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THE SIMPLEST MONETARY MODEL

A REPRESENTATIVE HOUSEHOLD

A REPRESENTATIVE FIRM

CENTRAL BANK

[*] Monetary Policy, Inflation and the Business Cycle
J.Gali [2015]

GENERAL EQUILIBRIUM
REPRESENTATIVE AGENT FULL RATIONALITY

EXOGENOUS SHOCK

DYNAMIC STOCHASTIC GENERAL EQUILIBRIUM (DSGE) 

AIMED AT DESCRIBING THE REAL BUSINESS CYCLE  
DSGE MODELS ARE BASED ON 4 MAIN AXIOMS

[*]

TO DETERMINE MACRO ECONOMICAL VARIABLES (CONSUMPTION, WORKING HOURS….) 

AND THEIR DEPENDENCE ON EXTERNAL SHOCK 
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THE REPRESENTATIVE HOUSEHOLD

UTILITY FUNCTION
BUDGET CONSTRAINT 

BUDGET CONSTRAINT  : Ct +
Bt

1 + rt
=

Bt−1

1 + πt
+ utNt

UTILITY FUNCTION  :  Ut = log Ct − γ(Nt)2

EVERY TIME PERIOD THE INFINITELY LIVING REPRESENTATIVE HOUSEHOLD (RA) 

CONSUMES  OF GOODS AND PROVIDES  WORKING HOURS TO THE FIRM. Ct Nt
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DISCOUNT FACTOR

THE REPRESENTATIVE HOUSEHOLD

UTILITY FUNCTION
BUDGET CONSTRAINT STATE EQUATION

HOUSEHOLD STATE EQUATION  :  CtNt =
ut

γ

max
{Ct,Nt,Bt,λt}

𝔼t

∞

∑
t′ =0

βt′ U(Ct′ 
, Nt′ 

) + λt′ (Ct′ 
+

Bt′ 

(1 + rt′ 
)

− ut′ 
Nt′ 

−
Bt′ −1

1 + πt′ )

THE RA MAXIMIZES ITS EXPECTED UTILITY, OVER AN INFINITE TIME HORIZON
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THE REPRESENTATIVE FIRM

REAL WAGES
PRODUCTION FUNCTION
PROFIT MAXIMISATION

PRODUCTION FUNCTION  :  


PROFIT FUNCTION  :  
Yt = zt ⋅ N1−α

t /(1 − α)
ℙt /pt = Yt − utNt

EVERY PERIOD THE REPRESENTATIVE FIRM PRODUCES  AND 

COMPUTES ITS REAL PROFIT 

Yt
ℙt /pt

TECHNOLOGY AT TIME  
RANDOM AUTOCORRELATED VARIABLE (ORNSTEIN UHLENBECK) 
(EXOGENOUS SHOCK)

t
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REAL WAGES
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THE REPRESENTATIVE FIRM
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THE MARKET CLEARS  :  Ct = Yt

THE REPRESENTATIVE FIRM

MARKET CLEARING 

PRODUCTION FUNCTION  :  
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THE BUSINESS CYCLE SOLUTIONS

A LINEAR SYSTEM HAVING THREE EQUATIONS AND THREE UNKNOWNS HAS A 

UNIQUE SOLUTION AS A FUNCTION OF THE TECHNOLOGY TERM

CONSUMPTION  :  

LABOUR  :  

REAL WAGE  :  

Ct(zt)
Nt(zt)

ut(zt)

log Ct

log zt

STEADY STATE

STATE EQUATION
REAL WAGES
MARKET CLEARING 



CFM Chair of Econophysics & Complex Systemswww.EconophysiX.com

SOME PREMISES : WHAT IS THE GOAL OF DSGE MODELS ?

DYNAMIC STOCHASTIC GENERAL EQUILIBRIUM MODELS

ARE “BUSINESS AS USUAL” MODELS

NOT DEVELOPED TO PREDICT THE CRISES NOR TO DEAL WITH CRISES

(DEVELOPED PRIOR TO THE 2008 GFC)

CANNOT, BY DESIGN, ACCOMODATE BIG ENDOGENOUS EVENTS 

“LARGE SHOCKS, LARGE BUSINESS CYCLE”
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Estimate on subprime
losses on loans and securities by 10/2007

Estimate of cumulative
world GDP loss

Decline in world stock market
capitalisation from 09/2007 to 10/2008

250 billion $

4700 billion $

26400 billion $

THE 2008 SUBPRIME CRISES  

WAS A RELATIVELY SMALL SHOCK COMPARED TO 

THE OVERALL DECLINE IN THE WORLD STOCK MARKET

“SMALL SHOCKS, LARGE BUSINESS CYCLE”
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THE VOID LEFT BY THE 2008 GFC

THE 2008 GLOBAL FINANCIAL CRISIS 

LEFT A BIG VOID IN THE THEORETICAL MACROECONOMICS MODELING 

“WE IN THE FIELD DID THINK OF THE ECONOMY AS ROUGHLY LINEAR, 
CONSTANTLY SUBJECT TO DIFFERENT SHOCKS, CONSTANTLY FLUCTUATING, 
BUT NATURALLY RETURNING TO EQUILIBRIUM OVER TIME. [...]. THE 
PROBLEM IS THAT WE CAME TO BELIEVE THAT THIS WAS INDEED THE WAY 
THE WORLD WORKED.“

OLIVIER BLANCHARD, FORMER CHIEF ECONOMIST OF THE IMF
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AFTER THE 2008 GFC

WORKED TO ADD FEATURES THAT WERE 
MISSING TO THE ORIGINAL MODELS

COMPUTATIONAL MODELS AIMED AT DESCRIBING 

LARGE SYSTEMS/SOCIETIES/ECONOMIES 

STARTING FROM THE BEHAVIORS AND INTERACTIONS 
OF INDIVIDUALS 

D S G E A B M

NEW CLASS OF ECONOMISTS SEEKS 

RADICAL CHANGE IN THE PARADIGM

AGENT BASED MODELS

HETEROGENEITIES

FINANCIAL MARKETS

HANK

TANK

WHAT WAS THE ECONOMISTS’ REACTION TO THE GFC ?
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AFTER THE 2008 GFC

REPRESENTATIVE AGENT MODELS
EASILY ADAPTED TO TAKE IN ACCOUNT  
HETEROGENEITIES & INTERACTIONS 

D S G E A B M
REPRESENTATIVE AGENT 
FULL RATIONAL AGENT, UTILITY MAXIMIZER 
GENERAL EQUILIBRIUM MODELS 

SHOCKS ARE PURELY EXOGENOUS 
EASY TO ACCOMODATE  FORWARD LOOKING-NESS 
WORKHORSE FOR CENTRAL BANKS 

INTERACTING AND HETEROGENEOUS MULTI-AGENTS 
DIFFERENT LEVELS OF AWARENESS 
OUT OF EQUILIBRIUM MODELS 

BOTH EXOGENOUS AND ENDOGENOUS SHOCKS

HARD ACCOMODATE FORWARD LOOKING-NESS 
NEW TOOL FOR MACROECONOMIC ANALYSIS 

WHAT WAS THE ECONOMISTS’ REACTION TO THE GFC ?
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FULLY RATIONAL AGENTS MAXIMIZING A 
UTILITY FUNCTION

AFTER THE 2008 GFC
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SINGLE EQUILIBRIUM LINEARIZED MODELS

AFTER THE 2008 GFC

DO NOT SEEK EQUILIBRIUM 
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AFTER THE 2008 GFC
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AFTER THE 2008 GFC

REPRESENTATIVE AGENT 
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WORKHORSE FOR MONETARY POLICY 
RECENTLY INTRODUCED AS A TOOL FOR  
MACRO ECONOMIC ANALYSIS  

D S G E A B M

WHAT WAS THE ECONOMISTS’ REACTION TO THE GFC ?
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AFTER THE 2008 GFC

HOW TO BRIDGE THE GAP?
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STARTING FROM THE BASELINE DSGE MODEL

WE RELAX ITS AXIOMS

HETEROGENEITIES & INTERACTIONS TO REPRODUCE COMPLEX BEHAVIOR

P.W. ANDERSON - MORE IS DIFFERENT

GENERAL EQUILIBRIUM

REPRESENTATIVE MULTI AGENTS
FULL RATIONALITY
EXOGENOUS SHOCK

COMPLEX SYSTEMS AS A TOOL TO BRIDGE THE GAP
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GENERAL EQUILIBRIUM

REPRESENTATIVE MULTI AGENTS
FULL RATIONALITY
EXOGENOUS SHOCK

ANIMAL SPIRITS AS DRIVERS OF ECONOMIC ACTIVITY 
IRRATIONAL BEHAVIORS ARE FUNDAMENTAL FOR THE UNDERSTANDING OF ECONOMICS

CONFIDENCE COLLAPSE AND RISK AVERSIONS

STARTING FROM THE BASELINE DSGE MODEL

WE RELAX ITS AXIOMS

COMPLEX SYSTEMS AS A TOOL TO BRIDGE THE GAP
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GENERAL EQUILIBRIUM

REPRESENTATIVE MULTI AGENTS
FULL RATIONALITY
EXOGENOUS + ENDOGENOUS SHOCKS

EXOGENOUS SHOCKS PROPAGATE ENDOGENOUSLY 
NON LINEARITIES AMPLIFY THE INPUT SHOCKS

MILD CHANGES OF THE PARAMETERS MIGHT HAVE DRAMATIC EFFECTS

STARTING FROM THE BASELINE DSGE MODEL

WE RELAX ITS AXIOMS

COMPLEX SYSTEMS AS A TOOL TO BRIDGE THE GAP
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COMPLEX SYSTEMS AS A TOOL TO BRIDGE THE GAP

MULTIPLE GENERAL EQUILIBRIA UM 

REPRESENTATIVE MULTI AGENTS
FULL RATIONALITY
EXOGENOUS + ENDOGENOUS SHOCKS

FEEDBACK ECONOMY HAS MULTIPLE EQUILIBRIA 
PHASE TRANSITIONS AND ECONOMIC RECESSIONS

STARTING FROM THE BASELINE DSGE MODEL

WE RELAX ITS AXIOMS
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BRIDGING THE GAP USING STATISTICAL PHYSICS

   MORE IS DIFFERENT : OVERCOME THE RA FRAMEWORK 


   MULTI-AGENTS MODELS 


   ADDING HETEROGENEITIES AND INTERACTIONS       


   ADDING MINIMUM ELEMENTS : INTRODUCING ANIMAL SPIRITS 


   CONFIDENCE AS A DRIVER OF THE DECISION-MAKING PROCESS


   NOTION OF “RISK AVERSION” WHEN INVESTING 


   PHASE TRANSITIONS : RECESSIONS AS MULTIPLE EQUILIBRIA


   DRAW PHASE DIAGRAMS CHARACTERING THE PARAMETER SPACE 


   NON-LINEARITIES : ENDOGENOUSLY AMPLIFIED SHOCKS 


   CONSUMPTION DRIVEN COLLAPSES 


   SUPPLY DRIVEN RECESSIONS 

□
□

□

□
□

□

□
□

□
□

□
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FIRST STEP : A MULTI HOUSEHOLD DSGE MODEL

THE FIRST STEP TO BRIDGE THE GAP WITH ABMS 

IS TO CONSIDER A DSGE WITH MANY INTERACTING HOUSEHOLDS 

THE ECONOMY DESCRIBED IS RULED BY THE SAME PRINCIPIA

→
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Ui
t = f i

t ⋅ log ci
t − γ (ni

t)2 , f i
t → F ∑

j∈𝒩(i),j≠i

Jij ⋅ cj
t−1

HETEROGENEITIES

ANIMAL SPIRIT AND SELF-REFLEXIVITY

INDIVIDUAL PREFERENCES, I.E. 

SPARSE NETWORK & HETEROGENEITIES

FINITE NUMBER OF HOUSEHOLDS

f i
t = Ft

FEEDBACK UTILITY FUNCTION

HOUSEHOLDS ARE THE NODES OF A SOCIAL NETWORK  . THEY ESTIMATE THE ECONOMY BY OBSERVING


THE AVERAGE PAST CONSUMPTION OF THEIR NEIGHBORS 
Jij

𝒩
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A MULTI-HOUSEHOLDS MODEL WITH FEEDBACK

FEEDBACK STATE EQUATION  :  ci
tni

t =
f i
t ⋅ ui

t

γ

UTILITY FUNCTION
BUDGET CONSTRAINT 

FEEDBACK 
STATE EQUATION

UTILITY FUNCTION  :  Ui
t = f i

t ⋅ log ci
t − γ(ni

t)2

BUDGET CONSTRAINT :  ci
t +

bi
t

1 + rt
=

bi
t−1

1 + πt
+ ui

tni
t

HOUSEHOLDS MAXIMISE THEIR UTILITY FUNCTION SUBJECT TO A BUDGET CONSTRAINT 
AN ADDITIONAL TERM    AFFECTS THE CONSUMPTION TERM IN THE UTILITYf i

t
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SAME PREFERENCES, I.E. 

FULLY CONNECTED NETWORK, I.E. 

MEAN FIELD - AGGREGATE VARIABLES

f i
t = Ft

Jij = 1/N

HOMOGENEOUS LIMIT

ANIMAL SPIRIT AND SELF-REFLEXIVITY

Ui
t = f i

t ⋅ log ci
t − γ (ni

t)2 , f i
t → F ∑

j∈𝒩(i),j≠i

Jij ⋅ cj
t−1

FEEDBACK UTILITY FUNCTION

HOUSEHOLDS ARE THE NODES OF A SOCIAL NETWORK  . THEY ESTIMATE THE ECONOMY BY OBSERVING


THE AVERAGE PAST CONSUMPTION OF THEIR NEIGHBORS 
Jij

𝒩
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THE REPRESENTATIVE FIRM

PRODUCTION FUNCTION  :  Yt = ztN1−α
t /(1 − α)

PROFIT FUNCTION  :  ℙt /pt = Yt − utNt

THE REPRESENTATIVE FIRM 

HIRES LABOUR, PRODUCES   AND MAXIMISES ITS REAL PROFIT FUNCTION Yt ℙt /pt

PROFIT MAXIMISATION  :  ∂Nt
ℙt /pt = 0

REAL WAGES
PRODUCTION FUNCTION
PROFIT MAXIMISATION
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THE FEEDBACK ECONOMY

SELF-REFLEXIVE SOLUTION FOR THE AGGREGATE CONSUMPTION  Ct

A MEAN FIELD SELF-REFLEXIVE MODEL - SOLUTIONS

MEAN FIELD CONSUMPTION  :  Ct = zt ⋅ F1/3(Ct−1)

FEEDBACK

STATE EQUATION REAL WAGES

MARKET CLEARING 

Gt
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THE FORM OF THE FEEDBACK 

CONFIDENCE AND ITS DEGRADATION PROCESS, I.E. PANIC EFFECTS

THE FEEDBACK  MUST TAKE INTO ACCOUNT THE FOLLOWING FACTORS:G := F1/3

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019

Years
°0.10

°0.05

0.00

0.05
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¢
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,%
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¢ Investments [%]
Confidence
¢ Consumption [%�]
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MECHANISMS AKIN TO COOPER, 1988  BUT DYNAMICAL. SIMILAR TO KUJ MODELS, BUT RATHER KDJ[*] [**]

[**] J. Gali [1994]  EXTERNALITY NOT MICRO-FOUNDED BUT RATHER PLAUSIBLE [*] R. Cooper [1988]

G(c) =
1
2 ((cmax − cmin) ⋅ tanh[θ ⋅ (c − c0)] + cmax + cmin)

WHEN  IS LOW ECONOMY IS DEGRADING 

WHEN  IS HIGH ECONOMY IS PROSPEROUS 
SHARP CROSSOVER BETWEEN THE TWO STATES

Ct
Ct

ANY FUNCTIONAL FORMULATION  
WITH SIMILAR CHARACTERISTIC WORKS
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Past aggregate consumption

c0

θ

SELF-REFLEXIVITY : DEFINING THE FEEDBACK

G(c) =
1
2 ((cmax − cmin) ⋅ tanh[θ ⋅ (c − c0)] + cmax + cmin)

Ct = zt ⋅ G(Ct−1) → C* = G(C*)

WHAT ARE THE 

EQUILIBRIUM SOLUTIONS?

   :  PEOPLE SENSITIVITY

  :  CONFIDENCE THRESHOLD


  :  HIGHEST CONSUMPTION LEVEL

  :  MINIMUM CONSUMPTION LEVEL

θ
c0
cmax
cmin

Fe
ed

ba
ck

 G
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EQUILIBRIUM SOLUTIONS - PHASE A

c0

HIGH OUTPUT 
(STANDARD DSGE LIMIT)

 A

Past aggregate consumptionCt = zt ⋅ G(Ct−1) → C* = G(C*)

WHAT ARE THE 

EQUILIBRIUM SOLUTIONS?

   :  PEOPLE SENSITIVITY

  :  CONFIDENCE THRESHOLD


  :  HIGHEST CONSUMPTION LEVEL

  :  MINIMUM CONSUMPTION LEVEL

θ
c0
cmax
cmin

Fe
ed

ba
ck

 G

G(c) =
1
2 ((cmax − cmin) ⋅ tanh[θ ⋅ (c − c0)] + cmax + cmin)
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EQUILIBRIUM SOLUTIONS - PHASE C

c0

LONG-LIVED BOOMS  
& RECESSIONS

 C

Past aggregate consumptionCt = zt ⋅ G(Ct−1) → C* = G(C*)

WHAT ARE THE 

EQUILIBRIUM SOLUTIONS?

   :  PEOPLE SENSITIVITY

  :  CONFIDENCE THRESHOLD


  :  HIGHEST CONSUMPTION LEVEL

  :  MINIMUM CONSUMPTION LEVEL

θ
c0
cmax
cmin

Fe
ed

ba
ck

 G

G(c) =
1
2 ((cmax − cmin) ⋅ tanh[θ ⋅ (c − c0)] + cmax + cmin)
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EQUILIBRIUM SOLUTIONS - PHASE B−

c0

 B−

LOW OUTPUT

Fe
ed

ba
ck

 G

Past aggregate consumptionCt = zt ⋅ G(Ct−1) → C* = G(C*)

   :  PEOPLE SENSITIVITY

  :  CONFIDENCE THRESHOLD


  :  HIGHEST CONSUMPTION LEVEL

  :  MINIMUM CONSUMPTION LEVEL

θ
c0
cmax
cmin

WHAT ARE THE 

EQUILIBRIUM SOLUTIONS?

G(c) =
1
2 ((cmax − cmin) ⋅ tanh[θ ⋅ (c − c0)] + cmax + cmin)
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THE SIGMOID SPANS A STRIPE DEFORMED BY 


THE EXOGENOUS NOISE  CAN TEMPORARILY INTRODUCE 
THE THREE FIXED POINT SCENARIO

zt

zt

zt

SOLUTIONS - PHASE B+

HIGH OUTPUT WITH  
SHORT-LIVED RECESSIONS

 B+

Fe
ed

ba
ck

 G

Past aggregate consumption

THERE IS AN ADDITIONAL REGIME

Ct = zt ⋅ G(Ct−1) → C* = G(C*)

WHAT ARE THE 

EQUILIBRIUM SOLUTIONS?

G(c) =
1
2 ((cmax − cmin) ⋅ tanh[θ ⋅ (c − c0)] + cmax + cmin)
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PHASE DIAGRAM : A

A

B+

C

B-HIGH OUTPUT

LONG-LIVED 
BOOMS  

& RECESSIONS

HIGH OUTPUT WITH  
SHORT-LIVED 
RECESSIONS

LOW  
OUTPUT

Confidence Threshold  c0

Pe
op

le
 S

en
si

tiv
ity

  θ

THE PHASE  EQUIVALENT TO THE BASELINE DSGE

THE FEEDBACK MECHANISM LEADS TO AN ENDOGENOUS 

“EXCESS VOLATILITY ” AS SOON AS 

A

G′ > > 1

σ2 =
σ2

1 − G′ 2
>

1 + ηG′ >

1 − ηG′ >
, G′ > := ∂cG(c)

c=c>

THE PHASE  LOW OUTPUT DSGE

VERY RARE MOMENTS OF A PROSPEROUS ECONOMY

B−
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PHASE DIAGRAM : B+ → C

A

B+

C

B-HIGH OUTPUT

LONG-LIVED 
BOOMS  

& RECESSIONS

HIGH OUTPUT WITH  
SHORT-LIVED 
RECESSIONS

LOW  
OUTPUT

Confidence Threshold  c0

Pe
op

le
 S

en
si

tiv
ity

  θ

TIPPING POINTS 


ANY SMALL CHANGE IN THE CONFIDENCE 
THRESHOLD CAN LEAD TO A PHASE TRANSITION

Fe
ed

ba
ck

 G

Past aggregate consumption
c0

θ

Ct = zt ⋅ G(Ct−1)
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FEEDBACK ECONOMY DYNAMIC 

  c
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 consumptionlog  consumptionlog

Time Time
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lo
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A

B+

C

B-High Output

Long-Lived 
Booms  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High Output with  
Short-Lived 
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Low  
Output
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TRANSITION RATES

HIGH CONFIDENCE THRESHOLD  LEADS TO A 


DYNAMICAL DOUBLE EQUILIBRIUM WITH TRANSITION RATE DETERMINED BY PARAMETERS

THE EXTERNAL NOISE  INDUCES JUMPS FROM “ ” STATES 

c0

zt c> → c<

Tc>→c<
∝ e−ℋ/σ2

ℋ

zt

CRISIS C<

PROSPEROUS C>
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TAKE-HOME MESSAGES - UNKNOWN KNOWNS 

Tc>→c<
∝ e−ℋ/σ2

 DEPENDS ON THE PARAMETERS OF THIS MODEL 

THE SMALLEST ERROR (SAY 10%) ON THE EMPIRICAL 
ESTIMATION OF ANY PARAMETERS IS AMPLIFIED DRAMATICALLY BY 
THE EXPONENTIAL 

(MAKING THE PREDICTIONS FAIL BY AN ORDER OF MAGNITUDE) 

ℋ

NON LINEARITIES INTRODUCED BY THE ADDITION OF 
A SIMPLE FEEDBACK IN THE UTILITY FUNCTION

UNKNOWN UNKNOWNS SOURCE OF UNCERTAINTIES

UNKNOWN KNOWNS

DYNAMICS SENSITIVE TO PARAMETERS VALUES
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TAKE-HOME MESSAGES - THE KEY ROLE OF NARRATIVES

THE SIMPLE INTRODUCTION OF A FEEDBACK IN THE 
BASELINE DSGE LEADS TO INTERESTING EFFECTS !


IN A SIMILAR FASHION TO FORWARD GUIDANCE WE HAVE 
SHOWN THAT ONE CONCEPT IS KEY

NARRATIVES AS DRIVERS OF ECONOMIC ACTIVITY 


A TOOL FOR POLICY-MAKERS TO 

RESTORE TRUST  IN A “COLLAPSED ECONOMY”

[***]

[***] Narrative Economics 
R. Shiller [2017]

A

B+

C

B-
High Output

Long-Lived Booms  
& Recessions

High Output with  
Short-Lived 
Recessions

Low Output

Confidence Threshold  c0

Pe
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ity

  θ

Restore  
trust
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   MORE IS DIFFERENT : OVERCOME THE RA FRAMEWORK 


   MULTI-AGENTS MODELS 


   ADDING HETEROGENEITIES AND INTERACTIONS       


   ADDING MINIMUM ELEMENTS : INTRODUCING ANIMAL SPIRITS 


   CONFIDENCE AS A DRIVER OF THE DECISION-MAKING PROCESS


   NOTION OF “RISK AVERSION” WHEN INVESTING 


   PHASE TRANSITIONS : RECESSIONS AS MULTIPLE EQUILIBRIA


   DRAW PHASE DIAGRAMS CHARACTERING THE PARAMETER SPACE 


   NON-LINEARITIES : ENDOGENOUSLY AMPLIFIED SHOCKS 


   CONSUMPTION DRIVEN COLLAPSES 


   SUPPLY DRIVEN RECESSIONS 

□
□

□

□
□

□

□
□

□
□

□

WHAT WE HAVE ACHIEVED SO FAR …
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ANIMAL SPIRIT AND SELF-REFLEXIVITY

Ui
t = f i

t ⋅ log ci
t − γ (ni

t)2 , f i
t → F ∑

j∈𝒩(i),j≠i

Jij ⋅ cj
t−1

FEEDBACK UTILITY FUNCTION 
HOUSEHOLDS ARE THE NODES OF A SOCIAL NETWORK  . THEY ESTIMATE THE ECONOMY BY OBSERVING


THE AVERAGE PAST CONSUMPTION OF THEIR NEIGHBORS 
Jij

𝒩

HETEROGENEITIES

INDIVIDUAL PREFERENCES, I.E. 

SPARSE NETWORK & HETEROGENEITIES

FINITE NUMBER OF HOUSEHOLDS

f i
t = Ft
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THE REPRESENTATIVE FIRM, HETEROGENEOUS SKILLS

PRODUCTION FUNCTION  :  Yt = 𝔷t
Nα

1 − α (∑
i

zini
t)

1−α

PROFIT FUNCTION  :  


MARKET CLEARS  :  

ℙ/pt = Yt − ∑
i

ui
tni

t

Yt = ∑
i

ci
t

WHAT CHANGES WITH RESPECT TO THE HOMOGENEOUS CASE ?

 

ui
t = 𝔷t ⋅ zi

t ⋅
1
N ∑

j

zj
t ⋅ nj

t

−α

, ∀i

OVERALL TECHNOLOGY 
EXOGENOUS SHOCK INDIVIDUAL SKILL  

LEVELS

INDIVIDUAL WAGES  DEPEND ON THE INDIVIDUAL SKILL LEVELSui
t

WAGES ARE PROPORTIONAL TO INDIVIDUAL SKILLS 

EMPIRICALLY, WAGES ARE EXPONENTIALLY DISTRIBUTED

zi
t
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THE SOCIAL NETWORK IS BUILD TO REFLECT SPATIAL SEGREGATION BY INCOME 

A PARAMETER  MODULES THE PROBABILITY OF HAVING A BOND BETWEEN AGENTS  AND 

[*]

λ i j

INCOME SEGREGATION NETWORK

60k €/y

50k €/y

40k €/y

30k €/y

20k €/y

10k €/yRANDOM GRAPH ( )  
AGENTS ARE CONNECTED AT RANDOM

SEGREGATED NETWORK ( )  
SPATIAL CORRELATION BY INCOME

λ → ∞

λ → 0

pij ∝
C
N

exp (−
|zi − zj |

λ ⋅ (zi + zj) )

[*] The Rise of Residential Segregation by Income 
P. Taylor and R. A. Fry [2012]

i j
?



CFM Chair of Econophysics & Complex Systemswww.EconophysiX.com

RELEVANT PARAMETERS 

c0

θ

A

CB+

Standard

DSGE limit

Bistable 

economy

Long living boom
s 


& sudden recessions B−

Low output

 economy

ci
0 = c0 ⋅ (zi)β1 θi = θ ⋅ (zi)−β2

THE SET OF AGENTS IS REPRESENTED BY A 

LINE IN THE PHASE DIAGRAM 
SHARING THE CONCAVITY OF THE CRITICAL LINES

INDIVIDUAL CONFIDENCE AND SENSITIVITIES ARE DEFINED AS :

DURING THE EARLY STAGES OF THE 2008 GFC 

THE WEALTHIER END OF THE POPULATION WAS THE MOST PESSIMISTIC 

ABOUT THE STATE OF THE ECONOMY

  MODULATES THE DEPENDENCE OF  ON THE SKILLS β1 ci
0 zi

  MODULATES THE DEPENDENCE OF  ON THE SKILLS β2 θi zi
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ci
0 = c0 ⋅ (zi)β1 θi = θ ⋅ (zi)−β2
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0 zi
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θ
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CB+
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DSGE limit

Bistable 

economy

Long living boom
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& sudden recessions B−

Low output

 economy

RELEVANT PARAMETERS 

THE SET OF AGENTS IS REPRESENTED BY A 

LINE IN THE PHASE DIAGRAM 
SHARING THE CONCAVITY OF THE CRITICAL LINES

INDIVIDUAL CONFIDENCE AND SENSITIVITIES ARE DEFINED AS :

DURING THE EARLY STAGES OF THE 2008 GFC 

THE WEALTHIER END OF THE POPULATION WAS THE MOST PESSIMISTIC 

ABOUT THE STATE OF THE ECONOMY

  MODULATES THE DEPENDENCE OF  ON SKILLS β2 θi zi
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Time
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Time

β1 = 0.7, β2 = 0.3

CALIBRATION WITH REAL WORLD DATA 
In

cr
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si
ng

 w
ag

es
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N
on segregated


 netw
ork

Segregated 
netw

ork
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HIGHEST DECILE  :   δc10

LOWEST DECILE  :   δc90

Δ = δc90− δc10

NEGATIVE CORRELATION VS. GINI INDEX 
IN UNEQUAL COUNTRIES CONSUMPTION OF WEALTHIEST DROPS THE MOST  
SEGREGATED NETWORK FITS THE BEST
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INVESTMENTS ALLOCATION AND CAPITAL SCARCITY 

DURING THE 2008 GFC THE FALL IN CONFIDENCE LED TO DRASTIC DROP IN INVESTMENTS 
HOW TO ACCOUNT FOR SIMILAR DYNAMICS ?
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INTRODUCE A CAPITAL MARKET 

PERFECT SUBSTITUTABILITY OF CAPITAL LEVEL AND LABOUR 


INVESTMENTS ALLOCATION PREFERENCES (RISKLESS VS. RISKY)
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INVESTMENTS ALLOCATION AND CAPITAL SCARCITY 
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LET’S FOCUS ON THE SALIENT POINTS !

INTRODUCE A CAPITAL MARKET 

PERFECT SUBSTITUTABILITY OF CAPITAL LEVEL AND LABOUR 


INVESTMENTS ALLOCATION PREFERENCES (RISKLESS VS. RISKY)

DURING THE 2008 GFC THE FALL IN CONFIDENCE LED TO DRASTIC DROP IN INVESTMENTS 
HOW TO ACCOUNT FOR SIMILAR DYNAMICS ?
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INCOME IS EITHER CONSUMED OR INVESTED


INVESTMENTS ARE ALLOCATED EITHER IN 

THE CAPITAL MARKET (RISKY) OR IN THE BONDS MARKET (RISKLESS)

THE REPRESENTATIVE HOUSEHOLD

CONSUMED

INVESTED

INCOME

CONSUMED

CAPITAL MARKET

RISKY

BONDS MARKET

RISKLESSBONDS RETURNS 

WAGE 

CAPITAL RETURNS 

→ →
CONS. VS. INVEST. INVEST. ALLOCATION

THE UTILITY FUNCTION READS , AS IN THE REFERENCE MODELUt = log ct − γn2
t
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THE REPRESENTATIVE FIRM - PRODUCTION FUNCTION

Yρ
t = zt ⋅ (α ⋅ K−ρ

t + (1 − α) ⋅ N−ρ
t )−1/ρ

COBB-DOUGLAS ( ) PRODUCTION FUNCTION 
PERFECT ELASTICITY, THE FIRM CAN HIRE LABOUR TO COMPENSATE FOR THE LACK OF CAPITAL


LEONTIEF ( ) PRODUCTION FUNCTION 
COMPLETE INELASTICITY, CAPITAL AND LABOUR ARE NOT SUBSTITUTABLE

ρ → 0+

ρ → ∞

THE FIRM PRODUCES ACCORDING TO A CES FUNCTION 
CAPITAL AND LABOUR ARE NOT PERFECTLY SUBSTITUTABLE. 

Y∞
t = zt ⋅ min (Kt, Nt)

  CAPITAL DEPRECIATES AT A RATE  :      Kt = (1 − δ) ⋅ Kt−1+

Y0
t = zt ⋅ Nα

t ⋅ K1−α
t

HOUSEHOLD’S 

INVESTMENTS
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THE PSEUDO FINANCIAL MARKET

THE FIRM MAXIMIZES ITS REAL PROFIT FUNCTION  WRTℙi
t /pt

LABOUR TO SET REAL WAGES

THE CAPITAL LEVEL TO SET IDEAL OPTIMAL RETURNS   

OPTIMAL RETURNS ARE MODULATED BY AN EXOGENOUS TERM REAL RETURNS (E.G. BANKRUPTCIES) 
RISKY ALLOCATION

THE CENTRAL BANK PROVIDES INTEREST RATES  
INTEREST RATES ARE FIXED AND NOT SUBJECT TO SHOCKS  
RISK-FREE ALLOCATION 
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THE PSEUDO FINANCIAL MARKET

THE CENTRAL BANK PROVIDES INTEREST RATES  
INTEREST RATES ARE FIXED AND NOT SUBJECT TO SHOCKS  
RISK-FREE ALLOCATION 

THE FIRM MAXIMIZES ITS REAL PROFIT FUNCTION ℙi
t /pt

LABOUR TO SET REAL WAGES

TO THE CAPITAL LEVEL TO SET IDEAL OPTIMAL RETURNS   

OPTIMAL RETURNS ARE MODULATED BY AN EXOGENOUS TERM REAL RETURNS (E.G. BANKRUPTCIES) 
RISKY ALLOCATION
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MARKET VS. CONFIDENCE TRENDS

THE PSEUDO FINANCIAL MARKET

DECIDES WHERE TO ALLOCATE BY COMPROMISING 

THE SHARPE RATIO AND ITS CONFIDENCE

THE HOUSEHOLD OBSERVES THE INTEREST RATE  AND THE REAL RETURNS  rt qt

THE TREND OF THE REAL RETURNS :   


THEIR VOLATILITY  :  


COMPUTES THE SHARPE RATIO

μt = λ ⋅ μt−1 + (1 − λ) ⋅ qt

σ2
t = λ ⋅ σ2

t−1 + (1 − λ) ⋅ (qt − μt)2

𝒮t := 𝒩 ⋅
μt − rt − δ

σt
𝒞t := tanh(θ ⋅ (ct−1 − c0))



CFM Chair of Econophysics & Complex Systemswww.EconophysiX.com

DECIDES WHERE TO ALLOCATE BY COMPROMISING 

THE SHARPE RATIO AND ITS CONFIDENCE

THE HOUSEHOLD OBSERVES THE INTEREST RATE  AND THE REAL RETURNS  rt qt

THE TREND OF THE REAL RETURNS :   


THEIR VOLATILITY  :  


COMPUTES THE SHARPE RATIO

μt = λ ⋅ μt−1 + (1 − λ) ⋅ qt

σ2
t = λ ⋅ σ2

t−1 + (1 − λ) ⋅ (qt − μt)2

𝒮t := 𝒩 ⋅
μt − rt − δ

σt
𝒞t := tanh(θ ⋅ (ct−1 − c0))

Σt = ν ⋅ 𝒮t + (1 − ν) ⋅ 𝒞t

THE PSEUDO FINANCIAL MARKET
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CONFIDENCE  VS.  
RATIONALITY

THE PSEUDO FINANCIAL MARKET

DECIDES WHERE TO ALLOCATE BY COMPROMISING 

THE SHARPE RATIO AND ITS CONFIDENCE

THE HOUSEHOLD OBSERVES THE INTEREST RATE  AND THE REAL RETURNS  rt qt

THE TREND OF THE REAL RETURNS :   


THEIR VOLATILITY  :  


COMPUTES THE SHARPE RATIO

μt = λ ⋅ μt−1 + (1 − λ) ⋅ qt

σ2
t = λ ⋅ σ2

t−1 + (1 − λ) ⋅ (qt − μt)2

𝒮t := 𝒩 ⋅
μt − rt − δ

σt

Σt = ν ⋅ 𝒮t + (1 − ν) ⋅ 𝒞t

𝒞t := tanh(θ ⋅ (ct−1 − c0))
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CFM Chair of Econophysics & Complex Systemswww.EconophysiX.com

PHASE DIAGRAM

0.0

0.2

0.4

0.6

0.8

1.0

∫

LkLc LkHc

± =0.001
HkHc

± =0.005
HkLc

± =0.02

0.00 0.01 0.02

c0

0.0

0.2

0.4

0.6

0.8

1.0

∫

LkLc LkHc

0.00 0.01 0.02

c0

HkHc

0.00 0.01 0.02

c0

HkLc

lo
g 1

0
•

k
lo

g 1
0

•
c

°8

°7

°6

°5

°4

°3

°2

°1

°3

°2

°1

0

1

2

3

lo
g

a

HkHc

0.0 0.2 0.4

æz

°3

°2

°1

0

1

2

3

lo
g

a

HkHc

lo
g 1

0
•

k
lo

g 1
0

•
c

0.0

0.2

0.4

0.6

0.8

1.0

∫

LkLc LkHc

± =0.001
HkHc

± =0.005
HkLc

± =0.02

0.00 0.01 0.02

c0

0.0

0.2

0.4

0.6

0.8

1.0

∫

LkLc LkHc

0.00 0.01 0.02

c0

HkHc

0.00 0.01 0.02

c0

HkLc

lo
g 1

0
•

k
lo

g 1
0

•
c

°8

°7

°6

°5

°4

°3

°2

°1

°3

°2

°1

0

1

2

3

lo
g

a

HkHc

0.0 0.2 0.4

æz

°3

°2

°1

0

1

2

3

lo
g

a

HkHc

lo
g 1

0
•

k
lo

g 1
0

•
c

C
apital levels

C
ons. levels 

PROSPEROUS STABILITY
CAPITAL IS ABUNDANT & LOW INTERESTS ON CAPITAL &

RARE CONSUMPTION CRISES  BASELINE DSGE

Σt = ν ⋅ 𝒮t + (1 − ν) ⋅ 𝒞t



CFM Chair of Econophysics & Complex Systemswww.EconophysiX.com

0.0

0.2

0.4

0.6

0.8

1.0

∫

LkLc LkHc

± =0.001
HkHc

± =0.005
HkLc

± =0.02

0.00 0.01 0.02

c0

0.0

0.2

0.4

0.6

0.8

1.0

∫

LkLc LkHc

0.00 0.01 0.02

c0

HkHc

0.00 0.01 0.02

c0

HkLc

lo
g 1

0
•

k
lo

g 1
0

•
c

°8

°7

°6

°5

°4

°3

°2

°1

°3

°2

°1

0

1

2

3

lo
g

a

HkHc

0.0 0.2 0.4

æz

°3

°2

°1

0

1

2

3

lo
g

a

HkHc

lo
g 1

0
•

k
lo

g 1
0

•
c

0.0

0.2

0.4

0.6

0.8

1.0

∫

LkLc LkHc

± =0.001
HkHc

± =0.005
HkLc

± =0.02

0.00 0.01 0.02

c0

0.0

0.2

0.4

0.6

0.8

1.0

∫

LkLc LkHc

0.00 0.01 0.02

c0

HkHc

0.00 0.01 0.02

c0

HkLc

lo
g 1

0
•

k
lo

g 1
0

•
c

°8

°7

°6

°5

°4

°3

°2

°1

°3

°2

°1

0

1

2

3

lo
g

a

HkHc

0.0 0.2 0.4

æz

°3

°2

°1

0

1

2

3

lo
g

a

HkHc

lo
g 1

0
•

k
lo

g 1
0

•
c

C
apital levels

C
ons. levels PREVALENT CONSUMPTION CRISES

PHASE DIAGRAM

PROSPEROUS STABILITY
CAPITAL IS ABUNDANT & LOW INTERESTS ON CAPITAL &
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CONSUMPTION CRISES MEAN FIELD DSGE

Σt = ν ⋅ 𝒮t + (1 − ν) ⋅ 𝒞t



CFM Chair of Econophysics & Complex Systemswww.EconophysiX.com

CONSUMED

CAPITAL IS SCARCE & HIGH INTERESTS ON CAPITAL & 
CONFIDENCE IS HIGH AND LIMIT INVESTMENTS


CURRENTLY RELEVANT REGIME
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Σt = ν ⋅ 𝒮t + (1 − ν) ⋅ 𝒞t
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PHASE DIAGRAM

CAPITAL IS SCARCE & HIGH INTERESTS ON CAPITAL & 
CONFIDENCE IS LOW 

FAR FROM OPTIMAL STATE 
CAPITAL SCARCITY TRIGGERS CONSUMPTION CRISES

CAPITAL SCARCITY & CONSUMPTION CRISES

Σt = ν ⋅ 𝒮t + (1 − ν) ⋅ 𝒞t
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WHAT WE HAVE ACHIEVED SO FAR …

   MORE IS DIFFERENT : OVERCOME THE RA FRAMEWORK 


   MULTI-AGENTS MODELS 


   ADDING HETEROGENEITIES AND INTERACTIONS       


   ADDING MINIMUM ELEMENTS : INTRODUCING ANIMAL SPIRITS 


   CONFIDENCE AS A DRIVER OF THE DECISION-MAKING PROCESS


   NOTION OF “RISK AVERSION” WHEN INVESTING 


   PHASE TRANSITIONS : RECESSIONS AS MULTIPLE EQUILIBRIA


   DRAW PHASE DIAGRAMS CHARACTERING THE PARAMETER SPACE 


   NON-LINEARITIES : ENDOGENOUSLY AMPLIFIED SHOCKS 


   CONSUMPTION DRIVEN COLLAPSES 


   SUPPLY DRIVEN RECESSIONS 

□
□

□

□
□

□

□
□

□
□

□
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CONCLUSIONS 

WEATHER FORECASTING VERSUS CLIMATOLOGY 

GENERATORS OF POSSIBLE SCENARIOS 

ADD BANKING / FINANCIAL  SYSTEM 

FIRMS’ HETEROGENEITIES / NETWORK  
QUESTION MARKET CLEARING  
INCOORDINATION OF SUPPLY AND DEMAND

[*]

[**]

ADDING MISSING INGREDIENTS …

WHAT SHOULD BE THE GOAL OF 
MACROECONOMIC MODELS ?

   MORE IS DIFFERENT : OVERCOME THE RA FRAMEWORK 


   ADDING MINIMUM ELEMENTS : INTRODUCING ANIMAL SPIRITS 


   PHASE TRANSITIONS : RECESSIONS AS MULTIPLE-EQUILIBRIA


   NON-LINEARITIES : ENDOGENOUSLY AMPLIFIED SHOCKS 

□

□

□

□

MORE TO BE DONE 

[**] Tâtonnement, Approach to Equilibrium and Excess Volatility in Firm Networks 
T. Dessertaine et al [2020]

[*] Booms and banking crises 
F. Boissay et al. [2016]
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THANK YOU
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