August 31, 2013 Event
On the evening of August 31st 2013, a strong cold front moved through the Northern Plains.  With the passage of this front, a few strong/severe storms were expected, with hail up to the size of golf balls and wind gusts to 70 mph. This message was conveyed in both the early morning and mid-day HWO and was not updated later because SPC meso-analysis continued to outlook the threat for large hail and damaging winds from any storm that was able to develop.  A strong capping inversion was a forecasting concern for days leading up to the event, bringing into question if storms would be able to develop in the first place. Thermodynamic parameters suggested 1500-2000 jJ/kg of elevated cape, and around 35 knots of bulk shear concentrated in the upper half of the thermodynamic profile. With a unidirectional profile especially in the upper levels, it was believed that ample speed shear aloft existed to result in rotating supercells with the potential for large hail with a large amount of the cape CAPE concentrated near the hail growth zone (see sounding below). As the upper level forcing became more linear, it was believed that storms would organize into a line with bowing segments becoming the primary severe threat through the evening hours.  In addition to the organized convective wind threat, there was also the potential for strong damaging wind gusts with a wealth of dry air aloft and an inverted-v sounding near the surface. The severe weather threat was expected to shift south and east of the forecast area by 06Z with just a few elevated storms remaining across northwest Iowa. 
[image: ]
Figure 1. 000 UTC 1 September 2013 RAP sounding for KFSD. Pre-convective storm environment indicating elevated instability aloft due to steep low and mid level lapse rates, dry moisture profile in the near surface layer and unidirectional wind shear. 
As pointed out in the afternoon forecast discussion, Hi Res models were not handling prediction of the short term conditions very well and therefore confidence in the forecast was low. Even though the bulk of the mid and upper level forcing was expected to remain north of the forecast area, it was believed that sufficient mid and upper level forcing would gradually work into the area assisting the development of multicellular convection through the evening hours organizing towards a linear threat in the late evening hours.  	Comment by Phil Schumacher: If I recall, the thinking was that storms would also be post-frontal (or at least the better chance of storms would be post-fronal).
Given the expected severe weather event, a forecaster from the day shift was held over to help the evening crew. A severe thunderstorm watch was issued by 4 pm for much of Minnesota extending down into the Sioux Falls forecast area including all counties along and north of Interstate 90.  As of 7 PM, the surface cold front extended from near Marshall MN through Sioux Falls SD down towards Yankton SD.  The cap at this time had held sufficiently across the forecast area, and the only storm that developed in the Sioux Falls forecast area near Marshall MN.  This prompted a severe thunderstorm warning to be issued shortly lasting through 7 pm.  Severe hail was reported in Marshall, MN with the largest hail of 1.5” in diameter being reported just northeast of Marshall MN. 
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Figure 2. Surface analysis at 7 pm on August 31, 2013.
[image: N:\Archive\2013\20130831\Images\SPC_mesoanalysis\DCAPE\dcape_13090100.gif]
Figure 3. Downdraft CAPE from SPC analysis valid at 00Z September 1, 2013. 
With the cap holding across the forecast area, the day shift forecaster was let go at 7 PM.  One of the evening shift forecasters continued to reduce pops in the forecast, while the other kept an eye on the radar.  To the north and west of the surface front, it appeared as though a line of cumulus was trying to develop along the elevated boundary near 850 mb.  Pops PoPs were incrementally stepped down to 20 percent until it became evident where storms were going to develop in the vicinity of the 850 mb boundary.  It appeared as though it would be quite difficult to get anything to develop north and west of this boundary.  Just before 7 pm, the Sioux FallsWFO FSD tried to coordinate cancellation of the western half of the severe watch box with SPC, but SPC was not ready to let the watch go.  By 8 PM, with nothing else developing, SPC felt comfortable allowing cancellation of the watch along and west of the elevated front near 850 mb.  This allowed the entire watch to be cancelled with the exception of five counties in southwest Minnesota: Murray, Cottonwood, Rock, Nobles and Jackson.  In these counties, the watch continued through 9 pm. 
Shortly after 8 pm, a storm developed along the 850 mb boundary in Rock County MN.  This storm was unimpressive initially, but continued to maintain its strength necessitating the need to be watched.  SPC called around 8:30 pm and requested extending the watch for an hour or two to cover the storm through southwest Minnesota.  The watch extension was coordinated with Minneapolis through 11 pm. Based on the trend of that storm and any potential activity along the elevated front, it was mentioned that a new watch may be issued across northwest Iowa. As the lone storm on the radar continued to move east into Nobles County, the storm intensified and a severe thunderstorm warning was issued for at 8:43 PM through 9:30 PM for large hail and winds up to 60 pm.   The office received a report of quarter sized hail with this storm shortly before 9 pm.  
[image: ]
Figure 4. Developing thunderstorm over Rock County as seen from the office shortly after 8 pm on August 31, 2013. 
Shortly after 9 pm, the one lone storm continued to produce marginally severe hail across southwest Minnesota, and storms began to develop along another elevated boundary across southeastern Hanson county extending northeast into Moody County in east central South Dakota.  Short term models suggested this activity would remain fairly isolated in nature and would dissipate within a few hours of developing.  SPC analysis depicted these storms were developing in a strong area of moisture convergence. MLCape  and MLCin comfirmed that these storms were elevated, as RUC analysis would indicate these storms would have a sizable cap to get around. The analysis also highlighted another favored area for development just northwest of Sioux City that ultimate failed to develop. 
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Figure 5. 9:05 PM Base reflectivity image depicting strong storm across southwest Minnesota along elevated boundary near 850 mb. 
Shortly after, a 9:19 PM radar picture was tweeted emphasizing the storm that had moved into the I-90 corridor.  Also of note were the non-severe storms that continued to develop behind the prominent elevated boundary northwest of Sioux Falls. Short term hi-resolution models depicted isolated convection in this area remaining unorganized and dying out within a few hours from the time of development. Given this expectation and the more unstable environment across the southeast corner of the forecast area, the severe weather potential over the next few hours was expected to remain across northwest Iowa. 	Comment by Phil Schumacher: I think the RAP/SPC analysis was misleading in this event as you are implying.  One clue that instability was greater– and Marc may say this  - is that KOAX radar showed the storm in NW Minnehaha County go from 28 dBZ @ 38kft at 9:07 pm to 52 dBz @ 38 kft at 9:16 pm.  Also at 30 kft went from 32 dBZ to 60 dBZ in same time period.  
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Figure 6. Radar picture that was tweeted at 9:19 pm.  This image shows strong storm along interstate 90 between Luverne and Worthington MN,   and some isolated convection that has developed behind an elevated boundary to the northwest of Sioux Falls. 
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Figure 7. This image from SPC meso-analysis depicts two axis of moisture convergence across the forecast area as of 02Z on September 1.  The first is located along a line roughly from Vermillion SD to Worthington in the vicinity of the 850 mb boundary.  The second is further to the north and west near the location of where the isolated storms have begun to develop. 
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Figure 8. Mixed layer cape values as of 0200 on September 1 indicating the bulk of the instability was along and south of the 850 mb boundary with up to 3500 J/kg. Further to the north, instability is much less with values of generally 500-1000 j/kg. 	Comment by Phil Schumacher: You may want to compare MLCAPE to the MUCAPE at the same time.  The MUCAPE was just shy of 2000 J/kg.
The focus continued to be along and south of the 850 mb boundary with both the significant hail and supercell parameter favoring areas to the south in the more unstable environment ahead of the boundary. 
[image: N:\Archive\2013\20130831\Images\SPC_mesoanalysis\SigHail\sigh_13090102.gif]	Comment by Phil Schumacher: I think these two figures are a great way to point out that these parameters are both tied to MLCAPE and so it really focuses on surface-based or near SB convection.  It will tend to fail for elevated convection – especially up to 850 mb.  If you look at the MUCAPE and Eff. Shear – both values are supportive of supercells (of course MUCIN is also high on the SPC Mesoanalysis).
Figure 9. Significant hail parameter as of 0200Z on September 1 indicated the large hail threat was mainly confined to areas along and south of the 850 mb boundary across northwest Iowa and northeast Nebraska.  
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Figure 10. Supercell composite parameter indicates the greatest likelihood for supercells across northwest Iowa with relatively little chance for supercells within the activity developing to the north and west of the Sioux Falls metro area. 
Between 930-1000 PM, the number of phone calls into the operations area increased markedly as storms to the northwest of Sioux Falls continued to increase in intensity, become better organized and produce very prolific and pronounced lightning.  At 930 PM, pops were at 20 percent behind the 850 mb front including the Sioux Falls area through the late evening hours, then failing off thereafter.  In addition to the increased work load to update the forecast for the latest developments, SPC sent a message to coordinate a new watch for northwest Iowa and additional storms needed to be monitored by the radar operator.  At this time, extra staffing was considered; however, consideration was given to the fact that anyone coming in would be driving into the storms.  	Comment by Phil Schumacher: As mentioned above, the rapid intensification began around 9:10 pm.	Comment by Phil Schumacher: I would like you to expand on this more .  You decided to get on the conference call.  In hindsight, would you have done the same?  If not, what other option existed?  I think this is a definite lessons learned opportunity here.  Maybe in these situations where we are at the edge of staffing, are there other ways to work with SPC?	Comment by Phil Schumacher: A couple of comments here:  

 Not sure if you have looked at KOAX radar.  There was rapid intensification between 9:10 and 9:30 pm (70 dBZ at 28.5 kft and 58 dBZ to 43 kft) east of Salem.  In fact, I believe we should have issued a warning by 9:30 pm for Minnehaha and McCook County.  I am not sure you were able to look at this information at the time.  But had you been aware of this, would that have changed your decision as to when to call someone into the office?

I think it is commendable that you are concerned about the weather staff would have to drive.  Unfortunately, there are times you have to ask people to do things that they may not want to do in an ideal situation.  I would recommend that instead of making the decision for someone (and putting your staff in danger of being overwhelmed), try to call someone in and let them refuse.  Granted you can’t take all day making calls but even one or two calls may have gotten you one person in.

Brad,
The meteorological write up is very well done.  As you can read, I had very few additional suggestions except for pointing out that some of the composite parameters are weighted toward MLCAPE and not MUCAPE.  I think that is definitely worth letting people know about.
[bookmark: _GoBack]One thing I would like you to do in this write up is go back and think about the decisions you had to make as a lead forecaster.  Because you were the one making the decisions, you can identify where there may have been gaps in your knowledge that led you to make a decision with incomplete information.  Now that you know everything from looking at the data and receiving r eports, were there decisions you would have done differently?  How would you try to get better information (if you felt you had incomplete information)? 
There is one item I would like you to specifically consider.  We had a severe storm over Nobles County that Marc was warning on and Brad A., presumably, was making phone calls for report.  In addition, the watch had been extended to 11 pm so this storm was expected to persist.  With storms developing west of Sioux Falls and likely to move in (even if not severe), there was likely going to be an increase in phone calls for information.  Do you believe in those situations we should get an extra person in to help with additional public support?
Also, you had mentioned to me that you believed that we could have done better with social media.  I would like you to also discuss that in this write up.  How could we have done better?  What would you recommend we do in the future so we do better?  Was the issue with social media just for when the event affected Sioux Falls or for the entire event?
There are going to be times when staffing is short for the situation.  Just look at what happened to me 2 weeks ago when I had to call you in.  In retrospect, I should not have let Kerry leave with convection around (although she was pretty sick) – or I should have called someone in earlier  I don’t think what I decided to do was best.  I probably should have called you in at 5 am but, similar to your thinking about driving in storms, I didn’t want to wake you up to come in.
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