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Overview 

• Background story 

• Model 

• Results 

• Further considerations 



Storm Anatol December 1999 

Billeder: sn.dk, jv.dk, dmi.dk  

• Strongest storm 
measured in Denmark 

• 800+ injured, 7 dead 
• 4.000.000 𝑚3 forest 

destroyed  
• Damaged for over 2.8 

billion euro 
• Max mean wind 38 m/s 

and gust 50 m/s 



Theory/Methodology 

• Warmer air –  

    more moisture 

• Warmer oceans –  

    more energy 

• Stronger atmospheric  

    instability 

• Changes in circulation  

    patterns 

 

 



Storms in a future warmer climate 

When we talk about future storms, 
which questions are important to 
ask? 

• Are future storms getting 
stronger? 

• Do they last longer? 

• Are they getting bigger and affect 
a larger area? 

• Will they occur more frequent? 

•  What else may change 
(turbulence structure)? Natol NOAA polar IR 4 



Storms in a future warmer climate 



HARMONIE-AROME model 

• High resolution NWP 
model 

• DINI configuration 

• High resolution 2 km 

• Boundary derived from 
ERA5 

• Output every hour 

• 5 model runs with 
different temperatures. 

 



Pseudo Global Warming simulation 



Model run - control 



Model run +3 ⁰C 



PGW Simulation 

Maximum mean wind speed Land covered by storm 



PGW Simulation 

Maximum 10 m 
wind speed for 
maen and gust, 
obtained over the 
entire simulated 
periode over land. 



Area affected 

Control run +3 ⁰C run 



Change In area 

• Control run • +3 C run 



CWEI for Wind > 24.5 m/S 

• Area 

 

• CWEI 

 



HARMONIE vs ERA 5 

Figur: Rune Zeitzen, DMI 



Anatol anno 2100 

• More powerful – mean wind 40 m/s, gust 
54 m/s   

• Land area experience up to 3 hours more 
extreme wind at +3 ⁰ C. 

• Area exposed to wind speed over 24.5 
m/s  increases by approx 1500 𝑘𝑚2.          



Consequences for cities 



PALM-4U 



PALM-4U 



Takeaway message 

Thank you for your 
attention. 


