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Outline 

Complex vs Equilbrium 
 
Solow’s Wager: DSGE+ 
 
The Full Monty: Million Agent Worlds 
 
The Potential 
  



Properties 
Equilibria, patterns, randomness, complexity 
 
Robust 
 
Large Events, Long Tail Distributions 
 
Self Organization 
 
Emergence 
 
Accounting and Physical Laws 



Solow’s Wager 

 
DSGE + heterogeneous agents + adaptation + 
network effects = complex system 

Presenter
Presentation Notes
In the longer notes I worked through examples showing that if you include these things in a standard DSGE model they have little effect.Individually no effect, when you put them in together you get that the correlation matters.   And, if you put in conformity and networks you can mitigate the effects 



Incomplete Markets 

Heterogeneity from risk: winners and losers 
 
Implications: 
 “identical” people vary in C,I,W 
Risk heterogeneity interacts with preference and endowment 
heterogeneity 



Incomplete Market Effects 

Prices and quantities via savings and taxes 
 Heathcoate (2005, 2011)  

 
Welfare effects of variability 

 Lucas (1987), Storesletten et al. (2001) 
 

Presenter
Presentation Notes
At face value, the Lucas calculation suggested that surprisingly little was at stake in the traditional macroeconomic topics of business cycles and stabilization policy. One reason such a conclusion seemed premature is that economies with incomplete markets present a natural environment in which aggregate fluctuations can have asymmetric welfare effects across heterogeneous agents. In Storesletten et al. (2001), for example, liquidity constrained households are particularly hard hit by aggregate productivity shocks. Moreover, the average cross-sectional welfare cost of aggregate fluctuations can be much larger than the cost for a hypothetical representative agent. 



Unanswerable 

• Bankruptcy 
– MacGee and Tertilt (2003)  

• Unemployment Insurance  
– Hansen and Ayse Imrohoroglu (1991)  

• Geographic Dispersion  
• Safety Net Policies 

– Nishiyama and Smetters (2007)  

Presenter
Presentation Notes
MacGee, and Michele Tertilt (2003) compare the U.S. bankruptcy system with a European-style system in which it is more difficult for individuals to escape past debts.13 Their model con- siders households that become heterogeneous in the face of idiosyncratic risks of income loss, divorce, un- planned children, and uninsured medical bills. They find that for the risks Americans face, a more “Ameri- can” system of debt forgiveness achieves higher wel- fare, where the extent of those gains depends on the persistence of shocks, the size of the household, and the way earnings evolve with age. This lends logic to the U.S. bankruptcy code. Hansen finds unemployment insurance works up to a pointNishiyama finds with complete markets privatizing social security worth 18K per person.  Without loss of $2400



I must end this sub-section with a cautionary caveat. I often 
hear the objection to the foregoing telegraphic, inevitably 
rough, account, that new macro theory, in the form of the 
newest generation of DSGE models, takes on board various 
forms of “imperfections”, “frictions”, “inertias” (cf. Blanchard, 
2009, and Woodford,2009, for bold claims on the DSGE – 
“New Keynesian Synthesis”). True, we are now in the late-
Ptolemaic phase of the theory: add epicycles at full steam 
without any empirical discipline and you will get some greater 
possibilities of calibration of the model (“calibration” is the 
new game in town, often not too short of voodoo: see also 
below). Of course, in the epicycles frenzy one is never touched 
by the sense of ridiculous in assuming that the mythical  

 

 Givoanni Dosi’ (2011) 



The Full Monty: Million Agent Worlds 



Two Part Harmony 

Individuals: Ecology of diverse behaviors produced 
by diverse and evolving models of how the world 
works that produce dynamic patterns. Short term 
survival of the “reckless” 
 
Firms: Fortunes are stochastic, interdependent   
Firms growth independent of size (but variability 
reducing in size).  Firms differ in organizational 
ability to adapt.   Selection matters less than 
changes in productivity. 

 
 

Presenter
Presentation Notes
i. Highly right-skewed firm size distributions (which at the level of the whole manufacturing industry are unimodal and closely resembling a Power Law14 but significantly depart from it at higher degrees of sectoral disaggregation). ii. Phenomenological description of firms growth as a multiplicative stochastic process independent from size (“Gibrat Law”) yield a fairly good first-order description of the observed dynamics. However, significant deviations from the simplest benchmark process concern (a) small firms; (b) the general (negative) dependence of growth rates upon age; and (c) the (negative) scaling of growth variances with size itself. iii. The distributions of growth rates themselves are fat-tailed, as such a sign of some underlying correlating mechanism which would not have been there if growth events were small and independent. iv. At any level of disaggregation one observes widespread differences in productivity (no matter whether measured as labour of “total factor productivity”, whatever that means) across firms and across plants. Such differences are highly persistent over time. v. Equally widespread differences in profitability, again at all available levels of disaggregation. And, again, profitability differentials are persistent in time. vi. Finally, the number of innovators within each industrial sector is a small fraction of the whole population of firms, even in technologically leading countries. 



Stock Market Model 

Assumptions:   
Trading rules: heterogeneous  
Accurate market micro structure 
Wealth Distribution: emergent 
Fit to data: no 

Lebaron, Blake Agent-based Financial Markets: Matching Stylized Facts with Style, in Post 
Walrasian Macroeconomics: Beyond the DSGE Model,  



Stock Market Model 

Objective: Fit stylized facts/explain puzzles 
 
Volatility: persistent (1 year), kurtosis 
Equity Premium Puzzle 
Volume: enormous (NYSE, a trillion a month) 
 
 
 
 



Assets: 
 Equity: growth  N(2%, 6% ) 
 Cash: int rate 0% 
 
Agents: 
 Consumption: constant wealth fraction 
 Long memory and short memory traders 

– 250 Rules  based on Lagged returns Dividend/Price ratios Price momentum  
– Neural network  
Bankrupt: replaced 
 

Time Period: 
 One week 

 

 









Housing 

Prepayment decisions 
2.2 million agents 
Fit to data 

GETTING AT SYSTEMIC RISK VIA AN AGENT-BASED MODEL OF THE HOUSING MARKET 

John Geanakoplos, Robert Axtell, Doyne J. Farmer etal… 



Housing 

Objective:  Improve on old model of 
prepayment, leverage or interest rates 
 
Old Model:  
f(age(t), seasonality(t), ratechange(t), burnout(t), parameters) 
 
Parameters: age, etc.. 
 
Burnout = sum of rate change in previous periods 



Base Model 
 
Agent (c,a,p) 
(cost, alertness, prob sell house) 
 
Cost(t) decreasing 
Alertness(t) increasing 
Probsell(t) = f(parameters) 
 
 
Note: burnout emerges from cost of selling and alertness 
 



8% Coupon 1986 



``In the first decade of 2000 a new feature 
appeared, the cash out refinance. Homeowners 
began to refinance their mortgages even when 
interest rates barely dropped, or rose, in order to 
get bigger loans.’’  
 
``This illustrates the standard criticism of agent 
based models, that behavioral rules eventually 
become inappropriate (or in need of revision) as 
the world changes. ‘’ 

Geanakoplos, et al 2012. 



Advanced Model 
 
Agent: (income, wealth, equity, age, etc..) 
Data matched to PSID 
 
Selling Behavior: start at 10% above market and lower 3-5% 
Buying Behavior:  want to spend 30% of income 

 
 
Note: full model still in process 





Axtell’s Labor Market 



Objective: construct a model that produces 
static characteristics of both firms and labor 
market 
 
 
Firm Distribution:  firm size, growth, age, output, turnover, 
productivity as well as worker income, job tenure.   
 
E,g. of the largest 5000 U.S. firms in 1982, in excess of 65% of them no longer existed as 
independent entities by 1996  

 
Firm Dynamics growth rates declining with age, growth rate 
variance that falls with size and age, and approximately 
constant returns to scale at the aggregate level.  
 
Labor Market: Job-to-job flows, hiring, unemployment 
 



Agents: 
 cobb-douglas U(income,leisure) 
 ability 
 effort 
  
Firms:  
 productivity = f(Σa,n)  df/da > 0, df/dn <0 

 profits split among workers 
 
Adaptation:  
 4% of 120 million agents activated 
 consider moving to new firm (job to job) 
 work along 
 
 
Fundamental Instability  
 workers join larger, more productive firms 
 but then have incentives to shirk, so workers leave 
 
   







Micro to Macro 
 
If Micro Assumptions Approximate:  
 worker movements between firms 
 firm productivities and size 
   

Then Macro Correct in Pattern 
 size, Income, age, wealth distribution 
 job turnover 

 
 



Economy Wide 

 
 

Firms, Households distributionally approximate 
Consumption 
Firm Competition 
Labor Supply 
Financial Markets 
Policies 

Herbert Dawid, Simon Gemkow, Philipp Harting, Sander van der Hoog, and 
Michael Neugart, "The Eurace@Unibi Model: An Agent-Based 
Macroeconomic Model for Policy Purposes" ( 

http://www.econ.iastate.edu/tesfatsi/eurace-unibi-model-2011-v1.pdf


Eurace Unibi Model 

Presenter
Presentation Notes
We find that the complementarities between factors influencing aggregate demand and drivers of technological change affect both “short-run" fluctuations and long-term growth patterns. From a normative point of view, simulations show a corresponding complementarity between “Keynesian” and “Schumpeterian” policies. I consider this a major result, with far-reaching implications both in terms of theory and policies. 



Potential 



Alternative Discipline 



DSGE: Logic 
 

ABM:  Data, Distributions, Behaviors 

Presenter
Presentation Notes
Behavior may be most important here – we’ll just learn a lot more about behavior.



Different/More Data 



Hal Varian  







Solve the 
 “Find the Largest Integer Problem” 



Trends: The Second Eigenvalue 



Hausmann and Hidalgo, Economic Atlas of Complexity 2011 



     Product 
Country  1 2 3  4  Diversity 
 A             0 1 1 0   2 
 B   1 1 1 1   4 
 C    1 1 0   0   2 
 D   0 1 0   0   1 
 
Ubiquity 2 4 2 1   



HH-Complexity 

M = normalized diversity/ubiquity matrix 
 
MM’ gives ubiquity weighted diversity 
 
Complexity = second eigenvector of MM’  
 



Complexity Rankings over Time 



Income and Complexity 



Weakness as Strength 



``In the first decade of 2000 a new feature 
appeared, the cash out refinance. Homeowners 
began to refinance their mortgages even when 
interest rates barely dropped, or rose, in order to 
get bigger loans.’’  
 
``This illustrates the standard criticism of agent 
based models, that behavioral rules eventually 
become inappropriate (or in need of revision) as 
the world changes. ‘’ 

Geanakoplos, et al 2012. 



Beveridge Curve 

Presenter
Presentation Notes
The world is changing – it’s complex.  It’s an interesting question as to how well we can use these agent based models to recognize changing behavioral patterns as they occur and to explore the implications.    Not just changes in elasticities or risk preferences but could be fundamental changes in the behaviors that people follow.



Transcience 



Presenter
Presentation Notes
Complexity theory widespread in ecology, physics, by looking across these other disciplines we might gain new insights. John Doyle - Highly optimized tolerance



Robustness vs Stability 



Stability: return to same or nearby equilibrium 
 
Robustness: ability to maintain functionality to 
external trauma and internal dynamics.  The 
diversity of the parts and complexity of the 
process contribute to robustness. 

Presenter
Presentation Notes
Fundamental distinction between a system in equilibrium that responds to shocks by returning to that equilibrium or moving to a new one vs a system comprised of diverse, adapting agents.  The heterogeneity of behavioral rules matters – see next slide





Let’s Play Two 

Presenter
Presentation Notes
Talk about 26 reasons



Crowd Error = Average Error - Diversity 

Diversity Prediction Theorem 
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