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Objective

• How should we integrate ecological concerns with standard 
economics?
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Conceptions of macroeconomics
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The economy 
is a machine

For more on the “Phillips machine” see https://en.wikipedia.org/wiki/MONIAC

The economy 
is an ecology

An alternative view of the factors of production

Know 
how

Energy

Materials

Decay

4Boulding, K.E., 1977, “Notes on goods, services, and cultural economics” Journal of Cultural Economics, 1(1):1-12

“All living organisms 
are self-destruct 

machines” Kenneth 
Boulding, 1977, p.6

“What we have is a world of goods, that is, 
products, objects, which are in some sense 
significant to the human race and which are 
capable of evaluation. This set of objects includes 
the members of the human race itself with all 
the varying information content and energy 
capacities, nutritional requirements, and so on. It 
includes the stock of significant human artifacts 
like the opera house, scenery, clothing, the 
furnace, the oil and the tank, implements and 
machines, automobiles, and so on. They require 
varying degrees of throughput of energy and 
other materials for their nutrition repair and 
replacement. The stock is constantly changing as 
people are born, mature, acquire skills and lose 
them, grow old and die, and as buildings, 
machines, artifacts of all kinds are reproduced, 
fed, repaired, consumed and replaced. 
Throughput of many different kinds constantly 
changes the total stock of significant objects.”

Kenneth Boulding, 1977, p.7
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Sustainability

• Sustainability implies “a concern for the evolutionary or 
lasting qualities of the phenomena under study… [it is] to 
do with the avoidance of short-term or temporary solutions 
that do not address fundamental issues, and also a concern 
with producing self-generating or self-perpetuating 
characteristics in a system”*

• But this is referring to a system

• An economic approach to sustainability requires taking a 
step back and look at the market process. This allows us to 
view firms not as sustainable elements, but as ephemeral 
parts within an ecological system

5Thirsby, D., 1995, “Culture, economics and sustainability” Journal of Cultural Economics, 19(3):199-206

We survive for a bit, 
then we die

The three components of sustainability

6

Social

Environmental

Economic

Sustainability is the 
maintenance of systems 

according to environmental, 
economic, and social 

considerations*

* Crane, A., Matten, D., Glozer, S., and Spence, L., 2019, Business Ethics, 5th edition, p.32

Planet

People Profit

GDP growth
- Adapt it?
- Replace it?
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Wither capitalism?

Subvert it
• Marxists

Redefine it
• Delusional 

egotists

Renew it
• Economists

7

• Economists are not saying “true 
capitalism has never been tried”. 

• Near capitalism is defendable. 

• And true capitalism is not 
utopian. 

The toolkit of capitalism

• There has been an explosion in funds devoted to net zero 
projects, and yet we don’t really know how to measure it

• Sylvera is a tech startup that is building a ratings agency 
for the carbon market
– Do other markets need separate ratings agencies?

8See “Allister Furey: Creating a ratings agency for the net zero economy”, Thoughts in between by Matt Clifford, 
https://podcasts.apple.com/us/podcast/allister-furey-creating-a-ratings-agency-for-the/id1547838601?i=1000548787154
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Assets dedicated to transition to net zero ($ trillion)

Equity – reports and 
analysis

Debt – ratings 
agencies
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A basic production function
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Y= 𝑓(𝐿𝑎𝑛𝑑, 𝐿𝑎𝑏𝑜𝑢𝑟, 𝐶𝑎𝑝𝑖𝑡𝑎𝑙)

Factor payments: Rent Wages Interest

10

Households Firms

Resources (e.g. labour, capital)

Output (Goods and services)

Income (e.g. wages, interest)

Expenditure (consumption)

Two sector circular flow
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Households Firms

Income (e.g. wages, interest)

Expenditure (consumption)

Multi sector circular flow

Taxation Govt. spending

Govt.

Exports Imports

Overseas

Savings Investment

Banking system

Criticisms:
• The banking system 

isn’t a “sector”

DSGE models

12

Dynamic
agents optimize over lifetime

Stochastic
random shocks

General Equilibrium
an interlinked system that approaches stable growth

DSGE models create impulse responses 
to show what the expected effect of 
government policy will be. 

Main uses:
• Provide forecasts
• Identify the disturbances that drive 

the forecasts
Typically focused on inflation, GDP 
growth, and the short term interest rate

Hence popular with central banks

See Sborddone et al, 2010
Impulse responses show output and inflation data following a house price shock to a standard model (blue line) and an augmented policy 
model (red line), from Caldara et al, 2012, https://www.federalreserve.gov/PUBS/feds/2012/201272/201272pap.pdf

Alternatives:
• Partial equilibrium analysis
• Spreadsheet models
• Agent-based models
• Ad-hoc models (e.g. ISLM)

a. Demand b. Supply

c. Monetary policy

IS equation NK Phillips curve

Taylor rule

The basic structure of a DSGE model
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Agent-Based modelling (ABM)

• A computational simulation that looks at how the actions of 
autonomous agents generate an emergent order

• Instead of (identical) “representative agents” whose 
individual behaviour is mirrored by the system as a whole, 
behaviour is set by assigned rules and then interactions 
between agents generate the outcomes

• There are no assumptions about the macro structure
• It’s “bottom-up” rather than “top down”

• Examples:
– Thomas Schelling on segregation
– Robert Axelrod’s iterated PD tournament
– Robert Axtell and Josh Epstein’s Sugarscape

13

Schelling’s segregation model

• Big question: why do racially segregated neighbourhoods 
exist over time, despite people’s intolerance for having an 
interracial neighbour falling?

• Can individually weak preferences for similar neighbours 
lead to a much more segregated outcome?

• Imagine a two-dimensional grid and two types of agent
– Red and Blue
– Agents are satisfied if 30% or more of their neighbours 

are the same colour
– If an agent is dissatisfied they move to a random 

unoccupied cell

14
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Let’s see what happens…

15

Using Frank McCown’s simulation, available at 
http://nifty.stanford.edu/2014/mccown-schelling-model-segregation/

A Sugerscape model

– Agents occupy a 2-dimensional grid
– Each cell contains an amount of “sugar”
– Rules are applied to explain their movement, and what 

happens on each cell 

• See this Runestone Academy interactive textbook on ABMs: 
https://runestone.academy/runestone/books/published/complex/A
gentBasedModels/Introduction.html

16
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Contemporary uses of ABMs

• Epidemiology
– E.g. spread of Covid-19*

• Housing economics
– Role of leverage vs. interest rate changes in the 

mortgage market**

• Central banking
– ABM’s are “suited to answering macroeconomic 

questions where complexity, heterogeneity, networks, 
and heuristics play an important role.”

– Haldane, A., and Turrell, A., 2017, “An Interdisciplinary Model 
for Macroeconomics” Bank of England, Staff Working Paper no. 
696

17* Adam, D., 2020, "Special report: The simulations driving the world's response to COVID-19". Nature. 580 (7803): 316–318
** Geanakoplos, J., R. L. Axtell, et al, 2012, "Getting at Systemic Risk via an Agent-Based Model of the Housing Market." American 
Economic Review: Papers and Proceedings 102(3): 53-58.

Complexity

• Complexity is the study of systems that have non-simple 
relations between their parts (see Simon 1991)
– It implies that the system is more than merely the sum 

of its parts

• It originates from the study of physics, math and biology 
but it is not being used as a metaphor
– The concept of evolution relates as much to economic 

systems as to biological ones

18

Neoclassical economics Complexity

• Decreasing returns
• Perfect rationality
• Static equilibrium

• Increasing returns
• Bounded rationality
• Dynamic process
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The Malthusian trap

• Thomas Malthus (1766-1834)

19

Finite natural 
resources

Population 
growth Catastrophe!

Image source: http://www.opentextbooks.org.hk/ditatopic/8056

The Malthusian trap existed!

20Source: https://ourworldindata.org/grapher/the-malthusian-trap

For much of human 
history population 
growth coincided with 
lower real wages

The Industrial 
Revolution was when 
we seemed to escape 
this constraint
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How should we judge things?

Prediction
Scenario

21

Limits to Growth

• Published in 1972 by the Club of Rome
• Basic claim: infinite growth is impossible in a world of 

finite resources
• Used the World3 model

– It included population, industrial growth, food 
production, consumption of non-renewable resources, 
and pollution

• Provided a warning over the sustainability of certain 
industrial policies

• Main criticism: 
– What constitutes a “resource” is subjective and 

changes over time
– As Julian Simon argued, the ultimate resource is 

human
– When resources become scarce we find substitutes and 

create technological solutions

22See “Modéliser l'avenir de l'humanité - Heu?reka” https://www.youtube.com/watch?v=nAO21ec1lqc
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The Simon-Ehrlich wager

• “If I were a gambler, I would take even money that England 
will not exist in the year 2000” 

Paul Ehrlich

• "a public offer to stake US$10,000 ... on my belief that the 
cost of non-government-controlled raw materials (including 
grain and oil) will not rise in the long run” 

Julian Simon

23

The Simon-Ehrlich wager (2)

24

All five commodities fell in price: 
Simon won!

Ehrlich chose 5 
commodities

The bet was formalized on September 29th 1980 
to be settled on September 29th 1990

Note: a fall in real prices is an imperfect proxy for resource scarcity – it’s also possible that higher prices reflect 
increasing demand is a consequence of people valuing the commodities more: 
http://www.marginalrevolution.com/marginalrevolution/2010/02/revisiting-simonehrlich.html
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DICE

• Dynamic Integrated Climate-Economy model
• Combines a standard economic model with the carbon 

cycle and climate science
• Allows estimates of the costs and benefits of alternative 

policy choices
• Main findings:

– Global temperatures would rise by 3oc*
– The environmental damage caused by global 

temperatures rising by 2oc would be less than the 
required investment to try to prevent this

• Main criticisms:
– Highly sensitive to initial assumptions
– Results contradict scientific consensus*

• Pioneered by William Nordhaus
• Nordhaus won the Nobel prize in 2018 “for integrating 

climate change into long-run macroeconomic analysis”

25*Ward, B., “A Nobel Prize for the creator of an economic model that underestimates the risks of climate change” LSE 
Commentary, https://www.lse.ac.uk/granthaminstitute/news/a-nobel-prize-for-the-creator-of-an-economic-model-
that-underestimates-the-risks-of-climate-change/

Policy implications

26See Murphy, R., 2018 “William Nordhaus versus the United Nations on Climate Change Economics” Library of Economics and 
Liberty [https://www.econlib.org/library/Columns/y2018/MurphyNordhaus.html]

$16

$44

2009 2016

Nordhaus estimates of the 
social cost of carbon (per ton 
of CO2)

To justify a limit of 
2.5oc the implied social 

cost is $284 per ton

• As of 2016, and without policy action, global 
temperatures were expected to rise by 4oc 
by 2100

• Nordhaus’s DICE model implied an optimal 
carbon tax would reduce this to 3.5oc

• In his 2006 report Lord Stern advocated a 
ceiling of 2.5oc
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Key outcomes from COP26

• The 2015 Paris 
agreement (which was 
based on a 2013 report) 
suggested that we 
needed to prevent a 
rise of >2oc but the UN 
2021 report calculated 
that we are on course 
for >3oc. Hence Cop 26 
focused on stronger 
action*

• As of 2021, current 
pledges are forecast to 
limit global warming to 
2.4oc

• Restricting to 1.5oc is 
now deemed the 
threshold for 
preventing a climate 
catastrophe

27See https://www.bbc.co.uk/news/science-environment-56901261. 
For an interactive figure see https://apps.ipcc.ch/report/sr15/fig1/index.html
* See “Megan Greene on the future of CBDC and central bank mission”, Macro Musings, September 2021

Ozone depletion

• Stratospheric ozone plays a 
critical role in absorbing UB-B 
radiation, protecting us from 
sunburn, skin cancer and 
blindness

• In the 1960s Paul Crutzen learnt 
that Chlorofluorocarbons 
(CFC’s), which are human 
emissions of nitrious oxide (via 
crop fertilisers, rocket motors 
and combustion engines), was 
reacting with ozone

• The Chairman of DuPont – the 
world’s biggest CFC producer –
called the theory “a science 
fiction tale . . . a load of 
rubbish . . . utter nonsense”

28See “How we fixed the ozone layer” Hannah Ritchie, Works in Progress, May 2021 https://www.worksinprogress.co/issue/how-we-fixed-
the-ozone-layer/ and “Whatever Happened to the Hole in the Ozone Layer?”, Barbara Pinho, November 2020 
https://www.discovermagazine.com/environment/whatever-happened-to-the-hole-in-the-ozone-layer

• The US banned CFCs in aerosol sprays in 1978 (after 
a major reduction in use due to consumer pressure)

• In 1983 it became clear that there was a hole in the 
ozone layer above Antarctica

• In 1985 twenty countries signed up to the Vienna 
Convention

• In 1987 forty-three countries adopted the Montreal 
Protocol which intended to phase out ozone-
depleting substances by two years and ensure that 
1999 levels were half what they were in 1986

• In 2009 it became the first convention to have 
universal ratification

Ø By 1997 consumption of ozone depleting substances 
had fallen by 80% and by 2021 by 99.7%

Ø The hole in the ozone layer stopped growing by 
1994 and seems to be recovering

The solutionThe problem
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Implications for climate change

• Halting the depletion of the ozone hole was a major 
achievement by the international community

• It shows the importance of:
– Graphic images to concentrate attention
– Aggressive targets that get met and increased over time

• But perhaps it was easier to fix than climate change
– Richer countries (e.g. Northern America, Europe) had the most 

to lose (near to polar conditions and populations susceptible to 
skin damage)

– Large part of the harm caused by a single industry

29https://www.noaa.gov/news/antarctic-ozone-hole-is-13th-largest-on-record-and-expected-to-persist-into-november

Take carbon pricing seriously

30See https://twitter.com/sam_dumitriu/status/1551288298202697728?s=11&t=CVqoSxK_i0_DGsqmGp6i_A

• There are currently 
dozens of different 
carbon prices

• Some claim that “A 
single economy-wide 
carbon price would 
dramatically reduce 
the cost of reaching 
net zero” Sam 
Dumitriu

• The Zero Carbon 
Commission advocate 
“A clear carbon price 
trajectory reaching a 
minimum of 
£75/tCO2e by 2030”
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Models of the environment

31Diagrams from Lazrus, H., 2015 “Risk Perception and Climate Adaptation in Tuvalu: A Combined Cultural Theory and 
Traditional Knowledge Approach” Human Organization, 74(1):52-61
Based on Thompson, Ellis and Wildavksy, 1990, Cultural Theory, Westview Press

An unnamed Russian 
peasant

(Former) BP CEO Tony 
Hayward

Climate activist Greta 
Thunberg

Nicholas Stern, author 
of the Stern Review

Contemporary limits to growth

Social foundations Ecological ceilings
1. Food security
2. Health
3. Education
4. Income and work
5. Peace and justice
6. Political voice
7. Social equity
8. Gender equality
9. Housing
10. Networks
11. Energy
12. Water

These originate from the UN’s Sustainable 
Development goals. https://sdgs.un.org/goals

1. Climate change 
2. Ocean acidification 
3. Chemical pollution
4. Nitrogen and phosphorus 

loading
5. Freshwater withdrawals 
6. Land conversion
7. Biodiversity loss
8. Air pollution
9. Ozone layer depletion

These are known as “Planetary Boundaries” 
see Rockstrom, J., and Steffen, W., 2009, “A
safe operating space for humanity” Nature, 
461 (7263): 472–475

32
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Bringing them together…

33See https://en.wikipedia.org/wiki/Planetary_boundaries

Note: These are “illustrative” 
scores – there’s no measure 

Sustainable development means 
that we achieve a strong social 

foundation without exceeding our 
planetary boundaries

Bringing them together…

34Raworth, K., 2012, "A safe and just space for humanity: Can we live within the doughnut?" Oxfam Discussion Papers
https://www.oxfam.org/en/research/safe-and-just-space-humanity

Image from Wikipedia: 
https://en.wikipedia.org/wiki/Doughnut_(economic_model)

??
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Dunkin on doughnuts

35

• There isn’t necessarily a trade off between the social foundations and ecological 
ceiling

• It’s vague - it was originally presented as an “illustrative depiction” but now there’s 
attempts to measure it. And yet scorecards that go beyond economic wellbeing 
already exist (e.g. the Legatum Prosperity Index or the Social Progress Imperative)

• It conflates local and global issues
• It ignores the fact that some countries are doing better than others at 

providing the social foundation for prosperity – looking at a global scale it fails 
to explain why some nations are rich and some are poor

• By “uniting” economic and ecological concerns it merges problems that 
markets can solve with those that require government action (i.e. collective 
action problems)

Ø The underlying assumption is some sort of global policymaker
• The underlying critique of neoclassical economic models is somewhat misplaced:

• Traditional economic models are only supposed to focus on economic activity
• No alternative to rational economic man is provided (postmodernism descends 

into nihilism)
• Advocating state action to impose shared social goals is… totalitarian

Raworth, K., 2012, "A safe and just space for humanity: Can we live within the doughnut?" Oxfam Discussion Papers
https://www.oxfam.org/en/research/safe-and-just-space-humanity

Legatum Prosperity Index

36See https://www.prosperity.com/
Accessed January 2021 and https://docs.prosperity.com/2916/0568/0539/The_Legatum_Prosperity_Index_2020.pdf p.21
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Global result

Social Progress Index

37Source: https://www.socialprogress.org/index/global/results
Accessed January 2021

38
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Final thoughts
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Neoclassical 
economic 
models

Formal Natural

Narrow

Broad Scenarios

Case studies

Climate 
economy 
models

Visual 
frameworks

Language

Focus

(1)

(2)
ABM

(3)

(1): The problem with neoclassical economic models may 
be the modelling, not the economics

(2): A graphic visualisation has a totally different 
objective to a neoclassical economic model

(3): Ecological concerns can be investigated formally 
without using a traditional neoclassical model

Indices/
Scorecards

Any questions?
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