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Abstract
Clouds play an important role in modulating Earth's radiation balance and hydrological cycle. The
response of clouds to global climate is considered one of the most considerable uncertainties in
climate prediction. To minimize the significant uncertainty in the climate models, accurate
measurement of cloud fraction (CF) or cloudiness is the first and foremost requirement. Since CF's
'true’ global distribution can not be obtained from ground-based measurements, satellite remote
sensing is the only tool to get the global distribution of cloudiness at a continuous scale for a long-
term period. However, considerable disagreements exist in the measurements of CF among various
satellites, making it difficult to use them to evaluate and improve climate model predictions. Major
causes for discrepancies among satellite derived CFs are (a) finite scale of cloud detection
('resolution effect’), (b) viewing geometry of sensors (‘'view angle effect'), (¢) 'diurnal cycle' effect,
and (d) 'instrument sensitivity and cloud detection methodology' effect. The only way to have a
more realistic estimate of global CF is to minimize the uncertainties mentioned in satellite cloud
remote sensing. In this thesis, the causes mentioned above for discrepancies in satellite cloud

remote sensing have been addressed toward improved estimates of global cloud coverage.

Passive remote sensing instrument Multi-angle Imaging SpectroRadiometer (MISR) uses 'clear-
conservative cloud masking' to detect a pixel as "cloudy" if it contains any subpixel level cloud
defined. This factor causes the 'resolution effect' present in MISR CF. A pattern recognition
technique algorithm has been included in the MISR standard CF product to correct CF's 'resolution
effect' bias since 2014 but was yet to be assessed. In this thesis, the resolution-corrected MISR CF
product has been assessed to answer whether an improved estimate of near-global (50N-50S)

cloud coverage has been achieved after this resolution effect correction. The study shows a large



reduction (up to ~0.4) in MISR CF after resolution correction is applied using the pattern
recognition technique. New MISR resolution-corrected CF is observed to be within £0.05-0.08 of
ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer) CF which is

considered a 'true' CF because of its' very high pixel resolution (15m).

MODIS (Moderate Resolution Imaging Spectroradiometer), a passive remote sensing instrument,
has a broader swath width of 2,330 km than MISR's much narrower swath of 360 km. This fact
causes the dependencies of MODIS cloud properties on its viewing geometry which is undesirable
but inevitable. The present thesis has corrected the 'view-angle effect' in MODIS CF. Near-global
cloud cover has been reduced from 0.66 to 0.59 after the view-angle correction was applied to
MODIS data for all seasons. Ground-based observations also have a viewing geometry effect in
measuring cloud cover. The 'view-angle effect' has been corrected for the ground-based
observation data (EECRA - Extended Edited Synoptic Cloud Reports Archive). Like MODIS,
here also, CF is reduced after view-angle correction, and the reduction happens from 0.61 to 0.57

on an annual scale.

Improved understanding of atmospheric circulation processes demands accurate knowledge
about height-stratified cloud amounts and cloud vertical structure. However, because of the
existing uncertainties among sensors to detect high, mid, and low clouds, explicit knowledge about
the vertical distribution of clouds seems elusive. The present thesis examines the state-of-the-art
long-term passive and active CF data products and the ground-based observation to examine their
strengths and weaknesses in detecting clouds at different altitudes. It is evident from the study that

no single dataset can be treated as the 'true' source of height-stratified CF as some sensors are good
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at detecting low clouds while others are sensitive to high ones. Broadly, it has been found that high
level clouds are best observed by CALIPSO-GOCCP (GCM-Oriented Cloud-Aerosol Lidar and
Infrared Pathfinder Satellite Observation) among active remote sensors and by ISCCP
(International Satellite Cloud Climatology Project) among passive sensors. MISR is good at
detecting low level clouds which are well observed by CloudSat radar and ground-based
observation. The results of this chapter are consistent with previous studies but provide new

insights about the height-stratification and vertical distribution of clouds.

Observation at a very high temporal resolution is needed to monitor highly variable parameters
like fractional cloud coverage. Using observations only from sun-synchronous or polar orbiting
satellites can not be used directly to study the cloud dynamics because their time sampling is too
infrequent to capture the evolution of cloud systems. To overcome this issue, continuous
observations are required from geostationary satellites, capable of providing information at a very
high temporal resolution. In the present thesis, the diurnal scale signature of cloud coverage has
been studied, focusing on the geostationary satellite Kalpana-1 over the south Asian monsoon
region. It has been found that the Indian meteorological satellite Kalpana-1 has well observed the
diurnal scale signature of total CF over the Indian subcontinent. Amplitude and local time of
maximum CF show seasonal and spatial variability over the land and oceanic regions. Kalpana-1
CF has been assessed against MISR resolution-corrected CF and found positively correlated with

the new MISR CF.

This thesis work thus addresses all the above mentioned uncertainties involved in satellite cloud

remote sensing to get improved cloud cover estimates. Once the CF climatology from various

Vii



datasets converges after correcting these uncertainties, it will be more prudent to fuse multiple
datasets according to their strengths and derive a unified global height-stratified cloud climatology.
The outcome of this PhD thesis work is a step forward toward improved estimates of global cloud
fraction climatology, which is an important step for an accurate estimate of Earth's radiation

budget.
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Figure 4.7: Altitude wise zonal mean CF distribution from joint
CloudSat-CALIPSO product over land.
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Figure 4.8: Altitude wise zonal mean CF distribution from MISR CFbA
product over land.

73

Figure 4.9: Altitude wise zonal mean CF distribution from MISR CFbA
product over land.
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Figure 5.1: (a) and (b) show seasonal climatology of total CF at 1030 am over
the Indian subcontinent from Kalpana-1 and MISR CFbA. (c) represents the
difference plots between CFbA and Kalpana-1, and (d) is Kalpana-1 vs MISR
CFbA with calculated correlation coefficient.

87

Figure 5.2: (a) 3-hourly diurnal variation of CF from Kalpana-1 and (b) ISCCP
H-series product in JJAS months over the Indian subcontinent.
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Figure 5.3: Phase (Local time of maximum) of total CF for all seasons (DJF,
MAM, JJAS, ON). Local times are in IST (Indian Standard Time).
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Figure 5.4: Amplitudes (difference between maximum and minimum) of total
CF for all seasons (DJF, MAM, JJAS, ON). The regions selected for
half-hourly CF analysis are pointed by the boxes in the left-most plot.
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Figure 5.5: Half-hourly variation of total CF averaged over three oceanic
regions (N10-N15, E85-E92 north BoB, NO-N10, ES5-E70 south AS , 3-13N,
77-90E South BoB) and two land region (70-88E, 20-25N core monsoon
region and 30-40N, 84-94E Tibetan region). Time axis is shown in IST.
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Figure 5.6: 3-hourly diurnal variation of Kalpana-1 CF during the (a) active
and (b) break phase of monsoon.
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