.:.

e

Implementing CLUBB+MF in CAM

Adam R Herrington', Julio T. Bacmeister!, Joao Teixera?,

Marcin Kurowski?, Kay Suselj?, Rachel Storer? & Mikael Witte23
'Naitonal Center for Atmospheric Research, 2NASA Jet Propulsion Lab, 3Naval Postgraduate School, Santa Cruz

NCAR
UCAR



Moist Convection in CAMG6

ZM Convection

compute Q1, Q2
save off liq detrainment
update state

=

CLUBB

advance macrophysics/turbulence

update state

ZM Detrain

macmic_num_steps Partition lig/ice
update state

Microphysics (MG2)
lig/ice partitioning of liq state D)
Advance microphysics mg_num_steps

update state




Coupling CAM to CLUBB

clubb intr. F90

Convert CAM variables (T,gqv,ql) to CLUBB variables:
0, = (T — Lq;/c,)/T
qdt = qv + q;
MFE

ensemble plumes, cloudfrac
pass div(w’qt’), div(w’thl’)

CcLUBB

1. advance_xm_wpxp
2. advance_xp2_Xxpyp
3. advance _wp2 wp3
4. compute pdf -> ql, cloudfrac

Convert CLUBB wvariables to CAM variables

Tt+At — f(91t+At qlt+At)

tHAE _ o t+AC t+At
v = Q¢ +q

Update State
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Surface Driven Convection
(Chinet 2003; Siebisma et al. 2007; Suselj et al. 2013)

Convective velocity scale w, = (8BQxz4)""
¢ 917* = Wlev’SfC/W*
* (e = W,qt’SfC/W*
: O-W/W*’ O-qt/qt*’ O-Gv/ev* = constants from LES

* Initialize ensemble: w,,(z = 0) from n samples between 1.5 * g,, — 3.0 * g,
* 0, 9, from assumed covariances C(w, 6,,), C(w, q;) = constants from LES

(pu

+
=¢, (9—9,) "

Integrate steady-state plume equations: a;p;

H 2
——2=qg B —b e w ,
2 07 wu, wou, o u,
ZM (Conv. QE) Surface Driven
o Ttendency Zhang -McFarlane moist convectlon semgiay thi forcing (EDMF) secpday K/s
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How to integrate MFs into CLUBB

CLUBB
turbulence
o _or Ouw'r, N 77

o~ Yo: T o o

forcing

Differences from traditional EDMF

« ED is prognostic, high-order (i.e., CLUBB)

« ED and MF fluxes are not summed together prior to solving

« Rather the divergence of fluxes are taken separately and tendencies summed
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How to integrate MFs into CLUBB

CLUBB
turbulence
art >;§
Handled by MF-plume
dycore ensemble

Differences from traditional EDMF

« ED is prognostic, high-order (i.e., CLUBB)

« ED and MF fluxes are not summed together prior to solving

« Rather the divergence of fluxes are taken separately and tendencies summed
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Divergence Operator
(integrated forward in time by CLUBB)

dX _(dF 1

— = <—) = — |Pic+1/2F k12 — Pre-1/2Fk-1/2]
<dt >forcmg dz/)x  PrAz

——————————— k+2
Options for the Fluxes
« Centered Differences kot 3/
* Partial Upwind (*pupwind) o __ k41
 Upwind
k+1/2




Convergence Experiments (in dz) - ARM97

nlevs\/(xo: k) = Xyer (6,6)) * Ap(k)

L2 (t, 55’ xref) -

l
Zn evs Ap (k)
FSCA
% = x interpolated to x,.f grid _ :ggpg,g{:udpev',f,ﬁd é
. . = 10° [H@upwin : o i
Xrer = SoOlution for 128 level grid S S S
[ @ U SRS SNURUUNS SUUNNS IO SO0 00 /20 IS U
T T T S R a—
9 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
El ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
oF E b L T
X =—— g
0z q Time-average
A& N\ Q)
102 \Q‘1
1/nlevs Large absolute error for 32levs
Uncertainty in the reference solution: Xrefo = ref soln. for centered diff.

— x = ref soln. for partial upwind
U(t) = max [LZ (t; xrefO: xrefl); LZ (t; xrefo: xrefz); LZ (tl xrefl: xrefz)] x:}}: = ref. soln. for upwind
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Convergence Experiments (in dz) - ARM97
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thl flux (EDMF) W/m2 qt flux (EDMF)
o0 T T T 7 400 T T T T
T o | — E 500 f= q —
< TE< £
32levs |3 | 153 | |
@ 70 |- | =43 2 2 ' K=,
g ek | 4 T
L S w0l | | | h
h ) , ol L oA doa
oo Lt oy b Mk, R 1000 Ay I 1 i
0 2 4 © 8 10 0 2 4 3 s
(T T T T T T T (T T T T T T T
-67.5 -45 -225 0 225 45 675 -67.5 -45 -225 0 225 45 675
days days
thl flux (EDMF) qt flux (EDMF)
400 T T T 400 T T T T
T 500 - . © o0~ =
o 4 a
128 | : 3
o -4 = O -
5 £ 35 =
eVS %mu- -sgzm- §’
S 4,28 f . . .
< wml| 107 & wh ;| Negative fluxes are oddly high up in the troposphere
S I Y. " VR R tooo LBy ) P W W
0 2 4 3 5 10 0 4 3 s
(T T T T T T (T T T T T T T
-67.5 45 -225 0 225 45 675 -67.5 -45 225 0 225 45 6 .
/ They look much better for upwind
days days
partial upwind upwind
thl flux (EDMF) W/m2 thl flux (EDMF) W/m2 qt flux (EDMF)
0 T T T T = 7 400 T y T T 7 400 T T T
—_ —_ 6 —_ 6 —_
T 500 |- T . T 500 |- _.® 500 —
€ S s £ < cE< 1° €
] H ‘g ] ‘g g 1'%
2 0 2 s 9 2 0 s 22 b -3 2
8 8 z 8 £ [ -
£l T R B i &l Sl [ b3
IS I oo Lt 01 1 bbb oL B & & &k & vooo LAy 1 I i !(. 4
0 2 s s 8 10 0 2 4 3 s 10 0 2 s © 10 0 2 4 3 8 10
(T T T TTTT TR T T T (TR TTTTTTT T T T T (TP TTTTT T TR T (T TTTTTTT T TT T
-67.5 -45 225 0 225 45 675 -67.5 -45 225 0 225 45 675 -67.5 -45 -225 0 225 45 675 -67.5 -45 225 0 225 45 675
days days days days
thl flux (EDMF) qt flux (EDMF) thl flux (EDMF) W/m2 qt flux (EDMF) W/m2
o0 T T T T 00 T T T T 0 T T T T 7 400 T T T T 7
— —_ —_ 8 —_
T s |- _ T s _ T s |- _ T sof _
€ < g € e s g
H £ 5 2 ‘g5 .-
2 0 S 2 0k S 2 0 s 22 32
° E] T o ,T 8 , T
T ol Ly ;| [ LI [ | y 1
P I VY P B 1 L g k& PO S N Y. T o 1 . )
0 2 s s 8 0 2 4 5 s 0 2 s s 10 0 2 4 8 0
(T T T TTTT TR T T T (TN TTTTTTT T T T (T M T T T T T (T T T T T T T
-67.5 -45 225 0 225 45 675 -67.5 -45 225 0 225 45 675 -67.5 -45 -225 0 225 45 675 -67.5 -45 -225 0 225 45 675
days days days days




area = 0: MF-plume
ensemble

Current Implementation

Energy conservation, with E the vertically integrated energy:

E(Tpefores @Vbefores Albefore) + dt * sfcfluxes = E(Tafrers QVasters Alaster)
CLUBB is assumed to occupy the entire grid volume
Xafter = XCLUBB

With Boundary Conditions

1y’ —
w'X clubb,sfc — Sfcfluxes

“u\ I\}

xx%\’x

area = 1: CLUBB
turbulence
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2-Volume Problem

Energy conservation, with E the vertically integrated energy:

E(Tpefores @pefores Alberore) + dt * sfefluxes = E(Tafters @asters Alaster)
Conserving energy with two volumes requires:
Raper = aXq + bX,

a+b=1

and Boundary Conditions for each volume:

WX’y spe = sfcfluxes

[Zwan Xon—Xp)

= sfcfluxes

a,sfc

b = CLUBB turbulence a = MF-plume
ensemble
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Where we are now

« CLUBB+MF v0 is on cam_development

» Surface driven convection (draws from an assumed w-pdf at sfc)
* Plume profiles from a stochastically entraining plume model

« Steady-state w-equation

» Simple auto-conversion microphysics (Suselj et al 2019)

« CLUBB+MF v1.X
* Energy conservation fix
« Switched to upwind fluxes
» Evaporation of rain, downdrafts & cold pool param (Suselj et al 2019)

* Monte-Carlo sampling of the surface w-pdf (use CLUBB pdf?)
* Experimental 2-volume framework (?)
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