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Background on existing work

Rich tradition of central banks extracting information from financial market
prices

Current approaches to deriving expectations of global warming focus on the
level of emissions embodied in firms’ activities (e.g., MSCIl implied
temperature increases)

Academic literature assess the degree to which emissions explain stock
returns: but results are quite mixed

Increasing recognition of the role that some commodities will play in enabling
the transition to lower emissions
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Our approach (2)

1 Consider historical prices of transition-critical commodities
2 Isolate changes in these prices that are due to climate transition
3 Take these ‘adjusted commodity prices’ and fit a model of future global temperatures

V

4 Leaves us with changes in market-implied expectations of global temperatures in 2050
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Isolating the effect of climate transition on commodity prices

Other factors found to affect commodity prices

* Better prospects for economic growth
increase commodity prices

* Lower interestrates reduce commodity prices
by increasing:
* Present value of commodities for use in
end products
* |Incentives of speculators
* Incentivesto hold inventories

* Geopolitical tensions can prompt changes in
expected supply

We use a sign-restricted VAR model to isolate the
effects of climate transition

 |dentifies ‘structural shocks’ in the data based
on the directional co-movement of different
variables

Structural shock

Increase in Increase in Climate
economic output interestrates transition
Prices of
transition critical
commodities Allincrease All decrease Allincrease

(copper, nickel
cobalt)

Economic output Increases Unrestricted Unrestricted

US one-year
interest rate

m Increases Decreases Decreases

Robustness checks: (1) we check the response of commodity prices if oilis removed from the
model (same directional response that is less strong) and (2) the response of gold to the
climate transition shock (insignificant)

Unrestricted Increases Unrestricted




Structural shocks related to climate transition

# Date Event Assumed
Zscore 1 2 345 6 7 8 impacton
1 climate
transition
0.8 1 12 Dec ) .
2015 Paris Agreement Positive
0.6 2 3Sep  Ratification of Positive
2016 Paris Agreement
0.4 3 1June USwithdrawal
’ 2017 from Paris Negative
Agreement
0.2 4 10Sep Chinese
2017 government -
. Positive
0 commitment to
EV
0.2 5 10ct Formation of EU Positive
2017 Battery Alliance
6 15Aug -
0.4 2019 EU Green deal Positive
7 310ct .
0.6 2021 COP 26 Positive
8 170ct USInflation Positive
-0.8 2022 Reduction Act

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023



Series of ‘adjusted prices’ that reflect climate transition
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A model of adjusted commodity prices as a function of
global temperatures

) .. .. . Payoff of a hypothetical perpetual put option,
* View transition-critical commodities as put struck on underlying value of global temperatures

options on global temperatures
Payoff when exercised

» Strike price is equal to some (high) future value of A ‘Strike temperature’
global temperatures — below which the
commodity has value in transition

* The more ambitious/credible markets perceive
NZ transition, the lower future temperatures, the
more commodities worth

e Commodity/has value:

K — S¢l™
where k;is the strike temperature, and S, is the
future evolution of actual temperatures

v

Globaltemperature
* Optionis perpetual (non-perishable good)

* Present value has closed-form formula



A stochastic process for global temperatures

* Globaltemperatures are the underlying Global earth surface temperature (annual average)
‘instrument’ of our ‘option’ o

* It’s hard to know what process to use to
capture temperatures!

observed

* We observe recent exponential increase in,
and random innovations around, temperature

¥ simulated
human &
natural

* We assume a geometric Brownian motion

dS;
— = udt + odZ
St

* Matches rough behaviour we observe over
past few decades (chart)

[ 1
* Plenty of scope to make this more complex! s Eas 1320 2000 2020



Estimating the model

(1) Calibrate the modelled price of (2) Fit model to historical prices (3) Estimate the strike prices
each commodity in 2023
* Monthly price of each of four * Repeat the procedurein (2) for
* Modelled price of commodity i is commodities, 2010-23 different commodity strike
pif (S, Ki,r,u,o) temperatures,

e Each month, find drift and
volatility of temperature (u, o)
that minimises RMSE across
observed/model prices

« Set (u, o) to match real-world (Ky, Ko K3 ,Ky)

predicted temperature increase

(from IPCC report) * Search (numerically) for the
* Time series of the market- strike prices that minimise the
* Find p; so that modelled price of expected mean/variance of average RMSE error between the
commodity matches thatin temperaturesin 2050 modelled and fitted prices,
January 2023 summed across all time periods.

(4) Gives us a single time series of mean/variance of expected temperatures in 2050
* |Ineach period, expected/variance of temperatures is that which best fits commodity prices in that period
* Final observation (for January 2023) matches the IPCC forecast




Results: estimated distribution of global temperatures in 2050

- Expected temperature in 2050 (RH axis)

Per cent . o S ) Degrees centigrade
- Cofficient of variation of temperature distribution in 2050 (LH axis)
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79 34
71 3.3
3.2
70 ,
v 3.1
69
3
68
29
67
2.8
66 2.7
65 2.6
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* Market expectations of global warming have decreased a little since 2010 (troughed in 2022)
* ...buthave increased a little since (‘ESG backlash?’; Retraction of commitments?)
* Expectations are volatile and variance has increased recently. Is transition credible?



One extra insight

Recall: lltergture str.uggles to d!StI ngUISh The present value of a hypothetical perpetual put option
between prices of high/low emitters — why? as a function of underlying global temperature in 2050

Options value higher for lower temperatures (in-

. . —Sigma =0.3 Sigma=0.5 ==Sigma=0.7
the-money option is worth more!)
Strike

tem peratureg

But look at the option’s delta — sensitivity of

price to temperature (chart) g

This is lower if (i) underlying is more volatile; %

and (ii) as time to expiry increases (particular 8

when the option is out the money) s

Climate change is the ultimate deep-out-the &

money long expiry option.

Even if emissions did proxy risk/return, no -
Wonder we don’t see 3 difference in priceS 04 06 08 1 12 14 16 1.8 2 22 24 26 2.8

Current temperature



Comparison with measures of climate risk

Measures of climate risk from the literature

Huija et al (financial markets climate risk measure)

Gorgen et al (2020, ‘Carbon risk’,
working paper

Huij et al. (2024), ‘Carbon Beta: A
Market-Based Measure of Climate
Transition Risk Exposure’, WP

Engle et al (2020), ‘Hedging
climate change news’, Review of
Financial Studies

Bua et al (2024), ‘Transition versus
physical climate risk pricingin
European financial markets: a text-
based approach’, The European
Journal of Finance

* There is little correlation between our measure and those based on equities / news

Brown-Minus-Green
(BMG) portfolio returns

Pollutive-Minus-Clean
(PMC) portfolio returns

Wall Street Journal (WSJ)
climate change news
index

Physical and Climate Risk
indices based on text-
based approaches from
Reuters News articles

Equity market
prices

Equity market
prices

News

News

Value of portfolio long
‘brown’ firms and short
‘green’ firms

Difference in value
between portfolios of
most vs least polluting
firms

Intensity of climate-
related news in the WSJ

Intensity of media
coverage related to
physical and transition
risks
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0.04

0.03

0.02

-0.02

e 51U CtUTAL shocks from commoed ity prices [LH axis) es=Huijet al. (RH axis)

* Which is unsurprising given they are measuring different things
* One exceptionisthe period between 2018 and 2021



Summary slide

Model of commodity prices as ‘options’ on future global temperatures

Negates the need to take emissions as a proxy for firms’ prospects under
climate transition

Strip out factors that affect commodity prices besides climate transition

Derive market expectations of the future mean and variance of global
temperatures in 2050

Global temperature expectations have fallen a little...

...but have increased recently, and are highly volatile
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