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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




The economy is an ecosystem

B Ecology is the study of systems of interacting specialists
B Companies are specialists. VWorkers are specialists.
B All have bounded rationality.

B Ecosystems are naturally understood as networks.



Integrated climate economics model
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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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Leontief framework

qbij — physical amount of good j per unit of |
a;; = @;;p; = fraction paid by i for good j
p; = price of good i

price = cost (no mark ups)

Pi = Z DijD;

10




Analogy to food webs

— Zﬁja’ji + 1
J

In ecology,a,,,;j is the fraction of jin i’s diet
L=(1-A""
L =

vector of output multipliers
(Node centrality)




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

Secondary Fishes
Carnivory
Insects
Primary
Carnivory
Zoo-
plankton
Herbivory
Algae
Link Color Indicates Node Color Indicates
Type of Feeding Link Trophic Level of Taxon

Thanks to Jennifer Dunne



Node centrality

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

® |nternet: Page rank
® Ecology: Trophic level
® Economics: Output multiplier




The U.S. and China
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Division of labor implies division of innovation

Chain economy

Flat economy

[-:chain = 2 — Z'a, > 1

Chain economy amplifies improvements multiplicatively

(@) | Institute for
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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

AP
dt

® @ij is the flow of physical inputs from
sector | to sector |

— —’Yfz:bez:j

v; = local improvement rate of industry 1

16



Future industry price return
vs. trophic level of industry

regression
e bin average
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Occupational labor network
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Ecology of occupations

Maria del Rio Chanona
(The Job Space) penny Mealy

(0),43(0)230] AT THE OXFORD MARTIN SCHOO




The job space

h ] Education

o

Automation h] Pollution
Probability ' iy intensive
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Occupational mobility network
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Occupational mobility network
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Worker Vacancy
N N 4
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del R1o Chanona, Mealy, Berguerisse, Latond & Farmer, 2019
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Beveridge curve:

Job vacancies vs. unemployment
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Impact of COVID on the UK economy
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Green competitiveness

CH 4

23

“tanovation & Technology

o ;
- Ecosystem module (4)

Total Factor
Productivity

_ j! _ apt
Global energy systemt— | S ot
transition module (1) - — T B _ﬁx

""\.\.

X

gt

‘: |'l 1 i
Y (W
iy -

2 L - -

s Btw‘:ml_aq

Green competitiveness &
Green Adjacent Possible module (3)

2 TSl

i =]

Ermpicsyrent

Regional
~inmpacts

Geography

Institute for

UNIVERSITY OF New Economic Thinking
OXFORD | AT THE OXFORD MARTIN SCHOOL




Green product space

Parts of UV disinfection

U disinfection ozZonisers
ozonisers
PFrimary cells, primary
batteries
Photosensitive fphotosoltaic
LED serpiconductor devices
Parts and accessories of optical
Electrical appliances
FFIBASLIFe TNt Prisms, mirrars, E!Elﬂle frames
INSLFUMBNTS aptical elements :
Bicycle saddlas

pecind

Discharge lamps, ather Cathode Parts of electrical
than ultra-violet lamps gy o ccillazcape ' measurerment  gicycle brakes Bicycle hubs
‘:E‘tﬂl'ﬁ'EtE II'I!.I;I'I.IITIEI'IT!. ‘
Chromatagraph il g Eil.‘p’:l:-pul:lal:
[H

Vacuum pumpsy

Thermormeters, lould fill

Gas turbine engine
Parts of hpdraulic power

BAgines

e neraking g

Machines for balancing =
met hanical parts
Steam amnd

vapaur turbines

e Hydrauli
“turbines ‘
Owptical devices, -
appliances and

instruments g| space \

heating apparatus

self-propelled
railway cars, external
electric power

S

Complexity Methyl alcohol

.Hig;h
=

Railway drivifig bogls
Buses, E:H:Ep'[ |
diesel powerad

Anbydrous
armmania

‘Hydramaeser

Bicyclewhesls @ Filament lamps

P T hermarmeners,

151 pt liquid H.-

s
‘ i Static converters
b4 Lt of electrical

¥ :ramrnrmersﬁ_.j.; Fish-hooks

Fluareicant lamps

Electric fans
Ballasts for dischange lamps

onductors
Fishing nets of manmade textile material

Mprassors
~ Self-propellad tamping machines

ing & grinding machines
‘ rvaying imstruments
4, Sacks & ba cking of jute
Walghing machinary g Tl
,,.E —— F " or othar bast fibres
G, Twine, ropes & cables
. o : af other materials
= i"L L : .. Brooms & brushes of vegetable
: . Sheet/film of " Materlals  Matts & screens from
transformers polymers of ethylene 1 . vegetable material

T = ‘—1-;-;1,111'1?‘.1:
raaterial

Indtrurments to
measure ar detect

ionising radiations

 ¥notted netting of natural materials

AC generators, Limestane fux Reservoirs, ranks and vats A E.indi:r or baber twine, of
I7S-TSORVAL i Tﬂ::; a5k & o iron and stesl ‘sl or agave
&C generators: : containers
< TR0 KVE =-:'5"‘ EEEE::'”E .'Iliute and ather textile bast
res

AL generalors:
75 -375 kWA



Innovation and technology
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Predicting innovation dynamics in the technological
ecosystem

ANTON PICHLER

together with Francois Lafond and J. Doyne Farmer

January 9, 2020
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Construction of technology network

Hpq ... patent citation network — p cites g
B

. bipartite patent-technology network
— patent p associated with technology class i

B = Hp,-/ > Epf .. "'share"” of technology i in patent p
C:= B' HB ... technology citation matrix

=

(0.5 05 09

1 0 0 Gh Lih 126
0 05 05] €= [} 5 0. ?5 1 ?5
() I (0

S 1)




=,
m =2 -
[ == | =
) —] =
" c & % o
4 i m I = =
= o = 1
L et L ol
2 B D o c
i (i & E @
_“r-__ Wl R —_—
[ s = e
L O b o ‘= =
= c T N i 0 o L (]
o @ [t [ab] = g
5 E © 58 E B 5 B8 3
= = a £ 5 @ £ o
L el ] L b= LL = (R L
- T (] k) [ LLI LL D L

B I Il I

N~
™
-
N
—
i
-
2
Q
-
=
Q0
O
O
-
o e
D
_I




Policy implications

Steady state in matrix form

= g = al) ... where
L:=[-8W""

Research impact on focal
technology

ogr
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Model of network-dependent knowledge creation

= Kj(t) ... knowledge stock

= Ri(t) ... research effort in domain / at time t
= (; ... productivity parameter

= o> 0,0 ... knowledge output elasticities

= WV ... technology network

3



Prediction gain through network effects
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Energy system
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Energy technologies

25% of 2018 final energy
2 (2% growth)
, \r 10
10 PN
V

10
1880 1900 1920 1940 1960 1980 2000 2020 2040 1900 1920 1940 1960 1980 2000 2020 2040
— Coal —— Coal electricity — Hydropower Solar PV
Gas Gas electricity —— Biopower —— Concentrating solar power
—— Crude oll —— Nuclear Wind —— Batteries (annuitized cost)

—— Traditional biomass

Production




PV module price in 2013 $/Wp
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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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HYPOTHESIS!?

B Market efficiency: Prices fully reflect fundamental values

B Fisher Black: | believe in efficient markets: Prices are within
fundamental values 90% of the time.

B Grossman-Stiglitz (1980): If markets were perfectly efficient
there would be nothing to incentivize arbitrageurs

B Market is efficient at first order, it is necessarily inefficient at
second order

B Do inefficiencies matter?
B Assumption of market efficient is useful for pricing options

B [nappropriate by definition for understanding market failure



Ecological analogy to financial markets (Farmer, 2002)

B |nvestment strategies correspond to
species.

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

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

B Their profits and losses depend on
the rest of the ecosystem, i.e. on the
wealth of all the other strategies.
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Annual Returns
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The pixel at a coordinate in the
simplex is coloured according to
the strategy earning the highest
expected return.

B Chaotic region, top left, where
trend followers make prices
diverge from fundamental



Market food web
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What is this good for?

B Could help practitioners understand the co-evolving
financial landscape

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

B Empirical tests are in progress ...



Foundations of
System-Wide Stress
Testing

UNIVERSITY OF

OXFORD

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

OXFORD

* Python-based simulation

* Simulation engine also
available in C++

* Library online

* Five building blocks
(‘ontology’)

Financial
Institutions

Financial : .
Contracts Markets Constraints Behaviour
Form direct and indirect Form prices and change Can be regulatory, Is driven by constraints, takes
connections between financial contracts contractual, and market- into account relevant

institutions related information



Institutions and Interconnections

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

UUUUUU SITY O

OXFORD

Disorderly liquidation Contagion-free resolution

1.0 ~ 1.0 ~
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y W
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Initial shock relative to EBA 2018 scenario Initial shock relative to EBA 2018 scenario

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.



Fraction of bank defaults £

Policy Experiment 4: Amplification of
Contagion Mechanisms

UUUUUU SITY OF
OXFORD
Disorderly liquidation Disorderly liquidation
1.0 - _
. : Contagion
mechanisms: 4 1
Overlap.
0.8 - —«— portfolio y
contagion (O) £
Exposure 23 Contagion
loss 4 mechanisms:
0.6 - contagion (E) ° B O&E
Funding = B O&F
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Collateral S 27 O&C
0.41 contagion (C) = mm F&E
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—o— O&F 2
0.2 0&C < 14
—— F&E
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OO T | 0 -

Price impact 0% Price impact 5%

Price impact (%)

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
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Overview of results

Institute for Economic

Stanford ‘ Policy Research (SIEPR)

* 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
y

mechanisms that could endogenously ampli

shocks emanating

from bail-ins.
e Our results suggest that:

1.
2.

w

Financial stability hinges on the bail-in design.

Bail-ins turn out to be a credible tool to resolve failing SIBs even in
severe systemic crises — if bail-ins are well-designed. |ll-designed bail-
ins tend to exacerbate financial distress.

The current bail-in design might be in the regime of instability.

Given the political economy incentives at play an improve in the bail-in
design seems unlikely.



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

58
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Simulating the economy
(and the financial system in particular)  

Simulation conference
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