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Synoptic Scale Mesoscale Storm -Scale

Post-event analysiscomposedof 
multiple data sources 

Convective post-event analysisconductedtop-down from the 
synopticscaledown to the storm-scale

ÇCooperationbetweenMeteoSwiss, local authorities and specializedagencieswascrucial in obtaininga realistic
and comprehensivepictureof what transpiredand wasdeterminantin identifying the meteorological
phenomenainvolved

ÇOn 24 July 2023, a low-topped (LT) high-precipitation (HP) supercell thunderstorm struck the city of La 
Chaux-de-Fondsin the Jura mountains of northwest Switzerland

Ç Impact : 1 fatality, 45 injuries, > 135 million Swiss Francs of material damages, ~ 22,000 trees torn down,  
~ 3,000 buildings damaged, deep psychological trauma inflicted on inhabitants

ÇValidated 1-sec max convective wind gust of 60,4 m/s (217 km/h) measured at the SwissMetNetground 
station at Eplaturesregional airport with widespread IF2 damages within a 6 km x 2 km ellipse

ÇExtensive post-event analysis conducted to determine the storm-scale origin of the violent convective 
wind gusts given the weaker than average reflectivity intensity on radar.

ÇMultiple data platform analysis points to a hybrid wind event composed of both a microburst and a 
tornado due to specific spatial/temporal phasing of convective processes at the storm scale.

MeteorologicalContext& Ingredients

Storm Characterizationvia Satellite / Radar

Storm Characterizationvia Visual Obs (photos/videos/ testimonials)

Damage Analysis(aerial/ grounddamage surveys, photos/videos)

SwissMetNetExtremeWind Measurements

NWP Performance, Warning Issuance& NowcastingImplications

HypothesizedMesoscale& Storm-Scale
Mechanismsat Play

Instability & Vertical Wind Shear Large-scaleLift

ÇA thorough post-event analysis was conducted  composed of a platform of multi-sourced data and 
utilizing a top-down method, funneling down from the synoptic to the mesoscale to the storm-scale. 

3. Results

1. Introduction 2. Methodology

4. Summary/ Conclusions Jura Mountains :  A Local Tornado Alley

ÇPhasing at storm-scale: Rear-Inflow Jet (RIN)-> DescendingReflectivity
Core(DRC)-> Rear-FlankDowndraft (RFD)-> Inducedmicroburst-> 
inducedtornadogenesis

ÇTopographicalfunnelingof mesoscale/storm-scalewindsin Jura valley
ÇCity architecture wind funnelingdue to city grid style
ÇLow-levelmesocyclonewasessentiallygrazingthe groundat 1000 m 

elevation

ÇSeverethunderstorm outlook/ watch issued
ÇCOSMO-1E NWP-EPS fieldsvery dispersedand ŘƛŘƴΩǘcapture true intensity
ÇRadar-basedalgorithmsŘƛŘƴΩǘtrigger a severet-storm warning as low-topped

supercellhadbelow threshold reflectivity-basedvalues
Ç{ǘƻǊƳΩǎmesocyclonedetectedby MeteoSwissradar-basedMDA in test phase

ÇSeveralstrong/violent tornadoesobservedover the Jura since17th 
century -> 1624, 1768, 1842, 1890 (F-4), 1926 (F-2), 1967 (F-3), 1971(F-4)

ÇFunnelingof windswithin SW oriented valleysishypothesizedto 
increasespeed/directional low-level shear

ÇConvective cloud bases closerto groundover the Jura seems
determinantin increasingtornadogenesisprobability

Ç Instability: MUCAPE -> 400-1200 J/kg (low CAPE)
ÇVert. wind shear:  0-6km : 50-65 kts ; 0-3 km : 40-60 kts (High Shear)
ÇLarge-scalelift : double jet structure aloft + LL prefrontal warm sector
ÇLow-levelhodographcurvature: 0-2/3 km SRH -> ~ 250 - 390 m2/s2

ÇLa CDF : Les Eplaturesairport

ÇMontancyRadar Doppervelocityduring
LT HP supercellphase over La CDF (triple PRF)  

ÇRadar detectedstormsignatures : storm inflow, low-levelmesocyclone, hook
echo, microscalecirc. (possible TVS), RFD surge(microburst), bowingphase

ÇWeak signatures duringLT 
HP supercellphase 

ÇDescendingReflectivityCore(DRC) visible in vertical cross-sections / RHI  

ÇWebcams/photos/videosof approachingHP low-levelmesocyclonecirculation   

ÇSouthernsideof town -> unidirectional/divergent wind damage (microburst)
ÇNorthernsideof town -> multidirectional/convergent wind damage (tornadic)   

ÇLƴǘΩƭFujitaScale-> IF-2 damage observed ÇDamage tracksconfirmedby 
aerial/ groundsurveys

ÇLa Plaine Morte 
Doppler Radar data 
(with hypothesizedmechanisms)

ÇMSG sandwich product : 
Cold-U signatureduring
upstreambow-echophase

Ç1-s wind gust: 60,4 m/s (217 km/h)

Fig. 10 : Montancy (FR) Doppler radar refl. (top) and Doppler vel. (bottom) between0914 - 0930 UTC on 24.07.2023 at variouselev. angles and time stepsusinga 
triple-PRF scan strategyas the low-toppedHP supercellwasimpactingLa Chaux-de-Fonds (Source : MétéoFrance& Bram ǾŀƴΩǘVeenradar data displayer, ESSL)

Fig. 11 : MeteoSwissradar network CAPPI vertical cross-
section reflectivityscans between0920-0935 UTC as low-
toppedHP supercellwasimpactingLa Chaux-de-Fonds. 
Downwardpointingarrowshows progressive reflectivity
corecollapse (Source : MeteoSwiss)

Fig. 13 : VariousMeteoSwiss3-sec anemometerreadings(lines: speed, dots: 
direction) at Les Eplaturesairport and Mont Cornu aroundLa Chaux-de-Fonds.  
Max 3-sec readingwas57 m/s (198 km/h) at the airport (Source: MeteoSwiss)

Fig. 12 : SwissMetNetgroundstation at Les Eplaturesairport
in La Chaux-de-Fonds that recordedthe extremewind gusts
(1-sec gust: 217 km/h) (Source : MeteoSwiss)

Fig. 6 : Montancy (FR) Doppler radar velocityscans at 2.2° (top), 1.2° (middle) and 0.4°
(bottom) elevationangles between0920-0930 UTC on 24.07.2023 with stormsignatures 
annotated(Source : Montancy C-band radar, MétéoFrance/ Michael Kreitz)

Fig. 14 : Webcam/photo/videostillsof HP supercellrain-wrappedRFD circulation approachingthe city of La Chaux-de-Fonds from the weston 24.07.2023. 
Animatedvideofootage(not shown) clearlyshows a broadcyclonicrotationalaspect to the RFD raincurtainswrappingaroundthe low-levelmesocyclone. 
(Source : Roundshot.com webcam (left), Eplaturesairport tower videostill (center), David Derunsvideostill (right))    

Fig. 15 : Unidirectional/divergent treefallwind damage in 
«Parc Gallet» on the southernsideof the city, suggestinga 
downdraft-drivenwind phenomenon(Source : SITN, NE-CH) 

Fig. 16 : Multidirectional/convergent treefallwind damage in «Chapeau-
Rablé» section alongthe northernfringeof the city, suggestinga updraft-
drivenconvergent wind phenomenon(Source : SITN, NE-CH) 

Fig. 17 : LƴǘΩƭFujitascaleIF-2 type damage (left) correspondingto the observedLa 
Chaux-de-Fonds wind damage on 24.07.2023 (right) (Source : ESSL LƴǘΩƭFujitaScale
for tornadoand wind damage assessmentsdocument) 

Fig. 18 : Identifiedwind treefalldamage tracksbasedon aerial
helicoptersurveysconductedby SwissSITN (Source : SITN, NE-CH) 

Fig. 9 : a,b) {ǘƻǊƳΩǎupstreambow echophase in Vallée de la Saône. c,d,e) {ǘƻǊƳΩǎsupercellularphase over La Chaux-de-Fonds as RFD 
wasin the process of gustingout duringDescendingReflectivityCore(DRC) collapse. Hypothesizedstorm-scaleprocesses/mechanisms
annotatedin blueand black (Source : La Plaine Morte C-band radar, MeteoSwiss- ; annotations : Lionel Peyraud) 

Fig. 5 : a) Pre-convective forecastproximitysoundingfor La Chaux-de-Fonds with hodograph. b) COSMO-1E 3h forecastMUCAPE field. c) 
Real-time INCA CAPE. d,e) Upper-levelcoupledjet configuration and low-levelairmasses(Source : COSMO-1E NWP, MeteoSwiss-APN) 

Fig. 7 : MSG sandwich (Source : EUMETSAT, MeteoSwiss) 

Fig. 8 : MSG sandwich (Source : EUMETSAT, MeteoSwiss) 

Fig. 3 : Variousdata sources utilizedin the post-eventanalysisto identify the underlying
atmosphericprocessesat playin thisextremeconvective wind event(Source : MeteoSwiss) 

Fig. 4 : Left: Large-scaledrivers of the convective eventwith upper-leveldouble jet configuration (left exit+rightentrance) and 
approachinglow-levelCFROPA. Middle : Mesoscaleconvective evolutionand interaction with the Jura topography. Right : Phasing 
of specificmeteorologicalparametersat the storm-scale(Source : MeteoSwiss) 

Fig. 1 : Photos and videostillsof the low-toppedhigh-precipitationsupercellthunderstormapproachingLa Chaux-de-Fonds on the morningof 24.07.2023  

Fig. 2 : Photos of the structural and vegetationdamages in and aroundthe city of La Chaux-de-Fonds inflictedby the convective wind gustsfollowingthe passage of the storm.  

Videostill : David DerunsPhoto : EplaturesAirport Tower personnel Videostill : Pierre Schneider  Videostill : Emilie Droz 

Photo : Pierre Schneider  Photo : Lionel Peyraud Photo : Lionel Peyraud Photo :  Fabrice Coffrini/ AFP

Fig. 19 :  Left : Hypothesizedmesoscaleand storm-scalemechanismsat play, responsiblefor the extremeconvective hybridwind eventin La Chaux-de-
Fonds on 24.07.2023, composedof both an RFD generatedwet microburstand a rain-wrappedtornadiccirculation  (Source : Roundshot.com, 
MeteoSwissLionel Peyraud). Upperright : conceptualmodel of a high-precipitationsupercell(Source : Stull2017). Lowerright : Near-surface wind
pattern b for a hybridwind eventadaptedfrom «The International Fujita(IF) Scalefor tornadoand wind assessments» (Source : ESSL)

Fig. 20 :  a) MeteoSwissweatherhazardwarning mapwith an orange-stippledSevereThunderstormOutlook/Watch active over muchof country on 24.07.2023. b)  
MeteoSwissshort-term NWP forecastingdata for simulateddBZ, 6h max gustsand 24h QPF (Source : MeteoSwiss-APN). c) MeteoSwissThunderstormRadar 
Tracking(TRT) algorithmrankingfor ǎǘƻǊƳΩǎintensity(Source : MeteoSwiss-MD-MDR). d) MesocycloneDetectionAlgorithm(MdATing) identifyinga strong/ 
intense mesocyclonewith La Chaux-de-Fonds storm(Source : MeteoSwiss-MD-MDR, Monika Feldmann. e) TRT rankvs. MDA detection(Source : MeteoSwiss- MD-
MDR, Monika Feldmann)

Fig. 21 :  a) The low-toppedHP ǎǳǇŜǊŎŜƭƭΩǎtrajectoryas it relates to the Jura topographyand the city grid (Source : Googlemaps). b) Historic 
tornadicstormsover the Jura mountainsin the past(Source : Dessensand Snow, 1993). c) Structural damage from the 19.08.1890 F-4 
tornadoin St. Claude (Photo : Vincent Vuillermoz) d) Forest damage from the 12.06.1926 La Chaux-de-Fonds F2-F3 tornado(Source : La 
Chaux-de-Fonds library) e) Forest damage in Vallée de Joux from the 26.08.1971 F-4 tornado(Photo : Daniel Aubert)
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