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ABSTRACT. Surface cloud data based on synoptic observations made by Voluntary Observing Ships (VOS)
during the period 1951-98 were used to prepare the seasonal and annual cloud climatology of the Indian Ocean. The

analysis has been carried out by separating the long-term trends, decadal and inter-annual components from the monthly
cloud anomaly time series at each 5% x 5° grids.

Maximum zone of total and low cloud cover shifts from equator to northern pants of India during the monsoon
season. During the monsoon season (June-September), maximum total cloud cover exceeding 70% and low cloud cover
exceeding 50% are observed over north Bay of Bengal. Maximum standard deviation of total and low cloud cover is
observed near the equator and in the southern hemisphere. Both total and low cloud cover over Arabian Sea and the
equatorial Indian Ocean are observed to decrease during the ENSO events, However, cloud cover aver Bay of Bengal is
not modulated by the ENSO events. On inter-decadal scale, low cloud cover shifted from a "low regime” to a “high
regime™ after 1980 which may be associated with the corresponding inter-decadal changes of sea surface temperatures
over north Indian Ocean observed during the late 1970s.

Key words - Cloud climatology, Indian Ocean, Summer monsoon, Decadal vanation.

Cloud Climatology Project (ISCCP) (Rossow and Schiffer

Cloudiness is one of the most important variables
influencing the earth’s radiation budget. The cloud field
is dynamic because of its relationship to the atmospheric
circulation. Due to the complexity of the distribution and
multi -scale variations of cloudiness and its radiative
properties, our understanding of the role of cloudiness in
the climate system and future climate change is very
limited. Considering the large impact that cloudiness has
on the climate system, it is essential to have accurate
cloud cover climatology and document inter-decadal
variability and long term trends in the cloudiness. The
satellite cloud data sets such as the International Satellite

1991) have records too short to examine inter-decadal
variability and long term trends. For these reasons, studies
involving surface cloud observations are important.

Most studies of inter-decadal variability in cloud
cover have examined total cloud cover over land regions
(Angell 1990, Henderson-Sellers 1992). Some studies
have examined cloud amount and type over the ocean
basins (Warren er al. 1988, Norris ef al. 1998, London er
al. 1991 Parungo er al. 1994, Bajuk and Leovy 1998,
Norris 1999). The results of the ocean studies indicate
significant trends in low cloud cover in some oceanic
basins during the recent decades. But Nicholls et al.(1996)
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Area of Study and Average Ship Reports Per Month
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Fig.1. The area of the study and average number of observations per month during the period 1951-98

raised questions as to whether these trends are real or
spurious  because these data are dominated by
observational artifacts. Artifacts in observational data sets
in surface-based cloud cover can arise from three broad
sources (Norris 1999): (i) changes in observing practice,
(if) incorrect archiving of individual observations and (if1)
biases introduced by improper data reduction.

Cloud climatology of the Indian Ocean based on few
years of marine data was prepared by UK Meteorological
office (1949) and U.S. Navy (1976). The cloud atlas of the
UK Met Office (1947) was prepared with the data prior to
1940. The atlas of the US navy was prepared using the
data up to 1973. However, the data flow from the
Voluntary Observing Ships has been increased drastically
after 1960s (Woodruff er al. 1987).

The present study is designed 1o prepare the cloud
climatology of the north Indian ocean and document the
inter-annual, inter-decadal and long term trends using a
larger (1951-98) and updated data set. For this study. we
have used a data set of marine surface observations

recorded by the Voluntary Observing Ships (VOS) in the
Indian Ocean with more than 3.8 million records and
updated up to 1998. In section 2, the details of the data
used and the method of analysis are presented. In section
3, the mean patterns of cloud cover and the relationship of
cloud cover with Indian summer monsoon and El
Nino/Southern  Oscillation (ENSQ) phenomenon are
discussed. In section 4, the long-term trends in cloud
cover over the Indian Ocean and their possible reasons are
discussed. In section 5, the inter-decadal variations of
cloud cover in the north Indian Ocean are discussed and in
section 6, the conclusions are given,

2. Data used and method of analysis

The greatest source of long-term cloud information
over the global ocean are synoptic reports primarily
provided by Volunteer Observing Ships (VOS) which are
reported according to World Meteorological Organization
(WMO) code (WMO 1974). Total cloud cover (TC) is
estimated to the nearest okta (eigth), where TC=0 is clear
sky and TC=8 is overcast. When the sky is obscured,




RAJEEVAN et al : CLOUD CLIMATOLOGY OF THE INDIAN OCEAN 529

TC : Mean(Monsoon)

25N 1
20N 4
15N 1
10N 4
5N -
EQ-

551

1054 1

25N A
20N 1
15N 1
10N -
5N
EQ 1
551

1054

) . : ot
I5E 40F 45E S0F 55E BOE 65E 70E 75E BOE 85E 80 95E

TC: Std.Dev(Monsoon)

25N
6
20N - \
15N - / \
10N
5N 4

EO-?

551

105 1
35E 40E 45E S0E 55 60E 65E 70E 75E BOE B5E 90E 95E

TC: Std.Dev(Annual)

25N 1
20N
15N - 4\
o
10N 1 \
4
5N - N
§
£Q-
55 4 . (
& 5 b
108 /

Fig. 2. Mean and standard deviation (8.D.) of total cloud cover for monsoon season (top panels) and annual (bottom panels) in
percentage. Period: 1951-98. Interval: Mean: 5% and S.D: 2%. Areas with mean cloud cover more than 70% for TC and 60% for

LC are shaded. S.D. more than 8% are also shaded

TC=9 is reported. Cloud cover by low clouds (LC) is
similarly estimated, where LC=0 is no low cloudiness and
LC= 8 is overcast low cloudiness. If no low clouds are
present which is a rare occurrence over open ocean,
observers are instructed to report LC as cloud cover by
middle clouds.

The synoptic observations from these volunteer ships
are being collected, processed and archived after carrying
out the prescribed quality controls by the India
Meteorological Department (IMD) who is responsible on
behalf of WMO for the preparation of Marine
Climatological data. The area of responsibility, the region
between 15° S to 30° N, 30° E to 100° E is shown in
Fig.1. These data are further exchanged with other
responsible countries. We have used these ship

observations which are archived at the National Data
Centre (NDC) of the India Meteorological Department. In
all, we have used 38,36,624 synoptic observations

recorded during the period 1951-98 in the Indian Ocean.
We have found that comparatively, few marine
observations are available prior to 1950.

The comprehensive ocean-atmosphere data set
(COADS) (Woodruff et al. 1987) contains total cloud
cover prior to 1951. Low cloud cover data is not included
in this data set. However, basic synoptic observations
prior to 1950 are available in the COADS data set. But
major changes in the rules for reporting low clouds
introduce large inhomogeneities into the data set prior to
1950 (Conway Leovy, 2000, Personal Communication). It
would be very difficult to reconstruct credible marine
cloud variation records prior to 1950s. Moreover, scanty
observations available during the First and Second World
Wars may cause additional data discontinuity. Therefore,
we have not made any attempts to extend the data set
before 1950. It is to be mentioned that 48 years of data are
sufficient for preparing cloud climatology and to examine
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Fig. 3. Same as Fig.2 but for low cloud cover. Interval: Mean: 5% for TC and 2% for LC. S.D. 2%. Arcas with mean cloud cover more

than 50% and S.D. more than 8% are shaded

the inter-annual variability and long-term trends (WMO,
1966). For examining inter-decadal variability, more years
of data would be preferred. Fortunately, the data period
(1951-98) happens to contain a major transition of the
ENSO like inter-decadal mode observed in the 1970s
(Kachi and Nitta 1997). It is to be mentioned that Bajuk
and Leovy (1998) and Norris and Leovy (1994) and Kachi
and Nitta (1997) have used less than 50 years of data to
study the inter-decadal variations of the global climate
system. Norris (1999) and Bajuk and Leovy (1998) used
low cloud observations available only after 1950.

The synoptic observations archived at NDC were
further decoded and total and low cloud cover data were
extracted and averaged month wise in 5° x 5° Lat. / Long.
grids. The average observations (number of observations /
month) in the grids are also shown in Fig.l. Maximum
number of observations is for the latitudinal belt 5° N to

10° N, just south of India which is a prominent ship route.

Clear sky and sky-obscured biases caused due 1o
changes in observing procedure in 1982 (Norris, 1999)
were avoided by calculating average low cloud cover (LC)
only when [<TC < 8 and then normalizing by the
frequency that | <TC <8 i.e.,

1 '(_" = L LC X Napg = Negr = Ny 4 3><”u.’l.\

My, LT o

Where the summation is over all observations
contributing to  ny, here ng., is the number of
observations when LC is reported and 1<TC< 8; nyy, 1s the
number of all observations, ng, is the number of
observations of clear sky (TC=0); and n,. is the number
of observations of sky obscured (TC=9). The right hand
term proceeds from the assumption that low cloudiness is
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Figs. 4(a&b). Latitude — Month variation of zonally averaged (50° E-100° E) (a) total cloud cover and
(b) low cloud cover anomalies subtracted from annual mean. Interval: 2%

overcast when the sky is obscured. In the case that LC is
always reported, Mgy = Mar Mot Hobs:

The monthly data were used for calculating the cloud
climatologies of four seasons namely winter (January-
February), Pre monsoon (March-May), Monsoon (June-
September) and Post monsoon (October-December) and
for annual (all 12 months).

Using the data of 1951-98, monthly anomalies of
total and low cloud cover were calculated at each grid
point. In order to separate the decadal variations from
longer period variations, a linear trend Urg (¢) (¢ is time)
computed by using a least squares method is first removed
from the original anomaly time series. Further, to separate
the inter-decadal variations [[U/pc(#)] from the inter-annual
variations, we have used an 11- year running mean as a
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Figs. 5(a-d). Monthly variation of mecan wial {shaded vertical bars) and low (open vertical bars)
clond amounts ( in %) over (a) Bay of Bengal (b) Arabian Sea (¢) West equatonial
Indian Ocean and (d) cast equatorial Indian Ocean. Period: 1951-98

low pass filter. Since the major inter-annual variability of
the regional climate system is associated with the tropical
biennial oscillation and the ENSO, this filter effectively
eliminates the inter-annual variations. The remaining
values are defined as inter-annual components [{/ga(r)].
Thus, the anomaly time series U(rat each grid can be
expressed by

U@)=U g (1) +Upc (1) +U 5 (1)

This method of separation of interannual and decadal
components is similar to that performed by Kachi and
Nitta(1997) and Krishnamurty and Goswami (2000).

In this paper, we have presented only the monsoon
season and annual climatologies. In addition, to the
climatological parameters like mean and standard
deviation, interannual variation of cloud cover and its
relationship with Indian summer monsoon rainfall and
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ENSO phenomenon are also examined using the
correlation methods. The long-term trends of low and total
clouds are also examined and possible causes for the long-
term trends are discussed. The trends are estimated using
linear regression method. The linear regression has the
following form :

Y, =a+bt+g,

Where, Y, is the cloud cover anomaly, a is the
intercept, b the slope and €, is the residual. Using the least
square method, the trend (slope) can be estimated as

n -
. 2(’ =t )Yl
b= =1
« -\2
> (r —r)

=1
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Fig. 6. Correlation coefficients of total and low cloud cover during the monsoon season with Indian Summer Monsoon Rainfall (top
panels) and with Nino-3 SST anomalies. (bottom panels). Period: 1951-98, Interval: 0.1. Areas with positive (negative) CCs more

Where n is the number of observations. Assuming
that the residuals are independent and normally distributed
with mean zero and variance o, the estimated standard
errorof bis

| S -a-bn?

SE(b) = ’i*—n__

(-2 (t-7)°
t=1

The hypothesis Hy,: b = 0 is tested based on the fact
that b/SE(b) is distributed as Student’s ¢ with n-2 degrees
of freedom when the null hypothesis (H,) is true.

In addition, the sea surface temperature data taken
from the updated version of the Meteorological Office
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Historical Sea Surafce Temperature (MOHSST6) which
contained in situ observations (Parker er al. 1995). also
have been used.

3. Climatology of cloudiness in the Indian Ocean
3.1. Mean and standard deviation

The mean and standard deviation of total cloud (TC)
cover calculated using 48 year (1951-98) of data for
monsoon season (June-September) and annual are shown
in Fig.2. The same details for low cloud cover are shown
in Fig.3.

During the monsoon season, maximum TC
exceeding 75% are observed over Bay of Bengal. Along
the west coast of south peninsula TC exceeds 70%. Over
the west Arabian Sea, TC is less than 40%. Maximum
standard deviation exceeding 8% is observed near the
equator and over southern hemisphere which may be
related to the fluctuations in the oceanic convergence
zones. Over NE Bay of Bengal also, the standard
deviation exceeds 5%. Over other parts of Indian Ocean, it
is less than 5%. Annual total cloud cover shows maximum
exceeding 70% over equatorial east Indian Ocean. TC
decreases towards northwest. Over the coast of Arabia,
TC is less than 30%. The standard deviation of annual TC
is more than 5% mainly over S.H and north east Bay of
Bengal. Comparatively, annual standard deviation is less
than the standard deviation of the monsoon season.

During the monsoon season, low cloud cover (LC)
exceeds 50% over Arabian Sea and north Bay of Bengal.
LC decreases systematically towards west. Over west
equatorial Indian ocean, LC is less than 40%. Over west
Arabian Sea it is less than 30%. The standard deviation of
LC during the monsoon season is maximum near the
equator and Southern hemisphere. Over both these
regions, it exceeds even 10%. Over the Arabian Sea, it is
less than 6%. Annual low cloud cover again shows
maximum over the equatorial east Indian Ocean where it
exceeds 50%. Over the coast of Arabia and northwest
Arabian Sea, it is less than 34%. Large standard deviations
exceeding 4-5% are observed near the equator.

3.2. Annual cycle

The annual cycle of zonally averaged (between 50° E
— 100° E) total and low cloud cover anomaly (subtracted
from the annual mean) is shown in Fig.4. In the southern
hemisphere the anomalies in TC are positive during
January and February and again from June o December.
Over the Indian region, large positive anomalies
exceeding 20% are observed during the monsoon season.
Similar pattern is also observed in case of the annual cycle
of low clouds. Positive cloud anomalies associated with

the mid-latitude (due to western disturbances) activity
over NW India during winter and pre-monsoon months
also can be noted. It is also interesting to note that during
July to September months, positive low cloud cover
anomalies are observed over S.H. along 5° 8, which are
associated to the Southern Hemispheric Equatorial Trough
(SHET).

Monthly variation of area averaged total and
low cover over 4 representative regions has been
prepared. The four regions are Bay of Bengal (10° N to
25° N, 80° E - 95° E), Arabian Sea (10° N - 25° N,
60°E - 75° E), west equatorial Indian Ocean (0° N- 10° N,
50° E - 75° E) and east equatorial Indian (0° N - 10° N,
75° E - 100° E). The results are shown in Fig. 5. Over Bay
of Bengal and Arabian Sea there is an appreciable annual
cycle of total and low cover with maximum during
monsoon season and minimum during winter. Total (low)
cloud cover increases by about 50 % (40 %) from winter
to monsoon season. Over the equatorial Indian Ocean,
there is little variation from month to month. The variation
in total cloud cover is around 10 % and in low cloud cover
it is hardly 5 %.

3.3. Relationship with Indian summer monsoon
activity and ENSO

Summer monsoon rainfall over India exhibits large
inter-annual variability associated with large scale
circulation anomalies. Similarly, the El Nino/Southern
Oscillation phenomenon  (ENSO) influences Indian
summer monsoon circulation on inter-annual time scale
(Sikka 1980, Ropelewski and Halpert 1987). In this
section, using the inter-annual time series of cloud cover
anomalies, Uy, (1), the inter-annual variation of total and
low cloud cover associated with Indian summer monsoon
activity and ENSO is examined. Even though one can
visualize that in deficient monsoon and ENSO years,
cloud cover over the Indian Ocean will be suppressed, the
spatial pattern and strength of the relationship have not
been documented. We have therefore calculated limear
correlation coefficients of cloud over anomalies during
the-monsoon season with Indian summer monsoon rainfall
(ISMR) and Nino 3 - Index during the summer months. In
Fig. 6, the top panels show the correlation coefficients
(CCs) of total and low clover during the monsoon season
with Indian summer monsoon rainfall during the 48 year
period, 1951-98. Both the total and low cloud cover over
the Arabian Sea and equatorial north Indian Ocean show
significant positive relationship with Indian summer
monsoon rainfall which implies that more than normal
clouds are observed over these regions during the excess
monsoon years. Comparatively, total cloud cover is more
strongly correlated with Indian monsoon rainfall than the
low cloud cover. Over Bay of Bengal the relationship is
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@  Trends of Low Clouds ( % /Decade): Monsoon

Figs. 7(a&b). Trends (Percentage / Decade) of low cloud cover during (a) Monsoon season and (b)

Annual. Interval: 0.5%/decade. Arcas where the trends are statistically significant at 95%
level of significance are shaded
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Monsoon Season Storm Activity Over North Indian Ocean
1951-1998
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Fig,. 8. The time series of number of storms (depressions and above) during the monsoon season from 1951-98. The continuous line is the
least square fit of the trend line. The trend equation and square of correlation cocfficient ( R7) are indicated

statistically not significant. Significant CCs are also
observed in case of low cloud cover over the east African
coast / west Indian Ocean. This may be explained as
follows. Strong cross equatorial current from the south
hemisphere during the strong monsoon years causes above
normal upwelling off the east African coast. This
enhanced upwelling leads to large negative sea surface
temperature anomalies off the east Indian coast. These
negative SST anomalies can cause above normal low
cloud cover as marine stratus cloudiness is negatively
correlated to SSTs on inter- annual time scale (Norris and
Leovy 1994). Over the equatorial southern hemisphere,
CCs are found to be negative. This may be due to the
observed out of phase relationship between the continental
TCZ over the Indian region and the southern hemisphere
equatorial trough (SHET) (De et al. 1995).

The correlation coefficients with Nino-3 Index (SST
anomalies of July, August and September. averaged over
the region: 5° S - 5° N, 150° W - 90° W) are shown in
Fig.6 (bottom panels). For both low and total cloud cover,
the pattern of CCs with Nino-3 Index is almost similar to

the monsoon rainfall anomalies but with opposite sign.
Over Arabian Sea and the equatorial Indian Ocean, the
CCs are significantly negative which implies that warm
events in the eastern Pacific suppress cloudiness in these
regions. Over equatorial west Indian Ocean, positive CCs
are also observed. Over Bay of Bengal, insignificant CCs
are observed which implies that cloud cover over this
region is not modulated by the ENSO events.

4. Long term trends of cloud cover

During the recent years, there have been many
studies highlighting significant trends in global surface air
temperatures and many other meteorological parameters
both over land and ocean (Jones 1994 and Karl ¢r al.
1994). The long term linear trends of low cloud cover in
this study were estimated using linear regression analyses
of the data 1951-98. The significance of the trends was
estimated using the Students ¢ - test with (n-2) degrees of
freedom. Figs. 7 (a&b) show the spatial distribution of
the trends of monsoon season and annual low cloud
cover respectively. The grid points where the trends are
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Variation of Low Cloud Anomalies over
the east equatorial Indian ocean
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Fig.9. The yearly variation of low cloud amount anomalies averaged during the monsoon season over the equatorial Indian Ocean
(10° 8§ = 10° N, 70° E~ 100° E). The dotted line indicates the trend line fitted with the least squares method

significant at 95% significance level are shaded. The
annual low cloud cover exhibits increasing trends over
most of the Indian Ocean, north of 15° S. Two areas with
significant increasing trends observed are the west
equatorial Indian Ocean off the east African coast and the
east equatorial Indian Ocean. Over these regions, low
cloud amount trends exceed 2% per decade. Over Bay of
Bengal, however, there is a decreasing trend. These
decreasing trends in low cloud cover may be associated
with the decrease in monsoon storm (depressions and
above) activity over Bay of Bengal observed during the
recent decades (Srivastava er al. 2000). Earlier, De and
Joshi (1995) reported decadal oscillation in the number of
cyclonic disturbances in the north Indian Ocean for the
period 1891-1990. The yearwise frequency distribution of
cyclonic storms (depressions and above) over Bay of
Bengal during the period 1951-98 is shown in Fig.8.
About 32 % of variance in the variation of storm activity
is explained by the linear trend and the trend is
statistically significant. During the period 1951-98, the
trend is statistically significant. During the same period,
storm activity during the monsoon season is decreased at
the rate of 1 storm/ decade.

Trends in low cloud cover during the monsoon
season contribute very significantly to the annual trends.
During the monsoon season, trends in low cloud cover
exceed 2.5% / decade over the east equatorial Indian
Ocean. Over the west Indian Ocean, the trends exceed 2.0
% | decade. Low cloud cover over Bay of Bengal showed
negative trend. Total cloud cover also showed increasing
trends over these regions (not shown but are of smaller
magnitude. The fact that low cloud trend is greater than
the total cloud trend suggests that the increase in low
cloud cover may be largely responsible for the increase in
total cloud cover. Further, we have seen that the
geographical pattern of the long-term trends of cloud
cover is similar to that of sea surface temperature (not
shown) which suggests the long term trends of cloud
cover may be attributed to the long term trends of sea
surface temperatures observed over the Indian Ocean
(Jones 1994).
variation of low cloud cover

The inter-annual

anomalies during the monsoon season, averaged over the
equatorial Indian Ocean is shown in Fig. 9. In this time
series, the decadal component [Upc (1)] is removed. It can
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Decadal Variation of SST and Total and Low Cloud Anomalies over the
Equatorial Indian Ocean : Monsoon Season
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Fig. 10. The decadal component of SST (dashed line with filled circles) and total (dashed line with filled triangles) and low (continuous
line with open circles) cloud anomalies over the equatorial Indian Ocean ( 10° S- 10° N, 50° E-100° E). The year indicates the

central year of the 11-year period

be seen that low cloud cover increased systematically
since 1951 at the rate about 1.2% per decade. The trend is
statistically significant at 99% level. Annual variation of
area averaged low cloud cover (not shown) also exhibits
similar pattern. Chu and Wang (1997), Waliser and Zhou
(1997) have examined recent climate change in tropical
convection in the western Pacific and Indian Ocean using
Outgoing Longwave Radiation (OLR) data. These studies
revealed a significant decrease in OLR over the tropical
central-western Pacific and a large portion of the Indian
Ocean which is consistent with increased cloud cover
reported in this study.

5. Decadal variations

Chu and Wang (1997) have speculated that monsoon
convection over tropical western Pacific and the Indian
Ocean has undergone a change in the climate mean state,
probably on a decadal timescale. In this section, we
examine the decadal variation of cloud cover in the north
Indian Ocean and its simultaneous variation with SST. In

Fig. 10, the variation of the decadal component [Upc(r)] of
total and low cloud cover over the east equatorial Indian
Ocean (10° 8-10° N, 70° E-110° E) is shown. The decadal
component is the 1l-year running mean of cloud amount
anomalies after removing the long-term trend. In the same
diagram, the decadal component of SST anomalies
averaged over the same area is also shown. It can be noted
that till early 1980s, both low and total cloud cover
anomalies were negative or close to zero which became
positive after early 1980. Thus on decadal scale, cloud
cover in the equatorial Indian Ocean exhibited a change
from a low cloud cover “regime” to a high cloud cover
“regime”. On inter-decadal scale, SSTs have entered into
a positive phase after 1976 Similar “regime ™ shift was
noted for sea surface temperatures of tropical oceans
(Nitta and Yamada 1989). They have observed such a
“regime” shift in tropical SSTs during late 1970s. The
inter-decadal change in the cloudiness observed in the
equatorial Indian Ocean may be therefore related to the
decadal scale shift observed in tropical SSTs as positive
SST anomalies can cause more convection and more low
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cloud cover. However data in the future years would
confirm or otherwise this decadal scale fluctuations in the
near - equatorial Indian Ocean cloudiness.

6. Conclusions

Data set (1951-98) of surface cloud observations
collected by the Voluntary Observing Ships was used to
prepare the climatology of low and total cloud cover of
the north Indian Ocean. The geographical and seasonal
variations of cloud cover in the Indian Ocean have been
examined. ENSO events suppress the cloud cover in these
regions. However, cloud cover over the Bay of Bengal is
not modulated by the ENSO events. Low and total cloud
cover over most of the Indian Ocean exhibited positive
trends which are statistically significant. The rate of
increase of low cloud cover is 1.2 % per decade. There is
also an indication that cloud cover in the equatorial Indian
Ocean exhibited a fluctuation on inter- decadal time scale,
from a low cloud cover regime to a high cloud cover
regime which may be associated to the decadal scale
change in tropical SSTs observed during late 1970s.

In this study, we have included all types of low
clouds for estimating the low cloud cover. It may be
interesting and useful if the analysis is carried out
separately for different low cloud types like convective
clouds (cumulus and cumulonimbus) and stratiform
clouds (stratus). Such an analysis will reveal further the
mechanisms (dynamical or thermodynamical) causing the
observed changes in cloud cover on inter-annual and
decadal timescales.

References

Angell, J.K., 1990, “Variation in United States cloudiness and sunshine
duration between 1950 and the drought year of 1988", J.
Climate, 3, 296-308.

Bajuk, L.J. and Leovy, C.B., 1998, “Are there real interdecadal variation
in Marine low clouds?", J.Climare, 11, 2010-2921.

Chu, P.S. and Wang, 1.B., 1997, “Recent climate change in the tropical
western Pacific and Indian Ocean regions as detected by
outgoing long wave radiation”, J.Climate, 10, 636-646.

De. U.S and Joshi, K.S., 1995, “Genesis of cyclonic disturbances over
the north Indian Ocean, 1891-1990", IMD PPSR No 1995/3.

De, U.S., Vaidya, D.V. and Onkari Prasad, 1995. “The influence of
Southern Hemisphere Equatorial trough on rainfall during the
southwest monsoon”, Theor. and. Appl. Climatology, 52, 177-
181.

Henderson-Sellers, A., 1992, “Continental cloudiness changes in this
century”, Geo Journal, 27, 255-262.

Jones, P.D., 1994, “Recent Warming in global temperature series”,
Geophys. Res. Letters, 21, 1149-1152.

Karl, TR., Knight, RW. and Christy, J.R., 1994, “Global and
hemispheric temperature trends: Uncertainties related to
inadequate spatial sampling”, J.Climate, 7, 1144-1163.

Kachi, M. and Nitta, T., 1997, “Decadal variation of the global ocean-
atmosphere system”, J. Met. Soc. Japan, 75, 657-675.

Krishnamurty, V. and Goswami, B. N, 2000, “Indian Monsoon- ENSO
relationship on inter-decadal timescale”, J.Climare, 13, 579-595.

London, J., Warren, $.G. and Hahn, C.J., 1991, “Thirty years trend of
observed greenhouse clouds over the tropical oceans”, Adv.
Space. Res., 11, 45-49.

Nicholls, N., Gruza., G.V., Jouzel, J., Karl, TK, Ogallo, L.A. and
Parker, D.E., 1996, “Observed climate variability and change”,
Climate Change 1995: The Science of Climate Change,
Cambridge University Press, 133-192.

Nitta, T. and Yamada, ., 1989, “Recent warming of tropical sea surface
temperature and its relationship to the Northern Hemisphere
circulation”, J. Meteo. Soc. Japan, 67, 375-382.

Norris, J.R. and Leovy, C.B., 1994, “Inter-annual variability in stratiform
cloudiness and sea surface temperature”, J.Climate, 7, 1915-
1925.

Norris, J.R., Zhang, Y. and Wallace, J.M., 1998, “Role of low clouds in
summertime atmosphere-ocean interactions over the North
Pacific”, J.Climate, 7, 434-440.

Norris, JR., 1999, “On trends and possible artifacts in global ocean
cloud cover between 1952-95”, J.Climate, 12, 1864-1870.

Parker, D.E., Folland, C.K. and Jackson, M., 1995, “Marine surface
temperature:  Observed variations and data requirements”,
Climate Change, 31, 559-600.

Parker, D.E., Jones, P.D., Folland, C.K. and Bevan, A., 1994,
“Interdecadal changes of surface temperatures since the late 19"
century, J.Geophys.Res., 99, 14373-14399.

Parungo, F., Boatman, J.F,, Sievering, H., Wilkison, S.W. and Hicks,
B.B., 1994, “Trends in global marine cloudiness and
anthropogenic sulphur”, J.Climate, 7, 434-440.

Ropelewski, C.F. and Halpert, M.S., 1987, “Global and regional scale
precipitation patterns associated with EL-Nino Southern
Oscillation”, Mon.Wea.Rev., 115, 1606-1626.

Rossow, W.B. and Schiffer, R.A., 1991, “ISCCP cloud data products”,
Bull Amer.Met.Soc., 72, 2-20.

Sikka, D.R., 1980, “Some aspects of the large scale fluctuations of
summer monsoon rainfall over India in relation to fluctuations
in the planetary and regional scale circulation parameters”,
Proc.Ind.Acad.Sci (Earth and Planet Sci), 89, 179-195.



540 MAUSAM, 52, 3 (July 2001)

Srivastava, AK., Sinha Ray, K.C. and De, U.S.. 2000. “Trends in the
frequencies of cyclonic disturbances and their intensification
over the Indian oceans”, Mausam, 51, 113-118.

U.K. Met Office, 1949, “Monthly meteorological charts of the Indian
Ocean”, M.0.519, Marine Division, The Meteorological Office,
London, 98p.

U.S. Navy, 1976, “US.Navy Marine climatic Atlas of the world”,
Volume III. Indian Ocean. NAVAIR 50-16-530. Washington,
D.C., 348p.

Waliser, D.E. and Zhou, W., 1997, “Removing satellite equatorial
crossing time biases from the OLR and HRC datasets”,
J.Climate, 10, 2125-2146.

Warren, D.E., Hahn, C.J., London, J., Chervin, C.R. and Jenne, R.L.,
1988, “Global distribution of total cloud cover and cloud type
amounts over the ocean”, Rep. NCAR/TN-317+STR, 42 pp and
170 maps. [Available from NCAR, USA].

WMO, 1966, Climatic Change, Technical Note No 79, World
Meteorological Organization, 79p.

WMO, 1974, Manual on codes, WMO Publ. 306, Vol. 1.

Woodruff, S.D., Slutz, R.J., Jenne, R.L. and Steurer, P.M., 1987, “A
comprehensive Ocean-Atmosphere Data Set”, Bull. Amer. Met,
Soc, 68, 1239- 1250,




	Image00001
	Image00002
	Image00003
	Image00004
	Image00005
	Image00006
	Image00007
	Image00008
	Image00009
	Image00010
	Image00011
	Image00012
	Image00013
	Image00014
	Image00015
	Image00016
	Image00017
	Image00018
	Image00019
	Image00020
	Image00021
	Image00022
	Image00023
	Image00024
	Image00025
	Image00026
	Image00027
	Image00028
	Image00029
	Image00030
	Image00031
	Image00032
	Image00033
	Image00034
	Image00035
	Image00036
	Image00037
	Image00038
	Image00039
	Image00040
	Image00041
	Image00042
	Image00043
	Image00044
	Image00045
	Image00046
	Image00047
	Image00048
	Image00049
	Image00050
	Image00051
	Image00052
	Image00053
	Image00054
	Image00055
	Image00056
	Image00057
	Image00058
	Image00059
	Image00060
	Image00061
	Image00062
	Image00063
	Image00064
	Image00065
	Image00066
	Image00067
	Image00068
	Image00069
	Image00070
	Image00071
	Image00072
	Image00073
	Image00074
	Image00075
	Image00076
	Image00077
	Image00078
	Image00079
	Image00080
	Image00081
	Image00082
	Image00083
	Image00084
	Image00085
	Image00086
	Image00087
	Image00088
	Image00089
	Image00090
	Image00091
	Image00092
	Image00093
	Image00094
	Image00095
	Image00096
	Image00097
	Image00098
	Image00099
	Image00100
	Image00101
	Image00102
	Image00103
	Image00104
	Image00105
	Image00106
	Image00107
	Image00108
	Image00109
	Image00110
	Image00111
	Image00112
	Image00113
	Image00114
	Image00115
	Image00116
	Image00117
	Image00118
	Image00119
	Image00120
	Image00121
	Image00122
	Image00123
	Image00124
	Image00125
	Image00126
	Image00127
	Image00128
	Image00129
	Image00130
	Image00131
	Image00132
	Image00133
	Image00134
	Image00135
	Image00136
	Image00137
	Image00138
	Image00139
	Image00140
	Image00141
	Image00142
	Image00143
	Image00144
	Image00145
	Image00146
	Image00147
	Image00148
	Image00149
	Image00150
	Image00151
	Image00152
	Image00153
	Image00154
	Image00155
	Image00156
	Image00157
	Image00158
	Image00159
	Image00160
	Image00161
	Image00162
	Image00163
	Image00164
	Image00165
	Image00166
	Image00167
	Image00168
	Image00169
	Image00170
	Image00171
	Image00172
	Image00173
	Image00174
	Image00175
	Image00176
	Image00177
	Image00178
	Image00179
	Image00180
	Image00181
	Image00182
	Image00183
	Image00184
	Image00185
	Image00186
	Image00187
	Image00188
	Image00189
	Image00190
	Image00191
	Image00192
	Image00193
	Image00194
	Image00195
	Image00196
	Image00197
	Image00198
	Image00199
	Image00200

