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Con&derq buoyant pI.ume PEMBHEING I 17 k o = Boussinesq: deviations from a neutral profile are small, penetration depth small compared to = Vary w, to yield regimes Rg = 0,1,> 1. Ry ~ 1 fixed.

an unstratified region into a strongly stably " the density scale height _

stratified layer. ':«»Pmm c)\,e_?;,\,,m5 o Y . gnt. | f Cheont " = When Rg > 0, co.nser\/eq vaé).our ¢, (white conﬁours) no longer matches ¢, + ¢, (yellow
- s Is & Tokeelises) modlel of the et L‘qﬂ"‘”"‘“ﬂ_ ~ op nder Boussinesq asiumphon, b acts as proxy for 8 and heig -t z for pressure p. Then, contours) - note increasing discrepancy as Rg increases.

: Wkm temperature T'(p,0) = T'(b, z) depends on buoyancy b and height z alone, with lapse rate
tropopause layer, where convective
—0T/0z = .

overshoots generated by strong . , . S _ Lo &

thunderstorms can penetrate into the lower = Fast autoconversion/accretion: water vapour condenses directly into ice crystals, which —

stratosphere. rapidly grow to a size that will precipitate (Grabowski, 1998). .-
= Net transport of water vapour by overshoots = Fast condensation/sublimation: moist processes occur on a timescale 7,,, much shorter than 0'4 £

is potentially important (Fueglistaler et al., the dynamical timescale (Vallis et al., 2019). 0

2009), but simulation of entire thunderstorm Tﬂ)‘)oSvkeWe . . . s

Characterising regimes 0.0 @

complexes remains computationally
expensive (Dauhut et al., 2018).

= Study the mechanisms leading to hydration of

= The passive tracer ¢, acts as the conserved vapour, representing the vapour concentration if

the stratified layer using a highly simplified lhm/ / / / / moist processes are ‘switched off’; the forcing is the same but ¢, cannot condense/sublime. Comparing hydration properties
moisture model, involving only three tracers. AR 24 Ry = gbp/gbUS!T:O,Z:H
= Assess hydration of stratified layer via difference between PDFs of ¢, and ¢, with respect to
Idealised icalsi lati H 1 — . 6 - indicates changes in the vapour distribution due to moist processes.
eatised numericat simutations — 3 = When varying Rg (with Ry fixed), subtract the Rg = 0 result to isolate changes due to
, , o sedimentation.
= Large eddy simulations of R 2 O : . :
Boussinesq equations in a doubly Stratified - Zmax oy = Overall, less vapour is present when Ry > 1, but lies at greater potential temperatures.
periodic domain. Plume with 0:b = N* Plumehcap " Pus = Sedimentation reduces availability of ice to sublimate into vapour, over a large range of 6.
source buoyancy flux Fy generated (overshoot) Hence reducing the hydrating effect seen when Ry > 1.
at bottom of uniform layer. Stably ~ ——  —— | M4 4T L 2 Im - -
: = Importance of saturation quantified by Ry, ] : : L oor
stratified layer above has constant Tl g the relative humidity in the absence of Sedimentation strength Rs: ratio of ) )
vertical buoyancy gradient N2. _ : sedimentation velocity w; to typical vertical 2 2 <
Intrusion conaensation. turbulent eddy velocity w 5 S ——— 5 8 -
n ] H ] . . ddy- £ £ €
Plume carries a passive tracer with Uniform (anvil) * Ry < 1: vapour saturation not reached at . o . = 5 g \/
concentration ¢,(z, t). The . . = Rg < 1: eddies keep ice in suspension. 5 -0.01 5% -
. p\ L, 0.b = 0 ; penetration. Ry > 1: vapour condensed Re> 1 ice sediments out = 58
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= Vary ¢ in ¢,., keeping tracer forcing fixed, so total water is fixed. Choose ¢y = 0.2, 2, 15 for
Minimal moisture model Ry < 1 ~1 ar?d > 1 regimes. | | Why simulations?
o o t <t s wat . N and i q ; = No sedimentation = total water conserved, i.e. ¢, = ¢, + ¢.. Contour of ¢, marking
Uiiie E21TIES 8410 MOISE SPIBEess WiRlier Ve ComEEmiration e, ) Snd 12 ComeiEiesiE plume edge shown in gray. Contours of # every 20 K from 310 K in red. = Consider proportion of vapour arriving in stratified layer which is retained after moist
concentration ¢.(x,t). Water vapour ¢, and ¢, have identical forcing, ¢. unforced. . R trol Gtioni € total water int dice. When R o 4 ocesses and dvnamics equilibriate
= Model three moist processes: condensation of water vapour into ice, sublimation of ice fe CONTIOIS partitioning of total water into vapour and 1ce. en Loy > L pime an P A ayne qutt ' _ o . .
: - : : - immediate surroundings are saturated. Hence ice is abundant, which is mixed into warmer = Compare with semi-quantitative arguments: slow ascent - ¢, is limited by minimum in T
into water vapour, and sedimentation of ice at a constant velocity w;. ) , , ) ', ) : = . N .
, ‘ environment & sublimated into vapour. Saturation reached quickly since ¢, small. at z = H (cold point) - and slow mixing - ¢, is set by buoyancy distribution at penetration.
Do, 5 Py — Dus = Simulations demonstrate enhanced hydration of the stratified layer when w, = 0 (left).
Df KV gy — - H(max{ e, oy — Pus}) Ry>1 Strong sedimentation reduces this effect (right).
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= Vapour condenses into ice when its concentration exceeds the saturation vapour 2E 061 NG RN regggrsmmessssmmsss s o Ao aile
concentration ¢,s which we assume to be a function of temperature, T', alone. oE — Ryl
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