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D. S. Pai and M. Rajeevan

India Meteorological Department, Pune 411 0035, India

Earth radiation budget experiment (ERBE) radia-
tive fluxes and International Satellite Cloud
Climatology Project (ISCCP) C-2 cloud parameters
for the four representative months of January, April,
July and October and for the period 1985-1988 are
used to study the cloud-radiation interaction over
the tropical Indian Ocean (20°S-20°N, S0°E-100°E),
and its relationship with sea surface temperature
(SST). Some important results are compared with
those over tropical west Pacific Ocean (20°5-20°N,
130°E~180°E). Over Indian Ocean, both the
shortwave cloud radiative forcing (SWCRF) and
longwave cloud radiative forcing (LWCRF) are
found to be correlated most with high cloud amounts
(HCA) among the various cloud types. HCA and
cloud radiative forcings in turn show a positive rela-
tionship with SST above ~26.4°C. During July and
October, after reaching a maximum value at ~29°C,
the relationship is found to be negative. In the
rising portion of the HCA-SST relationship, at cer-
tain SST threshold value (27.4°C for July) the prob-
ability of occurrence of high convective clouds

suddenly rises above 30%. During January and

July above this SST threshold value the SWCRF is
found to be significantly larger than LWCRYF, thus
causing large negative net cloud radiative forcing.
This is found to be associated with the sudden rise in

the spatial extent (cloud amount) and the optical
depth of the high clouds above the SST threshold
values.

AT any instant more than half of the earth is cloud-
covered. Cloudiness i1s a pivotal variable for the earth’s
radiative balance. Clouds also may respond to climate
change in such a way as to modulate climate sensitivity
significantly. Clouds have two competing effects on
earth’s energy balance; through the reflection of incom-
ing solar radiation and the trapping of the longwave ra-
diation, leading to cloud greenhouse effect. For
understanding the role of clouds in the climate system,
cloud radiative forcing is a useful diagnostic. It 1s also
used to validate cloud parameterization employed in
General Circulation Models'?2.

Beginning with the study of Cess’, there has been a
great interest in using satellite data to quantitatively in-
fer the role that clouds play in the climate system. How-
ever, the accuracy of most observational results
concerning climate scale cloud radiative effects has been
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diminished by the data available to define clear sky and
total sky radiation fields. The Earth radiation budget
experiment (ERBE)’ is the first satellite experiment de-
signed to provide observational data to address this im-
portant climatic problem. Ramanathan et al’ have
shown that clouds produce a net cooling of the earth—
atmosphere system. Subsequently there have been nu-
merous studies using ERBE data®®"*°,

Kiehl and Ramanathan® showed that over the deep
convective reglons, there 1s near-cancellation between
longwave cloud radiative forcing and the shortwave
cloud radiative forcing. Their study, however, used only
one month of ERBE data (i.e. April 1985). But these
competing effects of clouds vary with time, space or
cloud type and structure. Also the global effects of
clouds comprise the average of a laree number of re-
gional processes. On regional scale, cloud’s behaviour
depends on complex dynamic and thermodynamic cou-
plings between the surface and atmosphere''. This study
is therefore designed to examine the cloud radiative
forcing over tropical Indian Ocean (20°5-20°N, 50°E-
100°E), and its relationship with the various cloud types
and sea surface temperature (SST). Some of the impor-
tant results are compared with those over tropical west
Pacific Ocean (20°S-20°N, 130°E-180°E). We have
also used relatively larger data set than Kiehl and Ra-
manathan®.

We have examined the relationship of cloud radiative
forcings with different cloud types as well as discussed
the variation of high cloud amounts with SST. We have
also analysed the variation of SWCRF with respect to
LWCRF, and demonstrated that, over tropical Indian
Ocean, the balance between SWCRF and LWCREF does
not exist with large high clouds.

One of the data sets employed in this study i1s long-
wave and shortwave radiative fluxes at the top of the
atmosphere (TOA) from the ERBE. The data include the
fluxes under both all sky as well as clear sky conditions
gridded at a 2.5° x 2.5°, lat. X lon. resolution. Cloud
radiative forcing 1s defined as the influence of clouds on
the input of radiative energy to the earth—atmosphere
system at the TOA’. Its variation represents the feed-
back of clouds on the climate system. The net radiative
heating, H, for the entire surface to atmosphere column
of a cloudy domain is

H=81-A)-F, (1)

where S is the solar irradiance, A is the albedo and F 1s
the longwave flux emitted to space. If H, 1s the clear
sky net heating, then the net cloud radiative forcing (net
CRF) i1s given as:

Net CRF=H - H,,. (2)

If the domain has no clouds, H = H4, and net CRF = 0.
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From equation (1), the net radiative heating H 1s the
difference between absorbed solar radiation S(1 —A)
and emitted longwave flux F at TOA.

Therefore from eqgs (1) and (2) we can write net CRF
as the sum of the shortwave cloud radiative forcing
(SWCRF) and longwave cloud radiative {forcing
(LWCRF), i.e.

Net CRF = SWCRF + LWCRE,

where SWCRF = S(A,,— A), and LWCRF = F,, — F; A,
is the clear sky albedo and F, is the clear sky longwave
radiation flux at TOA. When clouds are present, they
reflect more solar energy into space than would clear
skies. SWCRF gives a quantitative estimate of this ef-
fect. SWCRF is typically negative and describes the
difference between the clear sky and cloudy sky re-
flected solar fluxes at TOA. LWCRF measures the de-
crease of thermal energy into the space radiated by the
atmosphere column due to the presence of clouds. It 1s
typically a positive quantity.

In the ERBE data there are few grid boxes with miss-
ing clear sky fluxes. In order to calculate the cloud ra-
diative forcings, these missing clear sky fluxes have to
be filled. This is achieved by filling these missing grid
boxes with the mean of the clear sky fluxes at the near-
est grid boxes'’. Since the clear sky fluxes over the
oceans are relatively uniform on small scales, the errors
resulting from the filling are expected to be small.
Moreover, the number of the missing grid boxes was
very small compared to the total number of grid boxes.

International Satellite Cloud Climatology Project
(ISCCP) cloud parameters are based on observations by
the global network of geostationary weather satellites
and at least one polar-orbiting NOAA satellite. The
measurements utilized in this study are taken from the
ISCCP C-2 data set'’. These are monthly averages of
various cloud parameters on the same 2.5° X 2.5° grid
used by ERBE. We have mainly used two cloud parame-
ters, cloud amounts and optical thickness. Clouds are
mainly divided into three types: High clouds (cirrus,
cirrostratus/cirrocumulus and convective clouds) have
cloud tops above the pressure levels of 440 hpa level;
Middle  clouds (nimbostratus  and  altocumu-
lus/altostratus) have cloud tops located between the
pressure levels of 440 hpa and 680 hpa; Low clouds
(stratus and cumulus/stratocumulus) have tops below the
680 hpa level, near the typical height of the tropical

trade cumulus boundary-layer top.

The SST data is taken from the monthly analysis of
National Centre for Environmental Prediction (NCLD),
USA, which is derived from ship, buoy and satellite
measurements’®, This data set provides monthly mean SST
on a 2° x 2° spatial grid. We interpolated these values to
overlap into 2.5° x 2.5° grids of ERBL and 1SCCP data.

For each year during the period 1985-1988, we huve
used the above-described data for the four representative
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months of January, April, July and October. ERBE data
for 1985 January 1s not available, and, thercfore in all,
we have considered 15 months for this study. To get a
composite picture of the relationships we have combined
all the grid box values coming under the same months.
As a result, there are four cases corresponding to the four
representative months of January, April, July and October.

To examine the relationship between cloud radiative
forcing with macrophysical properties of clouds, we
have correlated the cloud radiative forcing with low,
middle, high and total cloud amounts. The square of the
correlation coetficients for LWCRF and SWCRF with
various cloud types over tropical Indian Ocean is given
in Table 1. Both the SWCRF and LWCREF are correlated
most with the high cloud amounts (HCA) during all the
months. It means that high clouds contribute signifi-
cantly to both greenhouse trapping as well as reflection
of solar radiation. The observed relationship between
LWCRF and HCA 1s obvious as the LWCREF 1s primar-
1ly determined by the difference between the surface and
the cloud top temperatures. It is also important to note
that the correlation of LWCRF and SWCRF with HCA
was larger than that with the total cloud amount.

The relationship between SWCRF and HCA may be
explained as due to the fact that the cloud albedo in-
creases with the increase in the areal extent and the op-
tical depth of the high clouds'®. This is, in fact,
associated with the increase in the SSTs. Figure 1 shows
mean optical depths for 0.4°C SST bins plotted as a
function of SST (°C) for the tropical Indian Ocean for
the months of January, April, July and October. In all
the months, the optical depths of both the type of high
clouds (cirrus and cirrostratus) in general increase with
SST. The cloud albedo of high clouds depend on the
scattering behaviour of individual ice particles, inte-
grated over both the particle size distribution and the
path length through the cloud. As the SST increcases,
production of colder cirrus clouds, spreading thousands
of kilometres downwind, may contain smaller 1ce part-
cles due to the fallout of the larger particles with in-
creasing distance downwind of the convective towers.
The ice particles of reduced effective radit are more
efficient in reflecting short wave radiation relative to
long wave absorption. This enhancement in the short
wave reflection is in addition to that causced by the 1n-
crease in cirrus ice mass alone,

In gencral, LWCRE and SWCRTE have no significant
relationship with fow cloud amounts (LCA) except dur-
ing July when 1t 1s moderate, This may be associated
with the natural Dias of satellite observation to upper
level clouds, o as difficult o diagnose low c¢louds
change because they cannot be detected by satellite
vistble and infra-red radiometers on the scale of a sat-
ellite pixel if they are underneath of higher clouds'.
Using ISCCP C-2 duty, Tu er Gl analysed fractional
contributions  of different cloud types to the totd

173



RESEARCIHI COMMUNICATIONS

wilfel

Table 1. Square of the correlation cocllicients for ERBE, LWCRF and SWCRF against ISCCP low, middie, high and
total cloud amount

SRR TR T e e T TR T T T T T T e T

ey S

Cloud type
Low Medium High Total
NMuonth Year Il WCRF SWCRF LWCRF SWCRF LWCRF SWCRF LWCRF SWCRF
January 1985
1986 0.12 0.07 0.47 0.38 0.95 0.90 0.63 (.65
1987 0.23 .17 .74 0.67 0.95 0.91 0.66 0.68
1988 0.13 0.05 0.63 0.54 0.96 0.87 0.67 0.70
April 1985 0.06 0.04 (.74 0.66 0.93 0.88 0.62 0.61
1986 0.00 (.00 0.36 0.31 0.83 0.79 0.38 0.35
1987 (.00 0.00 0.7} 0.70 0.90 0.90 0.64 0.64
1988 0.05 0.05 (.56 0.38 0.91 (.85 0.41 (.39
July 1985 0.66 0.50 0.22 0.15 091 0.73 0.44 (.45
1986 0.65 0.55 0.34 0.18 0.94 0.80 0.38 0.35
1987 0.52 0.4 0.52 0.38 0.94 0.84 0.46 0.49
[988 0.80 0.70 0.13 0.07 0.93 (.84 0.50 0.50
October 1985 0.51 0.31 (.59 0.62 0.95 0.80 (1.60 0.68
1986 0.30 0.19 0.69 0.65 0.97 (.89 0.70 0.73
1987 0.56 0.43 0.56 0.50 0.95 0.86 0.56 0.58
1988 .27 0.12 0.48 0.95 0.76 0.67 0.63

0.69

cloudiness for annual mean climatology, and found that
over tropical Indian Ocean, high clouds contribute major
part of the total cloud variations. In this region, the up-
per level clouds mainly occur 1n association with deep
convective activity in the inter-tropical convergence
zone (ITCZ). Whenever the low clouds happen to exist
under the high or middle clouds, some of the low clouds
may not be seen by satellite radiometers. Also, the
changes of high and middle clouds may create a spuri-
ous change in the low cloud field. For example, in a re-
gion where the high clouds are relatively frequent when
the high or middle clouds decrease, satellite radiometers
may see low clouds which were previously overshad-
owed by high or middle clouds and indicate a spurious
increase of low clouds. Over the tropical west Pacific
Ocean, the sign and magnitude of the correlation coef-
ficients between cloud radiative forcings and cloud
types (data not shown) 1s in the same order as that over
Indian Ocean,

To examine the relationship between HCA, which is a
proxy for deep convection, and SST over tropical Indian
Ocean, we have plotted means and standard deviations
of HCA for 0.4°C SST bins against SST for all the four
months (Figure 2). The dashed curves represent the
probability of grid points having 2 20% HCA expressed
as percentage for each SST bin. HCA and outgoing
long-wave radiation (OLR) has reciprocal relationship
and HCA of 20% is approximately equal to OLR of
240 Wm™>, It is well known that regions with OLR of
<240 Wm™ represent deep convective regions'®. The
solid curves connecting the mean HCA indicate that in
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general HCA and therefore the organized convection

increases as SSTs increase from around 26.4°C and

reaches a maximum between 28.8°C and 30.4°C. During
July and October, the HCA after reaching its maximum
value around 29°C decreases with increasing SST. Opti-
cal depths of cirrus clouds also exhibit a similar varia-
tron (Figure 1). Along the rising portion of the curve we
define an SST threshold as one at which the probability
of grid points with more than 20% HCA reach 50% or
more. This threshold value of SST is similar to the one
suggested by Gadgil et al.'’ who analysed monthly index
for cloudiness intensity associated with large-scale con-
vection during the monsoon season over the north Indian
Ocean. The threshold SST value represents the ap-
proximate large-scale surface temperature required to
provide necessary moist static energy to the near surface
layer 1n order for saturated air parcels to ascend into the
high troposphere and for deep convection to occur.
During July this threshold SST is 27.6°C. Similarly for
January, April and October the threshold SST values are
28.0°C, 29.6°C and 27.6°C respectively. However, it
may be mentioned that except during the month of July,
there are a number of grid points with no high clouds
even though SST is above the threshold value. These
results demonstrate clearly that higher local SST is nec-
essary but not sufficient condition for deep convection.
Even though a warmer SST increases the buoyancy of
the air in the planetary boundary layer, if this buoyancy
18 suppressed by factors like subsidence, or a stable
stratified boundary layer, deep convection and thus high
clouds will not be promoted.
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Figure 1. Variation of mean monthly ISCCP visible optical depths for cirrus (TAUCI) and cirrostratus (TAUCS) for 0.4°C SST bins
as a function of SST (°C) for the tropical Indian Ocean for the months of January, April, July and October. Vertical bars are standard
deviations of the means. The solid (dashed) curve connects the mean optical depths of cirrus (cirrostratus) clouds.

The decreasing portion of the relationship at warmer
SSTs, during July and October, can be associated to
diminished deep convection. These may be the regions
where local large-scale circulation patterns or remote
forcings are acting to suppress deep convection. Waliser
and Graham'® addressed this important aspect in which
they emphasize the importance of cooling mechanisms
agsociated with deep convection in determining the ob-
served upper limits on tropical SST. We have noticed
that grid boxes with such depressed convection over
warm SST regions are mainly observed over the Arabian
Sea and western parts of the equatorial Indian Ocean.

CHRRENT SCIENCE, VOL. 75, NO, 4, 25 AUGUST (998

This depressed convective activity may be associated
with the presence of low-level thermal nversion over
this region. Sen and Das'’ using data from summer mon-
soon experiment (MONEX-79) have reported the pres-
ence ol thermal inversion in the lower levels over the
Arabian sea during summer monsoon period. The for-
mation of inversion was attributed mainly to the conflu-
ence of the dry warm air of continental origin and the
relatively cool moist air of oceanic origin. Low-level
inversions over Arabian Sea were present even during
the established phase of the southwest monsoon. Even it
the SSTs are conducive, such low-level mversions may
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Figure 2. Vartation of mean monthly ISCCP HCA (%) for 0.4°C SST bins as function of SST (°C) for the tropical Indian Ocean for
the months of January, April, July and October. Vertical bars are standard deviations of the means. The solid curve connects the
means. The dashed curves connect the probability of occurrence of grid points with 2 20% HCA expressed in percentage for each

0.4°C SST bins.

inhibit active organized convection. Srinivasan'® high-
lights the crucial role played by the energy available in
the troposphere on the diminished deep convective
activity over the regions where SSTs are otherwise fa-
vourable for the active deep convection. He observed
that for the existence of deep convective activity the net
energy covergence in the troposphere should be posi-
tive.

Figure 3 shows the HCA-SST relationship for tropical
west Pacific Ocean. The main features of this relation-
ship are similar to those discussed for Indian Ocean.
Above ~24°C HCA increases with SST. The threshold
SST values for January, April, July and October are
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28.8°C , 28.8°C, 28.4°C and 29.2°C respectively. How-
ever the major difference is in the months showing de-
creasing portion of the HCA-SST relationship. For
example, over tropical Indian QOcean decreasing portion
of the HCA-SST relationship (Figure 2) is observed
during July and October (note that these are monsoon
months) only. Whereas, over the tropical west Pacific
Occean this is observed in January and April. During
January and April after reaching its maximum value at
~29.6°C, HCA decreases with SST.

Kiehl and Ramanathan® showed that over deep con-
vective Indonesian region, there is near-cancéllation
between the SWCRF and the LWCRF. To examing
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Figure 3. Variation of mean monthly ISCCP HCA (%) for 0.4°C SST bins as function of SST (°C) for the tropical west Pacific Ocean
for the months of January, April, July and October. Vertical bars are standard deviations of the means. The solid curve connects the
means. The dashed curves connect the probability of occurrence of grid points with 2 20% HCA expressed tn percentage for each

0.4°C SST bins.

whether such near-cancellation is observed over tropical
Indian Ocean, we have plotted grid box values of
SWCRF against that of LWCREF for four representative
months of January, Apnl, July and October. The results
are shown in Figure 4. The diagonal solid line in each
diagram represents the points where SWCRE and
LWCRF exactly cancel each other, The two dotted hines
on either side of the solid line are shifted by £10 Wm™
which represents the cstimated uncertainty in the re-
gional estimates of the net cloud radiative forcing, using
ERBE data. Near-cancellation between SWCRIEF and
LWCRFE is more closely observed during the month of
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April in which most of the data points lie between the
two dotted lines of £10 Wm™ uncertainty. During the
other three months, more points lie below the sohid line,
which implies that negative SWCRF is slightly more
than the positive LWCRF. There arc many data points
which are even outside the -10 Wm '~ dotted line, which
again implies SWCRF is comparatively larger in magni-
tude. Particularly in July the differences are very large.
Figure 5 shows the relationship of SWCRF, LWCRF
and net CRF with SST over tropical Indian Ocean. The
grid box values of cloud radiative forcing are pooled
into 0.4°C SST bins. The standard deviations are plotted
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Figure 4. Monthly earth radiation budget experiment (ERBE) LWCRF versus SWCRF (Wm™?y for the tropical Indian Ocean.
Each point represents a grid value within the region for the months of January, April, July and October. The dotted lines indicate

+ 10 Wm™2,

as vertical bars. In general, the relationships of LWCRF
and SWCRF with SST is almost similar to that of optical
depth (Figure 1) and HCA (Figure 2) with SST. During
July and October, two discontinuities, one at 26.4°C and
other at 29°C, are clearly observed. These types of dis-
continuities are also noticed in the relationship between
SST and large-scale vertical motions®’. During April, for
all SST regions the cancellation between LWCRF and
SWCRF 1s very near as evident by the location of mean
net CRF curve within the horizontal dotted lines of
+10 W/m™. During January, the absence of cancellation
of CRFs 1s mainly concentrated in the SST region of
>28°C. In about 50% of the grid points with SST
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greater than 28°C, SWCRF is larger than LWCRF by
more than 10 Wm™. During July, there are two regions
of SST where absence of cancellation of CRFs is ob-
served. One 1s below 26.4°C and the other is around
28.8°C. In the first region there are about 50% grid
points where SWCRF exceeds LWCRF by more than
10 Wm™, and in the second region there are about 45%
such grid points. During October, the lack of cancella-
tion is mainly limited to regions of SST less than 26.4°C
with about 70% grid points where SWCRF exceeds
LWCRF by 10 Wm™. Therefore absence of cancellation
between LWCRF and SWCREF is observed during Janu-
ary, July and October, and both over cold SST

CURRENT SCIENCE, VOL. 75, NO. 4. 25 AUGUST 1998
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Figure 5. Relationship of SWCRF, LWCRF and net CRF (Wm™) for 0.4°C SST bins as a function of SST (°C) for the tiopical Indian
Ocean for the months of January, April, July and October. Vertical bars are standard deviations of the means, The dotted lines indicate

+ 10 Wm™>.

(£ 26.4°C) regions as well as warm SST (around and
above the SST threshold values) regions. Such absence
of near-cancellation between SWCRF and LWCRF have
implications on cloud radiative feedback on surface
temperature’’. Over colder SST regions, this may be due
to the highly reflecting low clouds and fogs.

The absence of near-cancellation between SWCRF
and LWCRF over regions with warmer SST is associ-
ated with larger HCA as evident in Figure 6. The solid
(dotted) curve indicates a plot of mean net CRF for
equal intervals (5%) HCA for tropical Indian Ocean
{west Pacific). Vertical bars are standard deviations of

CURRENT SCIENCE, VOL. 75, NO. 4, 25 AUGUST 1998

the means. It is observed that over Indian Ocean during
January, above 30% HCA thc mean ncgative net CRF
exceeds 10 Wm™. In about 70% of the arid points with
HCA of 30% or more, ncgative net CRF exceeds
10 Wm™. On the other hand, during July and October,
regions with HCA of 2 50% showed negative net CRE
exceeding 10 Wm ™. The mean net CRF in this FCZION IS
of the order of about -30 Wm™”. Alsu in about 75% of
the grid points with 50% or more HCA, negative net
CRF exceeded 10 Wm™ Ducing April, this imbalance is
not clearly observed. Therefore, in general, we can con-
clude that when HCA increases above 30% 1 January,

379



RESEARCH COMMUNICATIONS

JAN
1¢ LEENEE Sum A Shbb SR el ST SIS S S Se SR SRS |

oceocee W. Pacific
neess Indiocn Qcean

._10...

Net CRF (W/msm)
S

|

(%)

-
B |

- SPUN KU VNS W N NS S S NI T S N N N N S—"
300 10 20 30 40 20 €0 70 80

High Cioud Amount (%)
JUL

T "7 7T T T T
[ ceeee W. Poacific

esess |ndian Oceon

o VL) .
499%2a8 |
2 I + 1
T " “
< | ]
= ~20F -
|

L ]
QO =30 —~
-'E; -
< .40 -
r -
~50 -1 |

_GGL_J—I_A_.;A ' S S | -

[ ]
0 10 %0 30 40 50 ‘_60 g 70 80
High Cloud Amount (%)

APR
r—* 1 v T T 1 T

0000 W. ‘Pacific
sswed [ndign Qceon

10 T T

Net CRF (W/mxm)

|
PJ
o
I
-A_

-

~3pt—2——1 0 Lo 1 1 3 I,_s_.l_J_I_L_I

O 10 20 30 40 50 60 70 80
High Cloud Amount (%)

OCT

10
oceao W. Pocific ‘

sees indicn Qceon

f 1

[ \
£ 4
* T 9 .
E | 3
> |
=
L‘__‘lO""
@ \
O
o
Z

O 10 20 30 40 >0 60 70 80
High Cloud Amount (8)

Figure 6. Variation of mean monthly ERBE net CRF (Wm™) for 5% HCA bins as a function of HCA (%) for the months of January,
April, July and October. Vertical bars are standard deviations of the means. The solid (dashed) curve connects the means over tropical

Indian Ocean (West Pacific).

and 50% in July and October, there is a tendency of im-
balance between SWCRF and LWCRE.

Over tropical west Pacific Ocean, during January
when HCA is 2 45%, the mean negative net CRF ex-
ceeds 10 W/m™ and ~80% of the grid points show
negative net CRF 210 W/m™. During October, when
HCA increases above 40% the mean negative net CRF
exceeds 10 W/m™, and 50% of the grid points show
negative net CRF 210 W/m™. However during April and
July, tmbalance between SWCRF and LWCRF is not
observed at high HCA. These results show that irre-
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spective of the ocean basins, the imbalance between
SWCRF and LWCREF is possible at large HCA.

In order to know the quantitative difference between
the CRFs over the tropical Indian Ocean as a single unit,
we computed the monthly area averaged SWCRF and
LWCRF for all 15 months used in this study. It was
found that except during the April months, the differ-
ences between the magnitudes of the area averaged
CRFs are large and negative. During some months these
differences are significant (~10 Wm™), for example in
July 1988 this was ~ -15 Wm™.

CURRENT -SCIENCE, VOL. 75, NO. 4, 25 AUGUST 1998
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From the above discussions we can obtain the follow-
ing conclusions:

(1) In addition to the spatial extent (both vertical and
horizontal) of the high clouds, its albedo also increases
with SST. As a result, HCA was found to influence the
LWCRF and SWCRF more than the other cloud types.

(2) Over tropical Indian Ocean at SSTs above 26.4°C,
the HCA and the components of CRF increase linearly
with SST, and at certain SST threshold (~27.6°C during
July). When the probability of occurrence of deep con-
vective activity becomes > 50%, this increase becomes
very rapid. This feature 1s observed over tropical Pacific
Ocean also. However this increase with SST does not
always sustain at very warm SSTs. Over tropical Indian
(west Pacific) Ocean during July and October (January
and April) due to the suppressed deep convection at
SSTs above ~29°C (29.6°C) the HCA and the compo-
nents of CRF are found to decrease with increasing SST.

(3) In general, during April, there 1s a near-
cancellation between LWCRF and SWCRF over the
tropical Indian Ocean. During October, over lower SST
(26.4°C) and during January and July months mainly
over warm SST (above and around the SST threshold
values) regions, the SWCREF i1s found to be greater than
LWCREF, resulting 1n the lack of cancellation between
LWCRF and SWCREF. Except in April months the dif-
ferences between area weighted monthly SWCRE and
LWCRF over tropical Indian Ocean are significantly
large and negative.

(4) Over tropical Indian (west Pacific) Ocean during
January and July (January and October) when HCA be-
comes very large (~40-50%), the cloud albedo seems to
increase much faster than the longwave absorption, re-
sulting 1n net cloud radiative cooling of the region by
the clouds.

But we would like to put a word of caution to these
results particularly of January and July because of sea-
sonal changes in the incoming solar radiation and the
solar zenith angle, both of which have complex and
largely unknown effects on the cloud forcings.
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Toxicity of tuibur, a unique form of
tobacco smoke extract used in
Mizoram, India
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A unique form of water extract of tobacco smoke
called tuibur is used by some people in Mizoram. The
toxicity of tuibur was studied using modified version
of Allium test. Even dilute solutions of tuibur exhib-
ited significant toxicity by reducing the root growth
of Allium bulbs and inducing tumour formation in
the roots. NMicroscopical features revealed reduction
of mitotic index, formation of micronuclei, lagging
chromosome and c-mitosis in the root tip cells
treated with different concentrations of tuibur, ECq,
value of tuibur for root growth was also estimated.

TOBACCO use by people 1s an ancient practice, probably

started tn the early 1400s. 10 s estimated that the use of
tobacco Kills about three nulhion people globally every
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