1049 Regional Bowen Ratio Controls on Afternoon Moist Convection: A Large Eddy Simulation Study

Song-Lak Kang, Jimin Chun
Department of Geosciences, Texas Tech University, Lubbock TX U.S.A.

Moist Convection

Introduction

Spectral Analyses

» The observed afternoon precipitation peak is not * Temporal evolution of the vertical profiles of domain-averaged * Spatial distribution of the sum of liquid water path (LWP) « Wave number-weighted spectra of vertical velocity w In the large B cases (B18K3 and B18K0)
. . .. . C . : 4 . 5 ) . . . . .
accurately simulated in most large-scale models that mixing ratios of liquid, ice water, rain, graupel, and snow. and 1ce water path (IWP) Y e e o : the CBL heights are higher and thus the spectral peaks are shifted into
Zoos [ i . ] ~
] , P 36 e e e + 36 prrrr ‘ top Lol BO6K3 |/ sy Lofl : larger wavelengths
employ parameterizations for the boundary layer and (@) Bo6k3|] | () misks|]  1he heterogeneous, small § (@) BO6K3 || () ST e WPCut) = [0 (0) 20 el 2. )z b g T A o
convective processes. E 1€ clouds develop but do not 2 & A "’- 1| 225 = For the heterogeneous surface i v oo = : the r variability is associated with the surface heterogeneity-induced
. . . X 6F 1X 6f : C e . : ; . ' 2t : A4k v 1 2525 o4k L] W60 - - -
* Land surface influences moist convection by means of the z | 12 | progress into precipitating O I ¢ 2 1223 cases (a and b), convective M Y . 1’7", mesoscale circulations, which are on scales longer than 10 km,
boundary layer, in which turbulence is ubiquitous. o] 4 ol 4 convection (a). = | ' X F Mss = clouds are focused over the AR, B E AL TRl B £ throughout the CBL including the entrainment zones (mixing ratio).
? i . 12} e 112 ) Pe - Los o~ mesoscale subdomains of larger (c) o () S 1
- - : 1 . . ] & . : 17 Y 168 = 1.2 e e 240 = In the homogeneous cases (at lower level, BO6K0 and B18KO0)
' ; For the heterogeneous, large § 6F | & « . |z SHEwailimuchiigher Lo BO6KO | 7 oo 3 = of| B18KO . | = :the spectral peak wavelength of the 6 spectra, which is 2-3 km, is
e This Stlldy employs LES with realistic surface flux fields 137115 6 17 s Y2131 15 16 17 is surface case (b), precipitating 5 ] W% hydrometeor water path values in : N T . I % shorter than th Kk e ¢ el s alen 4
Time th LT) Time th LT) . Obeicipisrsinin o Qlasirnened Mo , A 08F W 0.8f b shorter than the peak wavelength of the r spectra, which is about 4 km.
: he off f F d deep convection develops from the large B case (b) than 1n the N ook 1 Moss SR .
to examine the eftect of surface dryness (OI‘ wetness) 0 97 R R R B 1 A R R d 1400 LT mall . R o The different dominant length scales between r and 0 are basically
. . - (0) Booko|] () BISKO aroun (a). small f case (a). 0.4af S B TR 1 S L . . .
on the development of afternoon moist convection. o ] e b b ] b | >®®  caused by the dl.fferlng rgles of the entrainment. The entrainment of 0
g 6:- _ E 6:- ] For the homogeneous surface For the homogeneous surface L [yt s i 1;.1_. 0.00 . by \ 1;.1_ 0.00 reduces the vertical gradlent between the surface and the CBL top, but
= | 12 | cases only shallow clouds cases (¢ and d), however, shallow Wavelength (2x/x, km) Wavelength (2x/x, km) the entrainment of r enhances the gradient.
s 7 1 % 1 develop, but with somewhat clouds randomly develop that are
T - 1T F —— . . bt < . o o ° : s
2t et N1 — ;  thicker clouds in the large 3 somevyhat more significantly * Wave number-weighted spectra of water vapor mixing ratio r * Wave number-weighted spectra of potential temperature 0
MO del S etup & Run [ ; case (d) than in the small 3 larger in the large B case (d) than @) o) o
G371 s e 17 e 123 s 16 17 18 case (c). in the small B case (c). 12—z — . 12 — : 1.2
Time (h LT) Time (h LT) 10 e I 10 1 °°° - Lo 0.48
. . . . : 1 [l 8.40 ° : 0.42
* Model Configuration A 08 =" 1 o8 ‘ e 0.8 0.36 %
. . . N 0.6 - I oe 3 T | 0.30 )
- Weather Research and Forecasting (WRF) model version 3.6 in an LES mode N 0s o : ::g Zj ﬁ; 2
. . . . ' ,J\l‘l 7 . ": 2.40 - v . (
- The hor}zontal gr@ spacing Ax is 50 m o } B06K3 1 o2 BISK3 | 120 ; 0’ g;g
-The vertical resolution 1s 285 levels with a 10 km model top, o g e e 10,00 0.00
. . . c ()
about 35m vertical grid spacing R 12— . 1.2,
- Periodic lateral boundary conditions are used in both directions Y/ * : : TIRGE 1 10 Il 1.0k oo
ertical profiles of <0> and <r> . . e 1 i g 0.084
P * Moist Static Energy  (MSE; color shaded, vertical velocity w; contoured at 1400 AOSE 1 osf ’ 10 0.8 0072 =
o . . . a 1. L —— SE = keJkg ! £ __ s FsA et MSE.. = 19 kJig ! N ,F ¥ ' ] 5 ) 3 : : o.osoé
e Statistics of the Analytic Surface Sensible Heat Flux (H) Fields at 12LT @) 25| 1200 LT (thin lines) P i melt et o N S SRt 336 v 06 ; 0.6¢ N 1 192 5 0.6} 0.0a8 =
N ' | | 1.44 = [ 0.036 <
.20 e ick 1i 3.5 3.5 o4 A & 7 %% 1) [ Ho0s = 0.41 7
Case p H oy  Maximum  Minimum  25th Percentile ~ Median  75th Percentile £ . 0] A L0 LI (i< imes) - o . 0.2f R h BO6KO 1 o2F R/ BI8KO : gi: E 02} oo
= N — — : L . : L i LJo.00 [
=) 7 \ 4 : . E 25 £ 25 Tt 100 10t Tl T T 10 0000
B18K0 180 432 45 633 233 402 432 462 @10 { | ..1°>~  Although they are simulated with the o =l e 1.5 Wavelength (21/x, km) Wavelength (27/x, km) Wavelength (21/x, km)
B18K3 1.80 43) 49 636 244 401 430 461 05 ‘ t —soas1| same 1nitial condition and surface 215k 2158 .
\ — B18K3 . T T : i
BOGKO 056 240 45 439 39 210 240 270 e available energy, the mean CBL 1.0 1.0 & 333 @
BOGK3 056 240 49 436 36 211 242 271 o = 1 structures of <0> and <r> differ 0.5 Kl | 05| _ =
) ' signiﬁcantly among the four cases. 0.0 89 10 11 12 13 14 15 16 17 18 0.0 7 8 9 10 11 12 13 14 15 16 17 1332 §
20 [ 1° X (km) X (km) -
o £ 1.0 . . W = 5.31 ms—? MSE, e = 336.09 kJkg ! W = 7.09 s ! MSE, .. = 333.65 kJkg ! L
Analytic maps of surface sensible heat flux (SHF, H) at 12LT <1 "l 4 [Reiirences mOBESustTe e {331 © B06K3 B18SK3
36 - . 36 =2 LN . . . S
Y (b) B1 8K3 2 Ls|”""  Dbasically caused by the differing &5 (a) 1.2 - 12LT @ 15 12Ty 14LT _
| " 1330 B 8 2 Yo : -
' s 05 | surface heat flux conditions. S E iy A b ; vl
00— 6 7 8 9 ;o 'il\ 12 13 329 - r H v 0.6 — 6-10é
<r> (g kg ) 3 N 04 ¢ 0.30 2
3 02 5 0.50 ¢
1480 . . . %
* Vertical profiles of turbulence kinetic energy (TKE) 328 2 . (€) 1.2 prr—m o
<u'’> + <p'?>, <w''>, <u'i> + <v'i> 4+ <w't> w. 2 ‘ . . | 1.0 :— -; 10:._ -. 0.10 Tn
@) o —— — c-.a)/ 0089710 11 12 13 14 15 16 17 18 005678 9 10 11 12 13 14 15 16 17 327 Q 82' E w'l' /'*\78'2? E 0.00 j
| 0.5(<u' 2> + <v'2> + <w'2>) (solid line) S = o0 X (km) x (lem) Ul ”‘ 3 Vol ’ O@ j 0102
5 2 2 . | — B18K3| 0ok M ooll 3 . v
£ 0-5(<u’> + <v>) (dashed lines) ) * Convective Inh1b1t1on (CIN) and Vertical Velocity (w) 3 030 %
13202 0.5(<w'>>) (dotted lines) @) 1 . (b) 15 — 1 (€) 1.2, () e 2 (€) 1.2 2
= A - : ‘ - 1.0F = = - 1.28 2 10F 3 2 128 2
H ¥ h =~ = /r:ro.s- 5 2 = 0.96 : /I\.\Io.s'- " E 3 0.96 %,
. . ! ) w 10 10 3 3 L " 3 3 _
- The TKE is about 20-30% larger in the 0 - ° s e | —~ Voo E R ‘ 1 Mot w'r' Yot : 7 Moss
_ : £ - £ 3} S 0. I 323 . E .
large B Cascs than 1n the Small B Cascs. > 2 —_ == 2 & :: > JL | - L > & 0.2¢ . Besssss o o Lisssss s E :-. : o PP Iasssss s 3 F — ; 0.2¢ . lisssss s o Lisssss o o E : Peetas s 24, lasssss o o E 0.00
101 086 0.5 1.0 15 20 25 30 35 4.0 ;/\ T ; e i : 10* 10° 107 10 10° 107 \E 10° 10° 107 10° 10° 107 E
These larger TKE values originally 0.5(<u'?> + <v'?>, <w'?>, <u'’> + <v'?> + <w'?>) (M?s 2) S o | i 0o o 0 - = o Wavelength (27/k, km) Wavelength (27/x, km) Wavelength (2n/x, km) Wavelength (27/x, km)
160 come from the larger SHF values of the 0.5(<u> + <u>, <u>, <u> + <uls + <w?>)fw.? N T ) 1 1
0.2 ) 0.4 | 0.6 - 0.8 -5} = — -5
large B Cascs. ) 2.0 : ' ' ' — ;306'(0 _ ’ 1200 LT 1400 LT 1200 LT 1400 LT ’ 1200 LT 1400 LT 1200 LT 1400 LT B06K0 BISKO
80 — B18KO R1 of BO6K3 R1 of BO6KO R2 of B18K3 R2 of B18KO @) 12 (b) _. 005 2 (@) 1.2, (b) 0.05 2
o The larger SHF compensates for the L5 . : ol veloc: A LOE ; 0.03 A 1.0 = , : MO9S o
0 6 12 18 24 30 36 0 6 12 18 24 30 36 smaller LHF, and vice versa, with the - Maximum vertical velocity (Wy,,) ” N o ok S P’ u o 1 WS
(km) (km) : Y 1o a — — ‘ | ! O 3 3 10.03 2 v 0.6¢ 1 @oo3s
i o same surface available energy at every = “ 10] | N ~ 04f ER 204 - N 04 , il EXTE
: : : . - ] 0.2F = > -0.07 £ 0.2 - = -0.07 ¢
The heterogeneous surface cases : BO6K3 and B18K3 grid point. But, SHF is much more R : 1 | = °| | 1 1 1 o bl O, 3 E 007 ¢ - d LG e s
The homogeneous surface cases : BO6K0 and B18KO0 effective in producing TKE than LHF. /- _'g o - ‘ e 11 4 1 " (C) Y SASAL T “ 010 % (C) o @ T ' 010 &
.§:%(<u'9>5 + <a1-"9>. <:5> <i21"(3> + 2<?> 30<u~"~'>?).5(m-’ 54'9) u AL ] g ol ] A 0. 8h " 'E ' 0.00 £ /'\~ 0-82 ‘ 0.00 s
£ N ) , N N . \'\/‘ 0.6F . 3 - -0.10 2 W'H’ \'7' 0.6 - 0.10 &
o . . . T2 ' ] N 04F E = 0.20 2 N 0-4¢ 3 0.20 2
The averaged 2D spectra S(k) of surface sensible heat flux (H) at 12LT * Vertical profiles of the time tendency of the TKE =N Q= ! ml = ! . T = No2k ‘ 1 b 020 N odt Pl 0.203
1o° ' ——— T P P T -y e e .Wh‘ole RL Whole R2 Whole RL Whole R2 () 1.2 T (f) — ; (e) 1.2 e rerrer———rerrr———y () e preree ;,
N e L g/<0.><w' 0'. > (Thick line) BOGK3  BISK3  BOGKO  BlSKO e BIRe BORRe B A ook ER; ey A ooE ] PLBs
H(x;:t) = H(x;;t = 1200 LT) x sin(2z(t — 6)/Ty), . e L 3 08 - - 0.8 I
| 10 s g/<0,> <w' 0'> (Thin lines) , : , V 0.6F I E 0.64 O 0.6E i 3 MosaE
S 1 | * CBL Height (z )and Lifted Condensation Level (LCL) N 04 I E 0.32 2 w'r! o4k 3 Mlos2s
LH(xi:t) = A(t) — H(xi;t). & 1 1ol Th tribution & th Forl (b) , , , 020 O fe O 3 .. . 0.00 £ 0.2 , . E 3 . . 1 000z
L X e contribution from the nonvertica @ - | 1. of 105 TE Jo T T T SN - ST T
s N os heat flux term to the TKE time tendency o >0 | | Wavelength (2n/x, km) Wavelength (2x/x, km) Wavelength (2n/x, km) Wavelength (2n/x, km)
£” R (Gt N increases with height. =23 ' e £ 11 Thi tral analysis d trates that LES quickly produces the typical low-level CBL turbul f positive '", positive w''
= X 06 = = E o o ...t 1s cospectral analysis demonstrates tha quickly produces the typical low-leve urbulence of positive 1'0', positive w'0',
o4 The results from the intense entrainment > 20 - T I 3T T 202 ARG POSIE Vi
103} Q ."r;t“;";"" i - ..... ;* L. Ny ' [ 1 - oy . c 5
| o PG dhny fires oo regsending (o S s s hd [ 15 The signs of both(B1$K3 and BQ§K3) KCo,4(K) and 1.<Cowr(1<) change from negative at 1200 LT to pOSlj[lVe at 1400 LT. At 1200 LT, the
the strong overshooting of vigorous | N : T » combination of negative 1'0', positive w'0', and negative w'r'. The results show a property of thermally induced mesoscale circulation
107 L - — i %8002 —0.002 0000 0002 0004 0006 0008 0010 0012 1LO0F : 11.0 “t ‘ A ‘ I . . . ‘gl .
10 e 10 g/ <0,> (<wh!>, <wh>) (m?s-9) thermal updrafts. SRS D S TN By Ty I T, n t@ low-level CBL partlcplarly on scales >10 km. B}lt at 14OQ LT, the 0 and wr correlations l?ecome positive, along with the
R ’ R1 of BO6K3 R1 of BOGKO R2 of B18K3 R2 of B18K0 positive w0 correlation, which results from the advection of moisture by the surface heterogeneity.




