Lecture Notes

Petrosky-Nadeau, Zhang, and Kuehn (2018, American
Economic Review, “Endogenous Disasters”)

Lu Zhang!

1Ohio State and NBER

FIN 8250
Ohio State, Autumn 2021



Insight

The textbook Diamond-Mortensen-Pissarides model of equilibrium
unemployment gives rise endogenously to rare disasters



The Model

Quantitative Results

Home Production

Capital

Recursive Utility

Outline



Outline

The Model



Model

Search and matching

The representative firm posts job vacancies, V;, to attract
unemployed workers, U, via a CRS matching function:

UVt
G(Us, V}) = ————
The job filling rate:
G(Us, Vi) 1
q(0:) = =
(6e) Ve (14 64)

in which 8; = V; /U, is labor market tightness: ¢'(6:) <0



Model

The unit costs of vacancy

The representative firm incurs costs of vacancy posting, x; V4, with
the unit costs, k¢, given by:

Kt = ko + k1q(6:)

in which
m kg: The proportional costs
m k1. The fixed costs

Fixed matching costs (paid after a hired worker arrives): Training,
interviewing, negotiation, and administrative setup costs of adding
a worker to the payroll, etc., as in Pissarides (2009)



Model

An occasionally binding constraint on vacancy

Once matched, jobs are destroyed at a constant rate s:
Nt+1 = (1 — S)Nt + q(@t)Vt

in which
Vi>0

The firm uses labor to produce via a CRS production function:

Y: = XiN;y  in which  log(X;y1) = plog(X:) + o€y



Model

The representative firm

Dividends to shareholders:
Dy = Xe Ny — WeNy — K+ Vi
in which W; is the wage rate

Taking the stochastic discount factor, M1 = B(Ct/Ci41), as
given, the firm maximizes the market value of equity, S;:

Z Mt 17Dty r

=0

S = max E;

{ Vitr,Neyri1 }20:0

subject to N1 = (1 — s)Ny + q(0¢) Vi and Vi >0



Model

The intertemporal job creation condition and the stock return

Let A\; be the multiplier on the g(6;)V;: > 0 constraint:

+/€1 )\1_-:

(9r)
E: |:Mt+l [Xt+1 — W1+ (1—5) o + K1 — )\t+1]]]
Q(9t+1)

The Kuhn-Tucker conditions: V; > 0, A; > 0, \;V; =0



Model

Wages divide rents between workers and the firm

Woages as the endogenous outcome of a generalized Nash
bargaining process between a worker and the firm:

Wt =n (Xt + K',tat) + (]. — 77)b

m 7): Relative bargaining weight of the worker
m X;: Marginal product of labor
m k:0; = Kkt Vi/Us: Vacancy costs per unemployed worker

m b: The flow value of unemployment activities

1 and b govern wage elasticity to labor productivity



Model

Equilibrium

The goods market clearing condition:

Ct + Htvt = XtNt

The recursive competitive equilibrium consists of vacancies, V}* > 0;
multiplier, A} > 0; consumption, Cf; and indirect utility, J;:

m V} and A} satisfy the intertemporal job creation condition and
the Kuhn-Tucker conditions, while taking the wage equation
and the representative household's SDF as given;

m C/ satisfies the optimality condition 1 = E;[M;+1R:41];

m the goods market and the financial market clear



Model

Parameterized expectations per Christiano and Fisher (2000)

SOIVe for )\t = A(Nt,Xt) from

Ko
+ K1 — At =
q(et) 1 t

E; [MtJrl [Xt+1 — W1+ (1 —5s) (Ho + K1 — >\t+1>”
Q(9t+1)

while obeying the Kuhn-Tucker conditions

log(X:) discretized with 17 grid points; cubic splines (75 basis
functions) in N for each log(X)-level



Model

Parameterized expectations per Christiano and Fisher (2000)

Parameterizing the conditional expectation, & = E(N¢, X;)
eliminates the need to parameterizing \; separately:

Ko

m + K1 — )\t = gt
After obtaining &;, calculate §(0;) = Ko/ (& — K1):
m If §(6:) > 1 (binding constraint): set V; =0, §; =0,
q(0:) =1, and A\t = ko + k1 — &
m If §(0¢) < 1 (nonbinding constraint): set \; = 0,
q(0:) = G(0:) = 0: = g 1(d(0:)), Ve = 0(1 — Ny)



Model

Monthly calibration

Rate of time preference, 8

0.9954

Aggregate productivity persistence, p  0.983

Conditional volatility of shocks, o

Workers' bargaining weight, 7

Job destruction rate, s

Elasticity of matching function, ¢
Value of unemployment activities, b
The proportional costs, kg

The fixed costs, x1

0.01

0.04
0.04
1.25
0.85
0.5
0.5

Gertler and Trigari ( )
Gertler and Trigari ( )
Hagedorn and Manovskii ( )
Dauvis et al. (2006)

Den Haan et al. ( )
Hagedorn and Manovskii ( )
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Quantitative Results

Basic moments

Panel A: Log output growth

Panel B: Log consumption growth

data mean 5% 95% p-value data mean 5% 95% p-value
oy 563 531 2090 1156 031 oc 6.37 465 212 11.26 0.21
Sy —1.02 085 —0.39 335 099 S —0.55 091 —0.50 3.57 0.96
Ky 11.87 128 3.08 3499 041 Kc 9.19 144 3.16 3859 054
oY 016 024 0.01 063 058 pf 0.07 023 —0.02 0.65 0.79
py 0 —0.11 —0.31 023 016 p§ 003 —0.12 —0.33 0.24 0.14
oy 0.02 —0.12 —0.32 0.08 0.1 p§ 0 —0.12 —0.34 0.09 0.15
py  —0.02 —0.11 —0.31 0.08 0.23 p§ —0.02 —0.11 —0.32 0.09 0.23

Panel C: Unemployment

data mean 5% 95% p-value data mean 5% 95% p-value

E[U] 6.98 6.28 4.83 1054 019 Sy 202 352 149 58 0.85

Ku 7.26

19.18 5.24 41.78 0.87

oy 21.76 2341

5.45 53.49 0.43




Quantitative Results

Empirical cumulative distribution functions: U, Y;, and C;
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Quantitative Results

Moments of rare disasters

Data Model
Mean 5% 95% p-value
Panel A: Output
Probability 7.83 5.04 2.24 8.57 0.09
Size 21.99 22.22 12.7 46.24 0.33
Duration 3.72 4.44 3.2 6 0.79
Panel B: Consumption
Probability 8.57 2.86 0.71 5.83 0.00
Size 23.16 25.64 11.26 62.13 0.36

Duration 3.75 491 3 7 0.81




Quantitative Results

Distributions of disasters by size
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Quantitative Results

Distributions of disasters by duration
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Quantitative Results

Comparative statics

Baseline b=0.825 b=04 s=0.035 k=07 (=11 n=0.05
Panel A: Output

Probability 5.04 3.61 2.53 4.42 4.05 5.29 5.57

Size 22.22 16.07 13.41 19.87 18.2 21.97 22.69

Duration 4.44 4.57 4.7 4.5 451 441 4.4
Panel B: Consumption

Probability 2.86 1.62 1.32 2.43 1.85 3.04 3.59

Size 25.64 16.31 1235 22.25 20.19 25.05 25.21

Duration 401 5.19 5.2 4.97 5.1 4.88 4.78




Quantitative Results

Downward rigidity in marginal hiring costs: q(0:) and ro/q(0:) + k1
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Home Production
Model

Let C,,+ be market consumption, Cp; home consumption, and the
composite consumption bundle:

Ce=[aCle + (1 —a)CRlYe,
in which e € (0,1] and a € [0, 1]

The stochastic discount factor:

Coer1 \ [ G \°
M. —
41 5( Co ) Cot




Home Production
Model

Home production technology:

Che = Xp Uy, with Xp>0

The equilibrium Nash-wage becomes:

Wi = n(Xt + ke0:) + (1 — 1)z,

1—e
ztEXh<1_a><Cmt) +b
a Cht

The market clearing condition: Cp + k¢ Ve = Xe N

with




Home Production

Quantitative Results

Data Model Data Model
o 0.01 0.014 0.014 0.014 o 0.01 0.014 0.014 0.014
a 08 08 08 085 a 08 08 08 085
e 085 085 09 085 e 085 0.85 09 085
oy 563 3.41 529 462 39 oc 6.37 291 4.67 374 29
Sy —102 006 015 013 001 Sc —055 009 02 02 0.03
Ky  11.87 383 492 495 342 Kc 919 422 573 5097 348
oy 016 0.15 016 0.15 0.14 pf 007 015 016 0.15 0.14
oy 0 —0.13 —0.13 —0.13 —0.12 p§ 0.03 —0.13 —0.14 —0.14 —0.12
oy 0.02 —-01 —0.11 —0.1 —0.1 p§ 0 —0.1 -0.11 —0.11 —0.1
of  —0.02 —0.08 —0.08 —0.08 —0.08 p§  —0.02 —0.08 —0.09 —0.08 —0.08

Proby 7.83 5 90095 8.2 6.88 Probc¢ 857 335 752 495 3.43
Sizey 21.99 15 18.568 17.21 15.43 Sizec 23.16 14.42 18.06 16.34 13.81
Dury 3.74 432 374 388 398 Durc 3.75 465 399 431 459

E[U] 6.98 597 658 5.33 45 Sy 202 186 244 3.06 2.1
Ku 726 7.48 10.42 15.73 9.87 oy 21.76 10.75 19.53 153 4.07
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Capital
Model
Production Y; = X;K&N; ™, a € (0,1), and x; = log(X;):

Xt+1 = (1 — p))_( + PXt + O€t41

Capital accumulation:
Kt+1 = (1 - (S)Kt + q)(/t, Kt)7

in which ¢ is the capital depreciation rate, /; is investment, and

1-1/v
a It
SRy <Kt>

(D(It, Kt) = Kf.‘




Capital
Model

The investment Euler equation:
1\ Yer 1 [l \V” 1l
— (X)) =E|Mm RALE NI 1-06

az (Kt) ‘ e @ Kt+1 + az Kt+1 ( + 21) + v—1 Kt+1

The intertemporal job creation condition:

Ko Yt+1 Ko
0 k1A= E (M 1- ~ Wi+ (1—5) |+ k1 — A
qo) T { o (( *) Ney et (1=9) Ll(@tﬂ) i Hl])}

The equilibrium wage:

Y,
W =n [(1 — a)ﬁz + m6‘t] +(1—-n)b

The goods market clearing condition: C; + It + ke Ve = Y



Capital

Quantitative results

Data Model Data Model

o 0.01 0.014 0.014 0.014 o 0.01 0.014 0.014 0.014
v 2 2 15 05 v 2 2 15 05
oy 563 335 511 5.1 493 o¢ 6.37 2.38 3.74 4 475
Sy —-102 01 012 011 01 Sc¢ —-055 0.08 0.12 0.14 0.17
Ky 11.87 411 45 449 434 Kc 9.19 467 5.18 51 4.79
oY 0.16 0.18 0.19 019 017 pf 0.07 021 022 0.2 0.17
oy 0 —0.1 —0.09 —0.1 —0.12 p§ 0.03 —0.08 —0.07 —0.09 —0.12
Proby 7.83 455 945 94 907 Probc 857 208 531 5095 8.18
Sizey 21.99 15.76 18.97 18.81 18.08 Sizec 23.16 14.9 17.69 17.68 17.98
Dury 3.72 458 389 387 38 Durc 375 539 451 433 39
ol 2333 452 698 6.06 288 E[U] 698 598 7.46 7.45 6.92
S —-0.79 02 02 0.17 0 Sy 202 251 255 255 264
K, 872 451 494 492 466 Ky 7.26 11 11.09 11.12 11.65
o 0.22 0.17 0.17 0.18 0.19 oy 21.76 14 2251 2257 22.27
o —0.04 —0.12 —0.12 —0.11 —0.1
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Recursive Utility
Model

Preferences:

e

{CG}
Optimality condition: 1 = E;[M;11R¢11]:
1

_ il
Moy — ﬁ<ct+1> Jii1
C ElJy717

Xir1 — Wepr + (1 = 5) [ko/q(0r11) + K1 — Aega]
ko/q(0:) + k1 — At

psal

Riv1 =



Recursive Utility

Quantitative results

Data Model Data Model
v 10 75 10 1 7 10 75 10 1
¥ 1.5 15 1 1 9 1.5 15 1 1
oy 563 5.67 497 499 411 oc 6.37 505 4.35 435 3.44
Sy —1.02 087 081 076 061 Sc —0.55 0.88 0.81 081 0.67
Ky  11.87 15.47 14.18 12.36 10.36 K¢ 9.19 17.09 1569 142 119
oY 016 021 019 023 020 pf 007 019 018 022 0.19
oy 0 —0.14 —0.14 —0.12 —0.12 p§ 0.03 —0.15 —0.15 —0.13 —0.14
oy 0.02 —0.13 —0.12 —0.12 —0.12 p§ 0 —0.13 —0.12 —0.13 —0.12
o —0.02 —0.1 -0.1-011 —0.1 p§ —0.02 —0.1 —0.09 —0.11 —0.1
Proby 7.83 4.49 403 453 503 Probc 857 251 212 251 284
Sizey 21.99 23.92 22.17 21.92 22.25 Sizec 23.16 28.86 26.51 256 25.7
Dury 372 446 456 45 4.45 Durc 375 484 501 49 4093
E[U] 6.98 626 588 623 57 E[R—Rf] 469 445 11 497 022
Su 2.02 366 357 3.46 329 E[R] 1.04 258 287 26 2093
Ky 7.26 20.71 20.75 1848 18 o 20 15.79 15.15 15.73 145

ou 21.76 25.67 21.99 22.93 17.88 ogr 1232 164 139 198 154




Conclusion

Endogenous disasters

The textbook Diamond-Mortensen-Pissarides model of equilibrium
unemployment gives rise endogenously to rare disasters
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