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T LAM and 1D CR’M Wlth explicit mlcrophysms

"It means that initial thermodynamical characteristics in the vertical
column where microphysics Is calculated are stepwise updated
as it moves along horizontal axes over the initial point of 3D
domain (X,, Y,) at every time step (dt) in 1D medel making a
track over 3D domain vvtith coordinates

e e
Xf:XO—Idet Yf =Y0—ijdt

=

0 0 ——
ﬁequaﬂ oves opposite to the
ent. The speed u,,, v; of this movement

could be constant and determined by synoptic charts or
variable and calculated from the data of 3-D LAM, e.g. as an
average wind speed in layer up to height Z;, or calculated at
every vertical level.
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Initial vertical and time development of: Vertical and time development of:
(a) temperature (lines, °C), water (green) (@) IC and (b) LWC (mg/kg)

and ice supersaturations (shading, mg/kg); In the run with unmodified freezing
(b) vertical motions (cm/s)




=D SPECTRAL CLOUD KESOLVING WCODPEE

1. Trig Kinegilc ecuaiion of cloud droglais (k=1) size disirigution furcior (F):

0 1'3'1 z

—' r. , 102 -ﬂ‘ 0z7°

ﬁ_;
2. The kinetic equation of cloud ice crystals (k=2) and raindrops (k=3) size
distribution functions (f):

dh 8 ). 0 & 0 f —
k+ﬁ_(l‘kfk) é}_(rckfk]‘vkaz—cklak'l'lfk'l'k — C;=1,¢3=0

0z’

3. The equation of heat inflow: 4. The equation of moisture inflow:




=D SPECTRAL CLOUD KESOLVING WCODPEE

Cloud vairriicles garigraiion or CON s gararrigiarized as follows:

The rate of growth of individual particles due to condensation (deposition) Is:

- DpA,
Leor —
and due to gravitational collection of droplets by spherical CP:

_ppr j %rer1+rk)2(vk vy )i ‘J_(r)drl E(r. 5 )=

rk rm-m

>
—vy ) (r)drn k=2, 3,—-RO=3\/1’214(9_’7J ~14,5,m
g \p -

where r,, are min radii of CP; E(r,,r,) are coefficients of collection.
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- e—prﬁeesses ef—cenensatlonal-ep05| ional free; m'g=~
-on.activated IN'are parameterized as follows:

~aet™ S atr-ry)o{ -9 Jola)o(r) T =Tip ~T

The processes of droplets (l;;) and raindrops (I;,)
ng.and the amount of frozen water CP (gfz) are.
rameterize ollows: T —

-

rkska‘)(TS) |f2:_(|f1+|f3)

B;Ts

Ifk IAfe
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OF A VMIXED CLOUD

mfmles cm_ ntr i‘auaas_(Nk) their average SIZGS"(
- _ice.and water contents (q,), intensity of precipitation (j)

S

.
o ——————

Mk max Ap K Mkmax
Nk = j fkdl‘ Ok = 3 r I Ik 1:kdrk —
Iermin kmin —
Mkmax : 3 4 k. 'k
i=2 27 j (vic = w)r fi (r)dr

N E= 'rkfkdr

where 1., and r,.., are minimum and maximum radii of CP.



1.0 I2.0

-20 1

|
-20 -18 -16 -14 -12 -10

0.07 0.09, 0.11
-15-

-20 .

|
-20 -18 -16 -14 -12-10 -8 -6 -4 -2
Th, degC



Synoptic.map.(H — center ofithe [Low)
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\/ertical Cross-SectionSHORDINCIFBI01L04598)@Ma)fand 00 CI'B 02.04.98 (c, d):

- (@)"and"(C) temperature (lines with numbers; °C)

. and up-drafts (yellow-red, cm/s);

(b) and (d) ice supersaturation (blue-violet, mg/kg)
and wet-instability (pink)
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Results ofi 3D simulation for 00 ULC 02.04.98:
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on h treks (1‘R and 2TR) and
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N~ cr and N—dr— ice crystal and drop concentrations,
g_cr and g_dr— ice and water contents
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(a) integral thermodynamic condensation rate (mm/h), (b) surface temperature (°C) and
(c) pressure (mb) with a track of the 1D model and vertical development of (d) vertical
motions (cm/s), (e) ice supersaturation (mg/kg) and temperature (°K) on the track with t




iguid ( o) EIese 10.(Sey)iprecipitation sums ferd2 hwith thei
totals (9) In dependernce of presserice arJd Intensity of cloud arid

orecioitatior forrnaior rnechanisrs (20.08.1998)
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S
droplets | drops el bt el

le-5 Ne-3 Ae=5 1 0.56 20.99 21.55

le-5 0 — 0 — 13.66 13.66

le-3 0 = 0 — 15.73 15.73
le-3 2e-3 — 0 = 15.47 15.47
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 CONCLUSIONS

= ana rophysméHeatures were analyzed

_:'——‘- .
= The study has confirmed that cloud microphysics
obtained In the simulations for Antarctic clouds differ

with the microphysical features of midlatitude clouds, ™
particularly ice formation processes dominated and IC
exceeded L}_/_VC.
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REMO forecast mode:

horlzontaly 109x1r21 (Elbe case) and 91x91 (Carpathlans)

- grid points ——
with 1/12° interval;

verticaly: 27 levels

The vertical integral (E) of the thermodynamic rate of condensation
in CMCT determines development of clouds and corresponds to the

possible maximum of precipitation rate: »

¥ density and specific

| ! pectively; z is the height;
= __‘- PW z-maximum; w is the vertical
component of the wind velocity.
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Precipitation sum (mm)frem GPCC and

ReMO (17,8 rrirrn)
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Dresden (13,77°; 51,13°) Daily precip. sum 158 mm
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Measurements (118 + 40 = 158 mm)
Run 20 km - 07-18h (138,8 mm)

n m— Run 20 km - 19-06h (42,1 mm)

Run 10 km 77x63 - 07-18h (60,4 mm)
Run 10 km 78x63 - 07-21h (109 mm)
m e RUN 10 KM 77x63 - 15-30h (53 mm)
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Results of REI\/IO and CI\/ICT (Carpathlans)

RwMO_ good; rate indicaigs furrner inignsificaiion up io 50 i

REMO precipitation (mm) Integral thermodynamic condensation rate (mm)
Sum 07-18h 3.11.1998 Sum 07-18h 3.11.1998

750 1000 1250 1500 1750 1000 1250 1500 1750




Measured: Mizhifa = 32,9 mm; Ust-Cherna = 64,2 mm
REMO =855 (15-30 rrirrl); rate — 20-70 rripr) 2ipicl Iriclicziigs ipfeit
orecipitation intensity will ve tne sarms in ine nexi r)‘—\rud

e ————

I——

REMO precipitation (mm) A Integral thermodynamic condensation rate (mm)
Sum 19 - 06h 3.11.1998 Sum 19-06h 3.11.1998

O 250 500 750 1000 1250 1500 1750 1000 1250 1500 1750



Measured: Mizhihga = 80,2 mm; Ust-Chorna = /1,0 mm
MO ="cjaacl (rrzue 70 rrirn); retie — 30-30 rrirrl zlricl Iniclicziigs iz
orscipitaiiorn intensity will ve 2 vit Jass in ihe nexi geriod
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REMO precipitation (mm) | Integral thermodynamic condensation rate (mm)
Sum 07 - 18h 4.11.1998 Sum 07-18h 4.11.1998
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 sta at 06h and
12h 04.11.1998

XXY

47
46
45
44
43
42

a7 48 49 50
119,5

28,5 36,5 155,1 104,4

117 345 52,4 109,9

7,9 33 56,5 84,6 90,3

73,5 124,7 147,44

01 744 1/6/4

51 52

A\

100 A
Sum 12h, mm

N

60
40

‘) \

042843044 045Mm46 047 W48

/46
/ 44 Y, grid pts

Mizhirja
47.3 X 44.4 pts
Gauge 80,2 mm

Ust-Chorna
50.4 x 42.4 pts
Gauge 71,0 mm

7 48
Aver. 20 gridboxes

81,3 mm
Snow - 10-30%




~ microphysical run
st_qrted at 18h
04.11.1998

XXY

47

46 13,4 12,3 89,5
45 74,8 129 8,1 48,3 62
44 0 2,7 1,4 1,9

43

042 M43 044 045 m46 047 m48

" 48

a7 48 49 50

51 52
80,7 88

85,7 69,6

32 78,6
0 95,6 71,9
0 0 33,7

Mizhirja
47.3 x 44.4 pts
70,0 mm (12h)

Ust-Chorna
50.4 x 42.4 pts
66,1 mm (12h)

Y, grid pts Aver. 30 gridboxes

44,1 mm (6h)
Snow - up to 60%



Conclusions

%a ESIOITCONEENSAONNCE JJf?lJfJF‘J C\/J r WETE

e el

et

__-_-_ € t0 maxima of precipitation inter

..___ mdlcated on cloud systems potentlallty (o) produce
heavy precipitation within next 3 - 6 hours.

= The spectral microphysical 1D model represented
timing of precipitation development reasenably:
good

= The runs with spectral mlcrophyS|cs revealed the

~ particul er cases in the Carpathlans.

= All models still have problems with simulation
heavy precipitation in mountainous regions due to
complicated dynamical processes there.




Ukrainian Antarctic station “Akademik Vernadsky” through an iceberg window
(Foto by Krakovska S. 1998)



