Advancing Storm-Scale Forecasts over
Nested Domains for High-Impact Weather

David Stensrud, Paul Markowski, Yvette Richardson
Michael Colbert, Eli Dennis

Eric Rogers, Eric Aligo

PENNSTATE.
|2 v




Objectives

Assess the ability of the North American Model (NAM) 4 km Conus Nest to
provide realistic and accurate forecasts of severe convective weather (capability

and accuracy)

Determine if the 1.33 km Fire Wx Nest has added value beyond that provided by
the 4 km Conus NAM

Develop useful diagnostics for forecasters and model developers



Strategy and Focus

Focus evaluation on supercells and convection initiation (Cl) as key phenomena
In-depth study of two cases

Examine model output every 5 minutes and compare forecast storms and CI with observations
(Doppler radar, Mesonet, surface, soundings, satellite, etc). Examine the physical processes of
supercells and CI in the model — in line with observations and current knowledge?

How accurate are the nest predictions? Changes between 4 and 1.33 km nests?
Develop diagnostics to help assess supercell and Cl behaviors quickly and easily

Evaluate the ability of the current physical parameterizations to produce realistic storm and CI
behaviors
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General Evaluation

Timing of Cl near 1800 UTC is good, but model convection is too widespread
Squall line moves a little too fast to the north
Southern extent of squall line too little, line stalls compared to observations

Overall convective evolution in conus and firewx nests very similar
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General Evaluation

Initial convection pretty good

Bowing convective line only in firewx nest — clear capability improvement
compared to 4 km CONUS nest

Daytime CI not predicted well. Only a few short-lived storms, compared to
observed long-lived supercells.



What have we learned?



“Pulsing”
low-dBz
Reflectivity

- Decrease in 0-15 dBz
coverage every 4th
timestep (20 minutes)

- Exists in 4 kmm NAM but
not in the 1.3 km firewx
nest

- Correlated with
radiation scheme being
called every 20 minutes?

-Eric Aligo’s new NAM
run eliminates this!
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Value of 5-minute
model output!
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4Ax waves In convective regions

Simulated 1Tkm AGL Reflectivity
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Pressure

Potential Temp (shaded) and vertical velocity (contoured)
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Model soundings
show
supersaturation
within convective
regions in upper
levels
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Convective Behaviors



Bowing Convective Line in 6 May case
Simulated 1km AGL Reflectivity
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Temperature and Sfc Winds

Dewpoint and Sfc Winds
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200

250

300

400

500

700

850

1000

Theta prime (color) showing the propagation of the outflow in the bow

1.3k‘m Foreclast Valiclj 02:30

180 210 240 270 300 330
5
Heferenc-e Vector
-12 -9 6 -3 0 6 9 12

Pressure (mb)

200

250

300

400

500

700

850

1000

4km

Fcl)recast Valfd 02:30

760 770 780
5
Reference Vector
-3 0 3 6 9 12

Height (km)



30
27
24
21
18
15
12

14
12
10

[=JN I -

360

270

180

90

936.0
934.0
932.0
930.0
928.0
926.0
924.0

Temperature and Dewpoint (C)

FTY PETY P Y TS P PP P Y PP P PP P P PP Feed Pees e

Temperature and Dewpoint (C)

PP PE FETY PR TS P P P PPRS PN P PETS R PP FETS RUT e i

Temperature and Dewpoint (C)

FEEY P P N P PET1 PETE FURE PET1 FERY PRT1 PETY PRR PUTY FETY R P

32 o 27 =
= 28 o N, 24 3
E 24 4 W 21 4 o
3 20 ) 18 3 E
3 "A"“th 1
16 - 15
12 12
T T T T T T T T T T T T 8 NG G L L L L L L s L L s s 9 Frr T T T

00 02 04 06 08 10 12 14 16 18 20 22 00 02 04 06 08 10 12

00 02 04 06 08 10 12 14 16 18 20 22 00 02 04 06 0B 10 12

00 02 04 06 08 10 12 14 16 18 20 22 00 02 04 06 08 10 12

Wind Speed (m/s) Wind Speed (m/s) Wind Speed (m/s)

Y PN Y N P I P I P P e P I e P et e 14 _‘;l.;l;..l [ I;..I...l..lml; | I I P 14 febo bl bbb bn b bbb b b v b b
: E ) il
= ] an\ 5‘ I i ME 0 3 l| Lﬂ}‘ ft-n.* oo .JMV 4|'ﬂ‘l[ .H‘J‘}\ W
= Y o vﬁ «l\h.r WH 2 8 |\ M,. Jr H E s LM | Nt'n‘,k,.’,ﬂ{ h % J"'m ” -
4 s o TR - el " = Law T ‘J

A ‘\‘llL - E 44 "\'J w\' f ! -\ 'hu"vll W 4 3 " " _I" 'I,’\".j I‘ A
= ' - 24 I 24 [\ -
E E E A" ) C r E E E

ASLEAAE LAY RAH L) LAA) BRI RAR) AL RALD LER) RER) RALE LER) L) RAEI EEE) LM L LS LAY LA RS LMD LAE) L) AL AR LARN L) LA RAA) EEL) LM LAM LRI LA U LA LAY L) LAA) RS LAL) RAA) LA bkl LARY AL LAL) RAM RAL) LAR) KA LAL) LAM

00 02 04 06 08 10 12 14 16 18 20 22 00 02 04 06 08 10 12 00 02 04 06 0B 10 12 14 16 18 20 22 00 02 04 06 08 10 12 00 02 04 06 08 10 12 14 16 18 20 22 00 02 04 06 08 10 12 1.3km Model
Wind Direction (Deg) Wind Direction (Deg) Wind Direction (Deg) obe

Y PN Y P I P O P P P P P e P et e e 360 “l“}lkl..l | I PR P Y PN I I P e I“.I...l‘ iy ago bbb bbb bbb bbb b b b b iy
- [ 270 — ' L L
1 w2 ] ;5 [ [
1 A - 180 — ; -

‘r'.'.: ¥ - 1 - saallis F
- ¥ - 80 — ﬁ,' & .« x I- -
] - ] P o r ] r
SAME A AN DARE SAAN RAAL RNAL AL RARE SAAL NAAL RARD NAR) RASE LAR) AAL M) AN S L LA LA LA L LA A L LAY LAY LA L Ll R L L) AL LA SO L) L) L) A LAY LAY LA MY L) LAY A LA LA WAL LAL) LAY L] L
00 02 04 06 08 10 12 14 16 18 20 22 00 02 04 06 08 10 12 00 02 04 06 08 10 12 14 16 18 20 22 00 02 04 06 08 10 12 00 02 04 06 08 10 12 14 16 18 20 22 00 02 04 06 08 10 12
Surface Pressure (hPa) Surface Pressure (hPa) Surface Pressure (hPa)
PN PN PN U P Y PN S U PIIY P PR DI PP PO TN PO PO 954.0 PO Y PN Y PSP Y Y RV P PUOY PSP VN FRY VY PO UV PN Y PO N P Y O PO
= o520 a g
2 gstwj e [
E 9480 F
. i_ 946'0_5 .E- 1LWL;'|I’F‘."-H’ =
844.0 8.0 AR LA S LA R ks LA LA AR A LA LA LA

R L LLay Ly L LA A AR L) RN LAA) EAA) LA LAE LRI RALY LLLY Rl
00 02 04 06 08 10 12 14 16 18 20 22 00 02 04 06 08 10 12

R L L L L B LR LA LAy LAy LA LASd LARY RELNLARS LAED LLAs LA
00 02 04 06 08 10 12 14 16 18 20 22 00 02 04 06 08 10 12

T
00 02 04 06 08 10 12 14 16 18 20 22 00 02 04 06 08 10 12




360

270

976.0
974.0
9720
970.0
968.0
966.0
964.0

Temperature and Dewpoint (C)

FETY FETY PETY FEE FRTY PUTY FUWE FRRY PUTY FRWE FRRY FERY PRRY FREY FERY PRRY POUA FOW)

Temperature and Dewpoint (C)
27 Y NN P U PN P PP SR PR FRRL R Few PRl FERY PERN PUet |

sl

I I I I e

AR RARN LARN RARE AN BA

RN Ly L LRy LR LA LA LR LER) RRRY AN LR ERR RN LEEE LEEE AL
00 02 04 06 08 10 12 14 16 18 20 22 00 02 04 06 08 10 1

Wind Speed (m/s)

FETY FETY PETY FETE FRTY PUTY PUUE FRRY PUTY FRWE FRRY FERY PURY FREY FERY PRRY PUUN FAW)

L

(]
|

.“|]" "u,J, Ll'\f’wn a b

“r“ ﬂ' l'\l"'l

M““'w f-'r
| b | 1A i
L W\v'

LAy Rl a) LA LA ALY EAR) LRR) LEL) LARY LAAY LARN LRI LEED LARN EARD LERN AR

00 02 04 06 08 10 12 14 16 18 20 22 00 02 04 06 08 10 12

Wind Direction (Deg)

FEPY Y PP PP FEY Y P P TS PR P TN PR P FERY PRRY Pew b

™
] 2 [

A e amne Al
ft“. i N x

AL AR 1| LS BARE BRAE SRRD BRI RARN RARI RAR AERD RARI ERR RAM
00 02 04 06 08 10 12 14 16 18 20 22 00 02 04 06 08 10 12
Surface Pressure (hPa)

FEPY Y PP PP FEY Y P P TS PR P TN PR P FERY PRRY Pew b

bl

U BARN RARI RRRS R

RN Ly L LR LR LA LA LR LRl RRR) AN LAY RER RN LEEE LEEE RRL
00 02 04 06 08 10 12 14 16 18 20 22 00 02 04 06 08 10 12

a4 D

.
Y o

ru e o,

21

12 o

G e s

00 02 04 06 0B 10 12 14 16 18 20 22 00 02 04 06 08 10 12

Wind Speed (m/s)

14 Y R P PR P PP PR PR PP FRW REY RN PRTI RERY PUwd PUT hr Pe

12 - a -
10 | -
¢ 1) - .l-: ‘ E
j: | W "-Ih N JM.W \ ity FL \\J [ ”‘v. j N‘;"mj:
2 3" =
0 S F“'I"'I"\“'I' AR REAY L) RAE) LA LA Rl EAk) RARY

00 02 04 08 0B 10 12 14 16 18 20 22 00 02 04 06 0B 10 12

Wind Direction (Deg)

PN TV FOL PPN PIYY POUY 1L FVPY TN FVN PYVU T FYPL PPOY PIL POY PO TOOL PO
=% -

270 & '—
180 — # 4
n ,g!,/ [
90_ -
o .? i
[

00 02 04 06 0B 10 12 14 16 18 20 22 00 02 04 06 08 10 12

Surface Pressure (hPa)

oy QU FUTY FUUY FRVY FUUY PUTY PUPY FUUY RN FOPY PRV ONY POUY POUY DOY PYOY OO

ol

974.0
972.0
970.0

[

U RARRRARE RAR

968.0 8

) |
966.0 — ..—‘g-ﬁl‘nig \j:—
B B e B T

00 02 04 06 08 10 12 14 16 18 20 22 00 02 04 06 08 10 12

1.3km Model

Obs




Evaluation

Bowing convective line only in 1.33 km firewx nest — missing in 4 km nest

Firewx nest

» Cold pool cooler than observations, yet pressure rise earlier is greater than
observations and later is less than observations — cold pool becomes too
shallow over time. Collision with other outflow also may influence evolution.

» Cold pool west-east extent smaller than suggested by observations

« Cold pool moves eastward slower than observations, which supports
assessment that cold pool is too shallow (pressure rise too small)



Rotating Storm in the 28 April Case
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500 mb SR Winds and 1km AGL Ref

500 mb Abs Vort (cont., /s) and Vert Vel
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1000 mb Theta Prime and Wind

1000 mb Baroclinic Vort Generation
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1000 mb Theta Prime and Wind

1000 mb Baroclinic Vort Generation
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20 minutes
later, a
RFD
appears in
the firewx
nest and
leads to
increased
low-level
baroclinic
vorticity
generation.
This is not
seen in the
4 km run.
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Evaluation

Both 4 km nest and 1.33 km firewx nest produce storms with rotating updrafts
Classic supercell structures apparent in firewx nest, not so in 4 km nest

 Hook echo

» Rear flank downdraft

« Strong temperature contrasts and baroclinic generation of vorticity in low levels

Cold pools again appear to be too shallow, especially in firewx nest



Convection Initiation — 6 May 2015
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FIREWX sounding
evolution at KOUN
from 1700UTC on
May 6 to 0000UTC
on May 7

Presence of low level
clouds could
contribute to cool
surface temperatures
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CO N U S 4km Forecast Valid 19:00
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Evaluation

Cl did not occur during the daytime for the 6 May event due to capping inversion
that was too strong

Combination of subsidence and horizontal warm advection aloft led to warmer
inversion temperatures while low-level clouds below kept PBL too cool and too

shallow
Both nests have persistent wave structures at 800 hPa
* Roughly perpendicular to flow

» Approximately 8 dx wavelength and waves move northeastward at same speed



Future Work

* Analyze more storm evolution and Cl samples in both cases

« Compare model storm structure to NEXRAD data

« Modify ARL’'s HYSPLIT to read in NAM data (grib2, hybrid sigma-pressure
levels, 5 minute output) and then calculate back-trajectories in the vicinity of
fronts and throughout simulated storms

« Compare forecast low-level clouds to satellite



NGGPS Nesting/Convective Systems Summary

Major Accomplishment in FY16:
Identified added value of FireWx nest compared to CONUS nest for convective storms

Identified areas where improvement is needed: pulsing of weak reflectivity, cold pool depth, low-
level clouds, numerical waves, supersaturation in convective region. Several already corrected.

Showed value of 5-minute model output when exploring model behaviors

Priority Focus for FY17

Continue in-depth evaluation of model Cl and supercells to identify key diagnostics
Key Issue

Physical process parameterization schemes need improvement — community issue



Thank Youl!

« NOAA/NWS/NCEP/NGGPS for sponsoring our project

- Bill Lapenta, Geoff DiMego, Genene Fisher, and UCAR contacts for support of
students visiting this summer

« Eric Rogers and Eric Aligo for running the cases using the NAM

« Everyone at EMC who provided guidance and been so helpful to Eli Dennis and
Michael Colbert during their 10 weeks here

* Glenn Rolph and Barbara Stunder from ARL for helping to modify HYSPLIT



