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What is the economy?



What is the economy?

Metabolism of civilization

• Converts natural resources and human 
effort into goods and services

• Coordinates and amplifies the activities of  
ecologies of specialists
- allows us to do remarkable things together 

that we could never do on our own
- you owe your life to it



◼Ecology is the study of systems of interacting specialists
◼Companies are specialists.  Workers are specialists.
◼All have bounded rationality.  
◼Ecosystems are naturally understood as networks.

The economy is an ecosystem 



Integrated climate economics model

5



Production network
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Physical supply chain of a laptop



leontief: input-output model of 
an economy

Nodes are industries, each producing one good.  
Weighted directed links are inputs to each industry.
Can be based on physical flows or on monetary flows.
Precise analogy to equilibrium chemical kinetics 
(allowing non-integer stoichiometric parameters)
Conservation laws lead to linear system of equations   
Used in national accounting, central planning.
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Ecology of production

James
McNerney



Leontief framework
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physical amount of good j per unit of i

fraction paid by i for good j

price of good i

price = cost (no mark ups)



Analogy to food webs

In ecology,        is the fraction of j in i’s diet

(Node centrality)



Fishes

Insects

Zoo-
plankton

Algae

Node Color Indicates 
Trophic Level of Taxon

Secondary
Carnivory

Primary
Carnivory

Herbivory

Link Color Indicates 
Type of Feeding Link

Food Web of Little Rock Lake, Wisconsin 
997 Feeding Links among 92 Taxa: 10 Basal, 72 Invertebrates, 10 Fishes

Thanks to Jennifer Dunne



Node centrality

• Basic concept:  Weights number of 
neighbors with how central those 
neighbors are.

• Internet:  Page rank
• Ecology:  Trophic level
• Economics:  Output multiplier



The U.S. and China
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China U.S.
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Chain economy amplifies improvements multiplicatively

Division of labor implies division of innovation



Focus on very simple model of 
technological change

• The net result of a design improvement is 
an overall decrease in material inputs to 
perform same function

• is the flow of physical inputs from 
sector j to sector i
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Future industry price return
vs. trophic level of industry

McNerney, Savoie, Caravelli, Carvalho and Farmer, 2021



Occupational labor network
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Ecology of occupations
(The Job Space) Maria del Rio Chanona

Penny Mealy



The job space



Unemployment varies by 
profession.



Unemployment



Occupational mobility network
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Occupational mobility network

Communities BLS classification
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Simulation of occupational 
unemployment
del Rio Chanona, Mealy, Berguerisse, Lafond & Farmer, 2019



Beveridge curve:  
Job vacancies vs. unemployment 



Beveridge curve from simulation



28

Impact of COVID on the UK economy

Pichler et al. (2020)

del Rio-Chanona 
et al. (2021) and 
del Rio-Chanona 
et al. (2020)



Green competitiveness
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Green product space



Innovation and technology
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Energy system
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Cost Production

Energy technologies



Can forecast prices of 
technologies
Farmer and Lafond, 2016



What is the cost of the
green energy transition?

Rupert Way, Penny Mealy, JDF

• Commonly assumed that green energy 
transition will be really expensive

• But wind, solar have dropped in price for 
many decades, in contrast to coal, oil, gas, 
nuclear, …

• Converting to wind and solar quickly is 
likely to be a net savings, above and 
beyond reducing climate change.



Ecology of financial markets
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How market ecology explains market 
malfunction
Maarten P. Scholl,  Anisoara Calinescu,  J. Doyne Farmer
• Department of Computer Science, University of Oxford
• Institute for New Economic Thinking at the Oxford Martin School
• Mathematical Institute, University of Oxford
• External Professor, Santa Fe Institute 



◼ Market efficiency:  Prices fully reflect fundamental values
◼ Fisher Black:  I believe in efficient markets:  Prices are within 

fundamental values 90% of the time.
◼ Grossman-Stiglitz (1980):  If markets were perfectly efficient 

there would be nothing to incentivize arbitrageurs
◼ Market is efficient at first order, it is necessarily inefficient at 

second order
◼ Do inefficiencies matter?
◼ Assumption of market efficient is useful for pricing options
◼ Inappropriate by definition for understanding market failure

HOW TO GO BEYOND EFFICIENT MARKETS 
HYPOTHESIS?



◼ Investment strategies correspond to 
species.   

◼ The wealth invested in a strategy 
corresponds to the abundance 
(population) of a  species.

◼ The wealth of strategies changes in 
time, significantly in response to their 
profits or losses.

◼ Their profits and losses depend on 
the rest of the ecosystem, i.e. on the 
wealth of all the other strategies.

Ecological analogy to financial markets (Farmer, 2002)



Annual Returns

Instability when trend 
75%

no trend 
follower

no trend 
follower

The pixel at a coordinate in the 
simplex is coloured according to 
the strategy earning the highest 
expected return.
◼Chaotic region, top left, where 

trend followers make prices 
diverge from fundamental



Market food web



Market Dynamics



◼Could help practitioners understand the co-evolving 
financial landscape

◼Regulators could use this to understand the likely 
outcome of regulation, monitor stability and intervene 
when necessary

◼Empirical tests are in progress …

What is this good for?



Foundations of 
System-Wide Stress 

Testing

Doyne Farmer, Alissa Kleinnijenhuis, Paul Nahai-Williamson & 
Thom Wetzer

Any views expressed are solely those of the authors and so cannot be taken to represent 
those of the Bank of England or to state Bank of England policy. 



A Generic Methodology for
System-Wide Stress Testing
• Python-based simulation 

• Simulation engine also 
available in C++

• Library online

• Five building blocks 
(‘ontology’)
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Institutions and Interconnections



• Key finding: The financial system may be stable or unstable given a microprudential stress 
test outcome, depending on its shock-amplifying tendency. Therefore, microprudential 
stress tests are poor predictors of stability and system-wide stress test are necessary.

• The grey line shows the failures resulting directly from the 2018 EBA microprudential 
stress test scenario. They orange line shows the additional failures that occur once 
contagious spill-overs are captured.

Policy experiment 1: From Micro to Macro: A 
Macroprudential Overlay to the EBA 2018 Stress Test



• Key finding: Contagion mechanisms may mutually amplify systemic risk. The degree 
of amplification is heterogeneous in the market liquidity and differs among 
contagion mechanisms.

• ‘O’ means only overlapping portfolio contagion is turned on, whereas e.g. ‘O&E’ 
mean that both overlapping portfolio contagion and exposure loss contagion are 

d 

Policy Experiment 4: Amplification of 
Contagion Mechanisms



Systemic 
Implications of 
the Bail-In Design

Alissa M. Kleinnijenhuis 
Charles Goodhart 
J. Doyne Farmer



Overview of results

• In this paper we comprehensively investigate the systemic 
implications of the bail-in design, explicitly taking into account the 
financial system as a whole. 

• For this, we extend a multi-layered network model of the European 
financial system developed by Kleinnijenhuis et al. (2020) and 
calibrate it to data. 

• The calibrated model captures five prevailing contagion 
mechanisms that could endogenously amplify shocks emanating 
from bail-ins. 

• Our results suggest that:
1. Financial stability hinges on the bail-in design. 
2. Bail-ins turn out to be a credible tool to resolve failing SIBs even in 

severe systemic crises – if  bail-ins are well-designed. Ill-designed bail-
ins tend to exacerbate financial distress.

3. The current bail-in design might be in the regime of instability.
4. Given the political economy incentives at play an improve in the bail-in 

design seems unlikely. 
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Macro from micro:  Global economic simulator
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Quantitative ABM for 
macroeconomy

• Quest to create an ABM that can be used as a 
time series model for policy analysis

• Must do justice to heterogeneity of 
economy!
- production network 
- Demography
- Heterogeneous consumption
- Financial system
- …

• Macro from micro
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The economy 
can be 
simulated
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