
F4 tornado damage: Hautmont, France, 3 August 2008 (Photo: Bjoern Stumpf) 



Determination of tornado or downburst intensity in terms of 
wind speed is a difficult task 
Phenomena are very localized and short-lived: 
usually not recorded by meteorological station networks. 

Even if they were, measurement devices are often destroyed or record 
inaccurate data since the wind speed often exceeds the range they are 
designed for.  

In a few cases, remote sensing by mobile radar systems (DOW) or direct 
measurements by tornado pods have been successful in measuring wind 
profiles of tornadoes. 

But: their successful deployment is (still) rare compared with the 
occurrence of tornadoes and downbursts.  

Event intensity grading is usually derived ex post from the resulting damage.  

But: climatologists are interested in wind speed 
rather than damage! 



F-scale (Fujita 1971/1981): 
interpolation (v2/3) between 
Bft 12 and Mach 1 

Wind speed scales: 

Beaufort (1805/1946, originally for 
wind effect over sea): empirically ~ v2/3 

T-scale (Meaden 1976): 
extension of Bft scale – 
one T class comprises two Bft classes 

What is the physical meaning of the 
2/3 exponent? 
(section modulus of a mast ~d3) 

~v2: wind force (elastic) 
~v3: kinetic energy of the wind flow 
     and debris impact (inelastic) 
~v5: heavy debris impact? 



A tornado/downburst intensity rating system should be 

broadly applicable, i. e. resolve all physically possible wind speeds and 
provide enough damage indicators to be broadly applicable, whatever the 
local conditions along a given event’s path.  
accurate in order to provide a climatology of intensity for all reported events. 
Given the difficulty of estimating wind speeds from damage, this is a 
challenging requirement. 

consistent, i. e. the same process for ratings should be used everywhere 
through all time, to remove secular trends in the database. 

On the implementation of the enhanced Fujita scale in the USA 
Doswell, Brooks, Dotzek: Atm. Res. 99 554, 2009 

Enhanced Fujuta (EF) Scale adopted by the NWS in the USA 2007 
based on 28 damage indicators + degree of damage for each indicator. 
Significant downscaling of wind speeds at upper part of the scale. 

Desirable: regional indicators + degree of damage descriptions for full 
range of wind speeds physically possible in tornadoes. 



Fujita’s f-scale matrix for 6 damage indicators (1992) 

→ Combination of both concepts 
(Feuerstein et al. Atm. Res. 100, 547, 2011) 

ESSL (TorDACH) 
Skywarn Germany 
Munich Re 
Dotzek, N., Berz, G., Rauch, E., 
Peterson, R.E., 2000. 
Degree of damage 
+ vegetation damage 

L in % = monetary damage / 
reinstatement value 









Engineering Structures 30 (2008) 3603 

Analysis of 4 winter storms 

Results from their model 
critical windspeed: 50(8) m/s 
[50% of buildings show damage 
(>1% loss)] 
damage ~ v2 

total damage: >120 m/s 



Engineering Structures 30 (2008) 3603 

Roof Building Code 
DIN 1055/4.  

53 m/s 

49 m/s 

44 m/s 

Analysis of 4 winter storms 

Normalize to 50-year gusts SD ≈ 2 m/s 



Where’s the ‘building code’ for trees? 
It’s in their DNA! 

F3 downburst damage: Braunau am Inn, Austria, 1 March 2008 (Photo: Alois M. Holzer) 



Where’s the ‘building code’ for trees? 
It’s in their DNA! 

50-year gusts: ca. 40 m/s 

> 75 m/s: 
no woody plant survives 

progressive 
debarking 



Use ensembles: loss and claim ratios 

Decision matric based on comprehensive analysis by Hubrig (2004) 



F-scale rated climatology: EUR vs. USA 

Consistent! 



Summary and outlook 

Broad applicability 
Regional (structural) DI & DOD descriptions are useful. 
But: be aware of local climatology and related building codes. 
Vegetation damage is helpful in sparsely populated areas (and provides 
information about wind field patterns).  
But: restricted to lower F classes. 

Accuracy 
Windstorm data (Heneka & Ruck) support F-scale 
(50 m/s critical windspeed, 120 m/s total destruction). 
But: absolute wind speed to damage relation still the most challenging task! 
(climatology based on in-situ v-measurements, laboratory impact studies, 
investigate more large-scale windstorms) 

Consistency 
Tornado intensity distributions from USA and EUR are very similar: 
F-scale is consistent at least on a relative scale. 
Worldwide homogeneity of tornado rating is feasible! 


