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Economic question of stability: 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 … but no real model!
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Our paper: … revisit question… 
                … but with equilibrium model!
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Some interesting mathematical results on stability and instability…

… but deep conceptual problems…


who changes prices? are they reasonable? (alternatives proposed)


consumers and producers optimize quantities freely given prices… 
… but if markets don’t clear, they cannot, so why is demand curve right object?


Static (not forward looking), Rational expectations…? Assets and money?

Tâtonnement History
GE theory… 

existence 


uniqueness/multiplicity 


stability Fail! but not for lack of effort…

·pt = F(z(pt))Struggles to find 
fix… 

…but mostly 
failed.

Enterprise gradually 
called into question…

Contradiction…. 

Using Static Model for 
Dynamic Question
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This Paper…
Static GE backbone… 

n goods (and labor types)


h agents, general heterogeneous preferences


f firms, general technology, input-output networks and more

Dynamics + Market Power  very general NK GE model


Monopolistic + Monopsonistic competition


Optimal price setting + Calvo frictions

→

Analysis… 

Dynamic equilibrium   path for prices, given initial prices


Steady state of dynamic = Walrasian equilibrium of static GE


No disequilibrium! 

→

Macro  Micro→
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Contributions
Methodological: more general NK GE model + different analysis/perspective

Samuelson ad-hoc equation… 

recover equation as limit case!


always justified to study local dynamics!


one key difference: Frisch not Marshallian demands!

Stability… 

always ensured!!…


Why? Not the case in literature…  
Frisch demand  “as if” representative agent→

Subtle role of monetary policy 

we find simple policies that always works


Taylor rules with wrong price index may fail: create instability (not indeterminacy)
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Static GE Model
Importance of generality in GE


Primitives…


n goods (goods and factors, many labor etc.)


h household types, general preferences 


f firms, general technologies (networks, etc.)

x = (x1, …, xN) ≥ 0
y = (y1, …, yN) ≥ 0
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xh,yh Samuelson’s ad hoc proposal 

to capture Walras’ idea…



DW(PW) = SW(PW)
·Pn = αn(DWn(P) − SWn(P))



DW(PW) = SW(PW)
·Pn = αn(DWn(P) − SWn(P))

Homogeneity 0 of demand and supply… 

normalize P1 = 1

keep  equationsN − 1



DW(PW) = SW(PW)
·Pn = αn(DWn(P) − SWn(P))

Homogeneity 0 of demand and supply… 

normalize P1 = 1

keep  equationsN − 1

Equilibrium: unique/multiple



DW(PW) = SW(PW)
·Pn = αn(DWn(P) − SWn(P))

Homogeneity 0 of demand and supply… 

normalize P1 = 1

keep  equationsN − 1

Equilibrium: unique/multiple

Local Stability… (  stable roots)N − 1·P = A ⋅ P
linearized



DW(PW) = SW(PW)
·Pn = αn(DWn(P) − SWn(P))

Homogeneity 0 of demand and supply… 

normalize P1 = 1

keep  equationsN − 1

Equilibrium: unique/multiple

Local Stability… (  stable roots)N − 1

representative agent

·P = A ⋅ P
linearized



DW(PW) = SW(PW)
·Pn = αn(DWn(P) − SWn(P))

Homogeneity 0 of demand and supply… 

normalize P1 = 1

keep  equationsN − 1

Equilibrium: unique/multiple

Local Stability… (  stable roots)N − 1

representative agent

gross substitutes  ( )∂
∂Pm

Dn(P) ≥ 0 m ≠ n

·P = A ⋅ P
linearized



DW(PW) = SW(PW)
·Pn = αn(DWn(P) − SWn(P))

Homogeneity 0 of demand and supply… 

normalize P1 = 1

keep  equationsN − 1

Equilibrium: unique/multiple

Local Stability… (  stable roots)N − 1

representative agent

gross substitutes  ( )∂
∂Pm

Dn(P) ≥ 0 m ≠ n

Takeaway… GE stability not impossible… 
… but harder than PE!

·P = A ⋅ P
linearized



DW(PW) = SW(PW)
·Pn = αn(DWn(P) − SWn(P))

Homogeneity 0 of demand and supply… 

normalize P1 = 1

keep  equationsN − 1

Equilibrium: unique/multiple

Local Stability… (  stable roots)N − 1

representative agent

gross substitutes  ( )∂
∂Pm

Dn(P) ≥ 0 m ≠ n

Takeaway… GE stability not impossible… 
… but harder than PE!

Takeaway? No. Not really… Conceptual 
problems.

·P = A ⋅ P
linearized



DW(PW) = SW(PW)
·Pn = αn(DWn(P) − SWn(P))

Homogeneity 0 of demand and supply… 

normalize P1 = 1

keep  equationsN − 1

Equilibrium: unique/multiple

Local Stability… (  stable roots)N − 1

representative agent

gross substitutes  ( )∂
∂Pm

Dn(P) ≥ 0 m ≠ n

Takeaway… GE stability not impossible… 
… but harder than PE!

Takeaway? No. Not really… Conceptual 
problems.

·P = A ⋅ P
linearized

Will come back  
to this…
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Market   agent  (h or f) sets price, either…


differential monopolistic suppliers          


differential monopsonistic demanders   


Note, just one agent j for market : without loss


Today: each agent  changes at most one price

n →

n → j

→ yj
nv

→ xj
nv

n

j

Pn = (∫ (Pnv)1−ϵndv)
1

1 − ϵn

0,…x = (x1, …, xM, )0 ,
y = ( , yM+1, …, yN)0 , 0,…

or

xv = (0,…,0,…,0)
yv = (0,…, ynv, …,0){
xv = (0,…, xnv, …,0)
yv = (0,…,0,…,0){
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Equilibrium 1.0… 
Prices & Quantities: fixed point of best response 

Equilibrium 2.0…

Monopolistic GE = Walrasian GE + Markups…

S(P) = D(P)

  
  

   
 

ϵn → ∞

D(P) → DW(P)
S(P) → SW(P)

P → PW

Subsidies 
 τn = − 1/ϵn

P = PW

Monopolistic GE 
  

Walrasian GE… 
🤙

≈

Monopolistic GE  
= 

Walrasian GE 
😎🔥

(just prices! 😃)
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Preview
Add: dynamics + forward looking + price setting a la Calvo 
   very general New Keynesian GE Model


Focus: adjustment of vector of spot prices  set by private agents 
(endogenous)


Financial market… 


insurance for “Calvo fairy”


saving and borrowing at central bank interest rate

→

Pt
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y f
nvt = (Pf

nvt /Pnt)−ϵn x̄nt

(xf, yf, xf
nv, yf

nv) ∈ Yf

max ∫ ∞
0

e−ρtUh(xh, yh, xh
nv, yh

nv) dt

xh
nvt = (Ph

nvt /Pnt)ϵn ȳnt
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Wilson “Theory of Syndicates” (Econometrica, 1968)
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Implication:  as Lyapunov function   Global Stability! [Arrow-Hurwicz]V(P) →

 Proposition.     [As If Rep Agent] 
           is indirect utility of an AS IF Representative Agent.V

v′ (t) = ∑n
∂
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Why ?P*nt = P̄n

Other N eigenvalues are positive i.e. come in “almost reciprocal” pairs

Result 3. 2nd order ODE = Euler equation for planner 

 Proposition.  Stability Myopic  Stability Dynamic 

               eig(A)  eigenvalues of 2nd order stacked system

→

→

min ∫
∞

0
e−ρt[V(Pt)− ∑n

1
2 ( ·Pnt /Pnt)2]dt

Golden Rule Turnpike limit  (minimum of )Pt → Pw V

Why min and not max?  
min-max saddle = equilibrium
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P0

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

What about …? 


it is the left eigenvector of the targeted eigenvalue; no other eigenvalues are changed!


adds up to 1, but may have some negative components (gross substitutes gives 

ω

ω > 0)

We show Taylor principle for arbitrary or CPI   fails to work…


less than  stable


complex roots

ω

N − 1

 Proposition. [Monetary Policy Determinacy]  
        Exists  and  

           roots real and stable 

→
ω ϕ > 1
̂qt = ϕ∑n ωnPnt → N − 1

Came back to this!
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As  rises ϕ

two eigenvalues remain 
unchanged

other rises and crosses 0 
at ! 😎ϕ = 1
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Example 2: Three good economy again
Taylor rule with weights  left 
eigenvector

≠

At : again three real and 
negative eigenvalues

ϕ = 0

As  rises: ϕ

all eigenvaues affected 

complex conjugate pair of 
eigenvalues emerge

common real part pair crosses 
0 around ϕ = 0.857

No  with two negative and one 
positive eigenvalues! 😢

ϕ
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3. Study dynamics setting …




   Why set ?…


a.  for  then   (reset flex response)


b.  always dominates local dynamics!


4.  Main Result: globally stable! Why?


5.  Monetary Policy  Determinacy

·Pn/Pn = fn(P*n /PN)
P̄nt Pt

P̄n/Pn = gn(Dn(P)/Sn(P), P)
P*nt = P̄nt

·Pn/Pn = hn(Dn(P)/Sn(P), P)
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Conclusions
Our paper: revist Walras’ Tatonnement question… 
… but with dynamic GE model… 

explicit dynamics 
equilibrium price setting 
forward-looking, rational expectations 
borrowing-saving

Main Results… 

justify study of Samuelson’s ad hoc equation…


… but Frisch demands, not Marshallian


… as a result: stability can always obtain


… monetary policy plays subtle role





THANK  
YOU!!


