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DDC Hail Climatology

Hail Days Per Year (1995-1999)



In coMpdeison etramnfotocyocnion huiktiznoay ecsaretebdeawdesr forecasting
maximum expected hail size in 2011???







Unbalanced Supercell Research




RI ATURE REVIEW

Rasmussen and Blanchard (1998) published a baseline climatology
of numerous sounding-derived supercell and tornado related
parameters. This study became (and continues to be) the
springboard for multiple other studies.

A similar type of study reviewing the climatology of
numerous thermodynamic/kinematic parameters across multiple
binned hail sizes is missing.




1. Goal at this point is limited to forecasting maximum expected hail size and/or
frequency of maximum expected hail size falling over a larger meso-£ scale domain

s NOITE: We all know “maximum’ may be a little misleading as we simply don't know
if: a report is close to the actual max size or something closer. to the 75 to 90"
percentile of-hailssizes falling

2. Existing supercell based parameter climatology is biased toward tornado related
studies. When this knowledge is applied operationally it often leads to instances
where the pre-storm environment (and the storms themselves) looks identical.
However, some of these “similar” environments easily produce significant to giant hail
while others struggle to produce golf ball size hail

3. Something is different beyond just storm scale issues yet up to this point we have
had limited skill at delineating these differences in the pre-storm environment

» This frequently leads to forecaster apathy in attempting to forecast max hail size
Inforecast products such as the HWO with this apathy routinely leaking into
SVRITOR warning products






1. Provide more tools to forecast maximum expected hail size in the pre-storm
environment...

»  Asmall database (= 100/events) of observed DDC: proximity. soundings
associated with multiple binned hail sizes...not just giant/significant hail .events
or-all'hail'events = 1~ binned. into one cateqory.

« Climatelogy. ofivarious thermodynamic/kinematic parameters derived from these

soundings to aid/in forecaster identifying potential'max hail'size for-a particular
event

2. Indirectly...allow this to boost forecaster confidence in hail prediction and begin to
push staff toward mentioning larger hail in Severe Thunderstorm or Tornado warnings
BEFORE reports of larger hail influence warnings



1. Became concerned at the increasing number of sounding based studies substituting
observed soundings with Reanalysis data such as the NCEP/NCAR Reanalysis or
the North Americar Sar, 2 Fean2lsis( Vi F R a comparative study

»  [hompson and Edwards (2000), Thempson et al. (2002) and TThompson et al.
(2003) compared RUC-2 analysis seundings to: obsernved proximity: soundings

?;;;ggrr;des:rorisSﬁIQWBNOAEU&—éﬁ[ndings that It can be an'adequate

Reanalysis based studies have blindly folloewed this substitution with the
Collect NARResnundmgsthﬂarerepmr:tedeevehtssahdachedk validity ofr substitutingo

observed with NARR'Soundings by comparing thermodynamic/kinematic variables

2. RUC now has a horizontal grid resolution of 13 km with 50 vertical levels with hourly
data available for interrogation

3. NARR has a horizontal grid resolution of 32 km with 45 vertical levels with data
limited to every 3 hours for interrogation



Hail Report Criteria/Database Specifics

NCDC Storm Data and SeverePlot 2.0 (Hart 1993) utilized to parse
reports from 1986-2006

Hail events binned into 1 of 4 categories (101 total events):

1. 0.751n. - 1.25/n. (24 events) Marginal Severe/Sub-Severe
2. 1.51n. - 2.0in. (25 events) Golf Ball Hail Range

3. 2.251n. — 3.25n. (29 events) Significant Large Hail

4. = 3.9 /nh. (23'events) Glant Halil

Note: Following correction of reported “softball” hail from 4.5 in. to 3.65 in. as noted in Jewell and Brimelow, 2009

Halil event inclusion criteria:

Only reports centered around 00 'UTC sounding Were incliuded
(too many unknowns with elevated events at 12 UTC)

Must fallwithin' 175 kmi (= 95 'n'mi) 6f;KDDC

+/= 3/Ars 0l 23 UTC (= release time for most soundings)
Similar-air mass as KDDC

Only largest hail reportincludea

Event discarded if:larger hail fell'between 175-250 km ofi KDDC

s eI =



Hail Report Criteria/Database Specifics

Observed sounding obtained from the NCDC Integrated Global
Radionsonde Archive

In a few events, the lower 50 hPa of observed soundings were modified
slightly to match more representative conditions from nearby

surface observation sites. Data was then analyzed with Environmental
Research Services

NARR sounding criteria:

1. NARR/seundings oebtained irom the NCDC National ©perational
Model /Archive & Distribution System (NOMADS). Data was then
analyzed with

2. 21 UTC NARR/data was utilized'ia report fell'between 20-22 UTC
and 00 UTC NARR data for reports between 22 UTC and 02 UTC

3. In contrastto Thempson et al. (2003), NARR seundings were
obtained from grid points; closest te the report rather than at the
ObServation site
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Box and Whisker Plot Detalils
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2.25"-3.25" Ob
2.25"-3.25" NARR



Thermodynamic Variables




.

LCL (SFC parcel -39.2 m ] 237.7 m -

Thermodynamics from NARR = strong cold bias

WBZ Height (m agl) 54.6 m 170.6 m
SB CAPE -1251 J/kg 1336 J/kg
ML CAPE -1029 J/kg 1089 J/kg
MU CAPE -1241 )/kg 1329 J/kg
MU -10°C to -30°C CAPE -504 J/kg 530J/kg
MU LI +4.2 4.4
700-500 hPa Lapse Rates -0.3 0.6

500-300 hPa Lapse Rates -0.1 03
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Thermodynamic Variables
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Hail Growth Zone Stability
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Hail Growth Zone Stability
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Hail Growth Zone Stability
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Hail Growth Zone Stability
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Kinematic Variables




NARR Kinematic Bias/MAE

Parameter | BIAS | MAE_____

0-1 km bulk shear -1.4 m/s 2.1 m/s
0-3 km SRH -58 m2/s2 81 m2/s2
0-6 km bulk shear -1.0 m/s 2.8 m/s
0-10 km bulk shear -0.2 m/s 3.8 m/s
0-EL bulk shear 0.18 m/s 2.6 m/s

6-10 km bulk shear 0.02 m/s 3.6 m/s
6 km-EL bulk shear 0.01 m/s 3.2m/s
4-6 km SR Flow -0.3 m/s 1.6 m/s
6 km SR Flow -0.6 m/s 2.3 m/s
10 km SR Flow -0.01 m/s 3.6 m/s
EL SR Flow -0.02 m/s 3.4m/s




Variables

Inematic

K

YYVN Jspun Jo Sz 1.

£

> . 5

S y YYVN.0'TST

-

LN

] — YYVN ,STE-.STEMN

o

| . .

E — YYVN +,5°€ <
o

—EEEE — s0spunio s )
LN

4 i —

S0 .0°¢.S'T

$q0 .,SC€-.SC°¢C

Sq0 +.,S°€

50.0

i

(zs/zw) HYS W €-0

HHVYN 19pun 10, 67T

H4VN ,0CS'T

75-1.25 in

YUVYN ST E.STE

0

HYVN +,5°¢€

.||I =t | SO J2PUN 10 G711
—— — | 500576577

1.5-2.0 in.

12.0 +

=

|
S S S
o0 €] < ~

10.0
0.0

(S/w) 1v2yg ying wiy [-()




HYVN 1apun.lo S7°T

VN 0" C-.S'T

75-1.25 in

HUVN ST ESTE .

0

HYVN +,5°¢€

5-2.0 in.

sqO lepun o q¥

sq0 .0t

-—m.nﬁ

590 ,5T€.STC

k sqO +.,5°¢€

T
L o Tp] o L o L o Np]
[ap] [ap] [ o~ — -

(s/wm) 1vayg yng Tq-0

55 +
50

Variables

N
S YYVN 19pun 1o ,§7T
qv] y y - =
—_— YN O ST
v / I N
LN
e — WYYN ST e ST e
- , °
- LI YUYN +,5°€ <
K - =
d s apun 1o : Q
- — 40 4pun 10,7 {1
V. | & —
T— — wﬁ_o :O.Nl:m.._”
|I o SO STESTT
- SO +,5°€
o o o o o o o o
= - S S - = s S
=t m

(S/w) 402y yng wy 9-0




YYVN Japun Jo 57T
c

YUYN 0Z-ST |

b\
LN

YUYN \STESTT 3

YYVN +,9°€

$qO 49pun 10,57

£
Q
o
L1}
—

WQO :O.lem..ﬂ
Sq0 .,SC€-,STC
Sq0 +.,9°€

| B S S—

o~ o o0 Ye] < o~ o (o] O < o~

o~ (o} — — —

(s/wy) yeays Mng 13-w 9

HYVYN 19pun 1o g7
c

YAYN 0TS T | o

—
1

NARR
1
i

LN
‘ YUYN L STE ST
o

HUVN +.,.5°€

p)
-
e
L

S
>

O
b=

S

&

®
=

'

1.5-2.0 in.

540 ,0°C.S'T

I. —_— SqO Japun 10 ,G7 | !
—
.

590 ,5C€.5TC

-4 SqO +.,.5°¢

_ _
S S S
o LM o

(S/w) 402y yng wy 9-0

5.0

O. O.
o LM

40.0 +
35.0
0.0




ddVN J9pun Jo Gz T

75-1.25 in

YYVN .STE-.STE

N

""E : YYVN ,0'Z-.S'T
R
b

o
HYYVN + ,9°€ m
o
—_— — sqO 4apun Jo __mN.H”./_}
| -
S0 .,0°¢-.S'T

$q0 .,SC€-.SC°¢C

Sq0 +.5°€

20 +—
0

T
<
<

6.0

Q
0

6.0
4.0

=)

(S/w) moj4 {S WX 9

20.0 -
18.0

Variables

t

Inematic

YYVN J3pun Jo ,GZ:T.
c

R LN
o YYVN ,0ZST | E

—
1

(Np)
E YYVYN ,ST'E-,STEM

0

ddVN +,9°€

::
&

K

.II —— $QO 42puUn 4o G711
— |t | 500 .,0'T-,S'T
— —— $90 .STE-.ST'T
—_— g S40 +.5°€

1.5-2.0 in.

o o o o
© <

16.0 ~
14.0

2

10.0 +—
8

(S/w) mol4 °S W 9-1




Upper Tropospheric Flow/Shear

 Rasmussen and Straka (1997) found both 9 km SR flow and 4-10 km Bulk shear
play a vital role in determining the degree to which hydrometeors are
reingested into the updraft (e.g. HP vs. Classic vs. LP supercell dominant
environments)

e Although unknown in this study, these results may simply be the same signal.
Environments supporting LP/Classic dominant supercells tend to increase the
odds of larger hail due to longer updraft durations than HP environments with
shorter lived updrafts
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Parameter Combinations

ML/MU CAPE and deep layer. bulk shear are the usual combinations

1. Energy Shear Index (ESI): Brimelow et al. (2002) uses the product of
MU CAPE and 850 hPa — 6 km bulk shear

2. Significant Severe parameter (SigSvr): Craven (2004) defines the SigSvr
parameter as the product of a ML CAPE/0-6 km bulk shear
combination

What about a combination that includes 6 km-EL bulk shear and
700-500 hPa lapse rates?



Parameter Combinations
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Revisiting Key Points

> lhermodynamic Parameters

e Winners

1. MU/SB/ML CAPE...sig/giant hail vs. non-sig severe hail (except marginal severe)
2. -10"Cto-30°C CAPE and LI...adequate substitute for total CAPE but no

improvement in skill shown over total CAPE
3. 700-500 hPa lapse rates with giant hail

e |losers

1. NARR thermodynamic parameters (notable cold/dry bias in parameters in lower 3 km)

2. 500-300 hPa lapse rates
3. Freezing Level/LCL Height



Revisiting Key Points

> Kinematic Parameters

* Winners
1. 0-EL bulk shear
2. 6 km bulk shear/6km SR Flow...
3. 6 km-EL bulk shear/EL SR Flow...
4. NARR kinematic variables adequate replacement for observed data

e losers

1. 0-1 km bulk shear...

> Parameter Combinations

» Standard CAPE and bulk shear combinations (e.g. SigSvr and ESI) do well at
differentiating sig/giant hail (= 2.5 in.) vs non-sig/giant hail but significant overlap
exists between giant and sig hail

» Adding upper tropospheric shear and mid level lapse rates to standard CAPE/Shear
combinations increases the parameter spacing between giant and sig categories



Future Work

> Ultimately expand into a larger regional or national database

> Include RUC/Rapid Refresh data along with NARR

»> Evaluate other parameters such as 3-6 km CAPE, 0-12 km Bulk Shear,
6-12 km Bulk Shear

> We still have a long way to go to accurately forecast
something as complex as hail growth in the pre-storm
environment. Ultimately, encourage additional hail related
research.



QUESTIONS???




