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Climate Metrics
Initially for portfolio management 

Pivoted to mortality modelling 

Focus now on Lee-Carter model with
temperature data

DRP Context 
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Captures the status of the climate or
the impact on the climate. i.e.

Motivation? 
Pricing Liabilities
(Life, P&C, Mortgages, etc)

Carbon Footprint ESG Score

Temperature Natural Disaster Index

Climate Metrics



 Core Questions
Does temperature affect mortality in Ontario? 

How can we model it? 

Is it better than traditional methods?



Aim of our
project

Evaluate the performance of the classic Lee-
Carter mortality model using Ontario data
(1991–2023) for males and females.
Extend the model by incorporating mean
annual temperature derived from daily
climate records.
Compare baseline and climate-adjusted
models using forecast accuracy metrics
(RMSE, MAPE).
Analyze whether temperature trends explain
additional variation in mortality rates.
Validate model assumptions through
residual analysis.



Data Sources
Deaths

Exposure

Temperature

Yearly Deaths from 1991-2023 for age bins from 20-89
Types:

Male
Female

Yearly Exposure from 1991-2023 for age bins from 20-89
Types:

Male
Female

Mean Annual Temperature for Toronto from 1991-2023



What is Lee-Carter Model



Model Framework
We extend the Lee-Carter mortality model from:

To:

Where:



Mean Annual Temperature Trend
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Baseline vs Climate Model



Baseline vs Climate Model
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Residual Analysis



Residual Analysis



Baseline Climate

RMSE: 11.37% RMSE: 10.94%

MAPE: 8.53% MAPE: 8.29%

Fit Error Metrics
Male

Baseline Climate

RMSE: 11.16% RMSE: 10.92%

MAPE: 8.24% MAPE: 8.04%

Female

1.Consistent Improvement
2.Modest but real gains
3.Slight gender differences
4.Overall model quality

Key Insights
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The Apparent Paradox

What we know:
cx: Shows warmer temperatures are
generally protective 

Temperature trend: Ontario has
been warming from 1991-2023

kt: The extended model shows less
mortality improvement than the
baseline model

If warming temperatures are
protective AND Ontario is warming,

why isn't there MORE mortality
improvement in the extended

model?



CLIMATE METRIC APPLICATIONS 

Canadian Flood Insurance Plan
Climate metrics like precipitation
used in flood exposure

Exposures to natural disaster, pollution, or
weather

Colder Climate - Higher Premium? 
Potentially significant risk measures in
morbidity and mortality

Long-term effects of lifestyles or
medications

Medical Studies

Climate 
Studies 

Life & Health Pricing

P&C
Pricing 



FURTHER READINGS
SEKLECKA, PANTELOUS, AND O’HARE (2017)

Mortality effects of temperature
changes in the United Kingdom

Extended LC Model with
temperature metric

Performed better out-of-sample
forecasts than base LC (Improves
BIC by over 8%)

Most significant effects found in
elderly populations



FURTHER READINGS

ESG
Carbon Footprint
Temperature
Natural Disaster Index

Effect of Climate Metrics on Insurance Pricing 



Conclusion

 Extension of
Lee-Carter with

Temperature

Replicated UK
Mortality study

with Ontario
population



Thanks!
ANY QUESTIONS?


