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to excitation of rotational

Tcr =100 The temperature in the atmosphere 
is always <T and often <0 and vapor can

to excitation of rotational

is always <Tcr and often <0 and vapor can 
transform to water and ice
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What are the key parameters in the atmosphere?
Temperature (T), Water vapor density (W),
Humidity q=q010-0.159z – decreasing with altitude from analysis observational data at y q q0 g y

Alpine stations (Gann) 
Key Processes: 1. Condensation – Vaporization:  vapor      water

2 Sublimation: vapor ice

Thermodynamic parameters of WATER VAPOR ICE

2. Sublimation:           vapor       ice 
3. Melting – freezing:  water      ice

Density Density 
kg mkg m--33

Specific Specific 
heatheat

Transition latent Transition latent 
heat kgheat kg--11

Surface Surface 
tension tension 

Thermodynamic parameters of WATER, VAPOR, ICE

J degJ deg--11

kgkg--11
mm--22

IceIce 0.9170.917 21062106 IIW 3.34 x 10W 3.34 x 1055 IceIceairairIceIce

WaterWater

0.9170.917

1.0001.000

21062106

10071007

II W  3.34 x 10W  3.34 x 10
IIV  2.83 x 10V  2.83 x 1066

WWV(T=0V(T=0)  2.50x10)  2.50x1066

IceIce air air 
8.0x108.0x1044

WaterWater
vapourvapour

0.622x0.622xairair
ccp p = 1952= 1952
ccvv = 1463= 1463

(( ))
WWV(T=100V(T=100)2.25x10)2.25x1066 WaterWaterair air 

7.5x107.5x1044

Dry AirDry Air 1.2751.275

v v 

ccp p = 1004= 1004
ccv v = 717= 717
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Dependence 

of plate-like crystals fall  velocity on their 

size d (Fig)

and  types  (Table)



Cloud properties and types of snowflakes 
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Vertical profile of temperature
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Snowflake shape depend on

p , g

Snowflake shape depend on 
1) T-W – diagram;
2) nuclei composition (reagents)
(This property is used for reagent identification)(This property is used for reagent identification)

f >108%,  T~12-16 oC



Temperature and altitude of cloudTemperature and altitude of cloud

Average temperature of cloud base
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Vertical profile of average cloud 
amount 
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B l l d Above cloud

Temperature out  and  within clouds

Withi l dBelow cloud
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Aerosol nucleus impact:   How the snowflake starts to grow and how we can 
enhance this growth?

Snow quality for ski is regulated by type and shape of snowflakesSnow quality for ski is regulated by type and shape of snowflakes. 
Snowflake shape depend on 1) T-W – diagram  2) nuclei composition (reagents)

Particles of AgI and PbI2 are the most effective for freezing cooling droplets.g 2 g g p
1. Negative ions better stimulate the process of nuclei origin
2. External electric field impacts (depending on the sense)
3 Freezing of the cloud containing large droplets (5 - 500mkm) is happen during several3. Freezing of the cloud containing large droplets (5 - 500mkm) is happen during several 

seconds, -T=-10 – -15C – droplets size influence
4. The probability of the ice nuclei origin with aerosol particle has max for -T=10 – -12C
What turbulences can occur within the cloud?

1. Average velocity pulsation is 0.2 – 0.3 m/s with Gauss distribution  in St
2 Turbulence coefficient is 10 15m2/s2. Turbulence coefficient is 10 – 15m2/s 
3. Water content average Qw=0.33(T=5) – 0.15(T= – 15) g/m3

4. Water column  P = Qwz = 0.04 – 0.15 kg/m2

5. Average velocity pulsation is 1 – 4 m/s   Cu, Cb,  max = 10 – 15m/s
6. Turbulence coefficient is 50 – 150 m2/s
7 Water content average Q = 0 6(T=5) – 0 4(T=-15) g/m3 max: 2g/m37. Water content average Qw  0.6(T 5) 0. 4(T 15) g/m max:  2g/m
8. Ice content is in one order less
9. P = Qwz = 0.08 – 0.28 kg/m2 , P=0.3z2



What ground conditions are needed that the snow survives
1) surface temperature1) surface temperature 
2) type of the surface (roughness)
3) declination of the surface (governs sliding of snow mass, melting water run-

off)off)  
4) vegetation
5) shadowing 
6) i t ti6) orientation

What are the atmospheric parameters that make snow surviving?p p g
1) temperature profile (regulates cloudiness, precipitation, humidity)
2) water vapour density profile (regulates cloudiness, precipitation)
3) wind velocity (cooling factor)3) wind velocity (cooling factor)
4) declination of the surface (solar illumination)
5) cloud amounts (governs shadowing by clouds - cooling, greenhouse 

warming)S warming)
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RETRIEVAL OF CLOUD OPTICAL PARAMETERS FROM SATELLITE OBSERVATIONRETRIEVAL OF CLOUD OPTICAL PARAMETERS FROM SATELLITE OBSERVATION

for precipitation forecast for precipitation forecast 

W 51
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 5,1
P i it tiPrecipitation 
amount
J =W -1J =W 1

~ t



Surface Albedo impact: 

,
)(1
),()1()( 00

0 





AA

FAR SS

= 0.025 fresh snow

= 0 160 old snow

),(

)(1

00

0








F

AAs
= 0.160 old snow

=0.8   clear sky),( 00 
=0.4   clouds

Albedo:     fresh snow A=0.98,       old snow A=0.85

=0 03 clear sky fresh snow
)1( AS

=0.03 clear sky, fresh snow

=0.05 clouds, fresh snow
))(1( 0AAS =0.2 clear sky, old snow

=0.4 clouds, old snow



REFERENCES:REFERENCES:

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

22 HandbookHandbook ofof Clouds and Cloudy Atmosphere ed I P Mazin A Kh KhrgianClouds and Cloudy Atmosphere ed I P Mazin A Kh Khrgian2.2. HandbookHandbook of of Clouds and Cloudy Atmosphere, ed. I.P.Mazin, A.Kh. Khrgian, Clouds and Cloudy Atmosphere, ed. I.P.Mazin, A.Kh. Khrgian, 
Leningrad, Leningrad, Hydrometeoizdat, 1989, Hydrometeoizdat, 1989, (in Russian).(in Russian).

3.3. Yu. A. Dovgalyuk, L. S. Ivlev. Physics of Water and other Atmospheric Yu. A. Dovgalyuk, L. S. Ivlev. Physics of Water and other Atmospheric 
A lA l St P t b St P t b U i it 1998 324St P t b St P t b U i it 1998 324Aerosols Aerosols St.Petersburg, St.Petersburg University, 1998, 324 pp. St.Petersburg, St.Petersburg University, 1998, 324 pp. (in (in 
Russian).Russian).

4. L. S. Ivlev,  Yu. A. Dovgalyuk. Physics of Atmospheric Aerosols Systems 4. L. S. Ivlev,  Yu. A. Dovgalyuk. Physics of Atmospheric Aerosols Systems g y y p yg y y p y
St.Petersburg, NIIH, 1999, 258 pp. St.Petersburg, NIIH, 1999, 258 pp. (in Russian).(in Russian).

5. Atlas of Snowflakes. ed. Yu. A. Dovgalyuk, T. A. Pershina St.Petersburg, 5. Atlas of Snowflakes. ed. Yu. A. Dovgalyuk, T. A. Pershina St.Petersburg, 
Hydrometeoizdat 2005 140 ppHydrometeoizdat 2005 140 pp (Bilingual)(Bilingual)Hydrometeoizdat, 2005, 140 pp. Hydrometeoizdat, 2005, 140 pp. (Bilingual).(Bilingual).

6.6. Melnikova I., A. VasilyevMelnikova I., A. Vasilyev,, ShortShort--wave solar Radiation in the Earth Atmosphere. wave solar Radiation in the Earth Atmosphere. 
Calculation. Observation. Interpretation. Calculation. Observation. Interpretation. Heidelberg, SpringerHeidelberg, Springer--Verlag Verlag 
G bH&C KG 2004 310G bH&C KG 2004 310GmbH&Co.KG, 2004, 310 pp. GmbH&Co.KG, 2004, 310 pp. 

7. L.G.Kachurin. Physical Basement of Influence to Atmospheric Processes. 7. L.G.Kachurin. Physical Basement of Influence to Atmospheric Processes. 
Leningrad, Hydrometeoizdat. 1973, 366 pp. Leningrad, Hydrometeoizdat. 1973, 366 pp. (in Russian).(in Russian).g , y , ppg , y , pp ( )( )

8. G.F. Prikhotko. Artificial Preciptation from Convective Clouds. Leningrad, 8. G.F. Prikhotko. Artificial Preciptation from Convective Clouds. Leningrad, 
Hydrometeoizdat, 1968, 175 pp. Hydrometeoizdat, 1968, 175 pp. (in Russian).(in Russian).



Thank you for attentionThank you for attentionThank you for attentionThank you for attention


