
 
 
 
MAUSAM, 54, 1 (January 2003), 263-276 

 
551.501.86 : 504.7 

 
Use of satellite data in the Geosphere-Biosphere Programme 

 
PRANAV S. DESAI, V. JAYARAMAN,  R. R. NAVALGUND, P. RAJARATNAM, 

R. SRIDHARAN and B. H. SUBBARAYA 

Department of Space,  Antariksh Bhavan, Bangalore, 560 094, India 

e mail : p_sdesai@yahoo.com 

 
 

Lkkj & bl 'kks/k&Ik= esa HkweaMy vkSj tho eaMy dk;ZØze ¼th-ch-ih-½ ds mixzg lqnwj laosnh vkadM+ksa ds 
mi;ksx ds dqN ekeys izLrqr djus dk iz;kl fd;k x;k gS] ftlesa eq[; :Ik ls] Hkkjrh; v/;;u fd;s x, gSa 
D;ksafd varZjk"Vªh; {ks= vR;ar O;kid gksus ds dkj.k mudk laf{kIr v/;;u djuk dfBu gSA 

 

dqy feykdj] xzhu gkml xSl var{ksZi.k dh leL;kvksa esa ls] la'ys"k.k }kjk LFkyh; vkSj leqnzh 
ikfjfLFkfrd ra= nksuksa esa dkcZu dh lhek fu/kkZfjr djuk ,d egRoiw.kZ iz'u gSA dkcZu fu/kZkj.k ls xgjs :Ik ls 
laca) LFkyh; usV izkbejh mRikndrk dk vkdyu djus ds fy, Hkkjrh; lqnwj ¼vkbZ-vkj-,l-½ mixzg ij 
vk/kkfjr "okbM QhYM {ks= ¼MCY;w-vkbZ-,Q-,l-½ vkSj ySaM lsV "FkhesfVd eSij ¼Vh-,e-½" uked laosnh dk 
mi;ksx fd;k x;k gSA laiw.kZ ou {ks= vkSj izkpyksa rFkk tSo fofo/krk dk Hkh ekuhVju fd;k tk jgk gSA MCY;w-
vkbZ-,Q-,l- dk mi;ksx djrs gq, Hkkjrh; ouLifr ds thokse Lrj dh fo'ks"krkvksa dk irk yxk;k x;k gSA 
fiNys dbZ o"kksZa ls py jgs nh?kZdkfyd v/;;u esa Hkkjrh; {ks=ksa ds LFkyh; ikfjfLFfrd ra= ds dkcZu iwy vkSj 
pØz dk Hkh dkcZu MkbvkWDlkbM vkSj ehFksu ctfVax nksuksa ds lkFk vkdyu fd;k tk jgk gS ; bu ewyHkwr 
vkadM+ksa  esa LoLFkkus vkSj mixzg lsV nksuksa lfEefyr gSaA MCY;w-vkbZ-,Q-,l- vkSj Mh-,e-,l-ih- vks-,y-,l- 
vkdM+ksa ls tSoHkkj ngu ds v/;;u fd, x, gSaA 

 

blh izdkj] vjc lkxj vkSj caxky dh [kkM+h ds fo'ks"k lanHkZ lfgr leqnzh vkSj ikfjfLFkfrd ra= esa 
dkcZu ds fu/kkZj.k dk vkdyu djus ds iz;kl fd, x, gaSA vks'kulsV &1 ds fgan egklkxj jaxhu ekuhVj 
¼vks-lh-,e-½' laosnh ls fy, x, mRikndrk @ DyksjksfQy ekufp= izeq[k fuos'k gSaA 

 

th-ch-ih- ds varxZr rVh; {ks= ij LFky egklkxj vU;ksU;fØ;k ds egRoiw.kZ ?kVd ds :Ik esa mM+hlk ds 
fpYdk leqnzrky dk v/;;u] ,y-vkbZz-,l-,l-] ih-,-,u- vkfn ds lkFk MCY;w- vkbZ-,Q-,l- vkSj vks-lh-,e- ls  
izkIr LoLFkkus vkSj mixzg vkadM+ksa ls foLr`r :Ik ls fd;k x;k  gSA Hkwfe mi;ksx ds ifj"dj.k ls lacaf/kr 
tyxq.koRrk vkSj mRikndrk esa ifjorZuksa ds vykok dkcZu ds laogu] flYVs'ku] fyVksjy viokg tSlh lqlaxr 
izfØ;kvksa dk v/;;u fd;k x;k gSA 

 

Hkfo"; dh tyok;q dk iwokZuqeku djus esa tyok;q fun'kZzu] fo'ks"kdj /kjkryh; fo'ks"krkvksa vkSj 
ok;qeaMyh; feJz.k esa gksus okys ifjorZuksa ds  izfrfØ;k Lo:Ik gkus okyh o"kkZ dk th-ch-ih- ds varxZr egRoiw.kZ 
v/;;u izxfr ij gSA bl laca/k esa LoLFkkus vkSj mixzg lzksrksa ls izkIr fd, x, leqnz /kjkry rkieku] ouksa 
dh dVkbZ  ¼vkSj ,ychMks ij buds izHkko½ tSls /kjkry ds dkjdksa dks lekfo"V fd;k x;k gSA vU; egRoiw.kZ 
/kjkryh; izkpy Hkwfe dh ueh@e`nk  dh vknzZrk gSA Hkwfe dh ueh vkSj mlds HkweaMyh; mi;ksx gsrq vks'kulsV 
&1 ij Hkkjrh; HkwpSuy LdSfuax Lkw{e rjax jsfM;ks ehVj ¼,e-,l-,e-vkj-½ }kjk izsf{kr fd, x, lgh rkieku 
dks lac) djus ds fy, dne mBk, x, gSaA 

 

mixzg ds vkadM+ksa ls fgeky; ds fgeunksa esa gq, ifjorZuksa dk v/;;u fd;k x;k gSA blesa fge laosnh 
pSuy lfgr MCY;w- vkb-,Q-,l- ds vykok LVhfj;ks Ldksfid ih-,-,u- dk mi;ksx fd;k x;k gSA tyok;q ds 
egRo dh ,d vU; /kjkryh; fo'ks"krk /kzqoh; {ks=ksa ¼vkdZfVd@vaVkdZfVd½ esa leqnzh fge gS ftldk ekSle ds 
vuq:Ik fp=.k Hkh fd;k x;k gS vkSj ;gk¡ rd fd bafM;u vks'kulsV&1 ,e-,l-,e-vkj- ls fofHkUUk [kaMksa esa izkIr 
igys ds fuEcl&,l-,e-,e-vkj-ij vk/kkfjr izo`fRr;ksa dk vc rd foLrkj gks pqdk gSA 

 

vU; ekuo tfur vO;oLFkk] m|ksxksa] okguksa] ?kjsyw bZ/kuksa vkfn ls mRiUu gksus okys ok;qfoy;ksa ds dkj.k 
gksrh gSA igys vkbZ-vkj-,l- & ih- 3 ',l- ds teZu isyksM eYVh LisDVªy vkWIVks bySDVªkfud Ldsuj ¼ ,e-vks-
,l-½' vkSj vc bafM;u vks'kulsV&1 vks-lh-,e- u dsoy fp=.k ds fy, cfYd ok;qfoy;ksa ds vkdkj@lkzsr dh 
fo'ks"krkvksa dk fo'ys"k.k djus ds fy, mi;ksxh ik, x, gSaA cnys esa ;s fun'kZ ds ifjdyuksa esa lgk;d ik, 
x, gaSA 
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xqIr m"ek ¼ok"iksRltZu ds }kjk½ ds egklkxjh; ok;qeaMy fofue; vks'kulsV & 1 ,e-,l-,e-vkj- tSls 
mixzg vk¡dM+ksa ls vkdfyr fd;k tk jgk gS tks fun'kksZa ds usnkkfudh esa lgk;rk ns jgk gSA 

 
fofdj.k ctV tyok;q dk ladsrd gksus ds lkFk gh lkFk ,d egRoiw.kZ okgd Hkh gSA fofHkUu 

mixzgksa@laosndksa  ls fofdfjr Q~yDlksa dh rqyuk ,u-vks--,-,-&,-oh-,p-vkj-vkj-] vkbZ-,u-,l-,-Vh-&oh-,p-vkj-
vkj-] bZ- vkj-ch-,l-,-Vh- & bZ-vkj-ch-bZ ls dh xbZ gsA bUgsa ekudhd`r fd;k x;k gS vkSj tyok;q fun'kksZa dk  
vuqdwyu@p;u djus esa budk mi;ksx fd;k tkrk gSA bl izdkj ds v/;;uksa ls Hkkjrh; {ks= esa es?k ra=ksa dh 
fo'ks"k fofdj.k fo'ks"krkvksa dk Hkh irk yxk;k x;k gSA 

 
ABSTRACT. This review paper attempts to present a few cases of the utilization of satellite remote sensing data in 

the Geosphere-Biosphere Programme (GBP), mainly confined to Indian studies, as the international field is too wide to be 
covered in a brief review. 

 
In the overall greenhouse gas injection problem, one of the important questions is the extent of carbon fixation in 

both, terrestrial and marine eco-systems by photosynthesis.  Indian Remote Sensing (IRS) satellite based sensor called 
‘Wide Field Sensor  (WiFS)’ and Landsat ‘Thematic Mapper (TM)’  have been used, to estimate terrestrial net-primary 
productivity, closely linked to carbon fixation.  Overall forest area and parameters and biodiversity, are also being 
monitored.  The biome-level characterisation of Indian vegetation is being done using WiFS.  The carbon pool and cycle 
of the Indian regions’  terrestrial ecosystems, are also being estimated in a secular study over a number of years, 
including both carbon dioxide and methane  budgeting; the basic data include both in-situ and satellite data sets.  Studies 
on bio-mass burning are being done from WiFS and DMSP OLS data. 

 
Similarly, attempts have been initiated to estimate the carbon fixation in marine ecosystems, with special reference 

to the Arabian Sea and the Bay of Bengal.  Productivity/Chlorophyll maps from Indian ‘Ocean Colour Monitor (OCM)’ 
sensor on Oceansat-1 are the key inputs. 

 
As an important component of ‘Land Ocean Interaction at the Coastal Zone’ under GBP, the Chilika lagoon, 

Orissa, has been extensively studied with in-situ and satellite data from WiFS and OCM, along with LISS, PAN etc.  
Relevant processes such as transport of carbon, siltation, littoral drift are being studied, besides changes in water quality 
and productivity related to landuse  modifications. 

 
Climate modeling to predict future  climate, particularly rainfall  in response to changes in  surface characteristics 

and atmospheric composition, is a vital study under GBP, in progress.  In this context, surface factors like sea surface 
temperature, deforestation (and its effect on albedo), obtained from in-situ and satellite sources, are being incorporated.  
Another important surface parameter is ground wetness/soil moisture.  Steps are initiated to relate brightness temperature 
observed by Indian ‘Multi-channel Scanning Microwave Radiometer (MSMR)’ on Oceansat-1 to ground wetness and use 
this globally.   

 
Changes in Himalayan Glaciers are being studied from satellite data. In this, besides WiFS with snow-sensitive 

channel, stereoscopic PAN is used. Another surface feature of climatic significance is sea-ice at polar regions (Arctic, 
Antarctic), which too has been mapped seasonally and even, the earlier Nimbus-SMMR based trend extended to present 
day,  from the Indian Oceansat-1 MSMR, in different segments. 

 
Another human disturbance occurs in the form  of aerosols from industry, vehicles, domestic fuel etc.  Indian 

Oceansat-1 OCM now, and earlier, IRS-P3’s German Payload ‘Multi-spectral Opto-electronic Scanner (MOS)’ are found 
useful for not only mapping but analysing  size/source characteristics of aerosols.  These in turn are being incorporated in 
model calculations.   

 
The ocean-atmosphere exchange of latent heat (via evaporation) is being estimated from satellite data such as 

Oceansat-1 MSMR, which is assisting in diagnostics of models.   
 
The radiation budget is an important driver as well as indicator of climate.  Radiative fluxes from various 

satellites/sensors have been compared – e.g. NOAA-AVHRR, INSAT-VHRR, ERBSAT-ERBE.  These have been 
standardized, and utilised in tuning/selecting climate models.  Also, special radiative characteristics of the cloud systems 
in the Indian region have been brought out from such studies. 

 
Key words –   Geosphere biosphere programme, Satellite observations, Remote sensing, Climate change, Global 

warming. 

 
1. Introduction 
 

The Geosphere-Biosphere Programme, both 
internationally and in India, was initiated in the light of a 
realisation, through scientific investigations, that several 
human activities have the potential to disturb the global 

and regional climates – which in turn, can affect the 
biosphere including food security.  An urgent need was 
therefore felt, to attempt to understand the Interactive 
earth system and the quantitative impact of anthropogenic 
perturbations therein, so that mitigative measures could be 
taken where appropriate.  Some prime examples of human 
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effects on climate could be:  (i) large or regional scale 
land use changes, including deforestation, biomass 
burning etc., which can impact climate in a variety of 
ways such as albedo and friction changes, decreased 
fixation of carbon dioxide etc.  (Charney, 1975; Sud and 
Smith 1985);  (ii)  emission of greenhouse gases-notably 
carbon dioxide through fossil fuel combustion, methane 
from wetlands, rice paddies, cattle etc. chlorofluoro-
carbons used in refrigeration, air-conditioning, fire-
fighting equipments etc. – which can shift the short-wave 
long-wave radiative balance towards higher surface/low-
level global temperatures accompanied by stratospheric 
cooling (Ramanathan et al., 1985); this may be partially 
compensated by aerosols which can reflect some short 
wave radiation (Kiehl and Briegleb, 1993); still the net 
effect being towards global warming, major changes in 
rainfall patterns, food production and also a sea-level rise 
can be expected (Wigley and Raper, 1987;  Zwally, 1991);  
(iii) release of chlorofluorocarbons leading to ozone 
depletion in the stratosphere – this is more alarming from 
the ultraviolet transmission to surface, but even climatic 
effects of decreased stratospheric ozone and increased 
tropospheric ozone created by industrial pollution are 
expected  (Kiehl et al., 1999); (iv)  marine pollution and 
man-induced disturbances in nutrient outflow to oceans, 
which can reduce carbon fixation in marine biological 
productivity (photosynthesis) and thereby keep larger 
percentage of anthropogenic emission of carbon-dioxide 
in the atmosphere, exacerbating the greenhouse warming 
(Sarmiento et al., 1998). 
 

In terms of observational sources, paleoclimatic 
research depends on proxy data such as tree-rings, 
sediments etc.; micro-level investigations obviously need 
in situ/field data, but they can also benefit from satellite 
data  at fine scale; whereas global level studies benefit 
most from satellite data which are generally global, 
besides from a network of meteorological, trace gas and 
other in situ observations spread over the globe.  Satellite 
data are particularly useful in otherwise relatively data 
sparse regions such as oceans, polar regions, etc. and to 
get synoptic view in the stratosphere.  Indeed, space 
agencies, realising the value of archived satellite data, are 
piecing them together in uniform mutual calibration, to 
create medium-duration satellite data sets for climate/GBP 
studies (NOAA-NASA,1994).  There are also elaborate 
plans to place series of satellites with sensors geared 
towards global change observations (CEOS, 1997; Hansen 
et al., 1995; Desai and Joseph, 1994).  Readers wishing to 
understand imaging sensors may see Joseph, 1996. 
 

The Indian scenario on GBP too, is quite active with 
many agencies/groups addressing different aspects 
thereof.  Some of the investigations are using satellite data 
as integral component of the projects.  In the present 

review paper, attempt is made to bring out such cases of 
utilization of satellite remote sensing data in GBP, mainly 
confined to Indian studies, as the international field is too 
wide to be covered in a brief review (barring a few 
instances).  Even the Indian coverage may be 
representative, not exhaustive.  Some of the work can be 
found in a book reflecting the GBP Programme of the 
Dept. of  Space (ISRO, 1998). 
 
2. Terrestrial ecosystems 
 

2.1. Biome mapping 
 

Physical and physiological status of vegetation 
govern critical land-atmosphere interaction processes like 
carbon transfer, biomass accumulation, sensible and latent 
heat transfer, albedo, friction etc.  In this context, 
mesoscale classification of vegetation into quasi-
homogeneous units called ‘biomes’ is of great significance 
for further aggregation of eco-physiological process and 
outputs.  A few states are initially selected for such a 
classification using 4 to 8 months satellite data and 
extensive field observations with the aim to generate 
mesoscale  vegetation class map of the whole of India.   
 

The satellite data found most useful for this purpose 
are the ‘Wide Field Sensor (WiFS)’ on the Indian Remote 
Sensing Satellites (IRS) – 1C, P3 and 1D launched in 
1995, 1996 and 1997 respectively.  The spectral channels 
on WiFS are Red and Near-Infra-Red similar to 2 
channels of NOAA-AVHRR which are used to arrive at a 
Normalised Difference Vegetation Index-NDVI, as a 
measure of the extent and health of vegetation.  On IRS 
P3 only, a third short-wave-infrared channel more useful 
in ice/snow, aerosol and other application is also 
available.  Specifically : the channels are centered around 
0.65, 0.81 and 1.62 microns, with a spatial resolution of 
188 m (vs NOAA 1 km), and a swath of 800 km; typical 
repeat cycle is 5 days.  Effect of viewing geometry on 
WiFS data is significant (Pandya et al., 2000).  
Radiometric, atmospheric and geometric corrections were 
applied to such WiFS data, and image-to-image 
registration, map projection were first achieved.  Then 
NDVI (mean, maximum, minimum, amplitude, integrated 
based  on maxima) and raw near-infrared band merged 
with integrated NDVI to enhance vegetation, were 
mapped.  These were then classified by hybrid algorithm 
on time series sets.  A mosaic of the entire country for 9 
months (barring July-September : cloud covered) was 
generated and stratification within the above mentioned 
states was carried out (Roy et al., 2000).  Earlier, a more 
‘macro’ level study of vegetation cover and dynamics 
(seasonal patterns in 6 different agro-climatic zones) had 
also been carried out over India, using NOAA data  base 
(Jayaseelan and Thiruvengadachari, 1998) of global and 
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local vegetation indices at 4 and 1 km resolutions 
respectively from 1982 onwards.  The peak NDVI 
provided significant contrasts e.g. 0.13 in arid and 0.30 in 
humid zones, indicative of photosynthesis activity.   
 

2.2. Regional forest productivity 
 

An important role of forests in the context of 
greenhouse warming and global change, is the capture and 
fixation of carbon from atmospheric CO2 via 
photosynthesis.  Thus, regional net primary productivity is 
an important parameter.  A satellite remote sensing based 
approach for its estimation at landscape level is presented 
by Roy and Jain (1998), using Landsat Thematic Mapper 
T.M. data at a tropical dry decidous forest site in Shivpuri, 
M.P.  in October 1989-January 1990.  This sensor also had 
red and near-infra-red bands suitable to derive NDVI, 
besides a middle-infra-red band.  The authors cited above, 
experimented with various combinations of these spectral 
reflectances, in exponential relations with ground-
measured NPP, i.e. net (above-ground) primary 
productivity (incremental biomass corrected for litterfall, 
decomposition, grazing etc.) as well as growth stage-wise 
CO2 uptake efficiencies measured by infrared gas analyzer 
combined with satellite-based linear estimation of 
Intercepted Photosynthetically Active Radiation (IPAR) 
from spectral indices – i.e. the first method is a purely 
statistical correlation approach between spectral index and 
NPP, whereas in the second elaborate method, physical 
meaning is assigned to spectral index in terms of 
radiation, and a weighted average conversion efficiency, 
based on stagewise field measurements, is combined with 
this radiation, to estimate NPP.  They found that 
integrated NDVI (also derivable from WiFS) is the most 
suitable spectral index in both the approaches, with typical 
r-square 80%. 
 

2.3.  Terrestrial carbon pools and cycle 
 

The overall carbon cycling and sequesterisation 
(fixation or removal from the atmosphere – which can 
partially mitigate the greenhouse warming), through the 
terrestrial ecosystems, has several components. Forests, 
referred in the previous subsection, are just one of them.  
Agro-ecosystem, including crops and livestock also help 
fix some carbon if there is an increasing trend in their 
pools.  Soil organic carbon is an important pool, feared to 
be a source due to land use changes and global warming.  
Wetlands, marshes, rice fields, cattle, present sources of 
methane (CH4), another carbon-based greenhouse gas.  
While ecosystem level exchange rates need field-based 
measurements, satellite remote sensing has a significant 
role in regional assessments.  Forest Survey of India’s 
biennial regular surveys, now (since 1980) routinely use 
remote sensing as an integral additional source besides 

field observations, to make national forest maps (FSI, 
1995). 

 
The effort also covers field inventories of growing 

stock volumes.  Recently, this data base (a combination of 
satellite and field data) classified in a matrix of 4 forest 
types at 3 crown densities, for 1992-93, was utilized along 
with biomass expansion factors, by Chhabra et al., 2002a, 
to estimate the total standing (above plus below ground) 
biomass in Indian forests, at about 8700  mt (80% : 20% 
shoot : root).  This is a refinement over previous estimate 
of 8150 mt for 1991 which accounted for fewer (2) crown 
density classes.  The widely varying biomass density was 
also brought out (27 t/ha:Punjab to 252 t/ha : J&K).  Such 
density estimates coupled with remote sensing based land 
use changes, can help estimate C fluxes.  Case of 
deciduous forest, for carbon flux from satellite data, is 
addressed by Prasad et al., 2000. 
 

Another use of remote sensing based forest inventory 
is to estimate soil organic carbon pool in Indian forests.  
Forest typewise soil organic C densities estimated from 
published database were combined with the above forest 
inventory, to arrive at soil organic C pools by major forest 
types in India (Chhabra et al., 2002b) which can form as 
vital inputs in estimating C release from forests by 
deforestation.  The present total soil organic C pool in 
Indian forests is estimated as 4.1 PgC in top 50 cm and 
another 2.7 PgC in the next 50 cm depth. Another 
important pathway in the forest C cycle is litterfall.  
Combining these various sub-components, the carbon 
cycle for the Indian forest component is quantified by 
Dadhwal et al., (1998).  
 

The direct use of satellite data for estimating forest 
biomass, either by relating satellite spectral reflectances 
with canopy cover or by defining forest types for further 
field surveys, is being investigated and evaluated with 
encouraging success (Tiwari, 1994; Roy and Ravan, 
1996).  Forest biodiversity mapping is also being done 
(Srivastava and Oza, 1994;  Tiwari, 1998; Roy  and 
Tomar, 2000).  The human adverse impact in Vindhyan 
biodiversity has been studied from satellite data (Jha et al., 
2000). 
 

The Indian Agro-ecosystem presents a favourable 
scenario of increasing carbon fixation. There is an 
intensification of C-cycling in the Indian agro-eco-system, 
and a small incremental sinking of C.  A specific focus on 
the Indo-Gangetic plain is placed in the study by Dadhwal 
and Chhabra (2002).  As for  wetlands and rice fields from 
the viewpoint of methane flux estimation, again optical 
and microwave satellite maps along with field emission 
measurements are found useful.  The overall district-level 
Indian greenhouse gas emissions have been assessed by 
combining satellite and in-situ data (Garg et al., 2001). 
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2.4. Forest fires and biomass burning 
 

The specific practice of biomass burning for 
domestic use (fuel wood) or agriculture, (forest clearing 
and shifting cultivation) leads to emission of  several trace 
gases, including CO2, H2O, CO, CH4, NO2 and NMHC’s, 
besides aerosols (particulate carbon).  All these 
constituents play an important role in the radiation budget.  
The aerosols and NO2 also lead to surface ozone and 
hence reduction in UV-B.  The natural fire risk has been 
modeled using remote sensing data by Jain et al. (1996).  
To quantitatively understand the environmental impact of 
large scale biomass burning, a campaign was conducted in 
east Godavari District (A.P.) in February 1999, where 
shifting cultivation was in progress.  Besides in situ 
measurements with chemi-luminiscent analyser, infrared 
gas filter, correlation analyser, CO2 IR gas analyser, UV-B 
biometer, ozone analyser, steel canisters (for  CH4) and 5-
channel sunphotometer for aerosol optical depths (340 to 
1020 nm), satellite data of IRS-P3 WiFS, IRS-IC LISS-
III, Defense Meteorological Satellite (DMSP)- 
Operational Line Scan System (OLS) and NOAA-
AVHRR were also collected in ambient (pre-burning) and 
active biomass-burning phases.  The IRS-P3 WiFS data 
could capture the vegetation dynamics during the shifting  
cultivation operations-for example, deciduous vegetation, 
its leaf shedding phase, and fire affected patches (initially 
detected in NOAA-AVHRR and night-time DMSP-OLS 
data) are clearly marked out in WiFS imagery of the 
relevant phases (Prasad et al.,  1999a; 1999b; Kant et al., 
2000b).  The overall integrated study of biomass 
combustion and emission inventory, using remote sensing, 
geographical information system and ground based 
measurements is presented by Prasad et al., 2001; 2002.  
The related increase of carbonic aerosol optical depth 
from NOAA-AVHRR and simultaneous decrease in UV-
B is discussed by Kant et al., 2000a. 
 

2.5. Thermal and humidity aspects of land covers 
 

Land surface also plays shorter term roles in 
weather/climate, besides the longer term effects through 
carbon, nitrogen cycles discussed in the previous two 
subsections.  The exchange of heat and water-vapour 
between the land and atmosphere fall in this category.  In 
as much as water vapour itself is a strong greenhouse gas, 
the “biospheric aspects of the hydrological cycle” 
(BAHC) is also an important  GBP project.   

 
The NOAA-AVHRR thermal infrared data are 

normally used for sea surface temperature mapping.  On 
land surfaces, the variations in emissivity have to be 
accounted for, hence it is not operationally feasible to map 
land surface temperature.  However, as a research 
approach, the same AVHRR(Visible/NIR channels) has 

been used to first obtain NDVI, and then relate the thermal 
emissivity to it linearly.  In fact first, the broadband (8-14 
micron) thermal emissivity is found in terms of fractional 
vegetation cover in the pixel (assuming values 0.92, 0.986 
for soil, vegetation).  Then the split-window technique is 
used on land pixel with the modeled emissivity (from 
NDVI).  The method is found viable to get land surface 
temperature (LST) to an accuracy of about 1 degree 
(average over 1 km × 1 km pixel) even in heterogeneous 
terrains (Kant and Badarinath, 2000). Gupta et al., (2000) 
discuss sensible heat flux, roughness parameter, LST from 
AVHRR data. 
 

The estimation of evapotranspiration (ET), i.e. the 
moisture input from vegetation (and surrounding soil) into 
the atmosphere, is probably the most vital yet challenging 
aspect of BAHC.  Satellite derived surface temperature, as 
discussed above, along with satellite derived albedo – as a 
measure of fractional vegetative cover – are used to model 
evapotranspiration (Kant and Badarinath, 1998).  Regional 
scale estimation of Leaf Area index (LAI) and 
evapotranspiration (ET) from a tropical wet evergreen 
forest  case of Western Ghats  is attempted through 
conjunctive use of remote sensing and ground 
measurements, wherein the satellite sensor is Landsat TM; 
reasonable maps of LAI and ET could be obtained (Gharai 
et al., 1998). 

 
Soil moisture itself is an important climatic 

parameter.  Estimation of soil moisture on a climate-
compatible scale (on 1.5 degree grid), but on a global 
coverage, from satellite sensors is still an investigative 
topic.  One approach is to relate soil moisture to thermal 
inertia, as indicated by the rate of rise of surface 
temperature in the forenoon – either INSAT-VHRR or a 
pair of NOAA-AVHRR’s could be used, at 8.30 and 11.30 
IST or so.  The greater this rise in temperature, the less the 
thermal inertia and hence soil moisture : an empirical 
relation could be established; however this worked better 
in arid/semi-arid zones like Gujarat/Rajasthan, and a 
complexity of accounting for the presence of vegetation, 
via NOAA-AVHRR NDVI, was encountered (Pathak et 
al., 1993).  As infrared sensors are constrained by cloud 
cover  problem, and because soil emissivity in the 
microwave range is a sensitive function of soil moisture, it 
is now customary to explore microwave sensors for soil 
moisture.  Whereas for agricultural application high 
resolution radars are used, here for global climate study 
and modeling, lower resolution sensors like microwave 
radiometers and scatterometers (typical spatial resolution 
100 km and 25 km respectively) are more suitable.  The 
Indian satellite IRS-P4 launched in 1999 has a 
Multichannel Scanning Microwave Radiometer (MSMR) 
with frequencies 6.6, 10.7, 18 and 21 GHz, at both H and 
V  polarisations,   all  at  an   observation  angle  of   about         
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Fig. 1.  Comparison of IRS-P4 MSMR derived Antecedent Precipitation Index (API, proxy soil moisture estimate) with the API derived 
using observed rainfall and surface temperature data for 1-14 July, 1999 

 
 
50 degrees.  Of these, the 6.6 GHz (H) brightness 
temperature is found to be a good indicator of large scale 
soil moisture; it also affords a global coverage as fast as 
once in 2 days (Rao et al., 2001; Pal et al., 2000). 
 

Fig. 1 shows MSMR ground wetness index vs 
anticedent rainfall index (Rao et al., 2001). 

 
 

2.6. Coastal zone 
 

The coastal zone has a unique role in the overall bio-
geo-chemical cycle.  Recognising this, a separate 
component called ‘land-ocean interaction in the coastal 
zone’ (LOICZ) is defined under GBP.  Satellite sensors 
with fairly high spatial resolution and multiple spectral 
channels are desirable, to capture the relatively finer 
coastal features and water quality variations (Nayak et al., 
1996), for example the LISS and PAN (panchromatic 5.8 
m resolution) sensors on Indian Remote Sensing 

Satellites.  However, for large water bodies like Chilika 
lake and for offshore marine water-quality (chlorophyll, 
sediment and yellow substance), sensors with higher 
‘gain’ (sensitivity to low reflected radiation) and several 
narrow spectral channels to distinguish such water 
constituents, are required.  The IRS-P4, also called 
Oceansat-1 has such a sensor called Ocean Colour 
Monitor (OCM) with 8 narrow spectral channels (412 to 
865 nm). 
 

In the context of GBP and  global warming, one 
issue in the coastal zone (and islands) is the expected 
impact of future sea level  rise.  A typical case study of 
such a likely impact on the Gujarat Coast, of an assumed 
50 cm – 100 cm rise in sea level, has been carried out 
using IRS LISS-I data base at 1:2 m scale (Nayak, 1994).  
The spatial resolutions of LISS-I, II, III respectively are 
72, 36, 23 meters.  Another concern is that of human land-
use changes exerting ecological pressures on lakes.  In this 
connection, a case study of and around the Chilika  lagoon  
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Fig. 2. Detection of Algal bloom around Saurashtra coast, Gujarat, India 
 

 
(Orissa) has been carried out, combining several sensors 
data, viz. IRS-P4 OCM, IRS-P3 WiFS and MOS 
(Multispectral Optoelectronic Scanner, similar to OCM in 
function, provided by German Space Agency), IRS-1C 
and 1D PAN, LISS-III, WiFS, IRS-1A and IB LISS-II, 
and earlier Landsat TM and MSS (Multispectral Scanner) 
besides topographic maps and field surveys, to relate 
landuse changes (since 1929) with increase in siltation, 
weed growth, near-shore sediments, yellow substance 
(degraded biological matter) and littoral drift (resulting in 
adverse shoreline changes -–for example, reduced number 
of inlet openings from sea to lake, which used to be 3 until 
about 1980, but now there is  only one opening – resulting 
in decreased salinity and hence fishery productivity as 
well).  Further study of transport of terrestrial carbon to 

the coastal region is in progress (Nayak et al., 2000). 
Kolleru Lake (in A.P.) has also been studied for changes, 
using Landsat, IRS (Rao et al., 2000a). 

 
3. Marine ecosystems 
 

3.1. Carbon fixation 
 

As in case of terrestrial productivity, marine 
photosynthesis too, represents a sink for atmospheric CO2 
– which is beneficial from greenhouse viewpoint.  The 
specific satellite sensors alluded to above which are 
sensitive to marine chlorophyll, viz. IRS-P3 MOS and 
IRS-P4 OCM, and a few international ones like Sea Star 
satellite’s Sea WiFS (Sea-viewing Wide Field Sensor) and 
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ADEOS satellites’ OCTS  (Ocean Colour & Temperature 
Sensor) and EOS/TERRA satellite’s MODIS (Moderate 
Resolution Imaging Spectrometer) help in  estimation of 
biological primary productivity in the ocean, related to 
CO2  fixation.  

 
The primary productivity along the east coast of 

India is being attempted to be estimated from ocean colour 
sensors (of the type listed above).  In situ underwater 
radiometer data as well as chlorophyll measurements, at a 
test site near Paradip (Orissa) are used to benchmark 
satellite estimate of chlorophyll.  Then primary 
productivity is estimated from non-spectral 
photosynthesis-vs-irradiance (PI) model from literature, 
adjusted by in situ measurements for local conditions.  
The results indicate the heavy effect of atmospheric 
aerosols which introduce path radiances in the selected 
spectral channels.  Thus, this is an active developmental 
topic (Rao et al., 2000b).  In a similar manner, another test 
site, this along the west coast of India (off Gujarat) is 
being studied, again resorting to site-specific non-spectral 
PI model.  The satellite inputs in this model are : the 
chlorophyll concentration and the diffuse attenuation co-
efficient.  Further, a regional factor or fraction ‘f’ is 
applied to the total primary productivity, to arrive at the 
‘new’ primary productivity (using upwelled nitrogen 
rather than recycled urea, ammonia and dissolved organic 
carbon i.e. a true measure of fresh atmospheric CO2 fixed 
in ocean).  Remote sensed parameters could be having an 
influence  on this fraction ‘f’, (Watts et al., 1999; 
Morrison et al., 2000).  But at present this is found from 
ship’s observation of new and recycled production or 
obtained from literature, in biologically homogeneous 
domains.  Finally, maps of ‘new primary productivity’   
are prepared combining  satellite and in situ data; algal 
blooms stand out prominently as patches of higher ‘new’  
production in such maps (Dwivedi et al., 2000).  It is 
noted that beyond the above, another factor called export 
‘e’ is to be finally applied, representing ‘raining out’ of 
carbonate pellets from the mixed layer into deeper ocean – 
that is the ultimate removal (barring long-term recycling 
on a millennial scale) of the fixed carbon.  This too is to 
be regionally determined (in the Arabian Sea it is about 
0.25), or modeled in terms of oceanic parameters, some of 
which could be remotely sensed. 

 
Fig. 2 gives an example of algal bloom (Nayak, S.R., 

Priv. Comm.). 
 

A few random international examples will be 
helpful, to indicate the further potential role of satellite 
data in the marine carbon fixation problem.  The rather 
unexpected role of an oceanic sensor called altimeter (a 
nadir looking microwave radar wherein the time of return 
of a pulse from the ocean surface back to the satellite is 

used to map relative ocean surface topography to about 10 
cm) in studying inter-annual and basin scale variations of 
biological new production in the tropical Pacific Ocean 
during 1992-1999, covering an El-Nino and a La-Nina  
event, is demonstrated by Turk et al., 2000.  Their method 
is indirect : new production is related (negatively) to the 
20 C isotherm depth (from in situ data) which in turn, is 
related to the sea level anomaly or sea surface height, SSH 
(combining in situ with altimeter data of satellite called 
TOPEX/POSEIDON).    Another approach towards new 
production estimate, is based on inferring first, surface 
nitrate due to wind driven upwelling (in summer) or 
thermal convection (in winter), from a combination of 
chlorophyll and sea surface temperatures from satellites 
(Goes et al., 2000). 
 

However, some authors point out that nitrate alone is 
not sufficient to induce productivity; iron deficiency 
creates what are known as HNLC (High Nitrate, Low 
Chlorophyll) zones.  But there is a good scope for positive 
feedback : any initial high abundance of chlorophyll can 
trap more solar heat, thinning and warming the mixed 
layer while cooling the subsurface, which in turn can 
encourage lower level nutrients to mix into the upper layer 
via cold core upwelling and turbulent mixing, giving a 
positive  feedback.  Model results and observations in the 
Arabian Sea and Pacific Ocean corroborate this line of 
thinking.  Here, the use of remote sensed chlorophyll is 
made not only directly, but also in judging the vertical 
distribution of solar heating of the upper ocean layer, 
which is then fed to a thermodynamic ocean model to 
predict sea surface and lower layer temperatures and 
thence future productivity (Nakamoto et al., 2000).  
Methods of estimating primary productivity by combining 
satellite maps of chlorophyll  and sea surface temperature 
are still evolving (Asanuma et al., 2000). 
 

Some authors have taken recourse to ‘physical’ 
oceanographic data, to understand ‘biological’ production.  
Presented below are gists of 3 examples : (i) Rodriguez 
and Stuardo (2000) have studied the relation of winds and 
wind-induced upwelling, with chlorophyll concentration 
in the Panama Basin.  They used data of microwave 
scatterometer (NSCAT) and ocean colour/temperature  
sensor (OCTS) from the Japanese satellite ADEOS.  
Monthly average oceanic Ekman pumping (vertical 
velocity) map, estimated from NSCAT wind stress, 
showed that strong upwelling (March-April 1997) was 
associated with substantial increase in chlorophyll and a 
decrease in sea-surface-temperature, as expected.  (ii)  In 
the Arabian Sea, the south-west monsoon season offers 
similar upwellings; but in north-east monsoon, a different 
mechanism, viz. convection induced by surface cooling, 
brings or mixes nutrients into the upper layer, leading to 
higher biological productivity; such inverse relation of 
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sea-surface-temperature and cholorophyll in winter on the 
Arabian Sea, is found from OCTS (Jadhav et al., 2000).  
Sasmal and Somasundar (2000) used NOAA AVHRR and 
Nimbus CZCS to study these phenomena.  (iii) The case 
of Indonesian  Archipelago is presented by Moore and 
Marra (2000).  As  contrasting epochs, the late 1997 El-
Nino and the late 1998 La-Nina show : Southern 
Oscillation Index rising from –2.5 to +1, the sea surface 
height anomaly (off Java, as seen in 
TOPEX/POSEIDON/ERS altimetric product) going from 
–22 cm to +20 cm (the sharpest protracted rise in that 
whole decade),  indicative of upwelling and downwelling, 
analysed wind anomaly in November 1997 still easterly 
favouring the upwelling, sea-surface temperature (from 
NOAA-AVHRR 1 km local area coverage provided by 
Australia) being low 24 C in October 1997 and high 29 
C in end 1998, and chlorophyll concentration (from Sea 
WiFS at 9 km) abruptly rising from 2 mg/cu m in October 
1997 to 14 mg/cu m in mid November 1997, then falling 
back to near zero by early 1998 and staying low. 
 

3.2. Carbon dissolution 
 

Before closing this section, it is in order to point out 
that biological photosynthetic fixation of carbon dioxide is 
not the only mechanism for CO2 uptake from the  
atmosphere by the ocean.  In fact, inorganic exchange by 
diffusion and (at high winds) bubbles caused by wind-
wave breaking – the latter being drastically high at gales 
(Bortkovskii, 2000) – is also to be accounted for.  Indeed, 
the Arabian Sea, despite its high overall biological 
productivity which helps it to take up CO2  emits 
inorganic carbon, and acts as a net source of CO2 to the 
atmosphere, estimated at 250 TgC (Sarma, 2000).  
Monahan (2000) has suggested the use of satellite 
microwave radiometers (which respond to bubbles’  high 
emissivity) to judge the foam  covered fraction of the sea, 
to which the air-sea gas transfer co-efficient is 
proportional.  In normal, placid times when bubbles are 
not dominating, the usual diffusive equation for CO2 flux 
is used involving product of an exchange co-efficient 
(function of SST and wind speed), solubility (function of 
SST and salinity) and differential partial pressure of CO2 
(sea vs air).  Of these factors, SST, wind speed are 
amenable to satellite remote sensing (salinity is an 
experimental topic).  Further, an empirical quadratic 
regression is proposed, for estimating oceanic partial 
pressure of CO2 ,  involving SST, chlorophyll and salinity 
by Osawa et al., (2000) – again, herein 2 out of 3 input 
parameters are amenable to remote sensing.  However, in 
the above simplistic discussion, we have taken the 
exchange co-efficient to be a function of ‘wind speed’ 
along with SST.  Actually it is a function of friction 
velocity at the sea surface.  Fortunately satellite wind 
sensors such as microwave scatterometer,  radiometer are 

indeed responding to the friction velocity or wind-stress 
(not wind speed) via scattering or emission of 
microwaves.  But in practice, empirical relations called 
‘model functions’ are obtained between back scattering 
and wind speed at some height like 10 meters due to the 
experimental arrangement.  In that case, one has to use 
‘satellite U-10’ to find the drag co-efficient.  Now this 
relation is not unique but it is a family of curves varying 
with ‘wave age’,  represented via sigma-p, the angular 
frequency of wind wave spectral peak.  By painstakingly 
determining relation of roughness-length with such sigma-
p (a negative slope obtained indicating positive 
dependence of wind stress on wave age/growth) in varied 
laboratory and field conditions, a family of drag co-
efficient curves is obtained by Suzuki et al., 2000.  So in 
the end, our round about approach lands us in the 
additional problem of finding wave age from remote 
sensing or otherwise – a  function of fetch or duration of 
wind.  Either ‘Analysed Wind Field History’ of past many 
hours, or advanced microwave sensor like Synthetic 
Aperture Radar which can give wave set up (slope, 
spectrum) would be needed.  Perhaps we should rethink, 
why not directly relate backscatter with wind-stress by 
field experiments.   
 
 

3.3. Ocean-atmosphere heat exchanges 
 

A global role of oceans in the atmospheric 
circulation, is the exchange of sensible and latent heat 
between the ocean and the atmosphere.  Methods of 
estimating these from satellite observations are evolving.  
As in the CO2 gas transfer problem, H2O transfer also 
requires consideration of variable exchange co-efficient as 
per the environment.  Further, the near-surface air 
humidity and temperature are to be estimated.  While 
satellite sounders do not have the fine vertical resolution 
required to provide these directly, some indirect methods 
are being attempted.  The total integrated water vapour 
column of the atmosphere, amenable to remote sensing by 
microwave radiometers having channels near the 22 GHz 
water-vapour absorption line (U.S. Defense 
Meteorological Satellite Programme’s Special Sensor 
Microwave Imager DMSP SSM/I  and Indian Oceansat – 
1 MSMR) is climatologically related to the near-surface 
humidity; refining such relation regionally and seasonally, 
variability of latent heat and water vapour flux divergence 
over the Indian Ocean region has been studied by 
Vinayachandran and Ramesh Kumar (1990), Ramesh 
Kumar and Rao (1990) and Nair et al., (1995).  Another 
approach is to use 3 layer moisture from NOAA sounder 
(Simon et al., 1995). Gautier et al., (1998) study seasonal 
and inter-annual variability of air-sea interaction over the 
Indian Ocean using satellite data sets (SST, LHF, SW 
Rad., Precip.) in novel ways. 



 
 
272                              MAUSAM, 54, 1 (January 2003) 

A recent trend is to bypass the bulk aerodynamic 
formulation (with satellite derived parameter inputs), and 
rather relate the heat exchanges directly to the brightness 
temperatures; such an attempt with Oceansat-1 MSMR 
data is presented by Singh et al., (2001), giving a better 
accuracy; such estimates help in diagnosing and refining 
atmospheric models.  A multi-angle sensor, Along Track 
Scanning Radiometer on the European Remote Sensing 
Satellite is used, to study latent heat in relation to 
monsoon, by Mathur et al., (1999), besides near-surface-
humidity.  Akin to El-Nino/La-Nina, Indian Ocean dipole 
in SST/SSH/Chlorophyll is found from satellite data, by 
Saji et al., (1999). 
 
4. The cryosphere 
 

4.1. Polar sea-ice 
 

The polar ice-caps and the adjoining sea-ice, besides 
seasonal variation, may also have a secular trend in their 
area, thickness, temperature, etc. If there is global 
warming, the polar sea-ice, ice-shelf are expected to have 
relatively rapid impacts; the latter would also contribute 
significantly to a general sea-level-rise by both melting 
and sliding or shelf separation effects. Conventional 
monitoring being difficult and perhaps incomplete, 
satellite observations are being explored (Gloersen and 
Campbell, 1988). Recently after the launch of Oceansat-1 
MSMR, Vyas et al., (2001), analysed its data over the 
Antarctic and the southern Polar Ocean.  Further details 
can be found in a separate article in the present issue of 
MAUSAM. Satellite derived sea-ice has been studied in 
relation to NAO, by Dugam (2000). 
 

4.2. Himalayan glaciers 
 

Another sensitive component of the world’s 
cryosphere, mountain glaciers are adversely affected by 
global warming.  To quantify the changes in case of 
Himalayan glaciers, a detailed study using satellite and in 
situ data is undertaken. Interested reader may see Kulkarni 
(1991), and  Kulkarni (2001), Kulkarni and Bahuguna 
(2002), Kulkarni et al., (2002) and also, for overall snow-
cover monitoring aspects, their separate article in the 
present issue of MAUSAM. 
 
5. The Atmosphere : Constituents, Radiation, 

Modeling 
 

5.1. Atmospheric aerosols 
 

Aerosols have important radiative, chemical and 
cloud-condensation microphysical roles.  Besides natural 
aerosols, now man-made aerosols are also getting injected 
in the atmosphere. 

Considering that parallel articles on aerosol 
monitoring are included in the present issue of 
MAUSAM, here much discussion thereof is not given.  
An earlier Review by Subbaraya et al., (2000) may also be 
seen.  

 
A novel use of an ozone sensor on satellite, viz. 

Nimbus-7 Total Ozone Mapping Spectrometer (TOMS), 
by attributing the deviations of 340 vs 380 nm radiance 
differences from theoretical expectation, to aerosols, is 
given by Moy et al., (1999) over the Indian monsoon 
region.   

 
In the context of GBP and global change, the 

aerosols may present an opposite (negative) forcing to that 
of the greenhouse gases in the troposphere i.e., aerosols 
may decrease the tropospheric warming; in the 
stratosphere on the other hand, they may enhance the 
cooling caused by greenhouse gases.  This is the broad 
outcome of a model study of non-cloud radiative forcing, 
and its heating rate impact, due to anthropogenic sulphate 
aerosols: however the author of it (Rajeevan 1998) has  
rightly pointed out that there are uncertainties in the 
computed sulphate concentration fields by various 
chemistry-transport models, and hence satellite 
observations of aerosols are desirable. Raj and Devara 
(1997) studied satellite observed aerosols after volcanoes. 
 

5.2. Trace gases from satellites 
 

Internationally this is a vast and active topic.  
Limiting ourselves to retrievals and utilizations in South 
Asia, Joshi and Ramesh (1994) have used the infrared 9.6 
micron channel on NOAA sounder, to estimate ozone total 
column.  Begum (1999) utilized TOMS ozone column 
data of October 1982 – September 1983 in the entrance 
zone of East Asia Sub-Tropical Jet stream, to infer air 
transfer from the troposphere to the stratosphere in spring 
season.  In winter, the ozone contour and gradient indicate 
the wind direction and speed of the jet.  The ERS-2 Global 
Ozone Monitoring Experiment (GOME) derived total 
ozone data over the Indian subcontinent for 1996-99 have 
been examined in relation to El-Nino and a  significant 
increase at mid-latitudes found (Sarkar and Singh, 2000).  
Nimbus TOMS derived total ozone data of northern 
hemisphere have been examined by Patil and Revadekar 
(2000).  Further details are given in a separate article in 
the present issue of MAUSAM. 
 

5.3. Radiation budget components 
 
This is an important aspect of climate and GBP 

studies; please see separate article. The use of INSAT 
OLR to estimate the divergent part of upper-air wind, and 
its further impact in global model (analysis and forecast) 
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are described by Kulkarni et al., (1997). Mahajan et al., 
(1998) analyse satellite derived radiative budgets during 
different phases of monsoon. 
 

5.4. Climate model experiments 
 
A few climate modeling numerical experiments to 

predict future climate (especially Indian regional 
monsoon) have been undertaken.  While in principle, 
these are only thought experiments, in practice they 
introduce realistic boundary conditions, be they natural 
(snow-cover, SST) or by human perturbation 
(deforestation, greenhouse gas injection).  In most cases, 
satellite observations play a vital role in providing realistic 
input data or even future trends.  For example, Thomas et 
al., (1999) simulate global winter and summer circulation 
with their model, forced only with solar radiation 
(integrated from rest for 6 years).  Here, seasonal land 
albedo, SST, sea-ice, snow-covered land area etc. are 
required as boundary conditions.  Implicitly these data sets 
(available from various sources) had used satellite data.   
Experiments specifically geared towards anthropogenic 
perturbations in climate are carried out by Pal et al., 
(1994; 2001).  In the former study deforestation over 
South/South-east Asia was represented by  increased 
albedo (both, ‘control’ and ‘experiment’ values of land 
albedos can be traced back to satellite estimates), and 
reduction in rainfall was obtained.  In the latter study, CO2 
was doubled and changes in rain pattern obtained 
(direction of pattern-changes is matching with recent trend 
of observation for example, increase on the west coast and 
decrease in the northeast).  Here the ‘expected’ doubling 
of CO2 in about 50-100 years, is really a proxy for a 
combination of several greenhouse gases (CO2, CH4, CFC 
etc.), wherein all other trace gases roughly equal the effect 
of CO2.  The trends of various trace gases over the next 
few decades are extrapolated from current trends (many of 
them obtained from a combination of satellite data and in 
situ measurements) moderated by international protocols.  
Thus we see that even numerical thought experiments are 
based on the foundation of observations, many of them 
from satellites.  In general, satellite data are useful to 
calibrate photo-kino-chemical models, particularly tuning 
of uncertain parameters, and for providing boundary 
conditions. 

 
Lal (2000) also carried out similar future climate 

simulations, but the added effect of sulfate aerosols was 
accounted for.  Again, satellite data would have  helped in 
trend inputs.  Mohanty and Ramesh (1994) studied the 
energetics of the monsoon, using ECMWF fields of 1979-
88, which would have incorporated improved soundings 
of TIROS-N/NOAA satellites; they found important role 
of moisture convergence in the seas around India, which 
such data would have helped in. 

 
6. Concluding remarks 
 

This brief review could address only a few of the 
studies done or in progress, on the utilization of satellite 
data in GBP, particularly confined to the Indian scenario.  
The forthcoming Oceansat-II, Megha-Tropiques and 
advanced INSAT satellites beside foreign satellite data 
should help in further progress in GBP (Gopalan et al., 
1999). Needless to add, it is advisable to be aware of the 
limitations of satellite data such as : mutual calibration of 
different sensors, interfering factors in interpretation of 
satellite observations etc.  
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