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Water molecule is a polar molecule. It has constant polal
moment. which is equal to-1.87 D."Three nuclei in water molecule
form isosceles triangle with two protons in the base and .oxygen
nucleu.e in the peak (a). Eleetmstatw water madel Euaks Like
regular tetrahedrom. Tetrahédron center is located in the center
of molecule mass, two peaks have positive charge (+0. de) and
the other two negative (—0.6e) (b). First such model was
pmposed by D Bernal and R Fﬂuler (1933 )

Ice has strir:tly-dei‘elrmined,pstructure. Each water mﬁlecule
within ice is connected by hydrogen bondswith nearest molecule




Propertwe ‘of. dfffe:rept w.ater pkasee are determ:ned by
peculiarities of it motécule structure. Sizes and_form of
molecule can be chungad dueto exeut n of retaflu..a' osmuatmn
and electran {zbertc_.r deg?‘ﬁ'e. ¢

] T, =100° The temperature in the atmosphere
_ Is always <T,, and often <0° and vapor can
- transform to water and ice
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There is so cal l.?d mple point of water B Here water can
. be in vapour, liquid-and sahd phase at the same time

(T,= 0.0075 °C, p”—ﬁf }zP.:;)




Electrons of: oxygén and hydrogen take part-in
formation of ‘chemical-{covalent } bonds Hydrogen atoms
have vnly one electron shell with the oniy one electron,
oxygepn atom has two « shells | first is inner with twc
electrons and the decongd one is exterior with six electrons.
Two electrons of hydrogen atoms fill vacancies of two
missed (to eight ) electrons of ‘exterior shell of oxygen

3 ) ] L = - : ¥ T
atom in order exterior’ shell tobe stghle,




What are the in the atmosphere?
Temperature (T), Water vapor density (W),

Humidity q=q,10°15%2 — decreasing with altitude from analysis observational data at
Alpine stations (Gann)

: 1. Condensation — Vaporization: vapor  water
2. Sublimation: vapor ice

3. Melting — freezing: water ice

Thermodynamic parameters of WATER, VAPOR, ICE

Density Specific Transition latent Surface
kg m-3 heat heat kg tension

J deg m-2
kg-1

2106 I-W 3.34 x 10° Ice-air
I-V 2.83 x 106 8.0x104

Water 1.000 W-V(T=0°) 2.50x10°
W-V(T=100°)2.25x10%° Water-air

Water 7 .5x104
0.622Xxp,:
vapour Pair

Dry Air




Temperature of freezing

and crystallization

\

L0
(90}

‘almeladwal Buizeal4

1.E+04
,mkm

1.E+03

1.E+02

1.E+01

so|olued-|1by Jo JaqunpN

o
N
1
O
o
o o
<o
S
©
N
©
o
7
o
- o
Y =
o
(D]
-
>
S
©
-
(D]
_k_up
e
(D]
T

Diameter of drop




UM/

U,
A Dependence
of plate-like crystals fall velocity on their
06—
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04— e size d (Fig)
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3 Snowflakes iall velacity data [2]
R low! 3 owilake fall
) = - L Snowllakes lom jmnm oty em /s
) Bullets 0.32—0.52 77.0—106.3
0.39—0.55 58.7—80.7
capped with plates (0.48—(.85 61.0—91.7
Clusters : 0.54—0 85 75.6—106.3
capued with platas 0.23—1 23 S T00—1182
Ulumns capped with plates on both 0.65l—1 .36 69.4—1131
erds

Thick plates {01 spatial hexagonzls) (1.28—0.43 422480
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, {j:{g,—.—lj_ﬁﬁ ?ﬂg“ ; ,,.,“,

Stellar crystals -

dendeitic with oranched 05l—a08 12.5—46.3

21 i—67 9

plate-like 0.42—1.30 21.0—-61.0
arausel , 0.28—1 35 3441136



Cloud properties and types of snowflakes

Heights, km Temperature, °C Snowflake type
within Near A
surface T

0.3-0.5km e
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Sc 0.45 1.1 650 -3.4 -6.5 -1.0 -2.0 -0.4 X X
1.50 2.1 600 -9.4 -14.5

Sc 0.7 1.0 300 -11.5-13.5 - -10.7-10.7 X
1.7 1.9 200 -17.4 -20 10.0

Sc 1.7 2.15 450 -20.4-21.2 - -10.9-10.9
Frnb 10.0

Ns 0.85 3.05 2200 -9.0 -19.1-3.2 -2.6 -2.6

Frnb 0.6 -5.5 -7.0
Ns 1.8 4.0 2200-11.7-27.0-7.8 -7.3 -7.3

Frnb 0.7 0.75 50 -7.0 -8.0

Ns 1.1 5.5 4400-10.0-33.0-5.5 -3.8 -3.8
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NIl types

owlilake types
o we  falls

T F saitiel Center of Russia Verkho-

) S European part yansk
Clusters 38.5 26
Stellar crystals 28.0 - -
Plates 17.0 34
Needles 9.3 6
Capped columns 2.0 —
Columns 1.8 34
Snow graupel 3.4 —




Vertical profile of temperature

winter
summer T

Altitude, km

Temperature, grad C

Snow quality for ski is regulated by type
and shape of snowflakes.

Snowflake shape depend on ,
. _ ' Dependence of snow crystals form on air
1) T-W — diagram; emperature (f) and water vapour density excess (f)

2) nuclei composition (reagents) (the diagram of U. Nakaya).

(This property is used for reagent identification /I — dendrites; 2 — sector stellar crystals and plates; 3 —
thick plates. spatial plates; 4 — needles; 5§ — irregular need-
les; 6 — columns; 7 — cups;

f >108%, T~12_16 OC I—VIl — regions with predominant crystal form.

W — water saturation; / — ice saturation.




Temperature and altitude of cloud

Average temperature of cloud base Average altitude of cloud base and top
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How high are the Clouds: Types, Altitudes, Temperatures, Precipitation

Thicknes

Ititude ks
m
, km

7~ . F~

Livuu wypce

High . Cirrus (Ci)
level _ Cirrocumullus
>6 . Cirrostratus

Low level

Stratus (St)

a2k el o
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Temperature
Base Top Gradient

summer, Cb
Ttop=-15;
Thase=-1
-7 -10
-7 -12

-10




Vertical profile of average cloud
amount
NE,W
E.W
0.7 o Cloud amount and
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Temperature out and within clouds

Below cloud Within cloud

Temperature deviation,’C
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S
©
[72]
g8}
O
o
>
o
(&)
()
<
+—
e
o
S
Y
(D)
(&)
e
©
+—
®
(m)

0

°C Temperature, °C

Appeared that it is not important for dendrite shape

It is important!




Aerosol nucleus impact: How the snowflake starts to grow and how we can

enhance this growth?
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Snowflake shape depend

Particles of Agl and Pbl, are the most effective for freezing cooling droplets.

. Negative ions better stimulate the process of nuclei origin

. External electric field impacts (depending on the sense)

. Freezing of the cloud containing large droplets (5 - 500mkm) is happen during several
seconds, — droplets size influence
. The probability of the ice nuclei origin with aerosol particle has max for

What turbulences can occur within the cloud?

© 00 N o R

Average velocity pulsation is 0.2 — 0.3 m/s with Gauss distribution in St
Turbulence coefficient is 10 — 15m?/s

Water content average Q,=0.33(T=5) — 0.15(T= - 15) g/m3

Water column P = Q,Az = 0.04 — 0.15 kg/m?

Average velocity pulsationis 1 —4 m/s Cu, Cb, max =10 — 15m/s
Turbulence coefficient is 50 — 150 m2/s

Water content average Q,= 0.6(T=5) — 0. 4(T=-15) g/m® max: 2g/m3
Ice content is in one order less

P=0Q,Az =0.08 —0.28 kg/m? , P=0.3Az?




What ground conditions are needed that the snow survives

1\ su irfaro tamnaratiira
Ul iIQAuv U LbllleluLul\;

2) type of the surface (roughness)

3) declination of the surface (governs sliding of snow mass, melting water run-
off)

4) vegetation

5) shadowing

6) orientation

What are the atmospheric parameters that make snow surviving?

1) temperature profile (regulates cloudiness, precipitation, humidity)

2) water vapour density profile (regulates cloudiness, precipitation)

3) wind velocity (cooling factor)

4) declination of the surface (solar illumination)

5) cloud amounts (governs shadowing by clouds - cooling, greenhouse




RETRIEVAL OF CLOUD OPTICAL PARAMETERS FROM SATELLITE OBSERVATION

for precipitation forecast
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Surface Albedo impact:
= fresh snow

= old snow
=0.8 clear sky

=0.4 clouds

Albedo: fresh snow A=0.98,

=0.05 clouds, fresh snow

=0.2 clear sky, old snow

=0.4 clouds, old snow




REFERENCES:

1. John M. Wallace, Peter V. Hobbs Atmospheric Science (an introductory
survey). Academic Press. 1977, 470 pp.

2. Handbook of Clouds and Cloudy Atmosphere, ed. |.P.Mazin, A.Kh. Khrgian,
Leningrad, Hydrometeoizdat, 1989, (in Russian).

3. Yu. A. Dovgalyuk, L. S. lvlev. Physics of Water and other Atmospheric
Aerosols St.Petersburg, St.Petersburg University, 1998, 324 pp. (in
Russian).

4. L. S. Ilvlev, Yu. A. Dovgalyuk. Physics of Atmospheric Aerosols Systems
St.Petersburg, NIIH, 1999, 258 pp. (in Russian).







