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Presenter
Presentation Notes
This project was divided into two sections a parameter based climatology and research and a radar based climatology and investigation. 


Background

e Subset of Schneider et al. (2006)’s second “key
subclass” of severe weather

= [MLCAPE < 1000 J/kg

= |0-6 km shear > 18 m/s

= 0-1 km shear>10 m/s

= MLLCL< 1000 m

. ‘1Low-CAPE strong deep layer shear conditions are
associated with 54 percent of the strong-violent
tornado subset.”

e Tornadoes in HSLC environments are among the
most often missed in SPC tornado watches (Dean
and Schneider 2008; 2012)


Presenter
Presentation Notes
Schneider et al. (2006) defined environments characterized by the given criteria as the second “key subclass” of severe weather in the United States, accounting for more significant tornadoes than the conventional Plains environment characterized by CAPE > 2000 J/kg. In fact, over half of all significant tornadoes occurred in environments where the first two criteria (MLCAPE < 1000 J/kg and 0-6 km shear >= 18 m/s) were satisfied. However, despite their commonality, two studies from the SPC indicated that tornadoes within HSLC environments occur outside of SPC tornado watches more often than tornadoes occurring in other environments. 
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Presentation Notes
Radar presentation of a HSLC tornadic cell. The smaller horizontal/vertical scale (poorer radar sampling) contributes to reflectivity signatures that are subtle, “non-classical”, and/or transient/quickly developing . Convection is fast-moving. Radar-indicated rotation is also weak compared to “classic” severe convection, especially at great distances from the radar. There is often an absence of CG lightning (not shown). These factors create for challenging warning operations. 


Learning Objectives

1. Improve the forecasting of HSLC significant
severe environments

— Introduce new composite parameter (SHERB)

— Show benefits of the SHERB over “traditional” composite
parameters for “low LCL” HSLC environments
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Presentation Notes
The primary objective of this research was to improve the forecasting of HSLC significant severe environments. Despite the acknowledged operational difficulties associated with HSLC environments, only a few studies conducted over the last 15-20 years have focused on severe HSLC convection. To address this forecasting challenge, we wanted to first assess the utility of existing techniques and composite parameters such as the Significant Tornado Parameter and Energy Helicity Index within HSLC environments. Following this assessment, we then explored our development dataset to determine what environmental parameters were most skillful at discriminating between significant severe and non-severe convection. By combining these individual parameters into a composite parameter, we were able to show a statistical improvement in skill over all existing composite parameters tested. We will discuss this and other benefits of the SHERB, or the Severe Hazards in Environments with Reduced Buoyancy parameter, in HSLC environments coupled with low LCLs. Finally, we will discuss the utility of the SHERB and other composite parameters in other HSLC regimes, including elevated and high-based convection cases.


Learning Objectives

2. Improve warning decision making in HSLC
significant severe environments

— Examine potential of discriminating between tornadic and
non-tornadic mesovortices.

— ldentify radar-observed differences in tornadic
mesocyclones vs. tornadic QLCS mesovortices.

— Recognize the limitations of reflectivity signatures as a
WDM tool in HSLC environments.



Background

“High” shear
= 0-6 km layer
= > 35 knots (18 m/s)

HSLC

“Low” CAPE
= Surface-based parcel
= <500)J/kg

Null definition

Used archived SPC Mesoanalysis fields
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We choose 500 J/kg when others have considered the definition of LC as <1000 J/kg. This was because operational forecasters noted based upon experience that a.) Environments characterized by forecast CAPE > 500 J/kg should be expected to support possibly significant severe weather given high shear, low CIN, and adequate forcing, and b.) Radar signatures tend to exhibit “classical” characteristics (but perhaps on smaller scales) when CAPE exceeds ~500 J/kg. 

Nulls were defined as a severe thunderstorm or tornado warning that was issued when no severe reports occurred in the given CWA for that entire day. These nulls represented non-severe convection and were used to compare to our HSLC significant severe reports. For all significant severe reports and null points, archived SPC Mesoanalysis data from the nearest grid point and previous hour were utilized.    


.

Developing a New Forecasting Parameter

Most conventional composite parameters rely on high CAPE for
optimization and may not adequately assess the threat in HSLC
environments.

What environmental parameters have highest True Skill Statistic
(TSS) discriminating between HSLC significant severe reports
and nulls?

Employed a statistical, eyes wide open approach

Focused on detecting favorable environments, not forecasting
convection
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Most conventional composite parameters – STP, SCP, EHI, VGP, etc. – all have CAPE as a primary ingredient. As a result, they struggle to adequately represent risk in HSLC environments.

In developing a new parameter, we wanted to use a statistical approach with no preconceived notions about what parameters may or may not exhibit skill. Also, it is important to note that our entire dataset was associated with ongoing convection – either significantly severe or non-severe – and, as a result, these parameters cannot be used to forecast the development of convection but only to forecast the severe potential of expected convection. Thus, our findings must be used in association with situational awareness and a confident convective forecast. 

Throughout our statistical analysis, we primarily utilized the True Skill Statistic, or TSS. The TSS includes hits, false alarms, misses, and correct nulls. These correct nulls are very important for testing forecasting parameters, as forecasters must be able to trust a parameter when it suggests a non-event just as much as when it predicts a significant severe event. The three conditionally most skillful parameters were combined into a product designed to reduce false alarms while still optimizing the probability of detection of significant severe reports.


D
New Forecasting Parameter

e Results show the product of the low and mid-level lapse rates
and wind/shear magnitudes are the most skillful

Severe Hazards In Environments with Reduced Buoyancy (SHERB)

(0-3 km shear magnitude) Y (0—3 km lapse rate) Y (700—500 mb lapse rate)
26 ms~1 52K km~1 5.6 K km~1

SHERBS3 =
(0-3 km Shear Version)

(Ef fective shear magnitude) ¥ (0—-3 km lapse rate) Y (700—500 mb lapse rate)
27 ms~1 52K km~1 5.6 K km—1

SHERBE =

(Effective Shear Version)
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Lapse rates: Shown in previous research that steeper lapse rates correspond to a higher risk for all threats (tornadoes, winds, hail), particularly low-level lapse rates. Less prone to errors than integrated instability measurements like CAPE. CAPE values of < 500 J/kg may also be well within the margin of error for SPC CAPE mesoanalysis (Coniglio (2012)). 
Wind/shear: Conditional depending on regime, region, season, etc. Cite 6 km wind magnitude for wintertime significant wind events and correlation to system propagation speed/momentum transfer.

Lapse rates normalized by optimal thresholds. Shear magnitude normalization varied to produce an optimal threshold of 1 for entire parameter. 0-3 km shear has been cited in previous work on QLCSs, particularly in terms of promoting strong, sustained updrafts in addition to stronger mesovortices and a higher threat for tornadoes. Effective shear was designed for elevated and shallow convection cases, as fixed-layer shear parameters were deemed insufficient to adequately provide a representative shear layer. 

Because effective shear is inherently dependent on CAPE, it may be poorly represented in environments with marginal instability. In fact, some of the significant severe reports in our development dataset were associated with data points characterized by 0 J/kg of MUCAPE. Thus, the fixed-layer 0-3 km shear version may be more stable in HSLC cases. In addition, there are concerns that the effective version may struggle due to potential CAPE errors that do not adequately estimate the inflow layer in LC environs. 
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The True Skill Statistic (TSS) is essentially the difference between the POD and POFD. This plot shows the TSS calculated for various threshold values of the given parameters. For example, the skill for the SHERB is maximized using a SHERB threshold of 1. This is *only* in our CSTAR domain for the development dataset. 

Two primary items of note: First, the SHERBS3 and SHERBE clearly outperform existing composite parameters at discriminating between HSLC significant severe reports and nulls within our development dataset. Secondly, although parameters such as the STP and EHI exhibit skill, their optimal thresholds are well below the conventional threshold of 1. In fact, the STP’s optimal threshold is around 0.2, which is well below what is contoured operationally on the SPC Mesoanalysis. 
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This plot compares the maximum skill of the seven tested composite parameters across all of the regions at discriminating between HSLC significant severe reports and nulls. Note that the SHERB and SHERBE outperform existing composite parameters in the regions including our CSTAR domain, as expected. However, the SHERB and/or SHERBE also outperform other composite parameters in many other areas, including the Northern Rockies, Pacific Northwest, Southern Plains, Four Corners Region, and the Eastern Great Lakes. Granted, some of the sample sizes in these regions are fairly small, so there is less confidence in the statistical significance of these results in areas west of the Rockies. Regardless, the results are promising and indicate that the lapse rate/shear product is quite robust. There is a substantial regional variability to skill, however, again suggesting that multiple HSLC regimes are possible, including surface-based low LCL cases, elevated convection, and high-based convection.


New Forecasting Parameter

SHERBS3 and SHERBE Distributions for HSLC Sig Tornadoes and Nulls
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Box-and-whisker plots reveal clear separation in the distributions of the SHERBS3 and SHERBE between significant tornadoes and nulls in the nationwide verification dataset. In general, approximately 75% of significant tornadoes had a SHERBS3 above 1, while 75% of nulls had a SHERBS3 below 1. The same can be said for the SHERBE. 


SHERB’s Added Value

Other parameters may show skill in identifying significant
severe HSLC events at various thresholds, but the SHERBS3 and
SHERBE are optimized for these events at a value of 1.

SHERBS3 is perhaps the best all-around parameter for HSLC
environments, especially in cases when the LCL is low.

SHERBS3 is preferred in HSLC significant tornado events in the
South Atlantic (SA) and Lower Mississippi Valley (LMV)

Approximately 50% of HSLC significant severe reports (75% of
significant tornadoes) in verification dataset occurred with
SHERBS3/E > 1; only ~25% of nulls occurred with SHERBS3/E > 1
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As shown in the preceding slides, although parameters such as the STP and EHI do exhibit skill at discriminating between significant severe reports and nulls in HSLC environments, their thresholds must be lowered, often beyond values operationally contoured on platforms such as the SPC Mesoanalysis. On the other hand, both the SHERBS3 and SHERBE show a consistent optimal threshold near 1. 

The SHERBS3, in particular, is very skillful when dealing with surface-based, low LCL HSLC convection, including the majority of HSLC significant tornado events in the Southeastern U.S.

The majority of HSLC significant severe reports did occur with SHERBS3 and SHERBE values over 1. The greatest discrimination for both parameters was when comparing environments that produced significant tornadoes to those producing non-severe convection.




- SHERBS3 Availability for Forecasters

e AWIPS-1 Volume Browser addition code & instructions
https://collaborate.nws.noaa.gov/trac/nwsscp/wiki/AppsAwips/Sherb

e AWIPS-1 and AWIPS-2 GFE tool coding & instructions
https://collaborate.nws.noaa.gov/trac/nwsscp/wiki/Gfe/Smarttools/Sherb

e Realtime NAM plots
http://storms.meas.ncsu.edu/users/mdparker/nam/

e Realtime RAP plots
http://storms.meas.ncsu.edu/users/mdparker/rap/
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Contact Justin.Lane@noaa.gov for smart tool code. 


Tornadic Vortices Originating in a Higher CAPE Environment
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These figures show the SHERBS3 utility for vortices transitioning from a relatively high CAPE environment to a low CAPE environment. These plots are for 13 tornadic vortices that had track lengths >= 80 km and originated in an environment with SBCAPE > 500 J/kg. STP sharply drops while SHERBS3 is more stable and remains high.



Radar Based Climatology Methods

 Tornadic and non-tornadic vortices were identified and
tracked using radar azimuthal shear (A.S.) product (NSSL/OU).

 Non-tornadic vortices defined as those prompting Tornado
Warning (TOR) false alarms

e A.S. used to quantify the strength of radar-observed rotation
in tornadic and non-tornadic mesocyclones/mesovortices
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Period of record: summer 2008-2011? (Super-res era). 

Azimuthal shear is calculated via a Linear Least Squares Derivative (LLSD) method (Smith and Elmore 2004). It is the horizontal gradient in radial velocity in the azimuthal direction. It is an approximation of ½ the vertical vorticity. X tornadic vortices and Y non-tornadic vortices were identified via this methodology.   


Azimuthal Shear Time Series Plots

Azimuthal Shear for All Vortices within 60 km of a Radar
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Azimuthal Shear Time Series Plots

Azimuthal Shear for All Vortices within 60 km of a Radar
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Azimuthal Shear Time Series Plots
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Azimuthal Shear Time Series Plots

Azimuthal Shear for All Vortices within 60 km of a Radar
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Azimuthal Shear Time Series Plots

Azimuthal Shear for All Vortices within 60 km of a Radar
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Supercell Mesocyclones (9 tor., 13 nontor.)
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Azimuthal Shear for EF1+ Tornadoes within 60 km of a Radar
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Also statistically significant differences when comparing tornadic vortices that produces an EF1+ tornado as their first (HSLC) tornado to nulls, eliminating the EF0 tornadoes (whose records are questionable). The majority of EF1+ tornadoes within 60 km of a radar were QLCSs, though, so partially just a reflection of QLCSs having statistically significant differences.

Note: beyond 60 km, our results indicate there is little discrimination between radar-observed strength of tornadic vs. non-tornadic vortices   


Reflectivity Signatures Climatology Methods

e Established criteria and manually identified
reflectivity signatures associated w/ tornadic
and non-tornadic vortices.

e Signatures identified within a window
beginning 20 min prior to the tornado/TOR
and ending 15 min after the tornado/TOR



Supercell Reflectivity Signatures
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Reflectivity signatures for supercells. As expected, hook echoes and BWER/WERs have high PODs (% of tornadic supercells with this signatures) but also POFDs (% of non-tornadic supercells with this signature), leading to a high FAR, but they do have median lead times ~15-20 min. They are not observed very often more than 100 km from the radar, due to beam filling/beam height issues. Other signatures-rear inflow notch, comma-shaped echo, bowing segment, aren’t very helpful, with higher POFDs than PODs. 


QLCS Reflectivity Signatures
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For QLCS mesovortices, rear inflow notches, bowing segments, gust front cusps, and forward inflow notches all have good PODs close to the radar, with bowing segments and gust front cusps having good FARs as well. Lead times are still a problem for some of these signatures, though. Overall skill again drops as you go farther from the radar. Comma-shaped echoes and hook-like echoes were not observed very often, though comma-shaped echoes did have the lowest FAR.


HSLC CSTAR Project Take Aways

HSLC severe convection is a forecast problem everywhere, but we
have concentrated on the “low LCL” subset.

SHERBS3 and SHERBE do not forecast the occurrence of
convection but can forecast the significance of convection.

The SHERBS3 and SHERBE improve on existing composite
parameters in discriminating between HSLC significant severe
convective and null environments.

By focusing on lapse rates along with shear magnitudes, the
SHERB uses the most skillful parameters and avoids the pitfalls of
the “volatility” of CAPE calculations.
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HSLC severe convection can come in the form of elevated convection, high-based convection, or more typically, surface-based, low LCL cases. We focused on this last regime, which happens to be most common in the Southeast and Mid-Atlantic, for the bulk of our study. 

Our new composite parameters, the SHERBS3 and SHERBE, have been shown to improve the discrimination between significant severe convection and non-severe convection in HSLC environments. However, we must reiterate that these parameters were not developed with the intention of predicting the occurrence of convection, but rather diagnosing the severe potential of a given environment. Thus, these parameters should only be used in association with a confident forecast of convection. One particular benefit of utilizing the SHERB and its product of lapse rates and shear or wind magnitudes is that the SHERB is not subject to errors in CAPE calculations, which can result in substantially different values than in reality, particularly in low CAPE environments.


.
HSLC CSTAR Project Take Aways (continued)

e Azimuthal shear discriminates well between tornadic and non-
tornadic vortices within 60 km of the radar, especially for QLCS
mesovortices.

e Farther from the radar there is no difference in the magnitude of
tornadic vs. non-tornadic vortices.

 There is the potential for longer lead times for supercell tornadic
vortices.
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Azimuthal shear discriminates well (mainly at the base scan) between tornadic and non-tornadic vortices within 60 km of the radar, especially for QLCS mesovortices, but not very well farther from the radar. 
Farther from the radar azimuthal shear values remain elevated but there is no difference between the tornadic and non-tornadic vortices (probably going to have to live with high FAR).  
There is the potential for longer lead times for supercell mesocyclones (but not for QLCS mesovortices!).  
Some radar reflectivity signatures have high POD, but most of these also have high FAR.
Radar sampling properties are critical factor in what forecasters “see” (goes for reflectivity as well as velocity).
Awareness of baseline concepts for typical diameter/altitude/intensity of important vortices will hopefully encourage forecasters to consider what will/won't be detectable at various ranges.
Need to use a combination of reflectivity, velocity, and environment for warning decisions, no “silver bullet”.



HSLC CSTAR Project Take Aways (continued)

* Key reflectivity signatures have high POD, but also high FAR.

e Radar sampling properties are a critical factor in what
forecasters “see”.

e Forecaster knowledge of typical diameter/altitude/intensity
values of tornadic vortices allows for consideration of what
will/won't be detectable at various ranges.

e Reflectivity, velocity, and environmental data should be
utilized in conjunction for WDM purposes (no “silver bullet!”)
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