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4 -Cumulonimbus & cold pool genesis

. CuNimb genesis rate diagnosed from an LMDZ AMIP simulation. The order of
Introduction Magnitude looks reasonable: up to a hundred per million km2 and per hour

6 - Large variability of D, both short term (few hours)

over ocean; half a dozen over Sahel in July.
In the LMDZ GCM, moist convection is represented by a set of three parametrizations, and long term (weeks)
namely the thermal scheme (representing boundary layer thermals), the wake scheme
(representing density currents) and the Emanuel scheme (representing deep convection); the Log(D) Wake density D; CYNDI DYNAMO
first two parametrizations are coupled with the convective scheme through two variables, . _ . _ 79
the ALE (Available Lifting Energy, used in the convective trigger) and the ALP (Available CuNimb genesis from Cu during convection (Jul)(10%km? h)™ o5l @
Lifting Power, used in the convective closure). This set of parametrizations coupled N o - s R = - T _,‘_ 3. - 9 E RS
through the ALE/ALP system made it possible to improve largely the simulation of the e o S ~10
diurnal cycle of convection over land and of its variability over ocean (Rio et al., 2009, S e ASe < i e, o o
Rio et aI., 2012). Eg ‘ V& ~11.51
2 12,
The number of cold pools per unit area (the density of cold pools) is an important parameter 205 -13 ey o Ty - T
of the wake scheme. In the LMDZ5B GCM (used in CMIP5), the density was fixed to a single 305 8 — v i - . . s
small value typical of semi-arid land conditions (8 wakes per million km2). Presently, two values CrADS: COLMIGES
are used, one over land (same as before) and one over ocean (1000 wakes per million km2). Log(D) Wake density D; TOGA
The purpose of the present study is to design a crude parametrization of the dynamics of a
cold pool population. This should bring to an end the present situation where the convection
parametrization depends explicitly on the nature of the surface.
| - The representation of density currents |
12 Log(D) Wake density D; TWPIce
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| ‘EE 7 - Strong effect of D variability on wake properties:
/ o 55 Fixed D ==> wake profiles unchanged between suppressed
| /[D) rempdltatm%t 155 and active phase during Cindy ;
owndraugnts 255 Variable D ==> strong difference of wake profiles.
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Wa.ke dlfferentlal pI'Oflles 750001 Black:1—15Dec(Suppressed)
The density current (wake) parametrization 7 800004
5 - The new SCheme Orange:15—25Dec(Active)
(Grandpeix and Lafore, JAS, 2010 ; Grandpeix et al., JAS 85000 -
210) = = 90000 1
— Representation of a part of an infinite plane where Pfl“Clple: ] _ ] _ ]
identical cold pools (radius r, height h) are scattered with The cold pool (or wake) scheme describes a population of identical circular 950001
an homogeneous density Dwx. 3 wakes. It is supposed to represent a population of wakes of various sizes and 100000
- e ‘;“E‘:IGS’:‘;;)2;‘rf;ce(if‘)”a::;fge‘;‘;:i‘;zdaz ';i‘;:;ﬁ;s ages, some fed by a cumulonimbus (the “active” ones), others merely collapsing.
differompes (rosp. 39(p) and dg(p)) betwween wake and These wakes may collide or merge. The purpose of the scheme is to describe the 590001
off-wake regions. evolution of such a diverse population while representing a population of identical Ll R e e
— Spreading speed : C, such that C? ~ WAPE (WAke 8 q 8 wakes. 750004 - .
Potential Energy) : WAPE = / Y peT,
Prop p 80000 A
— Evolutions of §0 and dq profiles are given by conservation Structure:
equations of mass, energy and water taking into account Two categories of wakes: active (with Cu Nimb) and inactive (collapsing). D is 590001
vertical advection, turbulence and phase changes. - ; . . 90000+
_ Turbulence and phase change terms are assumed to be the number of wakes per unit area and A the number of active ones. The active
given by the deep convection scheme. wakes become inactive when their attached CNs decay. The inactive ones decay 95000-
— dw profile is linear between the surface and the wake top by coll apsing ] 1000001 :
é‘;‘gﬁi‘“’z ‘;f:f;‘;feb:;‘lﬁhtfl};ew";izet:;“ﬁagf a:;ff:fy The wake radius varies by three mechanisms: (i) spread (speed C*); (ii) genesis - <25 -2 -is -1 05 0 05
altitude (about 4000 m). (new cold pools are_.small, hence cold pool ge_ne_sis induces a decre_ase_ of the
N / mean wake area); (iii) coalescence (when colliding wakes merge, yielding a
larger wake, the average size increases). 8 - During TWPIce, convective precipitation differs significantly
between the fixed D simulation and the prognostic one.
2- The ALP-ALE system: coup_ling boundary layer thermals, TWPIce: convective(black) and large scale(red) rain
deep convection and density currents. (LMD & CNRM) : J
« Deep convection trigger given by the Available Lifting Energy (ALE) : / \ : ‘ "
Model equations .
ALE > |CIN| ==> deep convection is triggered
: . o — A : number of active wakes per unit area
» Closure given by the Available Lifting Power (ALP) : .
— D : number of wakes per unit area
M = ALP/(2 W% + |CIN]) ; — o : fractionnal area covered by wakes
M = cloud base mass flux; W; = updraught velocity at LFC — r : wake radius
— B : birth rate of Cumulonimbus (and of wakes)
— ag : initial area of newborn wakes 100
Densit — (' : gust front velocity o
Deep enSI}[/ — Tep : lifetime of convective plumes 707
PBL convection currents _ . ol
— 71 : lifetime of collapsing wakes ol
— [ : fraction of wakes that are active 3011 »
20, =
Shallow — « : factor going from zero (colliding wakes merely merge, 104] & R AVEL N
1 0 il 8 bl fi =~ hE = : it =
convection whithout wake area loss) to 1 (colliding wakes induce a I9JAN  2UAN 23N 250N 2WAN 290AN IFEB  3FEB  SFEB  7FEB
new one that grows while the two others collapse) :
should depend on shear. Presently, o = 1. Also (not shown) the variability of precipitation in a case of
9.4 = 1 (A D) radiative-convective equilibrium over land is significantly increased
. . t ] —_— — — - - -
3- Stochastlc phyS|cs: s - T o when the wake denSIty Dis prognOStlc.
Deep convection )
triggering R O v e s et o OO OO DN DN S oD = B - 2=2 _ amD%,
\ § |)  N-s7ean.S-ameNdseslSe4ies ] 4 _
T Ik Er(N 11563, Err(S )-0.21, Err(N_)=1.14, En(S,)-242 Conclusion
- Tol = G rTiTiTiiiEiiTiTiTioiaiiiiiTiTioiiiiiiiTiiiiiiiiiiiciiiiiiiiiiicioiiiiiiiiiciiiiiiiiic:cd 2
B Seem _ _ _ _ .
R S s s S bt v ke | 9o Bao s =) SreDt = eodrrDoT «Although all these results are very preliminary, the model
Stochastic trigger ; ol e and from o = 712D : 8,0 = 2mrDOyr + wr2dyD of cold pool population dynamics appears reasonable and
— Analysis of LES (Large Eddy Simulation" of 10 July 2006 E . TN U U SN UOF SUUPORRNF RPN \ / pr0m|S|ng .
case over Niamey : L B I I I L I L I I I I
 PBRe o L S P e e et O bt Pty NP P ST e bt L _ _
2. deep convection triggers when there are large cumulus. Ao -'.-. """ - N .\. """" ] ¢ It has a Slgnlflcant ImpaCt on the behaVIOur Of deep
- Trigger = "largest cumulus size exceeds a given B ol St e i fmenaion s chene et convection and cold pools.
threshold" a
— From PDF of Cu size — PDF of largest cumulus size s oo ' =] b b
- From the thermal model — number of cumulus clouds ~ 5 : oIt will make it possible to abandon the prescribed values of
er unit area —.a = = . .
- p:>number of cumulo-nimbus per unit area wnar = il the Wake denSIty dependlng on the Surface type
— = probability of triggering ; use of a random number P Ilrllu
generator to implement this probability (no trigger = [ I. c c c -
ALE set to zero). _omf : oIt Is a first step towards the representation of the advection
£oos| A : of cold pools from one grid cell to the other.
gy ‘ _ |
Y *Obviously much work remains to be done before we
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understand the behaviour of the wake density D.
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(Rochetin et al, JAS, 2014, | and II) !
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