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Probabilisti foreasts of winter thunderstormsaround Amsterdam Airport ShipholMaurie Shmeits* and Aim�ee Slangen
The development and veri�ation of a probabilisti foreast system forwinter thunderstorms around Amsterdam Airport Shiphol is desribed.1. IntrodutionWinter thunderstorms are quite rare in theNetherlands, but still they an ause prob-lems to aviation. It is thought that about90% of the disharges to airrafts are initi-ated by the airraft itself. This is alledairraft indued lightning (AIL). Whenplanes are struk by lightning, this maydamage the plane whih results in ostlyreparations or delays. That is why airportswould like to have a warning system forthe ourrene of lightning. There are sev-eral thunderstorm indies, like the Boydenindex or CAPE, whih are quite good win-ter thunderstorm preditors when regardedindividually. However, in this study thun-derstorm indies are ombined to reatea probabilisti foreast system for winterthunderstorms.We have used model output statistis(MOS) to develop the probabilisti foreastequations. The MOS system onsists of 32logisti regression equations, i.e. for twoforeast periods (0-6 h and 6-12 h), four90 � 80 km² regions around AmsterdamAirport Shiphol (Fig. B), and four foreastyles per day.2. Statistial method, preditandand potential preditors2.1 Logisti regressionThe derivation of the MOS equations hasbeen done using the method of logistiregression [3℄. Aording to this methodthe probability Pr that an event y ours is:Pr{y} = ±± + exp(a° + a±x± + a²x² + ... + anxn)The preditors xi(i = ±, ², ..., n) are seletedvia a so-alled forward stepwise seletionmethod and the regression oe�ientsai are determined using the maximumlikelihood method [3℄.

2.2 Preditand de�nitionsIn this study an event is de�ned as a thun-derstorm event if � 1 lightning dishargeis present in the quality-ontrolled SAFIRlightning dataset [2℄ in a 6-h time period(03-09, 09-15, 15-21 or 21-03 UTC) ina 90 � 80 km² region. Herewith, bothintraloud and loud-to-ground lightningdisharges are taken into aount. The pre-ditand for thunderstorms is de�ned as theprobability of a thunderstorm event.2.3 Potential preditorsAs in [1℄ several thunderstorm indiatorsfrom HIRLAM and from the ECMWFmodel, and an ensemble of adveted radarand lightning data were used as potentialpreditors. The set not only inluded thetraditional indies, like Je�erson or Boy-den, but also other possible indiators ofthunderstorms, like wind shear or tempera-ture advetion.
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Figure A. 6-12 h probability foreast (%) of � ± lightningdisharge for 4 Deember 2009, 03-09 UTC.

Figure B. Number of disharges per region on 4 Deember2009, 03-09 UTC. The loation of Amsterdam AirportShiphol is indiated by a ross in region MMN. Thefollowing letters are used for the regions [1℄: W standsfor west, M for middle, E for east, X for extreme, N fornorth, and S for south.3. Results3.1 Seleted preditorsUsing forward stepwise seletion [3℄, 13di�erent preditors have been seleted inthe 32 foreast equations [2℄. The most se-leted preditors are the HIRLAM Boydenindex, the square root of the ECMWF 3-hand 6-h onvetive preipitation sum, theHIRLAM lowest-level and lowest 100-hPaCAPE, and the square root of the mean6-h radar preipitation sum above 3 mm/h.3.2 Example ase: 4 Deember 2009To demonstrate the foreast system anexample ase is desribed. In Fig. A the 6-12 h probability foreast for 03-09 UTC on4 Deember 2009 is given. The probabilityis highest in the region WMN (72%), andquite high as well in the regions MMN(67%) and WMS (52%), whereas the regionMMS shows a probability (4%) lose to thelimatologial value. The observed numberof lightning disharges is given in Fig. B.

Two airplanes were struk by lightning thismorning.3.3 Veri�ation resultsIn this subsetion objetive veri�ation re-sults are shown for both foreast periodsusing the Brier skill sore (BSS) [3℄. Theregression equations generally have Brierskill sores above the 0-skill line (Fig. C).This learly indiates that the foreast sys-tem developed here is skilful ompared tolimatology. The highest sores are foundfor the morning (03-09 UTC) and the low-est sores for the afternoon (09-15 UTC).
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Central verification time (UTC)Figure C. Brier skill sore (%) as a funtion of entralveri�ation time for the 0-6 h (blak) and 6-12 h fore-asts (red). The 4 regions have been pooled and theindependent veri�ation period is from 16 Otober 2007 to15 April 2008.4. ConlusionThe foreast system generally has skill om-pared to limatology (Fig. C). The highestBrier skill sores are found for the morningand the lowest for the afternoon.Referenes[1℄ M. J. Shmeits, C. J. Kok, D. H. P. Vo-gelezang, and R. M. van Westrhenen.Wea. Foreasting, 23:1253�1267, 2008.[2℄ A. B. A. Slangen and M.J. Shmeits. Adv.Si. Res., 3:39�43, 2009.[3℄ D. S. Wilks. Statistial Methods in the Atmo-spheri Sienes. 2nd Edition, AademiPress, 627 pp., 2006.*Royal Netherlands Meteorologial Institute (KNMI), De Bilt, Netherlands; e-mail: shmeits�knmi.nl.


