407 — mesoscale model
parameterizations



RAD -1

Paawmeterzatioms & shoct- and lar%—w:;ve od m=dizeu

?eadnlgc-. Sav‘r“axv‘a, ‘H-, 1991: Fast radaive Nonstecr
schemes o pmesoscale nodels .

/Iea«:{.‘ai‘wﬁ YomsTer oo Yo recoscale energeiies
1N two Mo N

G) o5t o e 5Cece emocay oatlance ; and
@) direct cadiative heajma/ ::,001?43 o~ Yo aur.

Dicect adiciive haaling of e aic wsweatl

4 9 = s~~al
¢ pwesoscale thvie sSceles . The short- cooue ke,c:fh—\:—j rate

Typitally, B abont 1 k /dq':j [c(urnas "ﬂr-edaolxﬁbd-
‘r‘\cq,-.,-,g CM'('C})' The !mg-w:a_u-e

Ly ck?u-e,rg&vyc_e, CLSMQ_((:}{
Works ouwt 4o a et coolfﬂﬁ of about 1-22 Kk /dca«(j

Ssoe  Actable e ptizns Ate =

— shalloco

lcua_z,r cloze +o e hecded o
cooled Fround . Sutkeee . .. Toc examnple, dvweet
fadmtive covling & e near-surfoce arr

-Hﬂou.%l'ﬂ: += be ‘iml:or“han'l- o Yo Gerecetien <
c\rwna%e Ficros a.\ona ~slopes -

COO\‘MS & o neac cloud +=’P— Mozt \ow- amd mrd- level
- doads fodtate n.ecw-t:j as  blaetk bcclt‘es, L.ac;clM:)
+= lacge. cos g rates at the cloud edges C"“&P) .

TRod izt tve Go-olhnﬁ (Y MPW‘\-W‘f e%_ o
sl cu mu lus .



Tz,e?f‘Ese/v"'tm‘f‘% o'@ clouwds awd p el
i T

expiieit - cloud-scale propertres at o gr
lo cotvzri ovre Telomby ea L T recsclvable (%—-n"‘a)
S cale Pru!:orﬁes .

- |

mphicid - cloud-scale Pr‘o‘:ad-r—es P P plocesses ﬂ\a@j
ElCer o %r“rc\ sScale .

Mobirori & Dadtek 'P(‘OPOSQ-A .

\'1{«_4). bevd =cveves - Tnn‘l'bh‘c:"l— cencl e;c(aln“c.:-f sclherres
‘tr\-(-c(_-ag‘t ‘\"l/\-rcq,ak\ AetrSronvat o€ Lu\c(»m{-ear—:.
o e p et (clok-scale) o Tte -
0((‘\*7:5» Scele: tHe  caonscecoootip— S>> Flens
Womre o el Yernmn
S&
52~ [..3 -~ s,

C oy

ohere, S -K“\"«e _Sowreg herm

K _, conv
-Qcom % Con weehive Gawm-#a-?&.m -
Mok_aé.j:\ﬁt'\' Sechotrres loems noet pnalce < _
\’bv'lbr’(?ﬁ schowre - “H’«e;] mesd be kel ‘fbae«dﬂ.u_c-_



E)(P \TCT+ Schvanrres (mququr\cf) e.9g. k{fflU} Lia ot J-! \USM-‘} Fener

STM\:Le,s* n  schuedn adjustnend = wlen BH > (0%
oxcess wwoithane SAls os @M.
- MQA/‘ or rey not ceyuire  columin sabrrotizi
— Coam set “‘areshiod RH < 10097,
- a Pebew = scale mIiematel betiiee—
presip ¥ G avecmge . Tewdts o porfen—
better os hoarzevtel goa Spaerng decrenses .

Moce Sop nwaBSzoted -

atd. consecaotkSe ws Soc  NowTTes "%[:ec:eq"
&5 lvgurol.w«:(/ar colid weker. Most basiz schowne

adds am e .- v ok woeter. Move egs . Cow~
‘b-e_ a.ﬂid@é& '@f (gzoral ..,Qc:t'car, Tee CMWQ SPQ«::.;\&';) .

A NeExr COo M rion ?MF(W'(D-W 3 _q'{"“?—- Kess(a( -
\ j ) - -'-UPe
wain  (CGun ‘Pcf(awuz{-eﬁéad‘z‘?ﬂ . A -exow-—-f.tz, -

dﬁc _ (.Agv,sax
dv = el -'Af' - C(
d‘lﬂ.cﬁ:‘ _
where a2 = do"“b"- ™ g oA
Ac = Qucks comvess

C.— = ecollect [colBZvm /coc.-(ascp—w)



\JT,‘;-= oo Ferniing A \p(ac:"-j
= (Gin -eaua,":aﬂ'-i"h- rafe
T\"{’m- %( "f‘-u_\)c\‘oar)

d e d .,,‘;q,"‘
ﬁ,‘: qdi + Be

N otize E’;—, A.—, o~ C¢r ot = W&G}r wecter
rfFP‘?Sem-&niw% Ovee =

Ar= }Ci CC]_,,"' E\jc)

C k 0.375
C = 2 q,¢ ﬂ ¢
- - 0525
2 (l‘ '9%,‘_( )Ghv,,.-} Cf 9e)
Ec= 2 s
o ks (’35 Gupe



[ mg\\ [ 2 ¥

C,OH\IGC'U\.’-& Qc‘\ju_s:\“nw/ﬂ'{'

The w= YMe STMFLQ,S‘J( oy o< "'\'T"aa:fMS KAt
release S5 comcective Msjﬁabi\.‘"l-r;] . T Ylss
=7 Yuote + e a:(\n«os?kaf‘e = camo(?‘h“?/u\a//(:?
bv’\S']?c‘Q(z N T.e.
Xz ¥
omd SctucodTma. B ceacked Sy where T tlee
q4 2z gs

unstablo \Gyec

%—8]"\ Q‘H’\L _l"-&v‘&P@‘sz?W-e ok Mv\.".‘a(;."‘v ‘Q:‘,_‘“.a(&s
o2 I"é’-Ovc{jLn‘?{—ay( S0 Wat Wa la‘:se, (et =
nenteal o a Mmoo asliabvef -

= X.
oA Me cd‘masp\-ere, = saterebec
. ﬂ = ﬂs -

The rfeduetiw of 9 + C’:ij wi U (eowe sSoe
woXec \5+ ove A.i , el R assusrad. 1o
Pheczq:'.'(—cc(-e . The Azstal \ru/o:(ms o Y o
CQL;A n = o - 5_?5& S?s.&

— A dp =

P L. 49 4p ). Cr &T dp

K o wesS e wlwere T R Meceaaed s Meoreases
so o  THemtive salutimve 2 reﬁurred T
%rmau\hm.uus l:) %‘@m e @/mp/wob balawce cord
6‘{‘1/\0( r‘e&w}m\lﬁs.



Notiee cflse Yod Mo covemsmm  of latent 1o
semnsible eal views W colbmn as a whola
C7-e-, Ve ‘in:(:cm\ ocuoer e coliwnnn) ool wot
(eue(-bu\-t&re(. Thed =, we & net necesscurly
eouw~e, o A’i T Cp 8T ot each leu<ct .

Conuectine od Jus‘\'ww,vd has oo \OI«Q \/x{aw
e Gois . A Prob(.owx witte P Smplest
e o0& comveotve odjushrent T teat Y
\atert haat 3 celeased ?AS\'MW%lv} .
TSy camses la/r%e, “shoclx ' Yo Ye procle )

d&gnwwu'c,s . Cawv be alleuicded bu, s]:reo_ch\nb
Sl ascb“ovs'\“"’%‘i' orec  a (O’Hf‘Q e, J-.e.

/
2T 4T
) . * T
A
2q4 _ + 24g
2t - - - T

COV\vec‘*'\"ve_ adjus’rwwﬁ( o,(sa /'lze)(z e Yastvees
d@'%&dlé ) Q.% -, O\F@ff‘s‘/\ﬂ?)‘(ﬂ:ﬂa , &Rernom Ae St C.oa\h—-% - - -



@o echome, / Kuo - Artnes schaeme

Rose= asswm?*ra»a 7 ot o?.o.a]:, convection R felated +o
e nstanteresus value a‘c"f‘f\t %ﬁd-sc:c.(e @RWQ Cay\-(ear%wce__

Ta other woms, morzhuwe B Consumed | ot e somae
core thas i R Su\af)hec&. e we saw Pmmfb, o
Kuo schome dafiies e monthuwe accessma MJc os -

1P
\Vlt= E o 7- (< ﬁ) dvi: 4 Fﬂ'&"]
Them Hee Kuo schowme defves Precisibimm @te s :
P
‘So CC-—E) c“:’ "(1'1:) 3 V]t

The cemamder of ™M, goé wio MOE'*WMQ ok
‘}fL‘\.L G{-#nosPl«@nz cgluwwt:

?.;Qra
S g%)dF:ngt



Recall et No Kuo schowme elctes conveatiem. o
Hea cwsuvnfh“an (or suﬂ;la) o€ woatec mass. In Ceor
conveoFm T3 ot cauvcedt by Hea supply ot oater
moss, but b:) e celease of available ff:a-!:am-ﬁai
oy - Tere®ee Yhe Kuo scheme = Suedamentuily
1\\-'!:>c=..ea\.

MQ.M.& of Ve Pm’ﬁ“ca\ S:lr\or‘h’:mrwas of U

Kio scthume arze Som Yo Satlockes netirme oF

TWis ossumption. Tor e:cawnlate‘ Mo Kuo schera
caninetr achGue rﬁol?a‘l“w-c:mmﬁ\»e_ equl (b |
T J [}‘c)AP = g b M, e ahbrosplece
rust moizten S comvectizn 12 occer wrmless b0,
Twa coan MLQ Mafp—ew =< 0) we od.ol:" Frttes!
Lmulatm o b aed e a'h’l’lobfh\"’d—m. R Soturcked
oc (3) we "hne” b2 0 to satsG T poctewo
applreaton . Situaten () B umcealnte = (2) imp lies

W.—W\\“(—b . |




Rebte Millec sclowe

Tz = The schenme Used m T WCEP Eto vodel.
1= & "\a%%ec‘ Convective Oc‘Jusf’W/d’" schome TThat
a;{j)u.sts He Frv?(a se Jlaed t_?e(aw e Tg’i‘-’e_?-x\/:) level Sfpoacles
e wet vitheel adimbat (i-e., ‘mc(oc(r\na Yo ootz oF

\“-CLUGcL voder) cotle— o & _

e ac(Jz,..glrnavd- o0Ccci (I Oper Soe e Pan’ooi g =
becoves syvae.(tecs ‘\—bpka((j TR 1 he = resos cala
a!‘l:l-\Ccdrmg > B = M "Cecommerd Huat “C Shootd e

st So tlhaft Ne nrioded a,‘Frwostoce neonly safwrates

o Yl %m'cﬂ Scale 1 r‘f\.ad?r' corncestine JdiZha beoces ¥

whizh decreasec as Yte hogzadat ar?d &Fo..ct\na

The \\-e,oj‘Tnj cond maB'\'c»\T-/:j (etes ace Yo

%ﬁ‘% bb‘. ea-r _T‘R _?
2L = =
29 Qe - =
e = =

W here 6&. aR) an;lO fo He Saf ((ece\“ence,) F‘régrcq__

o (:l'. §) ™ e dnvbral( 6ﬁ—d' Scale valwe



“The precip cote = Yhon
wee fr (33) T

ie., PR T-’-Wf‘-é'*c\'\.axv\%e_d@ waker  content
due 12 ‘\‘L\Qac'\d‘us*‘ﬂ%‘\' PfaceSS, The scheme 3
\?e?la’cec( \03 o shallow - convedhe e PE.<O.

The B-M schume 1 shuchnred 50 Hrat Hea

a:\mw%?m Meotatens Ap T o certadn Fo-\r& Cingd

Yo Wre }OCE@P?"?-E% all Ledls gut. TWR 3 umlbike

Yo Kuo schome, M whiieh e mofstmre convemence
directin celoted t Ye Precip.




Fr?fsbh- CLLO._{) pell schome -/ Kam - Feitseh scheme

Bose assumptizn w Flat deep com vectitn aels 1o
{ermnove Yo YASontongous ABE. TThid di€ces Sow
other schemes YA coluehh Yaa de'ef’ conperhzn 3 detreamaed

'Daa_ Yo poi3tuce. Snx conteminse, o Y (€ &
Cestabilization bU YHoa lcmag, scale,

The ABE © oscumed Yo be femoved over Some thea
pacad T whren presumally cellects fhe Hetvma o
com vechive Qlomenty ('\'K]Pi?a.[,‘a, T 230 mn) - Rustle
comvechin  teeds back %%la@& s cehe

aoc.ordma Yo : da* Py &
at = ["--J Lonv faﬂ 6‘) ?_f_y'j
L hace o o - e
)™

Hec'e 2=-§-\n¢lvdua'?a.Aq,%ABETs
em ovaf b._‘j comveetz amd g, B e valxa
G‘C G rTatv\' when WMo comvectzn staciz_



Ad\tawrfu%gsﬁ /A Zoohateses ok explizit sclenes

Perorms  pell  wlow At 53::4-&-\_ 3
1: well (Csalwed bs‘*n\z_ vagole( 451\'?(
1. Comvestive by table (felotek B (1)

“To sSome extont, canm be "thned” to Yoo gt
ST2e \o\cj QF@::CI{).»\S schuatinm twes holyf

~ B0-90% “oc coorse GCMS

N~ 95- w7, Tor wesiscale

VPoor pocloc man = o deep Comvetiom ot
mesoscole  resolutoms:
- ‘.3:13"’6"1 usu. o shallaso (cam*'f reseloe »‘vra’wsz)
- ofden des delay woirfn sabseg cent
Q*F\GSPH_’ cﬁ-{mfhﬂ and ovaf}prec‘.a‘a‘h‘m

Meoce cea\3tiz (Aetzaled) g:htsrzs Usw  Tweprove Ppr"?ormw\—cz.
-odditm o e4s o 4., qe
—  atec \OaaQMﬁ, oI enap, ‘Fbrﬁm(- cord couret



6‘}\!‘@/’\6—“45} wet kesses o Wmials‘t:-* Pofam

‘GCMHS Pecrms well Soc dee’-:, ‘Frectl:ﬁu‘h“rf)

conwvectizm

= Cann:»‘{' (_eP(esenn:\' Idrr%e,-sca.w, C-a'vw-ech:-clb shoble '?roaz‘sse\s

- Pr*‘:Sum:, Scele se%_»g@jﬂ betrween cloud ond

2T ronnens

- Cownxectiomn 13 FTed *o o_srngte. FTA  colwm 1 and

CLOQS NnoY rmouée (C,Wl. oLg\;.e\aP Wq.@@m HL

ot Jacent- 662:\)

- Sensitive B o) “‘l*l'T‘%ﬂ-c(" -@mc}h%‘ Y=o Aetrecrmves
whether Yo sclhome T activakes) .

- ﬁssumrms - HYe a~chomie <aa ‘Pr'e:c—lu.cﬂe_ Sovite

Prysteelly realBmW sihiodTans (eg ., Shalloro
butr Gntemse winta tve C.M‘t-&c:h?vu)



F-C contams a tfler dobiled 1-D clongmode!
seed Yo defornice tae adjustmumt. Mass Susbs
e CMFquec( See Y weclrc:@% et downdrafy
Toon Yua, Compms a-iw\nﬂ Subsidlonce 1 founoh laj
(‘63{%\‘%3 that Y mass ‘Q«ws Ba(ow\ce:

F\? [Ax 53): f“ W, Au IR Ay + 23 ws*[&“a)‘r&;/%]

IAM Heole solutim W féc/(u&‘r*eok Y Letermone

Mas3 Llux

Yng u'oc{(crc+ Onea” chw\ma T Yo degvedh moRt-admbedz
W?:(e, o



