Statistics of Cold Pool Properties from High-Resolution
Simulation and Observations during AMIE/DYNAMO Pacific Northwest

NATIONAL LABORATORY
Zhe Feng'!, Samson Hagos', Casey Burleyson’, Alan Brewer?, Angela Rowe?

1F)NNL, ZNOAA, 3Uﬂiver5ity of WaShingtOn Proudly Operated by Ballelle Since 1965

1. Introduction and objective 3. Comparison with observed cold pools 5. Single vs. intersecting cold pools
» Cold pools density currents produced by evaporation hing Relo Shanee

Temperature Change
. . 15%

. [ mrcreteocte BmRevcle Dats | ) W S
of precipitation and downdraft of cold air from g/loonc]le;fargldeuces e 5 1o b N e =
convection into the boundary layer. They are believed P ¢ g o |

changes in

to play an important role in the organization of

i ' . ' 27 Min(T) Within - Max(T) Before " gﬂ?\?lax(wv) With?ng-/kl\%lin(wv) Before
convection. Deep convection preferentially develops tempgra;cltérle_,vafllnd 150y Vind Speed Change sty ot Heat Flux Shange
. X B Revelle Data [Revelle Data
at the edge of cold pool, through two mechanisms: zfaetiesticas with . 5] O o LT N\ _ NN _ X\
thermodynamic effect (moist & unstable) and dynamic g o g 0o 1,2 3 45 6 o 5 Jo 15w 15 “"%,(K)‘“"’ 0.0

observations, but

effect (forced ascent at gust fronts).

(e) Latent Heat Flu (f) Sensible Heat Flu

haS a mOiSt biaS. T (L) Within - Min(U) Before " Mean(LHF) Within - Mean(LHF) Before 1| SRR SRR B 7 S R
Goal: validate high-resolution simulation of cold _ _ Comparison of the changes of surface variables at the passage 12 F N qobo P\
pools by comparing with AMIE/DYNAMO * The S|mq|ated SIZE of cold pools between Revelle observations and model - - 10 ____________ - ol o\
observations, and use the simulation to better of both single and  __ single Cola ool Intersecting Cold Pools S\
understand these mechanisms and parameterize intersecting cold AN e E e AN
them in GCMs. el _ o Ve e

observations. PI:V)F of surface variables between single vs. intersecting cold pools

2. Experiment designh and methodology

0 ILifletilme: q.|5 'holurl

. . . . e * Intersecting cold pools S ——
* 500m horizontal grid-spacing WRF simulation in large J P : intorsect (3280) — |-
domain (1000x500 km), 40-levels, 50m at lowest 1km last longer, grow larger, 25 =
| , , | i e S i are more intense with = 20; | :
e Period: Nov 1 — 2(), 2()11, forced by FRA-I anaIyS|s Examples of S-Pol observed single vs. intersecting cold pools slightly enhanced fluxes f,’ 155 5
 PBL: UW, Surface: Monin-Obukhov than Sing|e cold p00|s_ 51.05_ _
i 05" _
LW Radiation: RRTM; SW Radiation: Dudhia (1989) 4. Cold pool center vs. edge . Intersecting cold pools :
* |dentify and track individual cold pools . Cold pool PR ks T pr%duic::te f.;rong_er ll'D’L d °'?,:0' o2 02 o6 o8 1o
» Separate single vs. intersecting cold pools edaes are 12 Sleale =l B AR I updraits than singie co Updraft Velocity (m/s)
Q ). mO|St (dr )anOma| at the ed e (Center) g @1052 S R 3 I pOOIS’ partICUIarIy at the 3_0_.!'if-eti-me-: 3|'0-hq-ur-_. —— T ]
v Y) y J warmer, more .« . L ST A W upper quartiles; updraft o5l intorsat (1767) — |-
* Enhanced vertical velocity at gust front moist, havg | A N/ O\ e\ area is about 2X larger 205_ ' _
+ LH flux influenced by surface wind speed and Q, stronger wind - ' =S =\ (not shown). il -
2011.11.11 - 19:00 gustiness than Genter G, (g kg”) Buoyaney (m*s) _ £ 150 \ .
() 2m Temperature Perturbation (b) 50m Buoyancy () 2m Water Vapor Mixing Ratio 15[ o) Latent Hept Flux [~ 15[ @) Sénsible Heat Flux 1 ° Longer lasti ng cold T L\
-0. [ A - : (3002 -0.2 -0.00 @ .~ h:, the Centers. ; ; pOOIS amplify thiS effeCt - 1_0_— - —
. el ORI vinoe LG SR VIl T P * SH heat fluxes ; : 05" = :
e d ' | ~__: J ::‘:22 T -o.oz% o A e a 00f = ]
g _oshk __ L : * L] _12F _0.8 59 e _ogl L -o.osg _0.8 __%_ A dare Slmllar, bUt 0.0 0.2 0.4 0.6 0.8 10
R W gt N\ _— ] 2 [ M o ] 5 AN ) : L Updraft Velocity (m/s)
-1-0"":"""*'"";*5 O ofR L "-"* ----- 00 _qoff _ LH ﬂuxes at 0o 1 2 3 4 5 6 50 100 150 200 250 300 0 10 20 30 40 50 60 Box: 25/75 percentilep, whisker: 5/9‘épercentile
{3 T30 e~ e 4R . the center are Wind Gust (m s) LH (W m™) SH (Wm") Profile: median. Numbers in () are number of cold pools.
728 730 732 734 736 728 730 732 734 73.6 728 730 732 73.4 73.6 t dri PDF of surface variables at cold pool centers vs. edges
(d)_200m_\_lgft_ica_l \_(eloci!y _ (e)_Vj\FIi_nd_Segc_ed__ (f) LH Flux S ronger ( rler)' . .
N i T o 02 » Center continues to get drier before
5 et I, & <ty SE RN recovery from mixing of BL air above and 5. Summary
e e 'y surface LH fluxes. » Cold pool statistics produced by high-res simulation is
RNy cul I g1 {21 oot Garte .| onfCoeTmicem . . S comparable to those from AMIE/DYNAMO observations.
TR (. é;"°'4 A ARy g 02 T .. Q) center : i ]
E3 . 41 TUEIING DS | o «fGan SR O g At ; ¢k g Intersecting cold pools last longer, are more intense,
72.8 73|:0 73?1 734 73.6 72.8 73|:0 73.('2’ 73.4 73.6 72.8 73|:0 733 734 73.6 o = -
ongitude ongitude ongitude -g- _0.4 ow — |3 2 T Ta— - -
Snapshot of model simulated cold pools and boundary layer properties 5 osf center w3 & TR Wlth Sllghtly enhanced surface fluxes and _
By e [ S e | significantly stronger forced updraft than single cold
Shaded: potential ST V- o 2o Pl Ege ; oasfRCo Rl - : ools, suqggesting both thermodynamics and
‘ d
800 | Vs o 02 3 ;: 040 e e : . . . .
oo b ) Gf\t E [ g9¢ - dynamics play a role in promoting new convection.
Arrow: flow field, 5 v, + 1S £ 04 LI A E : : . .
Red dots: cold pool top * *°; S edge | i £ Currently vyorkmg on using datg from the simulation to
0 '3 %, :S,) APk Q TS e N - S EE————— parameterize these processes in GCMs
ol T — " ° IR Nt s e = s T Y 4V ' ' ' Time (hour) ' ' ' ' ' ' Time (hour) ' ' '
0 y " x g . "’ Composite evolution of T" and Q,’ by cold pool lifetimes

Vertical cross-section of a cold pool

R U.S. DEPARTMENT OF

EN ERGY mf’g Atmospheric WWWw. p nn ’ ¢ g ov

System Research

3 d . =2 ’;;*
A ,

;:: J?f‘*iit



