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INTRODUCTION

> | write a theory of monetary and fiscal policy with behavioral
agents

v

| use the workhorse framework of monetary policy, the New
Keynesian model — and write a behavioral version of it

> Agents are patient, but they're partially myopic to future
disturbances

v

The rational model is a particular case
Motivation
> If people aren't fully rational, our models and policies should
incorporate that
> A number of empirical issues with New Keynesian framework
» The economy (e.g. Japan, US) looks stable at the ZLB, even
though that contradicts the Taylor principle, so that in
principle the economy could jump from one equilibrium to the
next (Cochrane '15),

v
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INDIVIDUAL PROBLEM
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kivi = (1+7+7) (ke +7+ 9e — ct)

Xiy1 = G (Xtv €t+1)

with (7, y¢) = bX;, Xy =(de-meaned) state vector.
» Agent maximizes in a simplifiable subjective model:
ki1 = (L+74+ m7) (ke + 7+ my 9 — c)
Xer1 = MG (X, €441)
so “cognitive discounting”:
EZR [Vek] = my M B [Vri4]

with m,, m,, m € [0, 1].
» Rational case: m=m, =m, =1



BR PERMANENT INCOME

e, —cd
With by (ke) := R =
Proposition: In this behavioral model (up to 2nd order terms)

v
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v

Then, | put these agents in general equilibrium, with y; = ¢;

v

Define x; = Inyy — Iny/ the output gap
Define dy=deficit after payment of interest rate on debt. l.e.,
active “transfers” by government to agents.

v



BEHAVIORAL FIRMS” PROBLEM

v

Dixit-Stiglitz firms with Calvo pricing frictions
They pay limited attention m’ to future (macro) markup
values

v

v

Hence, with ;=nom. marginal cost, the reset price pjis:

[ee]

pi —pe = (1—0) Z (ﬁe)k M m E¢ [eik — pe]
k=0

» | put those firms and agents in general equilibrium, work out
resulting dynamics



BEHAVIORAL NK MODEL
» Proposition: with 7 = iy — E¢mepq — rf
x¢ = ME¢ [x¢41] + bade — 0 (IS curve)
Ty = ,BMfIEt [7T¢11] 4+ xxe (Phillips curve)

with
M::L, a:zmirlp, by — rmy, R(l—_n'”l)
R —rm, R(R—rmy) R—myr R—m
1-—p6
Mf = m 0+(1—9)1_[£ﬁ7mf, k=#im".

» Rational model: M = Mf =1, b9 = 0. Behavioral:
M, Mf € 0,1],b% >0
» Empirical support for main features of model:
1. Phillips curve: Gali and Gertler '99: need BMT = 0.75, so
Mf ~0.8
2. Fwd guidance puzzle lit.: Need M < 1, perhaps M = 0.8
3. Evidence that Ricardian equivalence doesn't fully hold: e.g. tax
rebates etc. literature: b9 > 0.



MULTIPLICITY OF EQUILIBRIA UNDER THE
TRADITIONAL MODEL

» Consider a Taylor rule

It = QrTTt + GxXe + Jt

With z{ = (x¢, 7t), D = 14 0¢px + k0,
by = —5 (Lx) (it = r7)

z; = AE; [ze41] + by

1 /(M o (1— B¢
A‘D(MK 0K+(ﬁf(1+021>x))

» We have equilibrium uniqueness (“Blanchard-Kahn
determinacy”) iff the eigenvalues of A are less than 1 in
modulus.

» Then, we can write: z; = E¢[Y .~ A" 'b;]

» Otherwise, there are other equilibria z;1s = A, *vid; with
]Etfl [51-] - 0



TAYLOR PRINCIPLE RECONSIDERED
» Consider a Taylor rule
It = GrTle + jt
» Traditional model: determinacy iff ¢, > 1
» Proposition We have equilibrium determinacy iff
(1—pM) (1 - M)
Ko

¢r + >1

» In particular, if monetary policy is passive (e.g. stuck at ZLB,
¢ = 0), uniqueness with strong enough BR:

(1-pM")(1—-M)
Ko

>1

» Need enough BR (low M) and price stickiness (low x). (cf.
Kocherlakota '16)

» Paper works out full Taylor rule iy = ¢ 7Tt + Puxt + ji



IN THE TRAD. MODEL, THE ECONOMY SHOULD BE
MUCH MORE VOLATILE AT THE ZLB
» With Z{. = (Xt, nt),b;. = —% (1,7() (I1_L — rf)
z: = AdE: [Zt—i-l] + b

» Suppose we're at the ZLB for t <T: Ay = Azrfort < T,
A: = Anormal for t > T. Then,

20 = AJpEo [27] + Eq

T-1
Z AtZLBbf
t=0

v

As (in the trad. model ) ||Az 5|| > 1, the economy should
be extremely sensitive to forecasts about the future, so very
unstable.

\4

In this behavioral model||Az g|| < 1, so no high volatility.



ANNOUNCEMENT OF FUTURE RATE CUT

Central bank announces today that it will cut the rate later,
at horizon T (as McKay-Nakamura-Steinsson (2015)).

» What's the impact today on inflation today?

v
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IMPACT OF A ZLB FOR T PERIODS

Output Gap x

Werning (2012), but with behavioral agents. Take r; = r for
t<T,andrp =7<O0fort>T. Fort > T, the CB sets

it:F>O,Xt:7Tt:0.
(1-pM*) (1-M)

Proposition. When

unbounded. But if
bounded)

Traditional case

Time t

Ko

(1-BM") (1-M)

Ko

Output Gap x

> 1,

0.00F
-0.01¢
-0.02 ¢
-0.03¢
-0.04 g

< 1, the recession is

then the recession is

Behavioral case

Time t



OPTIMAL MONETARY AND FISCAL POLICY

» Welfare: W = [Eq YoiroBtu(ce, Ni)
» W=WFB 41w

W=—KEq)_ %[Bt (77 4 0x7) + W_
t=0

with "
0= —
mfe
and K = ucc (v +¢) Em’, and W_ is a constant
» Controlling fork, the relative weight on the output gap (8) is
higher when firms are more behavioral (when mfis lower).

» Intuition: inflation creates less between-firm price dispersion,
because firms react less today to future inflation.

» First best: zero output gap and inflation, x; = 71 = 0



OPTIMAL POLICY WITH SUPPLY AND DEMAND
SHOCKS
FIRST BEST VIA “HELICOPTER DROPS OF MONEY”

» You get the first best iff:

it—idt = r:

» When the ZLB doesn't bind. To obtain the first best, set
(with Taylor rule around it)

ir = r{ and zero deficit: d¢ =0
Like in the traditional model.
» If we hit the ZLB. Rational agents: Very complex, second best
> Behavioral agents: the right “helicopter drops of money” give
First Best;
ir = 0 and deficit: d; = iTrt"
by

> Because agents are not Ricardian, they spend the transfers
you give them, hence output goes up



OPTIMAL POLICY WITH COMPLEX TRADEOFFS

v

Cost-push shocks: with v; AR(1)
Tty = ,BMfIEt [TTer1] + Kxe + vt

Then first best cannot be achieved.

v

v

Optimal policy with commitment:

» Traditional model: Optimal policy gives “price level targeting”,
“nominal GDP" targeting

» With behavioral firms: this is not true any more

v

Without commitment: the optimal policy under rational vs
behavioral economy are close.



OPTIMAL POLICY WITH COMMITMENT
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EXTENDING THE MODEL: PARTIALLY
BACKWARD-LOOKING FIRMS

» Motivation: so far, no permanent changes to inflation etc.

» Why is inflation stable? “Because agents’ expectations are
anchored at 2% inflation”

» Augment micromodel:

BER (o] = mme (B [rens] + (1= ) B |y ])
mia = (-maf gty (-0 m

» Firms have two noisy signals: noisy rational expectations, and
“default inflation”

» 1t¢=default inflation, which comes “for free" to the mind

» EB= central bank guidance.



EXTENDING THE MODEL: PARTIALLY
BACKWARD-LOOKING FIRMS

>

Extra microfoundation: firms use “default inflation” 7¢ to
forecast future inflation

Augmented model: with 7t = iy — E;7Teq1 — rf

Xt = M]Et [Xt+1] + bddt — (Tft (IS CUrVe)
e = BMTE; [1ty41] + artd 4 xx, (Phillips curve)
n;jﬂ =(1-17) ”f“"YgﬂtCB‘i"Y(l_g) Tt

with MT = m (6 + fm" (1—6)),a = pmm" (1 —f) (1 —0)
7é=default inflation, which comes “for free” to the mind

7TtCB: inflation guidance by central bank guidance.

Embeds trad. model (« =0, M = 1), old Keynesian Taylor
model (M = Bf =0, « = 1,7 = 0), basic behavioral model
(e =0,M < 1).



PAYOFFS FROM THIS MODEL

>

The data wants some backward looking inflation in the
Phillips curve (Gali and Gertler '99)
d

Inflation dynamics are more inert, via “default” inflation 7t}

Notion of “the central bank raises rates to combat the past
inflation”, like in the old Keynesian model.
To get Fisher sign neutrality (higher inflation — higher
interest rate in long term) and stable economy, need large
enough importance of “central bank guidance” (ag big
enough)
Then, allows to see why the economy is stable at the ZLB:
that's true iff there's enough bounded rationality and inflation
guidance

(e +1—a—p)

Ko

.. something impossible in the NK model (M = 1) and Old
Keynesian model (a + pf = 1,7 = 0)

(1-M)>1




MODEL 1S KEYNESIAN IN SHORT RUN, FISHERIAN IN
LONG RUN

Fed raises the nominal rate by 1%, permanently. No Taylor rule,
but 78 = 1%.

Conclusion: the economy is Neo-Fisherian in long run, but
Keynesian in run short. Solution to Cochrane’s challenge.

3

........ Outputx,

— — Inflation =,
. Default rate =
Interest Rate

R —————




COMPARISION WITH OTHER MODELS

x¢ = ME; [x¢41] + bady — o (IS curve)
T = ﬁMf]Et [7Te+1] + kxe (Phillips curve)

» Hand-to-mouth: keeps M = M’ = 1, though give (something
like) by > 0

» Sticky information (Mankiw-Reis): keeps M =1, by =0

» Rational discounted Euler equation: Del Negro, Giannoni,
Patterson ('15), McKay, Nakamura and Steinnsson ('15),
Piergallini ('06), Nistico ('12), Caballero and Farhi ('15),
Werning ('15): Keeps M’ = 1, and silent about by. In
calibrations gives M ~ 1—(small liquidity spread) or M ~ 1—
(small probability of death)

» Misperception of GE (Angeletos and Liu '16) without credit
constraints: gives M > B, b? = 0.

» Heterogeneity (McKay, Nakamura Steinsson '16, Farhi
Werning '16): don't get Mf < 1; lose rep. agent framework



CONCLUSION: MONETARY AND FISCAL

MRS

No

Behavioral version of the work-horse model used for policy
Monetary policy is less powerful (esp. forward guidance)
Fiscal policy is more powerful (agents not Ricardian)
Optimal joint fiscal+-monetary policy.

Taylor principle strongly modified. Equilibrium is determinate
(even with rigid monetary policy): stable economy at the ZLB.
The ZLB is much less costly.

Optimal policy

7.1 Do "helicopter drops of money” at the ZLB—First Best

7.2 “Nominal GDP targeting” is not optimal any more
Resolution of neo-Fisherian paradoxes: Model is
“neo-Fisherian” in long run, but Keynesian in short run.

» Empirical support for main features of model:

1. Phillips curve: Gali and Gerler '99: need BM’ = 0.8, so
Mf ~0.8

2. Need M < 1, perhaps M = 0.8 (fwd guidance puzzle lit.)

3. Evidence that Ricardian equivalence doesn't fully hold: e.g. tax
rebates etc. literature: b9 > 0.

4. Point 8 conjectured to be correct empirically



ONGOING WORK: BOUNDED RATIONALITY IN
ECONOMICS

1. Micro: “A sparsity-based model of bounded rationality”
(2014): Fairly general and simple device,

smaxu (a,x) subject to b(a,x) >0
a

Basic consumer theory: Walrasian demand, Hicksian demand,
Slutsky matrix. Competitive equilibrium: Arrow-Debreu,
Edgeworth boxes...

2. Macro: “Behavioral Macroeconomics via Sparse Dynamic
programming” : Life-cycle, RBC

3. “A Behavioral New Keynesian model”: monetary and fiscal

4. Public economics: "Optimal Taxation with Behavioral Agents”
(with E. Farhi)
Ongoing work:

5. Finance: in the works. Merton problem...

6. Game theory: “Some game theory with sparsity-based
bounded rationality”. Sparse Nash equilibrium



