TEMPO Thunderstorm Review for TAF’s June 2, 2010              Dave Tucek
OVERVIEW
This case will examine the impact of a squall line as it relates to aviation operations.  Concerns for the event were 1) visibility drop from VFR to IFR during the peak of thunderstorms; 2) ceiling drop to MVFR, or lower, during and/or after the storms, and   3) significant wind change associated with the storms.

Since this was a squall line event, the impact was expected to be brief, and thus a tempo group was inserted within a TAF amendment.  

BACKGROUND
A short wave moving across the mid Mississippi Valley across the Lower Great Lakes (fig. 1) generated a well defined mesoscale convective system (MCS) that had progressed east into the mid Mississippi Valley region around 05z June 2, 2010 (fig. 2).  At issue was whether or not sufficient instability and/or shear would remain through the late night hours to maintain the MCS and whether it would continue moving toward, or drop southeast of, the TAF sites.  If the MCS maintained existing movement and strength, some or all the TAF sites would have a potentially significant impact on all elements of the forecast for a short period of time.  
The initial 020600z TAFs (Table 1) called for thunderstorms in the vicinity (VCTS) of KLAF by 10Z, KIND by 12Z, but arrive as CBs at KHUF (14Z) and KBMG (15Z).  Thus the KLAF and KIND TAFs called for some risk from this complex within the first six hours of the forecast. 

The MCS maintenance graphics generated by the Storm Prediction Center (SPC) (figs. 3, 4) for the hourly mesoanalysis and SREF model output indicated that from 05z to 07z the likelihood of MCS maintenance was pretty favorable and high values expanded east into central Indiana by 07z.  Figures 5 through 10 depicting the 07z images of surface moisture convergence, infrared satellite, deep layer shear, MLCAPE, and 07z and 08z radar imagery, respectively, all suggest conditions remained favorable for the MCS to maintain itself to at least some degree and impact the TAF sites.  
Given the observed and forecast data highlighted above, all TAF sites were amended at 08z (Table 2) to include a tempo group with storm arrival between 09z and 11z, and that visibility, ceilings and especially winds would have operationally significant changes.  Because the change was expected from a narrow squall line, the impact was anticipated to occur for less than one hour, and a one hour tempo group was chosen as the basis to reflect the change.  Table 2 also shows the associated surface observations at thunder time and tempo time.  Observations prior to storm arrival (not shown) indicated light south winds which became very strong and gusty from the west as the shelf cloud and squall line moved across.
VERIFICATION OF TAF Tempo’s
As indicated by the observations of thunderstorms at LAF, IND, HUF, and BMG, the KLAF and KIND were indeed impacted with significant wind shifts in the tempo time frame indicated while HUF and BMG impacts occurred 30 to 45 minutes after the tempo times indicated.  Given that one minute ASOS observations were not readily available, it was not possible to determine if stronger gusts occurred between the scheduled observations for KHUF and KBMG.   It was possible, given observations further west and north, that KHUF and KBMG gusts could have reached upwards to 20kts between routine observations.  
Winds                                                                                                                                In all cases, the winds veered as forecast, from light south prior to the squall line to west or northwest during its impact.  In the case of KLAF and KIND, wind gusts reached 36kts and 29kts respectively.  The squall line arrived at KLAF, KIND and KHUF within the forecast hour tempo time frame for lead times around 90, 100 and 105 minutes, respectively.  The tempo groups for these three sites also accurately reflected the 90 degree directional shift.  Significant gusts forecasts near or above 30 knots was very close to what was observed, at least at KLAF and KIND.  
The observed thunderstorm arrival time at KBMG was on the order of 30 minutes later than the tempo forecast between 10z and 11z.  As for wind speeds at KHUF and KBMG, these were less than expected and may have been related to the weakening of the line. Radar observations from 08z to 12z (figures 9 through 12) show the solid line of 50 Dbz echo becoming cellular, the comma head weakening, and the shelf cloud somewhat separated from the precipitation echoes.  This would suggest the decay stage of the MCS was occurring by 11z, the front to rear inflow/updraft was becoming less organized and the rear inflow jet / downdraft was either weakening or lifting above ground level.   Thus for KHUF wind and KBMG wind and timing, the tempo group did not verify as well as KIND and KLAF.  These sites may have been better candidates for no tempo group inclusion, or, an additional amendment at each to better time the tempo groups and reduce the strength of expected wind gusts.
Ceilings and Visibility                                                                                                       For all TAF sites, both ceiling and visibility did lower during the passage of the line, but remained VFR throughout, while MVFR ceilings and IFR visibilities were forecast (in the tempo groups’ hours only).   Though the TAF sites did not lower to the tempo categories forecast, KMIE did observe IFR visibility, while Illinois airports in LaSalle (VYS), Champaign (CMI), Decatur (DEC), and Mattoon (MTO), observed IFR to MVFR ceilings and visibilities as the squall line moved through.  Thus the expectation of such ceilings and visibilities appeared to be valid forecasts.

Conclusion

This study illustrated the case of using Tempo groups in the forecast to identify a timeframe in which thunderstorms were highly probable.  Analyzing available observed and forecast data led to the conclusion of a need for tempo groups at all the TAF sites. Observations verified that this was an ideal determination for KLAF and KIND, and still a pretty good choice (better than no Tempo’s) for KHUF and KBMG.  

The inclusion of a tempo group aids the aviation community by providing greater certainty in timing and duration of operationally significant weather changes that can be planned for.  In this case, the inclusion of the tempo groups, and forecast values provided significant improvement and substantial lead time to aid operational aviation decision making.     
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Figure 1: 500 mb 06z
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Figure 2: Radar  0455Z
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Figure 3:  MCS maintenance 05z
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Figure 4:  MCS maintenance 07z
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Figure 5:  Surface Moisture Convergence 07z
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Figure 6:  IR Satellite 07z
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                            Figure 7:  Surface to 6 km shear 07z
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Figure 8:  MLCAPE 07z
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Figures 9, 10:  Radar Images 07z (top) and 08z (bottom)  

[image: image11.png]



[image: image12.png]



Figure 11 and 12:  Radar images at 11z (top) and 12z (bottom)
Table 1  020006Z TAFs

KIND 020522Z 0206/0312 17008KT P6SM SCT250                                                                                                                                                       FM020900 18009KT P6SM SCT120 BKN250                                                                 FM021200 19012KT P6SM VCTS BKN040CB OVC100

KLAF 020522Z 0206/0306 18004KT P6SM BKN250                                                                                                                                                       FM021000 20005KT 6SM HZ VCTS SCT035CB OVC100                                                          FM021400 22013KT P6SM SCT040CB BKN100

KHUF 020522Z 0206/0306 17003KT 6SM HZ SCT250                                                                                                                                                       FM021000 18007KT P6SM SCT120 BKN200                                                                 FM021500 22011KT P6SM BKN045CB 

KBMG 020522Z 0206/0306 16003KT 5SM BR SCT250                                                                                                                                                       FM020900 19003KT 5SM BR SCT250                                                                           FM021400 21011KT P6SM SCT040CB BKN250

Table 2:  020800z TAF amendments and associated thunder observations 
KIND 020808Z 0208/0312 17008KT P6SM SCT250                                                                                                                                                       FM021000 18007KT 6SM –SHRA VCTS SCT030CB BKN120  
              





TEMPO 0210/0211 28020G35KT 2SM TSRA OVC020CB                                                          

MTR:   KIND 021054Z 29022G28KT 7SM -TSRA FEW031CB SCT041 OVC049 21/17 A2986                 RMK AO2 PK WND 28031/1044 TSB43RAB49 PRESRR SLP103...
KLAF 020805Z 0208/0306 18004KT P6SM BKN250                                                                                                                                                       FM020900 18007KT 4SM HZ VCTS SCT030CB BKN120  

          


   

TEMPO 0209/0210 26020G35KT 2SM TSRA OVC020CB                                                          

MTR:   KLAF 020947Z AUTO 26008G23KT 6SM TSRA BR SCT034 BKN065 OVC080 19/17 A2979 RMK AO2 PK WND 28036/0929 WSHFT 0927
KHUF 020804Z 0208/0306 17006KT P6SM SCT250                                                                                                                                                       FM020900 18007KT 4SM HZ VCTS SCT030CB BKN120  
 





TEMPO 0209/0210 27020G35KT 2SM TSRA OVC020CB                                                                           

MTR:   KHUF 021030Z 29007KT 7SM -TSRA OVC039 19/17 A2985 RMK AO2 WSHFT 0940 
KBMG 020810Z 0208/0306 16006KT 5SM BR SCT250                                                                                                                                                       FM021000 17007KT 6SM –SHRA VCTS SCT030CB BKN120  





TEMPO 0210/0211 30020G35KT 2SM TSRA OVC020CB                                                          

MTR:  KBMG 021133Z 30004KT 10SM -TSRA BKN038 BKN100
Table 3:  Surface Observations June 2, 2010  07z - 09z in Illinois and Indiana 

Illinois 07z-09z

KDEC 020751Z AUTO 29017G36KT 1 3/4SM +TSRA BR SCT015 BKN050 OVC100 19/17

     A2983 RMK AO2 PK WND 32038/0736 WSHFT 0734 LTG DSNT ALQDS TSB34RAB41

     P0009

KVYS 020743Z AUTO 01005G12KT 3/4SM +VCTSRA BKN009 OVC015 19/18 A2963 RMK

     AO2 LTG DSNT ALQS P0114

KSPI 020724Z AUTO 29013G20KT 5SM TSRA BR BKN030 BKN038 OVC060 19/17 A2978

KPIA 020731Z 26011G17KT 5SM RA BR BKN008 OVC016 18/17 A2972

KMTO 020851Z AUTO 31020G36KT 3/4SM +TSRA BR OVC036 18/17 A2983 RMK AO2 PK

     WND 29036/0846 WSHFT 0837 LTG DSNT ALQDS TSB32RAB40 P0049

KDEC 020815Z AUTO 28011G23KT 6SM -TSRA BR FEW012 OVC031 19/17 A2980 RMK AO2

     LTG DSNT ALQDS P0023

KCMI 020833Z AUTO 29011KT 3SM TSRA BR BKN024 OVC046 18/16 A2980 RMK AO2 PK

     WND 30036/0806 WSHFT 0805 LTG DSNT ALQDS TSB06E09B11RAB09 P0027

KARR 020842Z AUTO 04009KT 2 1/2SM +TSRA BR BKN024 BKN036 OVC065 18/18 A2964

     RMK AO2 LTG DSNT ALQDS TSE09B12 P0010 $

Indiana 09z-12z
KIND 020854Z 18009KT 8SM OVC200 22/19 A2977

KIND 021043Z 28019G29KT 8SM TS FEW055CB BKN090 OVC180 22/19 A2983

KLAF 020947Z AUTO 26008G23KT 6SM TSRA BR SCT034 BKN065 OVC080 19/17 A2979

     RMK AO2 PK WND 28036/0929 WSHFT 0927 LTG DSNT ALQDS TSB22RAB30 P0007

KLAF 021051Z 24007KT 7SM VCTS -RA OVC038 19/17 A2978 RMK AO2 LTG DSNT ALQDS

     TSE29B31E46B51 P0012

KHUF 020853Z 18006KT 6SM HZ FEW050 23/20 A2978 RMK AO2 SLP077 6////

     T02280200 56012 PNO $

KHUF 021030Z 29007KT 7SM -TSRA OVC039 19/17 A2985 RMK AO2 WSHFT 0940 LTG

     DSNT ALQDS P0031 $

KBMG 021133Z 30004KT 10SM -TSRA BKN038 BKN100 OVC110 18/17 A2987 RMK AO2

     P0028

KBMG 021240Z 16004KT 10SM CLR 19/18 A2985 RMK AO2 TSE34RAE15 P0000

KHNB 021235Z AUTO 34006KT 10SM SCT042 BKN049 OVC060 20/17 A2989 RMK AO1

Table 3 continued: Surface Observations

11z  Indiana 
KBMG 021133Z 30004KT 10SM -TSRA BKN038 BKN100 OVC110 18/17 A2987 RMK AO2

     P0028

KBAK 021055Z 19007KT 3SM BR SCT055 BKN075 21/19 A2982

KHUF 021053Z 00000KT 10SM -RA BKN048 BKN085 OVC100 19/17 A2985 RMK AO2

     WSHFT 0940 LTG DSNT ALQDS TSE53 SLP102 P0034 T01890167 $

KIND 021129Z 29009KT 8SM -RA FEW028 BKN037 OVC075 19/17 A2984

KEYE 021143Z AUTO 29007KT 10SM -RA BKN043 BKN075 19/17 A2983 RMK AO2 LTG

     DSNT SE-SW TSE37 P0012

KAID 021148Z 26007G17KT 10SM SCT032 BKN065 OVC090 19/16 A2983

KMIE 021138Z 29013G30KT 2 1/2SM -RA SCT023 BKN041 BKN060 21/17 A2983 RMK

     AO2 PK WND 26030/1130 TSB24E27RAB26 P0010

KLAF 021112Z 20005KT 7SM RA OVC034 19/17 A2978 RMK AO2 LTG DSNT W TSE06

     P0003

KMZZ 021055Z AUTO 25025G36KT 7SM SCT024 SCT050 BKN070 22/19 A2981 RMK AO2

KOKK 021135Z AUTO 23013KT 10SM SCT070 BKN090 OVC120 20/14 A2979 RMK AO1 LTG

     DSNT NE TSE17 P0001

KGUS 021119Z 21009KT 10SM -RA OVC085 19/19 A2979 RMK AO2A

KFWA 021143Z 26025G32KT 4SM -TSRA FEW021 SCT030CB OVC070 22/18 A2977 RMK

     AO2 PK WND 26032/1142 WSHFT 1128 TSB21RAB37 OCNL LTGICCCCG SW-NW TS

     SW-NW MOV E P0000 $

KASW 021125Z AUTO 26006G16KT 5SM -RA SCT013 BKN070 OVC090 20/18 A2975 RMK

     AO2 P0014 T01990184

KOXI 021125Z AUTO RMK AO1
KVPZ 021128Z AUTO 21014G25KT 10SM BKN020 19/17 A2967 RMK AO2

KGSH 021149Z AUTO A2975 RMK AO2 LTG DSNT NE-SE TSE43RAB00RAEMM P0003 PWINO

     FZRANO $

KGYY 021105Z 20010KT 2SM -RA OVC009 20/18 A2961 RMK RAB00

KSBN 021054Z 18008KT 6SM RA BR OVC036 19/17 A2971

