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Abstract

Cloud overlap parameter a was estimated on remote sensing data. This parameter is a measure
of the relative weight of maximum (a = 1) and random (a = 0) overlap, and may be used to
diagnose relative contribution of convective and stratiform cloudiness to total cloud fraction.
Cloud overlap parameter a was calculated on passive satellite data MODIS and CERES for total
cloud fraction; for both cases the vertical structure of cloud was assessed by using active
satellite data CALIPSO. The global annual mean « is 0.36 (for CERES) and 0.26 (for MODIS),
which points to the dominance of random overlap. Values of a are higher over land than over
the ocean. The most prominent annual cycle of a is noted in the monsoon regions where a is
close to 1 in winter and almost 0 in summer. The maximum cloud overlap is associated with
small values of cloud fraction and occurs in subtropical highs over the ocean and in subtropical
and polar deserts over land. The random cloud overlap occurs in regions with large values of
cloud fraction (e.g., ITCZ and midlatitudinal storm tracks). Midlatitude oceanic lows are
characterized by negative values of a, mostly in summer. Presumably, the assumption of the
minimum overlap of cloud layers should be used in these regions due to strong baroclinic
instability and horizontal shift of cloud layers.

http://dx.doi.org/10.21046/2070-7401-2017-14-1-216-225

Keywords

Baroclinic instability, Cloud overlap, Cloud overlap parameter, Convective and stratiform
cloudiness, Maximum overlap, Minimum overlap, Random overlap, Satellite data, Total
cloudiness

References

[1] Chernokulsky A.V., Nochnaya i dnevnaya oblachnost' po raznym sputnikovym dannym (Day and Night
Cloudiness Using Satellite Data from Different Sources), Izvestiya RAN, Seriya geographicheskaya, 2015, No. 6,
pp. 48-60.

[2] Chernokulsky A.V., Mokhov I.I., Sravnenie sovremennykh global'nykh klimatologiy oblachnosti (Comparison of
global cloud climatologies), Sovremennye problemy distantsionnogo zondirovaniya Zemli iz kosmosa, 2009.
Vol. 6, No. 2, pp. 235-243.

[3] Chernokulsky A.V., Mokhov I.I., Sravnitel'niy analiz kharakteristik global'noi i zonal'noi oblachnosti po
razlichnym sputnikovym i nazemnym nabludeniyam (Intercomparison of Global and Zonal Cloudiness
Characteristics from Different Satellite and Ground-Based Data), Issledovanie Zemli iz kosmosa, 2010, No. 3,
pp. 12-29.

[4] Esau I.N., Chernokulsky A.V., Convective Cloud Fields in the Atlantic Sector of the Arctic: Satellite and Ground-
Based Observations. Izvestiya, Atmospheric and Oceanic Physics, 2015, Vol. 51, No. 9, pp. 1007-1020.


http://dx.doi.org/10.21046/2070-7401-2017-14-1-216-225

(5]

(6]

(7]

(8]

[9]

[10]

(11]

[12]

[13]

(14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]

Barker H.W., Stephens G.L., Fu Q., The sensitivity of domain-averaged solar fluxes to assumptions about cloud
geometry, Q. J. R. Meteorol. Soc., 1999, Vol. 125, pp. 2127-2152.

Bony S., Stevens B., Frierson D.M.W., Jakob C., Kageyama M., Pincus R., Shepherd T.G., Sherwood S.C.,
Siebesma A.P., Sobel A.H., Watanabe M., Webb M.]., Clouds, circulation and climate sensitivity, Nature Geosci.,
2015. Vol. 8, No. 4, pp. 261-268.

Chepfer H., Bony S., Winker D., Cesana G., Dufresne J.-L., Minnis P., Stubenrauch C.J., Zeng S., The
GCMOriented CALIPSO Cloud Product (CALIPSO-GOCCP), J. Geophys. Res., 2010, Vol. 115, pp. DOOH16.

Chernokulsky A.V., Bulygina O.N., Mokhov L.I., Recent variations of cloudiness over Russia from surface daytime
observations, Environ. Res. Let., 2011, Vol. 6, No. 3, pp. 035202.

Chernokulsky A.V., Mokhov L.I., Climatology of total cloudiness in the Arctic: An intercomparison of observations
and reanalyses, Adv. in Meteorol., 2012, Vol. 2012, Article ID 542093, 15 p.

Di Giuseppe F., Tompkins A.M., Generalizing Cloud Overlap Treatment to Include the Effect of Wind Shear, |.
Atm. Sci., 2015, Vol. 72, No. 8, pp. 2865-2876.

Eastman R., Warren S.G., A 39-Yr Survey of Cloud Changes from Land Stations Worldwide 1971-2009: Long-
Term Trends, Relation to Aerosols, and Expansion of the Tropical Belt, J. Climate, 2013, Vol. 26, No. 4, pp.
1286-1303.

Eastman R., Warren S.G., Hahn C.J., Variations in Cloud Cover and Cloud Types over the Ocean from Surface
Observations, 1954-2008, J. Climate, 2011, Vol. 24, No. 22, pp. 5914-5934.

Eliseev A.V., Coumou D., Chernokulsky A.V., Petoukhov V., Petri S., Scheme for calculation of multi-layer
cloudiness and precipitation for climate models of intermediate complexity, Geosci. Model Dev., 2013, Vol. 6,
No. 5, pp. 1745-1765.

Geleyn J.F., Hollingsworth A., An economical analytical method for the computation of the interaction between
scattering and line absorption of radiation, Contrib. Atmos. Phys., 1979, Vol. 52, pp. 1-16.

Hogan R.J., lllingworth A.J., Deriving cloud overlap statistics from radar, Q.).R. Meteorol. Soc., 2000, Vol. 126,
pp. 2903-2909.

King M.D., Platnick S., Menzel W.P., Ackerman S.A., Hubanks P.A., Spatial and Temporal Distribution of Clouds
Observed by MODIS Onboard the Terra and Aqua Satellites, IEEE Trans. Geosci. Remote Sens., 2013, Vol. 51,
No. 7, pp. 3826-3852.

Li J., Huang J., Stamnes K., Wang T., Lv Q., Jin H., A global survey of cloud overlap based on CALIPSO and
CloudSat measurements, Atmos. Chem. Phys., 2015, Vol. 15, No. 1, pp. 519-536.

Mace G.G., Zhang Q., Vaughan M., Marchand R., Stephens G., Trepte C., Winker D., A description of
hydrometeor layer occurrence statistics derived from the first year of merged Cloudsat and CALIPSO data, J.
Geophys. Res., 2009, Vol. 114, pp. DO0A26.

Mace G.G., Benson-Troth S., Cloud-Layer Overlap Characteristics Derived from Long-Term Cloud Radar Data, ].
Climate, 2002, Vol. 15, pp. 2505-2515.

Minnis P., Sun-Mack S., Young D.F., Heck P.W., Garber D.P., Chen Y., Spangenberg D.A., Arduini R.F., Trepte
Q.Z., Smith W.L., Ayers J.K., Gibson S.C., Miller W.F., Hong G., Chakrapani V., Takano Y., Liou K.-N., Xie Y., Yang
P., CERES Edition-2 Cloud Property Retrievals Using TRMM VIRS and Terra and Aqua MODIS Data-Part I:
Algorithms, IEEE Trans. Geosci. Remote Sens., 2011, Vol. 49, No. 11, pp. 4374-4400.

Naud C.M., Del Genio A., Mace G.G., Benson S., Clothiaux E.E., Kollias P., Impact of Dynamics and Atmospheric
State on Cloud Vertical Overlap, J. Climate, 2008, Vol. 21, No. 8, pp. 1758-1770.

Soden B.J., Vecchi G.A., The vertical distribution of cloud feedback in coupled ocean-atmosphere models,
Geophys. Res. Let., 2011, Vol. 38, No. 12, pp. L12704.

Stubenrauch C.J., Rossow W.B., Kinne S., Ackerman S., Cesana G., Chepfer H., di Girolamo L., Getzewich B.,
Guignard A., Heidinger A., Maddux B.C., Menzel W.P., Minnis P., Pearl C., Platnick S., Poulsen C., Riedi J., Sun-
Mack S., Walther A., Winker D., Zeng S., Zhao G., Assessment of global cloud datasets from satellites: Project
and database initiated by the GEWEX Radiation Panel, Bull. Am. Meteorol. Soc., 2013, Vol. 94, No. 7, pp. 1031-
1049.



