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A  Omitted Proofs and Details

We begin with the omitted proofs and technical details from the paper.

A.1 Competitive Search Equilibrium

Define the elasticity of the job-filling rate with respect to market tightness 6;(z) as

N5 (0:(2))

e [ 1B AU ¥ T E) W
Then, as long as 0;(z) > 0, we have
M) ) | X)) 1 n(6(2) o)
Ar(0:(2)) 0,(2) Aw(0:(2)) Ou(z)

where the second equality follows from (1), Ay (0+(2)) = 0,(2)Af(04(2)) for 6,(z) > 0, and

)\fw(et(z)):et(z))\}(et(z))Jr 1 :_n(é’t(z))+ 1
Aw(0:(2)) Gt(z)/\f(ét(z)) 0+(2) 0+(2) 0:(2)

In this expression, the first equality follows from differentiating A\, (0:(2)) = 0:(2)A:(6,(%)) and substi-
tuting X, (0¢(2)) = 6:(2)A7(0:(2)) + A (6:(2)) and A (04(2)) = 01(2)As(6:(2)) for X\, (6:(2))/Au(0(2))
and the second equality uses (1). Notice also that the second equation in (2) and A\, (6:(2)) =
0,(2)Ar(6,(2)) imply

A (04(2)) = [1 = n(0:(2))] Ar:(0:(2)), (3)

which we will use later. It will be convenient for later results to summarize in a compact form the
conditions determining the competitive search equilibrium. In the next proposition, we do so and

also provide a condition that implies that the deviation market tightness ét(z) equals the symmetric
one 0,(z).

Proposition 1 (Characterization of Competitive Search Equilibrium). In a competitive search
equilibrium the following hold:

a. The optimality condition for a firm’s wage offer is

N (6:(2)

S0 )~ W) = S Wond2) + War(2) = U2 0

or, equivalently using (2) when 04(2) > 0,
NOED(E) = Wan(2)) = (1= 90 W) + Win(2) = Ui(2)) ®

b. The free-entry condition is given by
KAz = A(O) () — W) ®

c. The values of output in a match Yi(z), the value of unemployment Uy(z), and the post-match

3



value Wy (z) satisfy

Yi(z) = Az + o(1 — 0)EeQr41Yer1 (1 + ge)2) (7)

Ui(z) = bAz + PEeQu 1120 (0141(2)) W41 (1 4 9u)2) + Wpera (1 + gu)2)] (8)
+ OB Q411 — Ay (0151 (2)) U1 (1 + gu)2)

Wy(2) = (1 = 0)ByQr i1 Wpei1 (1 + ge)2) + 0B Qyi41Up1 (1 + ge)2). (9)

d. Suppose that the matching function m(uw(2),ve(2)) is such that its derivative with respect to
the measure of unemployed workers, namely,

om(up(2), v4(2))

D(Ht(z)) Gubt(z)

= A (0:(2)) (10)

is strictly increasing in 0,(z) and that match surplus, Yi(z) + Wy(2) — U(2), is different from zero.
Then, it is optimal for each firm to choose 0,(z) = 04(z) and Wy (2) = Wyu(2), where 04(z) and
Wit (2) are the common market tightness and offer.

Note that condition (10) in part d is satisfied for many common matching functions, including the
Cobb-Douglas matching function that we use.
Proof. For part a, we first derive the firm optimality condition (4). Consider the firm’s maximization
problem, taking as given that all other firms have chosen W,,,;(z) and market tightness is 6;(z), namely,

pomax =R Ap (0s(2)Ye(2) = Wane(2)] + [1 = Ap(0u(2))[BeQu Vi1 (2)

st (2) 1 A (0i(2))[Wine(2) + Win(2) = Ui(2)] < Xa(00(2)) [Wona(2) + Wi (2) = Ui(2)],

where [i,(z) is the multiplier on the worker participation constraint. The associated first-order con-
ditions are

Wint(2) : Ap(04(2)) = 1 (2) M (B1(2)) (11)
and
0u(2) : Np(0:(2))[Yi(2) = Wint(2) = BeQu1Viga (2)] = i (2) N, (00(2)) [Wona (2) + Wi (2) — Un(2)]

or, rearranging terms, using the free-entry condition V;;(z) = 0, and (11),

X;(8:(2)) N )
oy ) = Wa(2)] = 2 2 () + Wo(z) = i)

By assuming that ét(z) > 0, multiplying both sides by ét(z), and substituting from (2), we obtain

1O (DYel2) = Wone(2)] = [1 = 70 ()] [ Wi (2) + Win(2) = Un(2)), (12)
which establishes (4) and (5).

For parts b and ¢, we note that the free-entry condition is in the paper and the equations for Y;(2),
Ui(z), and Wy(z) can all be derived by rearranging the expressions in the paper.



We turn now to part d. We establish this result by using the condition Y;(z) + Wy (2) — Ui(2) # 0
to reduce the firm’s optimality condition to

D(0,(2)) = D(6:(2)), (13)

which under the assumption that D(-) is strictly increasing, has a unique solution 6,(z) = 6,(z). To
do so, note that, by the participation constraint, we have

Wit (2) = Uy(2) — Wip(2) 4 4(2)[Wine(2) + Wi(2) — Up(2)] and Z(z) = Aw(?f(’z;;. (14)

Substituting from (14) into (12) gives

(0 (2){Ye(2) = Ui(2) + Win(2) = 20(2) [Wone(2) + W)

= [1 = 0(0:(2))]%:(2) [Wone (2) + Wii(2) — U (2)]-

H.
—~
N
N—
|
S
—~
I
P
—

Rearranging (5) as
Wine(2) + Wii(2) = Up(2) = n(0:(2))[Y2(2) + Wi(2) = Wine(2)]

and plugging this into the previous equation yields

7 (6:(2)){Yi(2) — Ut(2) + Wie(2) — Ze(2)(0:(2))[Yi(2) + Wie(2) — Ue(2)]}
= [1 = 0,(0:(2))]2:(2)n, (0:(2)) [Ye(2) + Wii(2) — Us(2)]

or, using that Y;(2) + Wy (z) — U(z) # 0,

o ) . 3 3 7:(0:(2))
7,021 = Z(2)n,(0,(2))] = [1 = 7,(0:(2)))Z:(2)0,(0,(2)) or Fy(2) = 1 (6,(2)

which using () = Aw(0:(2)) /A (0:(2)) and D(0,(2)) = 1, w(0:(2)), can be rewritten as

D(0:(2)) = n,(0:(2)) A (0:(2)) = 7,(0:(2)) A (01(2)) = D(0:(2)), (15)

which implies (13). Since D(-) is monotone, we have that 6,(z) = 6,(z). Finally, to see that D(6;(z))
satisfies (10), we note that since m; = v\,

D(6(2)) = TP ) R U (023, 0102)
_ Lo, 20D o s 6,2 = .
— |0 | MO = w2,
where in the third equality we use that 96/0uy = 0(v/up)/Ouy = —v/ui, and in the fourth equality
we used (2) and that A\, (0:(2)) = 0.(2)Af(0:(2)). O



A.2 Linearity of Competitive Search Equilibrium

We begin with the statement of Lemma 1 and then provide its proof.

Lemma 1 (Linearity of Competitive Search Equilibrium). In a competitive search equilibrium,
labor market tightness 6,(z), the job-finding rate A\ (6.(2)), the job-filling rate A (0:(2)), and the
elasticity 1,(0:(z)) are independent of z, and values are linear in z in that Wy (z) = Wz, Wi(z) =
Wz, U(2) = Uz, Wi(2) = Wiz, and Yi(z) = Yiz.

Proof. By Proposition 1, for a given path for the stochastic discount factor, the competitive search
equilibrium is characterized by processes {6:(z),Y:(2), Ui(2), Wp(2), Wie(2)} that satisfy (4), (6),
(7),(8), and (9).

We guess and then verify that a solution to this system of equations has labor market tightness
independent of z, 6,(z) = 0;, and valuations linear in z, Wy (z) = Wz, Ui(z) = Uiz, Yi(z) = Yz,
and W,(z) = Wz, and so Wy(z) = W;z. The verification step replaces the guess in the equations
and divides by z both sides of each equation so that
r / ’

T R A R

KA = Ape(01) (Vi — W)

Wiyt = ¢(1 = 0)(1 + ge)Bi( Qi1 Wit 1) + d0 (1 + ge) B (Qre41Us41)

Uy = bA; + O(1 + 9u)Ee[Qrt1 At (00) W1 + Wiei1)] + &(1 + gu)Be{ Qe [1 — At (0¢)] U1 }
L Y= A+ (1 — o)1+ go) B (Qr641Ye11)

This system of equations admits a solution independent of z, thereby verifying the guess. Note that
the linearity of flow market production, home production, and vacancy costs is key to this result. []

A.3 Laws of Motion for Aggregate Human Capital

To derive these aggregate laws of motion, we first show how to derive the laws of motions for e;(2)
and u;(z), namely,
¢(1—-o0) ( z
t—1

e(z) =

) + At (01 (2) (16)

L+ ge ‘ 1+ ge
and
ue) = 12 () I M) + (1 6) ), (7)

and then aggregate them. To see where these laws of motion come from, denote by (z;,7;) the pair
of human capital and labor market status 7, € {e,u}, namely, either employed or unemployed, of a
consumer at ¢ with human capital z;_; and market status 7,1 € {e,u} in t — 1. Note that

1+ ge)zi-1,€), with probability ¢(1 — o) if 7,1 =e

( )

(14 ge)zi—1,u), with probability ¢o if 7, 1 =€

( )2i-1,€), with probability ¢\, (6;) if 7,1 = u
( )

zi-1,u), with probability ¢[1 — A, (6;)] if -1 = u
Z,u), with probability (1 — ¢)v(z) for all 7,

(
(
(Zt, Tt)|7't—1 = (
(
(



with z > 0 drawn from the continuous distribution with density v(z). Hence,

~ ¢(1—o0) z 0] z
et(2> - Tgeetq <rge> + )\w(et)l +guut—1 (1 +gu) )
e 2 ¢ z
1+ge€t—1 (1 +ge) +[1 — Aw(‘gt)]l +guut—1 (1 -l-gu) + (1 = ¢)v(z),

where the measure of unemployed workers at the beginning of period ¢ with human capital z is

10} z
wnl#) = e\ T )

From (16) and (17), we can derive the law of motion of the aggregate human capital of employed
workers Z.; = [ zey(2)dz as

B z ) ¢(l-o) w(6?)
Zet—/zet1<1+ge) 1o dz—l— zut 1(1+gu) T+, dz
z z z
:¢(1—a)/1+ge (1+ >dz+<b>\w(9)/ 5 g U (1+gu)dz
ol -o)1+0) [ (+_) <1+g)

:¢(1_U)(1+ge> et— 1+¢>\ 1+gu)Zut—17

u(2) =

where the second and fourth equalities follow from simple algebra and the definitions of Z.;_; and

Z1—1 whereas the third equality follows from the change of variable from = = 2z to y = 2/(1 + g.)

in the first integral, which is then multiplied by the Jacobian dz/dy = 1 + g. of this transformation,

and from the change of variable from z to z/(1 + g¢,) in the second integral, which is then multiplied

by the Jacobian dx/dy = 1+ g, of this transformation. (Recall that if X and Y = ¢g(X) are two

continuous random variables with densities fx(x) and fy(y), then fy(y) = fx(x)det (dz/dy’).)
Similarly, we can derive the law of motion of the aggregate human capital of unemployed workers

f zu(2)dz as

B 2z oo z o[l — A (6y)]

Zut/zetl (1+ge) 1+gedz+/zut1 <1+gu) TF o dz+(1—¢)/z1/(z)dz
—¢a/ G © dz—i—qb[l—)\(e)]/ — © d,z—i—(l—(b)/zu(z)dz
B 1+g. " '"\1+g. v 1+, \1+g,

ya zZ VA
= 1 o —e, d
do( +g)/1+geet 1<1+ge) (1+ge>

F ol = X000+ 00) [ 1w (2 )l (- 0) [avaga:

L+g.) 14 gu
= ]- - ¢ + QbO'(l + ge)Zet—l _I_ ¢[1 - )\w(et)](]- + gu)Zut—h

where, as before, the second and fourth equalities follow by simple algebra whereas the third equality



follows from the change of variable from z to z/(1 + g.) in the first integral and from z to z/(1 + g,)
in the second integral, and in the fourth equality we used that the mean of the human capital of
newborns, [ zv(z)dz = 1.

A.4 Efficiency of Competitive Search Equilibrium

We start by characterizing the solution to the planning problem: choose {C(s'), Z.(s'), Z,(s"),0(s")}
to solve

max Y Y fa(s)[C(s") = Xu(sH]' /(1 - a),

t=0 gt

subject to the constraints

AsY) 1 O(s") < A(8") Zo(5") 4+ bA(s) Zu(s") — d(1 + gu)kA(s)O(8") Zuy—1(s1),

)‘(St)ﬁbe<8t) : Ze(st) < o1+ g.)(1 - O)Ze(st_1> +o(1+ QU)/\w(Q(St))ZU<St_1)7

" Ay (57) 2 Zu(5') <1 =0+ G014 ge)o Ze(s"1) + ¢(1 + gu)[1 — A (0(5"))] Zu(s"7)
forall t =0,...,00 and s'. The optimality conditions of the planning problem are
Ci(s") = A(s") = B'n(s") (C(s") — X(s")) 7, (18)
Ze(s") : M(8") e (s") = A(s)A(s") + &1 + ge) ; As™) [(1 = o)pe (™) + op, ()] (19)
Zu(s') + A" (s") = Ms")A(s") — &(1 + g4) ; A(s"™RA(sO(s) (20)
+o(1+ gu) ; A(St“){Aw(9(8“1))#@(;“) + 1= A (00" (s},
and

0(s") : A(s")o(1 + gu)KA(s") Zur-1(s""1) = A(s") [1e(5") = pu(8")] @1 + gu) Zu(s N, (0(5")).  (21)

To eliminate the multipliers \(s’) and A(s'™!), we use (18) and that 7(s'™!|s") = w(s'™)/n(s) to

write
7T(St+1)6[0(8t+1) - X(StJrl)]ia ™ St+1 gt st—l-l
7(sH)[C(s1) — X (st1)] e (8" [s") Qe+ (s)

and then divide (19), (20), and (21) by A(s") and use (11) to obtain

A(s™)/A(s") =

/\(StH) t+1 t+1
)\(St) [(1 - 0—)/‘1/6(8 ) + O—/Lu(s )]

pe(s) = Al +6(1+9.))

st+1

= A(St) + o1+ ge) ZW(St+1|St)Qt7t+1(St+l) [(1 o U)Iue(st+1) 4 U,uu<3t+1)} 7

gt+1



Nu(st) _ bAt(St) _ ¢(1 _'_gu) Z7T<8t+1|St>Qt7t+1(St+1)/€A<8t+1)9($t+1)

gt+1

+¢<1 + gu) Z7T(5t+1‘St)Qt’t+1(St+1){)\w<9(8t+1>>ue(st+1) + [1 . >\w(‘9(3t+1))]ﬂu(8t+l)},

st+1

and
RA(S') = [pe(s') = ()] X, (0(s")).

Dropping the notation for s and the explicit dependence of A,; and Ay on 6;, we have
fro = Ay + O(1+ ge)EyQp o1 [(1 = 0)fteysr + Oftyyin] » (22)

frr = bAL — (1 + 9u) By [Qrr15A110141] + 0(1 + 9u) By [Qrasr [Nt ttersr + (1 = Nt fargal] 5 (23)

and
KA = (fhes — #ut))‘;ut =(1- 77t))‘ft(ﬂet - Uut): (24)

where to obtain the second equality, we used (3). Now, we want to show that (23) reduces to

g = DAL + (1 + gu)EtQt,tH[77t+1)‘wt+1,“et+1 + (1 — nt+1)‘wt+1)uut+l]' (25)

To do so, we substitute A, ,; = (1 — 7;1)Mp41/0¢41 from (2) to rewrite the first equality in the
free-entry condition (24) at t + 1 as

KA10i41 = (:uet+1 - Hutﬂ)(l - 77t+1>)‘wt+1

and substitute this into (23) to obtain

g = DA+ (1 + 9u)By [Qrisr (thypsr — teprn) (1= M) Awra ]
+0(1 + gu) By [Quasr{Awts1ttersr + [1 = Motst) trug 1 H

which simplifies to (25).

Proposition 1 (Efficiency of Competitive Search Equilibrium). The competitive search equi-
librium allocations solve the planning problem.

Proof. We have just shown that the optimality conditions of the planning problem are (22), (25),
and (24) repeated here

fhyr = bAL 4 A1 4 9u) By Qr o1 {0 1 Aot 1 fer i1+ [1 — M1 Mot 1) a1} (26)
fhey = Ar + o(1 + ge)EtQt,t+l [(1 - U)Netﬂ + Uﬂutﬂ] ) (27)
kA = (1 - 77t))‘ft(:uet — fut) (28)

where Qts11 = B[Si+1C+1/(5:Cy)| ™. Hence, a solution to the planning problem is completely char-
acterized by these three conditions along with the original constraints to the problem, namely, the
resource constraint and the transition laws for 7., and Z,;. The competitive search equilibrium is



completely characterized by the equations given in Lemma 1 in the paper namely,

Wot = d(1 — 0) (1 + ge)BiQris1Wpi1 + 00 (1 + ge) By Qi i11Us41, (29)
Up = bA; + ¢(1 + gu)Er Qi 11 M wt1 Wineer + Wiir) + 0(1 + gu)EeQre1[1 — A1) Ussa, (30)
Yi=A+ (1 —0)(1+ go)BiQri41Ye41, (31)

KA = )\ft (Yt - Wmt) ) (32)

)\:J)t )‘/ft
0= =Wt + Wy — Up) + ==Yy — Win), (33)
)\wt )\ft

along with the the resource constraint and the transition laws for Z.; and Z,,. We argue that by
suitably redefining the variables {W,,,;, Wy, U, Y;} in the competitive search equilibrium in terms of
the variables {,, pt,;} and the allocations in the planning problem, we can show that (29)-(33) are
identical to (26)-(28). We conclude that the solution to the planning problem and the allocations in
the competitive search equilibrium coincide.

We now claim that if we replace Y; + W), with p,, and U; with p,,, then equations (29)-(33) reduce
to equations (26)-(28) so the allocations in the competitive search equilibrium solve the planning
problem. To establish this claim, we first use (2), namely,

ﬁ:_l_nt andﬁ:—m,
Awt 0, Aft 0,

to rewrite (33), which after multiplying both sides by 6, > 0, is
(1 =n0)(Wane + Wor = Up) =0, (Ys = W) = 0 (34)

SO
Ne(Ye = Wine) = (1= ) [Ye + Wpe = Up — (Yo = W)

Adding (1 — n,)(Y: — W) to both sides gives
Y = Wi = (1 = 0,)(Ye + Wy — Uy). (35)
Using this equation to substitute for Y; — W,,; in (34) further gives
(1= 1) Wint + Wy = Up) = n,(1 = n,) (Ve + Wy — Uy)
and dividing by 1 — 7, gives
Wit + Wy — Uy = 0,(Ye + Wy — Uy).
Adding U, to both sides then yields

Wint + Wy = 0, (Y + Wye) + (1 = n,)Us. (36)

10



Now use this expression for W,,; + W, to substitute for W, 11 + W41 in (30)

U = bAr+ (1 + gu)BeQt 1 Awrs1 [0 (Yerr + Worsr) + (1 = 0y41)Usia]
+(1 + gu)BiQre11[1 — Awr1]Uria
= 0A; + 0(1 + 9u)BiQr 1 At 1M1 (Vg1 + Wheir)
+0(1 4+ gu)BiQr i1 [Awtr1(1 — mipr) + 1 — A1) U
= DA +o(1+ gu)EtQt,tH)\thntH(KH + Whit1)
+O(1 4+ gu)BiQr 41 (1 — X171 Upa (37)

and so using that p,,,, = Y11 + Wypr and i1 = Upyq in this last equation gives

[y = DAy + (1 + gu)Et[Qt,tJrl[)\wt+177t+1ﬂet+1 + (1 - )‘wt+177t+1)luut+1“7

namely, (26). Proceeding similarly, note that by summing Y; and W, from (31) and (29), we obtain
Yi+ Wy = A + O(1+ g¢)Ee[Qri1[(1 — ) (Yirr + Wietr) + 0Upia]] (38)

and so using that u,, = Y; + W, and p,, = U, we obtain

frog = Ar + (1 + 9o) Bt [Qr 1 [(1 = 0) g1 + Tyl

namely, (27). Now use (35), p,, = Y + Wy, and p,,, = Uy to rewrite (32) as

KAy = Api (Yt - Wmt) = >‘ft<1 — ) (Y, + Wyt — Ut) = (1 - 77t))\ft(ﬂet - Nut)a (39)

namely, (28). Thus, the equations characterizing the competitive search equilibrium allocations co-
incide with those characterizing the solution to the planning problem. Hence, the allocations in the
competitive search equilibrium solve the planning problem. O

Alternative Proof. An alternative way to prove this proposition consists of two steps. In Step 1,
we directly calculate the allocations that solve the planning problem. In Step 2, we directly calculate
the competitive search equilibrium allocations. By inspection, we will see that these allocations are
identical.

Step 1: Directly calculate the conditions that the planning problem satisfies. To do so, we define
foop = pher/Ar and i, = p,./A: and express the dynamical system for the multipliers (26) and (27) in
matrix form as

] = e {roaan G ] 10
where
Hoen) = Lff 125)87)7&2(_02) (1 + gfsl[ﬁ_g;lgwwm)]] .

11



Then, we solve out this system for a formula for fi., — fi,, in terms of allocations as follows,

fee | 1} [ A <[ ] { Apgo [ﬁetw} })]
8 = +E 0 +E v(d -
LUJ {b |V (0141)Quip1—— A, b t+1 (O112) Q41,042 At Liures

1 A A
= 1+ By [V(0141)Qre41 AL U(0141)V(0142) Q42— ass
b Ay Ay

o
B {0000 |12}
t | HMutt2

— m (1 +Et{ i V(Oy1) - V(0 )Qts + W (Or1) W (Or42) - "\I!(HT)Qt’T% Peﬂ }>

_ EHHEt & } (41)

where in the second line we used the law of iterated expectations, E;E; 1210 = Euxsio, and that
Qti+2 = Qri+1Q14+1.442, and in the last line we used the limiting condition

o0

A
EjW@H»~w&me-

s=t+1

i B { (00 (00.2) -+ W0 |1 = [0].

T—o0 :uuT 0

Now, to obtain a formula for fi,, — fi,;, we premultiply both sides of (41) by the vector [ 1 -1 } to
obtain

ﬁet—ﬂut—{l—bJrEt D W) 9(0,)] Qus— (1—6)} (42)
s=t+1
which, when substituted into (105), gives that the stochastic process for job-finding rates satisfies
ko= (1 =n)As(0) {1 — b+ B Y [U(0i41)--- V(0] Qtr (1 - b)} (43)
r=t+1
where
S.C.\
c=0 44
- (55) (44
and s; = log(S;) follows
St41 = (1 = py) 5+ psst + Aa(8t)0aCat+1, (45)
C} follows
Cy = At Zet + bA Zuy — £A00,(1 + gu) Zus—1, (46)
and Z,.; and Z,; follow
Zet = ¢ (1 - 0) (1 + ge) Zet—l + gb)\wt(et) (1 + gu) Zut—la (47)
and
Zut = ¢O’ (1 + ge) Zetfl + ¢ (1 — )\wt(et)> (1 + gu) Zutfl +1— ¢ (48)
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Here conditions (43)-(48) completely characterize the solution to the planning problem for any initial
conditions Z. _; and Z, _;.

Step 2. Directly calculate the conditions that the competitive search equilibrium satisfies. We can
write the dynamical system (38) and (37) for the values Y; + Wy, = (Y; + W) /A, and U, = U, /A, in
matrix form as

Y, + Wpt 1 Avir [Yigr + Wy
s = E, < U(0 = -7
[ 7, } [b] + t{ (0141) Q111 A, Upir

and follow the identical manipulations from (40) to (42) to arrive at

Y+ Wy — U, = {1 —b+E, i [U(0s1) - -~ (0,)] Qt,s%u - b)} . (49)

s=t+1 t
Now substituting the answer for Y; + W,, — U, in (49) into the free-entry condition (39) expressed as
k= Ape(1 = 0,) (Y + Wy — U),

along with the resource constraints and laws of motion for Z.; and Z,;, yields the identical equations
(43)-(48), which completely characterize the solution to the planning problem. Hence, the allocations
coincide. [

A.5 Constant Job-Finding Rate Under CRRA

Proposition 2 (Constant Job-Finding Rate and Unemployment Under CRRA). Starting
from the steady-state values of the total human capital of employed and unemployed workers, Z. and
Z, with preferences of the form Ey Y oy B'CL /(1 — ), both the job-finding rate and unemployment
are constant.

Proof. Here we show that with CRRA utility and random-walk productivity, job-finding rates are
constant in our competitive search equilibrium, where

/]ut = [Luﬂlaet = ﬁe?gt - Q’Ot - é7 Zet - Ze; a‘nd Zut - Z'u, (50)

and variables with “ are scaled by productivity. We do so by showing that the equations characterizing
the solution to the planning problem, namely, (26)-(28) along with that problem’s constraints admit
a solution of the form just described. To this purpose, consider first the difference equation for the
value of employment, (27). Now substitute E;(Q; 1) = BB (Ciy1/C;)”“ to obtain

Crar) ©
e = Ar + 6(1+ g.) BB, { ( C:I) (1= 0)tersr + Ohug 1] } : (51)

which after dividing both sides by A; gives

Het _ 14 ¢(1 + g.)5E, { (Ct+1/At+1 At+1) A [(1 gy et Uﬂum] } '

Ay Ci/Ar Ay Ay
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Using fi,; = fior/ Aty floy = fior/As, and Cy = Cy/ Ay, we further obtain

A\ 7 (G| ) )
:D’et =1+ ¢(1 + ge)BEt { < A—:l> ( C~,+1> [(1 - O-):uet+1 + O-:u’ut—&-l] }

or, equivalently,

- —« € é 1 h I 1
fier = 1+ &(1 + ge) BBy {6(1 gateartn) <%> [(1 — O)fler + O-Mut-l—l} } ’ (52)
t
where in the last step we used that log(A¢11) = ga + log(As) + €at+1 implies
A 11—«
t+1 — ,(1-a)(gateat+1) 53
< - ) e . (53)

At our conjectured solution, (50) implies that (52) becomes

fie =1+ ¢(1+g.)d[(1 — o)t + ofi,] (54)
with § = Be(l-®)9a+(1-0)%%/2 gince g, distributed as N(0,02) implies that

Ete(l_a)(ga+5at+1) — e(l—a)ga—i-(l—a)Zcrg/Q'

Proceeding in a similar fashion with (26) gives

) A\ (Cn ) )
P = b+ ¢(1 + gu)Et (( ;;;1) < gq) {)‘w(et+1>77t+1:u@t+1 + [1 - 77t+1)\w(9t+1)]ﬂut+1}> )
t

which using (53) simplifies to

N e Cot \ N N
fls =b+ (1 + g,) BE, (e(l )(ga-+eats1) (il) 0O 1)n(Or1) flep o +[1 — n(6t+1))‘w(9t+1)]uut+1}> :

Cy
(55)
At our conjectured solution, (50) implies that (55) becomes
fr, = b+ &1+ 9u)0 [Mu(@)0(0) 2 + (1 = n(0) A (0)) 1] - (56)

Also, evaluated at this conjectured solution, the resource constraint and the transition equations for
Zo and Z,; are

C = Ze+0Zy — kd(1 4 gu) Zy, (57)
Ze=¢(1+ ge)(1 = 0)Ze + (1 + gu) A Zu, (58)
Zy=1=¢+ (1 + ge)oZe + d(1+ gu)(1 — Ap) Zu.- (59)

Hence, the system of equations for the economy admits a solution given by (54), (56), (57), (58), and
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(59), in which all variables are constant and the initial conditions for Z.; and Z,; are equal to the

posited constants Z, and Z,,.

A.6 Job-Findings Rates with Human Capital Depreciation

[]

In most of the paper, we have assumed that g, = 0 for algebraic simplicity. Here we state and prove

Proposition 3 for the general case when g, is nonzero. Recall that to develop intuition for the solution

to the dynamical system (22) and (23), we considered an approximation to it in which we ignore the
variation in future job-finding rates, A, (0s) = A, (0) for s > t, for a given 6. The formulas we derive

for any choice of 6.
Proposition 3 (Job-Finding Rate). The job-finding rate approximately satisfies

Y

1— - P,
log(Awt) = x + (Tn> log [Z(Cﬁ? + Cﬁ?)f
t

n=0

where x 1S a constant,
Oes = (L4 gu+ A)/2E S[(1+ g = A + Ao (L + ) (ge — 9u)]V2/2
with A= (1—0) (14 g.) — nA\w(1 + g4), and

((b)‘ - 65)(1 — b) + (b(ge - gu)b

c = 5, =, and c, =1—b— ¢

Proof. Consider the system

- 1
|:/~Let:| = Z wr |:b:| EtQt,t-‘rnAt-‘rn»

l’[/ut n=0

where VU is the transition matrix given by

v {qﬁ(l +g:)(1—0) o1+ ge)o }
o1+ g)nrw (1 +g.) (1 —nho)|

Letting V' be the matrix of eigenvectors, we can decompose U™ as

50

T =
V[o 5"

}v—l, with qxvzv{& 0},

0 ds

where the eigenvalues of ¥ are given by

= tr(¥) - 1\/157“(\1’)2 — 4det(V) and 6, = tr(¥) _ 1\/757“(\11)2 — 4det(T),
2 2 2 2
with
tr(¥) = o(1+ ge)(1 = o) + o1 + gu)(1 — nAw)
and

det(V) = ¢*(1+ go) (1 + gu)(1 — 0 — nAy).
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Solving this out explicitly, we obtain

ﬂii%iﬁzi%¢ﬂ+ﬂu—ﬂ2+ﬁﬂﬂl+%x%_gw (64)

(1 + gu) + % [\/(1 + gu — A2 + 40w (1 + gu)(ge — gu) — \/<1 + Gu — )‘>2]

6[,8 =

= , (69)
(b)‘ - % [\/(1 + Gu — )\)2 + 477)\11)(1 + gu)(ge - gu) - \/(1 + Gu — )\>2]
where in (65) we used
w :¢(1+gu)—§(1+gu—)\) and w :¢A+§(1+gu—)\).
Now, note that
1 -1V % 0 v [ Zene + %c (66)
0 o pj T

that is, the left-side of (66) has the form of a sum of the roots §; and §7 multiplied by some unknown
constants ¢, and ¢;. To derive the constants ¢, and ¢,, we evaluate (66) for the first two periods n = 0
and n = 1 to obtain two equations in two unknowns, namely, for n = 0,

[l—ﬂ[ﬂzl—bzq+@ (67)

and forn =1,

1 —ﬂ@H G4+ g.)(1 = o) — A+ gu)](1 = )+ Blg. — gu)b

b
- ¢>‘(1 - b) + ¢<ge - gu)b = CZ(SZ + Csés- (68)

Solving these two equations for ¢, and ¢, gives (62). (Observe that by using (67) and (68), we have
avoided having to explicitly solve for the eigenvectors in V' associated with the roots d, and d,.) [

To solve for the constant y, note that m(uy,v;) = Bujv; " implies that )\}t_" = B\, since

_ 1— - _
e (Bl N g ()
It (% L\ Ut
Ut 'r]—]__ -n B Bl_n Ut n 1777
V¢ N V¢ ’

n
1—

Next, note that /\}t_77 = B),/ implies that Ay = BT A,i ", which we substitute into (28) to obtain

and
B&?:B<§£ﬁj)n=BP”

Uy

il = (1=n) (BEIALT) (e = 1),

= L=\ pt [ Het — Mot
Aln: Bl*'qu.
e () e (e
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Raising both sides to the (1 —7)/n power, we obtain

n n

1_77 L 1% et — Moyt 1%
Awt = B1=n -
=[5 ] (M

and taking logs

SO

This concludes the proof. O

A.7 Price of Productivity Claims

We apply the risk-adjusted affine approximation around the risky steady state described by Lopez
et al. (2017) to the pricing equation for claims to productivity in n periods, which can be written
recursively as

P Avpr P
nt R/ ;
ot (Qua Byt P (69)
with Py = A; or, in logs,
Pnt
log A, = log {Et [exp (C]t,t+1 + Aayq + lOg(Pn—l,t+1/At+1>>H ) (70)
t

where ¢111 = log(Qrs4+1) and Aairy = log(Air1) — log(A;). Now, defining § = s; — s, use the

P, .
log <Ttt) =a, + b,5 (71)

to rewrite both sides of (70) to obtain

approximation

an + bpdy = log {Ey [exp (¢141 + Aarr1 + an1 + bp—1541)] } - (72)

We next use (72) to derive a recursion for a,, and b, to establish Lemma 2 in the paper. (Note that
here this approximation does not depend on the point 6 about which it is taken, so the use of the risky
steady state versus a deterministic steady state does not matter. In contrast, the sufficient statistic
result in Proposition 4 will depend on the point 6.)

Lemma 2 (Price of Productivity Claims). The price of a claim to productivity in n periods
approximately satisfies

P
log (f) = a, + bp(s; — s), (73)

where ag = by = 0,

ap =10g(8) + (1 = @)ga + an-1 + [1 = by — (@ = by1) /ST 02/2, (74)
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and b, satisfies

by, = a(l —p,) + pbp_1 + <1 A _;n_l) (a _;n_l) o2, (75)

Under the assumption that o > 1 and 1 — p, + (1 — %) % > 0, the coefficients b,, grow monotonically

with n and converge to «.

Proof. The idea of the proof is to write out the terms on the right side of (72), evaluate them, and
then match up the undetermined coefficients of the constants and the terms in §; on both sides of
(72). Doing so will give the recursive formulas for a,, and b, in (74) and (75).

Now, the pricing kernel for our baseline preferences in log form is

qtt+1 = log(ﬁ) — alAc — alAs g, (76)

with Aa; 1 = go + 0u€atr1, and the law of motion for §; is

S141 = PoSt + Aa(St)0aEat1 (77)

SO
NS = (py — 1)8 4+ Aa(St)0aEats1- (78)

The approximation that Ac,; = Aayyq, (78), and As;.; = AS;; imply that we can write the
argument inside the expectation in (72) as

G141+ Aair1 + ap—1 + bp—15141

= [log(B) — aAa41 — aAsy ] + Aayy + an1 + by—15111

= {log(B) — aAart1 — a[(ps — 1)8; + Aa($t)0aat+1]} + Aarir + an—1 + bu—1[p 8 + Aa(8t)0aEatr1]
= log(f) + (1 = @)(ga + Taats1) + [bn-1ps — (ps — 1)] 8t + a1 + (b1 — @) Aa(5¢)0aari1

=log(f) + (1 — @)ga + [bn-1ps — alps — 1)]3t + an1 + {1 — o[l + Aa(5¢)] + bn-1Aa(St) }Talatra-
(79)

Next, we evaluate the right side of (72) using the equality in (79). Note first that, except for the last
term, all of the variables in (79) are known at ¢ so that

log[By (exp{log(5) + (1 — @)ga + [bn-1p5 — alp, = 1)] 5 + an-1})]
=1log(B) + (1 — a)ga + [bu-1ps — ps — 1)} 51 + an1. (80)

For the last term in (79), we use that the conditional expectation of a log-normal random variable
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with mean 0 and variance o2 is exp 02/2 so that

log[B(exp{1 — a1 + A\o(8¢)] + bn_1Xa(St) }Tucats1)]
:%ﬁl—aﬂ+k&&ﬂ+@kﬂxﬁﬂ2

~

%{1 —afl + 2(8)] + bp1Xa(8)}2 + (02 (b1 — @) A (8){1 — a1 + Ao ()] + bu1Xa(5)}) 3

a 1 202 (o= byq) a 1 .
= [1—§+bn—l (§_1>:| E‘i‘aaT |:1—_+bn—1 (E_l)]

S o
a — bnfl 2 02 2 o — bnfl a — bnfl ~
1—-b, gy —— | = 1—0bp 1 — , 81
( ' S ) p T ! S S St (81)
where in the third line we have performed a first-order approximation around s; = s and in the fourth
line we have used that in a steady state,
1
M@gfgu—QgrﬂWﬂ—1 (82)
satisfies

14+ X(s) =1/S and X, (s) = —1/5.

(83)
Adding (80) and (81) and grouping together the constants and the terms in $;, we have that

log{E[exp (qtt41 + Aasy1 + ap_y + bp_15041)]}

— b, 2 2
=log(B)+ (1 — )gs + an_1 + (1 — by — u) %a

- bn, - bnf ~
+ 01(1 - ps) + psbn—l + <]- - bn—l - a S 1) (Oé S 1) 0-¢21:| S¢- (84)

Now we are ready to use the recursion in (72), namely,

ap + by5, = log{Et [GXP (Qt,t+1 + Aagy1 + an1 + bn—1§t+1)]}-

Matching up the constants and the coefficients of §, on both sides of this equation using (84) gives

— b, 2 2
a, =log(f) + (1 —a)gy + an_1 + (1 —byq — %) 02"

and

— by — by
bn:a(l_ps)—i_psbnfl"” <1_bn1_ - Z 1) (a Z 1)02

S S @
which are the formulas in (74) and (75) above.

Finally, to establish the claim that the assumptions that o > 1 and 1 — p, + (1 - %) % > 0 imply
that the coefficients b,, grow monotonically from 0 to «, we rearrange the formula for b,, as

bn - bn—l = (CY - bn—1)¢(bn—1)7 (85)
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where ) s )
@\ % 172\ %
¢(bnfl) =1- Ps + <1 - g) g + bnfl ( g ) g (86)

s0 ¢(b,,—1) is a strictly increasing function on (0, o). We first note that if b, converges to b*, then from
(85), b* solves the quadratic equation (o —b*)p(b*) = 0, for which the relevant root is the positive one
with b* = a. We now show that if « > 1 and 1—p,+ (1 — %) U—Sg > 0, then b,, converges monotonically
to a from 0. Note first that these two conditions imply that ¢(b,_1) > 0 for all b,_; > 0 because

S <1and )

B(0) =1—p, + (1) € (0,1). (87)
Clearly, ¢(a) > 0 because S < 1 implies ¢p(a) =1 — p, + (1 — ) % >1—-p,+(1-2) U—SE
¢(a) <1 because o > 1 implies that the second term in (87) is negative.
Next, we claim that if b,_1 € [0, «|, then b, > b,_; and b, € [0, «]. To prove this claim, note that
since ¢(-) is an increasing function and b,,_; € [0, a], then ¢(b,—1) < ¢(a). It then follows that

> 0, and

b = bp1 + (@ = bn1)P(bp-1) < by + (@ = by1)p(a) = [1 = ¢(a)]by1 + dla)a < «, (88)

where the last inequality follows because [1 — ¢(«)]b,—1 + ¢(a)a is a convex combination of b, and
«. Moreover, b, > b,_; since (a — b,_1)¢(b,—1) > 0. Hence, we have established that b, > b,_; and
b, € [0, al.

From this claim, it follows that since by = 0 € [0,«], then b, > b,_1, so the series increases
monotonically, and b,, € [0, a] for all n. Since b, is bounded above by «, the series converges. Since b,
is always nonnegative, the series converges to the relevant stationary point of (85), namely, b* = «. [

A.8 Sufficient Statistic for Job-Finding Rate Volatility

In what follows, we define the risky steady state as in Coeurdacier et al. (2011) and Lopez et al. (2017)
as the limit point of the deterministic system in which all shocks are zero but in which agents expect
shocks to be realized according to their true distribution and agents’ approximate decision rules
are computed using a first-order approximation around this point. Mechanically, the risky steady
state for market tightness 6, is simply the mean value of log(6;) under our log-linear approximation
log(6;) = log(#) + 148 and thus is log(0).

Proposition 4 (Sufficient Statistic for Job-Finding Rate Volatility). Under the approzimation
in Lemma 2, the response of the job-finding rate to a change in s; evaluated at a risky steady state is
given by

dlog(\y 1— > “ (cpdy + 50
0g(Awt) = ( 77) anbn with w,, = Oi <Z£ ¢ —|—nc :) —) (89)
ds; n )= ooty e (cedy + cs67)

where a,, and b, are given in Lemma 2 and the standard deviation of the job-finding rate o(\,;)satisfies

_ dlog(Awt)

g (/\wt) dst

o(sy). (90)
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Proof. Substitute P,;/A; = e ™% from Lemma 2 into (60) in Proposition 3 to obtain

1— [ oo
log(Awt) = X + ; il log Z(C@(S? + cség)eaﬁb”(sts)] (91)
Ln=0
1—n - L—n o= (c0) + cyd™)e™
>~ v+ lo cody + cs0y)e" | + = b, | (5t — s
ot S e |+ 152 |8 S o
J R
= const + —— anbn (s — s). (92)
N n=0

Denoting the right-side of (11) by f(s;), in (92) we took a first-order Taylor expansion of this right
side around s using f(s;) = f(s)+ f'(s)(s; — s). Differentiating this last expression, (89) and (90) are
immediate. O

Here we expand on the risky steady state of the log-linear model. The proposition just established
holds for any point 6 at which we take our first-order expansion. But it is logically most consistent
to take it around the risky steady state of the log-linear model, as we will explain below. We start
by showing how that state is calculated.

A. Computing the risky steady state. Since we will take a first-order expansion around #,, it is
convenient to begin by rewriting the free-entry condition

KA = (L= )N pe(fer = M) (93)

in terms of 6§, rather than Ay. Using Ay = BO™", we obtain

g — B =) ( Het = Hut
K At ’

so that we can write (93) as

1 B(l—m)} 1 (Met_ﬂut)
log(0,) = —log | —————| 4+ —log [ —&=———* | . 94
g(0:) p g{ p ;o8 1 (94)

Hence, using (94), we can write (60) in terms of 6; as

— 1 - P,
_W} + Elog [2(055? + cs(sg)f : (95)
t

n=0

We now take a first-order approximation to the log of the variables 6, and P,;/A; around the risky
steady state 6. This first-order approximation for these variables has the same log-linear form in the
demeaned state 5;. Hence,

P,
log(#;) = log(#) + 145, and log (f) = ap + bn by (96)

t
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To find this solution, substitute in (60) the expressions in (96) for all of these variables to obtain

log(0) + g8 = %log [—B<1 — 77)] L

- + Elog [Z(Cgé? + 03(5?)6“””"31 : (97)

n=0
Now, to find the risky steady state, namely, log(f), set §; = 0 in (97) to obtain
1 B(1 - 1 —
o) =~ tog | 2= |4 Lo {Z c(0)3(0)" + c.(0)3,(6)) } , (98)
n=0

where we have made explicit that the roots d,(0) and d(#) and the constants c,(f) and c¢s(#) depend
on @ so that the risky steady state is the fixed point of (98). To solve for the slope term 14, we take a
first-order approximation of the general form f(s;) = f(s)+ f'(s)(s: —s) around 6 at §; = 0 to obtain

Z CZ(SE +C5 ) anb 3
<> molcedy + g0y )er "

1 B(1— 1 >
log(0) + ¢S = Elog {%} + Elog [Z(@(Se + 50 )e
n=0

Then, matching the coefficients of §; on both sides gives

)" + ¢s(6)05(0)"] e by
Zzn o [ce(0)0e(0)" + ¢5(0)55(0)"] e

(99)

B. Why the risky steady state is the only point consistent with this approximation. Imagine that
we picked an arbitrary 6, say 6, and consider log-linear rules of the form (96) but with the log-linear
rule for 0, given by log(6;) = log(61) + 1y, 3, where 1), is the expression in (99) evaluated at c,(6,),
cs(01), 9¢(01), and 04(67). If for some arbitrary ¢;, we substitute these values for ¢,(01), ¢5(01), d,(01),
and 64(6;) into the approximation to obtain the right-side of (97), and take the means of both sides,
we obtain

log(6) — %log {@} + %log {Z (ce(61)82(61)" + co(61)54(61)"] e“”} (100)

n=0

for some 0 # 6;. That is, if we take the approximation to the right side of (100) at any point
0 other than the risky steady state, the process for log(#;) will not have a mean that is consistent
with the point 6 about which we took the approximation. In this sense, the risky steady state has
a special property: it is the only point 6 that is consistent with this approximation in the sense just
described. Hence, in this type of approximation, we need to solve for the point €, about which we
are approximating, endogenously as part of the approximation, by solving the fixed point problem in
(98). This is the sense in which our approximation differs from many of the standard ones.

A.9 Extensions of Propositions 3 and 4

In the approximation given in Proposition 3 in the paper, we assumed that future A\, were constant
when we derived the dynamical system governing the multipliers (u,,, 11,,). Here we do not make such
an approximation and state an extension of Proposition 3, which features more terms corresponding
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to those from the time-varying A,:is, which are prices to two new strips involving 6,,, as well as
Atip. Define then P?, = Ey(Qtt+nAi1nbiin) to be the prices of claims to assets that pay A;in0;i1,
and PY = By(Qr11nAin0""0],.,,) to be the prices of claims to assets that pay A, ,0' "0}, , at t +n,
where 6 is the market tightness in the risky steady state and we have used the Cobb-Douglas form of
the matching function.

Proposition 3’ (Extension of Proposition 3). The job-finding rate satisfies

_ 1 - 77 = n n Pnt n n Pg+1t Pgilt
log(/\wt) - X+ < 77 ) IOg 3_0(05(5[ + 0855) At + (bZ(SZ + bsés) < At At ) (101)
where for 7 = (1 + ge)o — d(1 + gu)[1 — nAu(6)],
KN T+ 0 KN T+ 0s
= —o&(1 ' = (1 - 102

and the expressions for ¢y, cs, 0y, and 0, are as before.

Notice that, in contrast to Proposition 3, this formula is exact since it involves no approximations.
Proof. Defining the scaled multipliers fi,, = p,.,/A: and i, = pi,,/As, we can write the first-order
conditions for the planning problem as

N A . .
fieg = 14+ &(1 4 ge) By {Qt,t-‘rl Z;l [(1 — O)fley1 T Uﬂutﬂ] } ’ (103)
. A - .
frug = b+ A(1 4 gu) By (Qt,tﬂ%t1 {1\ (Ori1)ftersr + 1 = 1w (0141)] Mut+1}> ; (104)
and
o= (1= Api(00) (frep = Fru)- (105)
Thus, we can express (103) and (104) as a nonlinear matrix difference equation,
laet 1 At+1 ﬁet+1
= E, S w(6 1
O T
where the transition matrix WU (6,,1) is defined as
\P(@t—i-l) _ |: ¢(1 + ge)(l - U) qb(l + ge)a :| )
(1 + gu)nrw(Ber1)  O(1+ gu) [1 = nAuw(er1)]

To understand what terms we dropped in Proposition 3 in the paper, define

wp= [ re0-n sl ]

(1 + gu)nAw(0) (1 + gu) [1 — 1A (0)]

for any (feasible) constant 6 and rewrite (106) as

el =[] vom{aua et [fen s m {ween - vol@ua 22 [P | aon

Mut :U’ut—&—l /j’ut+1
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where we used the trivial identity
U(0r41) = U(0) + [¥(Orr1) — W(O)]. (108)

We show that when we solve (107), we end up with the formula in (101). Because of the identity in
(108), we obtain an identical value for A, on the left side of (101) regardless of the value 6 we select.
Mechanically, as we move from, say, 0; to 0s, the roots d,(6;) and d,(;) adjust to offset the changes
in the strip prices P, = By(QtssnAisnbirn) and PV = 01_"Et(Qt,t+nAt+n9?+n).

In the paper, we omitted the third term in (107) of our approximation because setting future
Awt+s(0r+s) to the constant value A, (6) is equivalent to setting W(0,,s) = ¥(6). Now, to solve (107),
let us simplify the third term on the right side of (107). Noting that

U(0r41) — U (0) = (1 + gu)n [Auw(Or+1) — A (0)] [(1) _OJ

and that Q;++1 and A;y1/A; are scalars, we can write the third term on the right side of (107) as

Ay oy
B {[0(00) ~ 00w 25 [P}
t ut+

= (1 + gu)nB, {[Aw(em) ~ a(9)] Qt,tHAt“ {0 0 ] {ﬁem”

Ap |1 =1 [Jlyan
A 0
( VB § Qre A [Pw(Or1) = Ao (O)] [frersr = Ty Y
(1 + gu)kn A 0
o+ g, A 11
1-n £ Qe Ay 041 — 9?—1-191777 ’ Y

where in (110) we used that our matching function implies A\, = B#' ™" and \; = B, so that

Aw(O1) = A(0) = Betl—:? — B = BO (01 — 07,,0"7") = Np(0r1) (Opr — 07,077
K
= - - 01 — 07,00, 111
=) lierrs — ) e~ P (1)

which implies that

P (Ors1) = Aw(O)] (Frersr = Puern) =

K _
E(et-&-l — 07,67, (112)
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and in (110) we used (112). Substituting for the third term in (107) using (110) gives

{@ﬂ:{ﬂ+wwﬁ{@ﬂlequ}+ﬂgi&L‘ k““&ﬂw”rﬁaﬂHﬂ[ﬂ

Fout Hat 1 1—n 1
-Swor [ (o)
n=0
o LS 000 [ 8 [ @1t 5 O =0 0]
- i\p(é’)" [117] P, + P(1 + Gu) KN Z‘I' [ ] (Pgm — P,?ZH) , (113)
n=0

where in the second line we solved the difference equation forward as we did earlier and in the third
line we substituted for the scaled strip prices, defined as

A n i A n 0" — A n
P =B, Qt t+n " as ) P,ft = [, Qt,t+n as 9t+n , and Pﬁt =6 "E, Qt,t+n o 9;7+n .
Ay Ay Ay

Thus, to evaluate fi,, — fi,;, we premultiply both sides of (113) by [I —1] to obtain

i ) 00 . 1 0o 0 ;
e Z [1 _1:| \Il(9> |:b:| nt+¢ 1+gu I‘inn Z |:1:| (P3t+1 P?ft—i—l) (114)
n=0 n=

To evaluate (114), we need to evaluate the terms

0

(14 gu)rn [
1

[1—ﬂmmﬂﬂ:@ﬁ+%&mm T

1—quw[]:mﬁ+m&, (115)
that is, the left side of the left equation in (115) has the form of a sum of the roots ¢; and §; multiplied
by some unknown constants ¢, and c,, and the left side of the right equation has a similar form but
with the unknown constants b, and b,.

We proceed as before. We decompose ¥(#) into eigenvectors V' and eigenvalues as

50

mww:v{oég

]V* with vazvrfol

0 ds

Hence, the constants ¢, and ¢, are the same as before. To solve for the constants b, and b,, we evaluate
K 0
o+ g [1 1w H — by} + b0 (116)
at n = 0 to obtain one equation in b, and b,

= b€+bsa

o(1 + gu)kn o o(1 + gu)kn
L ] -
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namely,

by + by = —w, (117&)
where w = ¢(1 + g, )rn/(1 —n). Evaluating (116) at n = 1 gives the second equation in b, and by,
1+ gu
bebe + bsds = d)(%gn)m (1 —1] w(9) m

_ o1+ gu)sn 1] {cb(l +9e)(1—0) $(1 + ge)o } m
I—n n)‘w<9)¢(1 + gu) ¢(1 + gu)(l - W\w(@)) 1
O(1 4 gu)rn (1 + ge)o
-] [¢<1 g1 - nAw(ﬁ’))}

[(1+ ge)o — d(1 + gu) (1 — nAu(0))],
namely,
bg(;g + bS(SS = WT, (118)

where 7 = ¢(1 + ge)o — &(1 + gu)[1 — nAy(0)]. We can solve the two equations (117a) and (118) in
the two unknowns b, and b, to obtain

T+ 5g T+ (55
by = — d b, = , 11
w(sg_ésan y w54—58 (119)
which establishes (102). Hence, using (115) in (114), we obtain
~ ~ . n P n P’g—f—lt Pgllt
frer = flut = [2(05% +¢s05) == A, + (bedy + bs0%) ( A, Tt) :
which, when substituted into the free-entry condition
1 — -
log(Aue) =+ { — = | log (fter = i) (120)
gives (101). O

We turn now to an extension of Proposition 4 that takes into account the extra terms in (101).
Proposition 4’ (Extension of Proposition 4). Under affine approzimations to the strips Py, P,
and P’ at the risky steady state, the response of the job-finding rate with respect to a change in s
evaluated at a risky steady-state is given by

Tk 1 — nz Z (ce0f + cs05)e"but (bedf + bs0%) 6 [ It (e, i1 + 1) — 6fn+l(9n+l + 77@59)}
dsi Zn O(Cf(sﬁ + 655?)6’ ™+ (bgd? + bség) 0 (edn+1 — 6fn+1) )

n=0 n=0

where a,, and b, are giwen in Lemma 2, by, bs are given in Proposition 3°, d,,en, fun, gn are derived
below, and the standard deviation of the job-finding rate o(\,:) satisfies

d log( Ay
s

‘7( wt) =
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Proof. Since we will take a first-order expansion around #;, it is convenient to begin by rewriting the
free-entry condition

KA = (1= n)Ape(ther = Hur) (121)
in terms of #; rather than A;. Using A\; = B§™", we obtain

9" — B(l — nt) Het — Mo
R At

so that we can write (121) as

1 B(l—m)] 1 (m—m)
log(f) = —log | ——=| + —log | ——= | . 122
w(0) = Stog | 2= 4 Liog (e (122)
Hence, using (122), we can write (101) in terms of 6; as

M]

K

1
log(6 :—log[
(64) ;

41 log f:(c,gé +c 5")P + (b6} + byd?) ( os(00 D1t 91—’7@”103(%)%) (123)
7] v 5 At Atet Ateline? ’

We wish to take a first-order approximation to the log of the variables 0, P,;/A;, P’ +1t /A0, and
PY 1,/ (A07"0]) around the risky steady state §. This first-order approximation for each of these
variables has the same log-linear form in the demeaned state §;

P, Pe
1 =1 I I
0g(0;) =log(0)+1,5, og(At) an+b,5;, log (At9t) d,,+e,5¢,

PY )
and log (Atgl—n—tﬂ@”) = fntgnSt. (124)
¢

To find this solution, substitute in (123) the expressions in (124) for all of these variables to obtain
1 B(1 - 1 > )
10g<0) + we‘gt = Elog {%} + Elog [Z(C@é? + Cség)ean-i-bnst]
n=0

log

I

o0
Z bed} 4 b (€8 (0)+1g5t pdntends gl—nen[log(9)+¢9§t}efn+gn§t)]
=0

then take a first-order approximation of the general form f(s;) = f(s) + f'(s)(s; — s) around 0 at
5; = 0 to obtain

1 B(1 - 1 >
10g(9> + wegt = Elog [%] + ;log Z(CE(SZZ + 03(5?)6“" + (béég + 53(5?) 0 (ed"“ . efn+1)]
n=0
i1 i (cedf + cs03)ebn + (bedf +5507) 0 [ (ens1 + g) — e (gnis + my)]
= 2 no(Cedf + csb7)emm + (b + bs07) 0 (ehnit — efnit) ;
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Then, matching the constant terms on both sides and the coefficients of §; on both sides gives

1 B(1 - 1 -
logd = —log <u> + —log [Z(cﬁ? + 567 )e™ + (be6) + by07) 6 (et — efntt) (125)
Ui K Ui

n=0

and

(126)

1 i (cedy + ¢507)e™ by + (b0} + bs6%) 0 [+ (en i1 +1p) — €1 (g1 + miby)]
{rd > omo(Cedy +csdy)en + (bedy + bsdy) 6 (ednr — efner) ’

which is a nonlinear system of equations in 6 and v, because ¢y, cs, by, bs, 0y, and o5 depend on 6
and, as shown below, d,, e,, f., and g, all depend on 1,. (See Lopez et al. (2017) for details in the
general case.)

The expressions for a,, and b, are given in Lemma 2. To derive d,, and e,, we use an analogous
linear approximation to P?,,

PG
1 nt — a
0g (Atet) dn + €nSt,

where, using log(0;) = log(0) + 1y8;, we will show that d,, and e,, are given by

O-Z en—1+ ¢9 — ?
dn = lOg(ﬁ) + (1 — Oé)ga + dn,1 + 7 1-— €n—1 — 2/}9 + T (127)
en=0a(l—p,) +en1p, + (p, — 1)iby — (1 — ey — 1y + 2 tf" - O‘) Ent +S¢" —952 (198)

with dyg = eg = 0. To derive these formulas for d,, and e,, note that we can write the argument of the
exponent inside the expectation in

Pet A Alog(0 Peflt 1
nto__ Et th,t+1+ at11+Alog(Oiy1) ~ 1 + (129)
Atet At-l—let—i—l

using log(Pg_LHl/AtHHHl) =dp_1+ €p_15:41 as

Grpr1 + Dagyr + Alog(0i41) + dp1 + €n18041
= [log(8) — aAas1 — aAsi 1] + Aagir + VpAsii1 + dy1 + €,-15:11
= [log(B) — alarr1 — (a —g) {(ps = 1)5; + Aa(st)0acat1}] + Aappr + dns
+ en1[ps8t + Aa(5t)Taat 1]
= log(B) + (1 — @)(ga + afats1) + [en—1ps — (@ = 1p)(ps — )] 8¢ + dp
+ [en—1 — a4+ V] Aa(5¢)TaCars1
= log(B) + (1 — @)ga
+ [en-10s = (@ = ¥g)(ps — D]S + dnoy + {1 = o1 + Aals)] + (en-1 + g Aa(st) }oaCarr1. (130)
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Note that, except for the last term, all of the variables in (130) are known at ¢ so that

log [E; (exp{log(8) + (1 — a)ga + [en—1p5 — (@ — V) (ps — 1)] 3 + dn-1})]
=log(B) + (1 — a)ga + [en—1ps — (@ = Py)(ps — 1)]5¢ + di1. (131)

For the last term in (130), we use that the conditional expectation of a log-normal random variable

with mean 0 and variance o2 is exp 0%/2 so that

log (B¢ {exp [1 — a1 + Aa(81)) + (en—1 + ¥g) Na(8t)] TaCary1})
= T0 1 — a1+ Ma(50) + (e + V)Nl

2
~ %o
T

(1= a(l+ () + (a1 +vp)Aa(5)]’
{08 (en—1+ g — @) Ny(s)[1 — (L + Aa(5)) + (en—1 + ¥p) Aa(s)] } 3¢

1 202 —€n-1— 1 .

1—%+(en—1+w9) (g—l):| %_'_0_2(04 651 we) |:1—%+(€n1+w9) (g—l)‘| St
a—enq —,]° 02
—] 2

a—ep_ 1 — a— ey 1 — .
ol [1 —€n—1— Py — Sl ¢9] ( Sl we) Sty (132)

where in the third line we have performed a first-order approximation around s; = s and in the fourth
line we have used that in a steady state,

Nolst) = % 1—2(s— s~ 1

satisfies 1 + \,(s) = 1/S and \,(s) = —1/S. Adding (131) and (132) and grouping together the
constants and the terms in §;, we have that

log {E; [exp (1,141 + Aayy1 + Alog(0y41) + dp—1 + €n—15141)]}

2
—10g(B) + (1 — a)ga + dn_y + {1 —enq =ty — %ﬁ%} %2
{0+ s 1 s - ] (A m )

Now we are ready to use the recursion in (129), namely,
dn + €n§t = 10g {Et [exp (qt,t+1 + Aatﬂ + A 10g(9t+1) + dnfl + en71§t+1)]} .

Matching up the constants and the coefficients of §; on both sides of this equation using (133) gives
expressions (127) and (128) above.
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To derive f,, and g,, we use a similar argument for
PV
IOg <$) = fn +gn§7

where, using (1 —n)log(#) + nlog(6:) = log(#) + nys:,

02 n— + —
fn :log(ﬁ)—i_(l_a)ga"i_fn—l_"?a (1 — Gn—-1 —m/fe‘i‘ o1 g¢9 ) (134)
n— + — n— + —
gn = Oé(l - ps) + gn-1p, + U(Ps - 1)¢9 - (1 —On-1— 77% + In-1 g¢9 ) Gn-1 g¢9 O'Z
(135)

with fo = go = 0. To derive these formulas for f,, and g,, note that we can write the argument of the
exponent inside the expectation in

i Py
—n__ _F{e + Aayp1 4+ nAlog(6 "——t“} 136
A,0707 t{ XD [t 141 t+1 + NAlog(011)] At+191_”9?+1 (136)

using log(PezLHl/At+1«91_’79;7+1) = fn-1 + Gn—15141 as

n

Qa1 + Aaprr +nAlog(0i41) + fao1 + Gn15t11

= [log(8) — aAai1 — aAsipa] + Aaryy + mhgAsir + foo1 + gn18t11

= [log(8) — alart1 — (@ = ng) {(ps — 1)8: + Aa(st)0aCar1}] + Aarir + fra
+ Gn-1[ps8t + Aa(5¢)TaCars1]

=log(8) + (1 — a)(ga + Ta€att1) + [gn-10s — (o — ibp)(ps — 1)] 5 + fua
+ [gn-1 — @ + 0y Na(5¢)0aCari1

=log(3) + (1 = @)ga + [gn-1ps — (@ = ng)(ps — V)] 8¢ + fru1

+ {1 = ol + Aa(se)] + (gn-1 + 1g) Aa(5t) }OaCart1. (137)

Note that, except for the last term, all of the variables in (137) are known at ¢ so that

log [E¢ (exp {log(B8) + (1 — @)ga + [gn-1ps — (@ = mPg)(ps — 1)] 3¢ + fr-1})]
= log(B) + (1 — @) ga + [gn-1p5 — (@ = Yp)(ps — )] 3¢ + fu-1. (138)

For the last term in (137), we use that the conditional expectation of a log-normal random variable

with mean 0 and variance o? is exp 0%/2 so that
log [By (exp{1 — o[l + Aa(s¢)] + (gn-1 + 10g) Aa(5t) }OuCats1)]

= % {1 — [l + Xa(50)] + (gno1 + mbg)Nal(se) 12
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Now this expression approximately equals

%‘21 {1 —a[l+ X(8)] + (gn1+ n¢9)Aa(5)}2

+ {05 (g1 + 1m0 — @) Ny (s)[1 = a1+ Xa(s)) + (gn-1 + 19) Na(5)] } 3¢
= [1 — S+ (g1 + 10) (l - 1)]2 % Gi(a 1~ ) [1 — %+ (gnms + 7)) (l - 1)} 4

S S 2 S S S
2 2
O — g1 — o?
= (1—9n-1—77¢9— s n%) 5
(1 ) (2 -

where in the third line we have performed a first-order approximation around s; = s and in the fourth
line we have used the steady-state relation (83). Adding (138) and (139) and grouping together the
constants and the terms in §;, we obtain

log {E; [exp (qr,t+1 + Aagyr +nAlog(0iy1) + fao1 + gn—1541)]}
O = gn-1 — NPy ’ U_?L
S 2

(0 = m0g) (1 = ) + pagns + (1= gy — oy — == ) |
S

+ (a—gn—l—"]we> 0_2 t (140)
S a

=log(B) + (1 —a)ga + fu1 + <1 — Yn—1 — NPy —

Now we are ready to use the recursion in (136), namely,

fn+ gnSt = log {E: [exp (qt4+1 + Aarp1 + nAlog(Ori1) + fno1 + gn15t41)] -

Matching up the constants and the coefficients of §; on both sides of this equation using (140) gives
expressions (134) and (135) above. O

We can now compare the accuracy of the linear approximation around the risky steady state in
Proposition 4’ with the linear approximation based on the assumption A,:;; = A, behind Proposition
4. As Table A.7 shows, the approximation in Proposition 4 that uses the assumption A,i; = Ay
generates an approximate process for \,; that is 1.93 times as volatile as the process derived from
the global solution of the model, and that correlates with it with a coefficient of 0.998. In contrast,
the approximation in Proposition 4’ that does not impose the assumption A,:1; = A, generates an
approximate process for \,; that has nearly exactly the same volatility (0.999 as volatile) as the
process derived from the global solution of the model, and that correlates with it with a coefficient of
0.985. The more complicated expression behind Proposition 4’ offers a more accurate solution as well
as an alternative sufficient statistic, but in the interest of providing insight into our new mechanism,
we used in the paper the simpler expression behind Proposition 4.

B Nominal and Real Bonds in the Model

Here we provide some details about the pricing of nominal and real bonds.
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B.1 Pricing Real Zero-Coupon Bonds

The price at time ¢ of the n-period zero-coupon real bond P;, is defined as the expected value of
one unit of goods in n periods. Hence it is given by P!, = Ei(Qtt+n). We can write this formula
recursively as Py, = By (Qy 41 Py ,,1) with Py = 1.

B.2 Pricing Nominal Zero-Coupon Bonds

Here we show how we price nominal bonds in our model, the inflation process we posit, and then
briefly discuss why bonds carry an inflation-risk premium. Note that the price at time ¢ of an n-period
zero-coupon nominal bond is defined as the expected value of a claim to one dollar in n periods in
period-t goods, P?, = Ey(Q;4+n/ts4n), where II; ., is the gross inflation rate between ¢ and ¢ + n.
We can write this formula recursively as

P, = E, <Q““ P,’j_l’tH) with P, = 1. (141)
1

We follow Wachter (2006) and posit an exogenous monthly process for inflation of the form
i1 = ™+ Ty + W1 and Tyl = ¢xt + wthrla (142)

which we estimate below. Note for later that we allow the nominal shock w; to be correlated with
the aggregate productivity shock e,,. Observe also that the gross inflation rate between t and t + 1,
IT; 111, and the net inflation rate between ¢ and ¢ + 1, 7,44, are related by

Ht,t+1 = exp(wtﬂ). (143)

We first discuss how we solve for the price of a n-period nominal bond. Recall that the state of our
baseline (real) model is (S¢, Zet, Zut), which we refer to as the real state. The nominal model augments
the equations of the baseline model with the exogenous inflation process (142). The nominal model
thus adds the nominal state x; so that the state of the nominal model is (s;, Zet, Zut, ;). We focus on
a stationary equilibrium in which the price of the n-period nominal bond is a stationary function of
this state and so has the form Pf;t = Pf; (Sty Zety Zus, ). To solve for such an equilibrium, we posit a
solution in which the log of this price is the sum of a nominal part that is affine in the nominal state
x; and a real part that depends on the real state (s, Zet, Zyut), that is,

IOg(P;Z(St, Zet7 Zut7 'Tt)) = ap + bnxt + log(Fﬁ(St, Zeta Zut))

or
P};(Sh Zety Lut, xt) = eXP(an + bnxt)FfZ(St, Zet, Zut)- (144)

Now, starting with (141), namely,

Pl =Ey(Qui Il 1 Py i), (145)

we substitute on the left side of (145) using (144), where we let F?, denote F(s;, Zey, Zut), and on
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the right side using II; ;11 = exp(m;41) to obtain

exp(a, + bywy) oy = By [Qt1+1 exp(_ﬂ-t-&-l)Pg—l,t—H]
= [, [Qt,tJrl exp(—T41) exp(an-1 + bnflxt+1)F£717t+1]
= By [Que1 €xp(—T — & — Wiy + a1 + bp_1 (P + ¢wt+1))F£_1,t+1]
= exp(—T + an—1 — (1 — Pby_1)7) By [Qre41 exp((bn-19) — 1)wt+1)F£—1,t+1} ; (146)

where in the second line we used a version (144) for a n— 1-period bond in period ¢t +1 and let Ffl’_l’t 41
denote Ff;_l(stﬂ, Zets1, Zuts1), in the third line we substituted for m;,; using the first equation in
(142) and for x4y using the second equation in (142), and collected terms, and in the fourth line we
rearranged terms. Hence, matching the constant terms and the terms in z; on both sides of the last
line gives

ap, = —T + ap—1 and b, = — (1 — ¢b,_1) (147)

with ag = by = 0. Thus, solving (147) recursively gives

an:—m‘randbn:—l_qzs )
1-9¢
Now using from (147) that
exp(ay, + bpxy) = exp(—7 + an_1 + (b1 — 1)), (148)

we can divide both sides of the fourth line of (146) by (148) to obtain
Ffit =k [Qt,t—i—l eXP((bn—ll/) - 1)wt+1)F£—1,t+1] with th = Pgte_ao_boxt =1, (149)

where the expression for Fg, uses (144). We then solve (149) nonlinearly.

Finally, notice that if the nominal shock w;,; were uncorrelated with the real shock €41, then
we could write the product in the fourth line in (146) as

B Q141 exp((bn1t) — Dwip1) FY_y 1] = By [exp((bn_1t — Dwi1)] By (Quea Fr_1411) -

in which case the real interest rate would reduce to the nominal interest rate minus the (log of the)
expected inflation rate. Here instead we have

[, [Qt7t+1 exp((bp-1% — 1)wt+1)F£—1,t+1] = Covy(exp((bp-1¢ — Dwyy1, Qt,t+1F£—1,t+1)
+ By [exp((bp-1% — Dwyy1)] By [Qt,tHFfLLHJ :

Given our estimates, w1 and €,,,1 are negatively correlated, so that a nominal bond tends to pay off
fewer goods when the marginal utility of these goods tends to be high. Hence, nominal bonds carry
an inflation-risk premium.
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B.2.1 Estimation of Exogenous Inflation Process

The key way the process for inflation is connected to the real economy is that shocks to inflation
are correlated with shocks to productivity. We start by estimating an ARMA monthly process for
inflation. Since measures of aggregate productivity are only available quarterly whereas our model is
monthly, we proceed as follows. We append a monthly process for inflation to our real model of the
same form as the quarterly process in Wachter (2006), namely,

i1 = T + T + Wiy and T = Oz + YWy,

where w; is an i.i.d. random variable that is distributed N(0,02) and correlated with productivity
innovations with corr(eq, wi) = p,,. This state-space representation implies an ARMA (1,1) univariate
representation for monthly inflation. We estimate the model by maximum likelihood and recover the
parameters (7, ¢, 1, 0y,).

We now define quarterly inflation and productivity growth as
Tgt+1l = Tyq1 + Tepo + T3 and Aagq1 = Aayr + Aago + Aagys.
These quarterly rates can be written in terms of the monthly parameters and processes as
s + Tera + Tt = 37 + (14 ¢+ 0%)2r +wips + (L+ ) wiga + [L+ (1 + 6)wiga

and
Aays + Aapg + Aaryr = 39a + €args + a2 + €apyi-

Thus, after estimating the monthly inflation process we can construct

Wy i1 = Weys + (1 +P)wip + [14+ (1 + ¢)|wy1,

and hence we can compute

Cov(wgs1, Aage1) = Cov(wigs + (1 + Y)wipn + [1+ (1 + @)|wist, €arys + €ara + €arr1)
=(1+14+vY)+[1+Y(1+9)]) praCuwTa-

Rearranging terms, we can recover the monthly correlation between inflation and productivity inno-

vations as
Cov(wgt11, Aagit1)

P T A+ A+ 9) + [+ (1 + )] ouoa
In Table A.8, we display the results of this estimation.

C Results for Alternative Preferences

Here we inspect the amplification mechanism emanating from the alternative preferences we consider
and emphasize that they formally all work in a nearly identical way.
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C.1 The Mechanism for Alternative Preferences

Note first that Proposition 3 in the paper holds as stated for our models with Campbell-Cochrane
preferences with external habit, Epstein-Zin preferences with long-run risk, Epstein-Zin preferences
with variable disaster risk, and the affine discount factor. The reason is simply that this result depends
only on the search side of the model and not on the discount factor that a particular preference and
shock structure implies. It turns out that an analogue of Lemma 2 holds for each of these preferences
as well. For Campbell-Cochrane preferences with external habit, the log-linear approximation in
(73) holds with the same constants given in Lemma 2 except that the constant S in b, is replaced
by S. Proposition 4 then applies as stated. For Epstein-Zin preferences with long-run risk, the
analogue of Lemma 2 holds with log (P.;/A:) = a, + b,Asy + cpxy, where b, = p (1 — p?)/(1 — p,),
n =1 =p)(1—=p2)/(1—p,), and the constants a, are given next. For the remaining preferences,
the prices of claims to strips have the same form as (73) with constants provided here next. Then,
Proposition 4 applies as stated.

In order to provide some intuition as to how these elasticities and the associated weights vary
across models, in Figure A.2, we graph these elasticities, scaled by the volatility of the relevant state,
and the corresponding weights. Notice that in all these models, these scaled elasticities increase with
the horizon n. Hence, the intuition for the role of human capital is the same for all these models:
the greater the degree of human capital accumulation, the larger the weights placed on long-horizon
claims, which are relatively more sensitive to changes in the exogenous state of an economy, and so
the larger the volatility of the job-finding rate. Therefore, as far as the volatility of the job-finding
rate is concerned, all of these models work in the same way.

C.2 Versions of Lemma 2 and Proposition 4 for Alternative Preferences

We now state and prove a version of Lemma 2 and Proposition 4 for each of the alternative preferences
we examine.

C.2.1 Campbell-Cochrane Preferences with External Habit

Under our approximations, Lemma 2 and Proposition 4 apply as stated for the external habit case.

C.2.2 Epstein-Zin Preferences with Long-Run Risk

We begin by deriving the risk-adjusted log-linear approximation to strips around the risky steady
state.

Lemma 2b (Price of Productivity Claims for EZ Preferences with Long-Run Risk). The
price of a claim to productivity in n periods approximately satisfies

P,
log (I;) =a, + b,x; + c,Asy,
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with

1—a 1\’
w—d= ~Y9a — 92 Oq 92 ¢wz¢iaz2z - <77Z)ws - Tp) Qﬁgi,

and
0 g Ps

s = T S )1

77Z)w:z: -

where ag = by = ¢ = 0,

1—p2
= and ¢, = —=(1 — p).
l_pspsv n 1_px( p)
Now, given this result, it is immediate that if we take a first-order approximation to the key equation
from Proposition 3,

1— C P,
log(Awt) = X + (Tn) log [Z(cﬁ? + Cﬁ?)f
t

n=0

Y

using the approximate solution for productivity strips in Lemma 2b, the following proposition is
immediate.

Proposition 4b (Sufficient Statistic for Job-Finding Rate Volatility for EZ Preferences
with Long-Run Risk). Under the approximation in Lemma 2b, the responses of the job-finding rate
to a change in x; and As; evaluated at a risky steady state are given by

dlog(Auwt) <1 — 17) > dlog(Awt) (1 — n) d i e (cody + cs0%)
- nbn d - nCn th n — ) n . N )
dx; 7 ) 2t nd TR0 g ) e Wit = T )

(150)

where a,,b, and c, are given in Lemma 2b and the variance of the job-finding rate o(A\y;) satisfies

o (ui)? = (—dloggwf)fa(xt)? + <—dlﬁj:”))20mst>2. (151)

n=0

We first prove Lemma 2b. To this purpose, note that the shocks

Aaii1 = go + Tt + Ouatt1, Te41 = Pult + Pp0auti1, and Asiy = pAsy + ¢ 04E5111 (152)

imply that
EtAat+1 = (Jq + Ty, Etxt-i-l = PrLty and EtASt+1 = psASt' (153)

Rewrite the preferences
1

Vo= [ = B)SCi + 8 BV ] (154)

36



as

1-p
_ Vi i
U = (1= 8)+ =y BV (155)
e S,.C. 7
St pCt t t
which is equivalent to
—p)ws B —ayi2
6(1 P) = (1 - ﬁ) + StC—tl_p (Et‘/ti-l )1 * (156)
with W, = V;/ (Stl/(l_p)C't> and w, = log(W;) so e@=Pwt = [V, /(S C)]=r. Using Viyy =
Wt+15151+11_ Ct+1 in (156) giVGS

1—p

(—pywe _ (1 _ g 1/(1-p) e
e (1-8)+ S,Cr {Et [Wt+15t+1 Ct-&-l} }
1-p

—(-9)+5{E, [Wm(sm/st)ﬁ<ot+1/ct>} e

1—

-1— ﬁ + 6 [Ete(l—a)(wt+1+ﬁAst+1+ACt+1)] T« —1_ ﬁ 4 5( ) (157)
where s; = log(S;), ¢; = log(C}), and
1
d, = 1 {E [ (1—a)(wer1+1= A3t+1+ACt+l):|}' 158
N PP (158)
Then, taking logs of both sides of (157) and dividing by 1 — p gives
4]

1 1
w = g log (1= §+8e%) ~ 7 log (1 = 5 +0) + (di—d),  (159)

1-8+96

where we to obtain the right side we used a first-order approximation around d, = d with § = Se(!=7)4¢,

We will use affine guesses in the states for the unknown variables, which make w;,; conditionally
normal distributed, and will use the approximation that Ac,; = Aayy1, which makes Ac; 1 normally
distributed as well. Using the properties of normal distribution, we can rewrite (158) as

E.A 1— 1
dy = ]Etth + 13 _St-i,-l -+ EtACLt+1 —+ aVart (wt—H + lTpASt_H + Aat+1) , (160)
Then, under the affine guesses
Wy = W+ Y0 + VY, Asy and dp = d + Y y,x + 0 Ay, (161)

we can substitute for w; and d; in (159) to obtain

1
w+ ¢wzxt + ¢wsASt = —p IOg (1 - 6 + 5) + (¢d1¢xt + ,lvbdsASt)‘ (162)

_0
1-8+6
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Matching coefficients on both sides of (162) gives

1

0

and 5
wws - ]__—Mlpds' (164)

Now substitute for d; on the left side of (160) using (161) and substitute for w;;; on the right side
using the affine guess for w;,; to obtain

1
d + ?/dext + ¢dsASt = w+ ¢w$Et$t+1 + wwsEtAStJrl + 1_ pEtA5t+1 + EtAa,t+1

-« 1
Vart (’LU + zbmxtﬂ + wwsASt+1 -+ TpASt+1 -+ A&t+1> .

Using the processes for the shocks Aayr1 = g4 + 24 + 0u€ati1, Ter1 = PpTt + Gp0aEptr1, and Aspy g =
PASt + @ 046541, we further obtain

1
d+ ¢dth + ¢dsASt =W+ wwxpxxt + 77Z)wspsASt + EIOSASt + Go + T4

1
Tp¢saa€st+1 + ga + Tt + O-agat+1) (165)

— X
Var, (w + Ve Pe0a€ati1 + Vs PsOalsir1 + 1

or, by the independence of the three shocks,

1
Tpﬁbsaa&?stﬂ + go + 2 + 0a5at+1)

Va’rt <w + ¢wx¢xaa6$t+1 + ¢ws¢30_a55t+1 +

1
= Vart (¢wx¢xaa5xt+l) + Vart |:(¢ws + P ) ¢50a55t+1:| + Vart (O-agat—i-l) .

1_5

Hence, (165) can be rewritten as

1
d+ wdaz‘rt + 77ZstA8t = w+ ¢wxpxxt + ¢wspsASt + ]_TppsASt + Go + 21

l—a , 1-«

9 Oq T 2 wfum¢io-§ - 92 (¢ws + —) ¢ (166)

By using the affine guess for d; in this equation and matching coefficients, we obtain

-« 11—« 11—« 1

d=w+got+ —5—00 + 5 Vuubi0s + I o,
2 2 2

Ve = VP + 1, and ¥, = ¥, .p, + p./(1 — p). Observe for later use that these equations imply

_Ps

¢wxpx - ¢dz = —1 and 1/stps - ¢d = - (167)
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Using (163) and (164), we see that

)
Var = [m

 1-B+0 ) 1—B+56
Vi = T g1 py) M Ve (1—p> 1-8+6(1—-p,)

J

wdz] p, +1and ¢, = {m

wds] ps +ps/(1—p)

so that

and thus using (167)

¢wa: - 5 and wws = ( P ) 5

T 1-B+(1-p,) l—p) 1=B+6(1—p,)

We now turn to the formulas for the strips. Using the approximation log(P,;/A;) = a, + b,As; +
¢,y in the extension of our main pricing equation (72),

P,
log (Tt) = log (B¢ {exp [gr0+1 + Aarpr +10g(Po-1,e11/At1)]}) (168)
t
gives (168) so that

Ay, + by Asy + oy = log {By [exp(gr 41 + Aarsy + an—1 + by 1AS141 + Cp1i41)]} - (169)

The stochastic discount factor for Epstein-Zin preferences is

oV /0C 11 nd oVy OV OV,

_ Vi1 /0C1110V: )0V
av,joc, " 9C,,, ~ 0C, iy, |

Qi1 = v, /o,

S0 Qt,t+1 =

Note from (154) that

oV

o, ) L
L= (1 - 5)‘/;pct pSt and 8‘/;+1 = 6‘/;5p‘/;+1 (Et‘/;fil )l—a ’

ac,

so that the stochastic discount factor can be expressed as

—(a—p)

Ve Cctin] [V Vit (B) ] (G S [

Qrit1= = : (170)
Ct St (Et V;l+fla) I-—a

VIPCPS,

By the definition of the variables w; and d, and substituting Ac;;; = Aa;y1, we have

1
Q+1 = log(3) + Asyy1 — pAagyr — (o — p) ('Ut—i-l ] log{[E; [6(1_a)vt+1] }) ) (171)

—
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where the term in brackets on the right side can be expanded as

log{By[e!" ™"+ ]} (172)

log <Et {exp [(1 — a)(we + 1 i Pias * atﬂ)] })
log (Et {GXP {(1 — a)(wer + ﬁASt“ * Aaw)] }>

Vi1 —
11—«

1
Str1 + Q1 —

= W +
t+1 1 —

1
= W1 + —— A8 + Ay —
1—0p 1 -«

1
= W¢y1 + EASHA + Aat+1 — dt, (173)

where we used V1 = Wy St1 J{(ll_p )Atﬂ, subtracted and summed s;/(1—p)+ay, and used the definition
of d;. Substituting (173) into (171) gives

1
Qi1 = log(B) + Asip1 — pAarys — (v — p) w1 + TpAstH + Aayyq —dy

—a
pAStH — (a = p) (w1 — dy). (174)

1
= log(f) — alazy + 1

Now we turn to developing recursive formulas for a,, b,, and ¢, starting from (169), namely,
Ay, + by Asy 4+ cpxy = log {By [exp(grei1 + Aari1 + a1 + by 1AS11 + Cn1Te41)] - (175)

Consider the argument of the exponential function on the right side of this equation, namely, ¢; 1 +
Aapyr + a1 + bp_1ASi 1 + ¢y_17441, and substitute for ¢ ;11 using (174) to obtain

o
1= pA5t+1 — (a = p) (w1 — dp) + At + @1 + b1 A8 + Cpo1Ti4a

log(p) — aAayq +

11—«
— 10g(8) + (1= @) (g + 50+ Gaurin) + (Bt + 72 ) (0,514 O,
—(a = p)(Bywi1 + V00 0aati1 + Vs PsOalsir1 — dy)

+an—1+ cn1(pp%t + Op0aELt+1)

= log(8)+ (1 —a)(ge + ) + a1+ (bnl + %) pAs, (176)
+en-1p,2¢ — (@ — p)(Bywerr — di) (177)
HL= @)(0uaess) + [booa + 1= = (@ = )| 6705 (178)
+[en-1 = (@ = P)Vue] 20 aari (179)

where in the second line we used the affine guesses

wy =W+ Y, Tt + VY, ASy, and dy = d + g, + Vg Asy,
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that v, = p, 2 + ¢,00E0t41, Atip1 = Go + Tp + OaCaps1, ASip1 = pAS; + ¢ ,04E441, and

Wiy = [w + wwxp:r:xt + ¢wspsA8t] + wwx¢xaagwt+1 + 77Dwsgbso-agSH—l

= Etwt+1 + ww$¢zaa€$t+1 + wws¢50a€st+1.

Since the terms in (176) and (177) are all known at ¢, the stochastic terms in (178) and (179) are
such that

11—«
log (Et{exp(l — ) (Uagaﬂf—f—l) + {bn—l + 1—p — (@ = P)ys) | PsTast
- ) ot
+ [Cn,1 - (Oé - p)wwm] ¢maa€$t+1}) = ( 2 ) O, + [Cﬂfl - (Oé - p)wwm]2 9
1—« 2 e
bn— . . s¥a
+ [ 1 + 1— 0 (Oé p)wws:| 9
Therefore, substituting into (175) gives
ay, + by Ay + C,14 (180)
1—
=log(B) + (1 — @) (ga + 71) + a1 + (bn_l + 1 j) pAsy (181)
+ o102 — (00 = p)Ey(wep1 — dy)
1-a)? , 5 P20 11—« ? po?
+ 9 Oq + [Cn,1 (Oé p)wwz] 2 + bn,1 + 1 _ 0 (Oé p)wws 9

Now, substitute into (181), to obtain Ey(wiy1) = w41, 0.0t +Vyeps Ase and dy = d+1 g0+ 4525
Matching the constant terms, the coefficients of the terms in As;, and the coefficients of the terms in
x; on both sides of (180) and (181) yields

Up = Ap—1 + 10g(5) + (1 - O‘)ga - (a - p) (w - d)

(1-a)? , 5 202 1 -« ? p202
+ 9 O + [Cn,1 (Oé P)%w] 9 + bn,1 + 1_ P (Oé p)wws 9 '
11—«
bn = bnflps + Tpps - (CK - P)stps - wd)7 (182)
and
Cpn = Cpn—1Py + l—a-— (Ck - p)(wwa;p$ - ¢dw) (183)

Now using 9.0, — g = —ps/(1 — p,) derived in (167) in (182), we obtain

11—« —
ps+ps(a p)
1—p 1—p

bn = bn_1ps + = bn-1ps + p;

so b, = (1 — p?)p,/(1 — p,) and using ¥, p, — ¥4, = —1 derived in (167) in (183), we further obtain

Cn=Cp1pp T 1l—at(@—p)=coap, +1—p
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so ¢, = (1 —p")(1 —p)/(1 — p,). This concludes the proof. O

C.2.3 Epstein-Zin Preferences with Variable Disaster Risk

We begin with the risk-adjusted log-linear approximation to strips around the risky steady state.
Lemma 2c (Price of Productivity Claims for EZ Preferences with Variable Disaster Risk).

The price of a claim to productivity in n periods approximately satisfies

P,
log (f) = ap + by(s; — 9),

with
(1-a)? 2
Ap = Qp—1 + 10g<ﬂ) + (1 - Ck)ga - (Oé - p) (U) - d) + TU
_ b, 2 42
+ [(p O[)wws2+ 1] ¢SSO_2 + [e(afl)O . 1] s
1— (a—1)0 1
w—d=—g, — 2a(1+wis¢§s)a2— ‘ TS
and 1, 15 the negative root of the quadratic equation
0 -1 (1-a) 5 5,
wwsfl_ﬁ_’_é(l_ps) [ 1—Oé + 2 wwsgbso- )

where ag = bg = 0 and

[(10 - 7)1/}105 + bn*1]2 ¢§ 0_2
5 .

Y00 +

ele—1)0 _ o — —a
bn:bn—lps_(l_p)|: 11}+( =)

By taking a first-order approximation to the key equation in Proposition 3,

)

1— C P,
log(Awt) = X + (Tn> log [2(0457} + 6552)?15
t

n=0

and using the approximate solution for productivity strips in Lemma 2c, the following proposition is
immediate.

Proposition 4c (Sufficient Statistic for Job-Finding Rate Volatility for EZ Preferences
with Variable Disaster Risk). Under the approzimation in Lemma 2c, the response of the job-
finding rate to a change in s; evaluated at a risky steady state is given by

dlog(Aywi) (1 — 77) - _ e (cody + c50%)
= wpb, With w, = == — 184
ds; n Z Yoo (cedy + cs67) (184)

n=0

where a,, and by, are given in Lemma 2c¢ and the standard deviation of the job-finding rate o(Ay:)
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satisfies
dlog(Ay,
0(Awt) = %a(st). (185)
St

We now turn to the proof of Lemma 2c. The proof is as follows. In this case, the forcing process

are
Ati11 = o + 0a€arr1 — Oy and s, = (1 — p,)s + pyse + 00 50/S1Est41

with jii1 ~ Poisson(s;), and (€44,€54) ~ N(0, I3) i.i.d. and independent of j;+1. Note that E;j, 1 =
s;. Recall that the conditional (log) moment generating function of a standard normal random
variable &, is log [B;(e®**+1)] = a?/2 and that of a Poisson random variable j;,; is log [E; (et+1)] =
(e* — 1)s;. It follows from the independence of (€4411,€s4+1,Je+1) that their joint conditional (log)
moment generating function is

, a? a? _
log {E: [exp(@aa i1 + Osy/St€s i1 + jjei1)]} = Ea + <75 + e — 1) S¢. (186)

_1
0115

1—p
Like in the previous Epstein-Zin case, rewrite V; = [(1 — B+ (Et%i’la) 1““} as

which can be equivalently expressed as

ay

1—
e(l=p)wt _1_5+Cl .

where W, = V;/C; and w, = log(W;) so e(!=Pwt = (V}/Ct) ~?. Using that Vi1 = W10y gives

5
ol

—1-8+5 (Ete(l—a)(wHﬁAcM))i%Z —1-B48 (edt)lfp’

6(1_0)% = (1 - 5) + (Et [Wt+10t+1]1 a) = = (1 - 5) + 3 (Et [VVtH(CHl/Ct)]PQ)%

where ¢; = log(C;) and

log (E e(l—a wt+l+ACt+1)) )

th]_

Using the definitions of the variables w and d, the stochastic discount factor is ¢ ;11 = log(5) —
alAcy — (o — p)(wie — dy) with

J

W=7 i o (1= B+ pel=%) ~ - i S log (1— 8+ Bet=rd) 4 1——th’ (187)
dy = : i - log (Ete(l’“)(wt“*mt“)) , (188)

and 6 = Be'=P?, By the usual notation, the log price of the n-th productivity strip is
n + bypdy = log [y (eftt+1HActan1tonadn)] (189)
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Under the simplifying assumption that Ac;y 1 ~ Aayy1 and using the affine guesses w; = w + ¥
d + 14,8, we can approximate the solution to equations (187), (188), and (189) a

and d; =
W+ s = ——log (1= B+ 6) + — 2,8,
—p 1—-p+9
d+w@$=?ﬂwwl+mf%1i log {B, [0~ Wusosvissritoaca ) =0irn]
=t Yyt oty (0 + U050 e(alliea_ (s + 30),
and

p)(Eywiir — di) + (1 — a)ga + 1 + bp1 B840
P [(bn—1 — (@ = P)Vys)osv/StEst+1 + (1 — @)(0acarr1) — Ojr+1)]})
p)<w - d) + ap—1 — (Oé - p)(wwsps - ¢ds)§t + bn—lpsgt

an + by = log(f) — (o —
+ log (B {ex
=log(B) + (1 = @)ga — (c

1— — b, 1]? o2
+ ( 20&) 0-521 + [(p &)¢w;+ 1] O (S + <§t) + [e(afl)e . 1](8 + <§t)7

where we used the log of the moment generating function in (186) to characterize the expectations

Hence, by matching coefficients, we obtain

) d -1 (1—a) 5, 5,
wws_l——wwd‘g_l—ﬁ—l—é(l—ps){ 1—a + 9 wws¢50:|7
e M1 T—a , 5, 1-6+90 el 1 T—a , 5,
wds - wwsps + 1—a + 2 wws(bso- - 1— ﬁ 4 (5(1 . )05) ( 1— a + 2 2ﬂws¢sa > )
1
= log (1 — )
W= log(1- 5+,
and o1
B 1 -« 9 9., o €Y1
d=w+ g, + i (1+ s pis)o” + TS
Also,
1 — 2
= s +108(8) + (1 — )gs — (0 — p) (w — &) + L2
2 .2
+ [(p - O[)wws2+ bn—l] ¢380_2 + [e(afl)ﬁ _ 1] s
and
(a—1)6 __ 1 - bn
b, = bnflps + (Oé - p) |:e + aw?us(b?OQ] + [(p Oé)wws + 1] ¢S 0'2 + e(afl)é -1
11—« 2 2
(=18 _1 —p)(1— b
— bnflpg - (1 o p) |i€ — ‘| 4 (O{ p)2( @)1/11203¢§U2 T [(p ’7)77Z)ws2+ 1] ¢s 0_2
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This concludes the proof. O]

C.2.4 Affine Stochastic Discount Factor

We begin with the risk-adjusted log-linear approximation to strips around the risky steady state.

Lemma 2d (Price of Productivity Claims for the Affine Stochastic Discount Factor). The
price of a claim to productivity in n periods approximately satisfies

P
log (f) = ay, + bysi,

2

Ua
Qp, = Ap—1 + Ga — Mo + (1 + bn*I)Z? - 70(1 + bnfl)aiv

with ag = bg = 0,

and

1—(p, + %02)”}
1 —(p, +702)

Next, by taking a first-order approximation to the equation in Proposition 3,

by, = (7102 + 1) [

1— - P,
log(Awt) = X + (Tn> log [2(045? + 0552)?15
t

n=0

)

and using the approximate solution for productivity strips in Lemma 2d, the following proposition is
immediate.

Proposition 4d (Sufficient Statistic for Job-Finding Rate Volatility for the Affine Sto-
chastic Discount Factor). Under the approzimation in Lemma 2d, the response of the job-finding
rate to a change in s; evaluated at a risky steady state is given by

dl 1-17) « o (coby .
Og(Awt) _ ( 77) anbn with W, = Oi (CZ(SZ +n6858) . (190)
dst N n=0 ZnZO efn (Cféf + CS(SS )

where a, and by, are given in Lemma 2d and the standard deviation of the job-finding rate (M)
satisfies
dlog( A,
7(Mwt) = %a(st» (191)
St
We now turn to the proof of Lemma 2d. The proof is as follows. The affine model implies that
the price in period ¢ of a claim to productivity growth A;.,/A; in n periods is

A n a s
E; (Qt,t+n ;;_ > = einthnst, (192)
t
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By the pricing equation (72), we have
a, + bnst — log {Et [eqt,t+n+Aat+l+an71+bn71§t+1i| }
— log (Et {e[—(ﬂo—ﬂ18t)—%('Yo—’Ylst)QUg—('Yo—71St)0a€at+1]+Aat+1+an71+bn71P58t+bn710a€at+1 })

= log {e_(ﬂo_ﬂlst)_%(’Yo_71515)20'2""171—1"anflpSStEt [e_(’YO_’YlSt)o'aéaﬂ»l+Aat+l+an71+bn710’a5at+1j| }

2

Ua
= —to + s+ Ga + an1 + buapgsi + (14 ba)’ 5 = (L4 bua) (v0 = Mis), (193)

where in the first line we used that ¢y, = log(Q¢++1) and in the second line we used that
1
Qtp4n = — (g — p115¢) — 5(70 - 713t)203 — (Yo — V15t)TaCatt1-

By matching the constants on both sides of (193), we obtain

2
O-(l
Ap = Qp1 + Jo — Ho + (1 + bn,1)2—2 —Yo(1 + by_1)0?

and by matching the coefficients on s; on both sides of (193), we obtain

1—(p,+ 7103)”]

b = by : 2+ 1y = (110,
1(ps +7103) 7105 + 1y = (7105 + 11y) 1— (p, +7,02)

This completes the proof of the claim. O]

D Analogues of Proposition 2 for Epstein-Zin Preferences

Here we show that our model with Epstein-Zin preferences with variable disaster risk and p = 1
implies no fluctuations in unemployment. We also show that absent preference shocks, our model with
Epstein-Zin preferences with long-run risk and p = 1 also leads to no fluctuations in unemployment.

Epstein-Zin Preferences with Variable Disaster Risk. Consider our model with Epstein-Zin

preferences
1

Vi=|(1-B)Ci " +8 (Et‘/ti“)g} o (194)

in which the process for productivity growth is given by
Aty = o + Tafarr1 — Ojisa, (195)

where the disaster component j;,; is a Poisson random variable with intensity s;, which evolves as

Si11 = (1 — pg)s + pese + /510 5Est41- (196)
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The pricing kernel is given by

p—a

Cin > -’ Vit
I
C (Etthﬁa) —a

Qi1 =0 ( (197)

Proposition 2A (Constant Job-Finding Rate Under EZ Preferences with Variable Disas-
ter Risk). Starting from the steady-state values of the total human capital of employed and unem-
ployed workers, Z, and Z,, with preferences of the form in (194), p = 1, and a process for productivity
shocks that follows (195) and (196), both the job-finding rate and unemployment are constant.
Proof. Here we show that with Epstein-Zin preferences and productivity shocks that follow (195)
and (196), both the job-finding rate and unemployment are constant. More generally, the multipliers
and allocations satisfy

pJut = lawﬁet = pJe’ et = 97 ét - éa Zet = ZEa and Zut = Zu’ (198)

where variables with 7 are scaled by productivity. We do so by showing that the equations character-
izing the solution to the planning problem, namely, (26)-(28) along with that problem’s constraints,
admit a solution of the form just described. Note that Epstein-Zin preferences with p = 1 reduce to

% log (B {exp[(1 — a)oweal)) (199)

'Ut:<1_5)ct+1_

Now, let us simplify the term in the exponential function and use the notation ;1 = v411 — @11, ¢ =
Ct — Ay, and Cat+1 = AatH — ]EltAat+1. Then,

exp [(1 — a)v1] = exp (1 — a)(ves1 — a1 + a1 — Brarir + Braryr — ar + ay)
exp [(1 — @) (V1 + Aarr — BeAaryr + Erapiq)]
exp [(1 — a)Brari1] exp [(1 — @) (D41 + Aaryr — BrAariq)]
= exp[(1 — a)BEiaiq1] exp [(1 — @) (De41 + €ar+1)] - (200)

Using ¢; = & + aq, and log (B, {exp [(1 — @) Esa111]}) = (1 — @) Erazy1, (199) can be written as

v = (1= B)a+ (1~ Ba+ fBa + - g

— log (B {exp [(1 — &) (Dg41 + €arr1)]})

= (1-0)é+ a + PEAarq + 1 f o

log (B {exp [(1 — @) (Or41 + €ar1)]}) -
Recall from (170) that the stochastic discount factor for Epstein-Zin preferences under p =1 is

11—«
Cia ) - Vipa
Ct (Et‘/;jla) T—a

Qi1 =5 (
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which we can rewrite as

Quivr = Bexp—Acy + (1 = @)vpr — log (By {exp [(1 — a)viia]})
Bexp —Aliy1 — Aaryr + (1 — @) (Tpg1 + Aarrr) — log (B {exp [(1 — ) (V1 + Aari1)]})
= [exp —Al1 — Aaryr + (1 — @) (Veq1 + €ar1) — log (By {exp [(1 — @) (D41 + €ars1)]})

where to obtain the second equality we used v;,1 = v411 — a1 and added and subtracted a;, and to
obtain the third equality we added and subtracted E;Aa; .

We now show that this system admits a solution in which f,,, ., 0:, C~’t, Zet, and Z,,; are constant.
First note that, under our conjectured solution,

By (Quir1e®+) = BEq [exp (—AG1 + (1 — @) (Bia1 + €ars1) — log {By [V Prrrteas)] 1]

reduces to

Ey (Qt,tHeAatH) = (B [exp (<1 — ) (Vg1 + €qrv1) — log {Et [e(ka)(ﬂwﬁeatﬂ)] })] =p.

So under this conjectured solution,

fug = b+ O+ 9By (Qrar1€2* {A(0)1(0) frer sy + [1 = 1(Ors1) Ao (Or1) s })

reduces to
fr, = b+ (1 + gu) B [Auwnfie + (1 = nAw)it,]
and
fiep = 14+ ¢(1+ ge)Ey {Qt,tﬂeAatH [(1 — O)fleir + Uﬁut—&-l} }
reduces to

pe =1+ ¢(1+gc)B (1 —0)fi, + ofi,],

which, by the free-entry condition, implies that 6, is constant. It follows that the human capital
stocks

Ze - ¢(1 + ge)(l - O->Ze + ¢(1 + gu)/\wZu and Zu =1- ¢ + ¢(1 + ge)O-Ze + gb(l + gu)(l - /\w>Zu

are also constant, where we have assumed that the initial conditions for Z.; and Z,; are equal to the
posited constants Z, and Z,. Hence, aggregate consumption is constant C' = Z, +bZ, — kp(1+ g,) Zy,.
This verifies the conjectured constant solution. O

Epstein-Zin Preferences with Long-Run Risk and no Preference Shocks. Consider our
model with Epstein-Zin preferences and long-run risk, but without discount rate shocks. In particular,
preferences are now given by

1

Vi= (=B + 8 (B =] (201)
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Productivity growth now has a long-run risk component z; in that
Aty = go + 74 + 0qEas1 and x4 = P24 + G0 4Ext 41, (202)

where the shocks €, and e,; are standard normal i.i.d. and orthogonal to each other. The pricing

kernel is
p—a

Qt,t+1 = 5 (Ct+1>_p ( V;H

Ce E.Vi®) s

Proposition 2B (Constant Job-Finding Rate Under EZ Preferences with Long-Run Risk).
Starting from the steady-state values of the total human capital of employed and unemployed workers,
Ze and Z,, with preferences of the form (201), p = 1, and a process for productivity shocks that
follows (202), both the job-finding rate and unemployment are constant.

Proof. The proof is identical to the proof of Proposition 2A. Simply note that e, 1 = Aap 1 —FEAag

equals 0,411 — 041 in Proposition 2A and it equals o,£,:1 in Proposition 2B, but that distinction
is inconsequential for the proof. n

E Numerical Solution of the Model

Here we describe the global algorithm that we employ to solve the model. We adopt a global numerical
strategy because asset prices are highly nonlinear under the asset-pricing preferences we consider.
(Petrosky-Nadeau, Zhang, and Kuehn 2018 highlight the importance of the model’s nonlinearities
when search frictions are present, even in the absence of risk-sensitive preferences.) Specifically, we
solve the model by projecting the global solution of our model onto the space spanned by a basis of
high-order Chebyshev polynomials and evaluate expectations by a multidimensional Gauss-Hermite
quadrature with a sufficiently large number of nodes so that results are not sensitive to any small
increase or decrease in the number of nodes. We turn to providing a few details for each of our models.

Baseline Preferences. Recall that the sensitivity function is given by
1
Malst) = < [1=2(s = 5)]7* - 1. (203)

Rather than using the surplus consumption s; — s as the state, it is convenient to use the term
g(s)) = [1=2(s, — s)]"? in (203) as the state. Indeed, doing so allows for an accurate solution
for a smaller Chebyshev polynomial order rather than simply using the surplus consumption state.
Intuitively, the function ¢(s;), which appears in the volatility of the surplus consumption process, is
hard to approximate with a polynomial in s; — s due to its kink at s; — s = 1/2. It is therefore more
appropriate to use g(s;) as the state, from which we can recover s, — s using powers of the transformed
state. We use Chebyshev polynomials of degree twenty for the transformation ¢(s;) of the surplus
consumption state s; — s and of degree five for the human capital states 7., and Z,;.

As shown by Wachter (2005), the best practice in solving models with Campbell-Cochrane prefer-
ences is to consider a large and fine grid over the surplus consumption space that, importantly, places
many grid points close to zero. Accordingly, we construct a grid for the state g(s;) that ranges from
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0 (the minimum value possible) to 8.4, reflecting a minimum value of S of 107'% and so very close to
zero. We chose the maximum value by progressively widening the grid until results no longer change.
For the human capital states, we adopt instead an adaptive grid, namely, a grid that covers minimum
and maximum values of long simulations of the variables from the solved model.

After having set the grid S; and the basis functions, our algorithm proceeds as follows. Let Sy,
h =1,...,H, denote the h-th element of the grid, which spans the space of state (g(s;), Zet, Zut)-
We start from a constant guess for the functional 8, = #”)(S,) that maps elements of the state space
into values for market tightness. We then use that guess and the h nodes for tomorrow’s productivity
shocks used in the Gauss-Hermite quadrature to construct tomorrow’s values of the state Sp41(j),
for y =1,...,J and h = 1,..., H, using the laws of motion of the state variables. We can then
evaluate tomorrow’s values for 0;,; and hence compute p,, and p,,, using (26) and (27). With those
values in hand, we can use (28) to compute a new value for the functional #Y)(S,) for each grid point.
We repeat this algorithm to calculate the n-th functional 0(”)(St) for all grid points. The algorithm
stops when their maximum differences are small, technically, when [0 (S,) — 871 (S})||oe < 1075,
where || - || denotes the sup norm.

Campbell and Cochrane with External Habit. The global routine for preferences with exter-
nal habit is the same as for our baseline preferences with one modification. As before, we approx-
imate 0; by Chebyshev polynomials in the states (g(s;), Zet, Zut). However, for Campbell-Cochrane
preferences with external habit, s, is an endogenous variable in that the innovations to it are en-
dogenous, since they depend on the process for consumption. In particular, to compute s;,1, we
need to determine .1 = Acyy1 — EyAcyyq, which is a different function of (g(s;), Zet, Zut) for every
realization of €,,,1. We allow for this dependence by specifying a different Chebyshev polynomial in
the states (g(s;), Zet, Zut) for each realization of £4,,1. That is, we set a 100-point grid for productiv-
ity shocks €411, and for each value of €41 on this grid, we approximate s;1(€441) by Chebyshev
polynomials in the states (g(s;), Zet, Zut). Letting j denote a grid point for €447 and S; denote
the grid for (g(s¢), Zet, Zut), our algorithm starts from guesses for the functionals 6, = 9©) (S;) and
i1 = 5(Sy, j) for each grid point j = 1,...,100 for e4.; and constructs 8™ (S,) and s (S,, 5).
The algorithm stops when both #™ and s™ converge. (Technically, when under the sup norm,
10" (Se) = 0"V (Sh), 5™ (St §) = s (Sh, ) [|loo < 1075.)

Baseline Preferences and Physical Capital. The degree of accuracy for surplus consumption
and the human capital states is the same as for the baseline model without physical capital. We span
the additional dimension of the state space, K;/A;, by a Chebyshev-polynomial of order five and an
adaptive grid. In solving the model, we iterate also over the functional for the investment-capital
ratio I;/ K, = I K(S;) using the optimality condition for investment.

Epstein-Zin Preferences with Long-Run Risk. We use Chebyshev polynomials of degree five
and an adaptive grid in all four dimensions of the state space (x, s¢, Zet, Zut), which consists of the
persistence component of the productivity process x;, the discount-rate shock s;, and the human
capital stocks of employed and unemployed workers, Z.; and Z,;. After having set the grid S; and the
basis functions, our algorithm proceeds as follows. Let Sy;, h = 1,..., H denote the h-th element of
the grid, which spans the space of the state, (x, ¢, Zet, Zut). We start from a constant guess for the
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functionals for the market tightness 6, = 6® (S;) on and the detrended value function w, = w©® (S;)
where w; = log(W;) = log[Vt/(S;/(l_p)Ct)} on the grid S;. We then use that guess and the h nodes
for tomorrow’s shocks for the Gauss-Hermite quadrature to construct tomorrow’s values of the state
Shit1(j) for j = 1,...,J and h = 1,..., H, using the laws of motion of the state variables. We
can then evaluate tomorrow’s values for ¢;,; and w1 and hence compute p,, and p,, using (26)
and (27) and d; using (158). Once we have those values, we can use (28) and (157) to compute a
new value for the functionals 8V (S;) and w"(S;) for each grid point. We repeat this algorithm to
calculate the n-th functionals #™(S,) and w™(S,) for all grid points. The algorithm stops when
1 (Se) = 67V (S0), w (S;) = w1V (S)) oo < 107

Epstein-Zin Preferences with Variable Disaster Risk. We use Chebyshev polynomials of
degree five and an adaptive grid in all three dimensions of the state space, which consists of the time-
varying disaster intensity s; and the stocks of human capital of employed and unemployed workers,
Z and Z,;. The algorithm is analogous to the one for Epstein-Zin preferences with long-run risk,
except that the state space is now three-dimensional.

Affine Discount Factor Model. We use Chebyshev polynomials of degree twenty in the s-
dimension and of degree five for the stocks of human capital of employed and unemployed workers,
Zo and Z,;, over an adaptive grid. The algorithm is analogous to the one for Campbell-Cochrane
preferences with exogenous habit.

F A More General Human Capital Process

So far, we have considered a simple process of human capital accumulation such that human capital
grows at a constant rate when a consumer is employed and decays at a constant rate when a consumer
is unemployed. In the data, though, wage growth tends to decline as experience in the labor market
accumulates. To accommodate this feature of the data, we consider a more general human capital
process as in Kehoe, Midrigan, and Pastorino (2019) in the spirit of that in Ljungqvist and Sargent
(1998, 2008), whereby human capital z; evolves according to the autoregressive process

log(z41) = (1 — p,) log(Ze) + p, log(2) + 0262041 (204)

when a consumer is employed, whereas it evolves according to

log(zi41) = (1 — p,)log(zu) + p. log(z) + 0262041 (205)

when a consumer is unemployed, where ¢,,,; is a standard Normal random variable. Newborn con-
sumers start as unemployed with general human capital z, where log(z) is drawn from the normal
distribution N (log(z,),02/(1 — p?)). We assume that z, < z. so that when a consumer is employed,
on average, human capital z; drifts up toward a high level of productivity z. from the low average level
of productivity z, of newborn consumers. Analogously, when a consumer is unemployed, on average,
human capital z; depreciates and hence drifts down toward a low level of productivity, z,, which we
normalize to one so that log(z,) = 0. The parameter p, governs the rate at which human capital
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converges toward Z, when a consumer is employed and toward z, when a consumer is unemployed.
Hence, the higher p, is, the slower human capital accumulates during employment, the slower it depre-
ciates during unemployment, and the slower wages grow with experience. Incorporating idiosyncratic
shocks €., allows the model to reproduce the dispersion in wage growth rates observed in the data.
(See Rubinstein and Weiss 2006.)

A consumer with human capital z; produces A;z; when employed but, in contrast to our baseline
model, bA; when unemployed. Also in contrast to our baseline model, we assume that a firm incurs the
cost kA; to recruit a consumer with any level of human capital. (Recall that the earlier scaling of home
production and the cost of posting vacancies by z; was purely motivated by analytical convenience
to allow the model to aggregate.) To ensure that the job-finding rate A,.(z) lies between zero and
one, we assume that the matching function is my(uy(2), v4(2)) = min{uy(2), Bup(z)"v:(2)*77}. A
competitive search equilibrium is defined as before with the free-entry condition for market z now
given by

R A = A(0,2)Vi(2) — Wi2), (206)

with equality if vacancies are created in an active market z in that the measure of vacancies vy(z2) is
strictly positive. Here we focus on our baseline preferences with exogenous habit.

We parametrize the model as before with few modifications. With Z, normalized to one, the
parameters of the human capital process are Zz., p,, and o,. We target a net annual wage growth
over the first 10 years in the labor market of 5.5%, based on the estimates by Rubinstein and Weiss
(2006) discussed in the paper, and a difference in the log real wages between workers with 30 years of
experience and those with 1 year of experience of 1.2, based on the estimates by Elsby and Shapiro
(2012) also discussed in the paper. These two targets help pin down p, and z.. We choose o, to
match the standard deviation of annual wage growth for workers with up to 10 years of labor market
experience, which is 1.2 percentage points according to the estimates by Rubinstein and Weiss (2006)
from the National Longitudinal Survey of Youth (NLSY).

Since, unlike our baseline model, this version of the model is not amenable to aggregation, we need
to record the measures of human capital among employed and unemployed workers, (e;(2), u¢(2)), as
part of the endogenous state of the economy. This feature makes the model much more difficult to
solve numerically than our baseline model. For this reason, we use a variant of the algorithm by
Krusell and Smith (1996) that, unlike in typical applications such as those in Winberry (2018), needs
to accurately capture time-varying risk in aggregate variables.

Notwithstanding this complexity, this version of the model too successfully solves the unemploy-
ment volatility puzzle. In particular, the model produces only a slightly lower volatility for the
job-finding rate and unemployment than in the data, respectively, 6.38 versus 6.66 and 0.65 versus
0.75. In this sense, our results based on a simple model of human capital accumulation are robust to
extensions that capture additional features of the micro data on returns to labor market experience.

G Alternating Offer Bargaining

In the introduction of the paper, we claim that under alternating offer bargaining, wage setting can
be efficient. Here we show that this is the case when two conditions hold: the exogenous rate of
breakdown of bargaining between workers and firms converges to one and the probability that a
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worker makes the first offer equals the elasticity of the matching function with respect to the measure
of unemployed workers. We now briefly lay out the alternating offer bargaining game of Hall (2017)
and then prove our claim.

Using our notation, the formulae for the resource constraint, the post-match value W), the un-
employment value U;, the present value of output in a match Y;, the value of a vacancy V;, and
the free-entry condition in the alternating offer bargaining equilibrium are identical to those in the
competitive search equilibrium, but without human capital accumulation in that g. = g, = 0 and
z = 1 for all consumers. The only two remaining differences between Hall’s model and our model is
that wages in Hall’s model are set in an imperfectly competitive rather than a competitive way and
the stochastic discount factor (); 41 is an exogenous rather than an endogenous one.

The game can be described as follows. The worker makes the first wage offer with probability
p and the firm makes the first wage offer with probability 1 — p. In each subsequent period, firms
and workers deterministically alternate making offers each period, if bargaining has not broken down,
until an offer is accepted. If period ¢ is one in which the firm makes the offer, we denote the offer by
W, whereas if period ¢ is one in which the worker makes the offer, we denote it by W,,,—these offers
are contingent on the exogenous state €', but we have suppressed their explicit dependence on e* for
simplicity. In each period, with probability ¢ bargaining exogenously breaks down, in which case the
firm returns to the market with an unfilled vacancy and the worker enters unemployment. When the
firm offers Wy, in period ¢, then the worker can either accept it, reject it and make a counteroffer
Wia1 in period t + 1 if bargaining does not exogenously break down, or abandon negotiations and
immediately return to unemployment. The firm has symmetric options if it is the worker’s turn to
make an offer. The cost of bargaining to the worker is that in each period of bargaining, the worker
only receives the value of home production bA; rather than a wage, so the implicit delay cost is the
difference between foregone wages and home production. The cost of bargaining to the firm is the
cost Y A; of making a counteroffer to the worker at ¢; we refer to ¢ as the haggling cost. Thus, the
three parameters that characterize this bargaining scheme are (p, d,1)).

As explained in Hall and Milgrom (2008), standard logic implies that the firm will make the best
possible offer from its perspective so that the worker will prefer to accept it rather than to make a
counteroffer, in the event of no exogenous breakdown, or to abandon negotiations. Thus, the firm’s
offer Wy, satisfies

Wi + Wy = max {bA; + (1 — 6) By [Qrp11(Wat1r + Wiisa)] + 0B (Qr11Uss1) , Ur} (207)

where the maximum ensures that the worker does not strictly prefer unemployment today to accepting
such an offer. Of course, the firm’s offer Wy, must be smaller than the discounted value of output
from the match with the worker, Y}, or else the firm would prefer to stay idle. Thus, Wy, <Y;. In
turn, the worker will make the best possible offer from the worker’s perspective so that the firm will
prefer to accept it rather than to make a counteroffer, in the event of no exogenous breakdown, or to
abandon negotiations. Therefore, the worker’s offer satisfies

Y, = Wi = max{—vA; + ¢(1 — 6)E[Qy 141 (Yig1 — Wrig1)], 0}, (208)

where the maximum ensures that the firm does not strictly prefer to abandon negotiations rather
than to accept the offer. Clearly, the worker will only make offers such that employment is preferable
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to unemployment, that is, Wy + W, > U, must hold—recall that W, is a worker’s post-match value.
Since a family consists of a large number of consumers who are independently drawn to make the first
offer in bargaining, the value to a family of the wages of all its consumers who are bargaining at ¢ is
Wit = pWae + (1 — p)Wy,. Likewise, W, is the value to the firm of the present value of wages from
bargaining.

G.1 Efficiency

We now show that when the duration of bargaining is short, allocations are close to efficient and thus
close to the competitive search ones, but when the duration is long, allocations are very inefficient.

Proposition A.1. (Efficiency of Alternating Offer Bargaining). When the probability p
that the worker makes the first offer equals the elasticity of the matching function with respect to the
measure of unemployed workers, then the allocations in a sequence of bargaining games indexed by
the breakdown probabilities {0, } -, converge to the constrained efficient allocations as ¢, converges
to one.

Recall that an allocation is efficient if it solves the planning problem in the paper. Proposition
A.1 directly applies to the model in Hall (2017) with an exogenous discount factor. It also applies to
our model if we modify the equilibrium concept from that of competitive search equilibrium to that
of alternating offer bargaining equilibrium.

Proof. For each §(n) we have

bA; + [1 = 6(n)]@E: {Qtp+1(n) [Wat1(n) + Wi (n)]} }
Wii(n) + Wy(n) = max ’ P 209
)+ W) = s $3()E [Qurr (1) Urs(m)] Ui ) 209
and
Yy = Wi(n) = max{—y4; + ¢[1 — 0(n)][E;Qp41(n) (YVis1 — Wrrsa(n)), 0} (210)
Clearly, all of these sequences are continuous in n. Taking the limit of both sides of these equations
in n yields
Wit + Wy = Ut (211)
and
Y, — Wy =0, (212)

where in (211) we have used that for §(n) sufficiently close to 1, the two terms in the maximum
converge whereas in (212) the first term in the maximum is strictly negative. By continuity, the
participation constraints Wy, <Y; and W,,, + W), > U, also clearly hold. Hence, substituting for W,
and Wy, from (211) and (212) into W, = pWyy + (1 — p)Wy, and using that p = 7, we obtain

Wit =1 (U = Wy) + (1 = n)Yi. (213)
Adding W, — U, to both sides and collecting terms gives that
Wit + Wy = Uy = (1 =) (Vs + Wy — Uy), (214)

that is, a worker receives a share 1 — i of the surplus in that W, + Wy, — Uy = (1 — n) X;, where the
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surplus is defined as
Xe =Wt + Wy —Up) + (Vs = Wie) =Y, + Wy — Uy (215)

Hence, the firm’s receives a share 1 of the surplus in that Y; — W,,,; = nX;. But this surplus sharing
rules are precisely the conditions for the efficiency of Nash bargaining when the Hosios condition
holds. Hence, the allocations are efficient. O]

G.2 The Cyclicality of the User Cost of Labor

Here we show that Hall (2017) generates sizable fluctuations in unemployment only under a parame-
trization of wage setting that yields very rigid and inefficient wages. It turns out that the critical
parameter governing the stickiness of wages in Hall (2017) is the probability of exogenous breakdown
of bargaining, §. It is not easy to interpret this exogenous breakdown probability based on actual
bargaining behavior because, in equilibrium, the first offer is accepted regardless of the value of 4.
We find it therefore useful to translate ¢ into units of time by calculating the mean duration of the
opportunity to bargain to form a match, if bargaining continues until it exogenously breaks down.
Correspondingly, we refer to 1/ as the duration of a job opportunity during bargaining. It turns out
that the longer is the duration of a job opportunity, the stickier are real wages. In Hall’s baseline
model, this duration is 77 months.

In Table A.6, the third column illustrates the parameters and results in Hall (2017) reproduced
from the replication code for Hall (2017). Note that when the duration of a job opportunity is 77
months, the cyclicality of the user cost of labor is 0.1%. That is, after a one percentage point increase
in the unemployment rate, the user cost of labor actually slightly increases. Recall that Kudlyak
(2014) estimates that after a one percentage point increase in the unemployment rate, the user cost
of labor falls by 5.2%—Basu and House (2016) obtain a similar estimate of 5.8%. In this sense, Hall’s
model generates an extreme degree of wage rigidity that is at odds with the estimated cyclicality of
the user cost of labor.

We now turn to determine the duration of a job opportunity that generates the observed degree of
wage cyclicality. As the second column in Table A.6 shows, at 1/§ = 2.6 months, the model generates
the observed cyclicality of the user cost of labor. With this degree of rigidity, however, the model
generates 1/25th of the volatility of unemployment in the data (0.03/0.75). (For this exercise, as we
vary the duration of a job opportunity, we adjust the vacancy posting cost in Hall’s (2017) replication
code to keep the mean unemployment rate unchanged.)

The idea behind Hall’s mechanism is simple: in downturns, the user cost of labor does not fall,
even though the present value of what a worker will produce over the course of a match greatly falls.
Hence, firms greatly contract their vacancies in recessions. Such a mechanism, though, is inconsistent
with the evidence on the cyclicality of the user cost of labor.

We have shown that the results in Hall (2017) depend critically on the duration of a job opportu-
nity, 1/6. When this duration is short, the model generate very small fluctuations in unemployment,
whereas when it is long, the model generates large fluctuations. Here we further link this key para-
meter to the efficiency of the resulting allocations: when the duration is short, allocations are close
to efficient and thus close to the competitive search ones, but when the duration is long, allocations
are very inefficient.
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Proposition A.1 offers an additional interpretation of the results in Table A.6, namely, that ineffi-
ciencies are central to the amplification mechanism in Hall (2017): the lower is 1/, the more efficient
are the allocations in Hall (2017), the smaller is the impact of changes in the stochastic discount
factor on the volatility of the job-finding rate, and so the lower is the volatility of unemployment—Dby
Proposition A.1, allocations are efficient when 6 = 1. Indeed, for Hall’s model to generate the ob-
served volatility of unemployment, the economy has to be very inefficient in that the duration of a
job opportunity has to be 6.2 years rather than one month.

We can shed light on the mechanism in Hall (2017) also by solving for the time-varying Nash
bargaining weights of firms and workers that produce the job-finding rates in the alternating offer
bargaining equilibrium. Recall that the efficient allocations are achieved under Nash bargaining with
a constant bargaining weight equal to 7, which equals 1/2 in both Hall’s and our parametrizations.
In Figure A.3, we plot this time-varying Nash bargaining weight for a worker in Hall’s economy. We
see that in deep downturns, the worker’s bargaining weight increases sharply relative to its level in
booms. Thus, a key intuition for Hall’s mechanism is that firms understand that during downturns
workers will demand much larger surplus shares in order to accept a job. Anticipating such behavior,
firms drastically cut vacancies and so unemployment drops.

H Comparison with the Differential Productivity Mecha-
nism of Search Models

In the paper, we argue that our mechanism is fundamentally different from those in the large litera-
ture discussed by Ljungqvist and Sargent (2017) that addresses the unemployment volatility puzzle.
Here we establish this claim. The literature reviewed by Ljungqvist and Sargent (2017) builds in
a mechanism of differential productivity across sectors. Specifically, it assumes that an increase in
productivity leads to an increase in the productivity of working in the market relative to both the
productivity of working at home and the cost of posting vacancies. Then, as Shimer (2005, p. 25)
explains, “an increase in labor productivity relative to the value of nonmarket activity and to the
cost of advertising a job vacancy makes unemployment relatively expensive and vacancies relatively
cheap. The market substitutes toward vacancies.” That is, in a boom, the differential increase in
productivity in the market draws workers out of nonmarket activity and into the market.

In such a literature, authors compute the steady-state response of the job-finding rate and un-
employment to a steady-state change in aggregate productivity. We show that our model works
differently by proving two results. First, if we perform the same steady-state experiment in our
model, we obtain no change in the job-finding rate. Second, once we modify the models in Ljungqvist
and Sargent (2017) so that productivity enters those models as it does ours, then in both the basic
matching model and the alternating offer bargaining model of Hall and Milgrom (2008), a change in
steady-state productivity has similarly no effect on the job-finding rate. We show an analogous result
for the training cost model of Pissarides (2009), also reviewed by Ljungqvist and Sargent (2017).
(Note that our results are reminiscent of the result on the neutrality of productivity shocks by Shimer
2010. See also a related intuition by Ljungqvist and Sargent 2017 in footnote 28 of their paper, page
2664.)
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H.1 Steady-State Change in Aggregate Productivity in Baseline Model

We consider the experiment conducted by Ljungqvist and Sargent (2017) in our model, namely a
steady-state increase in A, and obtain the following result. For simplicity, we abstract from growth.

Proposition A.2 (Zero Elasticity of Job-Finding Rate in Baseline Model). In our
baseline model, the steady-state levels of the job-finding rate and unemployment are independent of
steady-state productivity, A.

To see why, note that in the baseline model @);;y1 = 3 at a steady state where S, = S and
Cy = C. Evaluating the expression for the job-finding rate in (120) at a steady state gives log(\,) =
x+(1—n)log ((1, — p,)/A) /n, where p, and p, are the steady-state versions of (22) and (23), namely,

%ed+¢u+%wﬁl—®<%ﬁ+ac%ﬂ wd<%ﬂ=b%ﬂHﬂwﬁhM(%>+ﬂ—nMdG%ﬂ.

Clearly, (1, — ,,)/A is independent of A and so is the job-finding rate. Notice that key to this result
is that the steady-state value of the discount factor does not vary with the steady-state value of A.
Since this same property holds for a broad class of consumption-based discount factors, including all
of those considered here, all of these discount factors are consistent with this proposition.

H.2 Basic Matching Model

Consider the basic matching model in Ljungqvist and Sargent (2017). Using notation similar to ours,
in this model consumers are risk neutral with discount factor 5. A consumer produces A units of
output when employed and b units of output when unemployed. The cost of posting a vacancy is &,
the exogenous separation rate is o, the worker’s bargaining weight is v, and the job-filling rate for
a firm is A;(6) given market tightness #. Equation (12) in Ljungqvist and Sargent (2017, p. 2635)
shows that the equilibrium value of market tightness is determined by the free-entry condition, which
we rearrange and express as

B(A-D)
1— B[l =0 —~0X:(0)]

k= (1—=7)As(6) (216)
These authors then differentiate this equation to derive dlog(6)/dlog(A) and explain how their mea-
sure of fundamental surplus given by A—b is critical for understanding the magnitude of this derivative.
In contrast, in our model, the output produced in the market and the cost of posting a vacancy are
proportional to productivity so that b and x are replaced by bA and kA, respectively. Observe that
scaling home production b by A is consistent with the findings in Chodorow-Reich and Karabarbou-
nis (2016), as discussed in the paper. Scaling x by A is consistent with the view in Shimer (2010)
that posting vacancies absorbs a fixed amount of workers’ time in recruiting that could otherwise be
devoted to producing goods. When this is the case, the free-entry condition becomes

pL-b)A
1— B[l =0 —~0A:(0)]

kA = (1= 1)\ (60) (217)

Since A cancels out from both sides of this equality, 6 is constant and thus dlog(f)/dlog(A) = 0.
Proposition A.3 (Zero Elasticity of Job-Finding Rate in Basic Matching Model). In
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the basic matching model, if home produced output and the cost of posting a vacancy are proportional
to productivity, then the change in steady-state unemployment with respect to a change in steady-state
productivity is zero regardless of all other parameters.

Note that this result holds regardless of the size of the home production parameter b, which plays
an important role in the debate that originated with Shimer (2005) and Hagedorn and Manovskii
(2008). More generally, this property holds independently of the size of the fundamental surplus,
which, instead, is central to the analysis in Ljungqvist and Sargent (2017).

H.3 Hall and Milgrom (2008): Alternating Offer Bargaining Model

A similar result also applies to alternating offer bargaining models. Consider the exposition in
Ljungqvist and Sargent (2017) of Hall and Milgrom (2008). In this model, firms and workers make
alternating offers and after each unsuccessful bargaining round, the firm incurs a haggling cost of 1
of making a new offer while the worker receives b. There is a probability J that the job opportunity
exogenously expires across bargaining rounds and the worker reenters unemployment. Ljungqvist and
Sargent (2017) assume that § = o so the probability that a job opportunity expires equals the prob-
ability of exogenous separation between a firm and a worker. Under this assumption, the free-entry
condition (equation (36), p. 2648 of Ljungqvist and Sargent 2017) can be rearranged to obtain

MOB [, b+ BL= o)A+ 1)

T 1-8(1-0) 1+ 8(1—0) (218)

K

Now, suppose we extend the earlier idea in Shimer (2010) that recruiting workers takes a fixed amount
of an existing worker’s time to the idea that each round of bargaining also absorbs a fixed amount of
a worker’s time in haggling. Under this interpretation, it is natural to scale both x and ) by A, since
both parameters reflect the foregone opportunity of producing goods for a worker engaged in either
recruiting or bargaining. Hence, (218) becomes

N8 [, b+B-o)1+v)
1-p8(1-o0) 1+58(1—0)

KA A. (219)
Since A cancels out from both sides of this equality, 6 is constant and so dlog(#)/dlog(A) = 0. Note
that this same result holds even if § does not equal o because all value functions are proportional to
A.

Proposition A.4 (Zero Elasticity of Job-Finding Rate in Alternating Offer Bargaining
Model). In the alternating offer bargaining model, if home produced output, the cost of posting
a vacancy, and the haggling cost are proportional to productivity, then the change in steady-state
unemployment with respect to a change in steady-state productivity is zero regardless of all other
parameters.

H.4 Pissarides (1999): Training Costs

Here we revisit the analysis of Ljungqvist and Sargent (2017) for the Pissarides’s (2009) model with
training costs. Pissarides (2009) shows that the presence of fixed training costs that are incurred after
bargaining has been concluded can make unemployment more responsive to productivity changes.
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Formally, firms pay a cost x to post a vacancy and when a match with a worker is formed, they pay
a fixed cost h to train the worker for the job. In this case, the value of match surplus is reduced by
the fixed cost training and hence the free-entry condition becomes

= =0 Ty 220

Now suppose that we extend the logic of Shimer (2010) to that of training a new worker. Specif-

ically, we assume that an existing worker must reduce the time devoted to production by h units to
train a new worker. Since an existing worker could devote the same amount of time to producing
output and the output produced by a worker is proportional to A, then a doubling of productivity
also doubles the training cost. Hence, here h is replaced by hA. The analogous free-entry condition
is

(1-b)A }
Ak = (1 =) (0 —hA ;. 221
-0 { (221)
Since A cancels from both sides of this equality, # does not depend on A and so dlog(#)/dlog(A) = 0.

Proposition A.5 (Zero Elasticity of Job-Finding Rate in Training Cost Model). In the
matching model with fixed training costs, if home produced output, the cost of posting a vacancy, and

training costs are proportional to productivity, then the change in steady-state unemployment with
respect to a change in steady-state productivity is zero regardless of all other parameters.

In sum, our model produces large movements in response to productivity changes but works
differently from those analyzed by Ljungqvist and Sargent (2017) in their excellent synthesis of the
work on the unemployment volatility puzzle. All of these models depend critically on the differential
productivity mechanism, while ours does not.

I Data

This appendix contains data details omitted from the paper.

I.1 Wage Growth on the Job and Wage Loss off the Job

Here we describe how we infer the rate of human capital accumulation on the job and depreciation
off the job, respectively, from observed wage growth during employment and wage changes associated
with spells of nonemployment.

Evidence on Wage Growth. We measure the rate of human capital accumulation on the job based
on the estimates of wage growth by Rubinstein and Weiss (2006) from a sample of workers from the
1979-2000 waves of the NLSY, who are between 14 and 21 years of age in 1979 and are surveyed
annually since the initial wave of the survey in 1979. These authors exclude from their sample
the military sub-sample and the non-black, non-Hispanic disadvantaged samples. They also omit
observations on workers with missing data on own or parents’ education, Armed Forces Qualification
Test score, or labor market outcomes, and on individuals enrolled in schooling in a given year. These
authors further exclude workers with a reported hourly wage lower than $4 or higher than $2,000
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(adjusted for the 2000 CPI) and individuals who work less than 35 weeks or less than $1,000 annual
hours. To be able to estimate wage growth, the authors restrict their sample according to these
criteria in two consecutive years. For each individual in the resulting sample, the authors calculate
average annual wage growth by experience.

As reported in their Table 2b, Rubinstein and Weiss (2006) estimate that the average annual
growth rate of real hourly wages is 7.7% for individuals with up to 10 years of labor market experience,
3.3% for individuals with 11 to 15 years of labor market experience, and 4.9% for individuals with 16
to 25 years of labor market experience, gross of the annual growth rate of aggregate productivity that
we calculate as equal to 2.2%. Given the impossibility of estimating growth rates at higher levels of
experience, for the life-cycle model, we interpolate these estimated growth rates by nonlinear least
squares according to the following specification,

Awy = f(x) = log {exp(guw) + exp [By + Sy exp(—Paze)]} + &1, (222)

where Aw,; denotes the growth rates of wages estimated by Rubinstein and Weiss (2006) and x; denotes
labor market experience. We extrapolate growth rates for the missing experience years based on the
estimates of the parameters of (222). To understand (222), note that the expression on the right-hand
side of (222) is the so-called soft maximum between the arithmetic mean of the three growth rates
estimated by Rubinstein and Weiss (2006), namely, g, = 5.3%, and the function S, + 5, exp(—[52¢).
To see how the parameters (5, 5, 3,) are identified, observe that

eXp(Ef(xt + 1)) — exp(gw) _ exp [50 + 61 eXp(_62$t — 62)] _ 6’81 exp(—Byzt—LB4)—LF1 exp(—Laxt)
exp(Bf(z)) — exp(guw) exp [Bo + B exp(—fy1)]

m(x;)

Thus, the ratio log(m(z}))/log(m(z;)) for any two x; and x},

log(m(z})) _ Bilexp(—0B;) — 1] exp(—By77)
log(m(x;))  Bilexp(—p,) — 1] exp(—Bay74)

identifies 3. Once f, is identified, m(z;) or m(x}) identifies 5, and exp(Ef(z;)) evaluated at any
other z; identifies 3,. Based on this procedure, we estimate that the average annual growth rate of
real hourly wages is 4.86% up to the first 10 years of labor market experience, and is 3.22% for the

= exp(—PBy(z; — 2)),

remaining years (up to 40).

Evidence on Wage Loss off the Job. We recover the rate of human capital depreciation off
the job from the wage changes resulting from spells of nonemployment, defined as episodes of either
unemployment or nonparticipation. We measure the change in the wages of workers who experience a
transition from employment to nonemployment and back to employment as the percentage difference
between the first wage in the first employment spell after nonemployment and the last wage in the
last employment spell before nonemployment.

To this purpose, given the typical short duration of nonemployment spells in U.S. labor markets, we
use monthly data from the Panel Study of Income Dynamics (PSID) family and individual (merged)
files—see Krolikowski (2017) for a similar strategy. To elaborate, the PSID starts in 1968 with an
interview of approximately 5,000 families, and follows any new families formed from the original group
of families. In the survey years prior to 1988, though, the PSID did not collect monthly information on
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employment status at different employers so it is not possible to calculate monthly employment spells
for these years. Moreover, although between 1968 and 1997 interviews were conducted annually, since
1997 interviews have been biennial. For these reasons, we only use data from the 1988-1997 waves.
In order to obtain results that are comparable to alternative data sources and for consistency with
the sample we used to estimate wage growth on the job, we restrict the sample to working-age males
aged 18 through 60. We omit observations on individuals who are self-employed, and use individual
weights to account for the PSID’s poverty over-sample and nonrandom attrition.!

An important feature of the data for our purposes is that for the years between 1988 and 1997,
respondents were asked to report their employment status in each month of the previous calendar
year, as well as monthly employment information for up to two main employers. From these monthly
information, it is then possible to determine the actual length of employment and nonemployment
spells experienced by workers.? The data also include detailed information on wages. Specifically, for
employed individuals, the data provide the starting wage at a worker’s current employer as well as
the ending wage at the worker’s former employer. Similarly, for nonemployed individuals, the data
provide the starting wage at a worker’s former employer and the ending wage at the worker’s employer
before the former one. Combined with information on workers’ labor force status, this information
allows us to calculate wage changes associated with transitions from employment to nonemployment
and back to employment (E-N-E) of interest.

Net of the annual growth rate of aggregate productivity of 2.2%, we estimate the average change
in hourly wages between the first wage after a complete spell of nonemployment and the last wage
before such a spell to be 1.43% for workers with less than 10 years of labor market experience and
—12.26% for workers with more than 10 years of labor market experience.

I.2 Job-Finding Rate and Unemployment Rate

We rely on the method in Shimer (2012) described in the paper to compute the mean and standard
deviation of the job-finding rate and (constant-separation) unemployment rate overall and by expe-
rience groups. Specifically, we use monthly data from the Bureau of Labor Statistics (BLS) between
1948 and 2007 and compute quarterly average of monthly job-finding and employment rates. For
the experience-specific counterparts of these statistics, we use BLS monthly data between 1976 and
2007 since information on short-term unemployment is unavailable before 1976. Given that the BLS
provides these statistics only for selected age ranges, we consider only those age groups that we can
map into the experience groups of interest as defined by workers with less than 10 or more than 10
years of labor market experience (up to 40). Moreover, since the age-specific employment data from
the BLS are available only as non-deseasonalized, we apply to these data the same de-seasonalization
procedure that the BLS applies to the aggregate data using the 13ARIMA-SEATS (X-13) seasonal
adjustment program that the BLS provides.

We then compute the mean and standard deviation of the job-finding rate and the unemployment
rate for workers with up to 25 and up to 35 years of age and for workers over 25 and over 35 years of age.
Since the mean and median number of years of education in the United States are approximately 12,

'We include the supplementary low income sample and the 1997 immigrant sample in the analysis, but exclude the
Latino sample introduced in 1990. We are grateful to Pawel Krolokowski for assistance in the use of these data.

2Transition probabilities based on such a sample are broadly consistent with those obtained from the Survey of
Income and Program Participation (SIPP) and the Current Population Survey (CPS).
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we interpret the average mean and standard deviation of the job-finding rate and the unemployment
rate among workers with up to 25 and up to 35 years of age as the mean and standard deviation of
the job-finding rate and the unemployment rate for workers with less than 10 years of labor market
experience, reported in Table 4 in the paper. Similarly, we interpret the average mean and standard
deviation of the job-finding rate and the unemployment rate among workers with over 25 and over
35 years of age as the mean and standard deviation of the job-finding rate and the unemployment
rate for individuals with more than 10 years of labor market experience, also reported in Table 4. We
repeat a similar procedure for the autocorrelation of the job-finding rate and the unemployment rate
and for the correlation between the job-finding rate and the unemployment rate for workers with less
than 10 years of labor market experience and more than 10 years of labor market experience.

References

Kehoe, P. J., V. Midrigan, and E. Pastorino (2019): “Debt Constraints and Employment,” Journal
of Political Economy 127, 1926-1991.

Krolikowski, P. (2017): “Job Ladders and Earnings of Displaced Workers,” American Economic
Journal: Macroeconomics 9, 1-31.

Ljungqvist, L., and T. J. Sargent (2008): “Two Questions About European Unemployment,” Econo-
metrica 76, 1-29.

Ljungqvist, L., and T. J. Sargent (2017): “The Fundamental Surplus,” American Economic Review
107, 2630-2665.

Petrosky-Nadeau, N., L. Zhang, and L. Kuehn (2018): “Endogenous Disasters,” American Economic
Review 108, 2212-2245.

Winberry, T. (2018): “A Method for Solving and Estimating Heterogeneous Agent Macro Models,”
Quantitative Economics 9, 1123-1151.

62



Table A.1: Implications of Search Economies vs. Endowment Economies for Stock and Bond Prices

Data Baseline CC EZ w/ EZ w/ Affine
LRR Disasters SDF

Search Economies
Mean excess return (%p.a.) 6.96 6.30 6.38 4.61 4.80 6.96
S.d. excess return (%p.a.) 15.6 14.1 15.2 10.3 10.7 15.6
Mean excess return / s.d. excess return (p.a.) 0.45 0.45 0.45 0.45 0.45 0.45
Mean log price-dividend ratio 3.51 3.36 3.37 3.77 3.24 3.24
S.d. log price-dividend ratio 0.44 0.36 0.36 0.36 0.36 0.36
Mean 20-year real yield (%p.a.) 4.81 3.75 3.84 2.80 -1.38 4.36
S.d. 20-year real yield (%p.a.) 2.00 2.20 2.28 1.25 2.19 2.11
Mean 20-year nominal yield (%p.a.) 7.71 7.73 7.81 6.48 2.28 8.43
S.d. 20-year nominal yield (%p.a.) 2.41 2.28 2.37 1.27 2.20 2.24
Endowment Economies
Mean excess return (%p.a.) 6.96 6.85 6.74 4.48 4.84 6.94
S.d. excess return (%p.a.) 15.6 15.3 15.1 9.9 10.8 15.5
Mean excess return / s.d. excess return (p.a.) 0.45 0.45 0.45 0.45 0.45 0.45
Mean log price-dividend ratio 3.51 3.29 3.30 3.78 3.69 3.23
S.d. log price-dividend ratio 0.44 0.37 0.36 0.31 0.36 0.36
Mean 20-year real yield (%p.a.) 4.81 4.34 4.47 2.82 -1.42 4.36
S.d. 20-year real yield (%p.a.) 2.00 2.34 2.36 1.26 2.20 2.11
Mean 20-year nominal yield (%p.a.) 7.71 8.30 8.42 6.50 2.20 8.43
S.d. 20-year nominal yield (%p.a.) 241 2.41 2.42 1.28 2.21 2.24

Table A.2: Parametrization and Results for Model with Campbell-Cochrane Preferences with External Habit

Panel A: Parameters

Panel B: Moments

Endogenously Chosen

Ja, mean productivity growth (%p.a.) 2.22
Oa, s.d. productivity growth (%p.a.) 1.84
K, hiring cost 0.975
B, time preference factor 0.999
S, mean of state S; 0.2087
a, inverse EIS 5.0
Assigned
B, efficiency of matching technology 0.46
b, home production parameter 0.6
o, probability of separation 0.028
7, matching function elasticity 0.5
¢, survival probability 0.9972
ps, persistence of state 0.9944
ge, human capital growth when employed (%p.a.) 3.5

Targeted

Mean productivity growth (%p.a.)
S.d. productivity growth (%p.a.)
Mean unemployment rate

Mean risk-free rate (%p.a.)

S.d. risk-free rate (%p.a.)
Maximum Sharpe ratio (p.a.)

Labor Market Results

Mean job-finding rate

S.d. job-finding rate

Autocorrelation job-finding rate

S.d. unemployment rate

Autocorrelation unemployment rate
Correlation unemployment, job-finding rate

Asset Market Results

Mean excess return (%p.a.)

S.d. excess return (%p.a.)

Mean excess return / s.d. excess return (p.a.)
Mean log price-dividend ratio

S.d. log price-dividend ratio

Data

2.22
1.84

5.9
0.92
2.31
0.45

0.46
6.66
0.94
0.75
0.97
-0.96

6.96
15.6
0.45
3.51
0.44

Model

2.22
1.84

5.9
0.92
2.31
0.45

0.46
6.69
0.99
0.75
0.99
-0.98

6.38
15.2
0.45
3.37
0.36




Table A.3: Parametrization and Results for Model with Epstein-Zin Preferences with Long-Run Risk

Panel A: Parameters

Panel B: Moments

Endogenously Chosen

ga, mean productivity growth (%p.a.)
Oa, s.d. productivity growth (%p.a.)
K, hiring cost

B, time preference factor

¢s, relative s.d. st

a, risk aversion coefficient

Assigned

B, efficiency of matching technology

b, home production parameter

o, probability of separation

1, matching function elasticity

¢, survival probability

Pz, persistence of ¢

ps, persistence of s¢

ge, human capital growth when employed (%p.a.)
p, inverse EIS

rel. size x; component of productivity

2.22
1.80
1.31
0.998
0.0379
4.3

0.46
0.6
0.028
0.5
0.9972
0.9977
0.9944
3.5

0.1
0.0445

Targeted Data
Mean productivity growth (%p.a.) 2.22
S.d. productivity growth (%p.a.) 1.84
Mean unemployment rate 5.9
Mean risk-free rate (%p.a.) 0.92
S.d. risk-free rate (%p.a.) 2.31
Maximum Sharpe ratio (p.a.) 0.45

Labor Market Results
Mean job-finding rate 0.46
S.d. job-finding rate 6.66
Autocorrelation job-finding rate 0.94
S.d. unemployment rate 0.75
Autocorrelation unemployment rate 0.97
Correlation unemployment, job-finding rate -0.96
Asset Market Results

Mean excess return (%p.a.) 6.96
S.d. excess return (%p.a.) 15.6
Mean excess return / s.d. excess return (p.a.)  0.45
Mean log price-dividend ratio 3.51
S.d. log price-dividend ratio 0.44

Model

2.22
1.84

5.9
0.92
2.31
0.45

0.46
6.36
0.99
0.69
0.99
-0.98

4.61
10.3
0.45
3.77
0.36

Table A.4: Parametrization and Results for Model with Epstein-Zin Preferences with Variable Disaster Risk

Panel A: Parameters

Panel B: Moments

Endogenously Chosen

Ja, mean productivity growth (%p.a.)
Oa, s.d. productivity growth (%p.a.)

K, hiring cost

B, time preference factor

os, disaster intensity volatility parameter
«a, risk aversion coefficient

Assigned

B, efficiency of matching technology

b, home production parameter

o, probability of separation

71, matching function elasticity

¢, survival probability

ps, persistence of disaster intensity

ge, human capital growth when employed (%p.a.)
p, inverse EIS

s, disaster intensity (%p.a.)

0, disaster impact

2.22
1.84
1.22
0.998
0.0083
2.65

0.46
0.6
0.028
0.5
0.9972
0.9966
3.5

0.1
3.55
0.26

Targeted Data
Mean productivity growth (%p.a.) 2.22
S.d. productivity growth (%p.a.) 1.84
Mean unemployment rate 5.9
Mean risk-free rate (%p.a.) 0.92
S.d. risk-free rate (%p.a.) 2.31
Maximum Sharpe ratio (p.a.) 0.45
Labor Market Results
Mean job-finding rate 0.46
S.d. job-finding rate 6.66
Autocorrelation job-finding rate 0.94
S.d. unemployment rate 0.75
Autocorrelation unemployment rate 0.97
Correlation unemployment, job-finding rate -0.96
Asset Market Results
Mean excess return (%p.a.) 6.96
S.d. excess return (%p.a.) 15.6
Mean excess return / s.d. excess return (p.a.)  0.45
Mean log price-dividend ratio 3.51

S.d. log price-dividend ratio 0.44

Model

2.22
1.84

5.9
0.92
2.31
0.45

0.46
5.66
0.99
0.77
0.99
-0.98

4.80
10.7
0.45
3.24
0.36




Table A.5: Parametrization

and Results for Model with Affine Stochastic Discounts

Panel A: Parameters

Panel B: Moments

Endogenously Chosen

Ja, mean productivity growth (%p.a.) 2.22
Oa, s.d. productivity growth (%p.a.) 1.84
K, hiring cost 0.90
140 0.00077
1 -0.042
Y1 0.83
Assigned
B, efficiency of matching technology 0.46
b, home production parameter 0.6
o, probability of separation 0.028
1, matching function elasticity 0.5
¢, survival probability 0.9972
ps, persistence of state 0.9944
ge, human capital growth when employed (%p.a.) 3.5

Targeted Data Model
Mean productivity growth (%p.a.) 2.22 2.22
S.d. productivity growth (%p.a.) 1.84 1.84
Mean unemployment rate 5.9 5.9
Mean risk-free rate (%p.a.) 0.92 0.92
S.d. risk-free rate (%p.a.) 2.31 2.31
Maximum Sharpe ratio (p.a.) 0.45 0.45
S.d. excess return 15.6 15.6

Labor Market Results
Mean job-finding rate 0.46 0.46
S.d. job-finding rate 6.66 7.52
Autocorrelation job-finding rate 0.94 0.99
S.d. unemployment rate 0.75 0.73
Autocorrelation unemployment rate 0.97 0.99
Correlation unemployment, job-finding rate -0.96 -0.98
Asset Market Results

Mean excess return (%p.a.) 6.96 6.96
S.d. excess return (%p.a.) 15.6 15.6
Mean excess return / s.d. excess return (p.a.)  0.45 0.45
Mean log price-dividend ratio 3.51 3.24
S.d. log price-dividend ratio 0.44 0.36

Table A.6: Hall (2017) with Alternative Durations of Job Opportunities

Data Model in Hall (2017)
1/6 =26 Original

Parameters
Avg. duration of job opportunity during bargaining (months) - 2.6 77
Per-round probability bargaining ends, & — 1/2.6 1/77
Bargaining delay cost, ¥ - 1.01 0.57
Results
S.d. quarterly unemployment rate (pp) 0.75 0.03 0.97
Cyclicality of user cost of labor to unemployment (%) -5.2 -5.2 0.10

Note: The probability that a job opportunity breaks down after n

job opportunity during bargaining is § +25(1 — d) + ...+ nd(1l —

rounds of bargaining is §(1 — 0)™ so the expected duration of a
§)™ ' +... =1/ rounds.

Table A.7: Accuracy of Approximations for Job-Finding Rate

Linear Around RSS and Awt+n &~ Aw

Approximation Linear Around RSS
) e NG 0.999
corr(AMRProT  \globaly 0.985

1.93
0.998

Note: All of these approximations use the assumption that Acit1 =~ Adagy1-

Table A.8: Estimated Parameters for Inflation Process

Parameters Estimates
7, mean inflation rate 0.0031
¢, autocorrelation coefficient 0.9479
1, relative volatility of latent variable 0.2499
ow, volatility of inflation shocks 0.0027
pra, correlation inflation shocks, productivity shocks —0.1620




Figure A.1: Sensitivity of Key Moments to Preference Parameters in Baseline and Endowment Economies
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elasticities in the CC habit model

elasticities in the EZ w/ disasters model
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Figure A.2: Determinants of Volatility of Job-Finding Rate

(a) Campbell-Cochrane with External Habit (b) Epstein-Zin with Long-Run Risk
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oc(Awt) = ‘Zf;l wnbn’ o(s¢) for Campbell-Cochrane preferences with external habit, affine
stochastic discount factor, and Epstein-Zin preferences with variable disaster risk, and o(Awt) =

\/(ZZOZI wnbn)2 o(Asi)? + ( - wncn)2 o(z+)? for Epstein-Zin preferences with long-run risk.



Figure A.3: Time-Varying Worker Bargaining Power in Hall (2017)
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