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Some ‘mesoscale tools’

® Soundings =i
® Model/Observed ;
m Profilers/ VWP -

m Analyses

m Surface and Upper Air
m stcOA

m ACARS/TAMDAR
B GOES derived fields




What I’ll focus on here:

m Sounding analysis and sfcOA parameters

® Understand parcel choice and implications on:
m CAPE
m Effective shear/helicity

m Quick case using mesoscale ‘tools’ in making

mesoscale discussion and watch decisions




Model soundings/sfcOA

= One of biggest

advancements in severe

KLZK 080206/0000 (PFC Nam)

weather forecasting.

= Allows sounding analysis
across entire country, at any
time of day.

m Directly infuse latest science

into operations

m Fine tunes severe weather

forecasting down to the
‘storm scale’




CAPE definitions

(htto.//www.spc.noaa.gov/misc/acronyms.hitml)

m MUCAPE: Most unstable CAPE

= Lifts most unstable parcel in
lowest 300 mb.

= Useful in non-surface based
(elevated) CAPE.

SBCAPE: Surface-based CAPE
= Lift surface parcel.

= Usually identical to MUCAPE in
the afternoon.

m MLCAPE: Mean-mixed CAPE

= Parcel lifted using mean
temp/moisture (lowest 100mb).

= Most representative for diurnal
development when boundary layer
is well mixed.




Importance of parcel choice

h

BOIl 030801/0000 (Observed)

AT FFFEF FETTEEFEEE FT F F

CURSOR'" SOUNDING

9imb  17216m  @=306.9K | 100mb 16670
SE4EEEE [ fiw=083. T
0.0g/kg «Be=306. 9K | -79.30C 295/7 kt

LPL: 913mb 35c iId

"

CAPE = 176 J/Kg LI (500mh)y = -0 C
Cape3km = 95 J/Kg Imin = -2¢ /7 400mh
CINH = -186 J/ Cap = 2¢ / 575mb

LEVEL FPRES HGT{ AGL) TEMP

LCL 596mh 11964ft

LFC 510mh 160391t -6C

EL 265mh 316821t -42c¢
193mb 384601t

THERMODYNAMIC DATA

AVAILABLE HOISTURE
P. Hater 0.51 in Hean RH =
Hean W = 6.6 g/Kg Hean LRH
Top of Hoist Lyr = H/H

CONDITIOHAL THSTABILITY

T700-500mbh Lapse Rate 24 ¢ /7 B.7T ¢/km
850-500mbh Lapse Rate jg ¢ 7 B.6 C/km

MISC PARAMETERS
CBE SigTor 0.00 K-Index
SigTorn = 0.0 Hax Temp = 101F
Supercell = 0.0 Conv Temp = H
HBZ level =107530ft FGZ lewvel =135534ft




Importance of parcel choice

(cont.)
Choice of parcel depends on time of
day or expectation of lifted parcel.
-MUCAPE overnight/early morning (or if not sfc based).

-MLCAPE afternoon/early evening (or if worry about sfc based). |
~ WY N |crim - -256 a/kg _/ cap - 3¢ / 899mb
HGT { AGL ) TEHP
17231t
103381t gc

41630ft -58cC
H H

THERMODYNAMIC DATA

AVAILABLE HOISTURE
P. Hater = 1.67 in Hean RH =
Hean W = 16.5 g/Kg Hean LEH = 01 %
Top of Hoist Lyr = 911 mbh / 1338 ft

CONDITIONAL INSTABILITY
700-500mh Lapse Rate = 23 ¢ /J 8.8 C/km
850-500mh Lapse Rate = 32 ¢ /J 7.4 C/km

MISC PARBHMETERS
CB SigTor = 0.32 K-Index =
SigTorn = 1.5 Hax Temp = 89F
Supercell 1.3 Conv Temp = H
HBZ level =12939ft FGZ lewvel =13543ft
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All CAPE Not Created Equal

Same CAPE for both soundings
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All CAPE Not Created Equal

Same CAPE for both soundings

[ T/

| CAPE alone may not give complete picture!
| May need to also look at lapse rates or
| lifted |nd|C|es dependm on the S|tuat|on




How about Kinematics/Shear?

® Deep layer shear values
mote accurate 1n forecasting
supercells versus other
severe types.

® Independent of accurate
storm motion

m Values greater than 35

kt favor supercells (#houg)
not all the time!)

m Helicity, though quite
important, harder to use prior
to storm development.

® Needs accurate storm motion
s Highly variable in time and space




Effective Helicity/shear

m Tradionally, SRH and shear use fixed levels
m (i.e. sfc-3 km, sfc-1 km, sfc-6 km).
® Works fine in most situations

What if storms elevated, or ‘fixed’ layer not sample
of storm inflow?

Effort by SPC forecasters (Thompson, Edwards,

Mead, etc..) to automate identification of storm
inflow.

Developed ‘parcel constraints’ which are meant to
confine the parameter calculations to where lifted
parcels are buoyant, but not too strongly capped.




Inflow
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CURSOR SOUNDING

3950

T553m @=385. 2K 400mb T45 T
24773t Bw=319. 2K

A5 dg/kg  @e=S07.9 | -38.4c 320441 kt

LPL:

CAPE =

PARCEL DATA

%% M PARCEL IN LOWEST 300mb ***
825mb 12¢ 7 11c 99F / 52F

1359 J/Kg LI (500mh) = -5 C

Capedkm = 43 J/HKg LImin = -5C / 500mh

CINH =

LEVEL

0 J/Kg Cap =  0C 7 800mb

PRES HGT ( AGL) TEHP

LCL
LFC
EL

HPL

Hean W
Top of

100-500mb Lapse Rate
850-500mb Lapse Rate

8 04mh 54151t
8 04mh 54151t 11cC
200mh 384921t -62c¢
143mb 45221ft

THERMODYNAMIC DATA

AVAILABLE HOISTURE
1.35 in Hean RH =
= 0.0 g/Kg Hean LRH =
Hoist Lyr = H/H

CONDITIONAL THNSTABILITY

18 ¢ /7 7.2 C/km
J0c/ 1.0 C/km

CB SiqTor 0.00 K-Index =

SigTorn

= 1.5 Hax Temp = 81F

Supercell 1.3 Conv Temp = H
HBZ level =10717ft FGZ level =10895ft




Effective SRH versus 0-3 kmm SRH

CURSOR SOUNDING

301° 98kE
0-2km  2-5km 97 M™ST 5 _gpn 9-19km

% 86 12 | [ 61
N\

STORM RELATIVE
328° / 16 kt ( 8 mfs )
SR HELICITY
LAYER NEG
Sfc -1 lon ] 418 m?/s2
8fc - 3 km -16 459 mEds?
LPL - LFC -9/ -92 m?/s2

Effective SRH —_— * aeron

~145 m2 s-2 sfe - 2 km 206 / 29 kt (15
4 - 6 knm 314 / 10 kt (10
9 - 11 km 315 / 24 ke (12

1
/ . . | MEAN WIND
s _ _ _

3 BL - 6 km 204 7 25 kt (13 m/s)

d LFC - EL 308 7/ 29 kt (15 m/s)
5 §50 - 200 mh 303 7/ 28 kt (15 m/s)
325716

Storrn Slinky

ENVIRONMENTAL SHEAR

LAYER DELTA ¥V TOT SHR

( Sfc - 1 km 33 kt (17 mfs) 57.35

Sfc - 2 km 25 kt (13 mfs) 63.17

Sfc - 6 km 47 kt (24 mfs) 40.40
Low - 6 km 50 kt {26 m/s) 21.




Effective Shear

Instead of using sfc-6 km,
use halfway between
bottom of ‘inflow layer’
and EL.

Uses sounding to define
levels: more event driven.

40-60% storm depth, best
discriminator between
supercells and non
supercells

EL ~200 mb

50% of
—storm

depth

AL T A asssscsstssaS/S A o s |9

CURSOR SOUNDING

39Gmh 755im @=385 2K | 400mb  745Tm
DATTIEE  gy=210. 2K
45 dgq/kg  Ge=SOT.9K | -38.4c 320/41 ke

PARCEL DATA
*x* M PARCEL IN LOWEST 300mb ***
LPL: 825mh  12C / 11c  55F / 52F

CAPE = 1355 J/Ky LI (500mh) = -5 ¢
Cape3km = 43 J/Kg LImin = -5C / 500mb
CINH = 0 J/Ky Cap = 0c / 800mb

LEVEL PRES HGT {AGL) TEHP
LCL §04mb 34151t
LFC 804mb 54151t 11¢
EL 200mb 334921t -62¢
HPL 143mb 452211t

THERMODYNAMIC DATA
AVRILABLE HOISTURE
P. Water = 1.33 in Hean RH =
Hean W = 9.0 g/Kg Mean LEH =
Top of Moist Lyr = H/H

CONDITIONAL IHNSTRBILITY
700-500mb Lapse Rate = 18 ¢ / 7.2 C/km
§50-500mb Lapse Rate = 30 ¢/ 7.0 ¢/km

HISC PARAMETERS
CB SigTor = 0.00 K-Index =
SigTorn = 1.5 Hax Temp = 81F
Supercell = 7.3 Conv Temp = H
WBZ level =10717ft FGZ level =10§05ft




Some points to consider

Sounding parameters huge advancement in severe thunderstorm
forecasting.

However, this is just one tool.
Must understand what your using.

Parameters can be wrong!
= Incomplete science?

m RUC initialization must be accurate!

m ‘Lffective’ parameters most sensitive to RUC ‘failures’, especially if ‘effective
inflow’ layer 1s not truly representative!

m Fields for previous hour if towards top of next hour
m Can change rapidly in dynamic patterns

Forecasters seek observational data to support what
mesoanalysis/RUC indicating.




Lets look at quick case
(day shift at SPC)




d-Winter Severe Event
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DAYLIGHT HOURS ACROSS PLAINS.. HOWEVER BY EVENING CONDITIONS
EXPECTED TO BECOME INCREASINGLY FAVORABLE FOR DEVELOPMENT
OF ORGANIZED/POTENTIALLY SEVERE THUNDERSTORMS.” (
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‘1800 Effectlwe Shear, MLCAPE, MLCIN (f111ed)




1800 (PFC RUC)

@=341 0K
SRRt Pwe20EK ST

28gky  Pe=352 6K
375mb 7742m -34 53930 230i82 kt B

370k FE30m

370k (249651 £ 761 3m agl

‘22220222

-35 230,805 230183
=300 = 22867 ]

-20C = 15642

FZL = 10182
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‘ind Speed (ki
s Height

Inferre
Temp aduvecti

MORMAL

(S thr,

STORMREL

MEAN WIND

-- 7E13m 230083 kt

=]
DP=23786

21352 Lt
2467 MW

o
UP=25 24

10

Criticah &ngle = 41

20 il

40 50 &0 T an an

-110 deg

g

Storm Slinky

Fso0
{700

[-&00

{400
2|99

Theta-E vs
Fressure

s2inds (kh
[ useight

Pshl Watch Type

TEI=10

3|29 3|39

-30

-20

-10

i

a0 40 50

20 40 60 S0 100120

CAPE

CINH LCL LI

LFC EL

5B FARCEL

g11 -33

ML FARCEL
FCST 5FC

5493
954

-6G
-15

1048m -4
1033m -3
1254m -4

31im 337
3im 31694
2787m 34209

EFF PARCEL
UISER DEF

551
309

=75
-120

1077m -3
1413m -2

HUI PARCEL 81 1048m -4 311im 33785

3170m 31308
3591m 29248

SRH(MZ/52)  Shear(kt)  MnWind  SRW

SARS - Soundin

Analog System

SFC- 1 km
SFC - 2 km
SFC - 3 km

232
277
285

214136
224740
226141

114126
123019
125181

F'W =085 in
k=27

MidRH = 45%
LowRH = 75%

BCAPE =0 Jikg
DCAPE = 372 kg
DownT =54 F
Mean = 8.2 gy

WEZ = 5055
FZL=10182
CorwvT = 74F
MaxT = 73F

WHNDG =00
ESF=00
M = 0.93
MCAPE =011

Sfe-3km Agl Lapse Rate =
3-Bkrn Agl Lapse Rate =

850-500rmk Lapse Rate =
F00-500mkb Lapse Fate =

20 P71 Ckm
23 CI7.8 Chm
28 Cre8 Chm
21 C/E.0 Chkm

Supercell = 4.7
STP (CIN) =0.8

SHIP

=05

Eff Inflow Layer [T

SFC - 6 km 228146 140015
SFC - & km 22849 15115

Lower Half Storm Depth 44 22045 13815

ERM Shear = 48 mas2
4-Gkrn SR Wind = 19119 kt

Corfidi Downshear = 237/56 kt
Corfidi Upshear = 2511024 kt
Eunkers Fight = 247045 kt
Bunkers Left = 21352 kt

257 21638

N

STPC (test)=1.1 Tkm & Bkm AGL Wind Barbs

SUPERCELL
browse to ~thompson £ sup fend 5F

SGFNT HAIL
browse to ~jewell /hail f shd §*

Mo Quality SUPERCELL Matches

{7 matches out of 856 sndgs )

SARS: TORM (100% TORY

96031600 FFC 275

{3 matches out of 338 sndgs)
SARS: Mon-sic Hail (33% 5163

Significant Tornado Parameter (with CIN)

Prob F2+ Tarn with a supercell
Sounding CLIMO = 14 sigtor
baged on CAFE:

hased on LCL:

based on ESRH:

hased on EBS:

baged on STF:

hased on STPC:

=]

MW & ®m o~ W@

=]

SIGTOR WEARTOR MONTOR

Parcel | Interpolate | Swap | Reset | Overlay: off View Data | SARS | IL | SHIP Stats | STP Stats | EBS Stats | WINTER | FIRE |

Swface conditions I

Swccesshdl

LEFT

Boundary motion
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-30C = 23365

-20C = 15903

‘ind Speed (ki
s Height

1578m 172 mis
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Inferre
Temp Aduvect

MORMAL

(S thr,

STORMREL

MEAN WIND

122221kt

20555 LI
5

g
223/57 MW

o
UP=246/50

20

Critical &nigle = 50 -30-|

-107 deg
&
./

Storm Slinky

Theta-E vs Srptuinds (ki)
Pressure usHeight

Pshl Watch Type

TEI=13

-30 -20 -10

i

40

n
=1

20 40 60 S0 100120

CAPE  CINH LCL

LI LFC EL

5B PARCEL
ML FARCEL
FCST 5FC

1401 o
ary B
1704 1]

F1am
740
1119m

-6 Tlom 35634
-5 1928m 34735
-6 1118m 36259

EFF FARCEL
UISER DEF

762 -20
524 -32

Ml PARCEL 140 0 718m -H  T18m 35834
100Sm
1383m

-4 2026m 32395
-3 218im 31604

tntind

SHEW

SARS - Soundin

Analog System

Significant Tornado Parameter (with CIN)

SFC- 1 km
SFC- 2 km
FC - 3km

202136
21036
212139

106527
104722
111520

5
Eff Inflow Layer

208/36

104723

SFC -6 km
SFC -8 km
LCL - EL ¢ Cloud Layery

21748
2149550

13115
148015
18016

F'W =105 in
k=30

MidFH = B4%
LowRiH = 54%

3CAFE =76 Jky
DCAPE = 5649 Jkg
DownT=55 F
Mean'h = 10.5 gikg

FZL

WEZ = 5234
= 9742
CorvT = B9F
axT = 74F

WHNDG=07F
ESF=0E
M = 0.93
MCAFE=0.14

Sfe-3km Aol Lapse Rate = 21 C/7.4 Ckm
3-Bkrn Agl Lapse Rate= 21 CJ/7.3 Ckm
850-500rmb Lapse Rate = 28 CJ/7.0 Ckm
700-500mb Lapse Rate = 19 Cf7.3 Chkm

Supercell = 4.8
STP (CIM) =1.0

SHIP =13

[Lower Half Storm Depth

2235
217145

130015

BRM Shear = 51 mefs?
4-Ekm SR Wind =

Corfidi Downshear =
Corfici Upshear =
Burkers Right =
Bunkers Left =

20021 kt

232192 kt
246,30 kt
236547 kt
203053 kt

STPC (test)= 1.5

4

Tk & Bkm AGL ‘Wind Barbs

SUPERCELL

browse to ~thompson Fsup Fsnd #°

SGFMT HAIL
browse ta ~jewell § hail f shd 7

Prob F2+ Torn with a supercell
Sounding CLIMO = 14 sigtor
hased on CAPE:

=}

03040615 JAN

{21 matches out of 856 sndgs)

SARS: TORM (FEY TORY

WEAKTOR

93040200 WAl

(11 matches out of 935 sndgs)
SART: GG HalLM (R4 S1G)

275

hazed on STF:
hased on STPC:

TG

SIGTOR WEAKTOR MNOMTOR

Swrface conditions

66/57;195/15

Successfully loaded KTLE 0801071500

LEFT inset | Boundary motion
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Tornado Watch# 1 - Valid from 155 PM until 200 PM CST



1800 (PFC RUC)

wind Speed (k) Inferreq OR L
vs Height Temp Aduvect

30k S115m - @=319.5K e thn; STORMREL
295961 Bw=255.5K MEAN WIND

O2oky  Be=321.1K
324mb BEA5M -42 B-4E BC 23791 kt

-- GETTmM 237096 kt

215/56 LAt

CEEeNY 9 <«

| 30dmia | 291 157t £ 8377m agl 4B 2/E02C 23706

3
Z30C = 22641 UP=246{2

n #3040 80 &0 70 &0 90
-20C = 18302"

» 30
Critical &nigle = 26

-108 deg Theta-E vs L 5B Winds (k) Psbl Watch T\,fpe
= Pressure ustHelgrt

§\ '
4 Fio
- TEI= 13 '

FZL =501

2023m | 300 més:
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00 L
Storm Slinky 328 338 3

-20 -10 ] an 40 2040 60 B0 100120

CAPE CIMH LCL LI LFC EL SRHm262) Sheartkth  Mrwind  SRW SARS - Sounding Analog System " Significant Tornado Parameter (with CIN)

5B PARCEL 1246 A B3m o 4 TEIm o 35408 |[oee 258 a3 o0 12060 SUPERCELL SGFNT HAIL grooug d% TCDLFMST 3 3u§e;g$"
ML PARCEL 1047 -2 75 -4 96d4m 33408 (| SFC- 2 km 293 33 224i42 122117 brovse to ~thompson fsup fsnd 25 browse to ~jewell £ hail £ snd £ baged on CAPE:

FCST SFC 1812 0 1126m -6 1126m 35153 |[SFC-3km 31 3 222143 12608 beed an LOL:

0 PARCEL 13093 -0 5&/m -5  B4ém 3oges|||EM Inflow Layer 300 33 2242 1z2n7 | based on ESR

EFF PARCEL 772 0 1108m -3 1108Bm 33848 || SFC-Bkm 52 206143 144015 :

UUSER DEF 486 -16 1282m -2 2442m 31286 || SFC-8km 77 22851 195114 pased on STF-..

Fi=108in  3CAPE=91Jky  WBZ=7520 WNDG=0g [|[Lower Half Storm Depth 58 22547 14015

K =30 DCAPE = 411 Jkg FZL = 8301 EGF=1.2 ERMN Shear = 35 mafs2
MidFiH = 82% DownT=53F ConvT = 67F MMP =099 4-Ekm SR Wind = 20619kt Mo Guality HAIL Matches
LowRH=85%  Mean' = 9.5 aky axT = 72F MCAPE = 014l ~orfidi Downshear = 235454 kt

Corfici Upshear = 24622 kt

Sfe-3km Agl Lapse Rate = 22 Cf7.7 Cikm Supercell =8.3 Bunkers FRight = 244045 kt @/
3-8km gl Lapse Rate= 200768 Chm | STP (CIN) = 2.1 Burlkers Lett - 213756 kt

B50-500mb Lapse Fate = 28 /63 Ckm | STP (fixed) = 2.4
700-500mb Lapse Fiate = 18 C/68 CAn | SHIP = 1.3

n
=1

{19 matches out of 856 sndgs) {6 matches out of 938 sndgs)
STPC (test)=3.3 Tkm & Bkm AGL Wind Barbs SRS TORP (S8% TORY SARS EIG HAILP (S0% SIG) SIGTOR WEAKTOR MOMTOR

Parcel | Interpolate | Swap | Reset | Overlay: off View Data | SARS | AIL | SHIP Stats | STP Stats | EBS Stats | WINTER | FIRE |
Swface conditions LEFT inset | Boundary motion

Suvccessbdly loaded KRFD 03010741500
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- Valid from 235 PM until 300 PM CST
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Tornado Watch # 2




N
N
@\
=
a3
—
N2,
Q0
-




Jan. 07, 2008

m Significant tornado outbreak across southern MO with
EF3 tornado in far southeastern W1

m A total of 48 tornadoes surveyed by NWS for this
tornado outbreak. Two fatalities and around 30 injuries

were reported in MO.

\I
9§
< 1N

TORMADO REPORTS.. (75)

WIND REPORTSMHIL..... {121.7)

HAIL REPORTSAG. ... {136:7}
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Quick conclusions

B Mesoscale tools enhanced short-term
forecasting.

m Allowed forecasters to forecast quicker beginning to
the event.

m Stay ahead of unfolding severe threat outside
ongoing SLGT risk.




The End!




