INTHEHKEKNATIONAIL ATOMILO ENEROWY AOKENCY
UNITED SATIONS EDUCATHINAL, SUIENTIFIC AND CULTURAL OHOANIZATION

INTERNATIONAL CENTRE FOR THEORETICAT:. PHYSICS

34100 TRIESTE (1TALY) - LOH. 680 - MIHAMAHRE - RTHADA CORTIERA |1 - TELEPHONER: 224301/ 4R4/64
CAVLE: CENTRATOM - TELEX 4803uU2 - [

H4.SHR/164 - 20

WORKSHOP OM CLOUD PHYSICS AND CLIMATE

23 Movember - 20 December 1985

CLOUD AND PRECIPITATION PROCESSES
Pare 1V

HIGHPLAINS CONVECTION

G. VALI
Universiry of Wyoming
U.5.A.

AP AT~

Lectule & HAGH PLAING  Convic Tion

Noth  Comkn ek s | Eanl o) Qo houcd aany
Gummrna i Azam v \ow . I--\lqt.,rqu ‘“‘v«ML,
Leal | oL“% G e h{c‘l\ dowd basey +3 L oY,

(.-OA'LA-\M{'J A-;v\-v\l-‘st)' — R ) .‘.}ﬁomt{ JO‘OI\J‘OJL -;r. L‘(‘-\

Guiduﬂ(_t Lﬂ" r/‘fu-l-(ul’-vt'en Jaddcrmc«sl- Ve q.za...,r.,{ "yv‘owﬁ‘\f
Lol edoe, lorun of . -02°C
+ Nea nwrwwold deops 740 o osayueol
* ?f!.u;f\\.lp\h-ﬂ"\~”‘s“{ (750\5-’.--) M‘LJ‘Q asa 1'£u-4‘( W&J!
e MNon-rivaed u..r‘f"J.-. {arm a_I T € 5" 1y omtent e ntions
0‘- “}‘-‘aw 11'40" aJ-‘cq ert‘-‘;hr v Aa) per Lidaw .
* ri"’"‘ 4— ‘”L" C”"“‘L“"I\ “';"‘“‘:J"") \J\'u\ i:n-‘nt-x oL'vW‘-f-\:?u-.
s sl o cnaged,
Refevenees: 3 Al Sy w4 29T - 2154 Pents 1.0, &
Cooyar 18T - ARG Cd Pags Combrmmie Taragns ¢ 34T,

E!MIJ«M (ML \‘h. lw\L oqns :
19 by a8t Saildens mcemd — nlcghe el
6 !LA( M1l ku\"bcdl R S

Gunanwrary
Tee -},V\,L‘J.:,, b-too v Sl deuda Jidh JML’\' rAlL\r‘\{-‘iJ\
LW\(( dN'OrA ~ 4 w—\-'& s o, 40T 4 10‘ (tho. Hra e ﬂul—.'u‘-—,

(b..J. (A »t Lol bves flae b'or\ (l.-a:t/") .
Tn  Mmyed ;..1-0'-\-#-\ Ace um{“.t\ui\“’v v e v 0 (A8
LJC c} - -1\.:.’ fv\o\.'-th AQ—‘M(‘ Q\-vﬂ\-ll ‘V-'M-"u(-l
S ponn deavyy  protersen webvil e b ol-vb‘-orw-«/" "'l" res

HITLEX  hsue L‘( ‘*cw'«-—-l; .
é)“‘""u G rom (t:'p\ —llb—(\'(_\ aeeded ol ‘lu-w\o ¥y -42°c
b‘tfuv} -'fl, LJe  Acdunien .:fnm..-‘u,( Quw{t | TR .-"“—‘f“-\u..um,"‘

"V‘! k-‘;‘\a\.t-wbo—\ r—-.u[.u;(.«'o-\( [‘“" ¢ dance d nw.t«-( \wlduts-\f,
évr‘f{*{ e({rLL &v"\clc,-.«\l' A=~ Jlml‘} nl.hc;,,'
L o Covpon sbamrm, 7] Clanste w gl helin #4860 523



O

to)

ol LeE s agrab Lwtaan [€ TETY ] ‘
B A W —~— i ‘ (%) 3ALLYINWND

ATTuSE - 000 FT artL
a
v

P8
N n
) v &
4
o} { ) 1 o o o) o o] o
W, B
L See T I YT rrr T i ~ g ' I ! I ' r ' | ' E
N H 1
o w Vg S Y p
; L Owie scoum spar ) 0N \ B
2 oy Frrte Ace COUw Unine Stoim F— ) e & L
E L - ] g ; 'g \\

. / . u i | ]
£ > i N S 12
; P N — \ -
i - g | \ ) ]
2 - oo e N
7 ,,—c__,’ 3 M F i s ]

T » J ] 3 < N
= , o= ¢ ﬁ B A |7
- A ]
0 w0 F W I I L T E g‘ * Q k
*l *n +8 -3 L] - - =h - - - » H Hwoler v B ]
aouw :o- u:mmt anp 'r.:m-':mu" Homom ke :.‘ > -3 -I'SJ \‘ i
Fic. 1. (1) Proportion of vishally observed clouds that vield 3 i _ |
) 0 . ¥ d a radar echs ipitati 3 w
I"Jt‘;dkzul':::;! ’::l‘ul::uamhr;re m‘ level and 2 temperature scaTe :J:.J;J%ﬂ"f.m:ﬁi":ﬁdﬁ:g:::' Tt!»;';:l:e 6 g '§ i I — ]
Battan: Apery T Bmh’:‘ums;;ler content of that class of cloud of which 20 percent yrelded radar echnes (from ; E 3 S o 7
) %
e B 7]
p S‘ o 0 —0
i3 5 3 -
Teble 1. Clewd depthn related - g o1 ]
Gccurtence of I‘lll:l‘ -':b:: frevaescy ! 8 § PG [ ‘ i
Caribbean Sea @ !
{warm clouds) New Mexico .« 82 B l
{atter Byers fafter Brabam ] 3 £
ard Haiy et al) 3 9 — 3 '?
e m £
Per cene i
Cload depth [of clouds| Cloud depth | o5 4 é w = [
1] with 1ty ‘:;"h’ g T) ha E i
echoes choes v - B
1.500—4 000 2z ‘:'.; g ﬁ; 8 i
4.000-—4 300
;. el X E ) gn llI]lLIIllllIlllllllll_g
1000— 4, S0 13 o 9 b o 0 o '
5,300 500 ooo—§, Doy T o - -
6,000—6_s00 :al > o ° " b l:: E 3 o “ k
&,300—7,000 L3 3,. ﬂ')
7.000—7, 300 47 I 2 ~
et B 1 g 8 N D¢/ YIAWNN
:noo—s,soo I () — -
. §00—9 coo L1] > B000—11,000] 45 :
90w and un| oo > n,ow-u_ooo| 10 N

Tellwe X {18585 1)

cloud base temperatures from

and cumulative {dashed line)
~-80, on which research flights were

1978

the measured

CLOUD BASE TEMPERATURE (°C)
{solid 1line)

Differential
June and July,

in

2.1:
conducted in the Miles City area,

frequency distributions for

Fig.
70 days



PRopR woJ; papuadse Il se auedjes Yy wouyy SjudWILNsSRAY 'l 3unG)4
, G Vw)
fh.wA) 0V314 §.7) ON0) TV TR L B U T
33V UNVLINGIY  JINLNYS I (ETh WILYM OINOIT {3} INOD 1710HO
O0f 007 O z 1 O NC  stc 0gg 2 t 0 008 oor ]
T T rrrrrr T T FrerTrT YT TTTTFrrr T vrITT LILINLAN B Bl m e i e |
ELET
kY 2,
191 a
029t - ,,...
e - Y M‘
22 Y L
' I d
€29 . - ___,
»
"9t - N \ M.
¥ S 2
]
s s e ...w
<4 s » 5
3 e & w.
3 T :
29 - 4
wn
s .‘.“ r
Y —
(T4 T 8
..m 3
SZw - i B
ot - " .
lllIﬂL rllll.,
L ? M0
A RS AN 1 i A b s 43 1320 ITRERETPRE T T Aaazd ssii0isans .-.-.--.
€ 0 & Oo- %02 02w 2 8 » o
13 Jungve3gnal wv) 431 mvvig NI
- .. - ISP o
o Ee el ST L e
. 2 - - "
- E . . .
SR RTTIRS smeegote podEur pa Y+ 49A0 paDEIBAD usuym ‘jusjuon aayem

R wi/ L

‘W) Z*L 0} 3seq

PINBIT =t UoTum ur suoibaz Jo abejussiad Sy smoys zi°z *b13

*S9)e] Jealn .gﬂuumucg { M) pue Iyean .wE..Suquz
{nm) {STOUTTII ‘a3wtyasuums {1%) feruioitren ‘swilIajurm (voM)
isesuey ‘swriburads (yg) ‘EP1I0Td ‘swrlzsuwns  (g) {X31dIH euejuoy
‘PuTiTBuNns (W) :ozam SEaI® Byl *sanfea snoriea PSP330Xa YoTum Jusjucd
Is3eM pinbll jJo sjusumansesw MC 8uy3 Jo abejuaniad YL, T1°Z +B1a

(gwsB) omn
€ 2 I 0
i 1 [ i _ ¥ i ¥ [ _ I 1] ) ] _oo.o

VOM oM 00 3

IS m

I'0 2]

m

deﬂf_o S nm m

NS ! m
ALY )
Pg

FI3 -~

£ 3

ol -3

00l

e

:MC\ ] !(‘f Ny ._T.\\cr

(l k—\ct

f—q.-...‘J.._ .(, ancead of

(&Y

) Al

e, gollaloalti’c e

lpla-»t
ol Guiion.

.




f
f
1
nllltnu-i...luunu!-—.lon - e e mw == —— == o
o . 4 x
, J.w
! S . SRR

e *% 2w = 2o =n o= o= == o

1454
[} m_

[ R 3 N

| ]
L P A XY R ]

- g e e me - e o= o mm - on es e == o
& A s

b
1
?

v

-
4
—_—

ki

aw 2w mm e ae == o

—r

W

- e - e o n w e = o

P e

- e kS A% mE Em Ew ew e = ve ww wE we A v ——

e am e B EE - e A% B s ® - e = Sa -e g

T X L RN ]
wiartha| o

>

-

,
&

|l|l#;;"

o d]
COORDINATES: CP-2
‘

|||||||||||||||

-6
cw

FER SR NE U N Y O

EL = 2.9
RAOAR: CP-2 10 CH

16:52:36

1.2 o+ 0 ¢ 5. 9§ 3 4 04 4 3

,f
A
»
-4
"




4

1
i
[

s me e ms wr owr oEmm oas e s mrymE e m- aw o omw s o

- A F_09/04rm))

,
4
¥

= 3
s =
- . I
.n.»_. ‘- (v % '
m 5 X
' L \n
U.’ *.- H i | 1
Wﬂ uu - - b
: : ;
r v .
|
4
b
m

A

—mdffr == ms e me e e —r nn o

| LI

P TR, G-

.
[T 4
Rl

2.5
3.2

-
r

1051

LA R R N N

1641

LRI BT IR

1:Sh

Y
i
% |
<
|
g B ; ;

.
-
as
-

= 52.4 x= 444
A 53
Is

MAx I
31.9-100.9
200 ¥

G3:

PP
COBRDINATES: CP-2

A-..} lagd

,
x
- -
-5 Cgl
(W]
| ef
nw [
~
g !
Wl
V. 2ot
o gt
& L
w g
5ogl
& [
W 8 f
v i
N 1
C

'
L
0

PR A I NS N A S ST A

s o 12:02/800)

ospr?

6 UG BI

:5q

«

LRI LA BTN T Y

Vo'

n‘\‘

o . RPN L
f’%’ A C i ;

L 2

LY
.

e

-
!




- ol

F2

:. AYG 81 16:52:46 EL = 3.5 CCW PP1 oe :“!21:; 4 : :J.I
it T RAOAR: CP-2 10 CM  CORRDINATES: (P-2 |2 %3 1= 103
™TrTrT T T :":- T
nerz
o—
10--
ol
w0
- .o.
14
.
-4
Y OV SRR U . I SN A

P ¥ R w

/i Wl BT LA W L L RO LS Bl oAl Wl Faull B

Ry
"™ ewm

LA LI TS a B



d UM AN IS

T T

16l
165217
165218

1.85 187.65
.26 85.98

RTIME CONCT CONCC CONCU COMCW CONCI T-MRSS T-PR SVOL REC OL FT SIZED SIZEW SIZEU
185189 .60 p.20 P.B00 0.0 0.0B 0.8 po.0¢ 3.3 .8l [ I 0.8 e.e e.e }
165112 .30 .30 39 o8 D.DR N .00 3.30.8 08 @ a.0 8.2 38,0
165113 .32 9.0 2.08 e¢.08 0.0 5. . 330 § @ 2.8 8.0 o.g
1€5114 .38 .38 B.90 3N L= 2.64 .01 3.39. 0 @ 8.8 2.0 8.0
165116 2.39 1.88 1.9 » .. 31.23 8] 3,3 .14 B @ 8.4 Ng.. 95.8
i - ] - S8
Rl IR AT P bl AYNANA; il biflkolb!t
M1 .03 4.9 .._. . . . . -9 -
T : I F [
_.:-:.2 il .:r1 i ._ r. s _‘Tf:rﬁ [P TEHLEATE
16311 4,74 - .2 . B . .1 |

185119 1

m wm 6.83 .38

.3 .9 8 -Mm- 575.8 126

1
1
Hmr.r..rwdh_\ﬂ_:ﬁ _.Ebm.ﬁ_u 13- )

.18 3.4 .a " 1 i”- 358.0

NiINIANEINNm ..:.:

165125 10.13  8.94 7. % g8 9 1.9 9.8
165122 €.55 5.36 du.m.\ mo. .wmc 12. 46 9.4
.1 AL S Nid "
18 85 3.74% 3.17 . 4] " . " . s p N
165124 B.BE £.33 4,32 .B6 1.15 79.89 .76 3.5 2 [ ] 1 331.3 450.9% 8.7
16512% 7.20 6.33 4,32 .29 1.73 4] . a8 27 3.5 . % - 1 wuu.ud me.o 88.3 f ﬁ 1
Yl :.:_I:i, Nifh w () __ Y _U
165128 _J._. N1 . : __w . ! r - ! 1 E
_mm_u_ 86 B m.\ a.am .29 7.62 ..m u.u .-u
il __t_.*l..u__;.. FTHNTHLT
_mm_um 1e. .54 N _ .

165138
165136

7.11 4. S5 1.88 922.69
465 1. . . 85 2.8%

o I e 11T

7.24 3.7 .68 8 2 1537.5
®1 3.7 .23 @ B 412.5
[}
3.6 1.1B

j .

T L e T g

“hTT

By

TR

e




L ——————————

22532

BAUGCBI  16:51: 5 EL 355  CCH PPl g e s
¥ - - .
',,;",f, 12/08:821 RADAR: CP-2 10 (M CBOROIMATES: CP-2 o yi'w - osa
R A e e e e e WL o e ]
L - \ _ 0o 1
ATy N : . |
[ - . L os ) : 1% i 3
: . LYY . . ::uu 3
. S, 18
o 40 -
" F % -1
4
-8
- b I |
. 4
] g |
§L0'4'?/w" s AL 10t 4 ® -
warwed JF la.go " 15( |
- -
] s
. ?-O(OA 1
I NN S NPT A - X . I
» - » - L] -
At a1 3 o8
/e ® a77eq )
© oo nL o.g moo
- foges: Ma) s Ml

. b s . i
m W Py Bl X

]

— Mz

w oGN]  Berivece....

2255

ZzoR

225e

2252

225!

4



vk TvYo01

oLy orty oty 0597
v 4
; | N
1<
)
19 =
]
S
. chl ..U
rm i ﬁ/ N .
AYCLSIH O L5PIF 1727 QG ILNTITYI
: 1r1 ‘myg

www
440"

_lc_l:_.__ _.:LLHE.E_._

inu

_ iy a____u”____ ___ __

Ln:LLLA I..I :L:: _ _::

Jl\..J.)uw oese  wa=e

oA F  MmmTe mAAmsim grmre  oma

npdotT TPoc e [1-1- 1 LA T L LY R




ook Rasad 7 2
oy .VQ ] o

Ve : ..ll_.vv
-~y WN TP b 10300 AR YRRl
csoMm 3 0eINY 3 ans=""g): @
Pl Pl P4 P ” P 2t
Y \\\\ o
\\\\ t \_\ \\ml\.\
h - PAR:
/
3 2 2.8~
? K e Sy
IVI{./\.&
st s om
u-\o?\:c poe — ulhw.—“. r ’.\QQM.V —
9y ,k100F % i D XYY e Y WL7r i
>
/l
- £ p A _-— z z 4 7z
SN
e S
1‘5‘—-3 QC
sy -~ >
?u?ar{. el




Riouen

-42%
KJ\/27 lu om

43

C oy JT 0T

STEP Y swp W PoTM ES ¢

duUALIRY 1ng PENETRAT 14N

. 1" k“ z -‘-‘
sC€Esvng gy s

ToP »-20°¢
-%
A -
ReN 1T ey CveLuTION

STATISTIcAL TEITC Foa
Restense VAR\AB LG
™YSI1CAL INTERP RETATIeN




llilll!‘lTl!Tllli‘]llll

]fl]llllllllll!

YT TN ITHNE AT

['g] o )y

{ww) HIL3AVIQ

15 20 25 30
TIME {min)

10

Cegalasalssasdaaaalsy L o
o

let diameter

as a function of time for the
alations were for a pressure of

£1l g/x:B, and a cloud drop

All cal

Graupel particle diameter

3.17:
500 mb, a liquid water content o

various indicated temperatures.
of 20 um.

Pig.

In these calculations,

temperature of the graupel (Macklin, 1962).

the most important factor controlling the development was the

fall speed of the graupel, which was reflected in the droplet
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