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ity. The interval HK2B3 shows a remarkable peak in
X;, suggesting restricted/reducing conditions and de-
crease in pedogenesis, indicative of cold conditions dur-
ing Early Pleistocene.

Thus a large gradient of pedogenic changes has been
noticed in the studied section, that appears to be useful
for regional correlation and climatic aspects during
Plio-Pleistocene. The new ratios (indices) of reduction,
hydration, oxidation and humification based on selec-
tive rock magnetic and geochemical properties, need to
be tested in deriving broad climatic inferences for ba-
sin-wide regional application. The present study of the
Siwalik palaeosols suggests that pedogenic magnetic
mineral transformation is governed by the production of
canted antiferromagnetic minerals during Pliocene and
ferrimagnetic minerals during Pleistocene.
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Climatic and seasonal variations guide the change in
the internal features of vegetation and thus the vege-
tation mapping. A correlation between the vegetation
units and the normalized difference vegetation index
(NDVI) is established and the spatial distribution of
phenology and seasonal distribution is deduced for
mapping. High amount of spectral variability con-
tributed by phenological phases made us generate a
large number of clusters to distinguish features. The
study has significance in the light of national devel-
opment needs vis-a-vis advancement expected in the
future indigenous and international remote sensing
missions. The study suggests that multi-date data
consider the variability and enables us to delineate
the land use and land cover pattern of Jammu &
Kashmir. The regional phyto-phenological classified
map provides details on vegetation stratum. They
can be an excellent source of data for understanding
the land dynamic processes and human interventions
in the region. The map derived can delineate finer,
the biogeographical zones.

INDIA encompasses a variety of climate, ranging from
tropical, subtropical, temperate to alpine. There are
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variations in the altitude and temperature. Forests are
one of the most magnificent expressions of nature on
the earth, and also for a country like India, they are an
important renewable natural resource and benefits from
them are immense, mainly timber and non-timber forest
products. They have been an important source of subsis-
tence, employment, revenue and raw material to various
industries. Forests play an important role in issues re-
lated to greenhouse gases and climate change, which are
strongly linked to the maintenance of ecological bal-
ance, biological diversity, environmental stability, soil
and water conservation, etc.

Forests being one of the most important naturally
renewable resources, are true indicators of the ecologi-
cal set-up prevailing in any area; it is therefore essential
to manage them scientifically, which would require up-
to-date statistics of their extent and type, etc. The forest
cover assessment in India is being carried out by the
Forest Survey of India (FSI) through visual interpreta-
tion of satellite remote sensing techniques at 1:250,000
scale, biannuallyl. The assessment has not been able to
present realistic details. The process of deforestation in
Indian forested landscapes is very slow. The illegal re-
moval of trees from the intact forests is slow and selec-
tive. The density classes provided by FSI are too
generalized to depict these changes, nor are the details
of forest types given. To map these patches appropriate
scale mapping is required, irrespective of cost-
effectiveness. The frequent mapping can be done using
IRS WiFS data which provide better information. Proc-
essing of the data set is efficient and economical.

The remarkable developments in science and technol-
ogy in recent years have opened up new vistas for the
well-being of mankind. Technological advances in
space and computer hardware/software with mapping
and analytical functionality along with decreasing cost,
are the notable achievements. New technologies like
remote sensing, geographical information system,
global information system and digital image processing
coupled with the state-of-the-art computers have revolu-
tionized the process of information gathering, process-
ing and utilization, for effective natural resources
management. These have emerged as the most efficient
tools for monitoring and management of forest re-
sources at global, regional and local scales.

In the present study a wide field sensor with the ca-
pability of covering a large area in a single instantane-
ous field of view (IFOV) has been used, which avoids
illumination differences and has better temporal resolu-
tion. Such data sets have found considerable acceptance
for land cover studies at regional level, demonstrated
through NOAA-AVHRR data. However, many studies
have found NOAA data deficient due to their 1.1 km
resolution. IRS-WiFS data are the first of its kind to
overcome the deficiencies experienced””. The study
focuses on the potential of temporal IRS-1C WiFS data
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for monitoring the phenological fluxes of land cover
pattern in Jammu & Kashmir (J&K) at a regional scale.
The normalized difference vegetation index (NDVI) is
evaluated for monitoring seasonal changes in vegeta-
tion. Attempts have been made to stratify land cover
using the phenological variation as discriminant. Hybrid
approach of classification has been used and it provided
good results. The regional phyto-phenological classified
map provides details on vegetation stratum. They can be
an excellent source of data for understanding the land
dynamic processes and human interventions in the re-
gion.

The state of J&K, located in the far north of the In-
dian Republic, is a mountainous area in the north-west
Himalayas, that shares international boundaries with
Pakistan in the west, China in the north and Tibet in the
north-east. Punjab and Himachal Pradesh are its
neighbouring states within the country. The three major
territories, i.e. Jammu, Kashmir and Ladakh differ in
terms of climate, physiography, ethics and culture. All
the three regions experience different climatic patterns.
Cold desert-like condition prevails in Ladakh, and al-
pine, temperate and subtropical type in the rest of the
state. The four distinct seasons are Spring (March—
May), Summer (June—August), Autumn (September—
November) and Winter (December—February). The av-
erage maximum and minimum temperatures are 31°C
and 18°C in July and 4°C and 2°C in January, except in
Ladakh where maximum temperature is 30°C and
minimum temperature is —50°C. Annual rainfall in the
state varies from 100 to 155 mm, except in Ladakh
where the precipitation is low and varies from 100 to
200 mm. Srinagar receives only about 700 mm of rain
annually because of the influence of Pir Panjal range.
The sub-tropical climate of Jammu is characteristic;
very hot summer and monsoon rains during June—
August. January is the coldest month of the year, though
the temperature never touches 0°C. There is an abrupt
rise in temperature during March and it reaches up to
44°C during June®.

The study area presents a wide climatic spectrum and
phenological variation. The region supports diverse
vegetation types and species diversity. The recent years
have seen excessive anthropogenic pressure on forest
cover and its quality. Hence, regular monitoring of the
forest cover and its type is essential to evolve forest
management and conservation study.

WiFS sensor, having spectral bands Bl (0.62-
0.68 um) and B2 (0.77-0.86 um) and a high temporal
resolution, i.e. 5 days and large area coverage
(810 x 810 km?) has been used”®. The details available
in this data are best suited for land cover characteriza-
tion at a regional scale. Suitability of such moderate-
resolution data for regional vegetation compared to
AVHRR data, should make better choice for monitor-
ing/operation and research. The pixel size of 188 m
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suits regional scale mapping. The data sets were of 13
January 1998, 1 March 1998, 20 April 1998, 15 May
1998, 15 June 1998, 12 October 1998, 9 November
1998 and 4 December 1998 (Figure 1).

First-order atmospheric corrections were done by
dark pixel subtraction technique. This technique as-
sumes that there is a high probability that there are at
least a few pixels within an image which should be
black (0% reflectance). However, because of atmos-
pheric scattering, the image system records a non-zero
DN value at the supposedly dark-shadowed pixel loca-
tion. This represents the DN value that must be sub-
tracted from the particular spectral band to remove the
first-order scattering component’.

Images were registered geometrically using topo-
sheets of Survey of India (SOD) on 1:1000 000 scale.
The common uniformly distributed ground control
points (GCPs) were marked and imagery was resampled
by nearest neighbourhood method. All the data were
then co-registered for further analysis. The rms error of
0.03 pixels was accepted during the process of geomet-
ric correction.

The NDVI is one of the ratios'’, which has been
shown to be highly correlated with vegetation parameters
such as green-leaf biomass and green-leaf area and hence is
of considerable value for vegetation discrimination''™"".

NDVI = (IR - R)/(IR + R).

Moreover, it reduces variation introduced by surface
topography and compensation for variation in radiance

as a function of sun elevation for different parts
of scene, which is highly valuable in continental stud-
ies.

The maximum NDVI is calculated to determine the
index of greenness of the vegetation at the time of peak
growth season. It simply provides the maximum green-
ness of the vegetation in the study period.

NDVI,,.x = Max (NDVI; .. NDVI,).

For land cover mapping, layer-stacked image of maxi-
mum NDVTI for all data sets and raw bands of October
was taken. The mapping step involves the use of a clus-
tering algorithm based on the K-means algorithm, run
on monthly NDVI maximum value, NIR and Red of
November composite. Each cluster was assigned a pre-
liminary cover-type label, taking care of the spatial pat-
tern and spectral or multi-temporal statistics of each
class and on comparison with ancillary data and exten-
sive ground truth. Ancillary data included descriptive
land cover information, NDVI profiles and class rela-
tionships to the other land cover legends. Related ‘sin-
gle category’ classes were then grouped using a
convergence of evidence approach’. The snow and
cloud classes were masked out. Some of the shadow
areas were put to the respective classes on the basis of
extensive field knowledge. The unsupervised classifica-
tion was followed by post-classification refinement for
the coherent set of classes. On the final output median
filter was carried out for image smoothening
(Figure 2).

Figure 1.
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False colour composite of Jammu & Kashmir IRS—1C/1D WiFS data.

CURRENT SCIENCE, VOL. 81, NO. 4, 25 AUGUST 2001



RESEARCH COMMUNICATIONS
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Figure 2. Approach for land cover assessment in Jammu & Kashmir using wide swath satellite.

Accurate quantitative information on the distribution
and phenology of vegetation formation is extremely
limited and yet is fundamental for the effective man-
agement of forest resources. Eight different time-period
NDVI images have shown a representativeness for
seasonal changes. The wvalues of NDVI are from
-0.367 to 0.366 (January), —0.353 to 0.507 (March),
—0.381 to 0.402 (April), —0.411 to 0.546 (May), - 0.324
to 0.541 (June), —0.449 to 0.544 (October), —0.369 to
0.504 (November) and —0.440 to 0.453 (December).
The maximum NDVI image has been computed to rep-
resent the maximum foliage cover in the study period.

To demonstrate the utility of WiFS data for monitor-
ing vegetation status at a regional scale, selected tempo-
ral plots were selected and analysed for the study area.
NDVI values obtained for different cover types are plot-
ted in Figure 3. The representative sites selected for
each cover type indicate the internal variation of the
NDVI response of the cover type. For each location
area, sample NDVI and averaged NDVI values were
plotted for the composite time period. The NDVI im-
ages were analysed for the foliage cover in the respec-
tive time period. The maximum NDVI image is a true
indicator of foliage cover irrespective of the areas,
which are accounted forest legally, but bear less or no
foliage. The maximum NDVI image was computed for
the maximum foliage cover or greenness in the study
period for each forest class. In the coniferous locations,
NDVI values showed a uniform trend and an increasing
trend in October. The temperate forest had a slight peak
during May, with a steep decline in values from June to
December (data for August and September were not
available owing to heavy cloud cover). Sub-alpine for-
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est had moderate NDVI values, with slight peak during
October. Dry deciduous types had high photosynthetic
activity, with the highest during October. The non-
forest class, viz. alpine meadows/scrub shows almost
similar pattern of NDVI values as sub-alpine region
throughout the year. Agriculture shows uniform NDVI
values during the study period, with a high value in
May. The comparative NDVI values of the valley agri-
culture are less, but follow uniform trends, with unex-
pected decline in October, perhaps due to cloud/snow
cover. Orchards showed the bimodal curves in March
and October. From the preliminary analyses, it is appar-
ent that different cover types exhibit characteristic
NDVI curves. The trends of greenness for the individual
classes are distinguished and are useful to identify the
forest types. In spite of high cloud/snow cover, the
NDVI values confirm the trend of temporal variation,
i.e. phenology. Intensive data set may help in tracing
the seasonability, to establish the timing of ‘green-up’
and ‘senescence’ and estimate the length of the growing
season, year by year. Monitoring of the crop develop-
ment throughout the growing period is possible for the
agricultural areas.

The geographical area of J&K is 222,235 km®. Ac-
cording to the State Forest Report, 1999, of FSI, the
recorded forest area in the state occupies only
20,441 kmz, i.e. 9.2% of its area. The analysed area in
the present study is about 204,571.84 kmz, as the data
set for the area adjacent to Pakistan could not be pro-
cured for cloud/snow-free months. The available
months were totally cloud/snow covered and could not
be used for land cover estimation. The forest cover es-
timated in the present study is worked out to be 14% of
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Figure 3.

the studied geographical area. Perhaps, the limited data
sets used by FSI, viz. November-December 1996 and
September—October 1997 are attributed to underestima-
tion of high altitude forest cover (Figure 4)'.

Kashmir is characterized by coniferous (chir, pine),
Himalayan temperate (broad-leaved), sub-alpine and
tropical dry deciduous forests (Table 1).
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NDVI curves for the different classes.

The healthy vegetation in the Himalayan temperate
forest is in the beds and banks of streams and canals. In
the Pir Panjal region, the forest occurs between 2000
and 3200 m. The forest can be further classified as
‘moist temperate’ or ‘dry temperate’ types, but the pre-
sent study has limitations to discriminate it because of
coarse resolution, which is unable to trace ground
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Figure 4. Land cover map of Jammu & Kashmir prepared using temporal IRS—1C WiFS data.

Table 1. Forest cover/types mapped vis-&-vis Champion and Seth®

Cover types
(Mapped in present study)

Forest types
(Champion and Seth)

Himalayan temperate forest Himalayan moist temperate forest
Himalayan dry temperate forest
Sub-tropical pine forest
Sub-tropical dry evergreen forest
Sub-alpine forest

Tropical dry deciduous forest
Moist alpine scrub

Dry alpine scrub

Coniferous forest

Sub-alpine forest
Tropical dry deciduous forest
Alpine scrub/meadows

configuration. The pine zones extend from 1600 to
3000 m; specially Pinus wallichiana is found at 2800 m
and is replaced by Abies pindrow at 2500 m. The deodar
resides at an altitude of 1800-2600 m.

The sub-alpine forest constitutes Rhododendron and
Juniper, with some shrubs of Betula/Abies. The low
linings are with blue pine forest (P. wallichiana) and
deciduous scrub.

The dry and mixed deciduous type continues the
vegetation of the Punjab plains. The forest belt com-
prises Acacia, Bauhibia variegate—Oogeinia, Lanneas,
coromandelical — hymenodictyon oexcelsum, Dodonaea
scrub, mixed semi-deciduous and subtropical pine
(P. roxburghii ‘chir’) forest.

Excessive encroachment (cultivation and coloniza-
tion) has reduced the forest to few relict packets. The
major forest produce is timber and fuelwood. Due to
excessive biotic pressure, heavy exploitation for timber,
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fuelwood extraction, grazing and other local uses, the
forest cover has been reduced and many areas have been
degraded. Efforts are underway to restore and rehabili-
tate degraded areas by bringing them under massive
afforestation, social forestry and fuelwood/fodder de-
velopment programmes.

Non-forest areas like alpine meadows/scrub are al-
most a treeless expanse. Due to scarcity of the precipita-
tion available, the plants are generally found growing
along moist river margins or in moist rock crevices. The
alpine herbs grow in belts along the edges of melting
glaciers and never spread to exposed slopes. The char-
acteristic features of the vegetation are the cushion-like
habit of plants, which is an adaptation for cold, dry
winds and blizzards'®.

About 60% of the population is engaged in valley
agriculture/agriculture, directly or indirectly. Major
crops are paddy, wheat and maize with barley, sorghum
and gram as minor ones. Due to the increasing demand
and complex agricultural problems of the temperate and
cold, arid region, the state has been forced to import a
large amount of food grains from other states.

Cultivation of fruits and other horticulture crops has
been practised in J&K over the ages. The agroclimatic
conditions are well-suited for cultivation of a large
number of temperate and sub-tropical fruits of different
varieties, viz. mango, banana, orange, apple, cherries,
pear, mulberry and apricot.

The three rivers, viz. the Tawi on which Jammu city
stands, the Chenab and the Jhelum together with its
tributaries, water the fertile valley of Kashmir. The ma-
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jor water bodies are Dal and Nagin. The lakes abound
swampy lagoons and distinctive hydrophytic forma-
tions.

The higher ridges and upper reaches of the state are
permanently snow-covered, i.e. glaciers. The foothills
and high passes get covered with the seasonal snowfall.
Some of the regions have low-lying clouds.

The temporal data provide a wider view to trace out
the qualitative as well as quantitative status of the vege-
tation. NOAA has been widely used the worldover for
mapping at global and continental levels for green cov-
erage, productivity, early warning and environmental
monitoring, in spite of coarser spatial resolution'® >,
The introduction of WiFS offered an advantage of com-
petitive spatial, spectral and temporal resolution for
vegetation studies. The application of WiFS for regional
studies has been established by earlier workers™>"®. For
a region like J&K, WiFS has been found useful with its
ability to present temporal data set to overcome the
cloud and snow cover problem to some extent. Al-
though the WiFS data provide a novel means to qualify
and quantify land use/cover, one must be aware of their
limitations. The wider pixels may create complexity in
interpretation of the components. Over-estimation or
underestimation of the vegetation cover may occur, re-
sulting in varied accuracy and variable nomencla-
ture/classes for the same core project needs’!. The
climatic and atmospheric parameters play an important
role in these regional data sets and therefore often have
an undesirable mixture of potential versus actual land
cover features. It is also clear that the atmospheric ef-
fects, although minimized by the different algorithms,
will have an impact on computation of NDVI images
and utmost care is required for areas subjected to strong
atmospheric haze. This paper has emphasized exclu-
sively, the role of medium-resolution sensor for vegeta-
tion monitoring. It can be further exploited in
conjunction with high-resolution sensors and extensive
ground truth to provide for quantitative forest resource
information. The integrated values, are a quantitative
measure for defining the similarities and differences
between the NDVI characteristics of the major vegeta-
tion formations. It can be further correlated with the
seasonal net productivity. NDVI can also be evaluated
for monitoring seasonal changes in vegetation.

In the present study, actual forest cover area has been
estimated as 14% of the studied area of J&K, while FSI
has reported the cover estimate as 9.2% of total geo-
graphical area of the state. The analysed area in the pre-
sent study is about 204,571.84 kmz, as the data set for
the area adjacent to Pakistan cannot be procured for
cloud/snow-free months. The available months were
totally cloud/snow covered. These were not useful for
land cover estimation. Perhaps the limited data sets
used by FSI, viz. November-December 1996 and Sep-
tember—October 1997 are attributed to underestimation
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of high-altitude forest cover. The regional phyto-
phenological classified map provides details on vegeta-
tion stratum. They can be an excellent source of data for
understanding the land dynamic processes and human
interventions in the region. Hybrid approach of classifi-
cation has provided good results.

Observation of forests by satellites provides the best
hope of assessing the current state of forests, monitor-
ing the changes over exhaustive areas and understand-
ing the complex processes involved. This helps policy
makers to assess the current situation, judge long-term
trends and help to manage forest resources sustainably.
In this context, IRS 1C/1D WiFS has emerged as the
most optimal means for monitoring and management of
forest resources on a regional scale. The repetitive cov-
erage provided by the sensor helps in selecting the re-
quired season/period data for phenological state of
vegetation, phytogeographical region, land use practice
with the best illumination and IFOV. Each pixel of the
data provides a wide range of ground information and
conditions, which may give rise to complexity in inter-
pretation of the components at pixel-level. Phenology
has become an important component for categorizing
the forest types. WIiFS is ideally suited to build
phenological trends. These trends are useful to identity
the forest type. NOAA-AVHRR is good for global and
continental studies, but for regional level assessment it
does not provide detailed information because of its low
resolution. LISS III cannot be compared because of
large volume of data and low temporal resolution. Its
amenability to DIP and WiFS can be utilized efficiently
and economically to generate forest information annu-
ally and to monitor large deforestation patches. The
present study supports the use of WiFS data for land
cover and land use mapping at meso-scale for regional
level assessment and monitoring. The advantage of a
sensor lies in suitable spatial and spectral resolution for
regional level, competitive band combination for vege-
tation studies and temporal resolution for vegetation
dynamics. It offers wider coverage for comparison of
regional or continental level studies. Its effectiveness is
in discrimination of forest types and major crops and
other land cover and uses. The accuracy of medium-
resolution WiFS data for land cover classification is
comparable to medium-resolution data in regions domi-
nant with uniform features. Hybrid approach of classifi-
cation proved to be more useful than other approaches.
WiFS data have been found to be satisfactorily for for-
est assessment, mapping and delineation.
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The 1908 Tunguska catastrophe: An
alternative explanation

Wolfgang Kundt

Institut fiir Astrophysik der Universitit Bonn, Auf dem Hiigel 71,
D-53121 Bonn, Germany

More than seventeen reasons are presented as to why
the fiery Siberian event of 30 June 1908, near the
Stony Tunguska river, was not caused by the infall of
a stony asteroid, nor of an (icy) comet, but rather by
the volcanic ejection of some 10 Mt of natural gas.
For the volcanic (outflow) interpretation, estimates
are presented of the involved mass and kinetic en-
ergy of the vented natural gas, its outflow timescale,
supersonic and subsonic ranges, and buoyant escape
towards the exosphere. The Tunguska event may
well have been the present-day formation of a kim-
berlite.

ON 30 June 1908, a quarter past 7 a.m. [corresponding
to O (13.6 £ 5)™UT], hell broke loose in the Tunguska
area, more than 700 km north-northwest from lake Bai-
kal, with an epicentre at (101°53’40”E, 60°53’09”N).
The ground trembled, Barisal guns were heard firing
(also called ‘brontides’l), whirlwinds or gusts blew, and
the sky was torn by columns of fire. Trees were felled
in an on-average radial pattern, over an area of
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2150 kmz, and scorched in patches over a central area
adding up to one fifth that size. Hunters and herds-
men, tepees, storage huts and dozens (hundreds?) of
reindeer were blown into the air and/or incinerated in
various places of that area. Even at Vanavara, the near-
est trading post (at a distance of 65 km from the epicen-
tre), people felt burning heat in their faces and were
thrown off their feet’ ® (Figure 1).

The Tunguska epicentre coincides with the middle of
the 250 Myr-old ‘Kulikovskii® volcanic crater which
forms part of the Khushminskii tectono-volcanic com-
plex; several tectonic faults pass through this region’.
Eyewitnesses (Evenks) have reported that during that
very morning, dozens of new, funnel-shaped ‘holes’
were formed of diameters 50 m, as well as a ‘huge
dry ditch’ (‘tear in the ground’, ‘dry stream’, proba-
bly 1km long). The first expedition into the area, in
1910, was carried out by a wealthy Russian merchant
and goldsmith named Suzdalev, who, on return, urged
the local inhabitants to keep silent about it. Had he dis-
covered diamonds?

The present-day swamps near the epicentre had sup-
posedly been flat forest areas and/or natural peat bogs
before, also (at least) one of the hillocks®. The earliest
scientific expeditions, organized by Leonid Kulik, some
20 years later, found most of those holes filled with
water. They spoke of the near-environment (5 km) of
the epicentre as the ‘cauldron’, or ‘amphitheatre’, con-
taining the ‘Merrill circus’, according to their topogra-
phy and treefall pattern. Lake Cheko, some 8 km to the
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