Dynamical Insights into Extreme Short-Term Precipitation Associated with
Supercells and Mesovortices
Erik R. Nielsen and Russ S. Schumacher

Department of Atmospheric Science, Colorado State University, Fort Collins, CO

Colo

Colo 0

O

University University
300-m Vertical Mass Flux 9 500-m Vertical Mass Flux NLD-VPPGF (Colors) ACCD (Colors), Max. W (shaded)
INTRODUCTION Numerical Model Results i B
. Rottatlon or_1 \;alrllc()us sgalgti (et.g.l, zté%?rcgllrs] and I\r/I]CVs |§. Sftr?n assg(c):lggedH _\f[vr;]h ; Questions to investigate: B : : | : J ) V
extreme raintall (see omitn et al. , oCcnuMmacner an onnson , Alicnens an . . > | o T Feae 7004 i 700 LT
Brooks 2013) How do changes in the magnitude of the low-level shear vector affect storm T AN ST ; 1 P V
: . _ . . 1 a) | I S )| : j N, j o
] ] dynamICS and preCIPItatlon prOdUCt|On? noe 9.0”'1'<>I.(')”;1I:<'>";%.6";?:.5"1'4I.(;”1'5.o . 90 100 110 120 130 140 150 600 B . 600 i
* In other research by the authors, observed rain rates over 75 mm/hr are associated rours Since Smuaton Stat e e
Wlth mesoscale rotatlon nearly half Of the “me (eg, F|g 1) S b) C) 0.5‘}\‘ o 1.0-km Vertical Mass Flux : - 1.5-km Vertical Mass Flux - _'c)'MIEIID_'SII-IE'A;R' T y 0.1 :a)INlIEID_ISHEIAIRI ! ! 1,

. . L . . . a) N @t | o o  The three simulations produce f. : | o1 S -

* Various mechanisms can lead to rotation, including precipitation processes in the < s N convective systems that are similar L e ] - 1. s
. . \ = 2 6.0x10 e 1 [ ] i
cases of MCV development (e.g., Raymond and Jiang 1990) and tilting of 3 AN -  mosrpacer §§/ 10 in size, shape, and speed (Fig. 3) fe -

- ity - - W) ‘ i TN N % ’ ’ 2 _ 1 | 1k
environmental vorticity in the case of supercells (e.g., Markowski and Richardson §_ A‘A‘&A‘f R 2 . Low-level rotation develops in all S I R CE AP A - __
2014) ] "“‘\ “ NS g " : three simulations but is strongest C) al I __

+ Low-level shear can have an important influence on storm characteristics, evolution, S g O‘ﬁﬁs\f aﬁd most Sgsct)ﬂ[}%do'ﬂ ”I;? hgqhesé o0 o o oo o Y O SNEIRRE
and the development of rotation (e.g., Nowotarski et al. 2011, Coffer and Parker 2015) : ‘ ot ou- 01 0 shear run ( , Fig. 3) an RN VOURI ORI (SO S
8 NN\ A ﬁf\ 10 weakest in the lowest shear run PO S s T [ o I *
« Vertical perturbation pressure gradient forces (VPPGF) associated with rotation can - 'A’A W % 30 (LOW_SHEAR) § R T
. “py s . . Te) 50 . L 1.0x10° - ] N R ] I
serve to enhance dynamical lifting in the presence of rotation (Eqn. 1) " « z A 0 « Robust, storm scale cold pools - | | 1 D 1B
\ Y e) 1 < 8 o ] 800 - ' 800 i
: - - SRR . - S - ‘ d Vo develop by the end of both the = = oaxo - - ! w
» ltis hypothesized that mesoscale rotation can aide in maximizing rain rates by > v'vk \ é S EANTY P Y ms? ms)
_ . o . . AN A\ dor® o' MED_SHEAR and LOW_SHEAR A : -_ -_ :
dynamically enhancing the updraft and lifting otherwise negatively buoyant parcels that . P RO . - - ] | - | ] w
_ _ qi bl g 1N/ [ SN S ° simulations (not shown) _ | | ol _ _ ] V
Contaln mOISture an InSta | Ity _:I30 -20 -10 0 10 20 3I0 40 2 gg ¢ The average |OW-|GV€| Verthal e 90 100 11.0 120 130 140 150 et 50 100 10 120 130 140 150 600 w0 evo 700 800 600~ 500 e00 700 800
Sl NEXRAD LEVELIT emperature . . . Hours Since Simulation Start Hours Since Simulation Start
KU - AUSTINS AT, T x| v - avsis an, v emperatre (2 40 motion is larger and sustained for N . .
103072015 12:3501 G e _ . . . 50 . N Fig. 4: Total vertical mass flux (9/s) of updrafts with Fig. 5: (a,c,e) translated swaths of maximum dynamic nonlinear
Emésérw , c“/érw Fig. 2: (a) Composite thermodynamic p(oflle frqm Schumach_er and a Ionger perlod of time in the magnitude greater that 1 m/s over the portion of the domain vertical perturbation gradient acceleration (m/s2) for the labeled
- e Johnson (2009). Hodographs (kt) of wind profile used for wind 0~ CONTROL run compared to the shown in Fig. 3 at (a) 300 m, (b) 500 m, (c) 1.0 km, (d) 1.5 | ryns. (b,d,f) translated swath of maximum 500 m vertical velocity
pepridligmteas e | SWEEP TIME: 12:36:05 GMT 1km Sheal‘ SenSItIVIty eXpeI’ImentS fOf CONTROL (C), MED SHEAR Other SimUIationS (not expliCitIy km, (e) 2.0 km, and (f) 8 km fOI‘ the CONTROL (SO/Id Ilne), (Shaded’ m/S) Wlth 500 m maXImum tota/ dynamlc acce/eratlon
egend: coz (d), and LOW SHEAR (e) cases derived from CSU-WRF model MED_SHEAR (dashed line), and LOW_SHEAR (dotted line). (ACCD) overlaid in same colors intervals as (a,c,e)
sounding valid 1500 UTC 30 October 2015 near San Antonio, TX. (b) shown) i
wind profile corresponding to control hodograph (c). 40 : : “Th) : YT o _ _
] 1> ¢ « Large differences are seen in
‘”‘ - S - a0 O&J low-level positive vertical
1 = - E dog E ' mass flux (Fig. 4), where the
- M —— 2] | B vertical mass flux at each
= - o Y R . level ordered to the amount of
NEXRAD LEVEL-III NEXRAD LEVEL-III 2701 :: ....... ] }° / U D’ : S IOW'Ievel Shear in eaCh
'fjg%ﬁg%?g%% EEZ;EZ/;%EE‘?E::?L% 2401 0 :: .......... . R Iséol | Iezalfol | Iseol | Isslsol | I4(I)o o I3;ol | I3<Itol | Iselsol | I3;30I | I4(I)o R Iséol | Isjtol | Iséol | Iszlsol | I4(I)o SImUIatlon (Ie! more Shear’
i o L T more mass flux)
TS =1a) CONTROL b) CONTROL J C) CONTROL 1d) I e Al e AN ~ + Increase low-level vertical
Legend: :IZG/KM Legend: IN/HR ® = " . " " = :‘o',.—_ - — ~— = e ® " ® = > i 3.0 1 B 3.0 ) - 3.0 ' (/.\ accelerathnS aSSOCIated Wlth
i - S : E g e | the rotational term of the
_ - M Ty ey j \/\ - j ' j ” VPPGF are seen in runs with
h i i I — VL, L, increase shear and rotation
20 - i ;) o el L | A | | H | (cf. color fill Fig. 5a,c,e)
™ :: : t .......... " DI4;OI | I44I10I | I4€I$0I | I4£I!0I | I5(I)0I T I4éOI | I44I10I | I4(I30I | I4EISOI | I5(I)OI T I4;0I | I44If0I | I4(I30I | I4:30I | I5(I)0I ° ROtationaI induced dynamic
20, 0 120 ........... X Grid Dimension X Grid Dimension X Grid Dimension accelerathnS dOmlnate over
210, ol | 4.0_,,|,,,|,,,|,,,|,..|._ 4'0_Illl}II|II§“:;,=|IUIIllllll_ 4'0_I"I|I”|”IV|VI”|Ill . .
. . . . . . . e w|d) MED_SHEAR e) MED_SHEAR f) MED. SHEAR EA U | M Us ; il \”\ ; _Other dynamic acceler_atlons
Fig. 1: Radial Velocity (a), reflectivity (b), specific differential phase (KDP, c¢), and instantaneous precipitation rain rate S Nl S S U SUS VO VS S VAN NS Sl WA SURNS SN VO WS S————| H i i i bl . L] e _ o . in the low levels (cf. |:|g_
(d) from the Austin/San Antonio, TX (KEWX) WSR-88D radar valid 30 October 2015 at 12:36 UTC. _ o U RN~ 203 A - ] ; 1 e _ ] I ;
® T TCI S SRS, | .. oY T T 1) - £ [ B ( B ] /\ ' 5a,c,e to b,d,f)
" ;i 2 ool Reg Tl N £%07 M\J - \ S -Rehs ) -+ Higher sustained mean
) e &N A : T Q I SSEEE B - Vvertical motion is seen in the
DATA AND METH 0 DS i Pk ~ - H - /XM/\/ SR % T _ f - lowest levels in higher shear
7701 m :: ....... >0 -I I4(I50I | I4;30IAI I5(I)OI | I5;0I | I54If0I - v -I I4EISOI | I4EI30I | I5(I)0I | I5;0I | I54I10I - v -I I4(I50I | I4éOI | I5(I)0I | I5;OI | I54I10I - runS (Fig. 6a,d,g) aSSOCiated
+ |dealized, numerical simulations were conducted in CM1 (Bryan and Fritsch 2002) y N T gﬁgyiynqaarzé(;%ﬁ;ﬁfézt:rgs
based upon the.klnematlc profllg of the event deplCted N Flg 1 in south-central Texas w|QJ) LOW._SHEAR " h) LOW SHEAR ) i) LOW. SHEAR Fig. 6: Time mean eést-Wesf Crc.)ss-sec-tions tl-7roulgh.the .poiht Ofméxiﬁvum 500 m NLD-VPPGF Comparative|y, an order of
where hou r|y rainfall accumulations of 100 to 177 mm were seen . I . e IR S T N S S S % % % P "% acceleration (fill contour, m/s?) overlaid with mean vertical velocity (left column, m/s), total buoyant itud k t th
N _ _ _ _ ’ f A B o o o o LR e e B S B N L e h e e e T NN accelerations (middle column, m/s2), and total condensate mixing ratio (right column, g/kg) for Imaglm T: e \geba er: at these
o CONTROL (top row), MED_SHEAR (middle row), and LOW_SHEAR (bottom row). evels (rig. e,
In addition to the simulation bas_e_d upor! the k! nematic pro lle of the at_)Ove _event _ Fig. 3: (a,d,g) Simulated 1 km radar reflectivity (shaded; every 5 dBZ from 5dBZ to 70 dBZ), surface perturbation potential (top row) ( ) ( ) ( J )
(CONTROL, Fig. 2b-c), two additional simulations were conducted using wind profiles temperature (©’; contoured at -1.5 and -2.5 K in dark purple and magenta, respectively), and contoured 1 km vertical vorticity
with weaker low-level shear, but similar hodoaraph shape (LOW SHE AR, (black contours) valid t=11 h into the simulations for the (a) CONTROL, (d) MED_SHEAR, (g) LOW_SHEAR simulations.
: . : grap . P ( o (b.e.h) Corresponding 1 km vertical vorticity (103s) for the (b) CONTROL, (e) MED_SHEAR, (h) LOW_SHEAR simulations. CO N C L U S I 0 N S a n d AC KN OW L E DG E M E NTS
MED_SHEAR, F'g- 2d,e, reSpeCthe'Y), since the primary purpose of these (c,f,i) run total accumulated precipitation (mm) for run corresponding to left two columns.
experiments is to explore how Ch.apgels n the mggnltude of the low-level wind shear - Substantially more precipitation occurred * In conclusion, precipitation systems in intense 0—1 km shear that develop mesoscale rotation can
affects storm dynamics and precipitation production Satiatic Control Med Shear  Low Shear in terms of point maximum , areal mean, aide in producing extreme precipitation by enhancing the magnitude of the low-level updrafts
 The initial homogenous environmental thermodynamic profile for all simulations (Fig. Mean Aveal Accumulation (mmkm ?) 310 243 Los and areal coverage of large accumulations through accelerations associated with rotationally induced non-linear dynamic vertcal perturbation
2a) was taken from extreme rainfall composite of Schumacher and Johnson (2009) | for the CONTROL run compared to the pressure gradient forces. | | o
Max Accumulation (mm) 220 167 142 MED SHEAR and LOW SHEAR simulation « The resulting increase in low-level vertical motion can further serve to enhance precipitation,
* Buoyant and dynamic components of the vertical perturbation pressure gradient force Coverage of at least 25 mm Accumulation  5.66%  5.05% 3.88% (Tablg 1) B depending on the environmental conditions, by ingesting otherwise negatively buoyant parcels
WI” be numerlca”y SOlved for eaCh run fO”OWIng the methOdS Of Parker and JOhnson Coverage of at least 50 mm Accumulation 3.75% 2.90% 2.36% ° The CONTROL run regLJIarIy prOdUCeS lll::l;lat S(;”I Contaln TO:Sturel an(:_ CAfPEth b d f f ¢ ” ¢ d ¢ d d
: : . rovides a potential explanation for the observed frequency of concurrent, collocated tornado an
(2004) and COffer and Parke (201 5) Coverage of at least 100 mm Accumulation 1.19% 0.42% 0.36% Stronger maximum updrafts n the |OWGSt 2 i i
p 19y ) 19y 1 a9p km (e.g., 20 m/s at 500m and 40 m/s at 1.5 flash flood events (i.e., TORFFs, Nielsen et al. 2015).
did | VoW — Pp gp_ — gy — PpL _ PDNL Coverage of at least 150 mm Accumulation ~ 027%  0.02% N/A km) C(.)r;l,pare d to the other two runs (not ' « This research was supported by National Science Foundation Grant AGS-1359727, NOAA grants
ot —— o 07 Po, S~ po 9dz po dz (1) Coverage of at least 200 mm Accumulation 0.009%  N/A VA shown) NA150AR4590233 and NA160AR4590215, and a National Science Foundation Graduate
vection N rag ~~ ~~ ' : :
Buoyancy (B) Nonlinear Dynamic Acc. (NLD-VPPGF)  Linear Dynamic Acc. | . — . All three convective systems are able to Research Fellowsh!p Grant DGE-1321§45, Amendment 3. The authors would like to thank
~ ~~ -\ ~~ ~ Table 1: Modeled rainfall accumulation statistics. _ _ Matthew Parker, Brice Coffer, Stacey Hitchcock, Greg Herman, and John Peters for helpful
Total Buoyant Acc. (ACCB) Total Dynamic Acc. (ACCD) ingest parcels from the convectively commentary on this work.

inhibited lower levels (not shown)

For More Information Contact: Erik.Nielsen@colostate.edu




