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NUMERICAL APPROACH TO EFFECT OF UPDRAFT ON LOCAL RAINFALL

By Satoru OisHl, Yugo KITANI, Eiichi NAKAKITA,
Shuichi IKEBUCHI and Tsutomu T AKAHASHI

Synopsis

Cloud development is studied numerically in a deep, two-dimensional cloud model
with detailed microphysics to examine effect of an updraft caused by topography on the
cumulus cloud. It is found that the initial updraft makes much of steam of cumulus on
the developing stage to condense, and it changes much latent heat to sensible heat
through condensation process. The stronger initial updraft causes neither stronger nor
more amount of rainfall, and it also does not make the cumulus cloud life longer. The
strength and the amount of a rainfall is depended on the amount of cloud droplet pro-
duced. Finally, it is found that updraft has an effect on cumulus not dynamically but
thermodynamically.
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Fig. 1 Microphysics in the cumulus model.
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Fig. 11 Production of each cloud particle. (a) Case 1. (b) Case 2.(c) Case 3.
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{1+$% Basic Equations

Equation of Continuity

i) 0 0
3200t + 3y (0ot F 55 (0t) = 0 e U 1

Momentum equations

ou d a 1 on’
ot =~ [ax(u2)+ a—y(uv)+ 000z (puw)] — Cpgoa—?c d Fy,  crereeererennieniinan (1. 2)
ov il il 1 or
o= — [ax (uv) + oy ) + poaz(qu)] — Cl’ﬁoa_?; d Fy, e, (1. 3)

ow 0 0 1 or’
ot =~ [ﬂ(uw) + By (ww) + 552 (pwz)] — Cybo g, + F.

+g(é£0 + 0'6100.—@")) .............................................................. Ut. 4

where —, which should be head of variables, are omitted, and F are
p = ol )+ k) 32(052)
+ (K )+ 5 Ko+ 55 (Ko 3.
T T T
+ 3 5y + () + e (B By )
= Ga{t G2+ 3y )+ 30 e 55
BB R L)
Eddy diffusivity
Kn= co?[a( Gy + 300+ G+ G2+ Gyr+ (o G
+2lGh + Qo+ i(ﬁg)z])

,

0,6 0
+ A 5;(—? - 0.61Q, + Qm)] L eeeeeeeereeeeriaseeie st (. 5)

Do

where A;=1, A,=0, C=0.40 (from Soong and Ogura”)
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Poisson Equation of =

o* | _o° ﬁ.‘i)n,

C,,a(,(“a‘;—z + a_yz + 5z [Fz— (ua%: + vaiy + w%)u]

3
ox
+ %[F,,—(ua_i + v"a% + w(,%)u]
é 565 [Fz—(ua_{fI + uaiy + pw‘aa;)pw]
a_ g
+ 3;le(g; +0.61Q0— Q)]

00u  Ov 1 Fow
- 6t(6x+6y+po 62)

where, Fy, F,, F; are same as those of the momentum equation.
Thermodynamic equation

ag 0 0 g
ot = ~lazwd) +5,wd) + 5, (ws))]

+ gnlelar) + (L) + (L +)
+ a—i‘( Km%%) + -(%I—( KM%Z) + b%( Km%) ..................................... (ﬁ— 7)

Equation of mixing ratio
0@, d d 7
o5t = — [ﬁ(uQ,,) + 5y Q) + ”a—z(uQu)]

-

1( iQ_v) 6( 60’.,) i( @QL».)

+ oz\En oz ) t oy\Enpy ) + 32\ K

Equation of dencity of cloud nucleus

Ak 0 d d
_ac% = - [ﬁ(uﬁ:’fq) + 5y WD + @;(wfc"ﬁ)]

+ (Af()?l)evp - (Aﬁ:al:()n

+ %( K,.%f%) + a%( Kh@g,i;"i) + %( Kh@acfzi) .................................. . 9)

where, f& is fon/0a, (Af3H) ew is a ratio of creation through evaporation, (f)n is a ratio of consump-
tion through nucleation, and K= 3 XK.
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Equation of dencity of ice creastal nucleus

of¥ 7] 0 0
LE [ + o + Bt

+ (Afc”le)evp_ (Afc?)n

- )+ BB - AT

where, f&¥ is foi/0a, (AfE) evp is a ratio of creation through evaporation of graupel, hail and snow, (4
Sf&)a is a ratio of consumption through nucleation.
Equation of dencity of secondary ice particles

0fche
ot

0 0 2
[ ufho) + 55 ofiko) + 57wk

+ (Aﬁ:’lﬁc)mul - (Afg(;l(})n

............................. (ﬁ‘ 11)
where, fic is fone/ Pa, is A fdkc is a ratio of creation through ice crystal multiplication, (4 f&e)n is a
ratio of consumption through nucleation.

Equation of dencity of cloud droplet

oF; a d 0
St = — [amWFD + 55 0FD + 5;wFD)|

+ U@FHy+ UFHc

+ UFH)w + @FHon + (AF um

— (@FHs — AFHv— QFHr

— UFDer — UFDm + QFcr

9, OF¥\ 0, OF\ 0/ 0F}
+ 6x<Kh oz ) + 6y<Kh oy ) + 62<Kh 9z )
where, Ff = F,/ps, AFfs mean ratio of creation and consumption. Each subscripts mean its effective

process, nucleation (N) , condensation (C), ice/graupel/hail melting (IM, GM, HM), evaporation (E) ,
freeze (V), ice/graupel/hail accretion IR, GR, HR), collision with hail (CF).
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Equation of dencity of graupel
O = [Zwrn + ED + )
+ UFPs+ (AFPox + UFPcs
+ (AFDicve + (AF P ucve
— (AFMe— (AFemr

- (AFE*) GCVI T (AFU*)GCVH

+ %(Kh%_g"_) + %(Kh%l;v*_> 4 %(Kh%;—k—) .......................... 4. 13)

where, F;*is Fo/0a, AF;fs mean ratio of creation and consumption. Each subscripts mean its effective
process, sublimation (8), ice, accretion (GR), collision with ice crystal (CF), conversion from snow and
hail, (ICVG, HCVQ) , evaporation (E) , melting (GMELT) , conversion to snow and hail (GCVI,
GCVH).

Equation of dencity of hail

oF} 5 0 o
i = — [arwF® + 5,0FD + 5;wFd)]

+ UAFHs + QF)ur

+ (AFHv + AFH)cr

+ (UFHeem — (AFH)icwm

— (AF®e — AFDumr

— (AFMucve
+ % (Khaan;.* ) N % (Kh% > + %(Kh%*_) .......................... (f. 14)

where, Fif = Fi/pa, AF¥s mean ratio of creation and consumption. Each subscripts mean its effective
process, ice accretion (HR), collition with cloud droplets (CF), conversion to graupel (HCVG), melting
(HMLT), conversion from snow (HCVI), conversion from graupel (GCVH).
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Equation of dencity of ice crystal

aFF
ot

o 2 5
— [GwF® + 3,0F® + 5;FP)]

+ UFHs + QF*)n

+ (AF ) nox + (AFF) gen

+ UFMuewi + GF)

- (AFi*)E - (AFi*)lCVG

= (UFMw — QFHmur

+ %(K,, or: )+ a%(Kh %I'y“* )+ —a@g(K,, orL ).

297

where, Fy" is Fi/ps, AF*s mean ratio of creation and consumption. Each subscripts mean its effective

process, ice nucleation (IN), nucleation of secondary ice particles NGN) , conversion from graupel
(GCVI), conversion to hail (HCVI), conversion to graupel ICVG), collision with cloud droplets (CF).

Mixing ratio of water vapor in air

Qoo = 5e;’g° ......................................................................................... (. 16)

where, €=0.622, e,50 on water is
Coswo = 6.11 X10(7.5To—273)(1‘0—36)! ................................................................. (ﬁ- 17)

€vso ON ice 1S

Cusio = 6.11XT0OSTOZTIT=8)  (oiiiiieii e (f+. 18)

Density of air

P,
Op = RT0(1+(()).608Q,,0) ........................................................................ (ﬁ— 19)




