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B General Equilibrium Theory...

Z(p) =0

2 well-developed theory

2 flexible framework equilibrium
& (vectors)
2 applied: Trade, Macro, Public Finance, 10O...
B Disequilibrium Literature: initial progress GE + price rigidities... ?
... but challenges — price dynamics + intractable (2N regimes) -
B New Keynesian Macroeconomics...
2 Success: micro + nominal rigidities... U= u(c) —v(n)
... GE with many markets but... u’(ct) = /R _t”/(ct+1)
— gap with GE theor
J99p 4 Pt* = U; T+ ZﬁtMCHs

? — gap with basic micro 101 intuition 520



Keynes General
& Equilibrium
ISLM (with Money)
1930-40s 1950s & 1960s
Keynes Patinkin
Hicks Clower

Disequilibrium
(Fixed Price)

1970s

Patinkin,

Clower,
Barro-Grossman,
Benassy, Dreze,
Malinvaud,
Green

New
Keynesian

1980s-present




Talk Plan

Part #1. “Tatonnement and Price Setting
in General Equilibrium”

Part #2.
“Macroeconomics with Excess Demands”



Talk Plan

Part #1. “Tatonnement and Price Setting
in General Equilibrium”

EAS Il P

Part #2.
“Macroeconomics with Excess Demands”



Talk Plan

Part #1. “Tatonnement and Price Setting
in General Equilibrium”

EAS Il P

(excess demand # output gap)

Part #2.
“Macroeconomics with Excess Demands”



Talk Plan

Part #1. “Tatonnement and Price Setting
in General Equilibrium”

EAS Il P

(excess demand # output gap)

Nyt = KnZn(pt) T IBEtﬂn,Hl

Y

Part #2.
“Macroeconomics with Excess Demands”



Talk Plan

Part #1. “Tatonnement and Price Setting
in General Equilibrium”

EAS Il P

(excess demand # output gap)

Nyt = KnZn(pt) T IBEtﬂn,Hl

Y

more general — more intuitive!

Part #2.
“Macroeconomics with Excess Demands”



ium’’

General Equilibri

N

% Bndh VA
excess demand # output gap)

2

n

{

Part #1. “Tatonnement and Price Setting

Talk Plan

(

KnZn(pt) T IBEt ni+1

tuitive

— more In

more general

Part #2.

th

Excess Demand”

Micro 101...
ISe WI

“Prices R

th Excess Demands”

ICS Wi

“Macroeconom



Talk Plan

Part #1. “Tatonnement and Price Setting
in General Equilibrium”

EAS Il P

excess demand # output gap

— nZn(pt) T IB[EZJZ.VL +1

more general — more intuitive!

Heard on the internet... Micro 101 ...

“Phillips Curves don’t exist “Prices Rise with
they are dead...” Excess Demand”
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Tatonnement History

B Leon Walras 1874-1900 (“Elements of Pure Economics”)...

Léon Walras

ELEMENTS OF
PURE ECONOMICS

OR

stability <« existencel... no auctioneer in Walras! THE SHEORY OF SOCIAL WEALTH

“Our task is very simple: we need only show that the upward and
downward movements of prices solve the system of equations of offer
and demand by a process of tatonnement.”

® Bertrand + Edgeworth — critique Walras’ tditonnement...

.. Walras @ in letter: “The theory of tatonnement is the very essence
of the theory of price determination.”

® Hicks 1939 (“Value and Capital”) — offers Hicks “stability condition”

B Samuelson 1941 — strong critique of Hicks + sets up formal ODE...
p Zn(p) — frwtful but ad hoc

Our paper reV|S|ts stablllty questlon but

i “Greatest of all economists”
... Using 'F,',_""A model |

Joseph Schumpeter
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Pary General Equilibrium?

!

Cross Effects!...
Fix one market...
...break another?

!

Unstable?

Hicks Condition

TP, — 10,

...If all other prices fixed (PE)
and when any subset of other
markets adjusted to
equilibrium.

Hicks is wrong!
De

Study dynamics...
Pn = d,2,(P)
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Tatonnement History

B GE theory...
2 existence J

2 unigueness/multiplicity J

2 stability x Fail! but not for lack of effort... p n — ann(p )

B Many sophisticated results on stability and instability, math concepts...

B ... but open conceptual problems...

2 who chanc Increasingly Called
into Question...

» consumer:
... but if  Decline 1970s right objeot?

» static (not ... Abandoned 1980s oney?



Tatonnement History

¥ Literature faded in 70s-80s

B Capstone: Frank Fisher’s (1983) wish list...
2 truly dynamic model...
2> endogenous price adjustments
> trade + consumption + production along path...
2 intertemporal saving/borrowing...

2 forward-looking agents (not naive myopic)...

@ ... we deliver on this list!

DISEQUILIBRIUM
FOUNDATIONS OF
EQUILIBRIUM
ECONOMICS

FRANKLIN M. FISHER

ECONOMETRIC SOCIETY MONOGRAPHS




Origins Tatonnement General Disequilibrium New

Formalized Equilibrium (Fixed Price) Keynesian
1870-1900
1940s 1950s & 1960s 1970s 1980s-...
Walras Hicks, Arrow, Hurwicz, Patinkin,
Samuelson, McKenzie, Hahn, Clower,
Edgeworth Meltzer, Uzawa, Negishi, Barro-
Pareto Lange Scarf, McFadden, Grossman,
Diamond, Smale, Benassy, Dreze,
Fisher, Bewley, Malinvaud,

Mas-Colell ... Green
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Disequilibrium Literature

B Two motivations...
? GE — quantities at non-equilibrium prices (e.g. Dreze, Benassy)

? Macro — Keynesian effects in GE (e.g. Clower, Barro-Grossman)

No Full Characterization

No Price Dynamics

® | esson: Disequilibrium prices — some agents face quantity constraints
— Impacts demands for others goods
— splllovers!
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1983
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Static GE Model

B GE = General Equilibrium

B General Primitives...

2 n goods (goods and factors, many labor etc.)
x=(xp,....,xy) >0

y — (yl’ ...,yN) Z O

2 h household types, general preferences

2 f firms, general technologies (networks, etc.)

e (Zla-“aZN) :'X—y
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Adding Market Power

® Each market n — varieties w € [0,1]

2 price-taking undifferentiated (u) vs. price-setting differentiated (v = varieties)
Zn(@) + 2y (@)= 0

> differentiated side n — agent type j — sets prices p, (®)...
O monopolistic supply - 7, () ==y, ()
O monopsonistic demand — z,, (w) = x,, ()

U today: each agent j assigned at most one market n

? undifferentiated side n: CES aggregator over varieties with elasticity €,
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p and 7 ...
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7 f (+ markup omitted
(Zy> 2,) € ¥ here for simplicity)

£¥%(p) = 2, (p) +£5,(p) —> £ WPp) =1

...exactly as if Walrasian!
(hew result)

max U h(zb’;‘, Zy)
P2 tDpan Sp-a'+ X oIV (p)
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B Coming... Price Frictions + Dynamics

™ First.... Price Frictions

B Non-Walrasian (temporary) equilibrium...

\\ 4

\

7 price pressure market n <> excessdemand 7, = 7, + Zm (p)

Z solve equilibrium z,, or Z, quantities at given prices p...

2 equilibrium excess demand = Walrasian excess demand...



Non-Walrasian Equilibria

B Coming... Price Frictions + Dynamics

™ First.... Price Frictions

B Non-Walrasian (temporary) equilibrium...

7 price pressure market n <> excess demand Z, = 7, + Z**(p)

2 equilibrium excess demand # Walrasian excess demand...

Z(p) = (I — A)~1Z*#*(p) (A = Spillover Matrix)



Price Pressure and Excess Demand
& Price deviator: p,,, # p,

B Market clearing...
(pvn/pn)_enzun + Z;kn*(p’ pvn) — O
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Price Pressure and Excess Demand
& Price deviator: p,,, # p,

B Market clearing...
(pvn/pn)_enzun + Z;kn*(p’pvn) — O

B Excess (Effective) Demand...

~y/)

0 = Zun t Ly (D)

New Keynesian Literature:
excess demand = “gaps”)

Disequilibrium Literature:
did not have this

(honlinear in paper)
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Price Setting — “As If” Walrasian Quantity Choice!

Aggregating..

2% (p)

Partial Optimum over z,....

- Z;](p 9 Zvn) Z;I: (p ’ ZV)

Conditional Demand



Full Optimum
— 257 (D)

Price Setting — “As If” Walrasian Quantity Choice!

ZF*(p)

Partial Optimum over z,....

- Z:;](p 9 Zvn) Z;I; (p ’ ZV)

Conditional Demand

Up next

solve quantities
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Equilibrium Quantities at Fixed Prices
® Fixed price: p,, =p,

Zl/t — ZZTI:(p9 Zv)

Zun T 2 =0
~ = 4P 4 Effective Notional :

Demand Demand
s =Lt JAZ Z(p) = (I = A~ Z**(p)

matrix HA) < 1

I-A)""'=T+A+A%+ -
eontief Inverse




Z(p) = (I = A)~'Z**(p)



Z(p) = (I = A)~'Z**(p)

= P = cb (D)

(honlinear in paper
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Adding Dynamics

B Static GE — Dynamic GE...

2 repeated GE spot each+ — previous GE model natural reference
2 intertemporal choices + add price frictions a la Calvo

2 NK meets GE...
setup — more eneral (GE tradition)
approach — excess demand (GE tradition)
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[V = max —F Jo Op; - z{; + PoniZont) A1

(ZZ;? Zvnt) E Yf

lypt — (p vnt/ pnt)_en $unt

s.t. Calvo pricing friction Monetary Policy...

max [ jooo e ""UMz), z,,,) di

JO Qt(pt ' ZL]Zt T pvntzvnt) dt S P() ° Clg—l— Zfa)h’fl'[f
Sypt — (p vnt/ pnt)_en Syunt

s.t. Calvo pricing friction



Hf = Mmax —It J()OO Qt(pt ' Z{; +pvntzvnt) dt (Qt — e_fé iSdS)

(@ sz, €Y

lypt — (p vnt/ pnt)_en $unt

s.t. Calvo pricing friction Monetary Policy...

max [ jooo e ""UMz), z,,,) di

JO Qt(pt ' ZI/IZI T pvntzvnt) dt S P() ° Clg—l— Zfa)h’fl'[f
Sypt — (p vnt/ pnt)_en Syunt

s.t. Calvo pricing friction
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(Zyp> Zyme) € Y /

(Lagrangian)
. N |
L/ = ﬂ]J e_pt[EU](Zw’ Zvnt) Pt S — P vntzvnt] dt
0

//tj: Lagrange multiplier on agent j budget constraint
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[V = max — J()OO e_pt[pt T pvntyvnt] dt

(Zy> Zymy) € ¥ /

(Lagrangian)

= yi| ety .
L/ = H J € j U (Zut’ Zvnt) Pt Sy — P vntzvnt]dt
0 §

only this matters at a point in time...

//tj: Lagrange multiplier on agent j budget constraint

max IOOO e "'UM(z,;, 2,p) di

IOOO e_pt[pt * Zyt T PrvZpvr — Py ah] dt < Zfa)h’fnf
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“as If” utility “gg if”

as in quasilinear
static analysis... outside good
| | Z(p)
. 1 | 25(p,z
U= —Ul(z,z,) +71 — :ip %
w | 2;*(p)
except now...

T Frisch Demands

“As It” Representative Agent
with Quasilinear Utility

Removes income effects

along path



Z(p)

Some simple math combines... 7%

1. optimal reset price with nominal rigidity U (p ’ Zv)

2. aggregation —price index in market n sk sk
ggreg P Zv ( p)

... To arrive at...



Proposition. Z(P)

. Z*(p, z,)
2nd-order ) = ann(P) T (I/P)pnt <« | '
Sar::ue?son! Ent t 25 (p)

d,=0,1+80,1lp),)




Result: Excess Demand
Drives Price Adjustment

Proposition. Z(p)

2nd-order D, = dn Zn(pt) + (1/p) D, «— Z;I;(p’ Zv)
Samuelson! ... Z;k* ( p)

d,=6,(+0,1/p)p,)
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Result: Excess Demand # Output Gap
Drives Price Adjustment

Proposition. Z(p)

2nd-order D, = dn Zn(pt) + (1/p) D, «— Z;I;(p’ Zv)
Samuelson! ... Z;k* ( p)

d,=6,(+0,1/p)p,)
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Result: Excess Demand # Output Gap
Drives Price Adjustment

Proposition. Z(p)
oK
2nd-order py=d Z(p)+(1ip)p, P
Samuelson! ... 7%k ( p)
V
d,=60+6,/p)p,)
...Forward Lookin | o
Samuelson! 5 Pt = dnJ pe L, (pys) ds
0

Proposition. Small 6 /p... easy for p — oo

eef) = OO Only 0, /p matters!
Sa“:]){l(;l?;%n' P = d”Z”(p f) but also holds for

00— 0



Result: Excess Demand # Output Gap
Drives Price Adjustment

Proposition. / )

2nd (p’ ZV)
Samue Now: work “MyOpiC” limit >x<(p)

o Later: forward-looking pricing

Sam

easy for p — o0

Proposition. Small @, /p...

eef) = OO Only 0, /p matters!
Sa“:])::)el?;%n' P = d”Z”(p f) but also holds for

00— 0
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Myopic Tatonnement

Proposition. Samuelson-like Tatonnement

p — D Z( P) (D = diag(d,))

= D(I — A)™'Z**(p)

B Same... but not the same...
2 Marshallian — Frisch

2 Walrasian-Netional — Non-Walrasian Effective (spillovers)
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B Exchange economy... (Yeomen Farmers)
2 no firms
? separable utility — [/(z,) + I/t\];(zm)
B Implications...

? no spillovers — 25(p,z) =24 (p) — Zp)=Z2L"*(p)

Z indirect utility — V(p) convex representative agent — Global Stability!

— VO =X V(P P == X, ZEP) P <0
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2 no firms
? separable utility — U’ (Zu) + u{;(znv)
B Implications...
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Exchange Economy

B Exchange economy... (Yeomen Farmers)

2 no firms

? separable utility — U’ (Zu) + u{;(znv)

B Implications...
? nospillovers — Z*(p,z,) =Z5*(p) — Z(p)=Z%*(p)

? indirect utility — V(p) convex representative agent — Global Stability!
0 :
— V() = ), V(P) Py = Z 2y*(Py) Py <0

Proposition. Foundations for ad hoc

— BAewIey (1980) an_alysis: “this
tatonnement equation cannot really be
justified rigorously”

..Now It can!

Yeomen farmer = Global
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D (I o A)_l Smn —
ODp,
Positive Diagonal Leontief Inverse Frisch-Notional
(speeds of adjustment) (spillovers) Substitution Matrix

p=DUI—-A)"1Sp

S < 0 negative definite — strong stability force

Proposition.

A=0 el Stable for all D!

“Yeomen” Economy " i.e. D-Stable
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D (I-A)! S =
ODp,
Positive Diagonal Leontief Inverse Frisch-Notional
(speeds of adjustment) (spillovers) Substitution Matrix

p=DUI—-A)"1Sp

S < 0 negative definite — strong stability force

Proposition.

A=0 el Stable for all D!

“Yeomen” Economy " i.e. D-Stable

Next: A # 0 spillovers?
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Hicks
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examples
(ad hoc
tatonnement)
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for all D



1. Potential Stability

Proposition. Under r(A) < 1

Weak A>0 or A triangular or
Sufficient (upstream/downstream)
Conditions —

Stable for a Set of D

® Proves A # (0 — not inherently destabilizing — Frisch demand key!

® Traditional tAitonnement — Marshallian demand — Scarf: unstable for all D!

® QOur setting — Frisch demand — Scarf: always stable!
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Scarf Instability Example (1960)

(figure:
Kehoe 1988)

p,=2,p)

Proposition.

Genearlized
Scarf Economies

— always stable!
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Two conditions... Quasi

Z dp,dz, <0 Average Law of Demand % Negative Definite
n p n Zn WARP=Weak Axiom of Revealed Preference (AFFOW—I\/I CI\/Ianus)
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Holds in Some Market!



2. Robust Stability

Consider a change in prices...

Two conditions... .
Quasi

Z dp,dz, <0 Average Law of Demand % Negative Definite
n p n Zn WARP=Weak Axiom of Revealed Preference (AFFOW—I\/I CI\/Ianus)

~ P-matrix...
dn:  dp,dz, <O Jveaker Law ofDemand  — 1< Condition!




2. Robust Stability

Proposition.

Average Law

for all dp of Demand
Sufficient - = P-Stable
Condition | >, W2k 0 S$<0
— holds
A # 0 small

Proposition. (Metzler)

forall dp dn Weaker Law
Necessary | (2ESIE I CEE -
Condition dp,dz, <0 of Demand

Hicks Condition



® Two ways to diverge
(eigenvalues)

& real

& complex




® Two ways to diverge
(eigenvalues)

& real

& complex




® Two ways to diverge
(eigenvalues) Hicks

Condition

® real — Hicks rules out!

& complex




® Two ways to diverge

(eigenvalues) Hicks
Condition

® real — Hicks rules out!

& complex




. I t d-
| |
el el lVa S _------------------- -
-=" Sea
ll‘ - S
- ~ .
- ~
- ~
e e
»" Ss C u n
~
4 ~
4 ~
4 IS
4 ~
’ ~
s S
P A
) .’
s
| ] P ‘s
L4 -~
L4 .
L4 .
¢ .
¢ .
¢ .
L4 .
¢ .
4 .
4 .
4 .
4 .
4 .
. .
4 .
. .
’ .
’ .
’ .
’ .
’ |\
’ )
] )
] )
! )
] )
’ )
(] ]
] ]
! )
L] ]
L] ]
L] ]
L] 1
L] ]
I ]
[] ]
[] 1
| 1
] ]
1 1
1 1
1 1
1 1
1 [] 1
] []
1 (]
] ]
] ]
] (]
' ]
] ]
' ]
) ]
\J /]
A ]
A /]
\) 1
Al ’
) .
) .
A} .
A} ’
. .
. ’
. ’
. 4
. ¢
. ¢
. ’
A\ 4
. 4
. 4
A ¢
. ¢
. ¢
A 4
N ¢
. ¢
N ¢
. s
. .
. .
N ¢
. .
[N .
[N .
[N .
[N .’
~ .’
~ L4
~ L4
~ 4
~ L d
~ 4
~ 4
§~ ‘ﬂ
§~ ‘4
~ L 4
~ -
~ -
~ -
S -
s -
- -
S __-’
il -———mm ===




® Two ways to diverge
eigenvalues

® real — Hicks rules out!

& complex

Hicks
Condition

-

-
-

-——mm ==




® Two ways to diverge

eigenvalues Hicks
Condition

® real — Hicks rules out!

& complex

-
-’——
-




® Two ways to diverge

eigenvalues Hicks
Condition

® real — Hicks rules out!

& complex

-
-’——
-




® Two ways to diverge Condition
(eigenvalues)

® real — Hicks rules out!

& complex

— strong law Demand
rules out!
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® Production economy
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2 N. final + intermediate goods

Z N, labor types
® Production is CRS (w.l.0.g.)

® Pricing: monopolistic...

I
|

Z firms set price of goods p.

Z households set wages p,



Production Economies

® Production economy

N —_ NC + Nf
Z N. final + intermediate goods S——
? N, labor types Stability if...

Production is CRS (w.1.0.9.) 1. labor sufficiently elastic
T 2. prices (vs wage) very flexible

Pricing: monopolistic...
Z firms set price of goods p.

? households set wages p,
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@ Partitioned production economy...

> N - partitions

2 each partition — single final good



Partitioned Production Economies

@ Partitioned production economy...

Z N. partitions

? each partition — single final good

Proposition.

Within each partition....

1. No input-output — Stable
2. Dedicated exclusive labor or a Leontief input-output

— stable or oscillatory instability (no explosive)




deviation
(-]

Production Chain Cycle: 3 goods

max. excess labor

demand phase T~

......
-
. LA

""""""""

— max. wage phase

1 -08 -06 -04 -02 0 02 04 06 08
time
"""" P1---P2o—P3



Example of Cycle: 3 goods

2 , 2 & ,
| |

| |

| |

Stable : : Stable

! I

| |

] : D-stable < 1] D-stable :
: I

| |

| |

Semistable ! |

: Semistable
| |
O : > O :
0 0.2 04 0.6 0.8 1
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® Forward Looking: 2nd order ODE...
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Forward-Looking Pricing
® Forward Looking: 2nd order ODE...

p=dCp+—p

Myopic |
Stable Stable!

Stable for...

Myopic
Oscillatory ey - A
Unstable dip > d,
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® Two ways to diverge
(eigenvalues) T I

Relevant
average

® real — Hicks rules out!

& complex
— strong law Demand
rules out! (myopic) |
— ...or forward looking! !

® Forward Looking intuition...

& start initial belief:
myopic borderline (“circle”)

& [terate to compute outcome

e agents look ahead... B "




® fwo ways to diverge
(eigenvalues)

® real — Hicks rules out!

& complex

— strong law Demand
rules out! (myopic)
— ...0r forward looking!

® Forward Looking intuition...

& start initial belief:
myopic borderline (“circle”)

& [terate to compute outcome

& agents look ahead...
— stable spiral!
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Proposition.

Forward-Looking
D-Stable

B I1s Hicks

dlp> b,
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D-Stable!

Stable Unstable
for some D for all D
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Macro with Excess Demands...

® Excess Demand # Gap
B Monetary Policy Rules + Determinacy

= /LB

B Shocks: Primitives + Policy

& Government Spending example (g,)
2 Extensions...
2 Non-Ricardian consumers

2 non-Calvo pricing

2 non-rational expectations, e.g. learning



Excess Demand # Output Gap

B Gap...

2 N = 2 textbook single final good + flex wages
— output gap ~ excess demand

;

> N > 3 “output gap” as aggregate measure (e.g. Rubbo, 2023)
— special assumptions (homothetic + identical preferences+ CRS)

> N > 3 output gap in each market?
gap — — 7 7
in = Lun Sun # <n

O invert z5? — Z ? but then price pressure not gap in own market!
also.... there is an invertibility problem (skip)

O not equal to excess demand! (next figure...)
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$f = Z(pt) {p = Z(szt/poo)
R - —
Q=0 =1 Qt — Q[pt/poo]

i=1 |

z,=2(p,) = Z(Qlp,/p 1p,/p..)
ﬂn,t — ann(pt) T ﬁ[Eﬂn,Hl

Vector Linearized... i =¢n+i, <> Q =d¢p +q,

— 7, = DB(I — A)"'SMp, + pEx,,

M matrix = Monetary Policy — Rank 1!
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(N-1 eigenvalues, just as in classical ad hoc Tattonement analyses)

® Extra: no convergence by cycles! No complex eigenvalues — “almost” monotone

® What about @...?

2 it is the left eigenvector of the targeted eigenvalue; no other eigenvalues are changed!
2 adds up to 1, but may have some negative components (gross substitutes gives @ > 0)
® We show Taylor principle for arbitrary or CPI w fails to work...

? less than N — 1 stable

2 complex roots



Example: Three good economy

Real parts of eigenvalues

6
4
7 4
o1 1 : —
-7 1 -
: : ' : : : :
0.0 0.5 10 15 20 25 3.0

b



Example: Three good economy

B Taylor rule with weights Real parts of eigenvalues

= left eigenvector




Example: Three good economy

& Taylor rule with weights
= left eigenvector

B At ¢ = O: three real and
negative eigenvalues

Real parts of eigenvalues




Example: Three good economy

& Taylor rule with weights
= left eigenvector

B At ¢ = O: three real and
negative eigenvalues

= As ¢ rises...

Real parts of eigenvalues




Example: Three good economy

& Taylor rule with weights
= left eigenvector

B At ¢ = O: three real and
negative eigenvalues

As ¢ rises...

2 two eigenvalues remain
unchanged

Real parts of eigenvalues

=a

—

0.0 0.5 10

20

25

3.0




Example: Three good economy

& Taylor rule with weights
= left eigenvector
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= As ¢ rises...

2 two eigenvalues remain
unchanged

2 other rises and crosses 0
atgp = 1=
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® Taylor rule with weights # left
eigenvector

® At ¢ = 0: again three real and
negative eigenvalues

B As ¢ rises:
2 all eigenvaues affected

2 complex conjugate pair of
eigenvalues emerge

2 common real part pair crosses

0 around @ = 0.857

® No ¢ with two negative and one
positive eigenvalues! @

Real parts of eigenvalues
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ZLB

& Monetary Policy Q,[p,] time dependent

Zfort € [0,7] — Q[] flat

Zfort>T — Q][] Taylor Rule (determinacy)

B Solve backwards...

n, = Z(p,) + pkr,

(m, = DB(I — A)_ISMtpt + pEr,. )
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® Demand Shocks...

$f = Z(pt; Ht)

® Shocks and fluctuations in vector 6....

2 primitives: technology, preferences
e.qg. sectoral reallocation Guerrieri-Lorenzoni-Straub-Werning (2020)

? government policy e.g. government spending g
2, =2%%(p)+ g, +AzZ
— Zpig) = U=-A)7'(Z(p) +5) [
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Aggregation
B Aggregation...

? standard analysis — special assumptions (homothetic + identical preferences+ CRS)

state of the art: Rubbo (2023)

2 our approach — general + immediate!

ﬂn,t — ann(pt) T IB[Eﬂn,Hl

Endogenous “aggregate output gap™!
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Non-Ricardian consumers...

2 Borrowing constraints...

? TANK: fraction A Hand-to-Mouth...
Z(p,) = (1 - A)ZF(pt) T /IZM(pt)

2z HANK
Tt = dz,+p [E”n,t+1

Z, = Z(p,, wealth distribution, Q,, ...)

Excess Demand Approach Applies
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Extensions

® Non-Calvo...
2 time dependent (e.g. Taylor): vintages of past prices
2 menu cost: distribution of prices

B .
# as usual — more complicated

B Excess demand approach:
2 as forcing variable {Z,}

2 linearized approximations



Extensions

B Non-rational expectations...

2 households

2 price setters

B Excess Demand approach unchanged!

& Already did for price setters — myopic!

B Also doing some forms of learning
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AppendiXx
® Global and local convergence...
2 Poincaré-Hopf impossibilities?

7 differences in dynamical system; role of marginal utilities { ,uh J
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An example (?)

All Locally Stable...

... NO!!
IMPOSSIBLE!!

(Poincare-Hopf)

(need saddles!)
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study eigenvalues of M
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Example 1: Three good economy

B Taylor rule with weights =
left eigenvector

= At ¢ = 0O: three real and
negative eigenvalues

= As ¢ rises

2 two eigenvalues remain
unchanged

2 other rises and crosses O
atg =1l

plt.xlabel("$")

print(vl)
[0.149198 0.504783 0.346019]

Real parts of eigenvalues

—

1

0.0 0.5 10 15 20 25 3.0



Example 2: Three good economy again

Real parts of eigenvalues

0.10 1
0.05 1
0.00 1
-0.05 1

-0.10 1

-0.15
]—v T T

T T T T
0.70 0.75 0.80 0.85 0.90 0.95 100
b




Example 2: Three good economy again

® Taylor rule with weights # left
eigenvector

Real parts of eigenvalues

T

r t
0.70 0.75 0.80 0.85 0.90
bt

T
0.95

t
100




Example 2: Three good economy again

® Taylor rule with weights # left
eigenvector

® At ¢ = 0: again three real and
negative eigenvalues

Real parts of eigenvalues

T

T T T
0.70 0.75 0.80 0.85 0.90 0.95
¢

t
100



Example 2: Three good economy again

L Taylor rule with weights # left Real parts of eigenvalues

eigenvector ]
| 0.10 1
® At ¢ = 0: again three real and
negative eigenvalues
0.05 1
B As ¢ rises: _
0.00 1 +—— ——=
-0.05
-0.10 A

T

T T T T
0.70 0.75 0.80 0.85 0.90 0.95 100
bt



Example 2: Three good economy again

L Taylor rule with weights # left Real parts of eigenvalues

eigenvector

® At ¢ = 0: again three real and
negative eigenvalues

B As ¢ rises:

2 all eigenvaues affected

T

! T !
0.70 0.75 0.80 0.85 0.90 0.95 100
bt



Example 2: Three good economy again

® Taylor rule with weights # left Real parts of eigenvalues

eigenvector
| 0.10
® At ¢ = 0: again three real and
negative eigenvalues
0.05
B As ¢ rises:
0.00
2 all eigenvaues affected
. . -0.05 1
2 complex conjugate pair of
eigenvalues emerge
-0.10 1

T T

T T !
0.70 0.75 0.80 0.85 0.90 0.95 100
bt



Example 2: Three good economy again

® Taylor rule with weights # left
eigenvector

® At ¢ = 0: again three real and
negative eigenvalues

B As ¢ rises:
2 all eigenvaues affected

2 complex conjugate pair of
eigenvalues emerge

?» common real part pair crosses

0 around @ = 0.857

Real parts of eigenvalues

T

T
0.70 0.75 0.80 0.85
B!

T
0.90

T
0.95

T

100




Example 2: Three good economy again

® Taylor rule with weights # left
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® At ¢ = 0: again three real and
negative eigenvalues

B As ¢ rises:
2 all eigenvaues affected

2 complex conjugate pair of
eigenvalues emerge

2 common real part pair crosses

0 around @ = 0.857

® No ¢ with two negative and one
positive eigenvalues! @
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Adding Market Power

® Each market n...

o+ 7, =0
2 undifferentiated side (u) vs differentiated side (v = varieties) |
1 —e¢,
2 differentiated side — sets price price P, , either... P, = ( J' Pm%_en dv)
0 monopolistic supply A
O monopsonistic demand - z,, = x,

7 differentiated side — assigned to agent type j

B Assignment: n < j (market < agent)

| 7

7 without loss — single agent j in each market n

Z simplify — (at most) one market n for each agent j
i.e. agent J sets (at most) one price (possibly none)
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