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PREFACE
Women Scientists and Technologists have made significant contribution in every sphere of
development. In India, the number of women scientists in various fields of Science,
Engineering and Technology is still very low. Women Scientists not only play an important
role in their respective areas of expertise but can play significant role in engineering social
changes. Science and Technology play a vital role in the development strategy for various
sections of the society. Full utilization of sufficient number of educated and trained women
resources in Science and Technology is an economical and effective option to meet the
challenges in development. There is a growing recognition of the need to strengthen
women’s capabilities and to promote their participation in decision making. This can be
achieved by increasing their access to information and education particularly in the areas of
Science and Technology.
The national seminar on “Role of Women in Combating Climate Change” is organized by the
Women Scientists’ Cell, Kerala State Council for Science, Technology and Environment, in
association with the Department of Science and Technology, Government of India, during 7-8
January 2010. The Seminar is coordinated by Dr. K.R. Lekha, Head, Women Scientists’ Cell,
KSCSTE. Hon’ble Minister for Health, Family and Social Welfare, Government of Kerala,
Smt. P.K. Sreemathy Teacher inaugurated the seminar on 7.01.2010. The minister, in her
inaugural speech pointed out that action plan on coping with climate-change need to address
issues such as increasing temperature, change in the chemistry of atmosphere and ocean,
shift in water availability and vegetation etc., on a gender perspective, which is essential in
evolving appropriate remedial measures.10 technical presentations primarily on the process
of climate change, specific issues in various developmental sectors, impacts on the daily lives
of women and the specific role women have to play in climate change mitigation etc., were
presented.
Dr. E.P. Yesodharan, the then Executive Vice President of KSCSTE presided over the
function; Prof. J. Srinivasan, Chairman, Divecha Centre for Climate Change, Indian Institute
of Science, Bangalore delivered the Key-note address. The two-day deliberation brought out a
set of recommendations on reducing climate change impacts and also on the need to involve
women in various stages of planning mitigation process.
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FOREWORD

Dr. C. T. S. Nair
Executive Vice President
Kerala State Council for Science, Technology & Environment

Undoubtedly climate change has become the most important environmental crisis
confronting humanity requiring fundamental changes in our lifestyles and our perception of
what development really means. While meaningful action at international level still remains
elusive and there are still several “climate change skeptics”, the business as usual approach
to development has become untenable. There is an urgent need to move on to a green path to
development that drastically reduces carbon emissions and enhances sequestration. It is in
this context that the effort to articulate the role of women in combating climate change
becomes relevant and timely.
Mitigation of and adaptation to climate change will have to begin at the grass roots level, in
our homes, farms, enterprises, etc. The preponderant role of women in these sectors
underscores their enormous potential to spearhead the various climate change mitigation
and adaptation efforts. Curtailing profligate consumption will have to begin from our homes;
so will be the efforts to reduce energy consumption and the shift to renewables. Of particular
concern is the need to enhance energy efficiency from the use of biomass fuels. This has
direct implications not just on climate change mitigation, but also on the health of women
and children, who are highly exposed to indoor pollution. Uncertain rainfall patterns will
require us to conserve water and to economise its use. Unsustainability of intensive
agriculture using fertilizers and pesticides requires a major shift in agriculture, especially by
way of adapting more environment-friendly organic farming.
The pivotal role of women in these efforts is well recognised. This compendium, which
brings together the presentations made during the National Seminar “ Role of Women in
Combating Climate Change” held in January 2010, provides a good overview of the different
aspects of the issue. In addition to outlining some of the larger issues of climate change, the
compilation addresses a number of topical themes, including the science of climate change,
greening the construction sector, enhancing energy efficiency and renewable energy
technologies, sustainable agriculture, food security, etc. From the science and technology
perspective, this requires that we take cognizance of the gender dimensions, especially
considering the end uses/ users of the technologies. I am sure this compendium will enhance
our understanding of the role of women in climate change mitigation and adaptation,
helping to mainstream gender perspectives in science and technology development.
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Smt. P.K. Sreemathy Teacher

Hon’ble Minister for Health, Family & Social Welfare
Government of Kerala

Inaugural Address during the Inaugural function of the National Seminar on “Role of women in combating
Climate Change”

At the outset I congratulate the Principle Secretary, Department of Science and
Technology, Government of Kerala, Dr. E.P. Yesodharan, for taking the lead role in
organizing a seminar on a very relevant topic in today’s context namely “Climate
Change”. The title “Role of Women in Combating Climate Change” is very apt in today’s
context and is a much talked about topic all over the world.
Climate change is recognized as the greatest global challenge in the current century.
Experts warn that a rapid warming of the planet is underway, with the threat of farreaching environmental changes that could have very severe impacts on life on earth.
Climate change refers to any significant change in the measures of climate (such as
temperature, precipitation, or wind) lasting for an extended period (decades or longer).
It is predicted that this change in the climate may bring catastrophic disruptions to the
natural environment which we depend on for food and other vital resources. It is being
caused mainly by the build up of green house gases that are released by human activities,
in particular the burning of fossil fuels, deforestations and certain types of agriculture etc.
Climate change will affect all countries but developing countries are particularly
vulnerable by being least able to afford the cost of adapting to it.
The idea, first mooted in the 19th century that, carbon dioxide and other gases emitted
from human activities could be changing the composition of the atmosphere and warming
the planet, has attracted growing scientific interest since 1950. The Kyoto protocol which
entered into force in February 2005 is a first step in reversing the global trend of rising
emissions.
The European Union responsible for about 14% of global green-house gas emission today
has always been in the forefront of international efforts to tackle climate change. The
recent Copenhagen submit, though reported to be only partially successful has helped to
achieve a consensus among the BASIC countries; Brazil, South Africa, India and China, on
climate change mitigation efforts.
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India, with its dependence on rivers from the Himalayas, big population, importance of
the monsoon, and vulnerability to natural disaster, is one of the countries most at risk from
the impacts of climate change.
With the environmental degradation on the rise, let’s analyze what is the gender impact of
climate change. The United Nations’ report on “State of World Population 2009” says that
women bear the disproportionate burden of climate-change. The poorest population,
though contribute least to climate-change are the most vulnerable to the crises. Women
play an important role in ensuring their communities’ ability to cope with and adapt to
climate-change. Family planning, reproduction health care and gender relations would
influence the course of climate-change and affects how humanity adapts to rising seas,
worsening storms, severe droughts etc. Women must have equal access to skill
development, market linkage, technology and financial resources to effectively contribute
in combating climate change. Rural women are responsible for half of world’s food
production in most developing countries. They have knowledge in agriculture, food
security, water usage etc and therefore must be involved in policy planning programme,
design and implementation of monitoring related climate change issues etc. at all levels.
Studies point out that while women are traditionally responsible for managing household
resources, they are least involved in policy decisions or on the use and management of
environmental resources which are integral to their household resources. Action plan on
coping with climate-change need to address issues such as increasing temperature, change
in the chemistry of atmosphere and ocean, shift in water availability and vegetation etc.,
on a gender perspective. Analyzing the impacts of global warming from a gender
perspective is critical in addressing the issue and evolving appropriate remedial measures.
Though Climate change is a global problem, each one of us has the power to make a
difference. Even small changes in our behavior can save energy and resources and help
reduce greenhouse gas emissions.
In this context, I am happy that the KSCSTE is organizing a National Seminar on “Role of
Women in Combating Climate Change” with the objectives of providing a platform to
reflect on the probable impact of climate change on the daily lives of women and to
emphasis upon women’s role in combating climate change. It is hoped that the seminar
will help to create awareness among women on their roles in natural resources
management and the linkage between gender and climate change.
The seminar will serve as an eye opener to strengthen women’s participation in
sustainable development and climate change mitigation measures. I congratulate the
KSCSTE for organizing this very important seminar at the appropriate time and wish the
programme all success and I declare that this seminar is officially inaugurated.
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Dr. E.P. Yesodharan
Former Executive Vice President,
KSCSTE

Presidential address during the Inaugural function of the Seminar on “Career in Science for Women – Challenges and
Opportunities”

Climate change is a reality today. The argument on weather climate change is happening
or not is not there any more even among scientists. Everybody, whether it is the policy
maker, scientist or common man agrees that climate change is indeed here. We cannot
close our eyes or ears or turn our face away from this reality or its imminent impact
The only argument today is to what extent the climate change is happening or to what
extent can we be successful in mitigating its impacts.
All these years we have been
talking about global warming that refers to a progressive increase in temperature
happening year after year. Well, that is really happening. But, after 4 or 5 years of
successive rise in global temperature, suddenly, when in one year, there is a decrease in
average temperature by 0.1 or 20C, every body says that global warming is a myth or it is a
creation of scientists. But when it comes to climate change, we know that something is
really happening because we are really experiencing it. Our summers are becoming hotter
and longer while the winters are becoming shorter or longer than normal. Snowfall is
happening in parts of the world where it never happened before. Similarly the amount of
monsoon rain also is becoming less and less and its timing also is erratic. This kind of
climate change is going to have very serious impact on our day-to-day living as well as on
life on this entire planet.
Climate change affects every aspect of life on this planet. For the sake of brevity let us
analyze how climate change affects two important sectors; i.e. health and agriculture.
When one talks about agriculture in our country, we still refer to the age old practice of
using traditional tools and waiting for the mercy of nature. Climate and climate change are
important components here. When people in cities are talking very joyously about long
pre-monsoon rains and the relief from heat, majority of the people in the village are
terribly upset and disappointed at such erratic rains which kill their crops. When we talk
about food security, we know that at today’s rate of consumption, there is not enough food
for the people in the world. The situation will be worse with climate change, which is
going to have very serious impact on the availability of food and the way we live. The
challenge before us now is how to adapt to the climate change and mitigate its impact.
Many of you would have read about the snow fall in Rasal Khaima about four years back.
This was the first time in memorable history that snowfall occurred in this area. Similarly
in Antarctica, for the first time scientists have noticed the presence of green grass which
means that at least in some parts there the temperature had reached 0 0 C or more. In
10

Delhi, in January, the normal temperature is expected to be around 18.5oC. But this year, in
January, the temperature was around 350C. We have also seen very heavy rainfall in the
Rajasthan desert while at the same time there was severe drought in the once rain rich
Assam. In our state of Kerala, there was very heavy rain in May while the monsoon rain
was deficit by 30%. Thus, climate change is a reality in every part of the world including
our own small state.
The main reason for this climate change is the excessive emission of carbon dioxide which
started happening after the great industrial revolution. Scientists are warning that the
average sea level rise today is 1-1.5 mm per year. Some say it is as high as 3 mm. India is
having one of the longest coastal stretches in the world and hence this is a matter of
serious concern to us. We have more that 7800 km coastal stretch in India The areas
which are vulnerable are not only the low lying areas like the Kuttanad region of
Alapuzha District but also the coastal cities including cochin, Bombay, Goa, Calcutta and
Chennai. There is a possibility of a good part of the land going under water if the sea level
is to rise above 100 mm. That means we have to do something urgently to address the
issue. This is exactly what our Hon’ble Prime Minister Dr. Manmohan Singh stated in his
inaugural address in the Indian Science Congress at Trivandrum, when he mentioned that
the biggest challenge in front of the scientific community in the coming years will be to
develop methods to reduce the impact of climate change or to combat climate change
itself.
It is important to note that women can play very significant role in combating climate
change. Climate change affects both men and women equally, but when it comes to what
one can do as individual to combat climate change women make a difference. In most of
the houses, women are the decision makers on matters related to day to day life. Men,
though very proudly claim to be the decision makers as the heads of the family, most of
the time, they are really not concerned about the micro aspects of day to day life. Dicisions
like what are the things to be bought, what kind of house should be constructed, how
the interiors should be furnished, which school to send the children, what vehicle to buy,
how to buy or etc. are all mostly influenced by women in most of the houses. These are
the kind of decisions which are going to impact the climate. Almost anything we do in
today’s world to sustain our lifestyle have an impact on global warming and climate
change related issues.
In the domestic sector, many of the day–to-day activities such as use of electrical devices,
water usage, waste recycling, use of environment friendly home gadgets etc are factors
affecting emission of green house gases. When the food is processed for consumption,
energy is utilized and the extent of this energy utilization depends on the way the food is
cooked. So it is our life style which has contributed to the global warming and climate
change to a great extent. It is an accepted fact that if anybody can take a decision on
changing our life style, or changing the way we lead our day-to-day life, it is the women
folk who run the families. That is where women become very important and can play
very important role in combating climate change.
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Women in family, society or state can play very significant role in mitigating the impact of
climate change and in preparing the family and the society to adapt to climate change.
That is the significance of today’s seminar. I am very confident that the professionals and
experts assembled here today will steer this seminar in the right direction, make serious
deliberations and will generate meaningful and practical recommendations towards
combating climate change and its impact.
I wish the seminar all success.
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ABOUT KSCSTE AND BACKGROUND OF THE SEMINAR

Dr. K.R.Lekha
Scientist-E2 &Head, Women Scientists’ Cell
KSCSTE.

The Kerala State Council for Science, Technology and Environment (KSCSTE) was
constituted in November 2002 as an autonomous body to encourage and promote Science
and Technology related activities in the Kerala State by restructuring the erstwhile State
Committee for Science, Technology and Environment (STEC), that was established in 1972
in concurrence with the Science Policy of Government of India.
The apex body of KSCSTE is the State Council with Chief Minister of Kerala as the
President. The chief executive officer of the Council is the Executive Vice President (EVP).
The Main functions of the State Council are to:




Plan, formulate and implement Science and Technology Promotion and other
related research and development programmes.
Provide overall guidance to the programmes and the developments of R&D centres
of the Council.
Disburse the grant-in-aid funds from the Government and sponsoring agencies to
R&D Centres and other grant-in-aid institutions.

The R&D centres under the umbrella of the Council engaged in research education and
training in specific identified domains are; Centre for Earth Science Studies (CESS) at
Thiruvananthapuram, Centre for Water Resources Development and Management
(CWRDM) at Kozhikode, Kerala Forest Research Institute (KFRI) at Trissur, National
Transportation Planning and Research Centre (NATPAC) at Thiruvananthapuram,
Tropical Botanic Garden and Research Institute (TBGRI) at Thiruvananthapuram and
Kerala School of Mathematics (KSOM) at Kozhikode.
In consonance with the Government‘s Science & Technology Policy 2002, several activities
and programmes have been initiated and implemented by the Council Headquarters.
These programmes are implemented towards promotion and popularization of Science
and Technology, both fundamental and applied research, primarily among the academic
and R&D institutions in Kerala. The key strategy of the Council is to identify programmes
in focused areas and target groups to ensure maximum benefits to the society.
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The Kerala State Council for Science, Technology and Environment has constituted a
Women Scientists’ Cell (WSC) at its Head quarters. The objective of the Women Scientists’
Cell is to take up programmes that ensure better involvement and participation of women
in the fields of Science, Technology, Engineering, Agriculture and Medicine (STEAM).
WSC is committed to strengthen contacts and collaboration among women scientists in the
country in general and the State in particular and also promote the understanding and
inclusion of gender dimension in science and research.
Against this background, a two-day National Seminar on “Role of Women in Combating
Climate change was organized by KSCSTE, under the auspices of the Women Scientists’
cell, during 7-8 January 2010. Realizing the severity of the impacts of climate change, of
late, scientists and technologist have started addressing the problem and quite a lot of
advances have been made in reducing the impact and associated hazards. Although the
hazards associated with climate change and climate variability have their impact all over
the world, it is important to recognize that, women have an important role to play in
addressing the issue. Climate change has strong impacts in the poorest regions, people and
children through its impact on agriculture, food security and availability of water.
Traditionally, in many developing countries, women are the home makers and they are
responsible for ensuring food security and water availability. But, it is very rarely that
women’s role is recognized in developmental projects and strategies particularly with
regard to conveying of information, knowledge, capacity building for mitigation and
adaptation etc. Understanding of gender dimension in perceiving issues such as disaster
prevention, evolving strategies and policies etc. is critical in addressing the issue more
effectively.
The objective of organizing this Seminar is to provide a platform to reflect on the
probable impacts of climate change on the daily lives of women and to emphasis upon
women’s role in combating climate change. The seminar is also aimed at creating
awareness among women on their roles in natural resources management and the linkage
between gender and climate change, and to strengthen women’s participation in
sustainable development and climate change mitigation measures.
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Prof.(Dr) J. Letha
Principal
Government College of Engineering
Thiruvananthapuram

Felicitation Address during the Inaugural function of the Seminar on “Role of Women in
combating Climate change”
First of all let me thank the team of Kerala State Council for Science, Technology and
Environment for inviting me for delivering felicitation on this occasion.
The theme of the seminar “Role of women in combating climate change” is very relevant
in today’s context. ‘Poor women in poor countries are among the hardest hit by climate
change, even though they contributed the least to it’, according to UNFPA (United Nations
Population Fund) Executive Director Thoraya Ahmed Obaid.. The disasters that occurred
in recent years in several parts of the world also prove that women are the most
vulnerable to any disaster. Several talks and seminars are being organized in this area
recently. All these discussions and dialogue point towards the fact that climate change is a
big reality and nations, communities and individuals need to play their role in addressing
the issue. Dr. M S Swaminathan, the famous Agricultural scientist has remarked that
climate refugees will be a result of climate change. A rise in temperature of 1-2 Celsius
will lead to a rise in sea level which in turn lead to great influx of coastal inhabitants
towards the hinterlands.
Change in climate is likely to trigger further changes in the precipitation pattern thus
causing drought, flood etc. This will further lead to reduction in productivity, famine etc.
So to put in simpler terms, climate change will lead to a crisis that affects the overall well
being of life eon earth. And what is our role? We, the women are the managers of natural
resources which are integral to our household resources. As you all know, a manager is
one who manages a system with the available limited resources. Women are very good in
the optimistic way of managing the resources. Even at the household level, it is the
mother who sees that the available resource or products are made available to the needs of
everyone at home. We also see in pictures that in places having scarcity of water, women
are seen to be carrying water in pots and coming from far of place. She works to ensure
that there is water available for everyone’s need at home. Very little attention is given by
administrators or policy makers or even her own family members to find out from where
the water is brought or, can something be done to make the water available at her
doorsteps. So, where there is a crisis it is left to the women to manage with that crisis.
And even in the reports we can see that in any natural disaster, if you take the death rate,
15

whatever be the causative factor, it is a fact that women are more prone to loosing their
life compared to men.
So we cannot shut down our eyes to the facts and one need to accept that women play a
significant role in our efforts in fighting climate change. There need to be specific research
on the occurrence of climate change, mitigation and adaptation methodology making use
of high-end technology and skills and such efforts should ensure adequate participation of
women in research, decision making and implementation level. Our efforts in this line
should also be practiced and implemented at community level involving local women
groups. Strategies and policies need to be drawn on how we are going to face the impacts
of climate change and see to what extent one can work towards achieving our objectives of
mitigating and adapting to the impacts of climate change.
This Seminar is highly relevant in the present day context that it reminds us that in all our
efforts in addressing the issue of climate change, we should not forget the role of women
and to what extent they can be made as agents of climate change. As Madam, Sreemathy
Teacher said, this seminar is an eye-opener and I am sure, all these discussions and
deliberations that would be taking place in this 2-day seminar will add to the current level
of knowledge and awareness and help in evolving further strategies and action plans to
mitigate climate change impacts. I hope that the women scientists, and academicians
attending this National seminar will definitely benefit from the technical deliberations that
follow and I wish that this seminar will be a grant success.
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THE SCIENCE OF CLIMATE CHANGE

Prof.(Dr.) J. Srinivasan
Chairman, Divecha Centre for Climate Change
Indian Institute of Science, Bangalore

Key-note Address during the Inaugural function of the Seminar on “Career in Science for Women –
Challenges and Opportunities”

Introduction
In this lecture I will focus on the science of climate change because it is important to
understand the scientific issues related to climate change before one can talk about
mitigation of climate change or adaptation. Many people blame climate change for every
change that occurs in the environment. It is important to recognize that climate change is
part of a larger problem of environmental degradation that is happening all around the
globe. There are other issues equally important such as air pollution and water pollution.
The issues such as water pollution and air pollution are local issues whereas climate
change is a global issue, because, in the case of the latter, the main agent is not locally
controlled. Any change that occurs around us cannot be blamed on human induced
climate change. It is important to recognize the difference between Climate and weather
and realize which of the factors contribute to global climate change. The only component
that controls weather is atmosphere. Weather changes are hourly or daily changes
happening in the atmosphere, whereas climate change occurs over a longer period and is
caused by changes in atmosphere, land and the oceans. Climate is influenced by more
than one factor and that makes it more complicated. If we look at the data on climate
change during the past 100 years, we can show that human beings have had an impact on
earth’s climate.
Factors contributing to Climate change
The Change in the global mean temperature during the period 1880 to 2004 is shown in
Fig.1.
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Figure 1 Global mean temperature obtained during the period 1982-2004.
We observe that there has been about a 10 C rise in the global mean temperature during
the last 120 years. Year to year changes cannot be attributed to human induced climate
change. But long term changes, particularly during the last 40 years, should be a matter of
concern. The main suspect for the rapid increase in temperature during the last 40 years is
Carbon-dioxide. Fig.2 shows that carbon dioxide level in the atmosphere has increased by
70 ppm during the past 40 years. Carbon-dioxide absorbs the radiation emitted by the
earth’s surface and hence increases the surface temperature.

Fig.2 Global carbon dioxide level
during the last 42 years (19822004).

Fig.3 Co2 and Global Mean
temperature variation during the
last 124 years (1880-2004).
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In fig.3 the changes in carbon-dioxide and global temperature have been superimposed..
During the last 40 years there is a good association between the changes in carbon-dioxide
and temperature. The temperature is changing much faster in the Arctic and hence there
has been a dramatic reduction in the summer sea ice in the Artic.

Fig. 4 Summer Sea Ice in the Arctic
This Artic ice fluctuation is not due to natural causes. This is a long term trend and can be
attributed to the increased Co2. During the past one million years, the Co2 content has not
been as high as the present. The ice in the Arctic took 10,000 years to form but has started
disintegrating during the last 10 years. When solar radiation is absorbed by ice it turns into
water. The water absorbs 10 times more solar radiation than ice and this causes drastic
change in temperature. A large quantity of methane is released due to melting of frozen
soil in Tibet and Siberia. This soil was lying frozen for the past 11,000 years in Tibet and
Siberia.
Climate models
Climate change can occur both due
to natural causes and anthropogenic
factors. Those due to natural causes
are not controllable whereas those
due to human causes can be
controlled. We need climate models
to discriminate between natural and
anthropogenic causes and also to
predict future climate change.
Fig. 5 Simulations of the response to natural causes

19

General circulation models incorporate all known laws of physics and exploit the number
crunching power of modern computers. In each grid of the model all the laws of physics
are satisfied. The simulation of changes in global mean temperature by natural causes
(i.e., variations in solar radiation and volcanic eruption) alone show no warming during
the past 50 years. (Fig.5)
In the same model, the change global mean temperature with human influence included is
shown in figure 6.
This is a clear proof that what happened
in the last 40 years is mainly due to
human influence. Hence the 10C rise in
last 100 years is mostly due to the
increase in CO2, amplified many times by
chain reactions triggered by increase in
water vapor and melting of ice. It is to be
noted that all these models predict
increase in extremes such as extreme
temperature and rainfall, less frequent
cold days, cold nights and more frequent
hot days, hot
nights, and heat waves. Women, as a
population, are less tolerant of imposed
heat stress. 70% of the people who died
during 2003 European heat wave were
women.

Figure 6 Global mean temperature change
on account both natural causes and
human influence

Forest destruction due to Pest menace

Fig. 7 Dead stands of spruce trees
infested with back beetles
(Natural Resources Canada Forest
Service)

Global warming has lead to the
destruction of trees infested by insects,
which thrive under warm conditions.
Fig. 7 shows spruce trees infested with
black beetles in Canada due to an
increase in the temperature by 20C. This
destruction of tress in turn caused forest
fire. There has been a large increase in
forest fires in countries like Canada,
USA, and Australia due to the increase
in the number of dead trees.

20

Rainfall
Rainfall is another factor of concern. Mumbai experienced extreme rainfall in July 2005,
which recorded more rain in one day than the annual rainfall of Bangalore. Though this
particular extreme rainfall event cannot be directly attributed to global warming, models
predicts that such extreme rainfall events will occur more often in the future. During the
last 50 years, rainfall above 100 milliliters per day has increased by 50% in Central India.
Women are more vulnerable to the effects of climate change such as flooding than men as
they are more dependent for their livelihood on natural resources that are threatened by
climate change. According to Dr. Jyothi Parikh, Director, IRADE, women are largely
responsible for water collection in their communities and are therefore more affected when
the quantity of water and its accessibility change.
Ground water Scenario
Figure 8 shows data obtained from NASA Grace satellite that showed a loss of 100 km 3 of
ground water in a period of 6 years from August ’08 to October ’08, in the Indo-gigantic
belt of India, due to excessive pumping of groundwater. This is not due to climate change
but due to policies that permit to farmers to use water unsustainably. This irresponsible
use of water would aggravate further when climate changes occur due to the change in the
rainfall patterns.

Figure 8. Ground water data from NASA Grace satellite during a period of 6 years in the
Indo-gigantic belt of India. (Source: NASA GRACE Satellite: Aug 2002 to Oct 2008
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Figure 9 Global Mean sea level changes
projected for the period 2000-2100

Sea level rise
Figure 9 shows the Global Mean sea level changes which shows a steep increase in the
future. A 1 metre sea level rise is of concern particularly in the Sundarbans in West Bengal
and Bangladesh. The population of Sundarbans has increased 10 times during the last 100
years which also has a huge impact on the ecosystem in this area. Hence one has to focus
also on issues such as population increase which is as important as climate change.
Agriculture
The doubling of carbon dioxide levels will result in an increase in the cereal production in
developed countries and a decrease in developing countries. This is because of the fact
that the percentage area under cultivation is more in developed countries than in
developing countries.
CO2 emission in India compared to the global
scenario
Figure 10 shows CO2 emission by burning of fossil
fuels in 2004 by of different countries. India share is
less than 5%.

Fig. 10 Fossil fuel CO2 emission in 2004 by source country in 2004
(Source: Jim Hansen, NASA)
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Figure 11 CO2 Emissions from fossil fuels
(Source:Le Quéré et al., Nature-Geoscience,2009)

The total emission of CO2 from the burning of fossil fuels by developed countries is less
than that by developing countries although the per capita emission of the latter is much
lower.
We can meet all our energy needs from wind, water and solar power by 2030 (Scientific
American, November, 2009) Our policies must be governed by the need for energy
independence and sustainable development. In the 19th century, our population was very
small and most of the people at that time were practicing what is now called sustainable
living. We need a new paradigm to achieve sustainable living at higher population
densities. This requires leadership and commitment and I hope that these issues will be
discussed in this meeting.
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CLIMATE CHANGE AND ITS PUBLIC HEALTH EFFECTS

Prof. (Dr.) K. Vijayakumar
Professor and Head
Department of Community Medicine
Medical college, Thiruvananthapuram

Health of a community is determined by the interaction between genetic and
environmental factors. The susceptibility imparted by the genetic make-up of the
community act as the internal environment. External environment is the external factors
contributing to the living conditions and life styles. The external environment in fact is the
reservoir of most of the infectious agents. Same time it is the source of risk factors to non
communicable diseases as well. It is evident that changes in the external environment can
alter the absolute and relative burden of diseases and injuries either in a positive or
negative mode. Climate changes are therefore is very crucial in determining health status
of communities especially of those vulnerable. Climate change is not only a problem for
the future, it is currently affecting people around the world and is one of the most serious
environmental challenges the world is facing. The impacts of climate change once thought
of as unimaginable and farfetched are now occurring. One of the major concerns is its
impact on public health.
Climate-Sensitive Health problems
The prevalence of some diseases and other threats to human health depend largely on
local climate. Extreme temperatures can lead to loss of life directly, while climate-related
disturbances in ecological systems can indirectly impact the incidence of serious infectious
diseases. The recurrent epidemics of mosquito borne diseases are the excellent example.
More and more of the geographic areas are becoming prone for mosquito breeding
because of the changes in the pattern of climate like intermittent rains and tropicalisation
of the flora. Thus Climate change may increase the risk of infectious diseases, particularly
those related to warmth, humidity and rainfall. The climate sensitive diseases can be
divided in to 5 types.
1. Injuries because of the direct impact of changes in climate
Extreme weather events can be destructive to human health and well-being. An increase in
the frequency of extreme events may result in more event-related deaths, injuries,
infectious diseases, and stress-related .increases in temperature may lead to more extreme
heat waves during the summer while producing less extreme cold spells during the
winter. Rising average temperatures are predicted to increase the incidence of heat waves
and hot extremes. Particular segments of the population such as those with heart
problems, asthma, the elderly, the very young and the homeless can be especially
vulnerable to extreme heat.
24

2. Mosquito/vector borne diseases
These diseases include vector borne diseases like malaria, dengue fever, yellow fever, and
encephalitis. The incidence of all these disease shows an increasing trend in past two
decades. Temperature and humidity levels must be sufficient for certain other diseasecarrying vectors, such as ticks that carry Lyme disease, to thrive. And climate change
could push temperature and humidity levels either towards or away from optimum
conditions for the survival rate of ticks
3. Diarrheal diseases and worm infestations
Water-borne diseases may increase where warmer air and water temperatures combine
with heavy runoff from agricultural and urban surfaces, but may be largely contained by
standard water-treatment practices. Algal blooms could occur more frequently as
temperatures warm — particularly in areas with polluted waters — in which case diseases
(such as cholera) that tend to accompany algal blooms could become more frequent.
Higher temperatures, in combination with favorable rainfall patterns, could prolong
disease transmission seasons in some locations where certain diseases already exist. In
other locations, climate change will decrease transmission via reductions in rainfall or
temperatures that are too high for transmission. The distribution of certain other disease
linked to the availability of water or rain epidemiologically like Leptospirosis can also be
affected.
4. Nutritional deficiency disorders
Agriculture is highly sensitive to climate variability and weather extremes, such as
droughts, floods and severe storms. The forces that shape our climate are also critical to
farm productivity. While food production may benefit from a warmer climate, the
increased potential for droughts, floods and heat waves will pose challenges for farmers.
Additionally, the enduring changes in climate, water supply and soil moisture could make
it less feasible to continue crop production in certain regions. Recent studies indicate that
increased frequency of heat stress, droughts and floods negatively affect crop yields and
livestock. Climate variability and change also modify the risks of fires, pest and pathogen
outbreak, negatively affecting food, fiber and forestry. It is postulated that the burden of
climate change will be maximum in Africa. Third world countries will be affected more.
People depending on the traditional methods of cultivation practices are more prone for
damages due to climate changes. This may aggravate the nutritional deficiencies in third
world countries especially among women and children. Cost escalation of food grains
because of the shortage can also contribute to the burden. The sensitivity of some food
groups to climatic variation (eg. Green leafy vegetables, paddy etc) may affect the
micronutrient composition of the diet of under privileged communities.
5. Non communicable disease related to climate change
Climate change is expected to contribute to some problems related to the quality of air.
Respiratory disorders may be exacerbated by warming-induced increases in the frequency
of smog events and particulate air pollution. These can damage lung tissue, and is
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especially harmful for those with asthma and other chronic lung diseases. Intense sunlight
and high temperatures, combined with other pollutants such as nitrogen oxides and
volatile organic compounds, can cause ground-level ozone to increase. Climate change
may increase the concentration of ground-level ozone, but the magnitude of the effect is
uncertain. Another pollutant of concern is "particulate matter," also known as particle
pollution or PM. Particulate matter is a complex mixture of extremely small particles and
liquid droplets. When breathed in, these particles can reach the deepest regions of the
lungs. Exposure to particle pollution is linked to a variety of significant health problems.
Other Health Linkages
Other less direct linkages exist between climate change and human health. Climate change
may also contribute to social disruption, economic decline, and displacement of
populations in certain regions due to effects on agricultural production, already-scarce
water resources, and extreme weather events. As poverty is the most important social
determinant of health, any influence on the productivity of sensitive communities can
have hazardous impacts on health. The selective damage of the primary sectors of
production (eg; agriculture, animal husbandry and fisheries) will result in increasing gap
between rich and poor and will result in scarcity of basic resources like food. It is evident
from other epidemiological studies that the new generation health problems like
HIV/AIDS are largely the burden of poor. These issues are likely to be more severe in
developing countries, and may worsen human health and well-being in affected regions.
So the developing countries must be more concerned about how climate changes as they
do not possess the wealth to protect their populations from its adverse effects.
Conclusion
The need to address climate change is urgent as it is high time we call for action.
Researchers suggest that highlighting the health effects of climate change and targeting it
as a public health problem could inspire action from the public that could lead to a
healthier and better future. As the impact of this problem can have different
manifestations regions and practices, it is the duty and responsibility of the local
community to discuss, debate, and develop strategies to combat these sorts of health
public issues that we are going to face.
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CLIMATE CHANGE AND HEALTH – WHY GENDER MATTERS?

Dr. Manju R. Nair
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Achutha Menon Centre For Health Science Studies
Sree Chitra Tirunal Institute for Medical Sciences and Technology,
Thiruvananthapuram – 695011

Introduction
Climate change and the impending threat that it poses to the global ecosystem has been a
matter of intense debate and discussions in the recent past. The focus of such debates at
least initially has been on the catastrophic effects of the climate change on the global
environment, land use and economics. However there is a growing concern related to the
impact of climate change on human health and survival and has now been recognized as
the “biggest global health threat of the 21st century”.1
Changes in water availability, rising sea levels, land use and agriculture, food insecurity,
changing patterns of vector behavior, patterns of deaths and diseases, extreme climatic
events leading to population displacement are all considered to have significant negative
impacts on global health and development. Global efforts are therefore now on to build
consensus on advocacy and action aimed at adaptation strategies to minimize the health
impacts of climate change and mitigation strategies to reduce the scale of climate change
in the future. However the scope for adaptation and mitigation are not uniform across the
world and within countries
Impact of climate change – who gets affected?
Does climate change all human beings equally? It is unlikely to be so since the impact of
climate change does not occur in a vacuum but are shaped by the social economic and
political realities within which people live. This is illustrated by the crucial observation
made by the Lancet commission that “climate change will have its greatest effect on those
who have the least access to the world’s resources and who have contributed least to its
cause. Without mitigation and adaptation, it will increase health inequity especially
through negative effects on the social determinants of health in the poorest communities.”1
Differentials in terms of vulnerability and adaptive capacities will thus result in unequal
impacts for people between countries, and for population subgroups within countries and
communities.
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Climate change and health – why gender matters?
Do climate change and its impact have more negative implications for women? It is this
question that we will look into more detail in this session. An analysis of the challenges of
climate change indicates that ‘it is unlikely to be gender-neutral’.2 The differentials in the
impacts of climate changes between men and women stems from the historically evolved
differentials in the social role and responsibilities ascribed to men and women.
Women form the bulk of the poor across the world especially if the broader definition of
poverty as ‘a human condition characterized by the sustained or chronic deprivation of the
resources, capabilities, choices, security and power necessary for the enjoyment of an
adequate standard of living and other civil, cultural, economic, political and social rights’
is considered (UN, 2001).
Women are the care givers across the world. Traditionally they perform the role of
collection of water, food and firewood for cooking, looking after children and the elderly.
Women, especially in the rural areas depend on their local natural resources for their
livelihood and climatic change pose a fundamental threat to their access to resources. In
most rural societies women are the principal subsistence farmers and are particularly
susceptible to changes in weather patterns and availability of water with major
consequences with regard to household food security. Droughts are known to cause about
sixty percent of the food emergencies. In addition, women also do not have lesser access to
alternate employment and income generation opportunities
It has been estimated the average a distance that women in Asia and Africa walk is 6
kilometres to collect water and carry over 20 kilograms of water. 4, 5 As climate changes
and water becomes scarce, women will be forced to walk longer distances for collection of
food, water and energy to the detriment of their health and wellbeing. It will also
negatively affect their overall development as indicated by the fact that increased drop out
of girls have been noted in schools in places with water scarcity.5
The gendered norms, roles and responsibilities ascribed to women and the discrimination
that they face within households and communities renders them susceptible to
significantly more negative impacts than men when extreme climate events turn into
disasters. Women face higher levels of morbidity and mortality in such situations since
their care giving roles binds them with the responsibility of saving the children and
elderly and limit their mobility. This is also often compounded by the historical
disadvantages that women face in many societies including limited access to information
about changes in their surrounding and even life saving skills like swimming. 6 Women are
also at considerable disadvantage as compared to men when it is concerned with
confronting climate change. Their almost negligible participation in decision making in
most societies, low access to financial, social and technological resources including
environmental goods and services are the prime reason.
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It is therefore imperative that any action aimed at mitigation or adaptation of the impacts
of climate change must take into consideration the gendered realities at various levels of
society so that women and men’s specific needs and priorities are identified and
addressed. They need to be sufficiently consulted and represented in decision making
processes on climate change adaptation or mitigation strategies. Women are important in
any discussion on the impacts of climate change or adaptation and mitigation not only
because they are likely to be more severely affected but because they will bring to the
table their perspectives and experiences which will contribute to a much wider and far
more inclusive and equitable decision making process
“The gender in-equality that defines women’s life prior to disaster is really what put them
at such great risk after the disaster” (Kavitha Ramaraj). Global climate change will reinforce
and perpetuate the gender inequalities that exist in the society and render women
disproportionately more vulnerable to its adverse impacts. Any decision making process
that does not take this reality into account will fail to deliver.
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WASTE MANAGEMENT, GLOBAL WARMING AND CLIMATE CHANGE

S D Jayaprasad
Former Chairman
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Introduction
The topic of the Seminar ‘Role of Women in Combating Climate Change’ deserves due
importance in today’s context of global warming and related environmental issues.
Generally, women can claim less responsibility than men in causing and controlling
climate change. Women constitute the minority population in the national level and global
level. But Kerala has a higher percentage of women compared to men (1058 women for
1000 men). Women are the stake holders of society and the climate change issues have
more relevance in a societal perspective. Because of these reasons, women have a major
role to play in the management of our natural resources and in the adaptation and
mitigation of climate change disasters.
Carbon compounds and global warming
Climate change and global warming are closely interrelated. If we take the global
warming potential of carbondioxide as 1, various other compounds are passing carbon to
contribute to global warming in the proportion as shown in Table 1 and their effects are
long lasting. For example, carbondioxide has a global warming potential of one; but
methane (CH4) has a global warming potential of 21. So, if we let the waste accumulate in
our premises and let it decay, the global warming potential of the decaying material is 21
times that of the waste. The methane generated out of the decaying substances will have
very high potential in global warming. The leading figure on global warming potential is
for sulfur hexafluoride (SF6) of 23900 and it last for 3200 years. This compound
discovered recently is mostly used in US, Europe and Japan. It is not extensively used in
India as compared to developed countries.
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Table 1 Global warming Potential and Atmospheric life time of certain carbon compounds
Gas

Global warming potential Atmospheric lifetime, y

CO2

1

100

CH4

21

12

N2O

310

CF4

6500

C4H10

7000

C6F14

7400

C2F6

9200

HFC-23 to HFC-4310

140 – 11700

SF6

23900

114

3200

Household Sanitation
Another organic waste in the environment is the sewage. Statistics show that about 85% of
the households in Kerala have toilet facilities. The toilet facilities available are inadequate
in the sense that there is no common sewerage system except for some portions in
Thiruvananthapuram and some portions in Ernakulum. Even the available facilities are
only nominal. In Thiruvananthapuram, 20% of household waste is collected through
sewerage system and it goes to Muttathara sewage farm, where it is applied on land for
fodder grass growth, without any treatment and then allowed to overflow to the nearby
waterbody. Only about half of the sewage reaches the Muttathara sewage farm and the
rest overflows through manholes, pump houses etc. and reaches T.S. canal, Karamana
river, Kannammoola thodu, Eanchakkal canal, Akkulam lake etc. In Cochi city also, only
5% of the area is covered by sewerage system which leads to sewage treatment plant. But
steps are being taken to address the issue and the situation is going to change for the better
within 2 years. Efforts are going on to provide sewerage system and sewage treatment
plants as part of Government policy to all corporation areas which is a welcome decision.
But the rest of the area will have to depend upon on-site sanitation. On-site sanitation, is
not just having mere pit latrine, but it has to be a scientific septic tank-soak pit system. It is
commonly found that even if people show the septic tank-soak pit system in the drawing
(attached to the request for permit for building construction) only soak pit is seen
provided at the site. Some others construct a huge septic tank so that it need not be
emptied anytime. These will not serve the intended purpose.
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Septic Tank standards
A septic tank should be 1.5 m deep, with 1.2 m liquid depth and 0.3 m free board. Increase
in the depth causes anaerobic conditions generating methane, ammonia, hydrogen
sulphide etc. Depth of the tank with less than 1.2 m results in aerobic system that will
generate Sulphur dioxide and other oxides, detrimental to the growth of facultative
bacteria. The facultative bacteria is vital for anaerobic decomposition in septic tank. The
length of the chamber has to be 3 to 4 times the breadth. The length of the first chamber
has to be 3 times the length of the second chamber. Now a days readymade tanks in
circular or oval cross-section are available in the market which serves just as a cooling tank
and do not serve the purpose of the septic tank. The dimensions of the septic tank should
be as shown in Figure 1a.

Figure 1a & 1b Septic tank (2 Compartment) and soak pits specifications

People mostly find that, the septic tank is emptied within six months or one year or in just
a few years. But if the septic tank is properly constructed, it need only be emptied in five,
ten or twenty years. The frequent empting is necessitated due to wrong construction. It is
found that some chemicals called effective micro-organism or bio-enzymes are added to
dissolve the sludge, for increasing the longevity of the system, is a very harmful practice.
These are sewage based micro organisms that are supposed to be imported from outside.
These imported sewage may contain along with that, pathogens for which we have no
resistance and may have catastrophic effects. The bio- enzymes are harmful because they
re-solidify fats and oils in sewage which is then discharged outside. These fats and oils get
into the subsurface water and ultimately in the ground water, forming a layer over it
causing almost permanent damage to the waterbody.
The overflow from the septic tank has to go into a soak pit. The soak pit bottom has to be
concreted, not allowing direct downward percolation. If concreting is unaffordable, at
least two plastic sheets may be provided at the bottom. The side wall should be of
honeycomb brick structure or perforated ring structure and there should be a sand
envelop of 45 cm thick around the side wall, so that the travel of the fecal coliform outside
can be limited to 3 m. This is very important because we have the maximum density of
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dug wells in Kerala and if the soak pit is not constructed properly, it can pollute adjacent
dugwells. All the open wells have coliform bacteria and hence the water from dug wells
has to be boiled continuously at least for five minutes before being used for drinking
purpose.
Plastic Carry bag
Another major problem faced by the community is due to wanton use and disposal of
plastic carry bags that are getting buried in the soil. These buried plastics form a physical
barrier hampering natural movement of air, water, nutrients and other micro organisms
through them, finally making the soil ‘dead’. To reduce the haphazard disposal of plastic
carry bags after single use and to encourage public to reuse the carry bags the only
solution was to increase the thickness. This is also helpful to the rag pickers as less
number of bags would yield more weight. That is the reason why the minimum thickness
of the carry bag was increased to 20 micron at national level which is again proposed to be
raised to 40. In Kerala the State Board has raised the minimum thickness to 30 microns. It
was again raised to 50 micron which was stayed by the High Court. Plastic carry bags
can be disposed by burning it. Plastic carry bags are made almost of polyethylene, which is
(C2H4)n; Stronger carry bag is made of polypropylene, which is (C3H5)n . Thermocol is
polystyrene that is also made of carbon and hydrogen only. Pet bottles are made of
polyethylene terephthalate which contains carbon, hydrogen and oxygen. If these are
burned in sufficient availability of air it will generate only carbon dioxide and water. The
molecular chain of various plastics is as follows:
1. CARRYBAG MADE OF POLYETHYLENE : (C2H4)n POLYPROPYLENE : (C3H5)n
2. THERMOCOLE MADE OF POLYSTYRENE
: (C6H5CHCH2)n
3. PET BOTTLE MADE OF POLYETHYLENETEREPHTHALATE: [CH2OHCH2OH +
C6H4 (COOCH3)2]n
Plasticizers
Plasticizers are usually added to the plastics to cut the long chain of molecules into
manageable lengths (Table 2). These are mostly organic compounds containing carbon,
hydrogen and oxygen. We get the special smell of plastic burning because of the
volatilization of the plasticizers. It is not harmful. Fillers are desired to give some extra
strength. The residue left after burning is mostly calcium carbonate, same as talcum
powder. Such residue only glitters and cause no harm. On the other hand, paper is made
of very complex molecule of cellulose and lignin. This needs more oxygen for burning
and there is more chance of products of incomplete combustion. Chlorine and its
compounds are used in the manufacture of paper. Only in the presence of chlorine,
dioxins or furans will be formed. In the absence of halogens there is no chance of dioxins
or furans being formed. Dioxins and furans are tetra through octa chlorinated di- benzopara- dioxins or tetra through octa chlorinated di- benzo- furans. The fear arises out of the
earlier use of Poly Vinyl Chloride (PVC) for manufacturing carry-bag, which is no longer
used. For the last 15 years, only polyethylene is used in the manufacture of plastic carry
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bags and not PVC, which is costlier and is used only for blood bags. Blood bags should
not be left in the open air, but should be sent to incinerator for safe disposal.
.
Table (2) Plasticizers

Role of waterbodies
It was stated that large number of waterbodies in India, such as lakes and reservoirs, that
contain buried organic matter from which the methane bubbles are formed, causes global
warming there by climate change. But this has little relevance as the size and extent of
Indian water bodies are very less, compared to the world’s biggest water bodies as per the
statistics in Table 3, below. It is to be noted that India’s position doesn’t figure even in the
top 10 as regards the size of the water bodies.
Table 3 Worlds leading reservoirs
WORLD
Lake Volta, Ghana : 8,482 km²
Smallwood Reservoir, Canada
:6,527 km²
Kuybyshev Reservoir, Russia
: 6,450 km²
Lake Kariba, Zimbabwe- Zambia :5,580 km²
Bukhtarma Reservoir (5,490 km²; Kazakhstan)
Bratsk Reservoir (5,426 km²; Russia) ,
Lake Nasser (5,248 km²; Egypt, Sudan)
Rybinsk Reservoir (4,580 km²; Russia),
Caniapiscau Reservoir (4,318 km²; Canada)
Lake Guri (4,250 km²; Venezuela)
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INDIA

KERALA

Hirakid :746 km2
Gandhi Sagar
: 678 km2
G.B. Pant Sagar
: 465 km2

Neyyar : 91 km2
Idukki
: 75 km2
Malampuzha:6 km2

Per-capita Energy consumption
Another indicator of the contribution to global warming is the percapita energy
consumption. A comparison of India, world and USA, is given in Figure 2, which shows
that India is very conservative in terms of energy because we don’t have much energy
consumption.
Figure 2 Percapita Energy
consumption

PER CAPITA ENERGY CONSUMPTION

INDIA

WORLD

USA

500 kgoe/a

1800 kgoe/a

7800 kgoe/a

Kgoe/a = kilogram oil equivalent per annum = energy consumption per capita per annum
1000 kgoe = 42 GJ

9

GJ = gigajoule = 10 joule

1GJ/a = 31.7 w

The chart below (Figure 3) shows the carbondioxide emission in the food sector in
different countries. This chart shows that India is very conservative in the usage of food
also. We do not waste food and thereby reduce emission of carbondioxide and methane.

Figure 3 Food sector Carbon Emission

Figure4 Recycling process in different countries

Process of Recycling
One way to control the generation of global warming gas and products is to use available
materials for maximum number of times. Figure 4 shows that India is leading in the
recycling process also compared to other countries.
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Carbon Dioxide Emission
The net result of the Carbon dioxide emission, percapita per annum in India is 1 tonne per
capita per annum. The world average is 4, and in UAS, it is 20. A comparison of the
Carbon dioxide emission of India and Kerala, compared with the national average is
shown in Figure 5.

Figure 5 Comparison of Carbon dioxide emission of India and Kerala, with the national
average

Figure 6. H U M A N D E V E L O P M E N T I N D E X (U N 2 0 0 7)
- by Amarthya Sen

Figure 5 shows the Human Development Index developed by Amarthya Sen, the Nobel
laureate. This shows the countries by their stage of development they have reached. Out
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of 182 countries ranked in the latest list, India occupies 134th position, which means that
India has to undertake a lot of activities in terms of development to reach the top level.
Carbon Credit
In order to avoid generation of Carbon dioxide or to provide suitable sinks for Carbon
dioxide, one of the most popularly advocated method is afforestation. Trees will absorb
more carbon dioxide and the land has to be devoted for forest without any productive
activity. The present carbon credit mechanism will lead to make a generation of beggars
only. If we get carbon credit for a good cause, it is most acceptable. But we should never
consider carbon credit as our target. Sustainable development should be our main target.
We have to think globally; but should act locally.
We should be proud of our country and our heritage. Global warming is not a local
phenomenon. We have to do what we must do in proportion to our responsibility. How
the remaining global warming potential has to be tackled? Our country has the intellectual
expertise to advise the rest of the world. But our duty to perform is to be in proportion to
the global warming potential of the country, keeping in mind our development needs.
This has been very clearly stated by our Hon’ble Prime Minister Dr. Manmohan Singh as,
“Every citizen of this planet must have an equal share of the planetary atmospheric space.
Long term convergence of per capita emissions is, therefore, the only equitable basis for a
global compact on climate change. I have already declared, as India's Prime Minister, that
despite our developmental imperatives, our per capita Green House Gas (GHG) emissions
will not exceed the per capita Green House Gas emissions of the developed industrialized
countries”.
This is our commitment that we must honour. But we must not revert to the prestige
position of primitiveness for the sake of the world. If we don’t have any competitive
ability to survive in the global economy, we will be wiped out of the world picture. This is
a challenge, a responsibility; we must rise to the occasion.
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The built environment is one of the major contributor of the carbon emissions into the environment. This is
due to use of different type of energy intensive materials, like cement and steel, in addition to the adoption of
building services that don't ensure environmental sustainability. The innovations that have taken place in
the building technology sector in the form of introduction of new materials, emphasizing on local practices,
reducing the over dependency on fossil fuels and promoting sustainable waste management could reduce the
green house gas emissions considerably.

Introduction
“Environmental sustainability” broadly involves all initiatives to maintain and protect the
environment at a constant level without further aggravating the already damaged state of
earth. The report available shows that nearly 40 – 50 % of the global greenhouse gas
emissions are from the building sector alone. Thus absence of any initiatives to reduce the
greenhouse gas emissions would certainly accelerate the global warming causing adverse
impact on the world's ecosystems and the future of our next generations. Thus the
sustainability in the built environment involves promoting energy efficient buildings and
minimizing their harm on our environment. To achieve this, industries, homes, offices and
farms in every community must be able to work together in a harmonious manner with
the ultimate objective of becoming more sustainable. In addition, the sustainable
development could also improve economic efficiency by protecting and restoring
ecological systems besides enhancing the well being of the people in general. All over the
world the policy makers, regulatory bodies and the building industries associations have
understood the gravity of situation and are trying to evolve different ways and means to
incorporate the sustainability practices in the building construction and engineering. The
efforts are being made to reduce the environmental impacts that the buildings cause
during their entire life cycle, i.e., from the stage of construction through operation and till
demolition.
In the most of the developed countries, 80 percent of the people live in urban environment.
And the reports show that this proportion is continuously growing (US EPA). The rapid
expansion of urban regions have led to the problems to the ecosystem quality and services,
protection of habitat, consumption of energy and water, quality of both indoor and
outdoor air The building construction process is found to consume nearly one-third of the
total energy consumed across the world. Thus ensuring environmental sustainability to
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the building calls for design and development of new and cost effective building
technologies, practices and standards, the revision and revalidation of building
requirements and the holistic design of energy and resource use within the building,
building site, campus and the community. Development and adoption of new net-zero
energy and high performance building technologies form the core of evolving solutions.
The industries involved in this segment of operations are found to open up new avenues
for minimizing the resource consumption besides creating large number of employment
opportunities.
The future building technology research scheme.
The research initiatives to address the sustainability of built environment shall address
different aspects of a building unit. Table 1 gives the brief out line of such an initiative.
Table 1 : Research initiatives for Sustainable building unit
All building across its life cycle shall


Produce as much as energy they consume (net zero energy) and hence
reduce the GHGs.
 Double the service life of building materials, products and systems and
minimize life cycle impacts.
 Halve the use of domestic water consumption – maximize water
recycling and rain water harvesting and thus minimize the storm
water runoff.
 Achieve break through improvements in the indoor occupant health,
productivity and health.

The well focused research that considers the building as a well integrated unit is expected
to give the expected results towards evolving a sustainable building solution. The
extensive use of currently available high performance technologies is found to have the
ability to reduce the building energy consumption by 30 to 50%. Also, researches
undertaken have shown that combining the building design with the new and emerging
technologies have potential to reduce the energy consumption by 60 to 70%.
Anticipated Interventions
Integrated performance based design, construction and operation.
The potential for energy saving lies in both the new buildings that would be constructed in
future and also in the existing buildings by incorporating performance based retrofits and
renovations. The Nobel prize winning Inter Governmental Panel on Climate Change have
identified building sector as one of the largest GHG emitter and also says that huge
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potential exist in this sector for the emission reduction. The suggestions being proposed
towards these are those that could be achieved immediately using cost effective and
accessible building technologies and the final reduction could be possible by using
innovative building materials based on the support of measurement science. Following
three areas of measurement science need to be addressed to develop the credible of the
technical performance of carbon intensive technologies.
 Achieve energy use reduction in the buildings through insitu performance
measurement.
 Achieve building energy use reductions through embedded intelligence.
 Develop measurement science for emerging building technologies.

Innovation cycle

Basic Research

New Technologies

Development and
Demonstrations

High Performance
Building Codes and
Standards
Technology
Transfer &
Adoption

Full Life Cycle Data
and Methods.

Integration and
Implementation

Tools, Guides and
Best Practices.

.

Innovation Cycle for Net Zero Energy and High Performance Building.
Building envelop load reduction
Building envelope is very critical for energy efficiency and is the main determinant for the
amount of energy required for heat, cool and ventilate. It can also influence the lighting
needs to the areas accessible to sunlight. It helps to understand how air tight the building
is, how much heat is transmitted through thermal bridges and also the extend of light and
ventilation that can be used. As 80 % of the total energy used in the building is during the
operational phase the significant amount of R&D focus is to develop affordable, durable
and reliable envelope technologies that reduce the operational energy use.
Water use and rainwater retention
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Buildings and site development practices have the potential to reduce the energy
consumption and carbon footprint of water by providing means to use water more
efficiently on site. Opportunities for increasing water efficiency include harvesting rain
water to improve the traditional water supply, optimizing in building water use, recycling
in building water and developing innovative practices for reducing water and energy use,
operative in close harmony with natural water systems and generate less GHGs.
Material utilization, waste and life cycle environmental impacts.
The extraction, manufacturing, transportation, use and disposal have many resource,
environmental and health impacts. The embodied energy of the building is estimated to
account for 10 to 60% of the total building energy use over a 50 year life cycle. Thus as
materials become more energy efficient, the impact the materials have on the total life
cycle energy consumption of a building will become more significant.
Sustainable waste management and treatment units.
Most of the waste treatment units being installed for treatment and disposal for the waste
materials don't ensure environmental sustainability. It is reported that most of the units
use high energy consuming technologies with very poor process efficiencies. Thus
innovative systems to treat both the liquid and solid waste materials is necessary to ensure
the sustainability of built environment.
Occupant health and performance
The primary function of building is to provide people for places to live, work and play and
in some cases to heal too. Advances in energy efficiency need to maintain the conditions in
the buildings, such that they can continue to serve these functions and improve the health,
comfort and productivity of occupants. Many building attributes can affect occupant's
health and their ability to function productively and hence the sustainable approaches
shall have the required indoor environmental conditions suitable for ones need.
Conclusion.
The importance of sustainable practices in the building sector is being given very high
priority by planners, engineers, architects and implementing agencies. Besides them the
user awareness on the acceptance of the innovative systems is also a necessary factor to
make these initiatives deliver the desired results. Thus all the efforts being taken towards
the sustainable solutions for built environment need to converge to a carbon free habitat
situation.
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EQUITY, GENDER AND SUSTAINABILITY ISSUES IN CLIMATE CHANGE
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Introduction
The issue of climate change and the impending threat of global warming is being debated
all over the world today. In Kyoto consultations, the issue of climate change and the issue
of protecting our environment were given lot of emphasis. The aspect of common but
differentiated responsibilities was highlighted here, for the first time in environmental
debate earnestly. When we talk about measures to combat global climate change, it is
important that the responsibilities of nations are differentiated based on the legacy of their
industrial activity. The programmatic recognition that emerged at Kyoto was that there
should be a legally binding frame work for addressing carbon emissions but the countries
could not come to a unified understanding on operationalizing this. This meant that we
were not in a position reach a fair and equitable arrangement on global common property
resource management even in the light of severe issues confronting humanity as a whole.
There are several other issues that relate to global warming and climate change such as
rise in sea level, low crop productivity, etc. on which there are varying options reflected in
differing projections on scale, timeframe etc. However these problems have been flagged
and there is a need to address them. The crucial issue here is that we have to distinguish
between survival emissions and luxury emissions. There are concerns on denial of basic
requirements for existence and these have to be distinguished from those arising out of
people not willing to change their life styles for the sake of posterity. With this broad
background on global issues on climate change and sustainability let us look at certain
very practical issues in Kerala energy sector.
Issues on energy use in the state
I.

Electrification

Kerala has certain specific equity issues in energy for instance in rural electrification,
energy requirement for cooking etc. which have not seriously caught the imagination of
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many. Kerala is one of the first states to have achieved 100% rural electrification. However,
2001 Census places Kerala in the 11th position behind Karnataka, Tamil Nadu and Gujarat,
in terms of house-hold electrification. 2001 Census shows that 70% of the Tribal hamlets,
53% of Dalit hamlets and 58% of fishermen households are un-electrified. The situation
has changed drastically in the light of the interventions in total electrification by the
Government of Kerala. But, the last mile costs for electrification is comparatively more in
Kerala. Cost of a kilometre of power line extension costs around Rs. 2 lakhs as per KSEB
rates. One kilometre of extension a three-phase connection costs more than Rs. 4 lakhs.
Our unique settlement system has created a situation that, long stretches of electric lines
are required for completing the electrification of the remaining remote households. There
are marginalised isolated communities which are still struggling with kerosene lamps and
candles for lighting, inadequate solutions for ventilation and other requirements, whereas
the urban rich are living comfortably with luxurious electric lighting and other fruits of
electrification. Summer marketing statistics of Fast Moving Consumer Goods have
indicated that Kerala had the highest number of Air Conditioner buys during the last year
compared to other states.
As regards energy for cooking, 2001Census shows that 67% of Kerala household uses a
combination of fuel wood and gas for cooking. The remaining 33% use only fuel wood for
cooking. The issue is yet to receive serious attention in the state of planners, the activists
and the polity. Apart from the aspect of Greenhouse gas emissions and costs of cooking
there is a dimension of indoor pollution and the health of the person in the Kitchen. A
national standard on kitchen energy pollution levels has not emerged so far. As per 2001
Census, 10% of the families using the fuel wood did not have a separate kitchen. There is a
need for addressing this also appropriately.
II.

Liquid Petroleum Gas (LPG)

LPG is a scarce resource fuel for ordinary rural households in Kerala for a variety of
political reasons, both national and international. In fact, in the recent past, the
Kudumbasree had ventured in providing LPG gas stoves to several of the Kudumbasree
families. This ultimately ended up in distributing a large number of gas stoves without
streamlining the availability of LPG on a sustained basis. Ultimately, these stoves got
diverted to families which are rich and who could afford to buy more than one connection
and the poor families soon retracted to the use of fuel wood.
The first innovative solution in rural household energy sector in the state was the Parishad
Chula. It had efficiency levels five times better than the traditional stove and could flush
out smoke through a chimney. It did not seriously address the issue of emissions and the
aspects of indoor pollution The chulha model had a cumbersome installation process and
required substantial animation for its dissemination. Its original design with clay liners
and mud finish did not fit in with the ambience of the emerging kitchen in a middle class
household. For these reasons it did not easily latch on to a suitable market mechanism.
In the absence of a proper implementation mechanism and a business model, people have
accepted duplicitous and deceitful mock-ups of Parishad stoves called the ‘Aluva model
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stoves’ which have been described as smokeless stoves designed to draw out the smoke.
These stoves were not fuel efficient and did not provide better performance. Their
aluminium finish (even available in marble and granite frameworks), along with its smoke
free performance made them acceptable by the people quite often as a non-functional
fixture for pride and prestige.
New stove models now exist in other states which are having higher efficiency, better
emission levels and convenient business models. The new models are yet to be propagated
in the state. There is a need for testing them, properly assessing their appropriateness and
opening up channels for deployment and support.
III.

Carbon credit models

Non-Conventional energy interventions in the State have been crippled because of the
non-availability of suitable new products and services .There is a lack of effort in bringing
out new products and devising mechanisms for their testing standardisation and quality
control.
There are issues of resource availability as well. Focus of schemes for the
Government of India has changed to suit private participation; scope of state sponsored
schemes has been rather limited. Local governments (LSGs) have started setting apart
resources for non-conventional energy. Green funds have been looked upon as a resource
option. The models for carbon credit and Clean Development Mechanisms (CDM) had
been one of the major contributions at the discussions on the Kyoto Protocol, as we have
seen. But unfortunately these models have not been operationalized yet as meaningful
systems for development activists or the planners in the state and for the matter
throughout the country.
The carbon credit models, which are being talked about today and the projects being
approved by United Nations Framework Convention on Climate Change (UNFCC) are
those being handled by major consultancy groups, and are primarily utility-centred. Even
though people had been talking about a model called ‘Programmatic CDM’, which is
supposed to suit distributed carbon credits and also about exchanges handling Verifiable
Emission Reductions (VER) like Chicago Exchanges, Kerala is yet to receive any benefits
from CDM in various Demand Side Management and Renewable Energy Projects. The
only CDM project which has made any impact in Kerala is the ‘Anthyodaya Model’ (by an
NGO at Angamali) which has started distribution of carbon credits for bio-gas plants. This
definitely indicates that through the NGOs, there is certainly a route of working out VERs.
LSGs are however not comfortable with a NGO partnership which is primarily NGO
driven.
Unfortunately, even for the one million CFL campaign which has just been concluded by
KSEB where in lot of efforts were made to look at carbon credits there was no success in
mobilising CDM. Even the Bureau of Energy Efficiency, which is sphere-heading the CFL
campaign at the national level, is yet to make any confirmation that carbon credit will be
available for these programmes. So it is becoming clear, even though we are not sure
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whether CDM developed at the Kyoto will continue, the application of the CDM in
practice in smaller and medium scale energy projects at the local level is still a challenge.
IV.

Light Emitting Diodes ( LEDs)

LED lighting has emerged as a revolution in today’s lighting scenario. Moving from 15
lumen per watt in incandescent lamps to 80 lumen per watt in CFL lamps and heading as
close as 150 lumens per Watt LED is a great achievement in the lighting sector. Compared
to an assured life of 8000 hours for CFL lamps, nearly 80000 hours of LED life is possible
technologically. Even for a cost of Rs. 750-1000, using an LED makes sense if life cycle is
considered. But the issue is the large scale presence of cheap imitations LED lamps
available today in the market at Rs. 5 or Rs. 15 per piece. So if in a dissemination
programme aims at quality LED lamp distribution, serious bottlenecks arise because there
are very cheap products already available. Nobody knows what are the limitations of the
imitations, the aspect of life cycle of the product, and what are the advantages involved
and what the price implications are if quality products and professionally designed
drivers are used.
Ministry of New and Renewable Energy (MNRE) has recently announced specifications
for a solar photovoltaic system based LED programme. The Government of Kerala had
announced a programme through local governments showing a bit of over enthusiasm
nearly 14 months back. At that time could not be finalised standards on LED. Even the
Bureau of Indian Standards had not come up with standards on LED. But since MNRE has
formally finalised some sort of standards for LED based solar products. in December the
situation has improved slightly. The issue that has cropped up is that there the testing
facilities available for testing LED devices are inadequate.
V.

Gasifiers

Lot of new technologies for decentralised power generation are available now. People had
been talking about gasifiers as an established technology. for quite some time. In gasifiers,
solar energy captured through photosynthesis and stored in biomass is converted through
a process of controlled combustion and gasification into a high-energy fuel that can be
used in internal combustion engines for power generation. 90% of the patents in gasifiers
are in the names of scientists from the Indian Institute of Science. Dr. H. S. Mukunda of
Indian Institute of Science [IISc], Bangalore is supposed to be one of the most eminent
experts in this technology segment. But serious problems exist in terms of
commercialisation of this technology even now.
Kerala should have taken this up as an ideal solution for decentralised power generation,
even though it is not the friendliest one in terms of carbon balance. New models have
come up on gasification which are carbon neutral and more carbon friendly. But biomass
based working models facilitating, replacement of fossil fuels in non-industrial areas have
not emerged fully.
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VI.

Small hydro plants

We had been talking about Small Hydro Power Plants in Kerala energy planning for quite
some time. So far we have not played around with mini hydro power plants in the 100
Kilo-Watt range for generation. For the first time in Peravoor block of Kannur district, a
cluster of 14 small hydro power plants with a total capacity of 1.2 MW are being designed
with the involvement of CWRDM and IIT Roorkee. We are trying to see whether it is
possible to come out with a break in the issues relating to the economics of scale.
We have to go a long way because unfortunately we have devastated the catchment of
most of our small streams and so almost all these streams are primarily having a flashy
hydrology with a rich gush of water during the monsoon and almost or fully drying out in
summer.
Thus apart from the issue of economy of scale, there is also a problem arising out of a
much skewed FDC that is possible, which makes the economic viability even more
difficult. Thanks to the regulatory compulsions that there has to be minimum
achievements in renewable energy, so KSEB has agreed to evacuate whatever power that
would come from these sorts of mini hydro power plants even if it is at a higher cost
compared to big hydro and thermal.
VII.

A plan for a sustainable intervention in Kerala power sector

In the scenario described above, what we should attempt is to see is whether we could tap
at least 300 or 400 of these mini hydro power stations and also a number of gasifiers based
on coconut waste.
All the three major corporations- Cochin, Trivandrum and Calicut have been complaining
that nearly 45% by the volume of wastes they collect is made of branches of fallen trees,
fire wood and coconut fronts. In the summer season the quantity of husk of tender
coconut available in Trivandrum city alone comes to 3.5 tonnes. So we have to be on the
lookout for mechanisms by which these could be beneficially used. There is a large
quantity of RDF available in Brahmapuram, the solid waste disposal plant at Cochin
which we are trying to see whether could be used for gasification. Apart from this, models
of gasification making use of coconut waste have to come up at the block level, especially
in areas where a large volume of these wastes available.
The issue is to build up effective technology support systems and business models based
on biomass processing and small hydro. The gasifier technology is proven; but works well
in industrial environment. In a non industrial environment, to build up systems for
maintenance requires R&D support and innovative management mechanisms.
VIII. The Gender dimensions of energy
Now, regarding the gender dimensions of energy and sustainability, the choice of fuel for
cooking has a major gender dimension. Of course, collection of fuel wood is not a major
problem in Kerala except for tribals at large and the Dalits in Palakkad district and people
living in isolated pockets in Wayanad, Idukki etc., who are forced to travel long distances
on foot to collect firewood from forests. Even in other cases the issue of cooking using fuel
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wood and the related aspects of efficiency of burning and the quantum of indoor
emissions in the kitchen are all major issues with gender implications.
We are making a major effort to see whether the aspect of fuel efficiency could be
addressed. Philips has come out with a cook stove model claiming 40% thermal efficiency.
Various MNRE tested cook stove models are available with more than 35% efficiency.
Some of them are the “Thomas Reed gasifier’ model and some of them are direct a burning
models. So, even if we are not able to reach out LPG, we will be able to provide more or
less the convenience of LPG burning and efficiency of LPG with the improved stoves.
Many gasifier stoves are having operational knobs, and works in almost the same manner
as an LPG stove. Thus it is possible to achieve better standards in terms of indoor
emissions and efficiency, which are relevant interventions to address the cooking needs of
the poorest sections of the community. In fact, a programme is to be announced in the next
year’s plan to cover all the households under the EMS housing programme with improved
stoves. Here the issues of portability and space have to be addressed together.
One of the outstanding problems that we find, about the nonconventional devices being
distributed in the tribal household and adivasi families is that of theft and diversion. In
most cases, the devices are taken off and sold. The costly solar panels in the tribal colonies
in Palakkad district are sold or taken off by the richer people at throw away prices. Thus
the cycle of exploitation continues in new ways. There is a need to look at new community
systems in such areas which can retain the fruits of technology with the poorest and
deprived.
There are serious issues to emulate a participatory mode of working in the energy sector
with a gender and equality perspective. This approach could be made workable if the
women Kudumbasree activists of could be involved in community based fuel and energy
system planning and possibly working out women based enterprises for handling some of
the issues. The Kudumbasree prefers labour based model that involve less risk. This could
be tried out for dissemination of the proven community chulhas (IRTC models), which has
got nearly 35% to 40% efficiency. They are very good and can be tried out in all our
restaurants and hotels, Ayurveda shops where large quantity of fuel wood is being used
and at the Anganwadis, where cooking is done in a very inefficient manner, could also use
them. Noon-meal kitchens in many of the schools are very unclean and dirty. It is
necessary to take steps whose Kudumbasree activity in an enterprise mode could take up
the task of improving them by constructing community stoves.
To involve them in LED making is not very easy. They are still not confident and
comfortable about that. So that is why people are playing around the idea of a women
enterprise for LED lamps because there is a large demand for them and these are definitely
the lighting solutions of the future. Japanese model for cottage electronic enterprises had
come up long back in Kerala. Even though few such enterprises have survived, the
enterprises which are thriving are still the enterprises driven by the church. For example
the V-Guard units with women workers. But unfortunately, community enterprises on this
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line are not very easy to establish, that is what the experience of Kudumbasree shows.
Putting in our energies in to such an initiative is quite meaningful because the
participation of women is ensured not only in addressing the energy issue but also in
addressing the wider issues of employment and household equity. In climate change the
crucial issue is that the equity and sustainability. Sustainability is the core issue, but the
issue of equity cannot be overlooked. From the gender point of view also, equity is
important because, when the poor suffer it will be the women who suffer the most.
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Introduction
Energy is a primary need for any living organism. The primary source of energy on earth
is the sun. Even the energy that we derive from fossil fuels, wind and hydro is indirectly
coming from the solar energy. The total worldwide energy consumption in 2008 was
474 x 1018 Joules. Though we derive energy from various sources, 80 to 90 percent of the
total energy we use worldwide comes from combustion of fossil fuels. As the population
and living standards increase worldwide, so does the demand for energy. While the world
population has increased two times during the past 50 years, the world energy demand
has increased more than three times. The huge energy, thus harnessed mainly from fossil
fuels has plunged the planet into various negative environmental impacts like air
pollution, global warming and climate change. The issue of climate change is a problem
which is global in dimension and a single country or a simple technological adjustment
cannot bring this under control. A broad based strategy will have to be developed with an
array of options. While the intricate relationship between climate change and use of fossil
fuels is still debated, there is a general consensus that the dependence on fossil fuel has to
be reduced and more focus has to be given to sustainable methods of energy production.
This major shift of focus has been visible on the global scenario with oil companies
promoting the solar power. However, to obtain any tangible results, there is still a long
way to go.
Current Scenario
The modern world is wholly dependent on very large amount of energy of various types
for its survival. Hence, any significant decline in the availability of this energy could have
serious repercussions for the human population it supports. Rapid twentyfold increase in
the use of fossil fuels has happened in the past century. Between 1980 and 2006, the
worldwide annual growth rate was 2%. According to the US Energy Information
Administration's 2006 estimate, the estimated 471.8 EJ total consumption in 2004 was
mainly sourced from fossil fuels supplying (86%). During the last forty years, the per
capita energy consumption has averaged about 1.5 tonnes of oil equivalent (toe) per
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person per year. From a global average of 1.2 toe per person in 1966 this has reached a
value of 1.7 toe per person in 2006.
In recent years, India’s energy consumption has been increasing at a fast rate due to
population growth and economic development. Despite the overall increase in energy
demand, per capita energy consumption in India is still very low compared to other
developing countries. For a country of continental size like India, food security and energy
security remain areas of major concerns even as the country’s economy is cruising on a
high growth trajectory. This makes the task of sustaining the growth a difficult one. Hence
no single energy resource or technology constitutes a solution to address all issues related
to availability of fuel supplies, environmental impact, particularly, climate change, and
health externalities. Therefore, it is necessary that all non-carbon emitting resources
become an integral part of an energy mix – as diversified as possible – to ensure energy
security to a country like India during the present century. More focus should be on
renewable energy and should be subject of increased level of research, development,
demonstration and deployment.
Poverty reduction and economic growth are the prime objectives of India’s national policy.
Energy is the basis of development. Today, India produces 660 billion KWh of electricity
but still over 600 million Indians, a population equal to the combined population of USA
and EU, have no access to electricity, and limited access to other modern fuels such as LPG
and kerosene.
India is blessed with vast quantity of renewable energy resources. India has one of the
largest programs in the world for harnessing renewable resources. The Ministry of NonConventional Energy Sources which came into existence in the year 1992 has made
remarkable contributions in promoting renewable energy technologies, assessment of
resources, research and development, production of energy units etc. India has monitored
almost all forms of renewable energy — solar, wind, small hydro projects, tidal energy as
well as biogas and biomass and urban waste, besides other emerging technologies such as
hydrogen. The Ministry of Power has set an agenda of providing Power to All by 2012.
Sustainable Technologies
Sustainable energy sources are most often regarded as including all renewable sources,
such as plant matter, solar power, wind power, wave power, geothermal power and tidal
power. It usually also includes technologies that improve energy efficiency. In the United
Nations system, "renewable sources of energy" refer to large- and small-scale hydropower,
modern and traditional biomass energy, solar energy, wind energy, ocean energy, urban
and rural organic waste, and geothermal energy. Large hydropower and traditional
biomass are, by far, the most important among them. The new and emerging renewable
energy technologies such as solar, wind, modern biomass and geothermal, contribute only
a small portion at present. Central and State Governments in many countries have
enacted laws and regulations to promote renewable energy and to encourage sustainable
technologies
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Hydropower
Hydropower development is booming in many parts of the world, driven by concerns
about global warming and the need to promote renewable energy. Worldwide,
hydroelectricity consumption reached 816 GW in 2005, consisting of 750 GW of large
plants, and 66 GW of small hydro installations. Large hydro capacity totalling 10.9 GW
was added by China, Brazil and India during the year, but there was a much faster growth
(8%) in small hydro, with 5 GW added, mostly in China where some 58% of the world's
small hydro plants are now located. Small scale hydro or micro-hydro power has been
increasingly used as renewable energy source, especially in remote areas where other
power sources are not viable. Small scale hydro power systems can be installed in small
rivers or streams with little or no discernible environmental effect on things such as fish
migration unlike large hydro projects.
Advantages










Inexhaustible fuel source
A cleaner source of energy
Minimal environmental impact and does not produce gas emissions or waste.
Hydropower relies on the water cycle, which is driven by the sun, thus it's a
renewable power source so long as the rain keeps falling on the dam catchment
area.
It is more reliable than solar and wind power
Viable energy source and promotes relatively useful levels of energy production
In addition to electricity generation, the hydro power plants facilitates water
supply, flood control and offers recreational opportunities like boating, fishing etc.
Stations can operate and run for long periods of time

Disadvantages






Interrupts natural flow of river
The power stations are expensive to build.
Obstructs the migration of fish. This problem can be met by providing fish ladders
and screens.
Significant change in water quality owing to reduction of dissolved oxygen,
siltation etc and this ultimately affects the aquatic life
Negative impact on the surrounding landscape

Biomass and biofuels
Until the end of the nineteenth century biomass was the predominant fuel all over the
world, today it has only a small share of the overall energy supply. However, in many
rural parts of Africa and India more than 80% of energy supply is still provided for by
biofuels such as wood, charcoal, crop residues and dung cake. To maintain ecosystems
services of nature useful to mankind, restriction of biomass production to degraded and
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currently fallow land is to be preferred. Also sustainability of biomass-for-energy use
requires a high efficiency recycling of nutrients present in ashes and low emissions of
persistent organics, acidifying compounds and heavy metals due to biomass combustion.
Meeting such conditions requires major efforts.
Electricity is also produced from biomass sources and the world estimate was 44 GW in
2005. Biomass electricity generation increased by over 100% in Germany, Hungary, the
Netherlands, Poland and Spain.
Biomass briquettes are increasingly being used in the developing world as an alternative
to charcoal. The technique involves the conversion of almost any plant matter into
compressed briquettes that typically have about 70% the calorific value of charcoal.
Advantages






When methods like fermentation are used to generate energy, instead of direct
combustion, there is minimal environmental impact
Allows effective utilization of waste materials
The use of waste materials reduce landfill disposal
Biomass crops produces oxygen and use up carbon dioxide
Available throughout the world

Disadvantages








Could contribute a great deal to global warming and particulate pollution if directly
burned
The collection of biomass may be difficult
Cultivation of biomass crops demand more land area
The biomass crops may be seasonal and not available throughout the year
Like petrol powered vehicles,CO2 emissions results from vehicles using biofuels
(methanol, natural gas etc)produced from plant and animal wastes
An expensive source, both in terms of producing the biomass and converting it to
alcohols
Energy must be put in to plant, cultivate and harvest the crops and so most likely
there is a net loss of energy

Wind Power
According to the World Wind Energy Association, the installed capacity of wind power in
the world increased by 29 % from the end of 2007 to the end of 2008 to total 121 GW. The
development of wind power in India began in the 1990s, and has significantly increased in
the last few years. Although a relative newcomer to the wind industry compared with
Denmark or the US, India has the fifth largest installed wind power capacity in the world.
As of 31, October 2009 the installed capacity of wind power in India was 10,925 MW.
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Advantages










Inexhaustible fuel source
Do not cause any environment pollution as no fossil fuels are burnt to generate
electricity from wind energy.
Construction and installation of windmill has less environmental impact
Self reliant method
Often an excellent supplement to other renewable sources
The area around the wind turbines can be used for other useful purposes like
agriculture
Boost energy production in mountainous regions and remote country sides
When combined with solar power, the wind power serves as a steady energy source
for consistent supply of electricity in developed and developing countries
Effective extraction of wind energy can be acquired by adopting newer
technologies.

Disadvantages






Unreliability factor of wind serves as a major disadvantage
Only areas of the world with lots of wind are suitable for wind power generation
Wind turbines are noisy
Compared to other sources, produces less electricity and so multiple turbines are
required to make an impact
There are chances of wind turbines to get damaged in thunderstorms and
lightening

Solar Power
Humans have been harnessing solar energy knowingly or unknowingly since time
immemorial. However, only a very small fraction of the available solar energy that we
receive on the planet is used. Solar powered electrical generation relies on heat engines
and photovoltaics. The most common way to harvest the solar energy is to use solar
panels. Less than 0.02% of available resources are sufficient to entirely replace fossil fuels
and nuclear power as an energy source.
Advantages








Inexhaustible fuel source
No emission of green house gases and carcinogens into the atmosphere
The generation of electricity from solar power is a silent process
Often an excellent supplement to other renewable sources
Versatile energy source and is used for powering items as diverse as solar cars and
satellites
Solar panels have a long operational life
Solar powered lights and other solar powered products are easy to install
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Disadvantages
 Large numbers of solar panels (and thus large land areas) are required to produce
useful amounts of heat or electricity
 On cloudy and rainy days and during night the solar power system does not
produce any electricity
 Solar power does not work well for large devices that use an electric heat element
(electric hot water heater, electric oven etc)
 Only areas of the world with lots of sunlight are suitable for solar power generation
 Initial investment is high
Geothermal
Geothermal energy is used commercially in over 70 countries. In the year 2004,
200 PJ (57 TWh) of electricity was generated from geothermal resources, and an additional
270 PJ of geothermal energy was used directly, mostly for space heating. In 2007, the
world had a global capacity for 10 GW of electricity generation and an additional 28 GW
of direct heating, including extraction by geothermal heat pumps.
The world potential capacity for geothermal power generation is estimated at 85 GW over
the next 30 years. However, geothermal power is accessible only in limited areas of the
world, including the United States, Central America, Indonesia, East Africa and the
Philippines.
Advantages





Inexhaustible energy source
Eco friendly and does not cause pollution
Cheap
The power stations does not occupy much space

Disadvantages




Available in certain locations only
Mostly occur in tectonic activity prone areas
Hazardous gases and minerals may come up from underground, and can be
difficult to safely dispose of.

Energy efficiency
Moving towards energy sustainability will require changes not only in the way energy is
generated and supplied, but also in the way it is used. Reducing the amount of energy
required to deliver various goods or services is essential. Opportunities for improvement
on the demand side of the energy equation are as rich and diverse as those on the supply
side, and often offer significant economic benefits. Renewable energy and energy
efficiency are sometimes said to be the “twin pillars” of sustainable energy policy. Both
resources must be developed in order to stabilize and reduce carbon dioxide emissions.
Efficiency slows down energy demand growth so that rising clean energy supplies can
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make deep cuts in fossil fuel use. Any serious vision of a sustainable energy economy thus
requires commitments to both renewables and efficiency
Environmental Issues with Renewable Energy Sources
To combat global warming and the other problems associated with fossil fuels, the world
must switch to renewable energy sources like sunlight, wind, and biomass. All renewable
energy technologies however are not appropriate to all applications or locations. As with
conventional energy production, there are environmental issues to be considered and
suitable mitigation strategies developed.
Conclusion
Today, India has one of the highest potentials for the effective use of renewable energy.
India is the world’s fifth largest producer of wind power after Denmark, Germany, Spain,
and the USA. There is a significant potential in India for generation of power from
renewable energy sources-, small hydro, biomass, and solar energy. Among sources of
renewable energy, hydroelectric plants have the advantages of having long life. Also,
hydroelectric plants are clean and have few emissions. Criticisms directed at large-scale
hydroelectric plants include: dislocation of people living where the reservoirs are planned
and release of significant amounts of carbon dioxide during construction and flooding of
the reservoir. The country has an estimated SHP (small-hydro power) potential of about
15000 MW. India is blessed with abundance of water, sunlight, and biomass. Dynamic
efforts during the past two decades are now bearing fruit as people in all walks of life have
become more aware of the benefits of renewable energy.
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WOMEN EMPOWERMENT- THE KUDUMBASHREE EXPERIENCE

Smt. Sarada Muraleedharan I.A.S.
Executive Director
Kudumbashree Mission
State Poverty Eradication Mission.

Kudumbashree is a State Poverty Eradication Mission of the Government of Kerala. It is
primarily an organization of community network of women’s neighborhood groups that
have been consolidated at Panchayat ward level, Municipal ward levels to form
Community Development Societies. These are registered charitable societies forming a
network of Kudumbasree CDS. There is Kudumbashree CDS for every local-self
government in Kerala. Kudumbashree is spread almost in every ward of the state and in
terms of numbers; Kudumbashree is bigger than any other organization in Kerala. For city
dwellers, Kudumbashree is unfortunately, just about the people who come to collect the
waste. But the reality is that there are 37 lakh women in Kudumbashree. One women as
the representative of the family coming into the system which means that it translates
more than 50% of the population of Kerala being represented in Kudumbashree.
Kudumbashree plays a major role in local economic development, convergence and in
community participation. Among the socio cultural aspects we are adding one more
dimension i.e., the political dimensions with regard to the power equations, authority and
relations within the system. This talk highlights the Kudumbashree experience in the
context of the complex role of women as home makers, as women are affected by climate
change and their role in development measures and mitigation strategies in relation to the
issues related to climate change.
Apart from microfinance, the Kudumbashree system actually tries to look at bringing
women in to the centre of local development, as provided for, through the policies of
government and through the Panchayat Raj system. Kerala has the advantage of having
extremely strong Panchayat level system. During the last 10 years, this collaborative
community network is being slowly and steadily empowering itself. The system of
empowerment is such that it takes empowerment and rights as its main theme.
The mission aims basically at addressing poverty by making credit available and
improving the livelihood options. Interestingly for Kudumbashree, the last two to three
years were especially devoted to bringing back the poor women of Kerala who have also
been marginalized out of agriculture to return to agriculture. This is done through
collective farming which was earlier called lease-land farming. In Kerala, leases on
agriculture land are not legal. So there has been a tendency of taking land on oral lease by
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women that in itself is a statement on the status of women as they don’t have a right over
the ownership or cultivation of land. But women by virtue of coming together collectively
have been able to enter agriculture not as labour but as cultivators. As cultivators they
have been taking up interest also in the cultivation of paddy and vegetables over cash
crops. Paddy vegetables and planting are the focused areas of cultivation. Last year, we
had about 27000 ha. of paddy, vegetable and planning cultivation.
There has been another significant activity that happened recently that changed the
dimensions of the work of Kudumbashree, which is the National Rural Employment
Guarantee Scheme (NREGS) programme. In Kerala, the Government took a very strong
position that the labour component will not be reduced below 80%. Watershed based
activities also got priority. The Government also took a position that marginal lands and
lands belonging to tribal families could be made cultivable using the labour support in
NREGS. This had major ramifications for the Kudumbashree programme of farming. It is
fine to say that women can collectively come forward to take up private piece of land and
do cultivation. Very often, we are talking about land that has been lying fallow because
the original owner finds it difficult to cultivate it. These women also do not have access to
formal credit or the various concessions that are available by way of agricultural loans, etc,
because they don’t own the land. It is in that kind of a hostile scenario that we are pushing
women into agriculture. But this programme was made workable and effective in two
ways. Firstly, using our space in the Panchayats and Municipalities development scenario
we have been able to insist on or have input supply, fertilizers support, crop seeds etc
provided through planned schemes. Secondly, pushing the NREGS to be linked with this
farming initiative, we have been able to bring lot of changes. Canals that have been
subjected to misuse or blockage have been opened and cultivation has been taken up in
various areas that have been lying fallow for quite a long time. Government has reported
that for the first time in 30 years, the paddy cultivation is in the State has actually gone this
time. We like to believe that we have played a very significant part there, because the
Kudumbashree has about 8,000 hectares falling in the domain of paddy cultivation. This
of course has immense ramification on food security of the State.
Let us see an example of how the convergence has changed the State developmental
scenario in the recent past. In the northern Kerala, in the district of Calicut there is a place
called Perambra, which is, like other places, had a recent shift from traditional agriculture
to cash crops. The field is a 140 acre land, which before 20 years ago, was a cultivated
land. With the rapid urbanization and consequent developmental changes, the town got
bigger the canal that flow through this area became a conduit for waste of the town. The
canal got blocked slowly making agriculture difficult which further got complicated by
frequent flooding and because of all these, the area got converted into a wasteland. With
the introduction of NREGS and the Kudumbasree pushing for convergence, the area was
taken up for cultivation. About 500 women were brought to clear up the land, it was a
difficult task for the women and surprisingly it was like a huge festival for the place. The
canal was cleared and suddenly the opportunity of bringing 140 acres of land for
cultivation came out. The ‘Padashekara Samathi’ allowed the Kudumbasree to take up
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cultivation of peas and paddy. An entirely new ecosystem has been entirely brought in
along with crops, other links in the ecosystem; butterflies, aquatic life, etc. made the whole
area, an exciting ecosystem. It had its emotional significance also with the children
walking through the clay dykes after 30 years. Through this convergence of the
panchayats on the one hand and Kudumbashree on the other hand along with the
technical inputs from the Department of Agriculture and interaction of various societal
groups, the old way of life could be restored in the area. CWRDM is looking into the water
conservation strategy applicable in the area. The city has also wakened up to the
realization that the waste cannot be dumped into the water channels or canals that serves
agriculture. So a waste management strategy is being contemplated. Of course the strength
of local government is very important here.
Another experiment with this convergence approach was done at Trivandrum where in
the women groups brought in Banana cultivation. More than 13,000 women were brought
into banana cultivation in Trivandrum district and the project was tied up the Agricultural
University for help by way of technology transfer. The productivity of the land was 8
Metric Tonnes for banana. Last year harvest was 25 Metric Tonnes in some plots. Now
these women are being trained as master trainers for other areas.
From its simple beginning in poverty eradication programmes, Kudumbashree is now into
conservation, sustainable modes of agriculture, economic empowerment of women to food
security, traditional agriculture etc. and of late; Kudumbasree is also into looking at
women as a conduit for transfer of technology.
In Guruvayoor, there was a project on Pooja Kadali for the Guruvayoor Devasom. Certain
problems were experienced on account of the stipulation of the minimum size of banana,
leading to a lot of rejects. The Agricultural University came to the rescue and we brought
out a Kadali Resayanam through a tie up with a pharmaceutical company. The Kadali
Rasayanam is a tasty ethnic product, thus made from Banana.
Summing up, while we have not been working towards countering globalization, or
building local alternatives, in effect through our strategy of strengthening local
communities and refurbishing their capabilities for local economic development and
sustainable practices immediately benefiting them, we have in effect been building an
alternate, sustainable model of development.
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SUSTAINABLE AGRICULTURE AND FOOD SECURITY FOR ALL
: THE KEY ROLE OF WOMEN
Prof. (Dr.) P.S. Ramakrishnan
School of Environmental Sciences,
Jawaharlal Nehru University, New Delhi 110067
(psr@mail.jnu.ac.in)

Introduction
There is an increasing realization today than ever before that excessive dependence on
external energy subsidies in the form of chemical fertilizers and pesticides to sustain
agricultural productivity does bring about problems related to soil health and linked
problems linked long-term sustainability of human-managed systems. This realization has
now crept in amongst the agricultural scientific community in the context of many
problems linked with ‘green revolution’ agriculture of Haryana and Punjab and the
linked threat food security of the country (Singh et al., 1994), though this author had
indications of the emerging problems linked with ‘green revolution’ agriculture, whilst he
was involved with a Inter-Academy project on growing populations and changing
landscapes, with ‘green revolution’ agricultural landscape of Haryana as one of the study
sites(Indian National Science Academy, 2001). No wonder that agricultural scientists
themselves, during the last few years, have come to the realization that appropriate
measure have to be taken towards ensuring sustainable food security through
appropriately designed land management strategies, so as to reduce over-dependence
upon energy subsidies in the form of inorganic fertilizers and pesticides, the basis on
which ‘green revolution’ agriculture was originally designed. The obvious tool available
with us to address sustainability concerns is to rebuild biodiversity through a variety of
agroforestry system models relevant to the given socio-ecological system under
consideration, the ultimate objective being biodiversity (natural and human-managed)
restoration in the landscape (Ramakrishnan, 2008a). This obviously is possible only
through community participation, based on a value system that they understand and
appreciate (Ramakrishnan, 2008b). In building appropriate tools, biodiversity centered
traditional ecological knowledge (TEK) available with local communities have to play a
key role, in which gender considerations are important, as women play a critical role in
determining the organization linked functional/production attributes of the given
agroecosystem construct.
The context
Sustainability issues are linked not only with productivity of agricultural systems, but also
with the ability of systems to cope up with environmental uncertainties. On the other
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hand, in the contemporary context, about 3/4th of the Indian population, being
marginalized to a greater or lesser extent, are vulnerable to increasing environmental
uncertainties to a greater or lesser degree - uncertainties linked to food security arising
from ‘global change’ (climate change, land use/cover changes, biodiversity depletion and
biological invasion) as an ecological phenomenon (Bondeau et al., 1997) and ‘gloablization’
of economies in general (Dragun and Tisdell, 1999), particularly so for the highly
marginalized traditional societies (those living close to nature and natural resources, in
the rural biodiversity rich areas (Ramakrishnan, 1999a). Agriculture linked food security is
more and more becoming a critical issue in this context; it is much more a critical issue in a
developing country context because the inability of the soil sub-system to sustain soil
fertility, being much more limited under a warm tropical climate as the soil system has
limited ability to sustain accumulated organic matter in the soil sub-system over a ---period of time than under colder climatic situations.
Whilst discussing global environmental economics, way back in the late 1990s in the
context of equity and limits to markets (Dore and Mount, 1999), I had the opportunity to
discuss the lessons learnt from the earth summit in the context of the 1992 UN Conference
on Environment and Development (UNCED) in Rio de Janeiro that endorsed
environmentally sustainable development as the only option available to us for conserving
biodiversity for future use whilst ensuring ecological integrity of the biosphere
(Ramakrishnan, 1999b). The work initiated by this author along with his coworkers on
traditional agricultural systems of the north-eastern hill regions of India (Ramakrishnan,
1992a) and which was followed up with very many studies done on traditional land use
practices elsewhere in the biodiversity-rich areas of India that includes the Western Ghat
region too (Ramakrishnan, 1992a; Ramakrishnan et al., 2000,2003, 2006) suggest that
traditional agricultural systems have to be seen as learning grounds for addressing
agricultural sustainability concerns, which forms the basis for FAO’s recent initiatives on
conserving ‘Globally Important Agricultural Heritage Systems’ (GIAHS), as learning
grounds for sustainable agriculture linked food security.
Kerala: A major ‘hotspot’ of biodiversity under threat
India has a mind-boggling set of diverse socio-ecological systems, placed in the context of
the very diverse ecological zones - ecosystems placed under varied climatic zones,
ranging from the tropics, going right up to the alpine zones, in a ecological sense;
superimposed on them are a few hundred ethnic societies inhabiting this diverse
continental landscape. With a rich and diverse set of traditional societies still living as an
integral part of the biodiversity rich regions of the country, and they having contributed
traditionally towards sustainable management and conservation of this rich biodiversity
heritage, it is not surprising that the Indian region is considered to be one of the 25-mega
diversity ‘hotspots’ of the world. Indeed, with about 2.5% of the land area, the Indian
region has 7.8% of the globally recorded biodiversity (Myers et al., 2000; MEA, 2005). If
one were to put the range of traditional agricultural. Systems available in the Indian region
is such a socio-ecological context, agrobiodiversity at the ecosystem, species and subspecies (varietal) levels would be mind-boggling indeed!
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The Western Ghat mountain region that includes Kerala part too is indeed well known as
one of the ‘hot spots’ of biodiversity – both natural and human-managed. Large-scale
exploitation of this mountain range inclusive of the Kerala part has been continuing,
largely for timber export, as well as related with conversion of land into plantation
industry - tea, coffee and rubber; these activities are largely organized and implemented
by lowlanders for commercial reasons. Indeed, the Tri-Academy studies involving India,
China and U.S.A. has clearly shown that much of the deforestation in the Kerala region
has been a consequence of national/international market pressures and the closely linked
policy dimensions initiated by successive governments right from the colonial period
(Indian National Science Academy, 2001).
Women in Kerala have always been in the forefront in a variety of different ways with
implications for social change. As elsewhere, in any traditional agrarian societies (the
north-eastern hill tribes are illustrative of this – Ramakrishnan, 1992a; Ramakrishnan et al.,
2006), women have been the custodians of TEK that has a key role to play now more than
every before for a integrated action plan; in such a strategy ‘modern’ science based formal
knowledge too has to be appropriately integrated to ensure sustainable management of
natural resources for food security.
Biodiversity linked TEK for sustainable agriculture
Sustainable agriculture is all about diversifying the food resource base, rather than
restricted around a limited number of species such as rice, wheat and maize, though
emphasis around a few selected species will continue for sometimes to come. The health
dimension of TEK knowledge is centered around traditional medicine and a whole range
of ethno-specific traditional medical systems that are now being seen as assuming more
and more importance as part of alternate systems of medicine with implications for not
only disease cure but also for prevention with sustained human health (Bodekar, 1994;
Valiathan, 1996), an aspect which not of direct relevance to the present discussion.
However, diversification of the food resource base is more and more becoming critical not
only from the point of being able to feed the ever-increasing human population but also
from the point of view of diversification of food resource base, for a more balanced diet
with human health implications. This is the context in which there is a rapidly emerging
interest in lesser-known plants of food value, an aspect that is discussed below, in some
detail.
Conserving lesser-known plants of food value
Throughout history, humans have used around 3000 plant species as food collected from
the wild, of which at least around 150 being commercially cultivated to some extent
(National Academy of Sciences, 1975). Subsequently, emphasis was laid on lesser-known
tropical legumes were picked up as resources for the future (National Academy of
Sciences, 1979), for obvious reasons linked with their value as a source of protein,
particularly for the weaker sections of the society, obviously for two reasons: (i) that they
are an important source of protein for the ever-expanding global human population; (ii)
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that they are, at the same time, an important source of nitrogen fertilization through the
bacteria that live in the nodules of the roots, having the ability to convert gaseous nitrogen
to nitrogenous fertilizer, enabling humans to make a drastic departure from excessive
chemical fertilizer use. Whilst doing these two global analyses, this global survey
undertaken by the U.S. National Academy of Sciences had identified for themselves a
range of objectives (Box---).
___________________________
Under-exploited and lesser-known species of economic value: The agenda for the future
(from: National Academy of Sciences, 1975, 1979)
___________________________
 To identify neglected but seemingly useful tropical plants, both wild and
domesticated , that have economic potential
 To select the plants that showed the most promise for wider exploitation
throughout the tropics
 To indicate requirements and avenues for research to ensure selected plants reach
their full potential
 To identify lesser-known and under-utilized leguminous plants that could meet
with the protein needs of the increasing population, particularly the undernourished of the developing world, by selecting those that have the greatest
inherent value
 To further explore strategies and indicate what needs to be done to capitalize on
these species so as to develop them to their full potential
_____________________
This list of the lesser-known species, by no means is exhaustive, since the evaluation, and
selection of species for inclusion is based on collective consensus arrived at from among a
few hundred species nominations received by them, in response to a global enquiry.
Further, this review of what is available as a rich resource for future exploitation as food
plants does not get into socio-ecological specific situations from where they originate. The
American effort to catalogue lesser-known species of food value is far from complete, even
more so from the point of view of sub-specific variability within. Detailed studies on very
complex traditional systems are critical as we are losing many of the traditional
species/varieties and linked traditional agricultural technologies practices, because of
pressures that work towards homogenizing land use practices, in the name of
modernization of agriculture. What is also to be recognized is that these traditional
societies being largely confined to highly fragile mountain environmental situations, the
land use system/s breakdown could be much more rapid than what eventually did
happen even for ‘green revolution’ agriculture, which was started off in the ecologically
stable nutrient-rich alluvial plains to start with!
Biodiversity linked TEK influencing ecological processes.
If one were to look at the varied scalar dimensions of TEK that contributes towards
determining ecological patterns and processes relevant to sustainable agriculture too, one
is dealing with a set of varied scalar dimensions where in humans by their very nature
relate themselves with a natural cultural landscape with which they can relate. Very
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traditional forest dwellers and rural societies relate themselves with a natural cultural
landscape that they have carved out them which are eco-culture specific (Ramakrishnan
2008b), rural communities still having the desire to reconstruct a cultural landscape
(Ramakrishnan, 2009, 2010); even urban societies living in a concrete jungle are more and
more getting involved with relating with ‘green spaces’ that they are trying to construct,
after remaining delinked from ‘nature’ for extended periods of time (Shutkin, 2001).
From a gender perspective, much of the agriculture-linked TEK rests with traditional
women-folks living in biodiversity rich areas and who are trying to sustain their
traditional agricultural practices against all odds. Women are under constant threat arising
from gender-based marginalization, which is further compounded by sustained and
aggressive efforts made by the industrialized humans to convert traditional societies to
‘modern’ ways of thinking! land use practices. in the Indo-Gangetic alluvial energyintensive these that are confronted with . who are the ones who are involved with
conservation viewpoint, From the viewpoint of this discussion, on endemics, one is at a
loss about endemism embedded within these lesser-known food crops, at the species and
sub-specific levels the level.


Sustainable agriculture with food security concerns for all demands that the
strategy has to: (i) enable natural evolutionary processes to function within the
given landscape systems with least hindrance, as endemics are an integral part of
the biodiversity as a whole in the context of a natural cultural landscape value from
which traiditonal societies seek both tangible and intangible benefits (Plate 4); (ii)
ensure community-participation in the process wherein humans remain as
effectively integrated as feasible within the given landscape system; (iii) ensure
enough flexibility that the pathway enables an improved quality of life for the local
traditional societies, appropriately designed with a short-term strategy (the next
few decades in view); and at the same time also provides a window for long-term
planning for biodiversity conservation; (iv) in the ultimate analysis, an improved
quality of life for the people living in the biodiversity ‘hot-spots’ with equal
concerns for conflict resolution and human security. The concern for avoiding
conflicting situations which is indeed a threat for peace and humans security at the
local, regional and global level is a concern which is becoming more and more
evident in different parts of the world; we can see these rapidly increasing problems
not only in the Indian context where one has to deal with a sizable section of what
we often term as ‘tribal’ population (traditional societies) (Ramakrishnan, 2009b),
which indeed is a much wider global problem too (Brauch et al., 2009b). Since we
are dealing with a highly marginalized section of the society living in biodiversity
rich
regions,
conservation
issues
cannot
be
delinked
from
livelihood/developmental concerns of these marginalized sections (Ramakrishnan,
2008a,b). This is the context in which the way we have dealt with conservation
linked sustainable livelihood/development of traditional societies have to be
viewed. This is the context in which a dynamic approach towards in situ
conservation of biodiversity linked with a sustainable livelihood strategy as a short63

term solution, and sustainable development of these areas from a longer term
perspective becomes significant.
Where does the solution lie?
When one is concerned with community
participatory developmental pathways, the obvious
choice is centred around making effective use of
traditional knowledge, variously termed as
TEK/TFK (henceforth referred to as TEK), linked
with both natural and human-managed ecosystems
in the landscape. In the Indian context, the rural
farming communities in general and marginalized
traditional societies living in biodiversity rich areas
in particular are the custodians of TEK.
No doubt, TEK at an ethno-botanical level linked
with species of direct value used in traditional
medicine (Bodekar et al., 1997; Parrotta, ----;
Valiathan, ---) and those of lesser-known food value
(National Academy of Sciences, 1975, 1979), no
doubt are important. However, from our point of
view, whilst dealing with sustainable agriculture
and linked landscape management, TEK at the
species level that is an enabler to effectively make a
connection between ecological processes and social
processes becomes important; TEK which is centred
around biodiversity in all its scalar dimension could
be seen as an effective tool for sustainable
management of natural resources. In other words,
with intensification of land use practices TEK
linked with landscape management (natural and
Fig.1.
Intensification
of
agriculture in the landscape,
human-managed
ecosystems)
that
enables
biodiversity changes, changing
sustainable manipulation of soil moisture regime,
resource flow patterns, altered
soil fertility and nutrient cycling patterns and
agroecosystem/landscape
processes is the causality with implications for
functions
with
sustainability
ecosystem/landscape functions (Fig. 1), which in
implications (from Swift and
turn
has
its
impacts
on
sustainable
Anderson, 1993).
livelihood/development of human societies
(Ramakrishnan, 2008a).
Natural cultural landscape system/s valued by the given society is the bench mark
objective to be achieved; biodiversity at the species/sub-specific levels are the effective tools
at our disposal.
In this context, under situations where drastic land use conversions have lead to
biodiversity loss, socio-culturally valued and protected ecosystems (sacred groves, which
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are abundantly found in the Indian context) is an important resource. The ultimate
objective is to ensure sustainable ecosystems (natural and human-managed) within a
rehabilitated landscape context.
Gender considerations linked to sustainable agriculture
The involvement of men-folk in agriculture has traditionally always been for labourintensive activities such as slash-and-burn operations during the traditional shifting
agricultural practices, for eg., or getting involved with land preparation under settled
farming systems. Women are responsible for much of the work related to crop
management within the plot, right from the seeding phase up to harvest; they are also the
ones who are entrusted with the removal of undesirable weeds from the plot during the
cropping phase. Being the ones who deal with much of the delicate agricultural
operations, it is reasonable to see that they are the key custodians of TEK linked with crop
and associated biodiversity. Thus, in the north-east Indian context, to cite an example,
where a whole variety of traditional agroecosystem typologies exist, women play a key
role in managing them, as important custodians of TEK, with a view to effectively
capitalize upon the available natural resources, both in space and time and thus
optimizing crop productivity, as they do elsewhere too (Box 1).
_________________________
Box 1. Women, the key players in TEK-based management of crop and associated
biodiversity under traditional agricultural practices
____________________________
Under shifting agriculture (jhum) in north-east India (Ramakrishnan, 1992a):








Under longer cycles of jhum (more than 10 yrs going up to 60 yr cycle), the
species/sub-specific crop diversity may be up to 30-45 units whilst under shorter
less than 10 yr cycle, the crop diversity may be less than 10. Whilst nutrientdemanding cereals may be more emphasized under longer cycles, under shorter
cycles less-demanding tuber crops and legumes may be emphasized.
Sequential harvesting of crops as and when a given species matures enables not
only effective utilization of available soil water and nutrient resources, but also
contributes towards soil health through the dead biomass getting recycled back into
the farming system.
Under longer jhum cycles of more than 10 years, the emphasis is relatively more on
cereal crops, whilst it shifts towards tuber and leguminous crops under shorter
cycles compared with of relatively greater emphasis is placed on cereal crop species
under longer cycles, whilst leguminous and tuber crops are emphasized under
shorter cycles of less than 10 year.
Incomplete removal of weeds from the jhum plot is a deliberate act, based on
intuitive expertise based on long tradition. Weed management rather than weed
control wherein about 20% weed biomass left in situ in the plot has a nutrient and
moisture conservation role within the cropping system which is operates under a
fragile soil environment in the humid tropics.
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As the cropping cycle falls below 5 years, the jhum gets modified into a rotational
farming practice eventually leading to sedentary systems, with dynamic changes in
TEK (Fig. 2), as illustrated through the studies from north-east India. With
sedentarization, the land is prepared into ridges and furrows to create compressed
water channels that helps in conserving soil nutrient resources. Cropping is done on
the loose soil on the ridges, with organic residues on the ridges and covered over
with a thin layer of soil are subjected to a slow-burn in order to conserve the limited
soil nutrient resources under very short cycle lengths. The crop mixture also is
adapted towards meeting with market pressures (non-traditional potato cultivation
closer to city centres), along with lesser-known nitrogen-fixing legume crop like
Flemingia vestita as an associated species which is a food source during the lean
winter used during important one.

Fig. 2. Evolution in TEK linked with agroecosystem, over time and space, in the landscape,
as land use changes in response to population pressure, land degradation and
available linkages to market economy closer to an urban landscape (after:
Ramakrishnan, 2006a).
Under settled traditional farming systems (Ramakrishnan, 2008a,b):


The Apatanis living in Zero valley of Arunachal Pradesh have valley based wet rice
cultivation system with well-integrated pisciculture. With well-organized village
waste water recycling /management practices put in place along with organic
waste, and leaf litter (from socially valued ecologically significant keystone tree
species) based organic residue management practices put in place, they are able to
sustain production levels comparable to ‘green revolution’ agriculture, but with
high energy efficiency levels (for a unit of energy input they are able to get up to 5060 units of energy; compare this with an energy efficiency of 0.5 for the green
revolution agriculture which goes down to 0.1 for the modern Japanese or
American agriculture) (Kumar and Ramakrishnan,1990). The Apatani landscape
system (agriculture, communal forestry as an integral part of the village ecosystem
functions, with all its unique eco-cultural attributes indeed is a dynamically
evolving example of a landscape system which is worthy of heritage status
(Ramakrishnan, ---; Plate 1)
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Plates 1a & 1b. The Apatani wet rice cultivation system is a highly complex and evolved complex
system of wet rice cultivation linked with fish culture. The sustainability of the system is based on
intense recycling of organic resources available within the village/landscape boundary.
Sustainable forestry practices operate at varied levels - the family, village and community levels
In the background of 3b are many layers of community-managed forests, which also forms a
source for organic residue inputs, into their wet rice cultivation systems, apart what comes from
individual family/community level managed forest patches – a highly evolved agricultural systems
indeed, which merits a ‘heritage’ status!



For the complex rotational farming systems of the Garhwalis of the Central
Himalayan region, the litter from the socially valued ecological keystone species of
Oaks (Quercus spp. locally called ‘Banjh’) is the basis for ensuring sustainable
production levels; indeed, selective extraction of ‘Banjh’ is being seen as the root
cause for the ‘hugging the tree’ (‘chipko’) movement that lead to keen
environmental awareness in the region (Ramakrishnan et al., 2000)
 The Bishnois in the arid region of Rajasthan have their native sacred tree in ‘khejari’
(Prosopis cineraria), an ecological keystone species which is part of their traditional
agroforestry system. With this tree species being gradually replaced by the exotic
Prosopis juliflora, the native ‘Khejri’ often times are now to be found in protected
sacred groves maintained by the very traditional Bishnois of the region. As per the
tradition going back to 1731, when the agents of Maharaja of Jodhpur wanted to cut
these trees for timber, the local women are said to have laid down their lives
defending their trees (Weber, 1987)! No wonder, that this socially valued species is
an important resource for the people in the region as it contributes towards their
food security in a harsh environment; this species in the landscape, indeed, helps in
conserving soil moisture and improving soil fertility, with implications for food
security of the people.
__________________________________________
With their dependence on species/sub-specific level biodiversity from both within the
natural and human-managed systems for sustaining their traditional agricultural practices,
they influence socio-ecological processes extending up to the landscape level. In other
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words, women have always played a key role in conserving natural cultural landscape,
and promoting intangible values of cultural heritage with implications for sustainable
food security.); this is an emerging trans-disciplinary area variously termed ‘ecologicaleconomics’ (Costanza, 1991, Costanza et al., 1997) or
‘sustainability science’
(Ramakrishnan, 2008a;b).
Traditional complex agriculture system typologies
In recent times, there is a large body evidence that has accumulated to suggest that
biodiversity within agroecosystems could play a key role towards their stability and
resilience. A common perception about agroecosystems is that they are deficient in
biodiversity, a viewpoint coming from mono-culture modern agricultural practices, a
limited and narrow viewpoint coming from energy-intensive agricultural practices. The
rich diversity that traditional agroecosystems are under threat from ‘modernism’, with the
danger of rapid loss of the associated crop diversity at the species and sub-specific levels.
Along with this, we also run the risk of losing the rich agro-biodiversity too along with the
associated traditional ecological knowledge (TEK) and technologies developed by
traditional societies that is based on the empirical knowledge accumulated by them over a
long period of time. This knowledge base is centred around using crop and associated
biodiversity in a variety of ways to strengthen the internal processes that determine
stability and resilience of these traditional systems; enabling reasonable production levels
and at the same time effectively coping with environmental uncertainties (system
resilience) are the twin objectives of the traditional farmer. This is the context in which
sustainable agriculture of the future has to be viewed. Sustainable agriculture not only
demands efficient use of water and soil nutrient resources, with regulated landscape
management done in a manner that would contribute towards sustaining soil fertility with
water use efficiency. Application of wrong technology and/or over-exploitation of natural
resources may give short-term gains but could often lead to ecological degradation no
longer sustainable.
Complex agroecosystems as learning grounds
There exist in the tropics a wide range of complex agroecosystem types with biodiversity
comparable to that of the natural ecosystems, many of these typologies still to be found in
the Kerala region, an important hotspot of biodiversity. A grouping of the diverse
typologies based loosely on the intensity of land use and management provides a useful
framework to look at agroecosystem structure linked functions (Swift et al., 1996). The
following is a brief description of major typologies of agroecosystem in this gradient,
starting with casually managed shifting agriculture and ending with intensely managed
modern agriculture (Fig. 3):
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Fig. 3

Intensification of agriculture, biodiversity changes, changing resource flow,
aboveground biodiversity impacting upon belowground biodiversity and linked soil
fertility alterations in soil fertility levels, altered agroecosystem/ landscape functions
with sustainability implications (from Swift and Anderson, 1993).

Shifting agriculture: Large forested areas of the tropics have a variety of forms of shifting
agriculture, developed over centuries of experience, also known as 'swidden' `slash-andburn agriculture', `rotational bush-fallow agriculture', locally called in the Indian context
as 'jhum'. This system is based on the principle of alternating between a forested fallow
phase followed by a slash and burn leading into a cropping phase of a year or more, the
yield being managed on a long-term basis, rather than looking for short-term gains; the
aim is also to obtain a range of benefits from a mixed cropping system. This agroforestry
system typically has the perennial shrubs and trees separated in time and confined to the
fallow regenerative phase of the forest – a temporally separated agroforestry practice.
Here agricultural ecosystem functions such as nutrient cycling and pest population
dynamics are controlled through the alternating complex cropping and fallow phases. The
key for the stability of the system, lies in retaining a minimum agricultural cycle length
(length of the fallow period before the farmer returns to the same site for another cropping
phase). The length of the forest fallow phase determines the extent of soil fertility recovery,
with implications for economic yield. In the north-east Indian hill areas, for eg., where
jhum is the major land use, a minimum of 10yr cycle was found to be necessary for its
ecological and economic sustainability of the system (Ramakrishnan, 1992a). The stability
and resilience of this land use system is linked with not only with the forest fallow
regeneration phase but also with the biodiversity cropping phase From the point of view
of the richness of the agroecosystem, the crop diversity and the associated weed diversity
may go up to about 60 units or more, under longer cycles which are relatively more stable
and sustainable.
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Rotational fallow: With shortening of the shifting agriculture, as in north-east India,
intensification of land use, under jhum fallow cycles less than 5 years, the slash and burn
system gets gradually replaced with a range of complex rotational fallow management
systems; in this move to move away from subsistence farming to a market economy, with
commodity crops such as potato, as in the north-east India, leguminous crops such as
potato, rice or maize along with lesser known legume crop such as Flemingia vestita,
that helps in improving soil fertility through nitrogen fixation (Ramakrishnan, 1992a).
Traditional sedentary cropping systems: With increase in population and/or market
pressures, the fallow system may be replaced with fully sedentary systems that may still
retain mixed cropping pattern, with no burn being resorted to, but with organic weed
residue recycling which may be supplemented with some inorganic fertilizer.
Home gardens: Home gardens found in the tropics are small plots, usually of a half to two
hectares, located close to the habitation and fertilized with household wastes. They are
rich in economically valued plant species diversity (30 to 100 species) dominated by
woody perennials, structurally stratified and with a mixture of annuals and perennials of
varied habits - herbs, shrubs, trees and vines - as well as more conventional annual food
crops. Maintained by the farmer for a range of outputs - food products, firewood,
medicinal plants, spices and ornamentals, these systems may include animal husbandry
systems such as poultry and swine husbandry too.
Compound farms: It is not unusual to find in Asia and Africa a mix of land use systems
under the control of the same household. These systems may be a mix of home garden
systems, along with a range of sedentary and relatively specialized fields. Obviously,
species diversity may be large, depending upon the range of subsystems involved.
Mixed arable-livestock farming: In the drier savanna zones of the Asian and African tropics,
the economy is largely centered around livestock based production systems. Traditionally
with nomadic cattle management, under many situations these systems have been
replaced with sedentary systems where livestock and food crop production are closely
linked, with organic residue flow between the two. A range of variations exist such as:
Traditional agroforestry systems: Here trees are part of the natural forests and therefore form
part of the landscape where traditional agricultural systems are maintained or trees are
often part of selected and deliberately planted around agricultural plots from the
surrounding natural vegetation; many variations exist, as in the rural environment in
India.
Specialized cash crop systems: Among tropical compound farming systems, the more
specialized fields often include `high value' crops, which form part of traditional
economies, being bartered for other products. As more market structures develop, these
crops become important components of the cash economy. Many, although not all, of
these initial cash crops, are perennials such as fruit trees and bananas. A variety of cash
income crops such as ginger, pineapples, yams, and special products like the broom grass
(for broom making), or bamboo (of multi-purpose use) could form part of this system.
With the coming of the industrial revolution, small-scale plantation crops of rubber, cocoa,
oil-palm, and coffee have been incorporated along with larger units, in many parts of the
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world (eg. small vs. large coffee plantations in Kodagu District of Karnataka Western Ghat
region). These fields often require intensive management at certain times of the year, either
in field preparation, pest management, harvest or post-harvest activities, all being handled
by the labour coming from within the family household. Many of these systems also
continue to emphasize recycling of organic residues, with minimal dependence upon
inorganic fertilizers.
Intercropping and crop rotation: Intensification of land-use may ultimately result in one or
more practice of continuous cultivation of food crops. These practices may vary in respect
of the degree of diversity and complexity, both in space and/or time, all with a view to
risk-management. Species are planted in rows or dispersed randomly or along field
margins. A combination of cereals and legumes is common as the `core'' of such systems,
eg., sorghum and pigeon pea, pearl millet and groundnut in semi-arid India, cereal or
cereal-root crop combinations in West Africa. Crop rotation is a practice of similar
intensity where different crops are planted in the same ground at different times. The
inclusion of leguminous crop in cereal rotation is well recognized for fertility
improvement.
Alley cropping: In these traditional more intensive cropping systems, trees are planted
closely in rows to form hedgerows and the crops are grown in the `alleys' between them. It
is thus similar to the inter-cropping system, except that trees are regularly pruned to
provide mulch or fodder and to reduce above-ground competition effects with crops.
These systems are a good source for fodder and fuel wood for local use. The major
function of alley cropping is to improve soil fertility without necessitating a break in
cultivation for fallowing. However, when extended to include livestock in the alley
farming, fodder as animal feed is an additional function. On sloping lands, planting
hedgerows along the contours greatly reduces soil erosion.
Modern mono-cropping agriculture: The modern agriculture is based on the use of high
yielding varieties of a particular ideotype replacing biodiversity in agriculture. It is
monotonous not only because of uniformity being imposed at a landscape level, but also
because of its intensive use of external energy subsidies based on petrochemicals,
resulting in purposeful reduction in aboveground and belowground biodiversity.
Intensively managed cereals, fruit plantations, and vegetable production systems are some
of the examples.
Biodiversity and agroecosystem sustainability
Biodiversity in the context of agroecosystem typologies playing key roles in system
functioning and thus contributing to system stability and resilience, the relationships
existing between the two along an intensity of management gradient, from the casually
managed to the intensely managed modern monocropping systems becomes significant;
Fig. 3 is illustrative of this. It is generally acknowledged that ecosystem complexity
decreases as habitats change from forest to traditional agriculture and modern agriculture.
If we plot total biodiversity (not just that which is associated with the production system
itself) at each point along this gradient, it is highly probable that the resulting relationship
will be monotonic and decreasing, though the exact form of the curve may be somewhat
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uncertain the exact form of the curve being somewhat uncertain. (Swift et al., 1996). Most
ecologists concerned with biodiversity in natural systems have tacitly assumed that the
pattern in Curve I is most likely to occur, hypothesizing a substantial loss in biodiversity
as soon as any human use and management is brought to bear on the ecosystem. Curve II,
representing the other extreme, assumes that management has little effect until high
intensity is reached. Curve III is a softer version and suggests that after an initial dramatic
loss in biodiversity, further losses in biodiversity are slight, until the extreme is reached in
management, namely, modern agriculture. Curve IV seems more probable and interesting
from the point of view of managing agroecosystem complexity for stability with resilience;
this curve suggests that biodiversity is little affected by initial stages of management, and
that the loss is gradual until some critical stage in management intensity is reached
somewhere between low and middle intensities of management, followed by a subsequent
rapid decline at very high-intensity management levels. From this, it is reasonable to
conclude that planning research activities, to develop agroecosystem models with
concerns for systems resilience and agricultural productivity, should be focused around
this critical middle-intensity area in management, an observation emerging from our
studies on traditional mountain systems (Ramakrishnan, 1992a; Ramakrishnan et al.,
2003).
Farmers' choices of cropping combinations represent a planned biodiversity strategy,
which together with crop and management practices impact other organisms causing
changes in population structures and sizes, in what may be termed the 'associated
biodiversity' of the system. These structural changes in turn influence production. In these
efforts to manage crop and associated weed biodiversity women play a crucial role.
That multi-species land use systems are more stable , more productive and less risky
compared to those with fewer species under conditions of 'global change' could be
conjectured from the fact that greater diversity in above- and belowground structures
results in increased ability of the system to capture resources. Mixed cropping systems
are also receiving attention from modern agricultural scientists for their role in biological
pest suppression. We know so little on the role of biodiversity, that we need to have a
better understanding of the relationships between agroecosystem structure (biodiversity)
and function. Further, an important result that could accrue from a greater understanding
of the relationship between indirect biodiversity and ecosystem function is to widen the
scope of planned biodiversity, in effect strengthening the management capabilities within
agroecosystems.
Possible Pathways for Agricultural Development
If we consider high input modern agriculture as only one of the possible pathways for
agricultural development, one could have at least two more additional pathways for
sustainable agriculture: (a) evolution by incremental change, (b) restoration through the
contour pathway, apart from the auto-route which symbolises modern agriculture
(Swift et al., 1996); and (c) the ‘auto-route’ - the pathway is towards addressing
sustainability concerns of energy-subsidized modern agriculture, an area in which much
of the research efforts of the agricultural scientific community has remained focused in
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the recent times. An appropriate metaphor to illustrate this pathway would be of the
engineer who plans an ‘auto-route’ by drawing a straight line from place to place on a map
and proceeds to build a straight and level road regardless of the physical impediments. As
such agroeosystems stands apart, as an artificial entity from the rest of the landscape
which is largely devoid of biodiversity - an attempt to convert the natural ecosystem into
one that contains only those biological and chemical elements that the planner desires,
almost irrespective of the background ecological conditions. What this pathway aims at is
not to make drastic departures from the energy-subsidized pathway, but to bring in some
biodiversity-linked heterogeneity in the landscape through tree cover, both as part of
agriculture (agroforestry practices) and outside of it in the landscape context; here tree
species selections are done on a community-participatory basis, rather than being imposed
from above often done, as part of a ‘top-down’ approach. What these pathways imply in
real terms of development is best illustrated here through selected developmental case
studies:
Incremental pathway
Many traditional agricultural systems need to be redeveloped through incremental rather
than quantum change, based on TEK; anything drastic may not find acceptance by the
local communities. In such a developmental plan, one is aiming to explore what is feasible
for an improved quality of life, a short-term strategy building upon what they are already
doing without making drastic departures; unavoidable compromises within the ecological,
economic, social and/or cultural constraints that they have to deal with. Such an
empowered society then could determine for itself what they wish to have, as a more
desirable long-term developmental plan, as and when they are ready to do so.
The most comprehensive study on the 'incremental pathway', as a route for agricultural
development is now available through an initiative to have a redeveloped shifting
agricultural system in Nagaland in north-eastern India, the conclusions of which have
wider applications for many similar systems prevalent elsewhere in many parts of Asia,
Africa and Latin America also. Socially value species such as Nepalese alder (Alnus
nepalensis), carefully identified Bamboo species and many others chosen in consultation
with village communities organized as Village Development Boards (VDBs) with women
playing a key role formed the basis for a long-rotation agroforestry based system
development, the details of which has been elaborated elsewhere (Ramakrishnan, 2006a,
b). Such societal value-based considerations towards fallow management, formed the basis
for a decentralized village development plan in Nagaland in north-east India, the
implementation of which was organized through Village Development Boards (VDBs), for
the specific purpose of community-participatory rural development. The VDBs were
established through an elective process as well as by integrating into it the traditional
ways of institution building of the given cultural group. Irrespective of small culturespecific differences could be there in VDB formation, all had the same set of functions,
namely, land use development. Using this institutional mechanism, the highly distorted
shifting agricultural systems, which indeed is basically an agroforestry system, but now
operating at subsistence or below subsistence level had an opportunity for redevelopment.
The tree component that had got weakened over a period of time due to deforestation
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and land degradation could be regenerated as part of a fallow management action plan
taking the landscape as a whole into consideration. Obviously, being the custodians of
TEK, women’s role was significant. The redevelopment strategy rather than attempting a
radical change in the land use practice emphasized upon a redeveloped jhum, through a
gradual change for food security of the traditional system.
Reliance being placed on participatory testing rather than being transplanted into the field
site by the extension agents, about a dozen tree species were tested in over 200
replicated test plots, covering over 5500 ha. Farmers coming from other villages adopted
this pathway, with location-specific adoption and innovation put in place by them; this
effort being replicated throughout in Nagaland, the efforts being centred around soil and
water management (NEPRD and IRR, 1999). What is also significant is that all these efforts
had a ‘bottom-up’ approach to development, rather than the more conventional ‘topdown’ effort. Women being the custodians of TEK and the therefore the managers of the
finer details of agricultural practices at the plot level, this community-participatory
approach had strong gender participation, not only in the initial planning process but also
in arriving at the needed mid-term corrections during the project implementation period.
Indeed, this cooperative effort being based on value system with which local people could
relate, contributed towards a harmonious land use development in the region. The entire
effort was to build upon the TEK in a step by step fashion, bringing in formal knowledge
based technologies to the minimal extent, so that food security could be ensured through a
short-term incremental effort, whilst ensure social disruption is avoided.
Creating buffering mechanisms to make modern land use sustainable: The case study of
tea plantations in Kodagu region, Karnataka
Modern land use practices that involves extensive use of chemical fertilizers and pesticides
has had ill-effects accumulating over a period of time, which now is reflected in the
declining productivity of the land as is visible in the ‘green revolution’ agricultural areas,
an aspect that is now visible in the Haryana/Punjab region, with no biodiversity worth the
name available in this monoculture landscape system; this aspect was highlighted through
an inter-Academy sponsored (Indian National Science Academy, Chinese Academy of
Sciences and U.S. National Academy of sciences) research initiative, well before the land
degradation problems were recognixed by the agricultural scientists themselves (Indian
National Academy et al., 2002). No doubt Haryana did become a major bread-basket of
India, playing a crucial role in ensuring food security for the nation. What became
worrying was: (i) the agricultural success was built on a receding water resource, with a
sharp drop in the groundwater table in many areas and water-logging in others; (ii)
excessive use of fertilizers and pesticides had lead to a deterioration of land and soil
quality; and (iii) the net result was declining crop productivity in spite excessive
dependence on ground and canal water resources and fertilizer applications. This is the
context in which the sustainable developmental efforts linked with intensely energysubsidized tea garden systems of the Kodagu region of Karnataka Western Ghats in
southern India that was breaking down rapidly has to be viewed. Here, the objective was
towards bringing in appropriately selected and socially valued tree species into the
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landscape and use the same as the source for organic residue management, thus building
up the rapidly deteriorating soil health.
Research results coming from the international 'Tropical Soil Biology and Fertility' (TSBF)
programme (Woomer and Swift, 1994), indicated that sustainable soil fertility
management is centered around two basic principles: (a) that the capacity to manage soil
fertility is dependent on the mechanistic understanding of the biological processes
regulating nutrient flux, organic matter dynamics and soil physical properties, and (b) that
the sustainable management of soil fertility must be based on ecosystem/landscape level
understanding of the processes, at the same time integrating soil management concerns of
the farmer, his objectives and decisions in the context of agoecosystem functions.
Strengthening the internal processes within the soil ecosystem, by manipulating soil
biodiversity, through organic residue management was seen to be the available option to
address sustainability concerns, rather than exclusively depending upon external energy
subsidies through inorganic chemical fertilizer use. It is in this context, organic residue
management using carefully chosen earthworm species as keystone species indicative of
soil health formed the basis for strengthening soil biological processes, thus ensuring soil
health (Lavelle, 1988); Such an approach formed the basis for sorting out the problems
arising from serious soil exhaustion due to intensified land use, in the tea growing areas of
Western Ghats; a developmental case study which is equally applicable to the soil
exhaustion impacted ‘green revolution’ agricultural soils of Haryana and Punjab region
too. Developed by a network of scientists lead by Patrick Lavelle and B. K. Senapati
(Senapati et al., 2002), as part of South Asian Regional Network of scientists under TSBF
programme, the in situ management studies lead to a patent, registered in Sri Lanka
(Patent No. 11034), 1996, entitled as ‘Bio-organic Fertilization for Plantations’ or in short as
‘FBO’, operated through the Institut Français de Recherche Scientifique Pour le
Development en Coperation (IRD ex-ORSTOM), France at the international level, with
technology transfer through the Vermiculture Division, Parry Agro Industries Ltd. India :






As part of a systems analysis, a variety of cultured earthworms along with a
mixture of high and low quality organic materials in specified proportions, and
application procedures are determined for a given situation. Earthworm technology
that incorporates organic residues into the soil is designed to stimulate the activities
of existing or introduced soil inhabiting earthworms, as part of the ‘in-soil’
technology.
Success of this FBO technology depends upon the choice of suitable species, the
provision of appropriate organic supplies to feed the worms and the maintenance
of a minimum diversity in the whole invertebrate communities. Replenishment of
the lost earthworm diversity, under intensive land use, demands careful selection of
existing and introduced species for rebuilding the community suitable to take over
their role from a threshold level.
Large-scale production units are laid out, for efficient use of space and to meet the
demand for direct ‘in-soil’ earthworm management. Depending on variable culture
conditions, it has been quantified that the inoculated population may multiply 10
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to 30 times within a span of about three months, at a very minimal cost of just about
Rs. 200 for a kilogram of live worm production, for field application.
Locally available organic residues are selected for soil amendment along with
earthworm species from the reference native systems, in case their population is
below a threshold level. Composition of species and their functional proportion
depend on the location specificity and soil status. The emphasis is on effective use
of local resources, thus minimizing labour, expense and time.
‘FBO’ technology package is not equivalent to any single process like vermincomposting, mulching, chemecal fertilization, soil replacement, hormone spray etc.
etc. nor even combination of some of them.
Maintaining a minimal functional diversity, this technology does not favour an
exaggerated development of a single species that accumulate large biogenic
structures and result in severe problems of soil compaction. Application of too
much and too little of organic matter without monitoring quality, quantity and
placement could adversely impact upon the functional integrity of the system.
Inoculation of alien species of earthworms could seriously alter soil biodiversity,
with implications for sustainability concerns of human-managed systems

Usage of this technology showed tea growth and profit enhancement up to 75% to 260%
and commensurate profit in an economic sense, within a period of 6 months to one year;
this is apart from improved soil physical-chemical and biological qualities for which
economic cost of evaluation is difficult to have. The overall biological status of the soil
systems improved by more than 200% along with about 60% improvement in physicochemical soil characteristics, over the control plots under conventional organic residue
management practices.This in situ organic residue management technology was, therefore,
an effort to build-up the necessary buffering capacity of the soil system; rehabilitation of
degraded soils, using appropriate shrub/tree species in the landscape if available or
introducing the same if need be. Indeed, this technology is now being promoted in many
other parts of the developing tropics, such as China facing serious environmental
problems arising from excessive use of chemical fertilizers.
The ‘contour’ pathway
This pathway seeks to acknowledge and work with the ecological forces that provide the
base on which the system must be built, while acknowledging the social, economic and
cultural requirements of the farming communities. Working with nature, rather than
dominating it, this approach would involve active planning with the nature of the
background ecosystem fully in mind. Agroecosystem typologies coming under
'low'/'middle' intensity management categories (cf. Fig. 3) will come under scrutiny here.
In recent times, there have been very many attempts to construct agroforestry models
suitable for settled farming practices in the rural plains many of them being designed in
experimental plots and being attempted for transfer to the farmers fields. Often times the
tree species chosen are delinked from societies values and needs too. In any case, the
attempt to introduce tree species as part of an agroforestry practice and even to have trees
outside of it as part of the landscape is something which is a refreshing development
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(Singh et al., 1994; Chadha and Swaminathan, 2006). Obviously, the tree species chosen
has to be based on a value system with which local communities could identify with – in
other words, a model that follows the socio-ecological contours, or else what is offered as a
sustainable development pathway may not take off. solution to the problems that
communities face . If this key element is not integrated into the model, it is likely that this
may not be able to take off for want of community participation; a top-down approach to
have Eucalyptus as part of an agroforestry practice in the Indo-Gangetic alluvial plains of
India is an illustrative example. Whilst working through the ‘contour pathway’ what is
critical is that the choice of the agroforestry tree species, the communities have to be the
final decision-makers, rather than bringing in a tree species chosen for its commercial
value, through a ‘top-down’ approach in the decision-making process; the agroforestry
based cardamom plantation system with Nepalese Alder (Alnus nepalensis) as a cover
crop is an elegant example of a success story in Sikkim region, illustrative of a success
story , to cite one example.
The emerging lessons
To conclude this discussion on the three pathways of development, the following
conclusions linked with addressing sustainability concerns of the land use systems
emerge: (i) the value of TEK in dealing with sustainability issues, an area in which gender
considerations play a crucial role; (ii) linking TEK with the text-book based ‘formal
knowledge’ which becomes significant in the contemporary context when a whole range
of socio-ecological changes have already happened; this being a product of the exploitative
developmental pathway that humans have already gone through linked with the desire to
be part of a modern industrialized society; and (iii) arising from all this the efforts being
made now to take a more holistic view of the process of development itself. Sustainable
food security has to be part of a sustainable landscape management strategy, and
therefore, agricultural developmental pathway, rather that for sustainable management of
the landscape as a whole has to be based on a strategy that is value system oriented.
Conclusions
There is this tendency amongst the better endowed sections of the to dismiss what the
traditional societies do as agricultural practices as ‘primitive’ and that they should go in
for more intensive energy subsidized modern agriculture for ensuring food security. This
is in spite of the fact that our ‘green revolution’ agriculture itself has started showing a
downward trend in production due to excessive ‘intensification’ of land use practices. This
is the context in which we have to look at the urgent need for a paradigm shift in
agricultural sciences, exploring trans-disciplinary dimensions towards addressing
sustainability concerns. Costanza (2003) implies that that the main mainstream economics
had remained “autistic” – with little communication and interaction with other
disciplines, preoccupation with mathematical fantasy, language impairment in the context
of limited and specialized vocabulary, and excessive attachment to certain objects
(assumptions and models). Faced with real-world problems and an unpredictable future,
the solution to the problems that we face in the area of food security lies in getting more
and more into community participatory pathways towards ensuring sustainable
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agriculture based food security, which demands that agricultural sciences get into the
trans-disciplinary pathway, an under-current that runs through the discussion here.
It is indeed heartening to see that trans-disciplinary approaches towards problem-solving
in the area of natural resource management linked sustainable agriculture and food
security for all sections of the society traditional or otherwise is gaining larger societal
acceptance What started off as a participatory dialogue with the traditional societies of the
north-eastern hill region of India during the early 1970s (Ramakrishnan, 1992a) has now
snow-balled into very many community-linked international global initiatives: (i) with
UNESCO already promoting through its wide-ranging Man and Biosphere (MAB)
programme: (ii) IGBP/IHDP, two key international initiatives on ‘global change’
emphasizing upon societal learning process as the basis for humans ability to cope up with
increasing environmental uncertainties; (iii) IUBS initiated ‘Tropical Soil Biology &
Fertility’ (TSBF) programme, now having participation FAO participation on sustainable
soil fertility management issues; (iv) IUFRO emphasizing upon TEK as a tool for
sustainable forestry linked biodiversity management; and (v) FAO working now to have
‘Globally Important Agricultural Heritage Systems’ (GIAHS) sites identified for use as
learning grounds (Ramakrishnan, 2003) to address concerns centered around sustainable
agriculture!
It is heartening to see that what started off as a participatory dialogue with the traditional
societies of the north-eastern hill region of India during the early 1970s (Ramakrishnan,
1992a) has now snow-balled into very many community-linked international global
initiatives. Interestingly enough all these initiatives are extremely relevant for conservation
linked sustainable management of the ‘hotspot’ biodiversity regions such as Kerala,
Himalayan mountain systems including north-eastern hill region, which can set the pace
for sustainable agriculture linked food security, an area of study which is gaining more
and more global significance.
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Models on global warming indicate that rise in temperature on an average is likely to be
around 3oC by the end of this century. If rise in sea level happens as projected, the coastal
areas which are thickly populated will be in peril and for the existing population the safe
drinking water will be a great problem in addition to the damage to animal agriculture
like poultry due to global warming. Ozone depletion is also taking place at faster rate due
to man made interventions in the form of CFCs. The CFCs are used in a variety of
industrial, commercial, and household applications. These substances are non-toxic, nonflammable and non-reactive. They are used as coolants in commercial and home
refrigeration units, aerosol propellants and electronic cleaning solvents. The diurnal
variation of UV-B radiation recorded at KAU, Vellanikkara (Kerala, India) revealed that
the UV filtered radiation (>1MED) reaches the ground surface between 1030 h and 1430 h,
which may be detrimental to biological activities. The ozone loss leads to more UV
radiation reaching earth. It has the potential to increase incidence of skin cancer, cataracts
and damage to people’s immune system. In addition, mosquito transmitted diseases are
increasing year after year due to global warming. Little is known on impact of ozone
depletion and increasing UV-B radiation on ontogeny of tropical plants and human and
animal diseases since studies in this direction are very few. Because CFCs remain in the
atmosphere for100 years, continued accumulation of these chemicals pose ongoing threats,
even after their use is discontinued.
The State of Kerala also experiences decline in annual and monsoon rainfall and increase
in temperature. The mean annual maximum temperature over Kerala has risen by 0.6 oC,
the minimum temperature by 0.2oC and the average by 0.4oC between 1956 and 2004.
Increase in maximum temperature and decrease in minimum temperature were also
noticed at several locations and thus there is a threat to thermo sensitive crops and animal
agriculture like poultry. The maximum temperature shot even up to 40oC in Palghat
during February, 2004 due to absence of rains from November, 2003 onwards. The ever
highest maximum temperature of 41oC was recorded on April 26, 1950 at Palghat. The
year 1987 was the warmest year over Kerala. The decade 1981-90 was the driest decade
over Kerala due to failure of northeast monsoon and pre-monsoon showers during
summer. Severe summer droughts were noticed in 1983 and 2004, led to abnormal increase
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in maximum temperature during summer during the above two years. In contrast, the
monsoon behaviour in 2007 was totally different to that of previous years and heavy rains
were noticed from June to September, led to floods in low lying areas. The paddy crop in
Kuttanad belt was flooded and the final crop productivity as well as production was less.
The average yield of paddy in farmers` fields of Kuttanad, which is one of the rice bowls of
Kerala, was only 3.0 t/ha as against the expected harvest of 5.0 t/ha. Out of 9,118 ha of
total cultivated land, 5623 ha of paddy was damaged in the Alappuzha belt of Kuttanad
alone in Kharif 2007 due to floods. The prolonged rains also led to delay in “puncha”
sowing (second crop). The high acidic nature and salinity of the Kuttanad soil were
intensified due to floods and bund breaches during the monsoon season. To add to this
monsoon fury, the unusual summer rains from 13-23rd March, 2008 also devastated the
paddy production to a considerable extent in Alleppey District and Kole lands of Thrissur
District. More than one lakh tonnes of paddy were the loss during 2007-08 due to
occurrence of floods and unusual summer rains.
The State of Kerala has always been a food deficit State as it produced only 45 per cent the
rice it needed even in 1950s. The deficit gradually rose to 76 per cent in the end of last
century and now it is 85 per cent. It was attributed to decline in paddy lands and other
socio-economic factors in addition to the occurrence of floods. The area under paddy
cultivation was 7.6 lakh hectares in 1950s and it is now only 2.5 lakh hectares. Decrease in
wetlands might be also one of the reasons for frequent floods during rainy season and
summer droughts in recent years, resulting in food crisis and price rise when such weather
phenomena occur and re-occur.
The national economy is also mostly agrarian based and depends on onset of monsoon
and its further behaviour. The year 2002 was a classical example to show how Indian food
grains production depends on rainfall of July and it was declared as the all-India drought,
as the rainfall deficiency was 19% against the long period average of the country and 29%
of area was affected due to drought. The All-India drought is defined as the drought year
when the rainfall deficiency for the Country as a whole is more than 10% of normal and
more than 20% of the Country’s area is affected by drought conditions. The kharif food
grains production was adversely affected by a whopping fall of 19.1% due to all-India
drought during monsoon 2002. Similar was the case during all-India drought in 1979 and
1987. Rice production in India is likely to be adversely affected in 2009 also. It was due to
erratic monsoon behaviour and ended with 23 % rainfall deficiency, which was second
highest rainfall deficit year after 1972 in which the rainfall deficiency was 24 %. As a
whole, the Indian food grains production is likely to be less by 16 % due to deficit
monsoon rainfall of 2009. All these monsoon rainfall events reveal that the occurrence of
droughts during Southwest monsoon across the Country adversely affect the Indian food
grains production to a greater extent.
The occurrence of droughts and floods may be having direct impact on animal agriculture
like poultry as non availability of feed may lead to low egg production and mortality. Like
floods and droughts, the occurrence of heat waves on poultry is detrimental as low intake
of feed due to high maximum temperature lead to low egg production. The production
was less by 20.9% in poultry egg due to increase in maximum temperature by 2-8 o C
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during March 2004 in Himachal Pradesh (Rajendra Prasad and Ranbir Rana, 2006).
According to Natarajan (2006), mortality is high when birds are suddenly exposed to heat
wave conditions (air temperature touching mercury mark of 38oC and above) but it may
not be the case when acclimatization to higher temperature is gradual or when protective
measures are adapted anticipating the heat wave. Such high temperatures prevail in the
central part of Kerala as noticed recently in summer 2004 when severe drought occurred.
The requirement of egg production by 2020 in India is just above 30 million tonnes in
addition to the requirement of other crop and animal food as per the ICMR dietary
requirements for a balanced diet in tune to the expected human population increase. It is
to be achieved against the projected global warming of around 1oC by 2020 at the current
level of increase in CO2, which may lead to frequent occurrence of heat and cold waves
and floods and droughts. They adversely affect poultry health and production including
egg and meat production. Therefore, there is urgent need to climate change adaptation
strategies in animal agriculture like poultry production under projected climate change
scenario. As a part of adaptation strategy, farmers are advised to look into housing design
to cope up with weather extremes as a pro-active measure. Increase diet energy, stimulate
feed intake, body energy reserve, wet mash feeding, protein level correction with minerals
and vitamins supplement, electrolyte balance, provision of cool water with nipple type
and advance planning in diet change are some of the adaptation strategies against high
temperature according to Natarajan (2006). Under high humid and rainfall conditions,
sufficient stocking of the grains, good drying facilities and quality measures (mycotoxin
estimation) will not only safeguard the birds from a possible outbreak of mycotoxins but
also minimize the loss through reduced egg production and poor feed conversion. Poultry
breeders should produce genotypes which can tolerate higher levels of both biotic and
abiotic stresses through appropriate bio-safety and bio-security measures, mining and
blending of desired genes from wild and native poultry populations or from other animals
including microbes, selection of poultry for disease resistance, efficient feed conversion
and tolerance to humid and hot climatic conditions according to Yadav (2009). However,
animal agriculture requires immediate and substantial changes in regulation of production
practices and consumption patterns as emissions of GHGs are likely to increase and thus
leading to global warming.
It reveals that the occurrence of floods and droughts and heat and cold waves are common
across the world. The adverse impact of weather calamities on world economy is
tremendous in the form of food insecurity and increase in food prices. It is more so in
India as our economy is more dependent on Agriculture. Interestingly, weather extremes
of opposite in nature like cold and heat waves and floods and droughts are noticed within
the same year over the same region or in different regions across the Country. Reports
indicate that they are likely to increase in ensuing decades and food insecurity is likely
world-over. Therefore, there should be a determined effort from developed and
developing countries to make industrialisation environment-friendly by reducing
greenhouse gases pumping into the atmosphere. Awareness programmes on climate
change and its effects on various sectors viz., food security, health, infrastructure, water,
forestry, land and ocean biodiversity and sea level and the role played by human
interventions in climate change need to be taken up on priority. In the process, lifestyles
84

of people should also be changed so as not to harm earth-atmosphere continuum by
pumping greenhouse gases and CFCs into the atmosphere. Finally, we have to foresee the
weather extreme events and prepare ahead to combat them so that the losses can be
minimised. Therefore, strategies on mitigation and adaptation against weather extremes
are to be chalked out on war-footing. Similarly attempts are to be made to forewarn local
weather systems and weather extremes so as to minimise the human and crop losses. In
addition, weather insurance package to the farmers against weather related disasters
should be made compulsory and operational in an event of their occurrence. It will help
them to maintain their livelihood in an event of weather extremes that depend solely on
the income of Agriculture. It is the phenomenon even world over and thus there should be
a mechanism to sustain food security against weather calamities.
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Introduction
Climate change, summed up in terms of global warming, greenhouse effect and shifts in
weather patterns is recognized as the greatest twenty first century challenge to humanity.
We have been exposed to the various dimensions of the impending catastrophe through
summits, seminars and media for quite some time. Moreover, as a community we are
experiencing the short term detrimental effects in the form of water shortages and higher
frequencies in natural calamities like landslides, floods and hurricanes. The long-term
effects are more gradual that cause degradation of the environment and desertification of
arable lands ultimately leading to a situation where we have difficulty in growing enough
food. Inter-dependence of climate and agriculture is evident from the fact that agricultural
production systems are both potential sources and sinks for green house gases like carbon
dioxide, methane and nitrous oxide. Land use changes, burning of crop residues,
emissions from rice fields, enteric fermentation of ruminant animals and use of nitrogen
fertilizers are the main agricultural activities that release greenhouse gases into the
atmosphere. At the same time the plant biomass also serves as long term reservoir of
carbon that has been removed from the atmosphere through the process of biological
carbon sequestration by plants called photosynthesis. In addition, soils form the largest
terrestrial sink for carbon. But its ability to store or sequester carbon also depends on
factors like soil type, type of vegetation and management practices. Some research also
indicates that warmer temperatures can lengthen growing seasons resulting shift in
production patterns and increased carbon dioxide in the air resulting in higher yields from
some crops.
However, agriculture production as is practiced today accounts for about 32% of
greenhouse gas emissions annually which include deforestation to develop agriculture
land (Nelson, 2009). This exceeds the agricultural systems natural capacity to capture the
emissions making the production systems especially in the rain fed tropics most
vulnerable to the effects of climate change. Moreover, there are predictions that if the
agriculture activities are continued unabated it will result in climate driven water scarcity
and increases in droughts and floods. These natural calamities can cause yield falls of 50%
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by 2020 in rain-fed South African farms and by 30% in Central and South Asian countries
by 2050 (IPPC, 2007). The IPCC also estimates that at least 50 million additional people
will be at risk of hunger by 2020 as a result of the impact of climate change in agriculture.
Detrimental effects of climate change are already felt in many areas like food security;
biodiversity, agro-ecosystems; water resources; human health; human settlements and
migration patterns. In many of these contexts, women are more vulnerable to the effects of
climate change than men—primarily as they constitute the majority of the world’s poor
and are more dependent for their livelihood on natural resources that are threatened by
climate change. Furthermore, the socially enforced productive roles, unequal access to
resources, decision-making processes and limited mobility places women especially in
rural areas in a position where they are disproportionately affected by climate change.
However, as women live so intimately with the nature and are often responsible for food,
fuel, shelter, water and medicine in their families, women’s understanding of the climate
change transcends science, statistics and physical changes to include the socioeconomic
dimensions.
The paper attempts to draw attention to the socio-economic dimension by focusing on the
nature of vulnerability of women dependent on agriculture to climate change and the role
they can play in adapting to the predicted challenges in their livelihoods. It also examines
the gender-sensitive strategies required to respond to the environmental and humanitarian
crises caused by climate change.
Gender Dimensions in Agriculture
Women farmers play a central role in feeding the world and currently account for 45-80
per cent of all food production in developing countries. About two-thirds of the female
labour force in developing countries, and more than 90 percent in many African countries,
are engaged in agricultural work. In rural India, the nature and extent of involvement of
women differs with the variations in agro-production systems. Their roles range from
managers to landless labourers. In overall farm production, women's average contribution
is estimated at 55% to 66% of the total labour with percentages much higher in certain
regions (Venkateswaran, 1992). In the Indian Himalayas a pair of bullocks works 1064
hours, a man 1212 hours and a woman 3485 hours in a year on a one-hectare farm, a figure
which illustrates women's significant contribution to agricultural production (Singh and
Shiva, 1988). A gender assessment report indicated that in India 75 percent of all women
workers and 85 percent of all rural women workers are in agriculture (Agarwal, 2003:192).
Close to 33 percent of Indian cultivators and nearly 47 percent of agricultural workers are
women (Vepa, 2005). This feminization of agriculture is caused by increased casualization
of work, unprofitable crop production and distress migration of men to non-agricultural
sectors leaving women to take up low paid casual work in agriculture (Sujaya, 2006: 5). In
plantation sector women are the crucial labourers (Shivaram, 1988). Thus depending on
the region and crops, women's contributions vary but they provide pivotal labour from
planting to harvesting and post-harvest operations. In general the pattern is that poorer
the area, the higher women's contribution, largely as subsistence farmers, who farm small
pieces of land, often less than 0.2 hectares.
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The feminization of agriculture model in Asia is determined by two major factors. First,
compared to men, women have much poorer access, control and ownership of land and
other productive resources. They also have inadequate access to public services, such as
training, extension and credit. Technologies are often designed for irrigated land in
favorable areas than the complex diverse and risk prone farms of women. Second, the
present structure of rural society makes it difficult for all members of the household to
migrate, since cities have even more limited resources for masses of asset-poor- who lack
not only income but production-related assets, human capabilities, social capital and
physical assets as well. Therefore, the onus rests with the women to struggle for the
survival of her family in the face of challenges in environment and livelihoods.
Gendered Impact of Climate Change on Agriculture
Women in rural areas in developing countries are more vulnerable the impact of climate
changes as they are highly dependent on local natural resources for their livelihood. The
gendered impact of climate change in agriculture can be categorized under the following
four dimensions.
•
•
•
•

Livelihood and income security
Expertise & productive functions in food chain
Costs related to displacement & health hazards
Violence associated with displacement, devaluation and disempowerment

Livelihood and income security: Women being charged with the responsibility to secure
water, food and fuel for cooking face the greatest challenges. Climate change has already
begun to affect agricultural production and, consequently, women’s environments,
livelihoods and their ability to support their families’ nutritional needs. It has serious
ramifications in four dimensions of food security viz. food availability, food accessibility,
food utilization and food systems stability. The traditional food sources have become more
unpredictable and scarce. Related increases in food prices make food more inaccessible to
poor people, in particular to women and girls whose health has been found to decline
more than male health in times of food shortages.
Expertise & productive functions in food chain: In the rural areas of Africa and Asia,
women are the primary collectors of wood for fuel and water for household use. As
climate change exacerbates desertification, these resources will become increasingly scarce,
and make these tasks more difficult and time-consuming. Undependable rains and
receding water table had to take to casual labour from farming. Sharp decline in common
property land and the deterioration of the remaining land have jointly contributed to
hardship for the rural community, particularly for women of the poor households.
Deforestation has increased time and distance involved in grazing and collection of fuel
and food. Distance to forests or other sources of fuel have recorded increases ranging from
45 minutes to 5 hours in women's work time (World Bank, 1991). Moreover, it has also
threatened income generating opportunities for women by affecting livestock rearing and
collection of NTFP. Reduced or non-availability of NTFP has shifted women from selfemployment to wage employment.
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Violence associated with displacement, devaluation and disempowerment: According to
the Millennium Ecosystem Assessment, climate change is likely to become the dominant
driver for the loss of biodiversity that plays an in important role in climate change
adaptation and mitigation. Declining biodiversity not only affects the material welfare and
livelihoods; it also cripples access to security, resiliency, social relations, health, and
freedom of choices and actions for women.
Costs related to displacement & health hazards: Women are also highly vulnerable to
climate change-related natural disasters and epidemics. Women are more likely than men
to be killed by natural disasters such as cyclones, hurricanes, floods and heat waves, which
are on the rise as a result of climate change. A sample of 141 countries from 1981 to 2002
found such disasters kill more women than men or kill women at an earlier age than men.
Oxfam International reported that three-quarters of the fatalities in eight Indonesian
villages hit by tsunami in 2004 were women and girls. In the second most affected district
in India, Cuddalore, the proportion of female fatalities were as high as 90 percent.
Gender Sensitive Roles, Responses and Resistances
Many women due to their social roles as caretakers and their livelihoods as farmers, have
been observing and mitigating the impact of climate change for generations. Women’s
responsibilities in households and communities, as stewards of natural and household
resources, positions them well to contribute to livelihood strategies adapted to changing
environmental realities. Long before the issue garnered concern on the world stage,
women have been resisting, mitigating and even reversing the impacts of climate change,
primarily at the local level. Moreover, they do so in a way that reflects how it is connected
to the economy, livelihoods, health and social well-being and whenever the extent of
exploitation started threatening their survival they even came forward to lead community
struggles against it. Most of these were struggles for survival and include the Chipko and
Appiko movement, Green Belt Movement in Kenya, led by Wangari Maathai against
deforestation, Navadanya movement led by Vandana Siva for indigenous biodiversity
conservation in India, Narmada movement of Medha Patkar for habitat conservation,
Anne Kajir in Papua New Guinea for land rights and Mayilamma against corporate
exploitation. Today, many of them bring their experiences to legal and policymaking
spaces at local, national, regional and international levels that can be used in climate
change mitigation, disaster reduction and adaptation strategies.
Women can also spearhead the re-education of families by promoting zero-waste in
backyard, use of renewable forms of energy and have significant role in teaching children
to be environmentally friendly and promote recycling in our communities. They can also
encourage behavioural changes in children’s attitude towards economic development, one
that is respectful of the environment.
Building support networks for grassroots women on equal land rights and supporting
women’s groups who are working together to purchase land are important as they own
less than one-tenth of the agricultural lands. Through soil regeneration activities and
wasteland development, women can build productive assets while obtaining
supplementary employment. Landless women need to be organized into cooperatives to
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avail of existing government schemes for land development and the creation of fodder
farms and pasture land. Furthermore, women are often excluded from decision-making on
access to and the use of land and resources critical to their livelihoods. For these reasons,
it is important that the rights of rural women are ensured in regards to food security, nondiscriminatory access to resources, and equitable participation in decision-making
processes.
There is also the need to recognize the importance of placing women at the heart of
sustainable development. It will be a mistake to solve the climate change impacts without
integrating women in the process, or improving their status and economic empowerment
since women's management of local natural resources is critical. If the problem is to be
addressed, then the capacities of women who depend on the nature should be built on the
knowledge of the imminent danger. Therefore, it is recommended that among other things
the education of women on the effect of climate change on their socio-economic activities
as well as the provision of extension services to women farmers on appropriate
technological innovations, improved storage facilities and resource management services.
Given women's key role in agriculture, it is necessary that gender disaggregated data
become available for more countries and farming systems. It is fundamental for adaptation
efforts to provide local climate information and enhance meteorological and climatological
knowledge for which effective climate field schools can be employed.
Collaboration with rural women’s networks is crucial for the development of effective
climate change policies and their implementation. These networks can provide important
channels for sharing and disseminating information. Rural women should be included in
developing information materials and dissemination strategies, reflecting a participatory
approach to knowledge management.
CONCLUSION
Climate change will affect women and men differently, and these differences will have a
direct effect on the lives of families and communities. Adaptation and mitigation measures
should take advantage of gender analysis so that the needs of both women and men are
built into initiatives from the beginning. The linkages between climate change, agriculture,
and gender will continue to evolve and it’s important that gender be integrated into
climate change research. Planning and strategy development must put gender at the
forefront to avoid losing valuable time. The full integration of gender perspectives is
essential to effective action on all aspects of climate change, including adaptation,
mitigation, technology sharing, financing, and capacity building. The advancement of
women, their leadership and meaningful participation, and their engagement as equal
stakeholders in all climate related processes and implementation must be guaranteed.
Thus in avoiding the staggering consequences we should at least adopt an approach based
on the precautionary principle. The principle holds that if the potential consequences of an
action are severe or irreversible, in the absence of full scientific certainty the burden of
proof falls on those who advocate taking the action. Therefore the onus rests with the
thousands of scientists from hundreds of countries who are working on the scientific
aspects of climate change for not just proving this theory to be correct, but in advising on
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what action we must take. It definitely involves adapting our philosophies, economics,
and lifestyle, lest we suffer.
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CLIMATE CHALLENGES IN WATER RESOURCES SECTOR

Smt. Latha Kumari. A. Pillai,
Dy.Chief Engineer,
Kerala Water Authority

Water – Global scenario
Availability of freshwater is a matter of concern all over the world. In the global scenario,
the fresh water available for human consumption is only about 1 – 2% of the planet’s
existing fresh water. The Per capita availability has also reduced considerably to 6800 cum
in year 2000 from 16900cum in 1950. Thus the percapita water availability had decreased
more than half within a period of 50 years. The consumption of water also varies
depending on the level of economy. The water consumption of the poor is as little as 20
liters/day as against 400 liters of consumption by the rich. It is to be noted that about 1.1
billion people have no consistent access to improved drinking water and there are about
2.46 billion people who lack the basic sanitation facilities. Further, it is estimated that
about 6000 children are dying due to lack of the basic requirements of clean water and
sanitation every day. It is feared that more than half the world population will be water
stressed in 2015.
Irrigated agriculture consumes 75% of world’s fresh water resources.
Some of the
countries have quit cultivation as they can not meet the water demand for cultivating the
crop. Earlier, Saudi Arabia used to have wheat cultivation, but now they have resorted to
importing of wheat so as to reduce the water demand for cultivation. Thus, water demand
and availability has now become a problem of global concern.
Climate change impact in Water Sector
Climate change triggers warming of atmosphere and oceans causing variable weather
patterns and altered eco-system. Change in snow and ice cover causes flooding and
changes in river flow. Changing weather patterns alter patterns of rain fall and
temperature with consequences in runoff, surface and ground water storage, water
supplies, irrigation and sanitation.
There are instance of long term climatic changes in India. In 2000 BC, the Sahara Desert in
Rajasthan was a fertile land inhabited by humans in addition to other living things. It is
stated that about 1 lakh people lived in that area during that time. Long term changes in
the climate in the region have converted Sahara into a desert of the state we see today.
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Another long term change in the water scenario is Sea level changes. Sea level rise
resulting in beach erosion and sea water intrusion in costal areas lead to water borne
diseases and increased demand for water. Other impacts of climate change are more
evaporation from soil and plants, less water into rivers and aquifers, increase in the area
affected by droughts etc. Intense tropical cyclone activity, increased landslides and
mudflows, decrease in precipitation in most subtropical land region etc. are also some of
the associated issues.
Challenges in Water Resources Management
The major challenges in the Water resources management sector associated with the state
of environment can be listed out as follows.










Growing water demand due to changes in precipitation, runoff , evapotranspiration, ground water depletion
Drivers of change in demand also include population growth, land use change,
economic growth, technological change, agricultural production, house hold and
industrial use, human health and sanitation
Water quality degradation from urbanization, waste management, land use
patterns
Salination and inundation in costal areas
- Increased sea water erosion causes salination and inundation in the coastal
areas. Natural calamities like Tsunami; floods etc. are other challenges facing
the water resources sector.
Slower ground water recharge rates
Over exploitation of ground water
Increased cost of water supply and sanitation infrastructure
Administrators, Planners, policy makers and scientists have realized the necessity
of addressing the issues and several schemes and programmes have been
formulated and implemented by various departments, agencies etc to combat the
growing stress in the water resources sector. Some of the intervention and
adaptation strategies to tackle the problem are listed out here.

Intervention/ Adaptation Strategies









Information on use of water resources in various sectors and probable changes in
source water quality
Restriction on water misuse
Modern technologies for water recycling
o In countries like Singapore, waste water is recycled to meet fresh water
demand using modern technologies.
Watershed management on soil erosion
o Application of water shed management to prevent soil erosion include
mechanical measures such as condor bunding, and agronomic practices ..
Better understanding of ground water resources
Building physical infrastructure such as sea walls, river bunds etc.
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Climate proofing
o Climate proofing is a method to forecast global climatic changes. Using the
model, small changes happening in the climate in a short period of time
could be estimated in places such as Orissa & Rajasthan. The soil condition
was wad fit for cropping by adopting rainwater harvesting and other
methods.
Implementing water management associations
Institutional Strengthening of water resources sector
Rain water harvesting can be successfully implemented at low cost
Ground water recharge for irrigation wells. Protecting our ponds and backwaters is
very much essential to solve the heavy demand for water.
Adaptation of scientific methods of irrigation such as Drip and Sprinkle irrigation
Stabilization of river dynamics and water courses, Development of small scale and
community irrigation systems are ways to meet today’s growing water demand.
Water - National Scenario

Annual rainfall in the country in the year 2005 is estimated as 1208 mm. There are 12
major river basins in the country and the natural runoff is estimated as 1869 BCM
(Billion Cubic M). The utilizable surface water and groundwater are estimated as 690
BCM and 433 BCM respectively. The national percapita water availability that was 6800
cu m in 1947 has reduced drastically to 1720 cu m and the projection of percapita water
availability in 2015 is 1389 cu m.
India houses 16% of the world’s population with only 4% of the world’s water resources.
The percapita water storage is 213 m3 only as compared to 1111 m3 in China. 70% of the
all water drawn is used for agricultural consumption. It has been reported that, of the
5723 Blocks, 1600 are subjected to excessive groundwater exploitation.
Women are largely responsible for collecting and managing water resources in
developing countries, especially in rural areas. Rural women walk up to 6 km/day to
fetch water. They carry about 20 litters of water over their head resulting in health
problems, lack of time available to take care of children, inadequate food etc. Women
and girls are most vulnerable to water borne diseases. There are schools with no
sanitation facilities and girls even hesitate to go to school for lack of proper sanitation
facilities.
Water- Kerala Scenario
The state of Kerala has no major rivers. There are 4 medium and 40 minor rivers. The
average annual rainfall is 3000mm. Nearly 30% of the households depend on piped water
system and 70% on traditional surface and other systems. Kerala’s water sources also
include about 995 tanks and ponds, 236 springs and 510 rain harvesting structures
(Surangams in Kasargode district)
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Government of Kerala has released the water policy guidelines in July 2008. The policy
aims at the proper management and conservation of water resources. The salient features
of the policy are as follows.
 Access to clean water is a human right
 Ownership of water resides with the State
 Every citizen and community is responsible for its regulated use and conservation
 Demand-supply mismatch to be addressed by perspective planning and people
participation-- Kerala Water Authority and Local Bodies are implementing sectorwise reforms involving participation of each and every family. The schemes are
designed based on the community requirement, thus ensuring peoples participation
to address the demand- supply mismatch.
 ‘Polluter pays’ principle in all water sectors
Kerala State has prioritized the water allocation for different purposes as,
1.
Domestic, 2. Agriculture, 3. Power generation, 4.Agro based Industry, 5.Industrial and
Commercial and 6. Others. The future thrust is medium and small schemes in the
irrigation sector. Further policies include the following






Priority to fishing activities, prevention of salt water intrusion, drought
mitigation plans, Protection of wetlands, Conservation of forest, Master plans
for major rivers, Costal protection, Data management and information,
Research, Development, Training and Gender Equity
which can be
implemented through the corresponding departments.
Rain water harvesting to be promoted especially in coastal and high range
regions.
Rain water harvesting has been successfully installed in
Mithranikethan and Pothencode Ashramam, Trivandrum. The Kerala Water
Authority has installed water harvesting structures in some of the coastal
stretches of Kerala.
Quality of water for designated uses shall be ensured. The policy also stipulated
the necessity to ensure quality of water for domestic uses.

Challenges in Water Resource Management
It is estimated that there are around 50 lakhs of open wells in Kerala, of which 20% of the
wells are not in working condition. Due priority need to be given to renovate all
damaged wells. Also the water pumps should have the correct rating to avoid over
exploitation. Only quality pipes should be used. The open wells should be constructed
with platform and surrounding wall. The well should not be covered with asbestos sheet
and it should be ensured that no septic tank/ leach pit located with in a distance of 10
meter. Also the septic tank should be scientifically designed. The well should be cleaned
at least once in 6 months. Further measure to improve ground water storage include
protection of existing paddy fields, rivers, lakes etc and preventing indiscriminate sand
mining.
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The Domestic water consumption pattern in Kerala for urban purpose is given in table
below.
Domestic Water Consumption Pattern in Kerala
Purpose
1.
2.
3.
4.
5.
Total

Drinking, cooking and dish washing
Bathing
Toilet flushing
Washing clothes
Cleaning and gardening

Requirement in Liters/day
40
25
40
20
135

Role of women in the management of water resources
Though men are the leaders of household, women are the mangers of each house. Thus if
the women show a little expertise in the management of this vital resources a very
prominent and visible change can be effected in the management and efficient use of water
at household level, which will have its positive impact in the national and global scenario.
Following are the 10 commandments for practice of women folk for efficient use of water
at house hold level.
1. Do not use tap water directly .Store it in mugs, buckets, vessels just before use
2. Use waste/grey water for growing vegetables and fruits
3. Avoid concreting the courtyard
4. Take measures to collect and preserve rain water
5. Use drip/sprinkle irrigation wherever possible
6. Protect fresh water sources from contamination
7. Stop leaks. More than 10% water wasted due to leaking
8. Replace old toilets with models that use 1.6 gallons or less per flush
9. Water only what your plants need
10. Inform KWA when public taps leak
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CONCLUDING REMARKS & FEEDBACK
The two day national seminar on “Role of Women in Combating Climate Change”
organized by the Kerala State Council for Science, Technology and Environment, in
association with Department of Science and Technology (Government of India), concluded
on 08.01.2010. The Concluding session was chaired by Sri. T. Elangovan, Scientist G,
NATPAC and Dr. A. Komalavalli Amma, Chief Engineer (Rtd), Irrigation Dept., Govt. of
Kerala.
There was a general feeling among the participants in the seminar that, women are at the
receiving end of disproportionate burden of climate change. Though women play a very
crucial role in social, health, agriculture and energy conservation sectors, they are not
given adequate training or knowledge in tackling the impacts of climate change. The
seminar pointed out that women must be involved in policy planning programmes and in
the design, implementation and monitoring related to climate change issues, taking
advantage of their knowledge in agriculture, food security and water management etc.
Minister for Health, Family and Social Welfare, Smt. P.K. Sreemathy Teacher, in her
inaugural speech on 7th January 2010 pointed out that, analyzing the impacts of global
warming from a gender perspective is critical in addressing the issue and evolving
appropriate remedial measures.
10 technical presentations on climate change impacts on the daily lives of women and the
specific role women have to play in climate change mitigation were presented.
Dr. E.P. Yesodharan, the then Executive Vice President, KSCSTE, presided over the
function; Prof. J. Srinivasan, Chairman, Divecha Centre for Climate Change, Indian
Institute of Science, Bangalore; Prof. J. Letha, Principal, College of Engineering,
Trivandrum talked on the occasion.
Dr. K.R. Lekha, Head, Women Scientists Cell
and Dr. Ambili.S, Technical Officer, spoke on the occasion.
Prof. GSHLV Prasada Rao stressed the need for a mass women movement in climate
change mitigation on war- footing, especially in various sectors where ‘Kudumbasree’
should come into picture.
Dr. P.G. Latha, Scientist, TBGRI and Smt. Leena George, Deputy Director, IDRB, pointed
out that awareness programmes on climate change mitigation and adaptation should start
at school level and may be included as part of school curriculum.
Dr. Nisha, Scientist, NIIST, Trivandrum, pointed out that climate change mitigation action
plan should commence from every individual.
Smt. Latha Pillai, Executive Engineer, Kerala Water Authority,
commandments on efficient water use in the daily lives of people.
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proposed

10

Smt. Mini. Sukumar, Lecturer, Calicut University, specified the need for discussion on
Gender issues in development in specified areas so as to enable effective implementation.
Most of the participants in the seminar pointed out the need for constructing a model ecobuilding involving all aspects of climate change variable, so as to serve as a demonstration
piece.
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RECOMMENDATIONS

Based on the two–day deliberations and discussions, the following recommendations
are drawn in order to reduce the impact of climate change and to emphasize up on the
role of women in combating climate change
1. Awareness programmes on climate change mitigation and adaptation should start at
school level and may be included as part of school curriculum.
2. Detailed deliberations and discussions on specific sub-areas of Climate change need to
be carried out for evolving developmental strategy and its effective implementation.
3. The Science & Technology Council may take up a demonstration project on
construction of a model eco-building involving all aspects of climate change variables
4. Women must be involved in policy planning programmes, design, implementation and
monitoring etc. related to climate change issues, taking advantage of their knowledge
in agriculture, food security and water etc.,
5. Women must have equal access to skill development, market linkage, technology and
financial resources to effectively contribute in combating climate change.
6. Action plan on coping with climate-change need to address issues such as increasing
temperature, change in the chemistry of atmosphere and ocean, shift in water
availability and vegetation etc., on a gender perspective
7. Action plan on mitigation of Climate change should start from changes in the daily life
style and behavioral pattern of every individual which will lead to saving of energy and
resources and help in the reduction of greenhouse gas emissions. For this, government
departments and NGOs may organize more awareness programmes such as seminars,
workshops etc. to create awareness among all sections of the society, in particular,
women on their roles in natural resources management and the linkage between
gender and climate change.
8. There is an urgent need for a ‘Mass Women Movement’ in Climate Change Mitigation,
especially in various sectors were Kudumbasree should come into picture.
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