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Assumptions

1. liquid droplets and ice particles are uniformly distributed in space 

2. Ni = const  and Nw = const,  
i.e. the cloud particles always stay inside the parcel at all times 
(no sedimentation) and  there is no activation of new cloud droplets
and no nucleation of ice particles

3. the water vapor pressure and temperature fields, at large distances
from cloud particles, are considered to be uniform and all cloud 
particles grow or evaporate under the same conditions (T, P, E)
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the supersaturation  in a mixed phase cloud

Ni ,  ri concentration and size of ice particles
Nw , rw concentration and size of droplets
a0, a1, a2, bi, bw, Bi, Bw coefficients dependent on T,P,E
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supersaturation in mixed phase 
cloud for Uz=0

Glaciation time of a mixed phase cloud for Uz=0



Glaciation time  Uz=0
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Three scenarios of the mixed phase evolution:
1. ice particles grow while liquid droplets evaporate (Wegener-Bergeron-Findeisen (WBF) mechanism) 
2. liquid and ice particles both evaporate
3. liquid and ice particles both grow 
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Threshold velocity for simultaneous 
liquid and ice particles growth
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all liquid all liquid

all ice all ice



Glaciation time:    Uz~sin(ωt)
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Glaciation time:    random vertical fluctuations

0 0.5 1 1.5 2 2.5 3 3.5 4

x 10
4

600

800

1000

1200

1400
H

ei
g

ht
 (

m
)

time (s)

500 1000 1500
0

5000

10000

15000

Height (m)

o
cc

ur
re

nc
e

-2 0 2
0

0.5

1

1.5

2
x 10

4

Uz (m/s)

oc
cu

rr
en

ce



0 0.05 0.1
800

850

900

950

1000

1050

1100

1150

1200

Water content (g/kg)

H
ei

gh
t (

m
)

IWC 

LWC 

0 0.5 1 1.5 2 2.5 3 3.5 4

x 10
4

0

0.02

0.04

0.06

0.08

0.1

time (s)

W
a

te
r 

C
on

te
nt

 [
g/

kg
]

LWC=0.0g/kg;   Nic e=10 l-1;    H=1000m;   To=-10(oC);    c=0.5

0 0.5 1 1.5 2 2.5 3 3.5 4

x 10
4

-30

-20

-10

0

10

20

time (s)

S
up

er
sa

tu
ra

tio
n 

(%
)

liquid
ice

liquid
ice



What is the characteristic scale of the single phase zones in mixed phase 
clouds?                                               1 cm?  1 m?   1 km?

The existence of  small scale isolated ice and liquid zones would result in 
extension of the lifetime of mixed phase clouds

Spatial structure of mixed phase zones





tgl ττ << The condition for the existence of isolated single phase liquid and ice 
zones with the characteristic scale L in clouds with isotropic turbulence
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ε~ 10-3 -10-4 m2/s3

The characteristic spatial scale of the 
single phase zones in mixed phase clouds

Lgl~101-103m



Conclusions

(a) Uz=0 ⇒

for Nice~103 l-1 ; WLWC0~0.1g/m3 ; c=1    ⇒ τgl~  102s      
for Nice~102 l-1 ; WLWC0~0.1g/m3 ; c=1    ⇒ τgl~  103s      
for non-spherical particles τgl should be scaled proportional to c-1. 
to a first approximation τgl does not depend on the droplet size distribution. 

(b) Uz > 0  or Uz < 0 (Uz = const)
τgl is a complex function of initial T0, P0, WLWC0, Nice, c, Uz.
τgl may both increase and decrease in updrafts with an increase of Uz.
τgl in descending parcels increases with an increase of downdraft velocity. 
Numerical modeling shows that glaciation in convective clouds having Nice<1000 l-1 and Uz>4m/s would 
never occur through the Wegener-Bergeron-Findesen mechanism before it reaches a level with T= -40oC. 
After this, glaciation occurs through spontaneous freezing.

(c) Uz ~ sin(ωt)   or  random fluctuations
The vertical oscillation of a cloud parcel may result in a periodic evaporation and activation of liquid droplets 
in the presence of ice particles. After a certain time, the average IWC and LWC reaches a steady state. This 
phenomenon may explain the existence of long-lived mixed phase stratiform layers.

(d) The characteristic spatial scale of the single phase zones in mixed phase clouds is Lgl~101-103m

3/2

0~ ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

i

LWC
gl N

Wτ



TR
gPU

dt
dP

m

z−=

( ) ( ) dt
dq

Cq
L

dt
dq

Cq
L

C
gU

dt
dT i

pv

il

pv

l

p

z

+
+

+
+−=

11

0=++
dt
dq

dt
dq

dt
dq ilv

llll
l SrNA

dt
dq

π4=

iiii
i SrNcA

dt
dq π4=



wiii
vp

wi

aw

v

w
www

vp

w

aw

v

w

iii
vp

wi

aw

v

w
z

avp

ww

w

SrNB
TRc

LL
RE

pR
S

rNB
TRc

L
RE

pR
S

rNB
TRc

LL
RE

pR
S

u
TR

g
TRc

gL
dt

dS
S

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+

+
+⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
+

+
−

−⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+

+
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
−=

+

22

2

*
22

1
1

1
1

1
1

1
1

CBSAS
dt

dS
ww

w +−= 2

iiiwww

iiiz
wqs rNbrNb

rNbuaS
+

−
=

*
0

( )

( ) w

t

wiiii

t

wwwww

t

wiiiz
w

w

StdtScArNBatdtSArNBa

tdtScArNaua
dt

dS
S

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
′−+′++′′+−

−′−+′+−=
+

∫∫

∫

0

2
02

0

2
01

0

2
020

1)(2)(2

1)(2
1

1

ξξ

ξξ


