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Centre for Astroparticle Physics and Space Science - a national high altitude facility has been established at the Darjeeling
campus of Bose Institute. Here we discuss the various programmes in the areas of cosmic ray and atmospheric science
research at this facility.
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Introduction
Research in physical, chemical and biological
sciences at Bose Institute has a long and proud history.
The seminal work of its illustrious founder, Acharya
Jagadis Chandra Bose, in millimetre waves, plant
physiology and biophysics was followed up by
internationally acclaimed researches in different areas
of science, such as, nuclear physics, cosmic ray
physics and magnetism in physical sciences, Cholera
toxin and its role in the pathogenesis of Cholera in
chemical sciences and demonstration of multiplicity
of RNAP from higher plant sources along with the
discovery of the inositol phosphate cycle in plants in
biological sciences.
With the passage of time and the induction of
new members in the faculty, research in physical
sciences at Bose Institute has also become quite
diverse. Such a diverse nature can be seen by many
as weakness and hindrance in pursuing a focussed
research. But the scientists, working in the different
areas, came together and decided to use these diverse
research interests and existing expertise in the Physics
Department of Bose Institute to formulate a well*Author for Correspondence: E-mail: sanjay@jcbose.ac.in

defined focused collaborative programme with a
long-term goal. They also felt that in addition to
pursuing excellence in scientific research, the
scientists and the scientific research institutes
surviving on public funding also had a strong
obligation to society.
In this chapter, we will narrate the efforts of
Bose Institute to open a new vista of research in
eastern India and describe the present status as well
as some of the interesting outcomes.
Emergence of the Concept of a National Facility
The existence of considerable in-house expertise in
astrophysics and cosmology, quantum entanglement
and foundations of quantum mechanics, nuclear
physics and detector development and high-energy
physics and radio science, led the concerned scientists
at Bose Institute as well as expert colleagues outside
to feel that these interests and expertise can be
gainfully merged together to investigate a number of
outstanding problems of great importance and
significance in astrophysical and space sciences. On
the observational side, it was planned to set up a large-
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scale array of passive detectors at high mountain
altitude to look for fragments of strange quark matter
in cosmic rays, the most natural candidate for
cosmological cold dark matter.
In space sciences, atmospheric chemistry and
chemical weather, a major new subject of great
national and global importance, was considered to
be of relevance. For this purpose, a mountain site
like Darjeeling in West Bengal, where Bose Institute
already had a campus, would provide ideal
opportunities for such measurements. Radiometric
studies would provide information on the interplay
of rain, liquid water in cloud and atmospheric water
vapour, which would enhance the understanding of
the local climatology and provide input to the global
climate change models. Chemical weather monitoring
at suitable points of varying altitudes would facilitate
interception of trans-boundary pollution flows.
It was, therefore, proposed to the Department
of Science and Technology (DST), Government of
India, to set up a Centre for Astroparticle Physics
and Space Sciences at the Darjeeling Campus of Bose
Institute as a national Facility, which would provide
unique research opportunities to the scientists from
a number of institutions in India and perhaps also
abroad, in partnership and/or collaborative mode. In
particular, this centre, with its observational sites
located at different altitudes in the Eastern Himalayas,
with the base station at the Darjeeling campus of Bose
Institute, would provide research opportunities to
scientists in the North-eastern states of the country.
In keeping with the dream of Acharya Bose,
manpower development in this part of the country

was also proposed as a major goal of this facility.
The proposal was subsequently approved by the DST,
under the IRHPA (Intensification of Research in High
Priority Areas) scheme and the Centre for
Astroparticle Physics and Space Sciences - a National
facility came into being in the year 2005. At present,
the focus of the research is on selected programmes,
which concentrate primarily on the high altitude
environment. To this end, the centre has undertaken
the following four major programmes for the first
phase:
l

Cosmic Ray Studies at High Altitude: search
for strangelets and cosmic ray air shower
detector array

l

Changing Airspace Environment in Eastern
Himalayas

l

Children’s Science Resource Centre:
dissemination of science, outreach programme

l

Manpower Resource Development: training
programmes, workshops etc.

Darjeeling district, with an area of 1200 sq.
Miles, is shaped like an irregular triangle. The
southern region, the base, comprises the Terrai, a
marshy low-lying area at an average height of 100 m
above sea level; the apex is formed by the Phalut
ridge where Nepal meets India. The eastern frontier
lies along the rivers Tista and Rangeet, beyond is
Rishi-La and Bhutan. The district headquarter is
located at Darjeeling town. The town, with an area
of 11.44 sq. Km, is located at an average altitude of
~ 2000 m amsl and lies between 26o 31’ and 27o 13’
North Latitudes and between 87o 59’ and 88o 53’ East
Longitudes. The population of the Darjeeling town
is more than 100,000 at present. The Mayapuri
campus of Bose Institute, Darjeeling, is situated at
27o 01’ N and 88o 25’ E and altitude of 2134 m amsl
(Figs. 1 and 2).
Cosmic Ray
In this section, we will describe the tradition of cosmic
ray research at Bose Institute, envisaged direction of
research and the present status.

Fig. 1: Bose Institute, Mayapuri, Darjeeling
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Institute with him. R.L. Sengupta, who worked in
the PMS Blackett’s laboratory at Manchester, joined
D.M. Bose’s group. In 1941, R.L. Sengupta and M.S.
Sinha made a large cloud chamber of 30 cm diameter
triggered by a counter telescope.
They determined the rate of emission of
penetrating particles in different thickness of lead and
iron in nuclear disintegration by non-ionizing
particles in cosmic rays resulting in the emission of
heavily ionizing particles. A large rectangular cloud
chamber with 11 plates of 1/8 inch thickness of lead
was subsequently constructed and was exposed to
cosmic rays at Darjeeling [4]. Later on, a magnetic
spectrograph was also built by Sinha and his
collaborators by putting the cloud chamber inside a
strong magnetic field [5].
Fig. 2: Darjeeling Map, Bose Institute, Mayapuri, is indicated with
blue dot

History of Cosmic Ray Research at Bose Institute
The research in experimental high-energy physics
using cloud chambers, photographic emulsion and
cosmic ray in India was initiated by D.M. Bose and
his collaborators. D.M. Bose, nephew of J.C. Bose,
during his student days in Cambridge (1910-12),
worked under the guidance of C.T.R. Wilson, the
discoverer of cloud chamber bearing his name [1, 2].
During the period 1914-18, D.M. Bose, then working
in Berlin, installed a new Wilson chamber filled with
hydrogen gas and produced the earliest successful
experimental results. During 1920s, D.M. Bose and
S.K. Ghosh built the first cloud chamber in India.
With S.K. Ghosh, Bose photographed the recoil tracks
of radioactive nuclei during the process of a-emission
[3]. In fact, one of his photographs recorded the
earliest evidence of disintegration of nitrogen nucleus
under the bombardment of a-particle and might have
been an anticipation of the work of Blackett.
The cloud chamber built by Bose and Ghosh
was later used by Haraprasad De and M.S. Sinha,
during 1937-38, for cosmic ray studies under D.M.
Bose, who became the Director of Bose Institute
during 1937. His student M.S. Sinha moved to Bose

Apart from the work with cloud chamber, D.M.
Bose’s group was involved in the cosmic ray studies
using photographic plates [6]. Along with Biva
Choudhury, D.M. Bose exposed these plates to
cosmic ray at high altitudes at Darjeeling, Sandakphu
and Pharijong. They studied the cosmic ray tracks in
such plates. They developed a new method for
measuring the masses of the cosmic ray particles by
observing simultaneously the scattering and mean
grain density along the track of these particles. Using
these techniques, they found that the tracks recorded
at Sandakphu (12000 ft) gave a mass of 221 me and
those at Pharijong (15000 ft) a mean mass of 278 me

Fig. 3: Cloud Chamber set up at Darjeeling [4]
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[7-9]. These were really the first tracks of mesons,
which were subsequently discovered by Powell in
1945, following exactly the same methodology of
Bose and Choudhury. The main drawback with the
method of Bose and Choudhury was that the emulsion
used by them was not sensitive to minimum ionizing
tracks. As a result, they were unable to separate the µ
and π tracks necessary to identify pions, as was done
by Powell. Around 1945, Biva Choudhury left for
Blackett’s laboratory in England and research in
cosmic ray at Bose Institute did not continue for long.
It stopped altogether when M.S. Sinha moved to
Durgapur Regional Engineering College, sometime
during early 60’s.
Fig. 5: Cosmic ray air shower

Recent Developments
Latter half of the 20th century saw, throughout the
world, a rapid development in the experimental
techniques and instrumentation. The use of
accelerators became a most convenient tool to study
the particle characteristics and the underlying physics.
The energy range of particles, covered by the then
cosmic ray research, was now easily accessible to
physicists through accelerators. So there came a
change in the focus of the cosmic ray research. The
interest shifted to the higher energy ranges, still
inaccessible in accelerators. Since at higher energies,
the flux becomes smaller, it was necessary to increase
the collecting power of the cosmic ray telescopes.
So the installation of large area detector arrays
became in vogue. These arrays were also

complimented by the satellite based and balloon
based observations. Other than this main stream of
cosmic ray research, physicists also looked at cosmic
ray as a possible source of exotic objects which may
not be produced in accelerators, such as monopoles.
In India, Tata Institute of Fundamental Research
(TIFR), with its Cosmic Ray Laboratory at Ooty and
balloon flights from Hyderabad and elsewhere has
become the main hub of experimental cosmic ray
research. At Bose Institute, the necessity of reviving
the tradition of experimental activities was being felt
for some time with the strong belief that instead of
the usual approach, as pursued at TIFR, a new
direction and physical goal, which would complement
TIFR, would be more fruitful in Indian context. The
theoretical activities at Bose Institute in the areas of
physics and astrophysics of strongly interacting
matter, finally paved the way for the realization of a
new focus in the experimental cosmic ray physics.
1. Exotic Components in Cosmic Ray

Fig. 4: Wilson Cloud Chamber photograph showing meson
production by a cascade process [6]

The recent experimental efforts on cosmic ray
research at Bose Institute originated from the
theoretical work on the understanding of strongly
interacting systems. The quark structure of hadrons
suggest the existence of Strange Quark Matter
(SQM), containing a large amount of strangeness as
postulated by various authors as early as in 1980s. In
a seminal work in 1984, Witten [10] proposed that
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SQM with roughly equal numbers of up, down and
strange quarks could be the true ground state of
Quantum Chromodynamics (QCD), the accepted
theory of strong interactions. The occurrence of stable
(or metastable) lumps of SQM, would lead to many
rich consequences; for example, the SQM, which may
exist as relics of the cosmic quark-hadron phase
transition during the microsecond epoch of the early
universe, could provide a natural and viable
explanation for the dark matter as well as the large
amount of dark energy found by WMAP observation
[11].
The final proof of SQM will be its experimental
detection. Especially, the existence of smaller lumps
of SQM would make the task of detection a lot easier,
as these would then be detectable in cosmic ray flux.
The study of smaller lumps of SQM, known as
strangelets, has been done using both liquid-drop
model as well as shell model. The stability of
strangelet can be given in terms of its probability to
decay into neutrons; if the energy per nucleon (E/A)
of SQM is less than the free neutron mass, then it
will be stable against decay into free neutrons. On
the other hand, if E/A is less than the mass of the
neutron inside 56 Fe, then SQM is absolutely stable
and it would be the true ground state of strongly
interacting matter. Though, in general, in theoretical
studies, the SQM in bulk limit gives a stable
configuration over a wide range of parameters, the
strangelets show a magic number like structure as
illustrated in Fig. 6, obtained from the shell model
and liquid drop model (smooth curves) calculations.
The different curves, from bottom to top, correspond
to strange quark mass 0-300 MeV in intervals of 50
MeV [12, 13]. The strangelets are made up of almost
equal number of u, d and s quarks, which have
fractional charges 2/3, -1/3 and -1/3 (in the units of
electronic charge) respectively. Since s quark is
heavier, its number is less than the u and d (massless)
quarks. Hence, strangelets would have a small
positive charge and consequently, a much smaller
characteristic Z/A << 0.5 in contrast to normal nuclei
having Z/A of order 0.5. There will not be any electron
inside the strangelet as electron’s Compton
wavelength is much larger than the size of the
strangelet. Another characteristic of strangelets is that
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they can absorb matter, so that their mass would
increase and they would become more stable (bulk
limit) as is evident from Fig. 6. The flux of such
objects in cosmic rays will be very small and
experimentally, a ground-based large detector array
is perhaps the best bet. But before being detected in
the ground-based detectors, strangelets will have to
pass through the earth’s atmosphere. The
characteristics of strangelets being different from
those of normal nuclei, their interaction will be
different as well. Unless they dissociate in the
terrestrial atmosphere, the propagation of strangelets
through earth’s atmosphere would consist of three
different features namely, absorption of neutrons
(increase in mass), absorption of protons (increase
in both mass and charge) overcoming Coulomb
barrier and loss of energy due to ionization. The initial
velocity of the strangelet, at the top of the atmosphere,
would depend on the geomagnetic cut-off, which, in
dipole approximation, is given by,

pc M 2
Cos 4 λ
<
2
Ze
r0 
1 + Cos3 λ + 1



(1)

where λ is the magnetic latitude and r0 is the distance
from dipole centre. Left hand side gives the
momentum per unit charge of the strangelet (or
nucleus). Using this formula the lower limit on the
velocity of a strangelet with baryon number 64 and
charge 2 is of the order of 0.2c at latitude of 300
corresponding to Sandakphu, where the experimental
setup would be established. Moreover, if the
velocities are too high i.e. kinetic energy is much
higher compared to binding energy of strangelet, then
the strangelet might break up. Considering the total
available kinetic energy for two body system of
strangelet and nitrogen nuclei (most abundant
component in air), the maximum velocity of the
strangelet with mass 64 is around 0.6c-0.7c. So, a
strangelet of mass 64 amu and charge 2 can only have
a velocity in the range 0.2c-0.7c, c being the velocity
of light [14]. Such a strangelet, passing through the
atmosphere will reach the detector with a mass 450
amu and charge 5-16 and enough energy to be
detectable in a passive solid-state nuclear track
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detector like CR-39. A typical variation of kinetic
energy of a 64 amu strangelet, with initial velocity
0.6c is shown in Fig. 7. The theoretical studies on
the stability of strangelets, based on various
phenomenological models, mostly predict a stable
strangelet for a certain parameter window. As a result,
it is finally the experimental observation which would
decide the fate of strangelet. Since it was found that
strangelets could traverse the atmospheric depth and
reach the earth’s surface [15], it was now crucial to
decide the detectors to be used for the observation of
such objects.
The usual SSNTD detectors, such as CR-39,
are suitable for the detection of such objects but are
costly. Here, we would like to point out the fact that
strangelets, being much heavier compared to protons
(dominant component of secondary cosmic ray on
Earth) their flux will be much smaller. A simple
estimate, depending on various strangelet producing
scenarios, such as galactic dark matter source and
binary compact star collision, yields a flux for smaller
strangelets to be of the order of 4-10 per 100 m2
detector layout per year. Such a large array for usual

Fig. 7: Variation of Kinetic energy with altitude for strangelets [14]

SSNTD detectors e.g.CR-39 would not only be
extremely costly, it will also have large background
as it will detect even protons. Hence, it was felt by
the physicists at Bose Institute that it was necessary
to explore the possibility of cost-effective new type
of detectors and corresponding experimental set up.
2. Experimental Scenario
The use of passive solid-state nuclear track detectors
(popularly called plastic detectors) in such
experiments has been advocated for quite some time
now. The special advantages of such detectors are
their comparative low cost, their ruggedness,
operability without a stable power source, and their
permanent retention of the incident particles. They
have thus been successfully used in many
experiments, including the NASA SKYLAB and the
Gran-Sasso experiments. Recently, the Mt.
Chacaltaya (Bolivia) program of ground based high
altitude cosmic ray studies has also decided to use a
large area setup of plastic detectors to look for
magnetic monopoles. We are also working on a large
area array of plastic detectors at high altitudes to look
for strange quark matter fragments.

Fig. 6: Variation of energy per nucleon with baryon number for
strangelets [12, 13]

There exist different variants of plastic
detectors, with varying efficiencies and the suitability
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of one type over the others is determined by the nature
of the sought-for particles. In our case, too high a
sensitivity would be a deterrent rather than an
advantage, as this would lead to very large
backgrounds. To this end, the experimental group at
Bose Institute started investigating the possibility of
using commercially available Overhead Projector
(OHP) foils (transparencies) as possible detectors of
low energy heavy ion fragments.
In order to investigate the detection efficiency
and charge sensitivity of OHP foils in comparison to
the standard detector CR-39, these foils as well as
the CR-39, were exposed inside a vacuum chamber
to both the light (α-particle) and heavy (fission
fragments) nuclei using 252Cf radioactive source. It
was found that the OHP foils used here, can detect
only the heavy fission fragments, whereas, CR-39
can detect both α-particle as well as fission fragments.
The detection threshold of these OHP foils were
found to be very high (Z/β > 35) compared to CR-39
which makes them better suited for the detection of
massive strangelets [16].
The other initial effort was to determine the
polymeric structure of the OHP foils and other similar
substances. For the identification of the polymer
detector, to be used in our experimental setup, an
elemental analysis of the detector sample from
Chembiotek, Kolkata was done, and it was found that
the polymer is a type of terephthalate with chemical
formula (C 5 H 4 O 2 ) n . In another identification

Fig. 8: Bose Institute, Darjeeling. PET detectors at the rooftop
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experiment a comparative study of the Infra-red
transmission spectra between that of a known
polyethylene terephthalate (PET) sample and our
unknown polymer detector sample was done using
Perkin-Elmer Fourier Transform Infra-Red (FTIR)
spectrophotometer. This comparison clearly indicated
that this detector material is nothing but polyethylene
terephthalate (PET) [17].
Passage of charged particles through SSNTDs
leave behind narrow damage trails which can then
be enlarged by a suitable chemical etching process
to form etch pits. Such etch pits can be approximated
by geometrical cones with their axes lying along the
damage trails. This happens as the damaged regions
are etched out at a faster rate (called track etch rate
VT) compared to the rate of etching (called bulk etch
rate VB or VG) of the undamaged bulk material. By
studying the geometry of such etch pits, one can
determine the ratio of the track etch rate to the bulk
etch rate (VT /V B). This ratio, called the charge
response, is the most important parameter for
SSNTDs, as it helps in identifying the particles
forming tracks and it depends very sensitively on the
etching condition. For etching, one should choose a
particular concentration and temperature of a suitable
chemical reagent so that etch pits formed are well
defined and are of maximum possible size to
maximize the ratio VT /VB. This is done to minimize
the errors in track parameter measurements and also
to make the task of finding tracks easier.
The charge response of this PET detector to light
nuclei viz. 16O-ions was studied using 53.6 MeV 16Oions from IUAC, New Delhi, India, using the air gap
between the flange of the beam pipe and the detector
as the energy degrader. The charge response for this
PET detector was also studied for heavy nuclei viz.
238
U using 11.1 MeV/n U-ion beam from GSI,
Darmstadt, Germany, with aluminium foils of
different thickness to degrade the incident energy to
several values (see Figs. 9 and 10). For a better
understanding of the charge response and for
obtaining the calibration curve, these detectors were
also exposed to 2.7 MeV/n 56Fe and 3.9 MeV/n 32S
beams using the pelletron accelerator at IUAC, New
Delhi. The charge response parameter VT /VG has been

~
~
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can be particularly useful in cases where there is a
requirement for detecting high Z particles against a
low Z background.
3. Some Interesting Results
The PET detectors have been exposed to both cosmic
rays at Darjeeling and accelerator beams at various
accelerator centres in India, Germany and CERN in
Switzerland. The later one was mainly for calibration.
But during these exposures, some interesting
observations have been made which confirm the
potential of such detection technique. As has been
mentioned earlier, the PET detectors are sensitive
only for higher Z/β values. This characteristic reduces
the background coming from the high flux of low Z/
β such as protons. These detectors were exposed to
cosmic ray at Darjeeling for long period. Under the
microscope, in a single projected image frame, there
was generally only one track, for only 2% of the total
scanned area. The projected image frames for the rest
98% of the scanned area had no track at all. However,
in one such single image frame (out of more than
8000) we found six almost identical nuclear tracks
very close to each other (Fig. 14). It is found that the
diameter ~ 10.5±0.26 µm and cone length 10±2 µm
of each of the six etch cones are comparable with the
corresponding figures of diameter = 8.5±0.26 µm and
cone length = 8.5±2 µm for the fission fragments from
252
Cf which were earlier detected in the same kind of
OHP detector, as we have reported earlier [16]. So,
they are likely to be heavy ions with Z/β comparable
to that of fission fragments, viz. Z/β ~ 900 to 1600.
The measured flux of this unusual event is ~ 1.1 ×
10–6/m2 sr sec which is much different compared to
the flux of the primary cosmic rays of Fe-group ( E >
1 GeV/n 10–52/m2 sr sec.) or the flux of Ultra-Heavy
group (Z>50) at Darjeeling altitude (E > 1 GeV/n
10–138/m2 -sr-sec.).
The PET detectors, coated with metals (CU, Ag,
Pb), were exposed to 252Cf source. After chemical
etching, two-prong to four-pronged tracks were
observed in each plate as shown in Fig. 15.
The results obtained so far from the PET
observation are extremely encouraging. These
detectors are also being exposed at other places, such

Fig. 14: Six almost identical tracks in a single image frame. The
contours of the circular openings are sharp with an average
diameter of 10.5µm

Fig. 15: Multi-pronged tracks in uncoated PET (a-f ) and Pb coated
PET (g-i)

as, Hanley and will be analysed after some time.
These passive detectors, in future, will be combined
with active detectors to make a more complete
observational system.
Air Shower Simulations
The cosmic ray experimental observations should
always be complimented by air shower simulations
to give us a-priori an idea of the kind of expected
results. It also helps us to understand the basic physics
and the reasons of any deviation that we may observe.
The usual simulation codes, such as, CORSIKA, take
care of conventional cosmic ray propagation and
some of the possible hadronic interaction
mechanisms. These codes have to be modified
suitably to take care of the exotic component, such
as strangelets, in the cosmic ray. At present, we are
studying the different hadronic interaction models,
the corresponding codes and the possible limitations
of each of these codes.
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In general, there are large uncertainties involved
in the description of high-energy particle interactions.
So the influence of high-energy hadronic models on
air shower observables has been a topic of active
research for quite some time. Recent studies,
however, suggest that the low energy hadronic
interaction models also play a crucial role in the
precise estimation of the low energy secondary
cosmic ray flux in the atmosphere [19] simultaneously
influencing some of the important characteristics of
the extensive air showers.
Recently, we have studied the low energy
hadronic interaction models based on BESS observed
cosmic ray proton and antiproton spectra, observed
at Mt. Norikura, Japan, at medium high altitude. We
have included the effect of solar modulation in our
simulation. The fluxes of cosmic ray secondary
protons and antiprotons at such mountain altitudes
are found to be quite sensitive to the low energy
interaction model.
Among the three popular low energy interaction
models, GHEISHA [20], FLUKA [21] and UrQMD
[22], we find that FLUKA reproduces the results of
BESS observations on the secondary proton spectrum
reasonably well over the whole observed energy
range, the model UrQMD works well at relatively
higher energies, whereas the spectrum obtained with
GHEISHA differs significantly from the measured
spectrum. The simulated antiproton spectrum with
FLUKA, however, exhibits significant deviation from
the BESS observation whereas UrQMD and
GHEISHA reproduce the BESS observations within
experimental error (Figs. 16 and 17).
Changing Airspace Environment in Eastern
Himalayas
The Himalaya braces the northern periphery of the
Indo-Gangetic plains region (IGPR) (Fig. 18), a
region, which has been the seat of intense human
activity for a long time. This region has been the
‘bread-basket’ of the South Asian region thanks to
its contribution in agricultural production. But this
region also supports a large number of industrial
activities and has a major share in the national
consumption of fossil fuel. Thus, the IGPR is not only

Fig. 16: The differential spectra of vertical proton at Mt. Norikura
obtained by using three low energy models as is described
in the text. The results of the BESS observation are also
given for comparison

Fig. 17: The differential spectra of vertical antiproton at Mt.
Norikura obtained for three low energy models. The band
shaded densely by the left-tilted lines corresponds to the
simulated spectrum due to the FLUKA model. Similarly,
the band shaded lightly by the left-tilted lines corresponds
to the UrQMD model, and the band shaded by the righttilted lines corresponds to the GHEISHA model. The results
of the BESS observation and those obtained by [23] in a
similar observational condition are also given for
comparison

the source of all kinds of atmospheric pollutants but
also is a vulnerable place due to changing
environment. This complex two-way interactive
mechanism needs to be understood to get qualitative
as well as quantitative information useful for proper
policy formulations to mitigate emissions of
pollutants and to reduce vulnerability. Therefore, the
Himalayas offer a unique place to monitor airspace
environment as it is not only subject to emissions
coming out from IGP Region but also to the pollutants
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activity is shown in Fig. 20. The philosophy behind
this scheme of the program is to study all the
interactive parameters playing their respective roles
in the biosphere, troposphere and upper space because
each one of them influences others and the net effect
is a resultant of all these interactions.

Fig. 18: Himalayan range

transported from long distances from other source
regions.
Himalaya has diverse ecosystem and rich
biodiversity. However, the eastern and western parts
of Himalayas are very different in nature. The eastern
Himalaya is very wet with rich forest cover and lesser
population density; the western Himalaya, in contrast,
is very dry with scanty forest cover and high
population density. Due to its strategic location,
Himalaya has been a preferred choice to put up
monitoring stations. But most of them are in the
western Himalaya and only a few functioning stations
like the Pyramid station and the Kathmandu station
exist in the eastern Himalayas. The establishment of
a monitoring facility at Darjeeling would eventually
help in the setup of a network of monitoring stations
in eastern part of Indian sub-continent covering the
altitudinal variations to decipher the source strength
and source apportionment. The conceptual network
is shown below (Fig. 19).
The goal of space science research at Darjeeling
is aimed to use a holistic approach in which all (or
most of) the interactive systems from biosphere to
space are covered. An overview of the planned

To this end, in the first phase, we have installed
at Darjeeling AWS (Automatic Weather Station), gas
analyzers such as Ozone, CO2, H 2O, NO x, SO x,
athelometer for black carbon and Gas Chromatograph
(Figs. 21-25), optical rain gauge, micro-rain radar,
shadow band radiometer, microtops and other related
instruments. We have also installed zero air generator
and multi-gas calibrator for proper calibration of the
gas analyzers. In the following, we will discuss
different aspects of our plan and some of the
observations we have made at Darjeeling.
Meteorology
Darjeeling, a hill station, is a popular tourist
destination. The meteorological data are collected
through an AWS (Fig. 21) located at the Mayapuri
campus of Bose Institute. Average temperature of
Darjeeling has been found to be 15-17 0C with
minimum of 6-7oC during December-January and
maximum of 20-23oC during June [29-32]. Relative
humidity is usually high with an average of 80-85%.
The period October-May remains usually dry with
an average humidity of ~76% compared to wet season
i.e. the period between June-September with an
average humidity of ~90%. Darjeeling usually
registers high rainfall every year. For example, in
2005 the total rainfall was around 2220 mm whereas
in 2008 it was 3315 mm [31, 32]. Most of the rainfall
(~80%) occurs during the wet season. The surface
wind pattern during winter is mainly easterly and
northeasterly with an average speed of 0.8-0.9 ms–1.
During monsoon (Jun-Sep), wind is southeasterly and
southwesterly with average speed of 1.2-1.3 ms–1. In
pre-monsoon months (March-May), wind flows
mainly from west and northwest with an average
speed of ~2ms–1 or more [29-32].
Atmospheric Chemistry

Fig. 19:Network of monitoring stations in Eastern Himalayas region

Atmospheric chemistry as a scientific discipline may
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Fig. 23: Gas Chromatograph at Darjeeling

Fig. 20: Research plan at Darjeeling

volume of the earth’s atmosphere or the trace gases.
Even with such small abundances, trace gases are
extremely important as they are responsible for
various phenomena such as acid deposition and
stratospheric ozone depletion. Since then the scope
of atmospheric chemistry has increased enormously,
more due to the fact that atmospheric composition
itself is changing over time.
At Darjeeling, we have many observational
facilities to help us understand the changing
chemistry of the atmosphere over the Himalayas.
1. Pollution and Particulate Matter

Fig. 21: Automatic weather station

The effect of suspended particulate matter on human
health has been extensively investigated over the
years. Particulate matter of size < 2.5 m in diameter
(PM 2.5), has been associated with adverse health
effects and mortality.
Suspended particles in the atmosphere also
interact directly and indirectly with the Earth’s
radiation energy balance and can subsequently affect
the global climate [24, 25]. To study the air quality
of a particular place and the contribution of the
probable sources, it is necessary to monitor the
concentration of the air pollutants on a regular basis.
Such monitoring, especially for the megacities, has
become a regular phenomenon all over the world [26].

Fig. 22: NOx analyzer at Darjeeling

be traced back to 18th century when the main objective
was to identify the major chemical components of
the atmosphere. Later, the attention was focussed on
the gases present in a tiny amount, less than 1% by

The size of RSPM (respirable suspended
particulate matter) ranges from few nanometers (nm)
to tens of micrometer (µm) in diameter. Once
airborne, these particles also contribute to the
formation of cloud and fog droplets. Biomass burning
and fuel burning in the transport sector brings about
significant perturbations to tropospheric particulate
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(aerosol) loading. As a consequence, cloud
development process is also modified to induce severe
meteorological consequences specifically in the premonsoon months. The observational study of the
RSPM sources and their spatial distribution in the
Himalayan region is extremely important to
understand the role of aerosols in the hydrological
cycle and climate system. It is also important to study
the long-term as well as short-term standards of
RSPM concentration for this important region.
Estimation of the source strength of RSPM will help
policy makers in the context of climate change
scenarios to adopt appropriate control measures so
that disastrous climatic impacts can be averted. In
the context of warming episodes, the appropriate
apportionment of the contribution of the stationary
sources and of the mobile sources may help to adopt
necessary interventions. These, almost exclusively,
necessitate the restriction of circulation for some
categories of vehicles during the days and eventually
in the prohibition of circulation, if necessary.
Darjeeling is an important tourist destination
in north-eastern Himalayas. The valley has
experienced tremendous growth in tourism over the
last few decades. Greater numbers of tourist vehicles
in summer and biomass burning in winter have
primarily influenced the level of air pollutants. A
major local particulate pollution is due to the exhaust
from the Toy Train, which is enlisted as a UN worldheritage and still runs on coal. Apart from this factor,
the transported wind-borne particles are major
pollutant contributors to the environment, while the
contribution from automobile exhaust is seasonal and
increases during tourist seasons i.e. during MarchMay and September-November. Another pollutant
contribution to the Darjeeling environment is by the

Fig. 24: Aethelometer for black carbon measurements at Darjeeling
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big and medium level tea processing units, which are
operated with furnace oil, coal or domestic wood as
fuel.
The average concentration of PM10 in
Darjeeling was found to be 37.08± 20 µgm–3. The
value is lower than the annual average concentration
of PM10 of NAAQS (National Ambient Air Quality
Standard, EPA) i.e. 50 µgm–3. About 25% of sampling
events, especially in summer, showed the
concentration value of PM10 to be higher than the
NAAQS value. The main reason for the high
concentration in summer was high vehicular emission
from a large number of diesel-powered tourist
vehicles plying on the road and re-suspension of dust
particles.
Aerosol concentration during winter was mainly
affected due to biomass burning for heating and
cooking. Monsoon was the season when much of the
aerosols showed low concentrations due to washout
effect. The average concentration of PM2.5 was 21.45
±17.8 µgm–3 which was about 1.5 times higher than
that of National Ambient Air Quality Standard
(NAAQS), 15 µgm–3.
The concentration of fine particulate matter was
found to range between 3.6 µgm–3 (October) and 67
µgm–3 (April). The higher wind velocity and the
broader mixing layer improve the dispersion of fine
particulates in the atmosphere during the summer. In

Fig. 25: Grimm instrument for particulate matter measurements
at Darjeeling
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winter, very frequent and persistent thermal inversion
and fog situations at ground level cause a considerable
amount of fine particulates to accumulate in the lower
layers of the atmosphere [27]. The higher percentage
contribution of fine size particles at Darjeeling may
be attributed to higher human interference, vehicular
movement and emission, and higher tourism activities
during summer and pre-monsoon. Moreover, as the
coarse particles could not reach the high altitude site
due to their higher density, fine particulates
concentration became higher. The maximum value
of PM2.5/PM10 ratio (0.81) was found to be during
April, indicating that 80% of RPM was constituted
by fine particulate matter. This was well supported
by the fact that the ratio of PM2.5 to PM (2.5-10) i.e.
fine to coarse particulates was found to be 4.46 during
April. The fine/coarse particulate ratio, as well as the
PM2.5/PM10 ratio, was found to drop to 0.36 and
0.26, respectively, during monsoon. The enrichment
of transported sea salt particulates in PM10, which
mainly accumulated in the coarse mode size region
and also the washing of fine particulates during heavy
rain events in monsoon was the key factor in the
lowering of the value of both PM2.5/PM10 and fine/
coarse ratios [29, 30].
Our study indicates that fine particles dominate
the coarse mode especially during tourist season
(March-June), which may be the sign of increasing
human interference in the northeastern part of the
Indian Himalayan region. The seasonal variations of
PM2.5, PM10, PM2.5/PM10 and Fine/Coarse are
shown in Fig. 26.
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The mass ratio of NO3–/ SO4–2 was used as an
indicator of the relative importance of stationary vs.
mobile sources of S and N in the atmosphere.
The ratio varied between 0.38 and 1.25 with an
average of 0.75±0.21. The minimum occurred during
August while it peaked during April and December
(Fig. 27) [31].
The high mass ratio during April suggests that
mobile sources in these months are more important
than stationary source emission. The high influx of
tourist vehicles during April (and also in summer
months) could lead to the higher production of
NO3–. But the ratio still remained slightly lower than
that in winter because of higher production of the
SO 4 –2 in summer months with high RH, high
temperature and higher radiation [Wang et al., 2005].
The lower temperature in winter favours the shifting
from the gas phase of nitric acid to the particulate
phase of nitrate, which could lead to higher
concentration of NO3– during winter [31]. Different

Fig. 27: Seasonal variation of the ratio of mobile source emission
to stationary source emission, January-December 2005

air masses travel through different regions and bring
different chemical components with the aerosol, thus
the distribution of chemical components among
different air masses could shed some light on their
possible sources. Based on the transport pathways of
air masses, three typical air mass trajectories,
representing local, continental (other than local), and
marine were found in Darjeeling (Fig. 28). Four
representative air mass trajectories arriving at
Darjeeling are given (see below) in Fig. 28 [31].
Fig. 26. Seasonal variation of particulate matter at Darjeeling,
January-December 2005

Marine air parcels are mainly from the SouthEast (Bay of Bengal) and South-West (Arabian Sea)
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indicating the interaction between sea salt aerosol
transported from the Bay of Bengal and
anthropogenic aerosol from local and other
continental sources. The high loading of K+ and Cl–
in the water soluble fraction of aerosol indicates the
massive biomass burning around Darjeeling
township. Further research on carbonaceous aerosol
is required. The anthropogenic acidic species like
non-sea SO 4 –2 and NO 3– were found to be left
unneutralized or partially neutralized by NH4+ and
non-sea K+, which makes aerosol somewhat acidic
in nature.

Fig. 28: Source apportionment of aerosol showing several source
types of fine and coarse mode aerosol from different source
regions

and could bring a large amount of marine aerosol.
Continental air masses are mainly from East/NorthEast/North-West and could bring several crustal
species from inland emissions.
2. Chemical Behaviour of Aerosols and
Greenhouse Gases
The atmospheric chemistry measurements made at
the high-altitude site Darjeeling reveal the high
loading of respirable matter PM10, 80% of which
consists of fine particulate matter, PM2.5 during the
month of April. The secondary species SO4–2 and NO3–
generated from various anthropogenic sources were
found to be formed through the photochemical
oxidation processes from their respective precursor
gases, SO2 and NO2 during the summer months,
whereas some other heterogeneous mechanisms were
found to be the major pathway to produce them during
winter months. The depletion of chloride in aerosol
during monsoon period was found to be prominent,

Three major source regions including local,
continental (e.g. north and north-western part of
India) and marine (mostly from Bay of Bengal and
from Arabian Sea in some events), have been
identified based on backward trajectories. On the
other hand, four major source types including
vehicular emission (SO 4–2 and NO 3–), bio-mass
burning (K+, Cl– and SO4–2 ), sea-salt particles (Na+ ,
Cl– and Mg+2 ) and soil dust particles (a part of K+,
Ca +2 and Mg +2) have been identified, based on
principal component analysis (see Fig. 28). It was
found that the local and other continental source
regions contribute about 80% of ionic species
whereas marine source regions contribute 20% [31].
Secondary anthropogenic species dominate in
case of local and continental source regions whereas
primary particles are more loaded in case of marine
source regions. Although the higher tourist influx and
human activities during summer season (tourist
season) enhances the loading of aerosol in the
atmosphere, several evidences help us to establish
the fact that during summer season the high loading
of PM2.5 and PM10 along with all major water
soluble ionic species is not only from the local sources
but long-range transport of aerosol reaching at
Darjeeling from various continental regions is also
important.
3. Aerosol Optical Properties
Aerosols, apart from having a harmful impact on
human health, affect the atmosphere in various ways.
Aerosols like sulphates cause cooling by reflecting
the solar radiation. On the other hand, soot absorb
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and re-radiate it, causing warming. There are also
other ways in which aerosols affect the climate. For
example, the near-permanent brown haze across
southern and eastern Asia appears to influence both
the timing and the positioning of the monsoon. They
may also reduce crop yields by falling on fields.
Aerosol optical depth (AOD) is one of the most
important optical properties of aerosols. It is defined
as the degree to which aerosols prevent the
transmission of light by absorption or scattering of
light. Different aerosol types contribute to the
columnar aerosol, which may change seasonally as
well as temporally. Consequently, there would be
associated distinct aerosol optical properties.
At Darjeeling, Mayapuri, AOD was measured
using a handheld multichannel Sun Photometer
(Microtop II) at five wavelengths (see later for more
on Microtop) during day time on clear sky conditions.
The aerosol sampling as well as black carbon
measurements were also done at the same place. The
later measurements show a heavy loading in fine
aerosols, mainly due to transport during pre-monsoon
and local sources, such as biomass burning, during
winter. The corresponding AOD was also found to
be larger than the annual mean during these periods.
The wavelength dependence of AOD is characterized
by the Angstrom exponent α [32].
Fig. 29 shows the AOD at 500 nm and the
corresponding Angstorm exponent. The aerosol

Fig. 29. Seasonal variation of AOD at 500 nm and Angstrom
exponent
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distribution during the same time is shown in Fig.
30, the period of observation being JanuaryDecember 2008 [32].

Fig. 30. Seasonal variation in fine and coarse mode aerosol

The correlation between Figs. 29 and 30 can be
seen clearly. The variation in fine mode aerosol is
similar to variation in α. The figures clearly show
that fine model aerosol dominates over coarse mode
aerosol during dry season. On the other hand, coarse
mode aerosol is dominating during the wet season.
4. Ozone Measurements
Characteristics of surface ozone at Darjeeling (The
Eastern Himalayas) have many key features. It shows
large seasonal variation from 20 ppbv (July-AugustSeptember) to 70 ppbv (March-April-May). MATCHMPIC model reproduces seasonal cycle of surface
ozone reasonably well. Such high surface ozone is
rarely observed in India. However, presence of low
carbon monoxide as well as non-availability of
sunlight during September may explain the low value
of surface ozone during monsoon period (Fig. 31)
[33].
The large surface ozone observed during MarchApril-May may be explained by long-range transport
of pollutants, vertical mixing and photochemical
production. Observational data collected during
campaigns ruled out the role of horizontal advection
on high surface ozone at the observational site. The
backward trajectory analysis shows that air mass at
the observational site during March-April-May has
been originated from Gulf, Europe, and associated
places as well as the Kolkata region traversing over
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Indo-Gangetic Plain. The diurnal variation of surface
ozone during March-April-May suggests the evidence
of gradual photochemical production of ozone after
mid-day in the presence of ozone precursors. Tracer
analysis of CO by MATCH-MPIC (Model of
Atmospheric Transport and Chemistry-Max Planck
Institute for Chemistry version) suggests that
emissions from nearby Indo-Gangetic Plain, as
indicated also by the trajectories, control the CO
levels at Darjeeling.
The high surface ozone at Darjeeling may be
explained by the combination of three processes: a)
ozone precursors transported from Gulf, Europe, and
associated places and traversing over Indo-Gangetic
Plain and as well as from Kolkata region, produce
ozone in the middle troposphere and this would
slowly come down to the observational site through
vertical mixing or by gradient b) fraction of surface
ozone might have intruded from the stratosphere c)
ozone precursors transport from long distance has
produced ozone locally.
The sun radiates vast quantities of energy into
space, across a wide spectrum of wavelengths (Fig.
32). Most of the radiant energy from the sun is
concentrated in the visible and near-visible parts of
the spectrum. The narrow band of visible light,
between 400 and 700 nm represents 43% of the total
radiant energy emitted. Wavelengths shorter than the
visible account for 7 to 8% of the total, but are
extremely important because of their high energy per
photon. The shorter the wavelength of light, the more
the energy it contains. Thus, ultraviolet light is very
energetic (capable of breaking apart stable biological
molecules and causing sunburn and skin cancers).

Fig. 31: Comparison of surface ozone at different places in
Darjeeling
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Fig. 32: Solar spectrum

The remaining 49-50% of the radiant energy is spread
over the wavelengths longer than those of visible
light. These lie in the near infrared range from 700 to
1000 nm; the thermal infrared, between 5 and 20
microns; and the far infrared regions. Various
components of earth’s atmosphere absorb ultraviolet
and infrared solar radiations, but the atmosphere is
quite transparent to visible light (Fig. 33).
The attenuation of visible and ultraviolet light
through atmosphere can give a good measure of
Ozone, aerosol optical thickness (AOT) and water
content of the atmosphere (W), which are very
important physical parameters for characterizing
aerosols. Routine observation of total atmospheric
column AOT and W globally is a fundamental way
of determining aerosol optical characteristics and its
influence in the global radiation budget and climate
change.
The most practical means of making these
observations is by remote sensing, which can be either
from the ground (looking in the skyward direction
with sun photometers) or from space (looking towards

Fig. 33: Solar spectral irradiance (flux) at the top of the atmosphere
and at the surface
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the ground through the atmosphere with imaging
radiometers on-board satellites or high altitude
aircrafts). One of the sun photometers, which has been
used quite widely in recent times is the MICROTOPS
II Sun photometer manufactured by the Solar Light
Company, Philadelphia, U.S.A. It is relatively
affordable, portable, and easy to operate, and is
convenient for all the purposes mentioned above.
In fact, MICROTOPS II has two versions: (i)
the ozone monitor or ozonometer adapted to column
ozone measurement and, (ii) the Sun photometer
designed for aerosol optical thickness measurements.
Either of the two can be configured by the
manufacturer to measure water vapour column
thickness W.
At Darjeeling, we have procured ozonometer
operating at wavelengths 305nm, 312nm, 320nm,
500nm and 870nm and Sun photometer operating at
wavelengths 380nm, 500nm, 675nm, 936nm and
1020nm. Sun photometer measures solar radiance in
five spectral wavebands. The intensity of ultraviolet
radiation at the surface of the earth is modulated by
aerosols and ozone within the atmosphere. Since
ozone absorbs the shorter wavelength more
effectively than the longer wavelengths, the ratio of
intensity of direct sunlight at two wavelengths within
the range 300-320 nm is related to the total abundance
of ozone in a column through the atmosphere. This
forms the basic operating principle. The 936 nm line
is located in a strong water vapour absorption band
while 1020 nm is affected only by aerosol scattering.
The 3 UV channels measure the total column ozone
and direct UV-B.
Radiometric Studies
Studies of climatic parameters from a high altitude
station are strikingly lacking, particularly in the
tropical region. This is mainly because of lack of
infrastructural facilities for an observation station at
a high altitude location. However, such studies are
important for many reasons; they are expected to lead
to an understanding of the physical processes both
on local and wide-scale, forecasting of meteorological
parameters and determining the trend in the climatic
behaviour of the hilly region, which has a profound
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effect on local economy and social behavioural
pattern. Also, some of the measurements, like cloud
measurements, are expected to provide more precise
results at high altitudes compared to the plains.
The high altitude station at Darjeeling,
established by Bose Institute under the Astroparticle
Physics and Space Science Programme, provides a
unique opportunity in providing a platform for
studying the climatic parameters such as water
vapour, liquid water content in cloud, the associated
raining atmosphere along with the other cloud
measurements. Studies of atmospheric water vapour
and cloud liquid water content have been a subject
of continued interest during the last two decades. A
number of techniques, namely, radiosonde, ground
based radar, radiometers and Global Positioning
System (GPS) are employed to study these
parameters. Among these the microwave radiometric
technique is one of the most widely used techniques,
both space-borne and ground-based. The usefulness
of the ground-based microwave radiometry has been
demonstrated for quite some time. It could provide
continuous measurements of atmospheric parameters
at a low maintenance cost without much error. It is
by far the most accurate method to measure the
vertically integrated liquid water content of the
atmosphere over the surface.
The knowledge of these two phenomena is of
paramount importance to a number of applications
that make use of radio wave transmission in earthspace path, which requires an accurate estimation of
the propagation path delay for proper calibration and
interpretation of the results. The ’wet’ path delay,
which is the highly variable component of the total
path delay, can be derived from the knowledge of the
total amount of precipitable water vapour along the
earth-space path. There are in fact two practical
methods for determining the wet path delay, namely
the stochastic estimation by GPS and water vapour
radiometer.
Information on the water vapour is also
important towards understanding of global water
budget and the modelling of weather and climate in
the field of meteorology. Central to many of these
studies is the information on water in liquid form, in
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clouds as well as in rain. Clouds, in particular,
profoundly affect the reflection, transmission and
absorption of the solar radiation entering into the
atmosphere, and thus have a controlling influence on
the earth-atmosphere energy budget. Data of water
vapour and cloud liquid water together with that of
rain are also very important for designing upcoming
satellite communication systems at Ku/Ka and
millimetre wave bands. Measurement of rain drop
size distribution (DSD) could generate the required
database for modelling rain attenuation in the absence
of actual measurement.
Although models and satellite data are available
to depict the gross global picture, ground-based
measurements always provide very useful inputs to
understand the localized phenomena and to check the
validity of the models. Being on the fringe of the
tropical region at a high altitude in the eastern part of
the Himalayas, Darjeeling, in this context, provides
a unique location to make ground-based observations
of atmospheric phenomena. The high altitude stations
provide a platform to study the atmospheric
phenomena that arise from air-surface interactions
at about 7000 feet above the sea level.
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Fig. 34: Dual frequency radiometer at Darjeeling

mode) instrument that detects natural radiation
emitted by cloud water ensemble and water vapour.
The received signals are processed to retrieve
columnar integrated amounts of liquid water and
water vapour. We have originally selected 20.6 GHz
and 31.65 GHz frequencies for dual frequency
radiometry as 20.6 GHz is more sensitive to water
vapour while 31.65 GHz channel is sensitive to liquid
water. The plot for atmospheric absorption and
emission is shown in Fig. 35.

1. Dual Frequency Radiometer
The dual-frequency radiometer provides a rather
unique technique to monitor simultaneously the
integrated water vapour (IWV) and the liquid water
path delay (LWP). The knowledge of these two
phenomena is of paramount importance to a number
of applications that make use of radio wave
transmission in earth-space path, which requires an
accurate estimation of the propagation path delay for
proper calibration and interpretation of the results.
Data of water vapour and cloud liquid water
together with that of rain are also very important for
designing upcoming satellite communication systems
at Ku/Ka and millimetre wave bands. Measurement
of rain DSD could generate the required database for
modelling rain attenuation in the absence of actual
measurement.
A microwave radiometer is a super sensitive
radio receiver (Fig. 34). It is a passive (only receiving

Fig. 35: Atmospheric absorption and emission spectrum between
20 and 35 GHz

These were determined from the water vapour
weighting function behaviour using radiosonde data.
But due to presence of Ku-band satellite channels,
the revised operative frequencies for the dual
frequency radiometer are 23.8 and 31.4 GHz.
2. Ku-band Satellite Receiving System and Optical
Rain Gauge
Above 10 GHz, the rain and water vapour has a strong
interaction with electromagnetic wave. Ku-band
satellite carrier channels are available between 10.7
GHz to 11.2 GHz and 11.7 GHz to 12.2 GHz. We

~ 20
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approximately 275 mm/hr. From Fig. 40, it can be
seen that the signal attenuation (from power
spectrum) is approximately 10 dB while the C/N ratio
is 13 dB. The performance of the receiving system
depends on the net link margin i.e. the difference
between signal and noise power. Hence, the increase
of noise power during rain has to be considered for
the design of satellite link.
Fig. 41 shows the plots for the two-year
cumulative distributions of 1-minute average rain
corresponding to our measurements, standard [34]
and Global rain rate climate model (Crane model)
[35]. The ITU-R and Global rain rate climate model
show noticeable deviation throughout the rain rate
exceedance. This may be due to the recent change in
global weather pattern. Most of these models were
developed for temperate region, where the rain was
dominated by stratiform rain structure [14, 12]. The
difference between measured and the standard
prediction models (e.g. ITU-R and Crane) is the
existence of the “break point” [33] in the exceedance
curve denoted by an arrow in Fig. 41 in the cumulative
plot. The presence of such “break point” in the
exceedance curve was first noticed by Pan and Bryant
[36] in their measurements at Lae, Papua New
Guinea. The rain rate and exceedance values as
reported were 105 mm/hr and 0.01 respectively.
Most of the earlier studies found the occurrence
of such break points lying very close to 0.01, the rain

Fig. 41: Two years rainfall exceedance compared with standard
models

rate that does not exceed beyond 0.01% of an average
year [37, 38]. But at the present location, though
breakpoint exceedance is close to 0.01% of the
average year but the breakpoint rain rate is
appreciably high. It may be noted that in the temperate
region, rain structure is mostly stratiform in nature
and the rain is widespread with low rain rate and large
rain cell diameters. But in the tropical location, due
to convective updrafts within the cell, high intense
convective rainfall occurs, where rain cell diameter
decreases with increasing rain height. Thus,
breakpoints in the exceedance curve occur due to the
change in rain structure from stratiform to convective
and saturation. The breakpoint is pronounced if the
integration time is low.
Last few years have seen a rapid change in the
weather pattern in this part of the world. Our study
shows that the standard models, even if constructed
for tropical regions, may not be valid in this changing
weather scenario. Local effects may be playing a role
here and hence a new effort on rain model building
is necessary.
3. Micro Rain Radar

Fig. 40: Sample rain rate data and Ku-band signal records on
September 23, 2007

Micro rain radar is a vertically pointed Doppler radar
that is designed to measure the vertical profiles of
drop size distributions. It works in microwave
frequency, 24-26 GHz in FMCW (frequency
modulated continuous wave) mode of Radar. The
bandwidth (c/2B) determines the range cell when
FMCW signal is projected upwards in the zenith
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direction. The number of frequency steps of each cw
(continuous wave) transmission frequency over the
bandwidth determines the range extent. The Doppler
velocity information determines the fall velocity of
rain. The Micro Rain Radar, installed at Darjeeling,
is operating at 24 GHz FMCW radar. A typical micro
rain radar picture for Darjeeling site is given in Fig.
42 and corresponding spectrogram is shown in Fig.
43.

Fig. 42: Dual Frequency micro rain radar

altitudes. Sometimes a continuous gradation exists
from thick fogs into low-lying clouds, there being no
distinction of appearance. The formation dynamics
of fog in high altitude like Darjeeling falls into the
category of precipitation fog, frontal fog and upslope
fog. Generally droplets diameter of < 100 µm is the
characteristics of fog and cloud. The median radii
are typically 2.5 to 5 µm and the number density Np
may vary from 106 to 109 m–3 for heavy fog. In general,
if surface air is close to or approaching the dew point
temperature, fog formation can be anticipated. The
thickness of the fog depends or various factors of
humidity, temperature and wind velocity. Fog is
usually classified according to their level of visibility;
dense fog (visibility < 45 m), Thick fog (visibility <
180 m), Fog (visibility < 450 m), moderate fog
(visibility < 900 m) and Thin fog (visibility < 1800
m).
The optical visibility from 1 Km to 20 meter is
very frequent in hilly terrain like Darjeeling. The
variability of the size distribution makes the
prediction of attenuation difficult. However, for
volume attenuation coefficient of water clouds and
fogs, particle sizes could be described by gamma
distribution. At Darjeeling a simple system with HeNe laser (5 mw) has been installed for a line-of-sight
range of available 300 meter at the site (at Darjeeling)
with a detection system located at the receiving site
for day and night continuous monitoring of fog. A
schematic diagram for line of sight optical link is
shown in Fig. 44.
In future two-frequency, visible and infrared,
fog-monitoring system has been planned. The output
available from the initial measurement set up together
with radiometric data would help us in the proper

Fig. 43:Micro rain radar spectrogram at Bose Institute, Darjeeling

4. Fog Studies
Fog forms through cooling of the air by contact or
mixing or on occasions through saturations of the air
by increasing water content. Unlike clouds, fog form
near earth surface, cloud being the feature of higher

Fig. 44: Schematic block diagram for Line of Sight optical link for
fog measurement
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choice of the infrared wavelength as well as its power
level for full-scale fog measurement.
Summary and Future Plans
The Centre for Astroparticle Physics and Space
Science: a National Facility has now become an
established centre. The observations and results
obtained in this initial phase clearly state the need
and importance of such a centre. Other than the usual
academic activities, this centre is also conducting
many outreach programmes, mainly aimed for NorthEastern regions, such as North-East students’ summer
training programme on basic sciences, winter school
on Astroparticle Physics, training programme for the
school children of Darjeeling area and others.
The present project set up at Darjeeling provides
an ideal scenario for the studies on and the connection
between the Solar terrestrial weather and cosmic ray.
Darjeeling being a place where cloud formation and
evolution of cloud system is a regular process, it
would give us an opportunity for detailed study on
clouds. Effect of Cloud on the climate is manifold.
Apart from blocking the incoming solar radiation,
which is the main source of energy for the earth’s
climate, it also blocks the outgoing long wave
radiation, causing radiative forcing. Although, the
entity is so important, the knowledge in this field is
still very small and needs to be understood thoroughly.
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One of the major difficulties in this area is the
extremely diverse reasons that affect the formation
and growth of cloud. While aerosols and
meteorological parameters are the major players in
the cloud development, cosmic rays, being the main
source for ionization in the atmosphere also play an
important role in the cloud formation and growth.
The Earth is partly shielded from cosmic rays
by the magnetic disturbances carried by the solar
wind. In particular, the strength of the solar wind and
the magnetic flux it carries has become more than
double during the last century [39]. The extra
shielding has reduced the globally averaged intensity
of cosmic rays by about 15%. This reduction is also
indicated, independently, by the light radioisotope
record in the Greenland ice cores [40]. So, the solar
variability may be connected to climate variability
through solar wind, cosmic ray and cloud. The above
observations indicate the need for an understanding
of the cosmic ray-cloud connection. In future, we plan
to put some of our effort in the study of these features.
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