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Useful additional pre-reading
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Type Resource Details

Research 

report
Pay now or pay later

Provides evidence and analysis to support the climate beliefs required to drive 

increased action on climate. To demonstrate to the industry that we must pay 

now to address climate risks, or we will be required to pay more later.

Investment 

insight

Phase down or phase-out | 

is there a difference?

A thought piece considering the winding down of fossil fuels at a high level.

Investment 

insight

To explore, or not to 

explore

A thought piece considering whether it is now time to stop exploring for new 

fossil fuel sources.

Research 

report
Systemic risk paper

A draft paper by the Thinking Ahead team on the theory of systemic 

risk. An application paper for institutional risk management will follow.

Book 

summary

Post Growth, Life after 

Capitalism by Tim Jackson

A slide deck summarising the book chapter by chapter.

Articles
Best case scenario 2050

Worst case scenario 2050

Articles based on the book, The Future We Choose, by Christiana Figueres and 

Tom Rivett-Carnac which offers two contrasting visions for how the world might 

look in thirty years.

(no change from WG1)

https://www.thinkingaheadinstitute.org/research-papers/pay-now-or-pay-later/
https://www.thinkingaheadinstitute.org/forum/article/phase-down-or-phase-out-is-there-a-difference/
https://www.thinkingaheadinstitute.org/forum/article/to-explore-or-not-to-explore/
https://www.theguardian.com/environment/2020/feb/15/best-case-scenario-2050-climate-crisis-future-we-choose-christiana-figueres-tom-rivett-carnac
https://www.theguardian.com/environment/2020/feb/15/worst-case-scenario-2050-climate-crisis-future-we-choose-christiana-figueres-tom-rivett-carnac
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East start 15:00 AEST / 06:00 BST

West start 10:00 EDT / 15:00 BST

Agenda for WG2 | 24 May 2023

Time Agenda Item Description

-10 Coffee prequel

5 minutes Scene setting  (s6-9) ▪ Recap of ask from WG1

▪ Background and introduction to work done

AC

10 minutes Summary of qualitative 

assessment (s10)

▪ Review of the explicit and implicit assumptions within the IEA net zero emissions (NZE) 

scenario

▪ Executive’s conclusion

TH

55 minutes Discussion on feasibility 

of NZ target (s11)

▪ How does the working group react to the qualitative assessment?

▪ How much can we rely on models? What level of risk aversion should we apply to model 

output?

▪ Does this have implications for NZ commitments? How we invest?

All

15 minutes WG decision re 

quantitative analysis

▪ Option A | press further into feasibility of IEA NZE; agree or amend project plan (s24-27)

▪ Option B | switch to financial stress test (would be partially qualitative)

All

5 minutes Next steps ▪ Confirm WG expectations re next phase of research TH

AC

Close ▪ Thanks for your participation

▪ Next meeting scheduled for 12 July 2023
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2023

Pay later

2022

Pay now

Investors face choice 2100

Impact on 

investing? 

2.7ºC

50-60% 

loss

What new 

rules?

1.8ºC

15% 

loss
Possible under 

current “rules”?

Adapt our 

approach 

to 

barbells?

2100

Relative 

likelihood 

of these?

Are our current 

portfolios fit for 

purpose?Environment 

group

Society 

group

Time commitment: 5 x 1.5 hours MS Teams calls, plus pre-reading and reviewing

WG call dates: Mar, May, July, Sep, Nov

Output: Co-created paper. Possibly, scenarios

Investing for tomorrow – macro view
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Emission pathways analysis
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(Global) Carbon budget vs. emissions pathways
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The IPCC defines the remaining carbon budget (RCB) as the total net amount of CO2 emissions that can still occur while limiting global 

warming to a specified level (eg 1.5C or 2C). Different probabilities of success yield different carbon budgets. Grey bars in the chart below.

We compare the RCBs with the cumulative anthropogenic CO2 emissions for 3 scenarios projected by NGFS and IEA (coloured bars)

TAI’s calculations on NGFS and IPCC data
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(Global) Carbon budget vs. emissions pathways
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TAI’s calculations on NGFS and IPCC data

The IPCC defines the remaining carbon budget (RCB) as the total net amount of CO2 emissions that can still occur while limiting global 

warming to a specified level (eg 1.5C or 2C). Different probabilities of success yield different carbon budgets. Grey bars in the chart below.

We compare the RCBs with the cumulative anthropogenic CO2 emissions for 3 scenarios projected by NGFS and IEA (coloured bars)



When does ‘the’ carbon budget run out?
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NGFS IEA

NDCs 

(disorderly)
Below 2C 

(orderly)

NZ 2050 

(orderly)
STEPS APS NZ 2050

1.5C

50% 2034 2035 2039 2034 2036 >2050

67% 2031 2032 2034 2032 2032 2035

83% 2029 2029 2030 2029 2029 2030

1.7C

50% 2045 >2050 >2050 2045 >2050 >2050

67% 2040 2044 >2050 2040 2045 >2050

83% 2036 2037 2043 2036 2038 >2050

2.0C

50% >2050 >2050 >2050 >2050 >2050 >2050

67% >2050 >2050 >2050 >2050 >2050 >2050

83% 2047 >2050 >2050 2046 >2050 >2050

TAI’s calculations on NGFS and IPCC data

For the 1.5C temperature target, the carbon budget will be depleted much earlier than 2050 for almost all combinations of probability and scenario



Historic CO2 emissions
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CO2 emissions from land-

use change in 2022 

(projected) 3.9Gt (±2.6Gt)

Total CO2 emissions 

c 41.5Gt

Source: Global Carbon Project



Summary of qualitative assessment of IEA NZE scenario (slides 13-22)
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Context Key item Implicit assumption/ limitation

Climate 

science

Carbon budget

▪ Wide error ranges

▪ Based on subjective assumptions

▪ Not acceptable chance of failure (50%)

GHG concentration and 

temperature rise

▪ Equilibrium climate sensitivity (ECS) is uncertain

▪ Earth system sensitivity (ESS) is greater, implying >3C warming at current GHG 

levels

General commentary 

on NZE scenario

▪ Role of government in scenario differences

▪ Differential pace of NZE by economies

▪ Orderly transition assumptions

Open questions on 

climate policies and strategies
▪ Fossil fuel prices, carbon price, biofuels, emissions removal

Model 

assumptions 

assessment

Basic assumptions

(on some modules of the 

IEA GEC model)

▪ Perfect competition

▪ Perfect information, atomic agents

▪ Price signalling -> rational decision making

▪ Perfect foresight: complete market knowledge

Variability
▪ Lack of transparency and comparability in model assumptions and outcomes, and 

difficulties in assessing likelihood and financial risks of scenarios

Understanding of transition 

narrative

▪ Assumptions of frictionless transition and absence of feedback mechanisms

▪ No adequate capture of the complexity of the transition to a low-carbon economy

▪ Lack of understanding of the potential severity and timescales of climate-related risks

Model oversimplifications

▪ Limited capacity to incorporate complexities (non-linearity, tipping points, uncertainty)

▪ Neglected climate events and links between climate, ecosystems and natural 

resources often excluded

▪ Insufficiently capture acute physical risk shocks

▪ Rational expectation assumptions don't reflect reality

Information loss along the 

climate scenario modelling 

chain

▪ Scenario modelling may result in information loss

▪ Insufficient passthrough of extreme tail risks and variation

▪ IAMs lack sub-sectoral and country-specific breakdowns

▪ Lack of scenario and model granularity

• An arguable carbon budget is 

fully spent

• Unnatural orderliness

• No risk buffer

• ‘Priced to perfection’

• NZE is a partial real-world 

scenario, not a financial 

scenario. It is built by the 

energy industry, for the energy 

industry. It is NOT a financial 

stress test



The feasibility of net-zero investing
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Is limiting warming 

to 1.5C feasible?

Are NZ by 2050 

scenarios 

feasible?

Yes

Why might it 

not be? Why might they 

not be?

Climate science

Carbon budgets 

are uncertain

(s13, #1)

Link between 

emissions and temp 

is uncertain

(s13, #2)

Remaining carbon 

budget could be 

much smaller than 

IPCC estimates, 

potentially zero

1.Model vs 

reality

2.Assumptions

(s14-16)

3.Limitations

(s17-22)

Can we check 

feasibility 

quantitatively?

Yes
See project plan

(s24-27)

Invest in-line with 

NZ by 2050

Yes

Supportive

WG decision | do we start to 

outline a stress test?

Dismissive

What do I do 

about my NZ 

commitment?

How do I invest?

Rescind

Double down

How much can we rely on 

models? What level of 

risk aversion should we 

apply to model output?
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Scenario assumptions assessment
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IEA net zero emissions (NZE) scenario assumptions | explicit and implied
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1. There is a carbon budget of 500 GtCO2e available (implying a 50% chance of not exceeding 1.5C). Source IPCC

- In what other area of risk management is a 50% chance of failure acceptable? Lower chance of failure = lower carbon budget = 

IEA NZE no longer holds

- Carbon budgets have wide error ranges (>100%). Uncertainties noted in IPCC SR1.5 are (i) uncertainty in climate response +/-

400Gt, (ii) carbon & methane release -100Gt, and (iii) non-CO2 mitigation +/-220 Gt

- The IPCC carbon budgets depend on their own assumptions [which, arguably, do not hold]: (a) strong action on non-CO2 

emissions [methane levels are at an all time high (≈1C of warming)], (b) no big shift in the Atlantic meridional overturning 

circulation (AMOC) [probably weakening], and that we do not cross any unexpected tipping points [temperature thresholds have 

been reduced through time, with possibility that we have passed one or two already]

- From the IPCC AR6 FAQ: “Estimating the size of remaining carbon budgets depends on a set of choices. […] These choices can 

be informed by science, but ultimately represent subjective choices.” (here)

2. We know the relationship between atmospheric GHG concentration and temperature rise

- The main assumption here is equilibrium climate sensitivity (ECS), which is how much we expect the planet to warm when we 

double GHGs. The stable consensus has been 3C for 2x GHGs (we have already doubled GHGs)

- ECS is uncertain. IPCC AR6 report gave a range of 2.5C – 4C, with an 18% chance of being greater than 4.5C

- ECS includes some simplifying assumptions. In particular it assumes ice sheets and vegetation are fixed, which they are not. 

Earth system sensitivity (ESS) models what happens as vegetation, ice sheets and other factors change. It is assumed to be 

greater than ECS, suggesting that we could exceed 3C of warming at current levels of GHGs (ie net zero tomorrow)

- It takes time for the Earth to warm, giving a window of opportunity to reduce GHGs to safe levels before this heating occurs

Climate science provides less certainty than implied by climate scenarios 

https://www.ipcc.ch/report/ar6/wg1/downloads/faqs/IPCC_AR6_WGI_FAQ_Chapter_05.pdf


IEA NZE scenario assumptions | explicit and implied (2)
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3. Decisions made by governments are the main differentiating factor between scenarios

- Insert your own belief re government action here

4. Advanced economies move to achieve net zero emissions at a faster pace and thus earlier than in other IEA scenarios, and earlier

than emerging market and developing economies

- On one level this is uncontroversial (eg China aiming for NZ by 2060, India by 2070). On another it implies that developed 

countries will agree to decarbonise more quickly than current commitments

5. NZE assumes an orderly transition. This includes ensuring the security of fuel and electricity supplies at all times, minimising stranded 

assets where possible and aiming to avoid volatility in energy markets

- See next slide for detailed commentary 

General commentary regarding all IEA scenarios. From here

https://www.iea.org/reports/global-energy-and-climate-model/understanding-gec-model-scenarios


IEA NZE scenario assumptions | explicit and implied (3)
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6. Perfect competition

- This refers to a standard set of assumptions from economics. Among this set, competitive energy markets are characterized by 

perfect information and atomic economic agents, which together preclude any of them from exercising market power (see next 

bullet). These assumptions are described for a sub-model (TIMES), but the effect of various constraints means that equilibrium is 

not (or is unlikely to be) reached in the main model. 

- While we could criticise each of the standard assumptions, we acknowledge that it is very difficult to build a tractable model 

without them (the main alternative would be to use agent-based modelling, and embrace different problems). We therefore 

restrict ourselves to only note that the Russia/Ukraine-induced energy shock demonstrates that these assumptions are 

unrealistic. In particular, it appears clear that some agents, or groups of agents, do have market power and can move prices.

Consequently, real-world experience is unlikely to be as smooth (orderly) as the model suggests.

7. Perfect foresight

- This belongs within the standard set of economic assumptions, but we draw it out here to emphasise that real-world disorder is 

more likely.

- The perfect foresight assumption means each agent has complete knowledge of the market’s parameters, present and future. In 

other words, amongst other things, energy capacity can be added or withdrawn with no (costly) mistakes. We suggest mistakes 

are likely, and that energy supply could oscillate between shortage and glut.

IEA global energy and climate (GEC) model



IEA NZE scenario assumptions | explicit and implied (4)
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8. International fossil fuel prices (p19) 

- “Bioenergy is an important renewable energy option in all of its forms” [13% of total energy supply 2030 (renewables inc bio 

31%); 19% 2050 (70%)] Q: do we agree? Where do we stand on this highly-divided issue?

9. Carbon price (p18)

- NZE CO2 price / tonne in 2030 is $140 in advanced economies with NZ pledges (lower in other countries). This would add $62 

per barrel of oil (0.4261 tonnes of CO2 per barrel). How reasonable is this assumption?

10. Biofuels (p19) 

- In the IEA scenarios this is an input – and reflects the price level required to stimulate the required level of supply. In the real 

world, price and quantity are jointly determined. Quantity can be influenced through high prices (see carbon price below), or

other measures such as a ban on new supply (exploration). For illustration, NZE crude oil price/barrel in 2030 is $35. 

11. Emissions removal

- [in 2050 DAC is removing 393Mt pa, a 23% CAAGR for 29 years] Q: can anything grow at 23%pa for 29 years?

- [over same 2021-2050 period CO2 emissions fall in industry (10%pa), transport (8.8%pa), buildings (13%pa)] 

- [NZ requires 1.5Gt pa removal by 2050, with vast majority coming from bioenergy] Q: (see above) does bioenergy count as 

carbon removal? Does bioenergy at this scale compromise agriculture or reforestation?

From here

[data from IEA spreadsheet]

https://iea.blob.core.windows.net/assets/2db1f4ab-85c0-4dd0-9a57-32e542556a49/GlobalEnergyandClimateModelDocumentation2022.pdf


Model assumptions assessment from main providers (IEA, NGFS, IPCC)
Source: Toward a framework for assessing and using current climate risk scenarios within financial decisions
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Models

Limitations

Insufficient awareness around 

variability

Model (over)-

simplifications

Information loss along the climate 

scenario modelling chain

(think ‘explicit assumptions’)

Insufficient understanding of

the transition narrative

(1)

(2)

(3)

(4)

(think ‘implicit assumptions’)

https://www.cgfi.ac.uk/wp-content/uploads/2023/03/CGFI-Scenario-paper.pdf


(1) Variability and (2) Understanding of transition narrative
Source: Toward a framework for assessing and using current climate risk scenarios within financial decisions
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1. Insufficient awareness around variability of parameters and/or assumptions

▪ Lack of transparency of model’s key assumptions

▪ Lack of comparability across scenario providers (eg how the energy system is modelled)

▪ Significant variability in the financial risk outcomes

▪ Difficulties in attaching a likelihood, and judging the level of conservativeness of some key assumptions (eg how likely are each of the 

scenarios against each other; what are the consequences for carbon-intensive energy firms and resulting financial risks from a faster 

uptake of renewables than anticipated in the IEA scenarios)

2. Insufficient understanding of transition narrative

▪ Different macroeconomic model types lead to significant differences in the transition narrative

o Some general equilibrium models impose restrictions on the money supply (Pollitt and Mercure, 2017). This leads to additional

public sector spending (eg investment in renewables) crowding out private sector investment. Within these models, the 

transition to a low-carbon economy is framed as diverting away from a general equilibrium, with the economic system 

recovering from such a deviation and bouncing back to an equilibrium (Bolton et al., 2020). This shift is associated with high 

economic cost in the short-medium turn (Mercure et al., 2019)

o Other model approaches account for crowding in effects, and therefore new spending/investment has wider positive effects. 

These models frame the transition as having a positive net economic effect (Mercure et al., 2019)

https://www.cgfi.ac.uk/wp-content/uploads/2023/03/CGFI-Scenario-paper.pdf


(2) Understanding of transition narrative (cont)
Source: Toward a framework for assessing and using current climate risk scenarios within financial decisions
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Assumptions of frictionless transition and absence of feedback mechanisms 

Economic and financial frictions

▪ Most climate scenarios rely on integrated assessment models (IAM) based on optimum policy pathways which represent smooth 

trends along the time horizon to reduce complexity

▪ Traditional macroeconomic models (adopted by providers) are not suitable for capturing associated frictions (eg rapid large-scale 

transformation to a low carbon economy and potential short-term volatility along the transition pathway)

▪ Models’ assumptions do not adequately cover the spectrum of discrete shock events (eg failure of adopted policy pathways)

Energy system frictions

▪ Models assume a smooth transition to low-carbon technologies without friction (eg lobbying for/against carbon tax may increase as the 

energy system becomes greener)

▪ Amplification mechanisms are often ignored (green technology investment reduces cost and increases competition with fossil fuels, 

driving further green investment)

▪ Tipping points cause sudden asset stranding without smooth divestment due to rapid system shifts

Labour market frictions

▪ Limited representation of labour frictions that might create bottlenecks when transitioning to a net-zero energy system

https://www.cgfi.ac.uk/wp-content/uploads/2023/03/CGFI-Scenario-paper.pdf


(2) Understanding of transition narrative (cont 2)
Source: Toward a framework for assessing and using current climate risk scenarios within financial decisions
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Assumptions of frictionless transition and absence of feedback mechanisms (cont) 

Financial market frictions

▪ Assumptions may lead to misaligned expectations on financial markets

o Brown and green companies may be valued differently by investors’ belief in the green transition. Realignment of stock price?

o This may trigger rapid system movement, causing sudden stress and slowing investment for transition

o Current scenarios do not account for such behavioural frictions and feedback mechanisms between the real economy and 

financial markets

Policy frictions

▪ Existing scenarios use carbon tax as a policy proxy, but it has limitations, such as insufficient geographical differentiation, distortionary 

effects of other policies, and failure to represent misalignments between climate commitments of different jurisdictions (Mercure et al, 

2019)

▪ Existing scenarios fail to consider the delay between policy implementation and real-world emission reduction due to assuming an

instantaneous market response in models (Asefi-Najafabady et al, 2021)

https://www.cgfi.ac.uk/wp-content/uploads/2023/03/CGFI-Scenario-paper.pdf


(3) Model (over)simplifications
Source: Toward a framework for assessing and using current climate risk scenarios within financial decisions
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▪ Neglected climate events | several phenomena induced by climate change such as migration, crop yield shocks, and social 

instabilities in exposed regions, as well as feedback loops are neglected in IAMs and hence cannot be represented in climate 

pathways for financial exercises (Asefi-Najafabady et al, 2021; Weyant, 2017)

▪ Climate links | the links between climate, ecosystems and natural resources (eg soil, water, forestry) which are known to be important 

drivers of financial risk (Dasgupta, 2021) are often excluded

▪ Non-incorporation of environment risks | Almeida et al, 2023 highlight existing scenarios used by central banks and FIs currently do 

not sufficiently incorporate broader environmental risks, such as nature-related risks, in part due to methodological challenges around 

modelling nature-economy interactions with financial sector dependence

▪ Complexity and non-linearity | more broadly, IAMs remain limited in their capacity to incorporate complexities in relation to non-

linearity, tipping points, and uncertainty

▪ Rational expectation | rational expectation assumptions lead to individual components of the system being optimised. However, real 

behaviour is different, as participants have limited knowledge to make appropriate choices. For instance, reflecting the behaviour of 

fossil-fuel dependent states in supporting international climate negotiations and carbon tax policies remains irrational, with many 

geopolitical factors around comparative advantages driving decisions (Mercure et al, 2021)

▪ Physical shocks | current model approaches and scenarios insufficiently capture acute physical risk shocks in models that aim to 

capture the climate repones to assumed emission pathways (Pitman et al, 2022; Ranger et al, 2021)

https://www.cgfi.ac.uk/wp-content/uploads/2023/03/CGFI-Scenario-paper.pdf


(4) Information loss along the climate scenario modelling chain
Source: Toward a framework for assessing and using current climate risk scenarios within financial decisions
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Information loss and insufficient passthrough

▪ Scenario modelling chains include various sub-models that are linked together, subsequently feeding into macroeconomic and lastly 

financial models

▪ Simplified transmission channels and interaction effects with varying degrees of granularity may result in significant information loss 

and an increase in the uncertainty along the modelling chain

▪ Especially, the insufficient passthrough of extreme tail risks, cross-sectional and geographical variation ultimately results in a loss of 

information that would be needed by the financial sector

Loss of information and relevant risk variation

▪ Most IAMs and macroeconomic models do not feature a firm-level, sub-sectoral and country-specific breakdown of climate-adjusted 

economic pathways. Therefore IAMs may produce sub-sectoral impacts from regional climate policies, which are then translated into 

financial pathways using a macro-model that lacks the sophistication to reflect sub-sectoral dynamics (eg NGFS’s NiGEM)

▪ The resulting impact and risk distribution will therefore miss relevant variation. When such impacts serve as inputs into financial 

models to uncover risk at the counterparty level (eg to assess the transition impact on FIs balance sheet) this will not be directly 

possible without additional downscaling or expansion of the initial scenario pathways

Scenario and model granularity

Models lack sufficient granularity needed by the financial sector and too much room is left for scenario expansion to adequately capture 

the full spectrum of the risk range

https://www.cgfi.ac.uk/wp-content/uploads/2023/03/CGFI-Scenario-paper.pdf
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Project plan
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Project plan
Potential questions we might answer
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Timeline: to present next WG 3, 12th July

Questions

Considering the existing scenarios, particularly those designed to achieve net zero or limit global warming to 1.5C by 2050…

Just transition ▪ Are DMs and EMs required to decarbonise at different rates, in particular are EMs permitted to 

decarbonise at a slower rate than DMs recognising ability to do so and responsibility for historical 

emissions?

▪ Are EMs permitted to converge to DM standards of living as measured by, for example, GDP/capita, 

energy usage/capita

Technological feasibility ▪ Is the projected scale-up of CCS + broader emissions removal feasible? 

▪ Is the projected level of energy efficiency improvement achievable?

▪ Is the projected increase in renewable energy capacity achievable?

▪ Is the projected increase in EV volume, solar PV panels etc… feasible? Does Earth possess enough 

rare minerals to see this become a reality?

Social feasibility ▪ Is it possible to achieve the necessary crop yield improvements to support the projected population?

▪ Can growth rates (based on historical trends) for DMs be sustained and if not what “haircut” to these 

growth rates is required?

▪ What is the projected decrease (if any) in aviation travel and car ownership per person to achieve 

projected emissions reductions? Is this feasible?



Diagnostics
We will run these diagnostics on the parameters/data for each scenario to answer the questions
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Diagnostics

Just transition ▪ Global and regional emissions vs allocated carbon budgets

▪ EM energy usage/capita

▪ EM food consumption/capita

Technological feasibility ▪ Required scale up in CCS capacity

▪ Rate of electrification vs historical trend

▪ Rate of renewables growth vs historical trend

▪ Renewable capacity vs renewable demand

▪ Change in required use of key industrial outputs

▪ Required supply of critical metals

Social feasibility ▪ DM energy usage/capita

▪ DM food consumption/capita

▪ Cars/capita

▪ Aviation travel/capita



Scenarios and regions
We will examine a number of scenarios and analyse data from a number of regions
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Scenarios
1. IEA: NZ2050

2. NGFS: Net Zero 2050, Below 2C, Delayed transition (as the disorderly scenario)

3. IPR: RPS (1.5C) and FPS (~1.8C)

Regions
• US + Europe

• China + India

• Global

• Probably also want EM/global south aggregate



Parameters/data
We will collect the following data to answer the forementioned questions
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Data

Macro ▪ GHG and CO2 emissions

▪ Population

▪ GDP

▪ Energy consumption

▪ Personal consumption

Policy/regulatory ▪ Carbon price (I think Carbon budget we take as a given from IPCC)

▪ Energy price – overall, FF, renewable

▪ FF consumption – proxy for regulation to phase down/out

▪ Land protection and restoration – perhaps also something about amount of land used for 

sequestration/amount of CO2 sequestered?

Technology ▪ Renewable capacity – solar, wind, other; total and additions

▪ Share of renewables in electricity

▪ Electricity as % of energy consumption – perhaps focus on key sectors (chemicals, steel, cement,  etc…); 

probably need info on the overall final energy mix

▪ CCS + broader emissions removal – need to think about whether this is by capacity or amount actually stored

▪ EV volume

Behavioural/society ▪ Food production/consumption

▪ Industrial production/consumption – chemicals, steel, cement

▪ Energy investment

▪ Vehicle fleet total size

▪ Aviation travel (person kms)?
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Appendix
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Resources on climate equity/just transition
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▪ Existing climate mitigation scenarios perpetuate colonial inequalities (link)

▪ Climate Equity Reference Calculator (here)

▪ EM vs. DM | Kaya projections

https://www.sciencedirect.com/science/article/pii/S2542519622000924
https://climateequityreference.org/calculator-about/


Implicit assumptions | Zero-Emission Commitment (ZEC) and feedback
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▪ E = Cumulative historical CO2 emissions

▪ 𝚫𝑻𝒂𝒏𝒕𝒉 = Current anthropogenic contribution to observed warming

▪ 𝐟𝐧𝐜 = Current non-CO2 fraction of total anthropogenic forcing

▪ 𝐟𝐧𝐜
∗ = eferfer

▪ 𝚫𝑻𝒍𝒊𝒎 = Global mean warming target (human-induced warming, free from 

influences of forced or unforced natural climate variability)

▪ 𝚫𝑻𝒁𝑬𝑪 = Zero-Emission Commitment (temperature increase or decrease 50 

years after zero emissions…)

▪ (𝚫𝑻𝒍𝒊𝒎−𝚫𝑻𝒁𝑬𝑪)/𝚫𝑻𝒂𝒏𝒕𝒉= Available future warming between present-day and 

the temperature target

▪ 𝟏 − 𝐟𝐧𝐜
∗ ⁄ 𝟏 − 𝐟𝐧𝐜= the time-evolving non-CO2 contribution to temperature 

change, as represented by the ratio of future to present-day forcing fractions 

An integrated approach to quantifying uncertainties in the remaining carbon budget

Included in the RCB is the uncertainty in 𝚫𝑻𝒁𝑬𝑪 which was only recently quantified and thus not included as a quantified uncertainty in the 

SR1.5 (or any other) carbon budget analysis. On near-term decadal time scales relevant to achieving the 1.5 °C or 2.0 °C target, this 

𝚫𝑻𝒁𝑬𝑪 term also accounts for the additional changes in global mean temperature due to feedbacks, such as permafrost carbon release that 

are not captured by the TCRE but may contribute to warming on longer time scales.

ZEC gives the temperature increase or decrease 50 years after reaching net-zero emissions. It shows any lagged temperature response

The IPCC Special Report on Global Warming of 1.5 °C (SR1.5) is a prominent recent assessment of the Remaining Carbon Budget (RCB). 

SR1.5 used a new approach of a segmented framework that allows for calculating the RCB directly from an estimate of Transient Climate 

Response to Cumulative CO2 Emissions (TCRE). Carbon budgets are subject to uncertainty in the TCRE, as well as to non-CO2 climate 

influences.

https://www.nature.com/articles/s43247-020-00064-9#Tab1


Limitations of reliance and contact details

Limitations of reliance – Thinking Ahead Group 2.0

This document has been written by members of the Thinking Ahead Group 2.0. Their role is to identify and develop new investment thinking and opportunities not 

naturally covered under mainstream research. They seek to encourage new ways of seeing the investment environment in ways that add value to our clients.

The contents of individual documents are therefore more likely to be the opinions of the respective authors rather than representing the formal view of the firm.

Limitations of reliance – WTW

WTW has prepared this material for general information purposes only and it should not be considered a substitute for specific professional advice. In particular, 

its contents are not intended by WTW to be construed as the provision of investment, legal, accounting, tax or other professional advice or recommendations of 

any kind, or to form the basis of any decision to do or to refrain from doing anything. As such, this material should not be relied upon for investment or other 

financial decisions and no such decisions should be taken on the basis of its contents without seeking specific advice.

This material is based on information available to WTW at the date of this material and takes no account of subsequent developments after that date. In preparing 

this material we have relied upon data supplied to us by third parties. Whilst reasonable care has been taken to gauge the reliability of this data, we provide no 

guarantee as to the accuracy or completeness of this data and WTW and its affiliates and their respective directors, officers and employees accept no 

responsibility and will not be liable for any errors or misrepresentations in the data made by any third party.

This material may not be reproduced or distributed to any other party, whether in whole or in part, without WTW’s prior written permission, except as may be 

required by law. In the absence of our express written agreement to the contrary, WTW and its affiliates and their respective directors, officers and employees 

accept no responsibility and will not be liable for any consequences howsoever arising from any use of or reliance on this material or the opinions we have 

expressed.

Contact Details

Tim Hodgson | tim.hodgson@wtwco.com

Andrea Caloisi | andrea.caloisi@wtwco.com

Isabella Martin | Isabella.martin@wtwco.com
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Systemic risk | grown-up risk needs grown-up risk management 


 


In 2012, Thinking Ahead published a paper with the title The wrong type of snow. It was a 
paper about risk, one of the most studied and written about subjects in our investment world. 
In our opinion the paper has aged well, and is still a good read. But we now feel we have 
something new to say about risk. As we have continued to learn about, and think about, 
systems we have increasingly come to see current risk management practice within the 
investment industry as not paying enough attention to the bigger picture, and the more 
distant future. Too much attention is given to the design, construction and positioning of the 
deck chair, and not enough to the waters ahead and what might be in them. 


 


Summary 


 


Historically, risk was considered as at a point in time (and was a cross-sectional thing). Our 
2012 paper The wrong type of snow argued for an intertemporal perspective – we defined 
risk as impairment to mission, which necessarily involves a journey through time. We see the 
concept of systemic risk as cementing the importance of considering risk as intertemporal. 


Risk management is about steering the organisation (or portfolio) through long stretches of 
time, always into the darkness of fundamental uncertainty, while the external environment 
constantly changes. Sometimes this will require taking cover (risk off), and sometimes it will 
mean a full-blooded exploitation of opportunities (risk on). But it should also mean a 
continuing attempt to influence the evolution of the system (through collaboration, public 
sector lobbying, engagement etc) “towards the top half of the distribution”. 


In this paper we define and explore systemic risk. A future paper will then refresh the risk 
management thinking in our 2012 paper. 


 


Reality, systems and models 


 


What is reality? There is no need to answer that question, it is simply a gateway to a 
thought. We live in reality, but we do not understand reality; and nor can we. Reality is 
simply too big and too complex to understand. And so we build models of it, and in 
understanding the models, we pretend that we understand reality. This approach has worked 
really, really well. For example, we have defeated our top predators (childhood diseases, in 
the main) and used our ingenuity to nullify the constraints regarding access to calories, 
energy and materials. As a consequence, our population has exploded and, with it, our 
ecological footprint. And so we find ourselves in debates about whether ESG is a good thing, 
or is “wokeism” at its worst; about what, if anything, we should do about climate change, or 
biodiversity loss, or inequality, or the just transition. 


 


Our journey from there to here was via reductionism. The whole is too hard to understand, 
so we break it down into smaller components, understand them, and then build back up to 
understand the whole. This process works brilliantly for mechanical systems where the laws 
of physics hold. It does not work brilliantly for complex systems where components change 
in reaction to changes in other components. In our paper, The wrong type of snow, we 
included Lo and Mueller’s taxonomy of risk (see figure). The interesting point in our current 
context is the title of Lo and Mueller’s paper – Warning: Physics envy may be hazardous to 



https://www.thinkingaheadinstitute.org/research-papers/risk-management-revisited-the-wrong-type-of-snow/





 


 


your wealth!1. While economics is at least grounded by the laws of physics, finance and 
investing are more abstract derivatives of a physical reality. Instead, they are about 
interrelationships and should be understood as systems, and as part of larger systems. But 
that did not stop us from building models for them.


 


 


It is worth pausing for a moment to be clear about what we mean by ‘models of reality’, and 
to recognise the power of the models we choose. A model is anything that seeks to explain 
reality, and is not just a set of equations within some computer code. So, this paper is a 
model – a narrative that seeks to explain reality. As for the power of models, consider two 
biologists – Darwin and Margulis2. Darwin argued that scarcity leads to struggle, which 
justifies competitive behaviour. Margulis established that symbiotic collaboration was the 
starting point for the evolution of life. Darwin’s model of reality was the only one available 
when we were organising human economic activity, and so it provides the core of capitalism. 
If Margulis’s model had been available back then, and had been chosen as the better model 
for reality, what would capitalism now look like? We would argue less competitive and more 
collaborative. 


Meanwhile, over in a different corner of reality, climate scientists were building their models 
for the climate system. While there is no doubt some value in knowing how the climate might 
behave in the future, wouldn’t it be more valuable to know whether the future climate might 
impact economic output? And so a new class of models, integrated assessment models 
(IAMs), was born. The early answers from the IAMs were reassuring. There wouldn’t be 
much impact on economic activity, as the vast majority of it occurs indoors!3. The sad part of 
this narrative is that those early answers probably delayed appropriate policy action, and lost 
us precious time. 


The main point of this narrative, however, is to show how our understanding of reality is 
derived from our models, and how poorly those models can reflect reality. The reason, given 
above, is that for the last two or three centuries our main approach has been reductionism. 
This means the vast majority of models are ‘top-down’ – the behaviour of the ‘system’ is 
‘known’ and built into the model. We can tweak the behaviour by adjusting our parameters, 
but the main value of the model is to play with the variables (inputs) and observe the model 
outputs. Only agent-based models are truly ‘bottom-up’, and given their heavy demand for 
computation power they are a more recent development. Here, the behaviour of the 
component (agent) is known (parameterised), and the behaviour of the system emerges 
over multiple runs of the model. For us, it seems that these agent-based models can better 
speak to systemic risk – because the behaviour of the system within the model can surprise 


 
1 https://arxiv.org/pdf/1003.2688.pdf, accessed February 2023 
2 “Historian Jan Sapp has said that "Lynn Margulis's name is as synonymous with symbiosis as Charles Darwin's 
is with evolution."” Source, Wikipedia entry for ‘Lynn Margulis’, accessed Feb 2023 
3 For a brief introduction to some of the issues involved here, please see Climate tipping points change 
everything, Thinking Ahead Institute, March 22, 2022. For a much deeper dive into the issues, the source paper 
is Economists’ erroneous estimates of damages from climate change, Keen et al, 17 Aug 2021 


Level​ Description​


1. Complete certainty​ The past and future are determined exactly if initial conditions are fixed and known — nothing is random​


2. Risk without uncertainty​ There is randomness, but it is governed by a known probability distribution (roulette)​


3. Fully reducible uncertainty ​ The randomness is governed by an unknown probability distribution, but one that stays stable and can 


be inferred —​ with enough data, you can reduce this to level 2 above​


4. Partially reducible uncertainty


​


Either the distribution changes (regime shifts) or non-linearities are too complex for current models 


(playing poker)​


5. Irreducible uncertainty ​ Something beyond our reasoning​


Source: Andrew Lo and Mark Mueller, “Warning: Physics envy may be hazardous to your wealth!” working paper, March 12, 2010 ​


Lo and Mueller’s taxonomy of risk



https://arxiv.org/pdf/1003.2688.pdf

https://en.wikipedia.org/wiki/Jan_Sapp

https://en.wikipedia.org/wiki/Charles_Darwin

https://www.thinkingaheadinstitute.org/forum/article/climate-tipping-points-change-everything/

https://www.thinkingaheadinstitute.org/forum/article/climate-tipping-points-change-everything/

https://arxiv.org/abs/2108.07847





 


 


(in top-down models the behaviour of the system is fixed within the black box). If we agree 
that economics, finance and investment are better modelled as systems than machines, then 
we need new models – which implies our understanding of reality is likely to change. 


 


What is risk? 


In The wrong type of snow we proposed a new definition for risk to shift thinking away from 
considering risk to be about the volatility of outcomes. We suggested that risk was about 
impairment to mission. We continue to believe that this is the most important framing, 
however, for our current argument, we want to introduce a different (and compatible) 
definition for risk.  


 


Risk is the possibility that reality delivers us an outcome that we do not want 


 


How might reality deliver us an outcome we do not want? We suggest the following framing, 
zooming down from the biggest threats to the smallest random occurrences: 


1. Exogenous shock to the System 
We use a capital S for system to convey the idea that our ‘system of interest’ (eg 
global economy) sits within a bigger System. In our prior work on value creation4 we 
argued that the boundary for the System should be around the Earth’s atmosphere, 
thereby making the planet a stakeholder in economic and investment activity. With 
this framing, exogenous shocks could come from alien invasion, cosmic threats 
(meteorites, disturbed orbits, solar flares), or natural catastrophes (earthquakes, 
tsunamis, volcanic eruptions – but not extreme weather, which we now see as 
endogenous). 


2. Exogenous shock to our system of interest 
Here, we are treating elements of the System as if they were external to our system 
of interest. This is a function of where we choose to draw the boundary around our 
subsystem. The wider we draw the boundary, the more elements we make 
endogenous. This will either mean a more complex model, or a more brutal 
simplification. Narrower boundaries allow us to look at fewer things more closely, but 
our model will be a poorer reflection of reality because we have externalised some 
interrelationships. 


3. Model mis-specification 
Reality might deliver us an outcome we do not want because we were unprepared, 
when we could have been. We were unprepared because our model did not 
adequately describe possible system behaviour. The narrative above regarding the 
early IAMs is a perfect example here. It is true that the vast majority of gross 
domestic product (GDP) is produced in offices and factories, and they can be air-
conditioned. But it does not follow that at 5C of warming there would be workers 
living within commuting distance (or that the building would still be standing). 


4. Extreme risk 
Here, our model is a good proxy for reality, but we got a very unlucky pick from the 
possible distribution of outcomes. 


5. Non-extreme risk 
Here the unwanted outcome is simply that we got a pick from the bottom half of the 
distribution. 


 
4 See Mission critical: understanding value creation in the investment industry, Thinking Ahead Institute, 2018 
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This framing does not have an entry for systemic risk, which is odd given the focus of this 
paper. The reason is that Systemic risk (capital-S) is present in #2, while systemic risks 
(lower case-s) show up in #3 and #4. In #2, reality might deliver an unwelcome outcome in 
the form of System collapse which, through our anthropocentric lens, means the viability of 
human life on the planet is threatened. An example of systemic risk in #3 would be climate 
change. In our paper Pay now or pay later?5 we argued that current models predicting the 
impact of climate change on economic activity and asset prices were seriously mis-specified, 
not least because they do not incorporate climate tipping points.  


 


Systemic risk is about the behaviour of the system 


In contrast to the top-down models discussed above, systemic risk describes the possibility 
of the ‘wiring’ within the black box shifting or breaking. Systemic risk is the possibility of a 
malfunctioning of the system, and is an inherent property of any system. For example, if we 
define climate change as a rise in the concentration of greenhouse gases (GHG) in the 
atmosphere, then we can say that climate change is increasing the level of systemic risk 
over time. Other dynamic changes, for example climate adaptation, are also influencing the 
level of systemic risk over time (hopefully in the opposite direction). It follows that systemic 
risk is the possibility of the system’s behaviour and outputs (reality) differing from those we 
desire. 


 


Systemic risk is endogenous, by definition 


If systemic risk is a misfiring or malfunctioning of the system, then some marginal change in 
an input has caused or triggered a non-linear change in system behaviour. At its most 
simple, feedback loops within the system lost balance. Understanding systemic risk is 
therefore, largely, about understanding the relative power of reinforcing (positive) feedback 
loops and balancing (negative) feedback loops. Reinforcing loops describe cases where an 
action triggers a result, which then stimulates more of the same action. These loops, left 
unchecked, would generate exponential growth. Balancing loops describe cases where an 
action triggers a result, which then stimulates less of the same action. These loops are the 
system’s stabilisers. 


A system can be described as safe/stable when the balancing feedback loops have the 
upper hand although, if they have too strong a hand, the system might be described as 
repressive by the more natural risk takers who want the system to move to a new equilibrium 
point. A low-systemic-risk (stable) system dampens and/or absorbs shocks; a high-systemic-
risk (unstable) system amplifies shocks, which can trigger cascades across adjacent 
subsystems. 


Looking forward, we would describe systemic risk as high when we have reason to suspect 
the reinforcing loops are too strong and/or the balancing loops too weak. Looking 
backwards, it is much easier to spot a crisis / malfunction, and easier to understand which 
loops had been out of balance. It follows that the ‘management’ of systemic risk is about 
understanding the loops, and their relative power – and then doing something in response. 


 


Systemic risks 


A rising global temperature is easy to forecast because the reinforcing loops (GHG into 
atmosphere) overpowered the balancing loops (GHG out of atmosphere) a couple of 
centuries ago. What effect will global warming have on our system? If our system was safe 
(healthy biodiversity, no inequality etc) the impact would be dampened somewhat. If our 


 
5 Pay now or pay later? Addressing climate change sooner rather than later is in the best interests 
of investors and their beneficiaries, Thinking Ahead Institute, 2022 
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system is unsafe (mono crops, anti-microbial resistance etc), then we should expect 
amplified impacts, and likely cascades. Other systemic risks are less easy to forecast, with 
the global financial crisis (GFC) being an obvious example. 


The list of systemic risks below is offered as a starting point for an investment organisation’s 
consideration. Each organisation will have its own context, and we believe this context 
should influence the length of the list, and the relative ranking. For example, the pension 
fund of a bank may attach more importance to systemic risk within the financial system, 
while that of an oil and gas company may prioritise climate change.  


1. Debt crisis | debt becomes unserviceable, leading to default, triggering a cascade of 
service/default problems; could originate with individuals, corporates, banks or 
sovereigns 


2. Insurance crisis | a spike in premiums represents an effective withdrawal of 
insurance cover, adversely affecting economic activity 


3. Growth crisis | an inability to keep large economies growing causes economic and/or 
political stresses 


4. Inequality crisis | one or more aspects of inequality (eg DEI, income, wealth, access 
to opportunities) causes a sudden break in the social contract (which could range 
from civil unrest to a re-pricing of the contract on less favourable terms for financial 
capital) 


5. Global governance crisis | a significant break down in relationships between 
countries leading to a range of threats from trade to war 


6. Climate change | the rate of warming, possibly compounded by passing tipping 
points, causes a faster rate of disruption (physical damage, harvest damage, 
migration) than the system can cope with 


7. Biodiversity crisis | the rate of loss of species suddenly causes an ecosystem to 
collapse, triggering further species losses and the loss of ‘ecosystem services’ (eg air 
or water purification, flood defence etc) 


8. Energy crisis | the direction of change for the energy mix is clear, but the smoothness 
of the path is far from assured. Any number of shocks can cause disruption 


9. Food crisis | the world’s food system has been built for efficiency, but questions are 
being asked about its resilience – from animal health, through pollination to the long-
term health of soil 


10. Water crisis | there is a risk that natural buffers (glaciers and aquifers) have permitted 
too-high a rate of extraction from the Earth’s natural water cycle, raising the prospect 
of a non-linear shock in an essential commodity 


11. Health crisis | this systemic risk could be subdivided into pandemics and anti-
microbial resistance and, possibly, chronic ill-health conditions such as mental 
health, diabetes, long-Covid etc 


12. Technology crisis | again, this could be subdivided into cyber risks, biotech risks and 
infrastructure risks. 


We also note that these risks are not independent. While it is often convenient to 
concentrate on a subsystem, we must never forget the linkages between them. In our past 
work on extreme risks6 we introduced an ‘association matrix’7, to capture the idea of whether 
there was a qualitative reason to suspect causality between events. In our new systems 
context, we should push this idea a little further and think of a ‘dynamic’ or ‘contingent’ 


 
6 See, for example, Extreme risks – 2019, Thinking Ahead Institute 2019 
7 See figure 06 in Extreme risks, the irreversibility of time and the retirement anomaly, Thinking Ahead 2013 



https://www.thinkingaheadinstitute.org/research-papers/extreme-risks-2019/
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association matrix to reflect varying levels of system stress through time. In either case, 
however, this is a good introduction to the idea of path dependency and the risk of cascades 
– which, in turn, leads us neatly to a consideration of systemic risk management. 


 


Systemic risk management 


We conclude our thoughts on systemic risk by looking at how we might go about managing 
systemic risk. In a subsequent paper we will incorporate these ideas within a best-practice 
overall risk management framework for institutional investors. 


Systemic risk management is about active intervention in a system in order to make it safer. 
The ideas below have been heavily influenced by Donella Meadow’s work on leverage 
points8. In particular, the list below honours her ranking of the effectiveness of the different 
points of intervention. Effectiveness, and in most cases difficulty, increases as we move 
down the list. 


To manage risk in a system, we can (attempt to) change: 


▪ The parameters of the system. This would include such items as subsidies, taxes, 
and standards. According to Meadows this is where we spend up to 99% of our 
attention. Parameters matter enormously to the individuals standing in the current 
flow (lobbying is essentially about making sure the parameters do not change in way 
that hurts the lobbyists). But parameter changes will very rarely kick start a sluggish 
system, or brake a system that is growing out of control. 


▪ The sizes of buffers and other stabilizing stocks, relative to their flows. Or, the size of 
the flows relative to the buffers. We can stabilise a system, or make it safer, by 
increasing the size of the buffer. The history of financial regulation is full of relevant 
case studies. But where buffers are physical entities they are typically not easy to 
change (eg reservoir capacity), and carry an annual maintenance cost. Consider the 
difficulty of growing a glacier or managing aquifer levels in the water crisis example 
above. 


▪ The length of delays, relative to the rate of system change. Anyone who has 
struggled with getting their bath temperature right, or showers that are too hot then 
too cold, has direct experience of trying to manage a system where there is too long 
a delay between intervention (turning a tap) and system change. While we should try 
to match delay length to the rate of change in the stock we are trying to control, in 
most cases the delays are not easily changeable. It is usually easier to slow down 
the rate of change, which is why the next two bullets are considered to be more 
effective. 


▪ The strength of balancing (negative) feedback loops, relative to the impacts they are 
trying to correct against. Once we move to feedback loops we are, typically, leaving 
behind the physical aspects of the system and moving into the information flow and 
control aspects. Nature evolves balancing loops and humans invent them. The 
classic example is the thermostat to prevent a room becoming too hot or too cold. 
Nature and cautious humans will tend to create emergency control loops that are 
inactive most of the time. Rarely used systems will appear costly to anyone (or any 
system) searching for efficiencies rather than resilience, and they may then be 
dismantled or removed. Biodiversity and preserving pristine wilderness would be 
classic examples here. Markets, and their price signals, are balancing loops in that 
higher prices will usually reduce demand. According to Meadows, companies and 
governments are “fatally attracted to the price leverage point, of course, all of them 
determinedly pushing it in the wrong direction with subsidies, fixes, externalities, 
taxes, and other forms of confusion”. Systemic risk management therefore involves 


 
8 See Leverage Points: Places to Intervene in a System, accessed Feb 2023 
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pushing back against companies and governments to prevent them from interfering 
with prices. Ideally, we would also encourage governments to put the prices higher, 
against the short-term interests of the companies, to compensate for externalities. To 
illustrate the size of the problem here (and the level of systemic risk we are running), 
consider that the calls for a meaningful carbon price (ie tax) are decades old, and yet 
less than 25% of global GHG emissions are covered by any form of pricing, and the 
vast majority of those are less than the $40 per ton deemed the minimum to be 
compatible with the Paris agreement9. 


▪ The power of reinforcing (positive) feedback loops. Reinforcing loops are sources of 
growth within a system. Left unchecked, a reinforcing loop will eventually destroy the 
system. This is the story of exponential growth followed by collapse. As we have 
already dealt with balancing loops, the risk management action here is to work on the 
reinforcing loop itself to reduce its multiplier – to reduce its self-feeding power. An 
example that might resonate is a pandemic. We could ‘let it rip’, in which case the 
more people that become infected, the more people they infect, and so on until the 
pandemic runs out of people to infect. Or we could take increasingly strong (and 
costly) steps to avoid being infected. In this latter case, we slow down the progress of 
the pandemic, but at a cost. An alternative example would be soil erosion. We could 
continue poor farming practices and let the soil erode to bedrock, then wait for a 
million years or so for the bedrock to weather down into new soil and start again. Or 
we could amend our current practices in order to slow down the rate of erosion. 
Inequality, or any other ‘success to the successful’ loops, are further examples of 
reinforcing loops. In our opening narrative we referred to the explosion in the human 
population10. The population of any species will explode (grow exponentially) if the 
checks on its growth are removed. Economic growth is yet another reinforcing loop, 
and the investment industry has direct interest here. The message from systems 
scientists is very clear: to control systemic risk, we need to slow down population and 
economic growth to allow the balancing loops to catch up. The belief that investment 
organisations would need to hold in this regard is that long-term value creation is 
better served [is maximised, lower risk, and more sustainable] by ‘getting rich slowly’. 


▪ The structure of information flows (who does and does not have access to 
information). Arguably one of the most common causes of system malfunctions is 
missing feedback. The collapse in fish stocks (a tragedy of the commons problem) is 
because there is no feedback from the state of the fish population to the decision to 
invest in new fishing vessels. The common perception that the price of fish provides 
this feedback is not only wrong, but works in the opposite direction. Higher fish prices 
encourage more investment in fishing vessels. Changing information flows can be 
powerful precisely because it represents a new loop. Putting a device in an 
individual’s home that shows real time energy consumption can powerfully, and 
voluntarily, shift behaviour. 


▪ The rules of the system (such as incentives, punishments, constraints). The rules of 
the system determine how it operates and where its boundaries are. Physics 
provides absolute rules over what is possible and what is not. Constitutions are the 
strongest form of social rules, followed by laws, punishments, incentives and informal 
social agreements. The power to change the rules is real power – and that explains 
lobbying activity. 


For completeness we note that there are leverage points that are more powerful than 
changing the rules of the system, including 


 
9 Source: State and Trends of Carbon Pricing 2022, World Bank 
10 As anecdotal evidence, the Thinking Ahead Institute ran sustainability roundtables in London and Melbourne in 
2019. Independently, a climate scientist at each event identified population control as the biggest lever they 
would pull, if they could, to help alleviate climate change. 
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▪ The goals of the system, and  


▪ The mindset out of which the system arises. 


However, these tend towards the philosophical and away from the ability of investment 
organisations to influence. Consequently, we do not discuss them further here. 


 


Conclusions 


In this paper we have attempted to show the power of models to shape our thinking and 
therefore our actions. We have suggested that reality is best modelled as a System and, 
more practically, as a set of inter-related sub-systems. This raises the prominence of 
systemic risk and underlines the importance of thinking of risk as intertemporal. Which 
means that risk management must be a continual, through-time process. We identified 
various ways we can seek to influence systemic risk. What we have not done, is place this 
thinking within an institutional risk management framework. We will do this in a subsequent 
paper. 
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Environmental and social limits to growth
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“the economy is not a separate or even separable part of the natural world, but a 


‘wholly owned subsidiary’ of the environment” (p11)


Infinite (material) growth on a finite planet isn’t possible
Source | The little book of data 4, Aviva Investors


▪ Economic growth has brought extraordinary affluence….but has also wreaked unparalleled havoc on the natural world


▪ Size of GDP has become near ubiquitous indicator of political success, and for the past five decades it has stood as the primary proxy 


for social progress


▪ Economy is not a separate or even separable part of the natural world, but a ‘wholly owned subsidiary’ of the environment


▪ Social progress is dependent on a false promise: that there will always be more and more for everyone. And that more is always better 



https://www.avivainvestors.com/en-gb/views/aiq-investment-thinking/little-book-of-data/





Chapter 2 | who killed capitalism?
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Capitalism, by its own design, did
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“The most profound lesson from this very brief history is that the exact same policies designed to 


bring growth back were precisely the ones that led to its downfall. This seems to be the curious 


outcome from our crime scene investigation: capitalism’s downfall was the result of its own 


obsession with growth.” (p26)


Once labour productivity stagnates or goes into decline, we are living in a post growth world


“Wolfgang Streeck … ‘In my view, it is high time to think again about capitalism as a historical phenomenon’ he writes in How Will Capitalism End? ‘One that has not 


just a beginning, but also an end’ … The relentless pursuit of growth has driven us to the verge of ecological collapse, created unprecedented financial fragility and 


precipitated the terrifying spectre of social instability. Capitalism has no answers to its own failings. It cannot pursue social justice while it continues to prioritize profit. It 


cannot protect our climate while it continues to idolize the stock market. It finds itself powerless, at the mercy of circumstance, when the lives of millions are at stake. 


Capitalism’s core belief in eternal growth lies trembling in the ruins.” (p32)


▪ There was a shift in ideology to neoliberalism (and monetarism) in the 1960’s (more deregulation, liquidity and privatisation ended up 


destabilising financial markets, deepened social inequality and destroyed ecology)


▪ Capitalism can be defined in different ways: as a process (accumulate capital), ownership of means of production (privatisation), market-


price setting, and/or a focus on profits


▪ Jackson’s focus is on profits: capitalists expect to maximise profits. In this context, wages are a drag on profits and should be minimised


▪ Role of labour productivity: when increasing, workers are paid more, consumers have cheaper goods, and shareholders enjoy more 


profits. But when declining (or stagnating), wages, dividends and consumer prices all come into competition with one another. Wages 


become subordinate to profit motives. There has been a steady decline in labour productivity over the past few decades


▪ Capitalism’s core credential is steadily rising living standards for all. Growth in GDP has been synonymous with the idea of social 


progress, but average growth rate per person (living standards) have been declining in advanced economies







Chapter 3 | the limited and the limitless
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We live in a material world, and rely on the bounds of materiality everyday
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“‘The world of reality has its bounds; the world of the imagination is boundless.’ 


Jean-Jacques Rousseau, 1763” (p34)


“‘Human and earthly limits, properly understood,’ wrote the conservationist Wendell Berry, ‘are not confinements, but rather inducements … to fullness of 


relationship and meaning.’ Beyond our material limits, he was suggesting, lies another world. A place worth visiting. An investment worth making. A destination 


worth reaching. Tomorrow is another country. They do things differently there. Beyond the limits to affluence lies an affluence that only limits can reveal to us. 


Limits are the gateway to the limitless.” (p48)


▪ The myth of growth is predicated on:


▪ Denial of limits


▪ Human ingenuity delivering endless technological innovation, which can overcome physical limits to economic growth through 


higher efficiency


▪ Green growth is possible


▪ Is green growth better growth?


▪ Green growth advocates claim that economic growth is not the same as material growth: by decoupling monetary value from 


material throughput, we can escape the confines of the finite limit to some extent. This is erroneous.


▪ Concept of green growth is contradictory: more growth → more throughput → more impact → less planet


▪ Greater efficiency reduces the impact of economic activity. But this is relative efficiency. Climate emergency requires a reduction in 


absolute carbon emissions


▪ For green growth to exist, efficiency must outrun scale faster than it has ever done in the past, into infinity







Chapter 4 | the nature of prosperity
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Does more money lead to more happiness?
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[on inequality] “Taking these findings together, it becomes obvious that – from a utilitarian perspective – we should be aiming to close the inequality gap, not 


widen it. This in itself would tend to improve the ‘greatest happiness of the greatest number’. But to be doubly sure, we should also be aiming constantly to focus 


on the wellbeing of the poorest in society. The pursuit of GDP growth guarantees neither of these things. And in some cases, as we have seen from recent 


history, it can actually undermine both of them.” (p54)


Jackson defines prosperity as health – and health has 5 dimensions: physiological, psychological, social, sexual and spiritual  (p62-). He also invokes Aristotle –


a virtue is sandwiched between 2 vices, ‘not enough’ and ‘too much’. So ‘true’ health is a balancing act between and among the 5 dimensions.


He invites us to ponder “what kind of economics we might have inherited from a narrative capable of holding such richness in its grasp. It’s intriguing to ponder 


on what might yet merge from a postgrowth vision informed by this abundance.” (p67)


▪ John Stuart Mill introduced utilitarianism. He defined utility as a direct proxy for happiness. And that the role of the state should be to pursue the ‘greatest 


happiness for the greatest number’ of people. This is when social progress happens.


▪ Economists today measure utility in monetary terms. If ‘income = utility’ and ‘utility = happiness’, then higher income should lead to more happiness


▪ Studies show that getting richer on average hasn’t helped Americans get happier over the last four decades


▪ But, richer people within America tend to be happier than poorer people around them. Relative deprivation and social exclusion matters


▪ Rising societal inequality has detrimental impact on happiness


▪ Amartya Sen “Neither money nor utility can bring us a very reliable guide to the quality of life in a given society. Prosperity depends rather on the ‘capabilities’ 


that people in society have to flourish. Social progress should be thought of as a continual increase in those capabilities.”


▪ Maslow states that there is a duality of human needs. Psychological and social needs are as important as subsistence needs. There is no hierarchy







Chapter 5 | of love and entropy
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The myth of growth is a thermodynamic impossibility
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[I find the section on love quite moving (p80-81). Physiological health is inherently material; the other dimensions of health are inherently relational. Love does 


not escape “the thermodynamic game” as it is a relationship between physical beings. “It [ie love] liberates human prosperity from the endless march towards 


chaos, even as our material existence remains firmly in the game.”]


▪ The notion of Aristotlean balance carries over. If we have too few daily calories, growth is good; if we already have too many daily 


calories, further growth is a disaster. Capitalism has failed to understand and embrace the most basic of limits. 


▪ Second law of thermodynamics: 


▪ there is a natural tendency of any isolated system to degenerate into a more disordered state. Rising disorder = rising entropy


▪ each reversal of entropy is carried out at a price. That price is an increase in entropy overall


▪ the price is paid not just to create order. but also to maintain it


▪ the energy you used to create order becomes less and less available


▪ Depreciation is the economic manifestation of entropy. The bigger the economy, the higher the cost of maintaining order


▪ Growth is acceptable when there is material insufficiency, but becomes damaging when deficit gives way to excess


From here to entropy. Even the free gift of solar energy isn’t truly free – it falls with such low intensity that “capturing it still has a cost, in terms of materials, in 


terms of energy and in terms of disorder. Wherever we look, the process of creating order carries a price. … The bigger the economy, the higher this cost. An 


infinite economy (the ultimate end of eternal growth) means infinite depreciation. Infinite maintenance costs. An infinite need for available energy to turn back the 


tide of entropy. At the end of the day, the myth of growth is a thermodynamic impossibility.” (p78-79)







Chapter 6 | economics as storytelling
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Capitalism formed a prejudiced view of nature. And Darwin’s theory in-turn strengthened capitalist agenda
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Choice | to adapt and thrive or to struggle and fail. We go via Schwartz’s circumplex of human values (to explore competition and cooperation), to the notion of ‘flow’. 


This is presented as a desirable state, and more easily achieved in postgrowth world. “We found a very distinct set of high-flow, low-impact [ie environmental] 


activities … In a separate study, we found that simply favouring materialistic values is enough to undermine people’s potential to experience flow.” (p104)


▪ Darwinian capitalism: scarcity leads to struggle and competition justifies self-interested, profit 


maximising behaviour


▪ But competitive struggle isn’t the only possible response to scarcity


▪ Lynn Margulis’ work on endosymbiosis shows that symbiotic collaboration was the starting point 


for evolution of life


▪ Embedding competition so thoroughly into our economic and social institutions is to mistake 


metaphor for reality


▪ Focus on competition has driven social inequality


▪ In our confrontation with limits, we realise that virtue is not about excess, it’s about balance


Economics picked up the wrong 


story. It took from Darwin that life is a 


struggle for survival. Margulis’s work 


doesn’t deny that competition exists 


(eg predator-prey), but relegates it to 


a minority place in a nature ruled by 


co-operation.


“‘Gaia is a tough bitch – a system 


that has worked for over three billion 


years without people.’ … 


Cooperation was essential to 


evolution … But that doesn’t mean 


the world is a warm, fuzzy, infinitely 


collaborative place.” (p94-95)


By invoking technological solutions, we are trying to out-compete nature. Gaia is more powerful than us, so we really ought 


to attempt co-operating instead







Chapter 7 | the return to work
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“Capitalism systematically denigrates labour … the quality of durability is inimical to capitalism. Obsolescence and innovation are its continual watchwords. 


Permanence and longevity are a direct threat to its structural integrity. Capitalism necessitates consumerism.” (p119)


▪ The book now gets a bit more difficult


▪ This chapter is mainly about ‘work’ and based largely on the ideas of philosopher Hannah Arendt. But Jackson is building a concept of a 


new economy which comprises two sectors; in the ‘care’ sector, people ‘labour’ – the functions are foundationally necessary, but there is 


little, if any, intrinsic satisfaction flowing from the performing the functions themselves.


In contrast, ‘work’ is intrinsically fulfilling and “essential to the human condition. It is a vital component of our prosperity. It provides, as we shall see, the 


conditions for hope.” (p109) Work is largely about arts and crafts – the production of artefacts that have a degree of permanence; that we can hand down; that 


allow us, in part, to secure immortality.







Chapter 8 | a canopy of hope
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“Putting aside some of our income now in expectation of future rewards holds some of the common meaning of prudence as concern for the future. But in 


capitalism, as we shall see, prudence evolves into a restless motivation to accumulate – a powerful driver of economic activity.” (p132) [remember back to ‘virtue 


sandwich’ – when we have enough economic activity, more is bad]


Planting a tree “demands some kind of investment: time, energy, resources. The return to that investment is the creation of … a ‘canopy of hope’.” (p138)


Do we believe this?


“Tomorrow’s economy will be built around renewable and ‘regenerative’ technologies; around fair wage deals and transparent governance; around the protection 


and restoration of social and environmental assets rather than their systematic destruction; around enterprise in the service of community and in harmony with 


nature. The first movers in this new investment landscape will (rightly) benefit from its many dividends. So too will the rest of society.” (p141)







Chapter 9 | the art of power
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“… what we think of as power in western society is what Buddhists would call cravings” (p158) – to satisfy our cravings we seek to exert dominance over others. 


It follows that the answer is to control our cravings. This implies a new role for the state – “to enable … the pursuit of a genuine prosperity; to ensure [citizens’] 


ability to pursue healthy and active lives; to facilitate the conditions for psychological and social wellbeing; to develop the ability to find flow; to encourage the 


creativity that enriches both performer and recipient; to nurture the transcendental work of art; and perhaps even to protect the space within which people are 


free not to crave.” (p162)


▪ This chapter is hard to summarise. It gets quite metaphysical / spiritual


▪ I think the main argument is that we need a new system 


“A life outside of exchange markets is precisely the vision of prosperity offered by less material forms of flourishing” (p151)


▪ This requires a change in power structure – capitalism concentrates power with the wealthy, allowing a capture of the benefits of the 


economic system


▪ Changing this will be resisted. We therefore explore the history of civil disobedience up to the arrival of Greta – ‘The real power belongs 


to the people’ (p145)







Chapter 10 | dolphins in Venice
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“This reality is lost to capitalism. Our obsession with ‘more’ relentlessly obscures the fragile balance of the human heart and denigrates the poetry that might 


return it to us.” (p180)


▪ Tying the threads together…


“Capitalism is a catalogue of system errors.” (p165)


“One thing that might have happened next was a shift towards a more compassionate, kinder, more lyrical politics under the guidance of a man [RFK] who 


believed implicitly in the possibility of such a thing.” (p175)


▪ The culmination is “enough” – the final section header


▪ Capitalism is incapable of delivering ‘enough’ as it has no stopping rule


▪ Jackson implies that the ‘journey’ is all about confronting mortality – a journey which never ends. The journey requires “an honest 


relationship with suffering”; it is journey of and towards love. 


“‘That enough’s enough is enough to know’ said the Chinese philosopher Lao Tzu, two and a half thousand years ago. Not to understand this has been 


capitalism’s fatal conceit. To set ourselves back on the path towards knowing it, as individuals and as a society, emerges as the single most important lesson 


from this book. The challenge is enormous. But so too is the prize.” (p181)
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Discussion
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Discussion | what, if anything, do we make of this as a team?
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2. Are there new truths within the book that we do not currently incorporate into our work – but we should?


▪ Jackson has created a vision of a possible future [a ‘transformed system’ scenario]. His future allows for human flourishing within a 


thriving ecology. There is an economy within his vision, but it receives relatively little attention. As growth is effectively excluded (we are 


‘post growth’ after all), there are big – undiscussed – implications for capital providers


1. How do you react to the book / Jackson’s vision? Emotionally and intellectually.


3. Specifically, what do you believe about the possibility, and desirability, of growth?


4. What are the impediments to achieving a post-growth world? What are the opportunities available once we get there?


5. Are a post-growth world and capitalism mutually exclusive? What role does ownership and profits play in this post growth world?


6. What are the implications of Tim Jackson's book on the investments industry?







Limitations of reliance and contact details


Limitations of reliance – Thinking Ahead Group 2.0


This document has been written by members of the Thinking Ahead Group 2.0. Their role is to identify and develop new investment thinking and opportunities not 


naturally covered under mainstream research. They seek to encourage new ways of seeing the investment environment in ways that add value to our clients. 


The contents of individual documents are therefore more likely to be the opinions of the respective authors rather than representing the formal view of the firm.  


Limitations of reliance – Willis Towers Watson


Willis Towers Watson has prepared this material for general information purposes only and it should not be considered a substitute for specific professional 


advice. In particular, its contents are not intended by Willis Towers Watson to be construed as the provision of investment, legal, accounting, tax or other 


professional advice or recommendations of any kind, or to form the basis of any decision to do or to refrain from doing anything. As such, this material should not 


be relied upon for investment or other financial decisions and no such decisions should be taken on the basis of its contents without seeking specific advice.


This material is based on information available to Willis Towers Watson at the date of this material and takes no account of subsequent developments after that 


date. In preparing this material we have relied upon data supplied to us by third parties. Whilst reasonable care has been taken to gauge the reliability of this data, 


we provide no guarantee as to the accuracy or completeness of this data and Willis Towers Watson and its affiliates and their respective directors, officers and 


employees accept no responsibility and will not be liable for any errors or misrepresentations in the data made by any third party.


This material may not be reproduced or distributed to any other party, whether in whole or in part, without Willis Towers Watson’s prior written permission, except 


as may be required by law. In the absence of our express written agreement to the contrary, Willis Towers Watson and its affiliates and their respective directors, 


officers and employees accept no responsibility and will not be liable for any consequences howsoever arising from any use of or reliance on this material or the 


opinions we have expressed. 


Contact Details


Tim Hodgson | tim.hodgson@willistowerswatson.com
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