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Introduction

Climate Risk

Physical risks

E.g.: losses from extreme events were $ 380 billion in 2017 and are
estimated by Allianz (2018) to reach annual average of $1 trillion
within 10 years
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Introduction

Climate Risk

Transition risks

E.g.: stranded assets, portfolio decarbonization, changes in
consumer sentiment.
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Introduction

Climate Risk

Mapping into Financial Risk Categories (BIS)
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Introduction

Integrated Assessment Models

Integrated Assessment Models

I Initially developed to estimate the impact of economic
development on the environment.

I Most famous example is The Limits to Growth model
published in 1972 by the Club of Rome.

I Current models use of “sophisticated” economics to assess the
impact of climate change on the economy.

I Most famous example is the DICE (Dynamic Integrated
Climate-Economy) model developed by William Nordhaus in
1992.

I Relies on welfare maximization, general equilibrium, and
rational expectations.

I Alternative stock-flow consistent models include COPING
(medium scale) and DEFINE (large scale).
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Introduction

Integrated Assessment Models

Dynamic Integrated Climate-Economy (DICE)
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Introduction

Integrated Assessment Models

”Optimal” global warming according to Nordhaus
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Introduction

Integrated Assessment Models

Hothouse Earth bifurcation (Steffen et al 2018)
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Introduction

Integrated Assessment Models

Comparing LtG with Data (Turner 2008)
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Introduction

Integrated Assessment Models

Comparing LtG with Data (Turner 2014)
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Introduction

Integrated Assessment Models

Comparing DICE with Data (Milner 2016)
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Global Sensitivity

Sobol indices

I Let Y = f (X1, . . . ,Xn)

I Define

Si =
V [E (Y |Xi )]

V [Y ]

Sij =
V [E (Y |Xi ,Xj)]

V [Y ]
− Si − Sj

...

ST
i = 1− V [E (Y |X∼i )]

V [Y ]
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Global Sensitivity

Sobol index ranking for DICE model
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Global Sensitivity

Sobol index ranking - common parameters



Sensitivity Analysis of Climate-Economy models

Backtesting

Backtesting Methodology

I Set initial conditions for all models in 1992.

I Re-estimate economic parameters using time series from 1962
to 1992.

I Set physical parameters to current (i.e. 2022) values.

I Select the n (e.g 5) most important parameters for each
model according to total Sobol index.

I Simulate each model with parameters sampled from
appropriate distributions.
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Backtesting

Temperature backtesting
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Backtesting

Emissions backtesting
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Backtesting

GDP backtesting
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Forward scenarios

Forward scenario methodology

I Set initial conditions for all models in 2022.

I Re-estimate economic parameters using time series from 1992
to 2022.

I Set physical parameters to current (i.e. 2022) values.

I Select the n (e.g. 5) most important parameters for each
model according to total Sobol index.

I Simulate each model with parameters sampled from
appropriate distributions using BAU and preferred policy
versions.
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Forward scenarios

Temperature predictions
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Forward scenarios

Emissions predictions
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Forward scenarios

GDP predictions
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Detailed sensitivity of COPING model

The COPING Model
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Detailed sensitivity of COPING model

Model Schematic
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Detailed sensitivity of COPING model

Example: convergence to the interior equilibrium in a Keen
model
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Detailed sensitivity of COPING model

Example: explosive debt in a Keen model
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Detailed sensitivity of COPING model

Basin of attraction of interior equilibrium - BGH (2021)

(a) ξ̄ = 1.18 (b) ξ̄ = 1.3 (c) ξ̄ = 1.875
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Detailed sensitivity of COPING model

Dependence on inflation parameters - BGH (2021)

(d) (0.9, 0.9, 0.3) (e) (0.675, 0.578, 1.53)
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Detailed sensitivity of COPING model

Logistic regression and partial rank correlation - BGH
(2021)

Logistic Regression Coefficients Partial Rank Correlation Coefficients
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Detailed sensitivity of COPING model

Classification tree - economic model (no climate)
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Detailed sensitivity of COPING model

Classification tree - full model
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Detailed sensitivity of COPING model

Regression tree - economic model (no climate)
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Detailed sensitivity of COPING model

Regression tree - full model
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Detailed sensitivity of COPING model

Classification Random Forest - economic model (no
climate)
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Detailed sensitivity of COPING model

Classification Random Forest - full model
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Detailed sensitivity of COPING model

Regression Random Forest - economic model (no climate)
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Detailed sensitivity of COPING model

Regression Random Forest - full model
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Detailed sensitivity of COPING model

Heat map - full model
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Conclusions

Conclusions

I Climate change is the most formidable challenge faced by the
human race

I Traditional macroeconomics is ill-equipped to contribute to it

I Integration of dynamic models with disequilibrium and slowly
adjusting variables is needed

I Finance is likely to play a fundamental role in the low-carbon
transition

I Understanding parameter sensitivity of the models is key to
comparing past performance and assessing predictions.

I Thank you.
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