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Interest rate at which US firms borrow has two features:

(i) it is countercyclical

(ii) it is an inverted leading indicator:
low interest rate forecasts future booms

Last feature is a long-standing puzzle:
King and Watson (1996)

e One-sector RBC model at odds with both (i) and (ii)

2-sector RBC model: Boldrin, Christiano, and Fisher (2001)




Empirical VAR

e IRFs with investment first:

Motivation
Response of Investment to Investment Response of Land Price to Investment
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Empirical VAR Ctnd

e IRFs with investment first:

Motivation

Response of Worked Hours to Investment Response of Consumption to Investment
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Motivation
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e Lead-lag correlations:

Inverted Leading Indicator
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Show that a Kiyotaki-Moore model accounts for (i) and (ii)

What We Find

e Key assumption: loan contract with variable interest rate

Twofold contributions: theory and empirics

Sunspot equilibria (local and global) are very pervasive

Sunspot shocks to investment quantitatively important

Sunspot model has better fit than model with unique eqm
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Motivation v/

Global sunspot equilibria in version of Pintus-Wen (2013)

Quantitative model based on Liu-Wang-Zha (2013)

Bayesian estimation results on US data 1975-2010

Concluding remarks
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This talk: risk-neutral lender, no capital, linear technology
= analytical solution

In the paper: more general model

Representative lender solves:

maxEo »  {C; + 9L}

=0

subject to budget constraint:

Ci+ Qt(it-l—l — it) + B£+1 < Rth
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e Representative borrower solves:

o0
max Eq Z B'log C;
=0

subject to
Ci+ Qi(Lis1 —Li) + RiB; < Biyy + Ly

Eth+lB£+1 < etEtQt+1Lt+l

o Note that interest payment R, B! responds to shocks

e Land in fixed supply so land market clears if L, + L, = L
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e From lender’s: O, = Q = 3/(1 — )andE,R,+1 B!

e Borrower’s FOC and budget constraint then become:
At = Eth+1At+l
Ct + Q(l - B)Lt—H = XtLt

where X, = 1+ Q(1 — BR,)

e Closed-form solutions for borr~ower’s choices:
Ci = (1 = B)X;L; and Q(1 — B)Lsy1 = BX;L
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Analytical Example of Global
Sunspot Equilibria

Proposition

There exist global sunspot equilibria such that the dynamics of the
land stock allocated to borrower follows

Lo = [1+0(1 — BR)L

for all + > 0, given Ly > 0, where R, = B! (1 + &;) and sunspot
innovation &; is an 1.i.d. random variable with zero mean
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e Contrast this with predetermined interest rate economy:
Ci+ O(Liy1 — Ly) + Rz—lBl < B§+1 + L
RBl,, < QL
Ci+ QL1 — L) + Bl <R 1B
e Interest payment due in # now predetermined,

interest rate entering credit constraint variable but known in ¢

e Such an economy is always in steady state absent
fundamental shocks:
interest rate fixed at R, = 57!
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¢ In contrast, output growth rate and level fluctuate:
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Occasionally Binding Constraint

e Sunspot equilibria with negative skewness:
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Intuition

e Under variable interest rate, credit demand and supply are:

B, = BOL1, BS,| = OL11—BX/Li, X, = 1+0(1—fFR,)

BR; :o B

BOQLess
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Intuition Ctnd

Bottom line: sunspot equilibria under variable interest rate
because of aggregate credit-demand externality

Pecuniary externality does not generate sunspot equilibria

In the paper:
local sunspot equilibria in more general version of model

Related to literature on sentiments:
Benhabib, Wang and Wen (2015)

Sunspots even though secured credit,
unlike in Azariadis, Kaas and Wen (2015)
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We introduce variable-rate loans in Liu-Wang-Zha (2013)

Model similar to that of Pintus-Wen (2013)

Additional features typical of current DSGE models:
- consumption habits
- investment adjustment costs
- productivity growth

Shocks:

- discount rate, land demand, labor supply

- production technology (transitory and permanent)
- investment technology (transitory and permanent)
- collateral (leverage)
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e Household solves:

o
max [ Z B'A(In(Chy — YrCri—1) + 1 In Ly — 1Ny
=0

where A; = A;—1 (1 + A\yt), _
In g = palnAa—1 + (1 = pa) In Ag + Gagay

e subject to budget constraint:
B,
Chnt + q1t(Lht - Lht—l) + R < Wil + By
t

where B, | = R,,lBﬁfl denotes interest payment (hence
predetermined in original model)
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Entrepreneur/Borrower

e Entrepreneur solves:

max [Eq Z B'In(Cer — YeCor—1)
=0

e subject to technology constraint:

Y, = Zt(LZ—1K11:1¢)aNelt_a

Where Zt - Vthf, Zp — Z‘ID—I AZJ’
In Xy = p;In Ay g + (1 = p)A; + 0282,
Inv, =p, Inv,_1 +o0,6,,
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e capital accumulation constraint:
QL )
2 Iy

e budget constraint:

1, B
Cot + qut(Let — Ler—1) + Bi—1 = Y, — L WiNy +
o R,

where Q; = Qfl/qz’ or = Qf_l%qt,
In Ay = pgInAgi—1 + (1 = pg) Ag + 04 g,
In Vgt = Py, In Vgr—1 + Oy, Ey,t
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e collateral constraint:

B; < O, [q1t+1Let + th—HKt]
where Inf; = pgInf,_1 + (1 — pg) In 0 + cpey;
e Variable-rate economy has instead:
Chi + qie(Lit — Lpg—1) + Bi < wilNp + RtB£_1
I I I
Cer + q1t(Let - etfl) + RtB;_1 =Y - 5 — WiNg + B;

t

E, [Rt—l—l]Bf‘ < OB quv1Ler + qre1K]
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Lead-lag Correlations

e Conditional on land price shock in determinate model:

corr(Rlﬂ,Yl) corr(Rlﬂ,QIl) corr(Rm,Cl)
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Lead-lag Correlations Ctnd

e Conditional on land price shock in data:

corr(Rlﬂ,Yl) corr(Rlﬂ,QIl) corr(Rm,Cl)
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e Conditional on investment sunspot shock in indet. model:

corr(R, ;Y corr(R,..Ql) corr(R,,;C)
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Lead-lag Correlations Ctnd

e Conditional on investment shock in data:

corr(Rm,Yt) corr(Rm,Ql‘) corr(Rm,C‘)
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Results

Estimation Strategy

We estimate hybrid versions of both determinate and
indeterminate models

Assumption:
fraction of variable-rate loans is given by w € (0, 1)

Determinacy (indeterminacy) if w < 0.5 (w > 0.5)

We estimate each model using prior from theory:
w<05vsw>0.5

We use same US 1975-2010 dataset as LWZ (2013):
consumption, investment, land price, hours, debt,
(inverse of) investment price



Estimated Parameters

e Liu-Wang-Zha (2013) with w estimated: a
parameters prior posterior

distribution mean s.d. mode mean low high
w beta 0.167 0.1179 0.5 0.4975 0.4956 0.5
Pa beta 0.333 0.2357 0.9098 0.9004 0.8667 0.9367
Py beta 0.333 0.2357 0.9997 0.9994 0.9988 1
o4 inv. gamma 0.01 e 0.095 0.1358 0.0552 0.2231
op inv. gamma 0.01 =) 0.0459 0.0488 0.0419 0.0561

e Data pushes towards highest possible value for w (that is, 0.5)

Estimation
Results
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e Indeterminate model: aD
parameters prior posterior
distribution mean s.d. mode mean low high
Pa beta 0.333 0.2357 0.0215 0.2681 0 0.5535
Po beta 0.333 0.2357 0.9992 0.9986 0.9975 0.9999
o4 inv. gamma 0.01 oo 0.0033 0.008 0.0012 0.0159
op inv. gamma 0.01 (e} 0.0468 0.05 0.0412 0.0583
O sun inv. gamma 0.01 oo 0.0099 0.01 0.0075 0.0126

e Patience shock has much smaller variance,
sunspot shock has significant variance
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Results




Estimated Parameters Ctnd

e Indeterminate model: aD
parameters prior posterior
distribution mean s.d. mode mean low high
Pa beta 0.333 0.2357 0.0215 0.2681 0 0.5535
Po beta 0.333 0.2357 0.9992 0.9986 0.9975 0.9999
o4 inv. gamma 0.01 oo 0.0033 0.008 0.0012 0.0159
op inv. gamma 0.01 (e} 0.0468 0.05 0.0412 0.0583
O sun inv. gamma 0.01 oo 0.0099 0.01 0.0075 0.0126

e Patience shock has much smaller variance,
sunspot shock has significant variance

Estimation
Results

e Note that w not identified in indeterminate model
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Variance Decomposition
e Liu-Wang-Zha (2013) with w estimated:

W Patience M Land demand M Labor supply
W Permanent neutral technology Transitory neutral technology Permanent investment technology
Transitory investment technology M Collateral W Sunspot
Investment
100% 100%
90% 90% - - - - -
80% 80%
70% 70%
60% 60%
50% 50%
0% 0%
30% 30%
20% 20%
10% 10%
0% 0%
1 4 8 16 2
Labor
100% 100%
|
o O | |
80% 80%
ance 70% 70%
Decomposition 0% 0%
50% 50%
40% 40%
30% 30%
20% 20%
10% 10%
0% 0%
1 4 8
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Variance Decomposition Ctnd
e Indeterminate model:

M Patience M Land demand M Labor supply
W Permanent neutral technology Transitory neutral technology Permanent investment technology
Transitory investment technology M Collateral W Sunspot
Output Investment
100% 100%
80% 80%
70% 70%
60% 60%
50% 50%
40% 40%
30% 30%
20% 20%
-1 N
0% 0%
1 4 8 16 24 1 4 8 16 24
Credit Labor

100%

100%
g m ==
80% 80%
/ariance 70%
Decomposition 0 60%
1 4 8 16 24

§3

30% 30%

20% 20%
b . . . w
0%
1 4 8 16 2
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e Sunspot shocks explains significant share of volatility for:
output, investment, labor hours, credit

e Discount rate shocks vanish in sunspot model

e Productivity shocks more important in sunspot model

e Indeterminacy alters impact of fundamental shocks

e Land price volatility entirely driven by land demand shocks
(in both models)

e Land demand shocks explain volatility of land price and
interest rate only in sunspot economy
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e Sunspot model dominates LWZ (determinate) model:

LWZ Hybrid LWZ  Sunspot  Hybrid Sunspot

Log marg. data density ~ 2354.75 2359.84 2468.28 2468.59

Model posterior prob. 10—0 10—% 0.42 0.58

Model Fit
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e Sunspot model dominates LWZ (determinate) model:

LWZ Hybrid LWZ  Sunspot  Hybrid Sunspot

Log marg. data density ~ 2354.75 2359.84 2468.28 2468.59

Model posterior prob. 10—0 10—% 0.42 0.58

e Pure and hybrid sunspot models not discriminated

Model Fit
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Conclusion

We study versions of standard models with
collateral-constrained borrowing

We show that secured credit generates financial instability

Business cycles driven by animal spirits pervasive under
variable-rate loan contracts

Estimation on US data 1975-2010 favors sunspot model

Land demand shock explains entirely land price volatility
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Results could be relevant for household debt

First-order effects on monetary policy transmission

Interbank loan market (secured + variable-rate)

Learnability of sunspot equilibria
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e land demand shock in fixed-rate (det.) economy:
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e land demand shock in fixed-rate (det.) economy:

0.04
0.03
0.02
0.01

0

0.02

-0.02
-0.04
-0.06
0.06
0.04

0.02

Ce x107° Ch Le
4 0.15
0.1
2
/\ oo
0
0
-2 —-0.05
10 20 30 10 20 30 10 20 30
Lh Ql X107 Qk
0.04 3
,/—\
0.03 2
0.02 1
0.01 0
0 -1
10 20 30 10 20 30 10 20 30
Phi
10 20 30



Impulse Responses Ctnd

e land demand shock in variable-rate (indet.) economy:
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Impulse Responses Ctnd

e land demand shock in variable-rate (indet.) economy:
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e Impulse Responses Ctnd
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e investment sunspot shock in variable-rate (indet.) economy:
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Impulse Responses Ctnd

e investment sunspot shock in variable-rate (indet.) economy:
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Interest Rate
Dynamics

Estimated Parameters

parameters prior posterior

distribution mean s.d. mode mean low high

w beta 0.167 0.1179 0.5 0.4975 0.4956 0.5
Yh beta 0.333 0.2357 0.5175 0.5217 0.4673 0.5777
Ye beta 0.333 0.2357 0.7688 0.7241 0.5641 0.879
Q gamma 2 2 0.1581 0.1692 0.129 0.2108
100(g~ — 1) gamma 0.618 0.453 0.4174 0.3987 0.2846 0.5081
100(A; — 1) gamma 0.618 0.453 1.2188 1.2147 1.078 1.3453
Pa beta 0.333 0.2357 0.9098 0.9004 0.8667 0.9367
2 beta 0.333 0.2357 0.3897 0.3965 0.2836 0.5115
Pu, beta 0.333 0.2357 0.2751 0.3049 0.0923 0.5167
Pq beta 0.333 0.2357 0.5378 0.5349 0.4287 0.6351
Pug beta 0.333 0.2357 0.3096 0.3493 0.0555 0.6162

Py beta 0.333 0.2357 0.9997 0.9994 0.9988 1
Py beta 0.333 0.2357 0.9877 0.987 0.978 0.9968
Pro beta 0.333 0.2357 0.9809 0.982 0.9757 0.9884
o4 inv. gamma 0.01 [eS) 0.095 0.1358 0.0552 0.2231
o, inv. gamma 0.01 [eS) 0.0047 0.0047 0.0038 0.0056
ou, inv. gamma 0.01 S} 0.0038 0.0039 0.0032 0.0046
ag inv. gamma 0.01 [eS) 0.0043 0.0044 0.0036 0.0052
Tug inv. gamma 0.01 [eS) 0.0027 0.0028 0.0021 0.0035
op inv. gamma 0.01 [eS) 0.0459 0.0488 0.0419 0.0561
oy inv. gamma 0.01 [eS) 0.0076 0.0078 0.0068 0.0087
og inv. gamma 0.01 [es) 0.0117 0.0119 0.0106 0.0131




Interest Rate
Dynamics

Estimated Parameters Ctnd

parameters prior posterior

distribution mean s.d. mode mean low high

Y beta 0.333 0.2357 0.4481 0.4492 0.3904 0.506

Ye beta 0.333 0.2357 0.9962 0.9109 0.7401 0.9999

Q gamma 2 2 0.0808 0.0839 0.063 0.1037
100(gy — 1) gamma 0.618 0.453 0.2574 0.1887 0.0305 0.3413
100(Ag — 1) gamma 0.618 0.453 1.206 1.1902 1.0618 1.3082
Pa beta 0.333 0.2357 0.0215 0.2681 0 0.5535

Pz beta 0.333 0.2357 0.339 0.3452 0.2424 0.4452
Pu, beta 0.333 0.2357 0 0.0521 0 0.1145
Pq beta 0.333 0.2357 0.3202 0.3473 0.2551 0.4469
Pug beta 0.333 0.2357 0.3182 0.2484 0.0015 0.4651
Py beta 0.333 0.2357 0.9992 0.9986 0.9975 0.9999
Py beta 0.333 0.2357 0.998 0.9955 0.9911 0.9997
Pro beta 0.333 0.2357 0.9895 0.9852 0.9788 0.9923

o4 inv. gamma 0.01 [eS) 0.0033 0.008 0.0012 0.0159

o, inv. gamma 0.01 [eS) 0.0049 0.005 0.0043 0.0058
v, inv. gamma 0.01 [eS) 0.0031 0.0033 0.0028 0.0039
ag inv. gamma 0.01 0o 0.0054 0.0053 0.0045 0.0061
Tug inv. gamma 0.01 [eS) 0.0018 0.002 0.0013 0.0026
op inv. gamma 0.01 0o 0.0468 0.05 0.0412 0.0583
oy inv. gamma 0.01 0o 0.0074 0.0075 0.0066 0.0084
op inv. gamma 0.01 [eS) 0.017 0.0169 0.0148 0.019

O sun inv. gamma 0.01 [es) 0.0099 0.01 0.0075 0.0126




Interest Rate
Dynamics

Variance Decomposition
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Interest Rate
Dynamics

Variance Decomposition Ctnd
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