8 SCIENCE

1.5 million years of the earth’s climate has come
into sharper focus, says s ananthanarayanan

UN DERSTAN DIN G how the earth’s

climate system functions is vital to make the right
moves in response to climate change. But climate
is a complex system, affected simultaneously by
the seasons, by ocean currents, Polar ice mass,
winds and the composition of the atmosphere.
Tracking the changes in markers of climate over
the ages helps identify the effect of different
influences in the process. Records contained in
fossil records and samples of ancient ice have
been the most useful to test theories of how the
climate has been changing. Scientists at the
Cambridge Department of Earth Sciences report
in the journal, Science, that they have mapped a
more accurate time-line of climate by separating
the changes in otherwise combined indicators of
the temperature of the sea and the volume of ice
at the Poles, over the ages.

The chief reason for the seasons, summer and
winter, is the fact that the axis of the daily
rotation of the earth is inclined at an angle to the
axis of the annual revolution of the earth around
the sun. The fact that one half of the earth has
summer while the other half has winter, and the

Milutin Milankovic.

concentration of land mass in the northern
hemisphere, drives winds and ocean currents and
brings about the nearly constant cycle of seasons
that we have grown used to. But the basic drivers,
which are the tilt of the axis of rotation and the

path of revolution, themselves do not stay
constant but wax and wane, over slow cycles of
millions of years. And when there is greater tilt,
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The N or S hemisphere is more exposed to the sun for part of the year,
while the other is less exposed, because of tilt. How much more, or less,
depends on the tilt. Greater tilt leads to more extreme seasons.
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atoms that are locked in the samples. Oxygen
occurs in two forms — Oy, which is the normal
and abundant form, and traces of O1g, which has
the higher mass number of 18 and is radioactive.
The ratio of the two kinds of oxygen in the
oceans is affected by ambient conditions that
include the temperature and the quantity of water
that is locked in the form of Arctic ice. As remains
of living things contain oxygen in the ratio that
existed at the time they were alive, these deep-sea
fossils indicate ancient conditions.

But because these records are affected by both
factors — temperature as well as the quantity of
Polar ice — the picture that is painted is not
complete. Efforts to prise apart the two reasons
have not proved successful and it has not been
possible to pinpoint the reason for changes in the
ratio of the two forms of oxygen. Was it
temperature change because of the position of
the earth or was it more or less ice at the Poles?
The work of the team at the University of
Cambridge has overcome this difficulty by
developing an alternative marker, which depends
only on temperature. This data of pure
temperature change then allows the existing data
to be corrected to indicate only levels of Arctic ice
— and we have
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there are more intense summers and winters and
when the earth moves away or closer to the sun
in its path of revolution, there are ups and downs
in the amount of heat that the earth receives.

The rotation motion of the earth gives it a
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stable orientation, just like the rotation of a
child’s common spinning top. While the top
is at a good speed, this gives it stability and it
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complete data,

Precession

both sea-water
temperature as
well as global ice
volume, and this
data accounts for
the last 1.5
million years.
The method
used by the
Cambridge
researchers was
to look at the
ratio of
magnesium to
: calcium in the
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spins upright. If forces of wind, obstructions
or friction cause any “tipping” to one side, forces
come into action to pull the top back upright. But
the swing back to upright overshoots, as a tilt on
the other side, which is again pulled back to
upright — resulting in a “rocking” of the axis of
spin — a motion known as nutation. At the same
time, the spinning at an angle to the vertical,
while the top is leaning over, brings in a
horizontal motion of the axis, which swings
round and round — a motion known as
precession.

Just as these motions of the top are because of its
spin and the force of gravity, the whole earth is
also affected because of its spin, once in 24
hours, and the different gravitational forces of the
sun and the moon and also of the large planets of
the solar system. The angle of tilt, which is about
23.5 degrees at the present time, swings, in a
form of nutation, between 22.1 and 24.5 degrees
over a period of 41,000 years. The earth is now
about halfway, and moving towards the lower
limit.

When the angle of tilt is low, the summers and
winters are less severe. Given this effect and the
fact that the land mass on the surface of the earth
is more at higher latitudes, a lower angle of tilt
implies less melting of Arctic ice and an approach
to an ice age!

Precession, or the swinging around of the axis of
spin, follows a cycle of some 26,000 years.
Orientation of the axis of spin also affects the
effective angle of tilt and hence the seasons. In

addition, thanks to the effect of the large planets
Jupiter and Saturn, there is variation of the shape
of the path of the earth around the sun. The
shape is almost a perfect circle and only 2.8 per
cent off, on the average. But this slight “ovality”
also has a cycle, from 0.5-5.8 per cent, over
41,000 years. And then the direction of the longer
ends of the oval also turns around, once every
23,700 years, creating a motion that is shaped like
a rosette!

At the time of World War I, a Russian
astronomer and multifaceted scientist, Milutin
Milankovic, worked on the collective effect of the
earth’s different motions on the amount of heat
that it received from the sun and the effects on
climate. He was able to mathematically work out
the changes in the incoming solar radiation
(insolation) from the sun over a period of
600,000 years and demonstrate that it was
variation in insolation, or insolation cycles, that
brought about the series of ice ages!

History of climate

The physical journey back in the history of the
earth’s climate is carried out with the help of
markers of temperature, salinity, etc, which are
preserved in rock, vegetable remains or ice which
was formed during past times. A readily available
source of information about climatic shifts is in
deep-sea fossil remains. The antiquity of these
remains, to put a date on the place where they
were found, is estimated by studying oxygen

magnesium then
indicate higher temperatures of sea water at that
moment in geological history. This detailed
information, of both temperature and global ice,
is important for making sense of a transition in
climate that took place some 1.25 million to
600,000 years ago. Before this transition, the
swing, from ice ages to warm climate and back,
happened every 41,000 years. But after the
transition, the switch has been taking 100,000
years.

“Previously, we didn’t really know what
happened during this transition, or on either side
of it,” says Professor Harry Elderfield, who led the
research team. “Before you separate the ice
volume and temperature signals, you don’t know
whether you’re seeing a climate record in which
ice volume changed dramatically, the oceans
warmed or cooled substantially, or both.

“Now, for the first time, we have been able to
separate these two components, which means
that we stand a much better chance of
understanding the mechanisms involved. One of
the reasons why that is important is because we
are making changes to the factors that influence
the climate now. The only way we can work out
what the likely effects of that will be in detail is by
finding analogues in the geological past, but that
depends on having an accurate picture of the past
behaviour of the climate system.”

The writer can be contacted at
simplescience@gmail.com
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Biotechnology Industry Research Assistance Council (BIRAC)

(A Govt. of India Enterprise)

SPECIAL CALL FOR PROPOSALS ON
Priority Agriculture and Secondary Agriculture Areas

Department of Biotechnology
Ministry of Science & Technology
Government of India

DIrac

Ignite Innovate Incubate

under

Biotechnology Industry Partnership Programme (BIPP)
(15th August to 15th September, 2012)

BIPP is a special initiative of the Department of Biotechnology, Government of India, to support
Biotech Industry for development of novel and high risk futuristic technologies for affordable
product development in key areas of national importance and public good. DBT is operating this
scheme through BIRAC, to promote and nurture innovation research in Biotech Enterprises
specially Start-ups and SMEs. It also encourages Start-ups / SME interaction with public sector
institutes to enable translation of research leads to product development. Through this call

proposals are invited for addressing the national needs of Agri biotech sector, Secondary

Agriculture, Food Industry and Bio-processing Sectors.

Proposals may comprise one or more special
elements in the areas given below but not
limited to:

1. Agriculture

a. Technologies which are a pre-requisite to
product delivery like strengthening of pre-
breeding programmes, marker assisted
selection for accelerated breeding and
RNAi

b. Generation of improved varieties which
address the needs of the farming commu-
nity focusing on heterosis breeding, resis-
tance against biotic and abiotic stress in
crop plants, biofortification of crops and
development of appropriate diagnostic and
detection kits

2. Priority crops / target traits: Orphan
crops like millets, legumes, etc., and routine
crops like rice and wheat, etc. Traits would
include both biotic and abiotic stress
including other desirable ftraits like yield
increase, enhanced quality and shelflife, etc.

3. Secondary Agriculture

a. Technologies for innovative and new
renewable fuels, chemicals, enzymes, etc.

b. Environmental management of bio-proce-
ssing wastes

c. Nano science and nano technology in
Bio-processing sector

d. Biological processing (separation and con-
version) of biomass (agricultural residue/
marine products) into value added food
(animal feed, sweeteners, bakery and con-
fectionary, canned foods, flavour) and non-
food (detergents, adhesives, polymers,
speciality chemicals, textiles) products

e. Valorisation (separation and conversion)
of agricultural and agro-industrial waste or
by-products into biodegradable packa-
ging, higher value secondary products,
intermediates, food colours/dyes or
nutraceutical products

f.  Production (separation and conversion) of
value added products from animal
products processing and by products
including dairy products, meat, poultry and
fish products

Proposals could be
submitted for the following:
() R&D (Category|&]ll)

(i) Validation and scale-up (Category lll)
(iii) Facility for validation and scale-up of

Who can apply?

A single or consortia of Indian “for profit”
company(ies) - Small, Medium or Large having
DSIR recognized in-house R&D unit(s), either
alone or in collaboration with public sector R&D
institution(s), organization(s), laboratory(ies),
university(ies) etc. The Company(ies) should
be registered under the Indian Companies
Act 1956 and have at least 51% shareholding
with Indian citizens.

How to apply?

Proposals are required to be submitted
online only. Please log on the BIRAC
Website (www.birac.nic.in) for further details
on eligibility, guidelines for submission of
proposals and requisite details about the
scheme.

http://dbtindia.nic.in/uniquepage.asp?id_pk=680

No Hard Copy to be submitted, Proposals
submitted online only would be considered.

bipp.dbt@nic.in ssdiwan.dbt@nic.in swarup@dbt.nic.in

Innovative / Indigenous process and product
development (Category V).

Important links
http://www.birac.nic.in/programmes.php

Online Proposal Submission begins:
15th August, 2012

Last date for Submission of Proposals:

15th September, 2012

For further details, please contact:
Dr. Suraksha S. Diwan, Programme Officer - BIPP,
Scientist C, Department of Biotechnology

g. Value addition to medicinal and aromatic
plants through processing and new
product development

Biotech Consortium India Limited (BCIL), New Delhi is the

strict confidentiality of proposals as per DBT norms.

BIPP Management Agency and will ensure






