Review of 4 March 2014 Snow Event
1. Introduction
Between 1 pm and midnight on Tuesday, March 4, a band of heavy snow developed from east central South Dakota into southwest Minnesota.  The heaviest snowfall occurred from approximately 2:30 pm through 10 pm.  The band was nearly stationary and as a result snowfall totals were from 6 to 10 inches over portions of Brookings, Lincoln, Lyon, Murray and Cottonwood counties.  The snow was heavy enough to result in the delay of school starts on Wednesday and had an impact on travel across Highway 14 and Interstate 29 during the evening.
The purpose of this review is to briefly examine why this band developed, how predictable it was, how our forecast evolved, and how our services evolved during the day shift and evening shift on March 4.  Suggestions for improvement will be listed in the end.
2. Storm Overview
During the morning of March 4, an area of patchy light snow extended from southern North Dakota into north central South Dakota (not shown).  There was little definition to the band of snow with a few area with reflectivity exceeding 20 dBz.  However, during the late morning the snow began to organize across northern South Dakota.  As seen in Fig. 1a, a band of heavier snowfall could be seen from near Bismarck, ND to Summit, SD.  This was an indication that the stability was lowering and the frontal circulation was intensifying over the area.  Also of interest is an area of light snow and virga that had moved into east central SD.  This area had expanded in area over the past hour as it approached the strong area of lift associated with the front to the northeast.
Over the next 3 hours the situation rapidly changed across eastern South Dakota.  By 2106 UTC, there were radar echoes approaching 30 dBZ near Brookings, South Dakota (Fig. 1b).  This indicates that there were likely larger flakes of snow and that snowfall rates were increasing to at least ½ inch an hour.   When looking at Figure 2, we can see that this evolution happened in the span of one hour.  At 1917 UTC, there was an area of snow near Brookings whose major axis extended from southwest to northeast (Fig. 2a).  Only 30 minutes later, at 1947 UTC, the major axis had rotated to northwest to southeast – parallel to the band that had developed earlier in the day in southern North Dakota (Fig. 2b).  This “rotation” was not the result of the wind field rotating snowfall but rather a marked increase in vertical motion along the entire elevated frontal zone that extended from north central South Dakota into southwestern Minnesota.    The increased lift is supported by the fact that high reflectivity returns were also being seen along the same axis over portions of Kingsbury County and into northern Cottonwood County.  At 2017 UTC, the band began to mature and intensify (Fig. 2c).  Echoes exceeding 20 dBz now extended from southern Lyon County into northwestern Kingsbury County with 35 dBZ seen along the South Dakota and Minnesota state line east of Brookings. Finally at 2047 UTC, a strong band of moderate to heavy snow was now in the vicinity of Highway 14.  As will be shown later, this strengthening circulation was in response to a well-advertised potential vorticity (PV) anomaly, that was moving into north central South Dakota and was interacting with a thermal gradient between 800 and 850 mb in the presence of weak instability.  The fact that the snow band was relatively narrow (20 to 30 miles) indicates that the atmosphere was either neutral or unstable.  Despite the relative narrow nature of the band of snow, it crossed two major highways as well as affecting a larger population center (Brookings).  
This band of snow then persisted for the next 9 hours.  As seen in Figure 1c and 1d, the narrow band of moderate to heavy waved from the Brookings and Moody County lines and Watertown but for the most part primarily affected portions Brookings, Lyon, Lincoln, Murray, and Cottonwood counties.  Maximum reflectivity at 0.5⁰ approached 35 dBZ during the event which likely supported at least 1 inch per hour snowfall rates.  The band finally moved to the east as the PV anomaly moved into western Minnesota around midnight (not shown).
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Figure 1.  Mosaicked 0.5⁰ reflectivity from KFSD and KABR radar at a) 1806 UTC 4 March, b) 2106 UTC 4 March, c) 0006 UTC 5 March, and d) 0306 UTC 5 March.
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Figure 2.  0.5 degree radar image from KFSD at a) 1917 UTC, b)  1947 UTC, c) 2017 UTC and d) 2047 UTC

3. Dynamics

This will only be a brief review of the dynamics associated with the development and maintenance of this band of heavy snowfall.  As will be shown, the band of snow followed the classic evolution that I presented in our office twice in the last 2 years – once in 2011 and once in 2013.  It was also presented prior to that as well and was part of the Winter Weather AWOC.  If you want a review of the dynamics of frontal bands, you can see me or there are recorded presentations from the Winter Weather AWOC.    These recordings are Lesson 5.2: Diagnosing Mesoscale Internal Forcing: Frontogenesis and Lesson 5.3: The Effect of Stability on the Response to Internal Forcing in the Atmosphere.  Each recording is from 25 to 40 minutes.

As discussed above, at 2000 UTC, the band was just beginning to form in the vicinity of Brookings.  Figure 3a shows the mosaicked radar from KFSD and KABR at 2006 UTC as well as the Rapid Refresh model (RAP) analysis of frontogenesis at 800 hPa.  Note that the location of the precipitation extending from south central North Dakota into southwest Minnesota was collocated with the area of maximum frontogenesis.  This indicates that above 800 hPa there was likely intense lift associated with a frontal circulation.  In most cases, once you can identify the level at which frontogenesis appears to be focusing the ascent, you can use that information to examine how that frontogenesis evolves over the next several hours as a means to determine how the band of snow will evolve.   Looking one hour later, when the band had matured, it remained parallel to the axis of 800 hPa (Fig. 3c).  While the frontogenesis appeared to have weakened, it is more critical at this point to observe where the frontogenesis axis is rather than be concerned about how the absolute values of frontogenesis are changing.  This is because the lift is the result of a combination of low level frontogenesis, mid-level stability (EPV), and in many cases the presence of an upper level wave.  

Look at Fig. 3c and 3d confirms this analysis using the 2100 UTC RAP.  In Fig. 3c, we can see the 800 hPa frontogenesis extended from south central North Dakota to northwest Iowa.  Above that level of frontogenesis, between 700 and 600 hPa, the saturated equivalent potential vorticity (SEPV) was less than 0.25 and just to the south of the maximum frontogenesis it is less than zero which was indicative of either upper right (most likely) or slantwise instability.  Figure 3d shows that there was a strong PV anomaly over northwestern South Dakota with the pressure advection (similar to positive vorticity advection) east and southeast of the PV anomaly.  At this point, the strongeest pressure advection was still northwest of the front band.   Nonetheless, even weak pressure advection as this wave approached was enough to result in a marked increase in the overall frontal circulation as well as a narrowing of the frontal band to less than 30 miles wide.    As will be shown in the forecast discussion, following each of these features and noting their evolution provided strong evidence that the band would persist for several hours.  In fact, there was evidence from the 1200 UTC model runs that such a band was likely to develop somewhere in eastern South Dakota and southern Minnesota during the afternoon and overnight.
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Figure 3. a) The 2006 UTC 0.5 degree mosaicked radar image from 2000 UTC 4 March and the 00 h analysis of frontogenesis (> 0 shaded background) from the Rapid Refresh (RAP) model.  b) Same as a except radar is from 2106 UTC and frontogenesis is from the 00 h analysis of the 2100 UTC Rapid Refresh.   C) 800 hPa frontogenesis (light blue lines, solid > 0) and saturated equivalent potential vorticity (SEPV) color filled (blue < 0.25 PVU, green, yellow and red, < 0 PVU).    d) Frontogenesis greater than 2⁰C (100 km )-1 (3h)-1, and pressure on the 1.5 PV surface (yellow lines every 50 mb).

4. Forecast process
Snowbands are one of the most difficult winter time forecasts to make.  As shown by Novak et al. (2012), even high resolution models given near perfect initial conditions can have large differences in the location of snowbands within 24 hours of the forecast.   The model members will usually agree that a snow band is likely but are unlikely to pick the correct location.  Therefore the forecast process for mesoscale snowbands should be nearly the same as severe weather.  
1.) Examine the environmental conditions.  Is there strong frontogenesis over the area?  Is there an area of near zero or less than zero SEPV above the level of frontogenesis?  Is there a PV anomaly or short wave approaching  the area?  If you don’t know the environment, your forecast is likely doomed to failure.
2.) Examine model QPF (especially higher resolution models) to determine if they are showing the development of  a band of heavier snowfall.  Don’t be concerned about where the band develops but just if the band develops in an area where you have diagnosed favorable conditions for a frontal band.  If you use lower resolution models such as the GFS or ECMWF, they may show a band of precipitation but amounts will generally be too low – especially with the ECMWF in mid winter.
3.) If 1 and 2 suggest a band is possible, put out information to the public that heavier snowfall is possible.  This may include updating the HWO, issuance of winter weather headlines, discussion in the AFD, information out in Twitter.  This would be analogous to the issuance of a Mesoscale Discussion prior to the development of severe thunderstorms.
4.) Monitor radar closely.  As we saw above, these bands can form quickly on the order of 30 to 60 minutes.  If you are not following radar, you may end up playing catch up the rest of the forecast shift.  

a. The morning forecast update

By 10 am (1600 UTC), the 12Z NAM and 15Z RUC will be available and typically the 12Z GFS will be out to 24 h.  Therefore, you can examine the latest model changes (as you should have looked at the 06Z model solutions) and integrate that with your analysis of radar, satellite and observations.  Fig. 4a shows how the radar looked at this time with 800 hPa frontogenesis overlaid.  The reason I would immediately overlay frontogenesis on this radar picture is because the overall band of precipitation is nearly parallel to the 850 hPa isotherms.  This indicates a strong likelihood that there is frontal lift producing this precipitation.  After that, then it is just a matter of overlaying different levels of frontogenesis until the radar echos are coincident with the frontogenesis.  In this case, 800 hPa provided the best match and this is the level we will examine frontogenesis. There are other small areas of virga or light precipitation to the south as well.   

Given that there appears to an active frontal circulation focused around 800 hPa, you can next examine model QPF or the ingredients for lift.  Examining the 3 models listed above shows that all 3 models have the QPF through 0300 UTC 5 March exceeding 0.30” with the GFS and RAP at or above 0.4” (Fig. 4b).  Using a conservative 12:1 to 15:1 ratio would result in a maximum snowfall of 4 to 6” and that assumes model QPF is correct.  As the following analysis will show, there were reasons to be concerned that higher amounts were possible.  Finally, it should be noted that the models differ in their location of the heaviest precipitation but they are consistent in showing heavy precipitation would occur.  Therefore, further examination in the why banded precipitation should be examined.

Figures 4c-h show output from the NAM, GFS and RUC at 0000 UTC 5 March.  Figures c, e, and g show the frontogenesis at 800 hPa and SEPV in the 600 to 700 hPa layer show that there was a band of frontogenesis extended from east central South Dakota into southwest Minnesota.  At the same time, just to the southwest of this band was a large area of negative SEPV with near zero positive SEPV over the band.   The only model differences is that the RUC shifted the maximum 800 hPa frontogenesis northeast of the GFS and NAM.  Finally, the models all show a PV anomaly moving across north South Dakota with a strong pressure gradient and implied pressure advection over the area of frontogenesis.    While not shown, the NAM and RUC showed a similar location for frontogenesis at 2100 UTC while the PV anomaly over northwest South Dakota.  At 0300 UTC 5 March, the RUC and NAM had begun to shift the strongest frontogenesis east into over southwest and south central Minnesota with the PV anomaly moving toward the Minnesota and South Dakota state line.  

What can be determined from this analysis is that all of the model were indicating the potential for a frontal band.  They all produced a relatively narrow band of heavier precipitation (> 0.25”) in less than a 12 h period.  Examining the dynamics shows that all the ingredients were there for a band of moderate to heavy snowfall.  Further, the area of minimum stability was also the layer where temperatures were -15 C indicating favorable snow growth (not shown).   All indications are that there was the potential for over 4” inches of snow in near or within our CWA with a lower probability of 6” of snow given the probable duration of the event.

Between 930 and 10 am CST, an updated AFD and ZFP was issued by the office (I am unable to retrieve the gridded forecast).   It was mentioned that the heaviest snowfall had shifted a little to the northeast resulting in less snowfall near I-90 including Sioux Falls whose snowfall was dropped from ~1.5 inches to 0.5”.  Otherwise the only other mention of snowfall was “ONE TO 3 INCHES POSSIBLE NORTH AND EAST OF THIS LINE WHILE NUMBERS QUICKLY DROP TO A FEW TENTHS OR A DUSTING TO THE SOUTH.”   These were essentially the snowfall amounts we put in the forecast over east central South Dakota and southwest Minnesota.  It is likely that the 1200 UTC GFS and 1500 UTC RUC were not available at this time.  However, even an examination of the NAM indicated that heavier snowfall may be possible as both QPF and model dynamics supported the development of a frontal band.  Given the change in the forecast from the 0000 UTC runs, it may be too early to begin significantly increasing snowfall amounts.  However, given that high resolution models such as the HRRR as well as the NAM were indicating heavier snowfall, there should have been a mention in the AFD that there were model indications that heavier snowfall could occur late this afternoon and this would be monitored.  But from reading the AFD there is no indication that the ingredients for heavy snowfall were recognized. 
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Figure 4.  a) 1524 UTC radar 0.5 degree mosaic from KFSD and KABR and the 00h analysis of 800 hPa frontogenesis from the RAP (greater than 0 shaded).  b.) Total QPF from the 1200 UTC – 0300 UTC for the 1200 UTC NAM (shaded) and 1200 UTC GFS (blue lines).  Total QPF from 1500 UTC – 0300 UTC for the 1500 UTC RUC (dashed yellow lines). c) 12 h forecast from the 1200 UTC NAM verifying at 0000 UTC 5 March of 800 hPa frontogenesis (cyan lines, > 0 solid) and 700-600 hPa SEPV (shaded, < 0.25 PVU blue and < 0 PVU green and yellow).  d)12 h forecast from the 1200 UTC NAM verifying at 0000 UTC 5 March of 800 hPa frontogenesis (greater than 2 C (100 km) (3 h) shaded) and pressure on the 1.5 PVU surface (solid yellow lines). e and f) Same as c and d except for the 12 h forecast of the 1200 UTC GFS.  g and h) Same as c and d except for the 09 h forecast of the 1500 UTC RAP.

b. Afternoon update:  110 pm CST

Around 1 pm, the forecast was updated.  The radar image overlaid with the 800 hPa frontogenesis shows that the area of snow, while disorganized, remains generally focused near the 800 hPa front (Fig. 5a).  In addition, the areal coverage of greater than 20 dBZ has increased in the last 3 hours – likely in response to lower stability and increasing influence of the approaching PV anomaly.  The 06 h forecast 1800 UTC RAP verifying at 0000 UTC 5 March continues to show strong frontogenesis from east central South Dakota into southwest Minnesota  (Fig. 5b and c).  The SEPV is lower, around 0.25 PVU.  While stability is higher the proximity of the strong frontogenesis and approaching PV anomaly verify the analysis from the earlier RAP as well as the 1200 UTC GFS and NAM.  There is strong evidence that a frontal band will develop and given the current location of the 800 hPa frontogenesis and precipitation echoes, this band will likely include a portion of our forecast area for several hours.   The RAP through 0000 UTC had up to 0.15” in southwest Minnesota with the RAP beyond 06 h is missing (not shown).   The location of the band is southwest of the 1500 UTC run and closer to the location of the NAM and GFS

Given the expected location of snowfall, the snow amounts were lowered around Sioux Falls and raised to 2.5 to 3 inches in southwest Minnesota.  This remains less than the lowest model QPF (NAM) would suggest.  Given the increasing model consistency, there is enough evidence to raise snowfall amounts at least another inch (2 to 4 inches in southwest Minesota).  Also, given radar trends, a post to Facebook and Twitter to indicate that snowfall is expected to intensify over the next 2 to 4 hours would also be warranted at this point.  This would be equivalent to issuance of a Mesoscale Discussion as discussed above.

	[image: ]
a

	[image: ]
b
	[image: ]
c


Figure 5. a) 1906 UTC radar mosaic from KABR and KFSD and 800 hPa frontogenesis (shaded > 2 C (100 km)-1(3 h)-1).  b) As in Figure 4c and 4d, except the 06 h forecast of the 1800 UTC RAP verifying at 0000 UTC 5 March.

c. Operations Team meeting:  200 pm CST

As shown in Figure 2, the time period from 130 pm to 230 pm was a critical time.  It was in this time frame that the frontal band rapidly developed around Brookings and Tracy.  Even prior to the meeting, at 1947 UTC, the area of snow that had been west of Brookings had moved over Brookings and began to elongate along the frontogenesis axis.  This was strong evidence of a strengthening frontal circulation.  Nonetheless, the decision was made to have both operational forecasters attend the Operations Team meeting at 2 pm.  There was no evidence that any other person had been asked to monitor the radar in case the forecast needed to be updated.  Instead, for up to 30 minutes, we had no one actively monitoring the current weather trends despite the fact that the environment was favorable for banded snowfall to develop in the next couple of hours.  

The analogous situation in summer would be to have everyone leave the operations area with tower cumulus forming along a warm front where a slight risk of severe weather existed and SPC had issued a Mesoscale Discussion of the area.  In that case, we would never have nobody  monitoring current conditions and radar evolution.  Similarly, in an environment where banded snowfall is expected – we need one person monitoring radar for changing conditions.  And if banded snowfall is not expected in this situation that means we have lost situational awareness.

There were two options that could have been done.  One is that one of the operational forecaster could have been left to monitor the current weather.  Two another person on an admin shift not involved in the team meeting could have been asked to monitor the current weather.  The drawback to the second option is that, unless briefed, the new person may not have situational awareness.  Therefore the first option is the preferred option.

d. Afternoon forecast issuance:  310 pm CST 
Figure 1b shows the radar picture at this time. The forecast was issued at 330 pm.  While there is some uncertainty in snowfall amounts given no grids are available, it appears total snowfall was decreased at Brookings to less than 2 inches despite radar evidence of heavy snow at the time of issuance.  At no point were the forecast snow amounts increased – they remained between 1 and 3 inches.   Instead the following was stated in the AFD issued at 317 pm:
THIS WAVE HAS SLOWED ITS TIMING...WHILE THE PRECIPITATION FORMING ALONG THE MID LEVEL THERMAL GRADIENT CONTINUES TO FIGHT AGAINST DRY MID AND LOW LEVELS ACROSS THE FORECAST AREA WITH EASTERLY LOW LEVEL FLOW. 

As is evident from the radar picture, that statement is no longer true from Brookings to Tracy.  The dry air has been completely overcome and moderate snow is likely falling over the area.   
It is obvious the band has almost matured.  Given the earlier analysis which showed an approaching PV anomaly and little change in the location of the frontogenesis and only a small increase in stability over the next 3 to 6 hours, it should have been expected that this band would persist and that it would move little – perhaps over the width of the band – through at least 0000 UTC and possibly through 0300 UTC.  Maximum reflectivity in the band was over 30 dBZ at this point which indicates that snowfall rates were likely exceeding ½ inch per hour.  Even assuming an average of ¾” per hour for 4 hours (through 01Z) and an addition inch as the storm winds down comes up with a 4 inches.  If the band was expected to persist 6 hours, that would result in 5.5 inches of snow.   In either case, a maximum amount of snowfall of less than 3 inches was unlikely at this point.  Even though it would have cost extra time, given the radar trends, snowfall should have been increased to at least 3 to 5 inches and an advisory should have been considered.
e. Early evening update – 4:30 pm CDT

At 430 pm, the forecast was again updated.  There two primary changes to the forecast.  First, the total snowfall at Sioux Falls was decreased to near zero and the probability of precipitation to 20 percent.  Second, the snow descriptor was changed to light snow.

The decision to drop to light snow indicated a lack of awareness of what was happening and what would continue to happen in southwest Minnesota and portions of east central South Dakota.   The snowband had been persisting for the last 2 hours.  As seen from looking at the 2200 UTC 4 March radar mosaic in Fig. 6a, this band remains coincident with the 800 hPa frontogenesis.   In addition, maximum dBZ in the middle of the band varied from 30 to 40 dBZ – indicative of moderate to heavy snowfall.  Looking at the 1800 UTC NAM and RAP verifying at 0000 UTC 5 March indicates that the frontogenesis would remain over the same area and the stability above the front would remain near zero (Fig. 6 c-f).   The GFS was similar (not shown).  Based upon this analysis and with a PV anomaly approaching, it should have been anticipated that the snow band would persist for at least another 2 hours and perhaps as long as 5 hours before moving east.  Again, small shifts in the position of the band was likely but, if anything the band was likely to become a little broader as the wave approached due to an increase in stability and strong synoptic scale lift.   The various models had QPF from 0.25 to 0.4” over this area although the maximum QPF appears to far north given the current location of the snow band. (Fig At this point, thre actions should have  been taken:

1.) Phone calls should have been made to areas underneath the band to ascertain the snowfall rate and snowfall totals.  With echoes this strong, I would be assuming a few places already had 2” of snow.  If the amounts were higher, it may necessitate a warning.
2.) Snowfall totals should have been raised to at least 3 to 6 inches (more if higher snow amounts were found under the band).
3.) At minimum, an advisory should have been issued in the vicinity of the snow band.
Following this update both operational staff participated in hydrology training from 5:00 – 5:15 pm CST.  Again, if this were severe weather and thunderstorms were developing on radar, would we leave no one monitoring the current weather?
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Fig 6. A) 0.5 degree radar mosaic of KFSD and KABR radar at 2206 UTC. b) Total QPF from 1800 4 March – 0300 UTC 5 March from the 1800 UTC 4 March NAM (orange), 1800 UTC 4 March GFS (cyan), and 1800 UTC 4 March RAP (green).  c-g) As in Figure 4 except for the 1800 UTC NAM (c and d), 1800 UTC RAP (e and f). 

f. Evening update – 610 pm CST
Another update was made around 6 pm.  Around the time of the update, a report of 4 inches of snowfall was received from Brookings.  Brookings was now on the south edge of the band although there is evidence of additional development west of Brookings (Fig. 1c).  The heaviest snowfall was located over Marshall at this time.  Note that for both Brookings and Marshall this snowfall was occurring during the evening rush hour.  Was neither city is as big as Sioux Falls or Sioux City, it likely meant a long commute home for people.
With the update, snowfall amounts were increased across the board – with the largest increase in Cottonwood county where 4 to 5 inches was expected.    Again, inferring from the ZFP, it appears snowfall in Brookings, Lincoln and Lyon Counties were only raised ½ to 1 inch.  While there was uncertainty on the exact location of the band, the approaching wave and nearly stationary front would mean that the snow band would be in the vicinity for at least a couple of more hours.  Also given the 4 inch report at this point, an advisory should have been issued for 3 to 6 inches of snowfall.  This report should have also prompted other calls to be made as the reported snowfall was far above the forecast snowfall amounts to this point.   At this point, it may have been advisable to call in a person for overtime to assist in getting information to the public, get information from spotters and keep the grids up to date.
g. Advisory issuance - 7:21 pm CST

At 6:45 pm CDT, we received a call into the office of 6 inches of snow in Ivanhoe.  As can be seen from the radar picture at 7:06 pm, one band of snow was just north of the CWA border in South Dakota southward into Marshall, MN.  A second band of snow was reforming from Brookings to Marshall.  Over the next hour, this would become the dominant band of snow as the northern band slowly dissipated. 

Based upon the new report, the decision was made to issue a winter weather advisory.  The forecaster correctly decided to issue the advisory first and then update the grids afterwards.  In a rapidly changing situation, getting out information quickly is the highest priority. However, with snow still falling and expected to continue for 2 to 4 hours which would conservatively result in another 1 to 3 inches of snowfall where the band persisted, a winter storm warning should have been issued.  The statement in the advisory mentioned 4 to 8 inches of snowfall.  If 8 inches is thought to be the most snowfall expected then we need to issue a winter storm warning – even if over half the snow has already fallen.   
[image: ]
Figure 7.  KFSD 0.5 degree radar picture from 0106 UTC. 
5. Conclusion
It is my opnion that significant improvments could have been made in how this even was handled.  It appears from the information put out by our office, that we never anticipated the development of a frontal band and once it did develop, we did not react to its development for several hours.  As a result, we never caught up to what was happening and a significant snowfall event occurred with no warning from our office.
As noted above, the expectation that we would forecast the exact location of a narrow band of 6 to 10 inches of snow even 6 hours in advance is unlikely in a case where moisture is limited.  However, during these situations we need to have the same situational awareness that we have prior to severe weather is developing.  We need to analyze the latest data to make sure we are aware of the possibility.  That means we need to examine not only QPF but frontogenesis, PV or Q-vectors, and stability.  This information helps us determine the model of the precipitation.  This is exactly the same as severe weather.  We can look at QPF – even in the HRRR – but if we want to understand why that precipitation falls and the storm structure we need to examine shear, CAPE and the location of boundaries and upper waves.  From an evaluation of our products, it is apparent we did not anticipate the formation of a frontal band.  And since we were not looking for it and did not know how long the conditions would persist, we could never anticipate the potential for heavy snowfall – even after the snow band developed.
Finally, we need to treat these situations like severe weather in another way – we need to continue to analyze all the data sources available to us – radar, observations, and models.  And we need to monitor this information frequently – not just once an hour.  As we saw in this case, intense frontal bands can form in less than an hour.  If this requires additional help, including overtime, then we need to do that and get adequate people to insure that nothing is missed.  In this case, there were two instances where it appears that there was no monitoring of current conditions.  This, coupled with the lack of situational awareness, resulted in our not recognizing the development of the frontal band until almost 4 hours after it developed and recognizing the potential for heavy snowfall until we received a report from a customer.  And in addition to being surprised by the snowfall, we were unable to provide any additional information to the public on this significant snowfall event leaving them surprised and unprepared.  The fact that we had a poor forecast for several hours as heavy snow was falling was actually detrimental in that it may have led people to believe conditions would improve quickly so they could still travel safely.  It is also impacts our credibility as an office.  People understand that we may miss a forecast but what they don’t understand is when we don’t change the forecast once it is obvious we are wrong.
[bookmark: _GoBack]Because of the unpredictability of weather, we will all have forecasts that do not verify.  And we will all inherit forecasts that quickly deteriorate.  The challenge for each of us is to make sure we maintain situational awareness and that we react quickly when our forecast is going bad.  It is in rapidly changing conditions with hazardous that it is critical that we quickly update the forecast and communicate those changes to our customers by every means necessary.  It means monitoring current and future conditions, maintaining situational awareness, and use all the communication tools we have to inform the public and other officials.  It is my expectation that we will use this case as a learning experience and that we will ensure that we do better not just next time but every time.
image4.png
T &N W
BISMARCK STEELE, it HOORHEAD| . BB,
i 3 oeregrT A
. AT -
SHRNESUILLE + 11
PeRun
sercRprite
eroys
e, Lem
. rakeEes
i " TRRGERE
ELou Lo
5 HALL
. avehanoria
e
ERRY 0
- “ .
g B 1S
chenoe — P cLrosn
e N
ZEONA usTA = s
. E .
- . LapLgnT A
HaURINE . e “
b T Coner
sTonevrLLE “gED ]
EBRrroy N N S T
HISSION oNIDA )
CHERHY RINCE L
CREE| & “—ri
+ ARROL N
HEREFOR siLLssufe N i ; o
NR CREIGHTON  + oN| Y
+ o s | o
e +
YBeruoon . \
ralson - DRAPER
KaoaKh
POTATO *
EREEX IR
MANDERSON HIsSIOf PARKSTON P RRESps | ESTHERVILLE
W 15 e
e i . : .
T = KEYAPAHA wbNER - o seeficer o
. cooy h WAKONDA CENTER
chroon vaLetne L™ sped]
T
. srRINGYTED L e ubes EARtEs
HERRITT cRoF Tl [
HEEERD e | *eruer . o
arfsuore] verotore] - 03 i
*oner . stoux N €
- - aurel, (1P ol ;
SrounLge PLATNVED " a5
. - y'saure .
. cose s e
e neion— Eon |,
. caroLL
LBF BREUSTER . loRFOLK
. sar
Lo ugsr.
anseLo o
Leron





image5.png
LRSI C I 22RO OO 50 o
VP o " = . reen sos
8.25 kn,_.5daz "ashier N HanKIH
T ELLENDALE .
GREENUAY n i
. meea EeLen . aLex
EuREKA erITTON uen
a
5 uESTRORT -
HosHER TANGFORD - oLen!
b nork1s
souLE *ipsur aperDEEN RosLY)
uARNER .
ovd : eenson
NoRgECK . . -
MELLETTE *["CRANDALL . .
. . - e |
éPfsalre FauLKTON
- 5 S
. PoLo . T
ontoa S -
. . erpenTE
vheroLD .
B! vLER Sl
SREER e u i
BREn 08T . uEgshgTON v .
HonE : rerook . gagpen
. g g M 7 Jafies
Lonan X . 3
)
ChaeERLAT 3 ¢ o T eeutn
i rrckeLL saLe *okagena
st 1ckney L LugERnE UORTHINGTON “uafkson  FRIRMONT
. T G
uInnER " - " Lake .
PLA PARKSTON B2EKo, bR ESTHERVILLE
*erecory ceoDES - Bane
h GRAETTINGER
N sHELOON *epender
N BoNESTE * e . .
1o
N RN aLcon
sPRINGU spencer

sTuART

oNEILL





image6.png
LN 1O 0+ R 1)
VP 1 N = . reRN £rs
8,25 fna_0.5dez "asHLEY N — PRETRTE
THT SvaE: ELLENDALE . .
GREENUAY - L e
* B EBLEN . ALEXRANDRTA
EUREKA RITTON HER ROVALTON
d B
¥ uESTPORT
HosHER TANGFORD -
BounLE *tpsu BERDEEN RosLY -
ARNER *ueesT
HovEN N
NoRBECK . .
HeLLETTE C
- 068 .
ofFfvselre FauLKTON
Bl okesT !

"ReOFIELD
. .

& oLivia

okhBENA

poknEY THINGTON *uafkson  FRIRIIONT

EifioR

WINNER +
ESTHERVILLE

GREGORY Banc

GRAETTIINGER

FHender

! aLGoN

SPENCER

NI0BRARA

sTuART

VERDIGRE

oNEILL





image7.png
LRSI C I 22RO OO 50 o
o ‘ e N -
8.25 kmy @.5dAz ASHLEY + HANKIN; PRAIRIE
T eLLeneLe . .
f——" » B4 e
. L EsLEn . ALEXANDRIA
eurea O e wovaCTon
A s
= vesTRORT .
HosHER TANGFORT = - GLENWoOD
TS woskis .
. . N o - eLrosa T clou
souoe rosLy B
tesut asexogen ool
+ + b = - ) TLLI *
vaRER veesTE .
[ — owlue senson
Woreeck . . e :
WeLLETTE. "SRaoAtia . .
+ aER + L = BELLII WILLMAR LITCHFIELD
cEFfrselns FauLkTon i
S B e :
. IR DI + h ] y10E: ELoHKEST R
AcAR . A JREOFIELD {2 piCLaR) K3 g A HUTEHINSON
. oo | Y - # ol ?
onto 2 kT BN :
L p " SR
. & | “
5 ) g g - 200 .
HARROLD s Lt REDWDAD GAYLORI
| £
£ v Re
. B2 % N o1
- o i % AT AL
EREEK - RRTHAGE Ry W man
Tken oer (s & 2 4
Bleson | L E ;. . [roeers . gggoen
. N 3 ! [oapiar saiiee
L B | e LT
chaneerLaty . o, g o
e 1cknEy “Jabksow  FAIRMONT
. B
WINNER YL
*cRecoRY GEDDES BANCROFT
e
. sonesTE .
\ yas ALGON
+ * BEND
SPRINGYI SPENCER I

sTuART

one

i

PLAINVIE





image8.png
LRSI C I 22RO OO 50 o
| - = 3
8.25 kmy @.5dAz ASHLEY + HANKIN; PRAIRIE
GREENUAY " ELE LT
. L EeLen . ALEXANDRIA
A Selfec
N . 15 ELROSA T cLOUE
BOWDLE *lpsur ABERDEEN
UARNER + ILLE
MELLETTE | ["CRANGALL - N
. aER . Y e g Her WILLMAR  TLITCHEIELD
EFfvsolre oo 78 i : Y bt
2 i - LS
+ PoLO ¢ RANITE Lan +
P e
HARROLD N El 0 GAYLORI
f
kY
. L
e ICKNEY
WINNER PARKSTON
SPRINGYII SPENCER
STUART VERDIGRE HART:
oNEILL ausa © |75 5
+ U i
- AL 5





image9.png
Tue 20:00Z 04-Mar-14




image10.png
Forecast Systems Laboratory D-2D (fxa) BEE
Fle View Options Tools Volme Obs NCEPMHydro Local UpperAr Satelite kfsd kinx Radar SCAN Maps Help Wamen

Valid time seq State(s) : Density: 1

200 Yed g5:002 05-tany 14
B2 arka o300 05 Hor 14

Tue 21:00Z 04-Mar-14

= Status: Frames: 64 Time: FERRRAURYEISE]





image11.png
y

-~
”

2

-

P
i

AW

8
4

Nk

AN

Wy

N

o
SIS

e

o

S0ME

e

'tz;\p gmtg/'g;/né;\ii

) [Froom .

urated Eq

¢
;

/ ™

r d
v otﬁvu‘@]mg(wu) 04.21° OHR Tue

P
$o° By 9 3b)

I i e
r{ag\(n“\(xhoo%//fhr) 0421/ QiR Tue{jﬁ:ooz 04-far-14
MR\ M L) O, O

1:007 04-Mar-14

¥




image12.png
Forecast Systems Laboratory D-2D (fxa)
Options Tools Volume Obs NCEP/Hydro Local UpperAr Satelite kfsd Kinx Radar SCAN Maps Help

-39 80 70 60 50 40 fo 20 10 -o+ 10 2ol CoNuoNSo 60 7

. o Z
D \FrontogeneSTs/Mag Fn Jhig {404 Tde 21780 d4-Mar-14
RUG40 P 3 m -Mar-14
401 KgoMe Saturated \Eg ; ar-14
ADNFrontoggmysis/! ) ¥—3ug, A far-14
RUC40 550M 2-D |Frontogenesis OHR_ Tue, far—14

= Radar: | Frames: 12 Time: FEFATEVETE]





image13.png




image14.png
NAM20 [Model Run Accunl Prdcip Ing{in) 04.12 R Wed 03:00Z 05-Mar-14
GFY40 ModeAgun Adcun [Precip {in) 04.12 | 18HR Wed 06:00Z 05-Mar-14
RUCHO Mo, MQ cun Rrecin~in) 04.15 12HR Wed 03:Q07 05-Mar-14

1<V





image15.png
1 / {
y, e -~
b : //?Q I»\/ o 4 (
< , N - -
e \///\>\< e o N

NG Al r?{\n;a quiv{Pot Vort Thg(pyy) To%- AR ..-,, 05 Mar-14
3§ i il '

if t Pl /d 0! b
Ty & b ;
2y e ;
e Jratghiy £ oct o0 8

s oo

& Y ol 4 o it i
‘Senesi oo ML 00ki73hr), |04.12 12HR Wed 00NN 14




image16.png
355 GFS 40\ AYOMB=60pME Saturated” Equiv Pot 2!

544 8pOMA  2-D Fedntogenesfd/Mag Fn (K/100Ky
. NAM40 PV15 Press)
) doiff sdtulatkd Equiv Pot Yl
n

80, 2-D |ErontogenesisyMag Fn (K/100Ki





image17.png
Equiv. Pot Yort (Ing(PyU)
JRES40 PUIS Rpressure-(ub

y quivr-ppt Vort (PVU)
lag. Fni/(K/100kn/3hr)
BP5iANa0 PYIS Pressure (nf)
Lopk yort (prU)

¥ 100kn/3hr)

ved 00
ved 00

7

$07 05
00,





image18.png
%0 80 70 BUTSQ 40 o 200 -B}1oR 0]
. o

A





image19.png
=
Sy AT

k\ »

e

o
o

‘II’ER Ved 0B+ 5 14

9HR Vied lar-14

9HR Ved 0007 05-Mar-14

4,15\ 9HR Ved 0f ar-14

15 Y, 9) d far-14

15 ~SHR wWid, ar-14





image20.png




image21.png
Tue 19:06Z 04-Mar-14




image22.png
'\
’e
¢

tquiv Wot vory INQQU) ’ R e g0z, 05-Mar-14

f 0 PV’ R isure (nb) 47 R 05-Mar-14
R’ Equy v ot (PvU) d 05/Mar-14
e ,ﬁ

B ol 0711 00kn/3hr) jos 6 ar-14
PO 00k o HP SRR, K/ 00KH/3hr) (D47 far-14

q or B (PVU) ar-14





image23.png
o

=

-3 po 7ofed

320

g

e

&

7.

214

mea? A, AT e,
i
R
~ >
250,
R
o
| ik
7o,
350, ash -
go—i
oo —w
19 390,
o
g Y
e
e
; ST,
2 e
1o,
S0 s
a0,
Soo,
=
a0 v
o0
=
ax
o ¥sp
Y0
27q
o Toe
% o
/o
5
279
28g 280 1cT, 288
sor

~
o &
300
e
aRX
N
1
st
Asx
366
2

use,

s

350

3u

33h

e

o]

330,

au





image24.png
Tue 22:00Z 04-Mar-14




image25.png
‘County Warning Areas
State/County Boupdaries





image26.png
9 d

J. Po ort@mg(l’ U) 104.18 “GHR Wed 00%00Z 05-Mar-14

NWAll )P 15 Preggiive (nb) 04.18 [6HR ted - -14

4 uiggmpot@lh e (PUU) [04.18 [ 6HR Wed §0:00Z 5 Har—14
" A

es: Fn, 0k 3 6HR ted,00: 004005~ Mar—14

i

04.18





image27.png




image28.png
% =

7,

R 28

| MIEA
u RN oty
ML o)
J ST
<}/,§\\<&\\’v§§\\ !

A,/

|

G

7
quiy, POt vort Ing(Py
11 AT AT

PUEIn ot Vort (P}

F iv \Pat Vot (PVUY
e ol





image29.png
W W nE G e BEEN T EERECON I

Yo JanfsTouN *
BisnaRck | SIEELE, noorHERD|  + EAES:
. | P pETROIT N
o e,
HiE TTehvTLLE BARNESVILLE + TR
PERHA

NAPOLEON

EnceLEy

FERGUS
FRRREC e
]

N FRRGREE
ELoy L
B S FALT
aLEKaNDRTA
Trogs1s eLrose

HanD . nissto "
. HeRTIN GREGORY
e Kevapaka . .
3t wabNER cer ™
*ehroon VeLENTINE 4
PENC
SPRINGYTEN - ey | .
HERRITT croFTo
HEEERTE e N * - 2
arfisuorTH|  STURRT veRDIGRE| 7
* 5,
. €
. N n :
BROUNLEE PLAINY
- *rose chaneeds
nulLen N
Ler BREUSTER .
* . “aLpron
aNsELHO o
e EN]





image1.png
10) I+ 10 e 4} o = ) TULEN
GLEN o Jan| N *
N BISHARCK LE| HOORHEAD| + BB,
i . =3 M SERMEsuLLE
ENGLMDo oan *FLas) 9 PERHAI
. h - e
‘ © THoYEN T 3
HAURINE * N 28 N N - R ) ra
Y gBgoure Traucan | ‘
y
3 -
HEREF ORI erLLseufs & SRt
UNR CREIGHTON  + N N
*) o BROOH
- . N 0rT
. N N ;
POTATO ~ |3 N
+ N *uinngr + . FALLS 4 N
KEYAPAHA + *
HAENER + s100
SPRIJ Eu PENC o | . siehxe
. cRoFTo! LE MRS N 7
+ ! CARROLL
BREUSTER . . ORF
L





image2.png
10) 10 2 L L CULEN
GLEN *, JAMESTOUN *
Fi stsmarck | STEELE voosizas]  » sank
A : - sergiT N
N HEART .
“vor ries wapoLeon-4 1 pere
“ersan P —
soune . :
Swieos)  'Lr " ™~
eersys
3 . c,  MIENOR FRECY
st . rafiess
“ipien By
Y ' achononsa| .
. ey
BRE
*chanee o The RIS ELROSA
TiE
ZEONA A BENSON [Tre
WRURINE n | e
_ B 2 1 =
sronevrcLd “gep 3
SERrro : .
onis oLtviad -
cueedv .
i .
. 3 )
HEREF ORI BILLSBURG REDMQOL
. - $
UNR CREIGHTON  + .
; o iy
™ N S
UNDERUDOD . . Al
. o g
ralson - DRBPER - . .,
oo o]
chenoeny L :
. . . (e tremeLL b
szt L i i
HeNDERSON nisstof R putte - parksTon .
eI cresorr g
*kevapata .
RIGEE E— uanes grier )
Ron RDON VALENTINE 4 L,
SPRINGYIED FENC % 3 T
. Ak g
atpisuorr  STUART VERDIGRE| E n
onex . by
n cu N
T 2
*Rose| s N 2
et e
. | teaspor
sepuster .
. serfLert .
* - tacpron
anseLo o





image3.png
JANESTOUN *
HOORHEAD| . BB,
perRoIT A
1,
. CKLE TTTHVILTE BARNESVILLE . o TVER
wapaLEON .
. Lisso B
. enceLey
Lintey nilnor *ERous
FALLS . LEN!
oee . . robies
ASHLE} HANK] N PRAIRIE
R ELHOU Ly
MCLAUGKLIN + + S *aLepanDRIA oLt
w
" . |
ogR1s
- 3 “evrosa
ZEONA usTa e | BENS
¥ . 4 e .
MAURINE GHA .- WILLMAR
G . P
STONEVILLE — RED ™ *
SCAFFOI T e
"
cuerv
WeREFoR siLusefs | ¢ St
. e v
NR CREIGHTON  + i
T or
NEW N =
ferucon . N
S
= YRR
Flson . oRkeeR
«anqe
chareerlam
. N rrenLL
eorato _
EREEY IR sy
woekson rsero wige oL PaRksTON
. HARTIN GREGoRY
ve .
RIDGE ry KEYAPAHA WABNER :
i coov ol
chroon vaLentne
& PENC s
. it
HERRITT . cRoF Tl [
HESERD e sTunRT E— s
o + s1ouR h ;
N + ure By Y Tae L
srounLge PLAINVIER L R
., . Y iy .
cose] chneefs vafre >
- Feron o
N ] B , carpoLL
erpusTER . oRFo s
. sarieTT . . R
vhorsoh ‘et T Ther
- . N
ansELHD *or ALpION
LETON f—" *
S IS s — U WE8700: 467 05-Mar—kA




