_[\ht) +% <1§t—@§)>

+6n (1= p) (1 = ¢") VE,

—Bu(1=p)(1—q") dﬁmq—i
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K A A 3 v U AU
0 (1= 0) (1 =) 0B [Rnes = ] + 0 7 (1= p) " Bty
uy g 9 i~
0 (1= p) (1 =) DB (e = i)

(27) Wage rigidity:

(28) Aggregate consumption:

(29) Unemployment rate
(30) The value of the firm.

(31) The value of employment:

_ _ A A . ~ .
SV = Wihy — Xg~< 2 + B Pl [(1 - P (1 - qu+1)) (Jtlii‘*/l - Jﬁl) + JtUH} - (GT7)

ht Aht
PR = (1 ) = 2 (e )
0 (1= p (L= TV + (1= ) V] By (Arera = Ane)
+maﬁku—¢»ﬂwﬁ+m ¢") IV 5| + Bupa” (Y = JV) Bt

(32) The value of unemployment:

BhAht+1 [

ht

Jt =0+ Ey ;J+1J+1 + (1 qzﬁrl)jgrl] : (G.78)

jthU = B [qu <jW — jU) + jU] E, (Aht—f—l - Aht)
00" (JY = V) Bty + 60 [0 TV Ty + (1= ") TV L]

(33) Market tightness:

(34) Hours:

(G.79)
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H. THE MODEL WITHOUT HOUSING DEMAND SHOCKS BUT WITH SHOCKS TO DISUTILITY
OF WORKING

The labor channel in our benchmark model is an important mechanism that amplifies the
effects of housing demand shocks on labor market variables. To highlight the importance
of the this channel, we consider a variation of the benchmark model without the housing
preference shocks. We still would like to fit the model to the same 6 time series data, so we
need to have at least 6 shocks to avoid stochastic singularity in the estimation.

In this section, we replace the housing demand shock by a shock to households’ disutility
of working. In particular, we allow the term £ in the households’ utility function (Eq (3)
in the text) to be time varying. We assume that the disutility shock follows the stationary

stochastic process
Inx: = (1= p)X + oI xe1 + ey,
where p, is the persistent parameter and €,, is an i.i.d white noise process with mean zero

and variance ai.

H.1. Stationary equilibrium conditions. To induce stationarity, we transform variables
so that

x Chi = Ca + Lt - K 5 Yy = B 5 T
Cht = Z_f’ Cct: Zf’ t:Z_tp7 Kt:Z_fy }/;:Z_f’ Btzz_gﬂ Tt:Z_f’
~ Qlt ~ th T Wt IrNB WNB & St X

Qlt = Z_tp7 th = Z_f’ Wt = Z_tpa Wt = th ) St = Z_tpa Act = Athfa

) ) R N

Aht = Ahtth; ,ut = /.Lth, JtF = Z—ttp, Jt = Z_ttp, Jt = Z_tf

The stationary equilibrium is summarized by a system of 34 equations for 34 variables fi;,
Qe Qlty Bt; Yit, ft, €, ]\ct; éht, Ry, Ly, ]\ht; me, q's q; Ny, uy, Y/Q, Ry, th, f(t, ét; L, vy,
WtNB, S, Wt, C., Uy, jf, th, th, 0;, and h;. We write the equations in the same order as
in the dynare code.

(1) Capitalist’s bond Euler equation:

1 Ac t+1 [I’t

— =FEf—— + —. H.1
Rt ' Act/\z,t+1 Act ( )

(2) Capitalist’s capital Euler equation:

A,
Qe = Etﬁc]\’—Hl [Ritv16t41 — P (e441) + (1 —0) Qrpv1] + /f;—twftEtQk,tH (H.2)
ct Nz t+1 ct

(3) Capitalist’s land Euler equation:

Qu = Etﬁc% Quit1 + R | + X—twlftEth,tH)\z,tﬂ- (H.3)

ct ct
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(4) Borrowing constraint:

Bt = §Ey <W1Ql,t+1)\z,t+1Lct + w2Qk,t+1f(t> . (H.4)
(5) Investment growth rate:
I, I,
— == =—Au H.5
I, Vit i t (H.5)

(6) Capitalist’s investment Euler equation:

Q
1 = Quen |1—=(m— 71)2 — Qv — 1) e

2
Ac,t—i—l _ 2
+ Etﬁc~—th+1<PI,t+1Q (71,t+1 - ’YI) Vita1- (H6)
Act)‘z,t+1
(7) Capacity utilization decision:
Rkt = 72 (et — 1) -+ Y1- (H?)
(8) Capitalist’s marginal utility
A 1 clle
Act — Et =~ /B T] (H8)

éct - ncéc,tfl/Azt N

(9) Household’s flow-of-funds constraint:

Cc,tJrl )\z,tJrl - nccct

~ B ~ B, ~
Che + 4 Qu (Lpt — Lipg—1) = L Wihy Ny. (H.9)
Rt )\zt
(10) Household’s bond Euler equation:
1 Anina
— = B, —2 (H.10)
Ry Aht/\z;t—s—l
(11) Household’s land Euler equation:
- A -
Qu = MRS + Efy, ;\’Hl Qui+1, (H.11)
ht

where the marginal rate of substituition between housing and consumption is given
by
MUL
MRSy, = ——.
Apy
(12) Household’s marginal utility of consumption

é -
R (éht——"h A)
zt

~ -
. ) C 1
Ly (Ch,t+1 . ’”) S ] . (H.12)

— B E; 3
2z, t+1 z,t+1
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(13) Household’s marginal utility of housing

~ 1—v
—_ — _ _ ~ C _
MULt = (pLLftL(l 7)1 (Cht — N ht 1> .

(14) Matching function
my = Empugv;

(15) Job finding rate

u_ M
% = U_t
(16) Vacancy filling rate
v _ M
% = U_t

(17) Employment dynamics:
Ny=(1—=p) Ny_1 4+ my.
(18) Number of searching workers:
u=1—(1—p)Ny_1.

(19) Aggregate production function:

07

. 1—¢
~ e K o
Y= (2" Lesn)’ (%) (Z N
2t
(20) Capital rental rate:
?t)\zt
Rkt == Oé(l - ¢) = .
ey 1
(21) Land rental rate:
: 7,
Ry = :
It a(ch,tq
(22) Capital law of motion:
. K,_ 0 -
K=0-0="4+0n|1-=(yu—")°| I
Azt 2
(23) Aggregate Resource constraint:
T K -
Ct+It+Gt+q)(et) +/€’Ut:Y;5.

2zt

(24) Land market clears (normalize aggregate supply of land to L = 1):

Lct + Lht - 1

41

(H.13)

(H.14)

(H.15)

(H.16)

(H.17)

(H.18)

(H.19)

(H.20)

(H.21)

(H.22)

(H.23)

(H.24)



SUPPLEMENTAL APPENDICES: LAND PRICES AND UNEMPLOYMENT 42

(25) Optimal vacancy posting:

Y (& C,
L (1—a)ﬁt—Wtht+EtﬁAt+l (1—p)—. (H.25)

qr t ct i1

(26) Nash bargaining wage:

ey, < Xadth) 0 — Ef"Ah Sl —p) (1= q%) Pe——o |, (H.26)
ht qt ht di+1
where
g(hy) = f%::, v > 0.
(27) Wage rigidity:
Wy =W,y + (1 — ) WNE, (H.27)
(28) Aggregate consumption
Cy = Ch+ Cop. (H.28)
(29) Unemployment rate:
U,=1- N, (H.29)
(30) The value of the firm:
JgF== (H.30)
dy

(31) The value of employment:

B B h A B B B
Y i, — X9 g mAh i+ [(1 —p(1=q4)) (JtVK1 - JtUH> + ng} . (H.31)
ht ht

(32) The value of unemployment:

6 u u T
Jt =b+ Et% [ t+1JtVJ[:1 + (1 - qt+1)‘]grl:| . (H.32)

ht
(33) Market tightness:
g, = . (H.33)
(34) MRS for hours:

Xeg'(he) _ oy Yo (H.34)
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H.2. Steady state.

(1) Shadow value of collateral:

:& ﬁh - Bc
- ==t re H.35
X x (H.35)
(2) Capital Euler equation
Be -
=—(Rr+1—-9 . H.36
)\Z( K+ ) + Ewa X (H.36)
(3) Capitalist’s land Euler equation:
(1 — B, — Ew Aﬁ ) O, = B.R. (H.37)
(4) Borrowing constraint:
B = g <W1Ql5\ch + W2f(> . (H38)
(5) Investment growth rate:
= As (H.39)
6) Investment Euler equation (Tobin’s marginal q):
(6) q ginal q
1
Qr=—=1. (H.40)
Pr
(7) Capacity utilization
Y1 = Rk (H41)
(8) Capitalist’s marginal utility
A, = L= e 50770 (H.42)
C. A
(9) Household’s flow-of-funds constraint:
5 —Dn &
Ch = B+ WhN. (H.43)
(10) Household’s bond Euler equation:
A
R="". H.44
5 (H.44)
(11) Household’s land Euler equation:
(1—Br)Qi = MRS;. (H.45)

(12) Household’s marginal utility of consumption

B _ -
Ah _ {1 _ @} LfL(I*V)Ch*’Y (1 _ @) . <H46)

¥4 z
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(13) Household’s marginal rate of substitution between housing and non-housing con-

sumption
5.Ch A —
MRS, = P2 22T Th (H.47)
Lh )\z - Bhnh
(14) Matching function
m = @uuv' e (H.48)
(15) Job finding rate
m
Y= —. H.49
q" = (H.49)
(16) Vacancy filling rate
m
Y= —. H.50
¢ = (H.50)
(17) Employment dynamics:
pN =m. (H.51)
(18) Number of searching workers:
u=1—(1-p)N. (H.52)
(19) Aggregate production function:
-\ 1-¢7¢
¥ m 1) K ~Zm 11—«
Y =|(Z"L,.) b (Z™Nh)—. (H.53)
(20) Capital rental rate:
YA,
R =a(l - — . H.54
p=oll=0)— (H.54)
(21) Land rental rate:
- Y
Rl = Oé(b—. <H55)
L
(22) Capital law of motion:
I 1-6
==1—-——- H.56
= x (H.56)
(23) Aggregate Resource constraint:
CH+I+G+r=Y. (H.57)
(24) Land market clear
Lo+ Ly=1. (H.58)
(25) Optimal vacancy posting:
K Y oo
1—-(1=p)B] —=1—-a)=—-Wh H.59
1- (=P8 5 = -0y (11.59)
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(26) Nash bargaining wage:

By h B
vy, = 90 I (1= Bu(1 = p)(1 — q")]. (H.60)
A, q
(27) Wage rigidity:
W=wnNB, (H.61)
(28) Aggregate consumption
C=0Ch+C.. (H.62)
(29) Unemployment rate:
U=1-N. (H.63)
(30) The value of the firm:
L (H.64)
qu
(31) The value of employment:
3 By calh By
1 Bul1 = p(0 = gD = 0 = X2 50— g (11.65)
h
(32) The value of unemployment:
(1= Bu(1 =) = b+ g ™. (H.66)
(33) Market tightness:
v
0=—. H.
; (1.67)
(34) MRS for hours:
Xg'(h) Y
=(1—a)—. H.
N - T YRg, (H.68)

H.3. Log-linearized system. We use X, to denote percentage deviation from the deter-
ministic steady state X for any detrended variable X;. The log-linearized system for the

detrended system is given below.

(1) Capitalist’s bond Euler equation:

e CR CAC CR]\c
dAey = 5— EdA iy + 5— AR, — STEtd/\z,t—&-l
+Rdji; + pid Ry,
- R R R . Rii /. .
A = Bj\z <EtAct+1 + R — Et)\z,t-i—l) + A_,u (Mt + Rt) .

C
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(2) Capitalist’s capital Euler equation:

/N\chkt + de/ict

BeA

—|—%Etd/~\ct+1 [Ri + (1 —0) Q4]
CAC

_%Etd)\z,tﬂ Ry, + (1 0) Q]

Fwal Qrdfty + wod&Qrft + Wl LB dQy 441,

Qk@kt + Qk[\ct

= %Et [Rk (Rkprl + ét+1> — Y€1 + (1 —0) QkaHl]

z

+% [Ri + (1 —6) Q] E; (Act—i—l - 5\z,t+1>

z

+w2§Qkﬁ </1t + ét + Et@k,t+1) .
(3) Capital’s housing Euler equation:
QidA e + AdQy
= B (Ql + Rz) EidA i1 + BACE (dQl,t—l—l + de,t—i—l)

+wy (&E@zd[bt + A aQidé + /_\zg/:LEtdQl,t+1 + g@lﬂEtd)\z,tH)

QiA. (Act + Qlt)
= B (Qz + Rz) AcEheiir + BAE, <Q1Ql,t+1 + Rlél,t—i-l)

+W1S\Z£Qlﬂ </:Lt + gt + Et@l,t—l—l + Etj\z,t+1> :
(4) Capitalist’s binding borrowing constraint:
ABi = (wiQ\Le+waQuK) dgy

1By (NLedQues + QoL + Quidei L)

+Ewo <kEtko,t+1 + def(t>
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. W QN L, /- . .
B, = &+ % (Lct + EiQui1 + Et>\z,t+1)
Wl QLK /- R
+& <Kt + EtQk,t—i—l) .

(5) Investment growth rate:
e+ Loy = I+ A
(6) Capitalist’s investment Euler equation:

0 = dQu: + dor — QYrdryr + Et%QV%d%tHa

z

A ~ _ ~ ﬂc — A
Qre + o1t = Q77 (%t — 5\—7171,15+1 .

(7) Capitalist’s capacity utilization decision:
Ry Ryt = 7264

(8) Capitalist’s marginal utility:

_déct + ncdéct—l/j\z - ncécd)\z,t/;\z

e = -
(Cc(t=n/.))
—B.n.E; —AedCoyr — écd/\z,tﬂ 2+ Ucdéct7
(G =n)
ACACt _ - Act + nc/j\z (Cfc,tfl - 5\zt)

C.(1- 776/5\2)2

_S\z <C’c,t+1 + 5\z,t-‘rl) + ncéct

_ﬁcncEt = - 2 .
Oc ()\z - 77(:)

(9) Household’s flow of funds constraint:

- dB, BdR, -~
dChs + # - L4+ Qi (dLp — dLps1)
dB,_, B

et NhdW; + hWdN, + NWdh;.

z
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. B /- . . . .
CrCht + R <Bt — Rt) + QL (Lht — Lhtq)
B /- . . . A
= X_ t—1 — Nzt t t t] -
j B Mot )| FWNAh (W, + N, + h
(10) Household’s bond Euler equation:
]\ht = E, <Aht+1 - 5\z,t+1> + Rt-
(11) Household’s housing Euler equation:
QA + AndQy
= MRSidAy + AydM RSy, + ﬁthEtd[\ht+1 + ﬁh[\hEtdQl,t+1a
Ql]\h (Aht + Qu)
— MRSiA, <Aht + MRSht) + BuAL QI (Aht—l-l + Qz,t+1> ;
where
M/\R;Sht = mt - Aht'
12) Household’s marginal utility of consumption:
(12) g y p
AN ¢
dAp = —yLfH07Y <éh - ”’;:) (dC‘ht Zthht , ”’SthAzt> (H.69)
| dL
o= Y (e
W Ly,
a\ é 1
+ By LEY A & — Th dCpr — 2 aChy + ANy | —
. A, A2 A
mCi\ dL 1
~ hCh (1—) ht+1
— — - 1—~)L7E E —
Bunn (Ch N~ ) (1—-7)L; ’ (ch I ) N
Ch\ | dX
(1) = MhCn zt+1
+BymnEy | Ly, <Ch Y ) A2 ] ;
~ —y—1 ~
- B N C - ~ Ch «
Awhpe = —yLeH0 (ch - ”’% ’”‘) (chcht— g—”ChCht_l +%Azt> (H.70)

~ \ 7
~ C _ A
+ <Ch -5 h) (=L (frlm) (H.71)
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~ —y—1
o~ mC c
+ By L0 (Ch - ”’% h) (ohchHl - —chcht + ""A ’uzm> 172

z )\Z
&\ 1
B | =B (=) 25 VB (puken ) + (H.73)
A, Az
~ -y A
_ - A
B Es Lgl el (Ch - nf;\Ch> ),\t+1] . (H.74)

(13) Household’s marginal utility of housing

~ -y
AMUL, = @1 (1—~)Le-0-0! (éh - ”h0h> (d(:*ht - %déht,l + 1 Ch d)\zt>

~ 1—v
~ C ) dL
4o (ch - ) L0 (e =) - 0 ).

z

MUL MUL, = @, (1—~)Lf0-0" ( "hch> (ChC’ht L Tt Gt Ce 1+mj\Chd>\zt)

- C .
+@r, (Ch . 77};_\ h) L‘PL(l - 1 . i 1) Lh,t> .

(14) Matching function:
my :Qbmt‘i‘afbt‘i‘(l—a,)'ﬁt
(15) Job finding rate:
g, = my — Uy.
(16) Job filling rate:
(jf = my — Uy
(17) Employment dynamics:
dNt = (1 — ﬁ) dNt—l + dmt,
Nt - (1 - ﬁ) Nt_l + ﬁmt
(18) Number of searching workers:
dut = — (1 — ﬁ) dNt—b
uty = — (1 — p) NN,_,.
(19) Aggregate production function:

Yt:a [(1—¢) (thl‘i‘ét_j\zt) +¢<ZAtm+fzc,tf1)] +(1—Oé) <Nt+ilt+ZAZn)-
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(20) Capital rental rate:
Ry =Y, + Xy — K1 — é.
(21) Land rental rate:
Ry =Y, = Loy
(22) Capital law of motion:
dK; = (1 = 0)dK;_1 /N, — (1 — 8) K/ N2\, + dI, + Idey,,

19 . I /.
- (Ktl )\zt)‘i‘?(It"—(plt)-

(23) Aggregate resource constraint:

K, =

. . _ _ K _
dY, = dI, + dC.y + dCpy + ;1 de, + rdv, + dGy,

z

N 1: C. C K KV G .
Yi==1I+ Ct+ ~hCht+—fy~1ét+—Ut+ Gt
Y ALY Y

(24) Housing market clearing condltlon:
Lcict —|— Lhzht = 0

(25) Optimal vacancy posting condition:

K dy; Y - -
———dg, = (1 —a) — — (1 — a) —dN; — hdW; — Wdh
(qv)Q qt ( Oé) N ( Oé) N2 t t t
ﬁcd]xc t+1 K 5cd]\c t K K
+E——————(1—p) — —E——(1—p) — — EB.(1 — p) —=dq;
7 (1-p) s PR (1—p) o t8: (1= p) @) Gi'+1
q
K o
+6: (1= p) q_vEt (Ac t+1 ) ﬁc ¢’ Ey(1=p) G4
(26) Nash bargained wage:
B . R h1+u hvdh h1+1/ ]\ -~ v
TWNBp, (V[/tNB X ht) _ dxt xhdhy XA\ +d79t£ B lgf‘fd%

(1+v)A, Ay (14 ) (Ah)Q q" (")

K « A K
=B (L =p)(1—q") 19—vEt [Ah,m - Ah,t} + B (1= p) 19q7EtdQ?+1

quzf+1

(q°)°
—Br(1—p) (1 —q") dﬁt+1qﬁv

+6n (1= p) (1 - ¢") VE,
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1
i NB =NB , 7\ . X v
WHPh (W, +h) = =—"————
t
Ah (1 —|— I/)

K A A - K .
—Bn(1—=p)(1—gq )ﬁaEt |:Ah,t+1 - Ah,ti| + ﬁhﬁq_” (1-p)q¢"Eid,

()A(t+(1+7/) iLt—/A\ht> l;/i (&‘@f)

- K ~ .
—Br(1—p) (1 —q") ﬁ?Et (1916+1 - qt+1>

(27) Wage rigidity:
Wt - ¢Wt_1 + (]. - 1/)) WtNB.

(28) Aggregate consumption:

(29) Unemployment rate
(30) The value of the firm.

(31) The value of employment:

By By h A By 3 By
Wy, X () BB [(1 —p(1—-g")) (.JtVK1 . JtUH) n ng} . (H.75)
Apy A
VI =W (Wt he) = 2 (3 (14 0 by — A
! A (1+v)

0 [ = 5= )T +5(1 =) 7] B (Anis = Ane)
BB (L= p (L= ") TV I+ 5 (1= 0" JUIE] + Bupa” (T = JV) Bud.

(32) The value of unemployment:

th =b+ E,—— [q;t-g-ljt‘i‘l-/l +(1— qzﬁrl)jtqd] . (H.76)

JUJ = by [q" <JW - jU) + jU] E, (f\hm - Aht)
o (T = TV) Bty + BBy " TV I+ (L= ) UL |
(33) Market tightness:

9t = V¢t — Ug.

(34) Hours:
xtg' (he) Y,
At Nihy

)A(t+7/ilt—]\ht:?t—]\7t—ilt

=(1-a)

(H.77)



SUPPLEMENTAL APPENDICES: LAND PRICES AND UNEMPLOYMENT 52

[. THE MODEL WITHOUT HOUSING DEMAND SHOCKS BUT WITH SHOCKS TO THE JOB
SEPARATION RATE

In this section, we replace the housing demand shock by a shock to the job separation

rate. We assume that the job separation shock follows the stationary stochastic process

Inpy=(1=pp)p+pplnpei+epm,

where p, is the persistent parameter and €, is an i.i.d white noise process with mean zero
and variance 0.

The stationary equilibrium is summarized by a system of 34 equations for 34 variables fi;,
th; Qlt7 Bt7 fy]tu jt7 €, Acta éht7 Rt7 Lht7 Ahb my, qzllu q;ju Nt7 Uy, 5};7 Rkt7 th Ktu ét; Lct; (%)
WtNB, S, Wt, C., Uy, jf, th, th, 0;, and h;. We write the equations in the same order as
in the dynare code.

(1) Capitalist’s bond Euler equation:
1 A, i
S BBttt (1.1)
Rt Act>\z,t+1 Act

(2) Capitalist’s capital Euler equation:

A,
Qe = Etﬁc~#Jrl [Ritr1€i41 — P (erp1) + (1 —0) Qraga] + fb_tw2£tEtQk,t+1 (L.2)
Act)\z,t—i-l ACt

(3) Capitalist’s land Euler equation:

. A, N . i .
Qu = Etﬁc% |:Ql,t+1 + Ry | + ;\L_twlgtEth,t+l)\z,t+l- (L.3)

ct ct

(4) Borrowing constraint:

By = &y (wlél,t—&—l/\z,t—&-cht + W2Qk,t+1f(t> : (1.4)

(5) Investment growth rate:

(6) Capitalist’s investment Euler equation:

Q

1 = Quen |1- 3 (yre — 71)° — Q (y2e — 1) Ve
]\c,t—i-l _ 2
+ EiBer—"—Qris191:112 (V1001 — V1) Vrt41- (1.6)
Act z,t+1

(7) Capacity utilization decision:

Ry = (er — 1)+ . (1.7)
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(8) Capitalist’s marginal utility

A 1 clle
Act = = = — Et = 5 ?7 =~ . (18)
Cct - nccc,t—l/)\zt Cc,t—i—l)\z,t—i-l - 7/]ccfct

(9) Household’s flow-of-funds constraint:

~ B ~ _ ~
Cht + Et + Qu (Lpt — Lpg—1) = Ly Wihy Ny. (1.9)
t 2t
(10) Household’s bond Euler equation:
1 Anina
Eifp—"— (1.10)
Rt ApeA. t+1
(11) Household’s land Euler equation:
~ Ah,t—o—l ~
Qu = MRSy + E/3,——Qi41, (I.11)
Apt
where the marginal rate of substituition between housing and consumption is given
by
MUL
MRSlt - = :
Apt

(12) Household’s marginal utility of consumption

- —
- Chi
Aht _ LftL (C o — MhCht—1 )

)\zt
Cri) 1
— BumEr | L ( G — D . (1.12)
)\Z,t+1 )\z,t+1
(13) Household’s marginal utility of housing
Crr
MUL, = @ L0 (éht — ;“) . (1.13)
2t
(14) Matching function
my = Eppulo; (I.14)
(15) Job finding rate
my
= I.15
4y U ( )
(16) Vacancy filling rate
my
= —. I.16
4y ” ( )

(17) Employment dynamics:

Ny = (1—ps) Ny_1 +my. (I.17)
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(18) Number of searching workers:
Ut = 1-— (1 — ,Ot)Nt—l‘

(19) Aggregate production function:

67

Yo = [(Z"Lesn)’ (‘gtftt‘l) - (Z"hN,)' ™ .
(20) Capital rental rate: )
Y\,
R = a1 — ¢) et}(t;.
(21) Land rental rate: i
R, = agbij_l

(22) Capital law of motion:

~ K,_ Q
K;=(1-9) )\ttl‘i‘@lt 1—5(’7175—”71)2 I.

(23) Aggregate Resource constraint:

K, ~
tl"’l‘i?}t:Yz.

ét+jt+ét+q)(et)

2t

(24) Land market clears (normalize aggregate supply of land to L = 1):

Lct + Lht - 1
(25) Optimal vacancy posting:
K Y/;f F Bc[\c t+1 K
—=(1-a)— —Wh + E,—= 11— .
qr ( )Nt o ' At ( ptH) di't1

(26) Nash bargaining wage:

~ h K A K
WNBp, = M_i_b_i_ﬁt_v_EtM (1= pei1) (1_q;$+1) Desr1—
At qy ht Qi1
where
e
hy) = .

(27) Wage rigidity:
Wy =Wy + (1 =) WNE,
(28) Aggregate consumption
Cy = Cp + C.
(29) Unemployment rate:
U =1-—N,.

54

(1.18)

(1.19)

(1.20)

(1.21)

(1.22)

(1.23)

(1.24)

(1.25)

(1.26)

(1.27)

(1.28)

(1.29)
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(30) The value of the firm:

gr== (1.30)
dy
(31) The value of employment:
- - h A - - -
TV = Wk, — X*"A( QRN ONE VRIS [(1 — e (1= g"1)) (J,?L - ng) + Jt’il} . (L31)
ht ht
(32) The value of unemployment:
- Bl [ 5 w \ i
Jy =0+ EtA—tH [C]t+1JtVK1 +(1- Qt+1)<]gr1] : (1.32)
ht
(33) Market tightness:
Ut
0y = —. [.33
= (133
(34) MRS for hours:
xg'(h) Yi
=1—-« [.34
o (1.34)
[.1. Steady state.
(1) Shadow value of collateral:
A _bu=Pe (1.35)
A. Az
(2) Capital Euler equation
- é(Rk—kl—(S)ijwQAﬁ. (1.36)
(3) Capitalist’s land Euler equation:
(1 - 50 - gwlj\ﬂ/\z) Ql = BCRZ' (137)
(4) Borrowing constraint:
B=¢ <w1Q15\2LC + wgff) . (1.38)
(5) Investment growth rate:
V= As (1.39)
(6) Investment Euler equation (Tobin’s marginal q):
1
Qp= — =1 (1.40)
(2

(7) Capacity utilization
Y1 = Rk (141)
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(8) Capitalist’s marginal utility

A, = — f ﬂ clle.
C. A
(9) Household’s flow-of-funds constraint:
N
=P B
(10) Household’s bond Euler equation:
R=2:
Bn

(11) Household’s land Euler equation:
(1 — ﬁh)@l - MRS[

(12) Household’s marginal utility of consumption

X Bhnh oL(1—y) -
A, = L* 1—— .
" { A ] G\t

z z

56

(1.42)

(1.43)

(1.44)

(1.45)

(.46)

(13) Household’s marginal rate of substitution between housing and non-housing con-

sumption
5.Ch A, —
MRS, = PLYh h '
Lh >\z - Bhnh
(14) Matching function

m = @uuv' ™.

(15) Job finding rate

L m
¢ =—.
u
(16) Vacancy filling rate
, m
¢ =—.
v
(17) Employment dynamics:
pN =m.

(18) Number of searching workers:
u=1—(1-p)N.

(19) Aggregate production function:

67

-\ 1-¢
Y = |(Z™L.)* (?) (Z™Nh)'~

(1.47)

(1.48)

(1.49)

(L50)

(L51)

(1.52)

(L53)



SUPPLEMENTAL APPENDICES: LAND PRICES AND UNEMPLOYMENT
(20) Capital rental rate:

Re=a(l - ¢)Yf??

(21) Land rental rate:

~ Y
R[ = Oé(bL—C
(22) Capital law of motion:
I 1—
= = ]_ - = 5
K Az

(23) Aggregate Resource constraint:
C+I+G+rv=Y.
(24) Land market clear
L.+ L,=1.
(25) Optimal vacancy posting:

K Y
1—(1-p)B] = =(1—a)— — Wh.
1= (=P 5 = (=) =W

(26) Nash bargaining wage:
~ h - K
WhBp = X“%( ) +b+ 19? [1— Br(1—p)(1—q")].
h
(27) Wage rigidity:
W = WNB
(28) Aggregate consumption
C=0C,+C.
(29) Unemployment rate:
U=1-N
(30) The value of the firm:
Jr==
q'l)

(31) The value of employment:
= u\l T T Xg(h = u\ T
[1—Bu[l = p(1 —¢*)]J"V =Wh— X?\( ) + Brp(1 —q*)JY.
h

(32) The value of unemployment:
(1= Bl = g")]JY =b+ Bug"J".

(33) Market tightness:

o=".
Uu
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(1.54)

(1.55)

(L56)

(L57)

(1.58)

(L59)

(.60)

(1.61)

(1.62)

(1.63)

(1.64)

(L.65)

(1.66)

(L67)
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(34) MRS for hours:

=
Q\
—
=

—(1- a)NLh. (1.68)

Ap

[.2. Log-linearized system. We use X, to denote percentage deviation from the deter-
ministic steady state X for any detrended variable X;. The log-linearized system for the

detrended system is given below.

(1) Capitalist’s bond Euler equation:

A /BCR Bc]\c /BCR]\C
dAey = X EydAcpq + X dR; — N EdX; i1
+Rdji; + pdRy,
A R N . . Rii /. .
Ao = 55\2 <EtAct+1 + R, — Et)\z7t+l> + /NX_/j (Mt + Rt) .

(2) Capitalist’s capital Euler equation:

Achkt + de]\ct

B,

—|—%Etd]\ct+1 [Ri + (1 —9) Q4]
CAC

_ﬁ/_\2 EydA; i1 [Rie + (1= 0) Qi

+wal Qrdpy + wad§Qrft + Wl LB dQy p 41,

Qk@kt + Qk[\ct

_ %Et [Rk (ka + ét+1> — b + (1= ) Qkam]

+f—: (R + (1 —0) Q] E (ActJrl — 5\z,t+1>
+wal Qi (ﬂt +&+ Et@lat-&-l) :
(3) Capital’s housing Euler equation:
QudAe + AedQu
= B (Qz + Rz) EydA 1 + BAE, (dQl,t—H + de,t—i-l)

oot (NEQulfi + NofiQudSe + MEREAQu 11 + EQi BN 11 )
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Qi ( ct T Qlt)
= B (Qz + Rz) AE A i1 + BB, (Qle,tﬂ + Rlél,tH)
+WAEQufi (ﬂt + ét + Et@l,t—l—l + Etj\z,t—i—l) :
(4) Capitalist’s binding borrowing constraint:
dB, = (MQz)\ch + wszf(> dé;
+Ew1 By (AchdQl,t—&-l + QN\.dLe + de/\z,t+1Lc>

+Ews (REtko,tH + def(t>

A ~ wifQIN L. /- . )
B = &+ % (Lct + EiQi 41 + Et)\z,t+1)
w K
+ 2€§k <Kt + EtQk t+1>

(5) Investment growth rate:
A+ Loy = 1+ Ao

(6) Capitalist’s investment Euler equation:

0 = dQu: + dor — Qyrdryr + Et%QV%d%tHa

A . o . Be
Qrt + ¢re = Q77 (’Ylt 5\— VYV e+1 ) -

(7) Capitalist’s capacity utilization decision:
Ry.Ryy = 126,
(8) Capitalist’s marginal utility:
—dCu + 0edCs1 /. = nCed)es/ N2
(Ce—n/n))
_S\zdéctJrl - écd>\z,t+1 + 'flcdéct

(Cc(h—n))

d]xct

_BcncEt
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- Act + 77(:/5\2 <C’c,t71 - 5\zt>
C.(1- 770/5\,2)2

_>\z <C’C7t+1 + 5\z,t-‘,—l) + 7/]cCA’ct

[\c[\ct =

_5cncEt ~ - B}
Cc (Az - 770)
(9) Household’s flow of funds constraint:
- dB, BdR, -
dCh + # — Ft + Qi (dLpt — dLp4—1)
dB,., B . . .
= j\t L_ ?d)\n + NhdW; + hWdN, + NWdh;.
. B /- . - . .
CrCh + R <Bt — Rt) + QiLp (Lht - Lht—l)
B /- A - L
- j\—z (Bt—l - )\zt> ‘l— WNh (Wt -+ Nt -+ ht> .

(10) Household’s bond Euler equation:

Aht = E, <Aht+1 - 5\z,t+1> + Rt-
(11) Household’s housing Euler equation:

QldAht + [\thlt
= MRSidAy + AdM RSy + 81,QiEdA gy + ﬁh/N\hEtdQl,t—&-la

QA (Aht + Qu)
— MRSA,, <Aht + J\?R\Sht> + BrAnQuE, ([\ht—i-l + Qz,t+1> ;

where

M/\R;Sht = ]\7U\Lt - /A\ht.

60
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(12) Household’s marginal utility of consumption:

z A2

=\ =
) . L
T e 07 il P
s Ly

~ —y—1
o= mC ) - C 1
+5h77h7LfL(l ? (Ch - n};—\ h) Ey (doht—l-l - %dcht + n}i\th)\th) X

=\ 7
5 ¢ - dL 1
—Brnn | Ch — fIhh (1—7) LS;L’L(l 'y)Et o1 1) L
As Ly, AL

~ -
_ ~ C dX,
Lgll Y)eL <Ch . 77};\ h) )\,215-&-1] ’

~ —y—1
_ N C N . C
dhy = —yLe0 <ch— nhx h) (dCht - %dcht_1 + I hd)\zt> (1.69)

+Brnn By

—y—1
Al = —yLeH0Y (éh - ”§Ch> (C*héht - g—héhéhtfl + ”’;—Chﬂzt> (1.70)

~ \ =7
~ C _ .
+ <Oh — n};—\ h) (1 — ) Lg0 (@LLht> (L.71)

z

~ —v—1 ~
_ ~ C ~ A - A C
+5h77h7LiL(1 K (Ch _ I h) E, (Chcht+1 - %Chcht + Ihh zt+1> —1.72)

-\ 7
) o ) ) 1
B [ G = ) (1 ) Lr R, (@LLMI) — (1.73)
A\, Az
~ -y A~
. . A
By LS e (Ch o nf;\Ch> ;H] . (1.74)

(13) Household’s marginal utility of housing

z

~ 1—v
~ C ) dL
+oL (Ch - T]i;\ h) Lyt ((@L (1=7)—-1) ht> :

z

~ —y ~
— o ~ C ~ C
DMTL, = g1 (1—7) L0 1<Ch‘n§ ) (dc’” Ao+ 7t hdA“)
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~ N\ Y
—_—~ _ — AN ~ C ~ ~ C
MUL MUL, = @ (1—~) Lottt (C’h— n’;—\ h) <ChCht X L Cht1Cher + 771; hd)\zt>

z z

z

~ 1—v
= C - .
oL (Oh -2 ) L (0 =7) = 1) L)

(14) Matching function:
my :@mt—i-aﬂt—i—(l—a)@t
(15) Job finding rate:
4y = my — Uy.
(16) Job filling rate:
Cj;:) = mt - @t-
(17) Employment dynamics:
dNt = (]_ — ﬁ) dNt_l — Ndpt + dmt,
Ny = (1= p) Ne—1 + p (1l — pr) -
(18) Number of searching workers:
du; = — (1 — p) dNy—1 + Ndpy,
uly = — (1 — p) NN,_y + Npp,.
(19) Aggregate production function:
Yt = [(1 —9) <Kt—1 +é — 5\zzt) +o (ZZ” +f/c,t—1>] + (1 —a) <Nt ‘f'ibt + Ztm> .
(20) Capital rental rate:
Ru=Yi+ Aot — Koy — 6
(21) Land rental rate:
Ry =Y, = Lega.
(22) Capital law of motion:
dK; = (1 = 0)dK;_1 /N, — (1 — 8) K /N2>, + dI, + Idey,,

.10
K, =

. I/.
- (Kt 1— )\zt> + I (It + <P1t> :
(23) Aggregate resource constraint:

d@t + IidUt ‘I— dét,

~ ~ ~ ~ K
dY; = dI, + dCuy + dCiy + ;1

z

. O A Kvi . kv G .
¢+ =Cq + ThCht + = ;Y;Gt + ?Ut + ?Gt-
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(24) Housing market clearing condition:
ch/ct + Lh[:ht - 0

(25) Optimal vacancy posting condition:

. 7 -
A A
+Et60d ~c,t—&-l (1 )iv i Etﬁcd~ c,t (1 . )iv
A q
K K v
—Efedpiia— — Evfe (1 — p) ——dgi'y,
q (¢*)
. Vo
Y A A K — A =\ ~v
+B:. (1 —p) q_vEt <Ac,t+1 — Ac,t> — »ch—vEt [PPtH +(1—p) Qt—l—l]

(26) Nash bargained wage:
xh¥dh, A xd Ay a9 K nda

— —

b aen () @y

WNBh <WtNB "‘ ilt> -

_K ~ R
—Br(1—=p) (1 —q") 19EE15 [Ah,t-i-l - Ah,t}
K K
+6n (1 —q") 19q—vEtht+1 + B (1 —=p) ﬁq—vEtdeH

fidqgﬂ

(q")?
" K

—Bn (1 - P) (1 —q )dﬁt—l—lg

+0n (1= p) (1 = ¢") VE,

WNER (WtNB +ilt> = #1:/”) ((1 +v) hy _Aht) + % <1§t —Qf)

- K ~ ~
— B (1 - /7) (1 - qu) Q9EEt |:Ah,t+1 - Ah,t}
i u ~ q v u ~U
+5h19q—v (1—=¢q") pEipry1 + 51119? (1-p) ¢"“Eiqgi'y4
- K ~ Av
—Brn(1—=p)(1—q") ﬂaEt (1975+1 - C]t+1>

(27) Wage rigidity:
Wt = th_l + (1 - ’Qb) WtNB.
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(28) Aggregate consumption:

(29) Unemployment rate

UU, = —-NN;
(30) The value of the firm.
I =—a
(31) The value of employment:
th = I/AIJ/tht Xg () + i M [(1 GR! (1 - q;t+1)) (jtvfl - jgrl) + jt[ili| - (L75)
ht ht

R a (

8 |1 = (=) Y 45 (1= ¢") 7] B (Aniss = )
BB (L= p (L= ) VI + (1= q") TV

— (U= q*) (T = TV) pEupess + Bupa” (T = TV) Eudtr.

(32) The value of unemployment:

1 +l/) }Alt _[\ht)

. BrAn W L
JtU =b+ Et—/N\ aE [ t+1‘]+1 + ( Qt+1)JtLj-1] : (1-76)
ht

jthU = Bn [qu <jW - jU) + jU] E; (Aht+l - Aht)
+ ﬂhqu (jW - jU) Etdz:-l + ﬁhEt [ UJWJ t+1 + (1 - qu) jUjgi-l}

(33) Market tightness:

(34) Hours:

(L77)
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TABLE 1. Prior distributions of structural parameters
Description Parameter Distribution a b Low High
Habit (capitalist) Ne Beta(a,b)  1.00 2.00 0.025 0.776
Habit (worker) i Beta(a,b)  1.00 2.00 0.025 0.776
Investment adjustment costs Q Gamma(a,b) 1.00 0.30 0.171 10.00
Capacity utilization (curvature) Y2 Gamma(a,b) 1.00 0.30 0.171 10.00
Inverse Frisch elasticity (hours) U, Gamma(a,b) 1.00 0.60 0.086 5.000
Weight of capital value wo Gamma(a,b) 1.00 1.00 0.048 2.821
Output growth 100(\, — 1) Gamma(a,b) 1.86 3.01 0.100 1.500
Depreciation rate ) Simulated 0.043 0.051
Worker’s discount Bn Simulated 0.991 0.999
Capitalist’s discount Be Simulated 0.968 0.997
Land share 0] Simulated 0.032 0.085
Capacity utilization (slope) " Simulated 0.060 0.064
Housing demand YL Simulated 0.003 0.031
Disutility of labor hours X Simulated 0.014 0.527

Note: “Low” and “high” denotes the bounds of the 90% probability interval for each

parameter.
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TABLE 2. Prior distributions of shock parameters
Description Parameter Distribution a b Low High
Persist: Housing demand oL Gamma(a,b) 1.0 2.0 0.025  0.776
Persist: Wage bargaining Py Gamma(a,b) 1.0 2.0 0.025 0.776
Persist: Matching efficiency Pm Gamma(a,b) 1.0 2.0 0.025  0.776
Persist: Permanent technology Pp Gamma(a,b) 1.0 2.0 0.025  0.776
Persist: Stationary technology Pam Gamma(a,b) 1.0 2.0 0.025 0.776
Persist: Credit constraint Pe Gamma(a,b) 1.0 2.0 0.025  0.776
Std Dev: Housing demand oL Inv-Gam(a,b) 0.326 1.45e04 1.00e-04 2.000
Std Dev: Wage bargaining o) Inv-Gam(a,b) 0.326 1.45e¢04 1.00e-04 2.000
Std Dev: Matching efficiency Om Inv-Gam(a,b) 0.326 1.45e04 1.00e-04 2.000
Std Dev: Permanent technology Op Inv-Gam(a,b) 0.326 1.45e04 1.00e-04 2.000
Std Dev: Stationary technology Oam Inv-Gam(a,b) 0.326 1.45¢04 1.00e-04 2.000
Std Dev: Credit constraint o¢ Inv-Gam(a,b) 0.326 1.45e04 1.00e-04 2.000

Note: “Low” and “high” denotes the bounds of the 90% probability interval for each

parameter.
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TABLE 3. Prior and posterior distributions of structural parameters

Prior Posterior
Parameter Distribution low  high Mode Low High
Ne Beta 0.025 0.776  0.996 0.988 0.997
Mh Beta 0.025 0.776  0.166 0.048 0.329
Q Gamma 0.171 10.00  0.114 0.084 0.170
Yo Gamma 0.171 10.00  0.729 0.410 1.611
v Gamma 0.086 5.000  0.001 0.000 0.006
Wa Gamma 0.048 2.821 0.099 0.089 0.127
100(\, — 1) Gamma 0.100 1.500  0.478 0.435 0.538
4] Simulated ~ 0.043 0.051  0.050 0.049 0.050
Bn Simulated ~ 0.991 0.999  0.995 0.994 0.995
Be Simulated ~ 0.968 0.997  0.991 0.991 0.992
[0) Simulated ~ 0.032 0.085  0.046 0.043 0.048
" Simulated ~ 0.060 0.064  0.063 0.063 0.063
oL Simulated ~ 0.003 0.031  0.019 0.017 0.021
X Simulated ~ 0.014 0.527  0.301 0.263 0.374

Note: “Low” and “high” denotes the bounds of the 90% probability interval for each

parameter.
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TABLE 4. Prior and posterior distributions of shock parameters

Prior Posterior
Parameter Distribution low high Mode Low High
oL Beta 0.025 0.776  0.998 0.995 0.999
09 Beta 0.025 0.776  0.966 0.947 0.986
Pm Beta 0.025 0.776  0.983 0.962 0.992
Pzp Beta 0.025 0.776  0.217 0.107 0.330
Pam Beta 0.025 0.776  0.952 0.929 0.960
Pe Beta 0.025 0.776  0.966 0.957 0.985
or Inv-Gamma 1.00e-04 2.000  0.077 0.070 0.122
o Inv-Gamma 1.00e-04 2.000  0.039 0.037 0.045
Om Inv-Gamma 1.00e-04 2.000  0.019 0.018 0.021
Op Inv-Gamma 1.00e-04 2.000 0.008 0.007 0.010
Oom Inv-Gamma 1.00e-04 2.000  0.014 0.013 0.016
O¢ Inv-Gamma 1.00e-04 2.000  0.038 0.032 0.049

Note: “Low” and “high” denotes the bounds of the 90% probability interval for each

parameter.
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