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overview

Assessment of the hail hazard from a combination of 
radar and insurance data

Marc Puskeiler and Michael Kunz 
Institute for Meteorology and Climate Research (IMK-TRO), Karlsruhe Institute of Technology (KIT), Germany

data sets Due to their local-scaleimpactsof a few hundred meters only, hailstormsand
their intensitiesare not capturedaccuratelyanduniquelyby a singleobservationsystem. Therefore,several
appropriatemeteorologicaldata(radar,lightning,radiosoundings,satellite)complementedby insurancedata
areusedandcombinedto identify tracksof singlehailstormsin the past.
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Agricultural damage
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Fig. 2: Number of hail
days(2001-2009).

Fig. 1:  DWD Radar 
Network

Fig. 3: Number of hail
days(1997-2008).

Damage to buildings

Baden-Württemberg, 
Hesse and Thuringia

>80% of all buildings

1986-2010, daily

Corrections: trends 

methods
Identificationof thunderstormsfrom radar
data using different thresholds for the
radarreflectivity in different heights.

Combinationwith insurancelossdata (Fig.
5) to identify hailstormswith damageson
the ground.

Trackingof the hailstorms(Fig. 6: TRACE-
3D,Handwerker,2002).

Analysisof the radar reflectivity alongthe
trackof the hailstorm.

Projection of the hailstorms tracks on a
equidistantgrid (10x 10km²).

BLIDS ςLightning 
detection network 
(Siemens)

Germany

1991-2010

Lightning data 

Fig. 4: Lightning densitiy 
(2001-2009); Damian (2011)

Fig. 5: Lossdata (VH)during the
hail event on 26 May 2009 (red
areas)combinedwith maximum
radarreflectivityat 7 km (DWD).

Fig. 6: Hailstorm track on 20 June
2002accordingto radar data (blue)
and SV insurance data (loss
frequency).

Determination of the maximum
reflectivityvaluesfor eachgridbox.

Extreme value statistics: Generalized
Pareto Distribution (GPD) with
MaximumLikelihood(ML)estimator.

Estimationof return valuesor periodsof
radar reflectivity (intensity of a
hailstorm)for eachgridbox(Fig. 7).
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z: threshold (55 dBZ)

a, k: scale and form parameter
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Fig. 7: Radarreflectivityvsreturn period

Over Germany,the number of days above a radar reflectivity of 55 dBZόάƘŀƛƭǎƛƎƴŀƭέύshow a high spatial
variability(Fig. 15). In general,this reflectivityshowa goodagreementto the VHhail damagedataasconfirmed
by highvaluesof the HeidkeSkillScore(HSS; Fig. 16).

Fig. 16: Maximum HSS for the relation
between VH and radar reflectivity data for
different thresholds (2004-2009; top) and
mostappropriatethresholds(bottom).

hazard assessment for Germany II: first results

On 26.05.2009, a MesoscaleConvectiveSystem(MCS)with a track length > 600 km causedsignificant
damageover Switzerland,GermanyandCzechRepublic. Both the trackof the MCSand the damagepatterns
arereproducedwell byradardataat different levelsandovershootingtop signals.

hazard assessment for Germany I: case study

Fig. 12: Radar reflectivity (dBZ) and
lightningdata on 26.05.2009, 14:15UTC

Fig. 13: COSMO-Reanalysis: Vertical
motion (red: lifting; blue: descent)in 500
hPa,26.05.2009, 15:00UTC

Fig. 14: Lossdata (VH; red),maximumradar
reflectivity (DWD)andovershootingtops.

Fig. 15: Number of days with a radar
reflectivity> 55 dBZbetween2004and 2009;
derived from DWD RX composite (2 km);
indicatedare the different radars.

# days

�” Partly high HSS,especi-
ally in areas with high
densityof hailstorms.

�” Low HSSin areas with
no insurancedata (e.g.
mountainareas).

�” Appropriate threshold
for hail identification by
radar is 55.6 dBZ,
averageHSSis0.29.

�” Several errors and
inaccuracies in radar
data that have to be
corrected.

HSS

Z (dBZ)

flow modification by  orography
Theresults for the test area show a

high spatialvariabilityof hail eventsthat may be causedby orographiceffects. On the selectedhail days,
the άǇǊŜ-ŎƻƴǾŜŎǘƛǾŜέnondimensionalmountain height was = 4.0 °1.9 on average(mean°standard
deviation). In that range,the flow from southwestmay be partly deflectedat the southernBlackForest
mountainsand to go around them. Downstream,the two branchesof the flow will meet again,causing
horizontalflow convergencethat favorsthe onsetor intensificationof deepconvection.

Environmental conditions
accordingto radiosoundings
Stuttgart, 1200 UTC

ÅU = 4.1 Ñ2.0 m s-1 (0.5ς2 km)

ÅNd = 0.013 Ñ0008 s-1

Fig. 11: Meanwind field on hail daysfrom COSMO-CLMsimulationsand sketchof flow
aroundthe southernBlackForestcreatinga convergencezoneon the leewardside.

Fig. 10: Histogram of non-
dimensionalmountain height H on
hail daysandwind rose(top).

�” Flow around the southern Black 
Forest on most of the hail days

�” Development of hailstorms in the 
convergence area on the leeward 
side 

It ispossibleto identify hailstormtracksandintensityfrom a combinationof different meteorological
data(e.g., radarreflectivityat different altitudes)that arerelatedto haildamage.

Hailprobabilityshowsa highspatialvariability. In the test region,a hail hot spot is the regionsouth
of Stuttgart,whereasthe lowesthazardisgivenfor the mountainsof BlackForestandSwabianJura.

Orographiceffectson the flow suchaschannellingor localwind systemsare decisivefor the spatial
variabilityof the hail streaks. Furtherinvestigations,e.g. by modelstudies,are necessaryto quantify
this effect.

Further investigationsand combination with other meteorologicalparameters(lightning density,
overshootingtop analysis,convectiveparametersΧ) are necessariyto classifythe hail risk with high
spatialresolution.
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results for test area

Fig. 8: Tracks of the 30 most
damage-related hailstorms (lines)
between1997 and 2007 from IMK
radardata for a reflectivity>55dBZ.

dBZ

In a preliminarystudy,the conditionsin the northwesternpart
of Baden-Württemberg(test area)were analyzed. Forthis area,3Dradardata from C-bandRadaroperated
by IMK/ KITwerecombinedwith insurancedataof the SV.

Fig. 9: Radar reflectivity for a
statisticalreturn periodof 1 year(p
= 1), interpolatedfrom the 10 x 10
km²grid cells.

�” Good agreement between
density and intensity of
hailstorms.

�” Significantspatial variability due
to orographicinfluences(Fig. 8).

�” Highestannual reflectivity values
between the two mountain
ridges of Black Forest and
SwabianJura (Fig. 9).

�” Lowest annual reflectivity values
over the north and the elevated
terrain in the south-west and
southof the test area(Fig. 9).

references

Over the last decades,lossdue to severehailstormshas been
increasedsignificantlyin CentralEurope. In the state of Baden-Württemberg,for example,
most of the damageto buildingsis causedby large hailstorms(1986-2008). Examplesof
severe hailstorms include the local-scale Villingen-Schwenningenhailstorm on 28 June
2006or the large-scalehail streakon 26May2009with a tracklengthin excessof 600km.
Dueto the highdamagepotential,quantificationsof the hail hazardandriskasaccurateas
possibleare essentialfor the economy,especiallyfor the insuranceindustry. Within the

frameof the project HARIS-CC(HailRiskandClimateChange)it is aimedat quantifyingthe
hailhazardfor Germanyin a highspatialresolution.
First results reveala high spatial variability of the intensity and probability of hail tracks
that can be (partly) explainedby orographicflow modifications. In the future, a hail loss
modelwill be createdto convertmeasuredandmodelledintensities(e.g., radarreflectivity
or hail kinetic energy)into monetary parameterslike mean lossor maximumloss. From
that, it iswill be possibleto quantify the local-scalehail riskfor certainreturn periods.


