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Motivation
• Insurance industry benefit from having the 

most accurate representation of the 

windstorm footprint at the earliest 

opportunity

• Prompt identification of the most affected 

areas

• Timely estimation of the associated losses 

• Improve knowledge of vulnerability when 

combined with historical loss data

Klaus (23rd – 25th January 2009) 
Met Office, North Atlantic European Model 

(EURO4): ~4.4km horizontal resolution
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Windstorm Footprint: Maximum 3 second  

wind gust speed to occur in each location over 

the 72 hour lifespan of the storm
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Aim

• Investigate different methods for estimating the windstorm footprint 
using observations and numerical weather prediction (NWP) models 

• Observations: relatively accurate but spatially heterogeneous

• Meteorological NWP models: spatially complete but biased

• How can we effectively combine these two sources of information?
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NWP Model: Met Office, North Atlantic 

European Model (EURO4), ~4.4km 

horizontal resolution

Data

Observations: Wind gust speeds taken 

from a station network of ~1500 

stations across Europe 

Observed (left) and modelled (right) footprints for 

windstorm Klaus (23rd – 25th January 2009) 
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Method

• Compare how well three different approaches for representing a single 

windstorm footprint are able to predict observations at locations not included in 

model fitting

1. Using observations only: a spatial geostatistical model, kriged predictions

2. Using meteorological NWP model only: interpolate to the prediction location

3. Combined approach: using the statistical recalibration approach of Youngman and 

Stephenson (2019)

1. 2. 3.

Youngman, B. D. and Stephenson, D. B. (2019). Spatial inference for hazard event 

intensities using imperfect observation and simulation data. Preprint available from 

http://empslocal.ex.ac.uk/people/staff/by223/youngman-stephenson_ recalibration.pdf

http://empslocal.ex.ac.uk/people/staff/by223/youngman-stephenson_%20recalibration.pdf


© Crown Copyright 2019, Met Officewww.metoffice.gov.uk

1. Geostatistical model for observations

• For each pair of locations, empirically calculate 

the semivariance (a measure of dissimilarity), 

plot against separation distance

• Calculate the average semivariance for 

separation distance bins (here every 200km)

• Fit a parametric covariance function to these 

points – here the Gaussian model

• This model can be used to predict at unobserved 

locations, based on a weighted average of 

neighbouring locations (ordinary kriging) Distance (km)
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1. Geostatistical model for observations
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Observed footprint for 

windstorm Klaus
Kriged observation footprint (4km 

resolution) for windstorm Klaus
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2. Interpolating NWP model 

• Use bilinear interpolation to non-

parametrically estimate wind gust speed at any 

desired location, based on wind gust speeds at 

surrounding locations

• Use the interp.surface() function in R 

EURO4 footprint for windstorm 

Klaus (4km resolution)

W
in

d
 g

u
s
t 
s
p

e
e

d
 (

m
s

-1
)



© Crown Copyright 2019, Met Officewww.metoffice.gov.uk

3. Recalibration 
• Model Observations such that the spatial mean process is a function of NWP model, and 

known model parameterisations (e.g. orography)

Observation = Unobservable truth + Measurement error  (1)

Unobservable truth = NWP model + Model discrepancy (2)

Observations ~ ,+NWP model Orography

Spatial structure 

adjustment and 

measurement 

error

• Use this model to predict Unobservable truth at a given location using its joint distribution 

with Observations derived from equation (1)

• Quantifying the difference in spatial structures and measurement error
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3. Recalibration 

NWP model Klaus 

footprint (original) 

Recalibrated Klaus footprint (4km 

horizontal resolution) W
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Difference (recalibrated – original)
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Results: Klaus

Which approach gives best predictions of observations not 

included in model fitting?

1. Kriged Observations 2. Interpolated NWP model 3. Recalibrated footprint

Observed wind gust (validation sample) Observed wind gust (validation sample) Observed wind gust (validation sample)
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• 10-fold cross validation 

(~140 observations per 

validation sample)

• For each of the 10 cross 

validations, calculate the 

Root Mean Squared 

Error (RMSE)

1. For all wind gust speeds

2. For observed wind gust 

speed > 25ms-1, most 

relevant for insured loss 

estimation
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Results

1.  RMSE for all 10-fold cross 

validations for Klaus 

2.  Mean RMSE for Klaus 

3.  Mean RMSE for 20 storms 

(2007-2019) 

Recalibration Approach 

has lower RMSE 

Recalibration Approach 

has higher RMSE 

• For all 20 storms, the 

recalibration approach gives 

more accurate predictions

• Both for all wind gust magnitudes 

and extreme wind gusts   
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• Explored three approaches for using observations and meteorological NWP model for 

estimating the windstorm footprint - separately and in combination

• The combined approach followed the hazard footprint recalibration approach of 

Youngman and Stephenson (2019)

• For all 20 storms we have explored, the recalibration approach gives more 

accurate predictions of ‘new’ observed wind gusts speeds 

• This is true for wind gust speed of all magnitudes and extreme wind gusts (>25ms-1)

• AXA should employ the recalibration method to achieve more accurate 

representations of both historical and future windstorm footprints

Conclusion
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Applications: Vulnerability Modelling (Klaus Storm)

• 30% difference in 

implied vulnerability

• Consistency with gust 

observations is necessary 

for model modularity

• It also improves reliability 

of comparisons 

between events
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Applications: Event Response (Hagibis Typhoon)

• Improved alert systems and

loss prevention measures 

thanks to finer vulnerability 

knowledge

• Improved early estimations of 

number of claims and total 

event losses

• Improved claim handling and

urgent assistance services 

thanks to better identification of 

clients at risks

Snapshot from the internal Hagibis typhoon early event response report
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Extra slides 
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3. Recalibration 

• In Youngman and Stephenson (2019) and here, we use cubic regression splines to 

relate the NWP modelled wind gusts and orography with observed wind gusts
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© Crown Copyright 2019, Met Officewww.metoffice.gov.uk


