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1. Introduction



Introduction
Weather derivatives
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A weather derivative is defined by:

A premium

A weather variable and 
a weather station

An index A measurement period

A pay-off function
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Introduction
Temperature derivatives
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Approaches for the valuation of

temperature derivatives

Burn analysis (actuarial 

valuation)

Stochastic modelling of

temperature

Temperature indexes

HDD (Heating Degree Days)

CDD (Cooling Degree Days)Index modelling

CAT (Cumulative Average

Temperature)
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Temperature model FCAT price

Probabilistic estimation of the

speed of mean reversion

Probabilistic estimation of the

FCAT price

Tested on daily average temperatures from 37 European weather stations

FCAT price model

Monte Carlo

Introduction
Key points
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Introduction
European weather stations
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2. Temperature models

What is the impact of including a time-dependent or a constant speed of mean reversion
on the modelling of temperatures across all European stations?



Temperature model with constant speed of mean 
reversion
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Stochastic temperature model

Trend and 

seasonality
Temperature

volatility
Speed of mean 

reversion

Detrended and 

deseasonalized

temperature
Brownian

motion

𝑇𝑡 = 𝑆𝑡 + 𝑋𝑡,1
𝑑𝑋𝑡,1 = 𝛽𝑋𝑡,1𝑑𝑡 + 𝜎𝑡𝑑𝑊𝑡

𝑺𝒕 𝑿𝒕,𝟏 𝝈𝒕 𝜷 𝑾𝒕

(Eq. 1)

(Eq. 2)
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Temperature model with time-dependent speed of mean 
reversion
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Stochastic temperature modelTrend and 

seasonality

Temperature

volatility

Detrended and 

deseasonalized

temperature

Brownian

motion

Speed of mean 

reversion

Constant

parameters

Brownian

motion

𝝀, 𝝈𝟐

𝑻𝒕 = 𝑺𝒕 + 𝑿𝒕,𝟏

𝒅𝑿𝒕,𝟏 = 𝑿𝒕,𝟐𝑿𝒕,𝟏𝒅𝒕 + 𝝈𝒕𝒅𝑾𝒕

𝒅𝑿𝒕,𝟐 = −𝝀𝑿𝒕,𝟐𝒅𝒕 + 𝝈𝟐𝒅𝑩𝒕

𝑺𝒕

𝑿𝒕,𝟏

𝑿𝒕,𝟏

𝑾𝒕

𝝈𝒕

𝑩𝒕

(Eq. 1)

(Eq. 2)

(Eq. 3)
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Temperature models
Estimation of terms

2

3

1 Estimating trend and seasonality (𝑺𝒕)

Estimating temperature volatility (𝝈𝒕)

Estimating time-dependent speed of 

mean reversion (𝑿𝒕,𝟐, 𝝀, 𝝈𝟐)

Estimating constant speed of mean 
reversion (𝜷)

1

2

3

4

4

Temperature model with time-dependent

speed of mean reversion

Temperature model with constant speed of

mean reversion

𝑻𝒕 = 𝑺𝒕 + 𝑿𝒕,𝟏

𝒅𝑿𝒕,𝟏 = 𝑿𝒕,𝟐𝑿𝒕,𝟏𝒅𝒕 + 𝝈𝒕𝒅𝑾𝒕

𝒅𝑿𝒕,𝟐 = −𝝀𝑿𝒕,𝟐𝒅𝒕 + 𝝈𝟐𝒅𝑩𝒕

𝑻𝒕 = 𝑺𝒕 + 𝑿𝒕,𝟏

𝒅𝑿𝒕,𝟏 = 𝜷𝑿𝒕,𝟏𝒅𝒕 + 𝝈𝒕𝒅𝑾𝒕
▪ 37 European weather stations

▪ Average daily temperature (1980-2019)

𝑺𝒕 = 𝒂 + 𝒃𝒕+ 𝜶𝑺 𝐜𝐨𝐬 𝟐𝝅𝒕 + 𝜷𝑺 𝐬𝐢𝐧(𝟐𝝅𝒕)

𝝈𝒕
𝟐 = 𝒂𝝈+𝜶𝝈𝒄𝒐𝒔 𝟐𝒇𝝈𝝅𝒕 + 𝜷𝝈 𝒔𝒊𝒏 𝟐𝒇𝝈 𝝅𝒕

𝒚𝒕 = 𝜷𝑯𝒕

Kalman Filter
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Estimating the time-dependent speed of mean reversion
(𝑿𝒕,𝟐, 𝝀, 𝝈𝟐) with a Kalman filter
Results 

𝑇𝑡 = 𝑆𝑡 + 𝑋𝑡,1
𝑑𝑋𝑡,1 = 𝑋𝑡,2𝑋𝑡,1𝑑𝑡 + 𝜎𝑡𝑑𝑊𝑡

𝑑𝑋𝑡,2 = −𝜆𝑋𝑡,2𝑑𝑡 + 𝜎2𝑑𝐵𝑡

𝑵(𝝁𝜿, 𝝈𝜿)
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Analysis of the speed of mean reversion
Results
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- Little improvementwhen consideringtime-dependent speedof mean reversion

- Need of consideringout-of-sample data

What is the impact of including a 

time-dependent or a constant speed 
of mean reversion

on the modelling of temperatures 

across all European stations?
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3. FCAT price estimation

What is the distribution of the FCAT prices for all European stations, using a probabilistic estimation of the 
speed of mean reversion?



Deterministic estimationof the parameters of𝑺𝒕
Probabilistic estimation of the FCAT Price

▪ 𝜏1 = 0 (1st January 2020); 𝜏2 = 0.25 (1st April 2020)

From temperature to FCAT price
Estimation of the FCAT price
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Probabilistic estimation of the speedof mean 

reversion

𝑵(𝝁𝜿, 𝝈𝜿)
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Analysis of the distribution of the FCAT prices
Distribution of 𝜿
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𝑵(𝝁𝜿 ,𝝈𝜿)

Each distribution is determined by the mean and its 2.5% and 97.5% percentiles.

Probabilistic estimation of the speed of mean reversion
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Analysis of the distribution of the FCAT prices
Distribution of the FCAT prices
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Each distribution is determined by the mean and its 2.5% and 97.5% percentiles.
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4. Conclusions and next 
steps



Conclusions and next steps

• Temperature model with time-dependent speed of mean 
reversion, estimated with a Kalman filter.

• Comparing time-dependent vs. constant speed of mean 
reversion on in-sample data.

• Probabilistic estimation of FCAT prices.

• Analysis across Europe.

Next steps:

• Developing simulation algorithms to test the temperature 
model’s performance on out-of-sample data.
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Questions?

amcoll@comillas.edu
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