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Datasets for global characteristics of cloudiness 
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Datasets used: 
 
•  Satellite Observations 
 (ISCCP, UW HIRS, Patmos-X, MODIS (Terra and Aqua), 
CERES (Terra and Aqua), PARASOL-POLDER, AIRS-
LMD, CALIPSO-GOCCP, MISR, ATSR-GRAPE) 
 
•  Surface Observations 
(EECRA, CRU, ICOADS, RIIHMI)  
 
•  Reanalyses data 
(ERA-40, ERA-Interim, NCEP/NCAR, NCEP/DOE, JRA, 
MERRA) 
 
•  GCM Simulations 
(22 Global Climate Models from CMIP3 Project, 
IAPRAS CM) 
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Annual-mean cloud fraction 
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Annual-mean cloud fraction (CF) 
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Global annual-mean cloud fraction 
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Total cloud fractions over ocean 
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Global annual-mean CF 

Cloudiness over ocean: 
~0.7 (from 0.6 to 0.77) 

Cloudiness over land: 
~0.55 (from 0.41 to 0.69) 

According to observations 

Reanalyses and GCM 
underestimate total cloudiness, 
mostly over the ocean 

Cloudiness over land and ocean: 
~0.65 (from 0.56 to 0.75) 
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Largest distinctions 
among observations 
are noted  
In polar latitudes 

In general,  
GCM and reanalyses 
underestimate cloud 
fraction 
in midlatitudes 
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Zonal annual-mean cloud fraction 

Zonal annual-mean 
CF 
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Observations 

Reanalyses 

GCM 

EECRA
ISCCP
UW HIRS
Patmos-X
MODIS Aqua
MODIS Terra

CERES Terra
CERES Aqua
PARASOL-POLDER
AIRS-LMD
CALIPSO-GOCCP
MISR
ATSR-GRAPE

EECRA
ISCCP

ERA-40
ERA-Interim
NCEP/NCAR
NCEP/DOE
MERRA
JRA-25

GISS AOM
GISS model EH
GISS model ER
IAP FGOALS-g1.0
INGV SXG
INM CM 3.0
IPSL CM 4

EECRA
ISCCP
CMIP3 ensemble mean
IAP RAS CM

BCCR BCM 2.0
CCMA CGCM 3.1
CNRM CM 3.0
CSIRO MK 3.0
CSIRO MK 3.5d
GFDL CM 2.0
GFDL CM 2.1

MIROC 3.2
MIUB ECHO-G
MPI-OM ECHAM 5
MRI CGCM2.3.2
NCAR CCSM 3
NCAR PCM 1
UKMO HadCM 3
UKMO HadGEM 1
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Land+Ocean Only Land Only Ocean 

Taylor diagrams for spatial distributions 
of annual-mean CF 

Reference dataset is EECRA (surface observations) 
Angle axis corresponds to coefficient of spatial correlation between cloudiness field 
from reference and other data 
Radial axis corresponds to spatial standard deviations of cloudiness field from 
different data normalized by reference data spatial standard deviations  
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Spatial distribution of annual-mean cloud fraction 
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Seasonal differences in cloud fraction 
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Seasonal differences in CF 
 

(June-July-August (JJA) mean –  
December-January-February (DJF) mean) 
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Largest distinctions 
among different datasets 
are noted in polar regions 
(even in sign on seasonal 
difference) 

In general, reanalyses 
and GCM overestimate 
seasonal difference 
In midlatitude 

I.I. Mokhov and A.V. Chernokulsky Global and North Eurasian Characteristics of Cloudiness 
5th International conference “Atmospheric physics, climate, and environment”. Russia, Saint-Petersburg, Peterhof, June 27 – July 2, 2010 

Seasonal differences in zonal-mean cloud fraction 

Seasonal differences in 
zonal-mean CF 

EECRA
ISCCP
UW HIRS
Patmos-X
MODIS Aqua
MODIS Terra

CALIPSO-GOCCP
MISR
ATSR-GRAPE

CERES Aqua
CERES Terra
PARASOL-POLDER
AIRS-LMD

Observations 

Reanalyses 

GCM 
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EECRA
ISCCP

ERA-40
ERA-Interim
NCEP/NCAR
NCEP/DOE
MERRA
JRA-25

GISS AOM
GISS model EH
GISS model ER
IAP FGOALS-g1.0

EECRA
ISCCP
CMIP3
ensemble mean

IAP RAS CM

BCCR BCM 2.0
CCMA CGCM 3.1
CNRM CM 3.0
CSIRO MK 3.0
CSIRO MK 3.5d
GFDL CM 2.0
GFDL CM 2.1

INGV SXG
INM CM 3.0
IPSL CM 4
MIROC 3.2
MIUB ECHO-G
MPI-OM ECHAM 5
MRI CGCM2.3.2

NCAR CCSM 3
NCAR PCM 1
UKMO HadCM 3
UKMO HadGEM 1

9/18 



I.I. Mokhov and A.V. Chernokulsky Global and North Eurasian Characteristics of Cloudiness 
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Spatial distribution of seasonal differences in cloud fraction 

Taylor diagrams for spatial distributions of 
seasonal differences in CF (JJA-DJF) 

Reference dataset is EECRA (surface observations) 
Angle axis corresponds to coefficient of spatial correlation between cloudiness field 
from reference and other data 
Radial axis corresponds to spatial standard deviations of cloudiness field from 
different data normalized by reference data spatial standard deviations  

Land+Ocean Only Land Only Ocean 
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Regional features of cloudiness seasonal differences over Northern Eurasia 
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Seasonal differences in CF over Northern Eurasia (JJA-DJF) 

11/18 

EECRA (ground-based observations) ISCCP (satellite observations) 

Patmos-X (satellite observations) MODIS Aqua (satellite observations) 

ERA-40 (reanalysis) CMIP3 (GCM ensemble mean) 



Diurnal cycle of cloud fraction 
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Diurnal cycle of CF 
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Diurnal cycle of cloud fraction 
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NH SH 

Day/night differences of hemisphere-mean CF  
(day – night) 

Land: day CF > night CF in NH, uncertainty in SH 
Ocean: night CF > day CF in SH, uncertainty in NH 

Land+Ocean: day CF > night CF in NH, reverse in SH 
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Causes of data discrepancy 
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Causes of data discrepancy: 
 

•  Differences among cloud detection algorithms 
in different data 

•  Data inhomogeneity and accuracy (5-10%) 

•  The selection of averaging period (1-3% global 
CF, up to 30% regional CF) 

•  CF diurnal cycle (up to 15% over land and up 
to 7% over ocean) 
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Causes of data discrepancy: averaging period 
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The problem of selection of the unified averaging period 

Global annual-mean CF from satellite and ground-based observations 

CF differences between short period and whole period in one data < 1-3% 
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Causes of data discrepancy: averaging period 
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Regional features of averaging period selection:  
El Nino / La Nina  

up to 30% 

Differences in DJF CF between 5 El Nino and 5 La Nina years (from ISCCP data) 
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Causes of data discrepancy: CF diurnal cycle 
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Influence of cloud diurnal cycle on CF detection 
Global-mean CF: Differences between once-a-day / twice-a-day 
measurements and four-time-a-day measurements (from Patmos-X data) 

Only afternoon measurements: 
CF is overestimated over land and 
underestimated over ocean 
 
Only morning measurements: 
CF is overestimated over ocean 
and underestimated over land 
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CONCLUSIONS 
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•  Global annual-mean CF is about 65% over land and ocean, it is about 
55% over land and about 70% over ocean according to up-to-date 
satellite and surface observations. 

•  The largest distinctions of among different observations are noted over 
polar regions (for annual-mean CF as well as for CF seasonal 
difference).  

•  As a whole reanalyses and model simulations show less CF than 
observations mostly because of an underestimation in midlatitudes in 
both hemispheres. In general, model simulations and reanalyses has 
better agreement with observations in terms of annual mean CF and 
worse agreement in terms of seasonal difference.  

•  The main distinctions between observations are connected with time of 
observations and with algorithms of cloud detection 

Acknowledgements to all science team who prepared cloudiness datasets  


