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FOREWORD

Climate change has been simultaneously at the periphery and centre of 
critical global and national decision making due to the urgency of its 
nature with the major challenge of a demand for decelerating economic 
growth. The impacts of climate change for India are large with extreme 
weather conditions, changing rainfall patterns, droughts, groundwater 
crisis, glacier melts, sea level rise posing challenges to agriculture and 
food security, energy security, water security and public health.

Climate change is the significant change or shift in the long term weather 
patterns due to natural or anthropogenic factors. The warming trend over 
large areas of earth surface since the beginning of 20th century has brought 
curiosity and attention of researchers, planners and policy makers around 
the world. This increase in temperature and its continuing trend along 
with the associated impacts on natural resources have become a serious 
concern of the global community irrespective of developed, developing 
and under developed countries.

The potential threats posed by climate change have been recognized by 
policy makers since at least the year 1988 when the UN General Assembly 
endorsed the Inter-governmental Panel on Climate Change (IPCC) on 
the request of its member countries. The United Nations Framework 
Convention on Climate Change (UNFCC) treaty was negotiated at 
the Earth Summit held at Rio de Janeiro in the year 1992. The treaty 
recognised that anthropogenic activities are behind climate change and 
that greenhouse gas emissions need to be checked to reduce its impact. 
This treaty was ratified and became effective since 1994. In 1997 came the 
Kyoto Protocol, which was a legally binding agreement. In the year 2010, 
in the Cancun Agreements, it was decided that the emissions should be 
curtailed to the pre-industrialisation levels.

Hence it is of utmost importance to mainstream the climate change 
mitigation and adaptation into the overall development plans of the 
Country since India is also facing a number of issues as a fall out of 
climate change. The State of Kerala with its long narrow coastal belt and 
the vast stretch of hilly terrain and forests in the Western Ghats region is 
also facing the impacts of climate change in the form of floods, draughts, 
loss of biodiversity and natural resources, impact on health, etc.

It is in this context that the Kerala Environment Congress organised by 
Centre for Environment and Development on the focal theme “Climate 



Change and Sustainable Development” assumes great importance. The 
KEC seeks to spearhead the message of climate change mitigation and 
adaptation strategy on different development sectors such as agriculture 
and food security, ecology and environment, ecosystems and biodiversity, 
urban planning, forestry, health, education, policy on coastal zone 
management, energy, water, etc.

The presentations and panel discussions during the event and the 
papers published in this Proceedings will go a long way to bring into 
focus the need for sustainability and awareness generation at every step 
by reminding the audience and readers of the impacts noticed and the 
probable future scenario if warnings are not heeded.

I hope that, like the earlier Congresses, this year too, this collection of 
research papers and articles will inspire scientists, academicians, policy 
makers, environmentalists, and the enlightened citizens contribute their 
might to the climate change mitigation and adaptation-the most important 
issue of the 21st century.

Dr. P. Rajendran
Vice-Chancellor

Kerala Agricultural University
Vellanikkara , Thrissur



The Centre for Environment and Development(CED) initiated the Kerala Environment 
Congress (KEC) in 2005 and has completed ten Congresses till date. The KEC was 
started with the objective of bringing together Scientists and Technologists,Policy 
Planners, Decision Makers, Development Managers and Students for sharing of 
knowledge, expertise and experience in subjects of high relevance to the sustainable 
development of the country. All the ten Congresses were organized on different 
focal themes which have high relevance in the environment conservation and 
management as well as the development of the society. The different sectoral areas 
covered under these KECs focused on the importance of development of the country 
without compromising the environmental aspects. 

At the outset, CED takes this opportunity to place our heartfelt gratitude to all the 
distinguished personalities, important institutions, organizations and government 
agencies for supporting us these years to organize the Kerala Environment Congress 
successfully. 

CED, an autonomous research, training and consultancy organisation established 
in 1993 at Thiruvananthapuram, Kerala is now expanded its coverage into twelve 
states in the country and has wide network and collaboration with many state, 
national and international agencies. CED has been focusing both on environment 
and development related sectors bringing complementarities, leading to sustainable 
development. CED is working with 6 Program Areas viz., (i) Natural Resources and 
Environment Management (ii) Water, Sanitation and Health (iii) Climate Change and 
Energy Studies (iv) Urban and Rural Studies (v) Culture and Heritage Studies and 
(vi) Information and Knowledge Management. 

CED is the Centre of Excellence of Ministry of Urban Development, Government of 
India on Solid Waste and Waste Water Management; National Key Resource Centre 
on Water and Sanitation of Ministry of Drinking Water and Sanitation, Government 
of India and Regional Resource Agency of Ministry of Environment and Forests, 
Government of India. CED is recognized as a Scientific and Industrial Research 
Organisation (SIRO) by the Department of Scientific and Industrial Research, 
Government of India. 

CED has its Eastern Regional Centre at Bhubaneswar, Odisha and Regional Centre 
at Hyderabad. The Centre has its activities spread over the states of Odisha, Andhra 
Pradesh, Telangana, Jharkhand, WestBengal, Maharashtra, Madhya Pradesh, Gujarat, 
Uttarakhand, Pondicherry, Jammu Kashmir apart from Kerala. CED is providing 
technical support to many local self government institutions in the country for 
Water Supply Engineering, Solid Waste Management, Wastewater Management, 
Preparation of GIS based Maps, Biodiversity Conservation, Urban Development, 
Energy and Environment Auditing, etc. CED has established Urban Reforms Cells 
in Andhra Pradesh and Telangana states to provide support in urban development, 
urban policy formulation and urban poverty alleviation programs. CED initiated the 
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Odisha Environment Congress jointly with Human Development Foundation and 
Regional Museum of Natural History in 2010 and has completed five Congresses. 

During the last 22 years, CED has completed nearly 100 research, consultancy and 
training projects supported by different national and international agencies like the 
World Bank, UNDP, JICA, ADB, RNE, IDRC, Ministry of Environment and Forests, 
Ministry of Urban Development, Ministry of Science and Technology, Ministry of 
New and Renewable Energy, Ministry of Drinking Water and Sanitation, Kerala 
State Council for Science, Technology and Environment, Local Self Government 
Department, Kerala, Department of Housing and Urban Development, Odisha, 
Department of Municipal Administration and Urban Development, Telangana, 
Department of Municipal Administration and Urban Development, Andhra Pradesh, 
Andhra Pradesh Pollution Control Board and many other agencies. 

The first Kerala Environment Congress was organised in 2005 at Kochi with the 
focal theme ‘Coastal and Marine Environment’ . The second Congress was held at 
Kozhikode in 2006 with the focal theme ‘Forest Resources of Kerala’ and the third 
KEC was organized in 2007 with ‘Wetlands of Kerala’ as the focal theme. The fourth 
Congress focused on the theme ‘Environmental Sanitation, Health and Hygiene’ and 
the first one was held in 2009 with the focal theme ‘Water Resources of Kerala’. 
The sixth, seventh and eighth Congresses were held in 2010, 2011 and 2012 with 
the focal themes ‘Solid and Liquid Waste Management’ , Energy and Environment 
and Agriculture and Environment respectively. The nineth Congress was held at 
Thiruvananthapuram with the focal theme “Culture, Heritage and Environment”.The 
last KEC was organized at Kochi with the focal theme “Water and Energy Security-
Issues, Challenges and Potentials” which was inaugurated by Dr A.P.J. Abdul Kalam, 
Hon’ble Former President of India. All the ten Congresses were well received by the 
researchers, academicians, research students and policy-decision makers. KEC has 
its uniqueness that it targets not only researchers and academic people, but also the 
policy-decision makers which helps to the translation of scientific knowledge and 
information in to the development agenda of the governments. 

This year’s Kerala Environment Congress (11th KEC) is being organized from 6th to 
8th May, 2015 at Mammen Mappila Town Hall, Kottayam, with the focal theme “ 
Climate Change and Sustainable Development”. The Congress include Key Note 
Address, and 15 Invited Paper Presentations, 16 research papers, 20 Presentations 
and Posters by young researchers to be considered for Young Scientist Award as well 
as 2 Presentations on the Open Forum topic. 

The Key Note Address of the Congress is dedicated to our beloved founder Chairman, 
Padmashree (Late) M.R.Kurup, who showed the path for development of CED in the 
initial critical stages which helped to growth of CED to its present stage. 

The Young Scientist Award is instituted by CED in the name of our former friend and 
colleague( Late) Dr R. Satheesh, who had contributed immensely in the environment 
research and development.

The final session of the Congress is an Open Forum in which we tries to discuss a 
topic of high relevance to the society and which can be taken up for implementation 
with the participation of the community. This Congress has taken up the topic 
“Community Managed Climate Change Initiatives-Urban Organic Farming”. We 
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invite people from all walks of life to participate in the Open Forum and intend 
to carry forward the suggestions and recommendations of the Open Forum with 
the participation of different individuals, institutions, governments and other 
organizations through networking and partnership . 

We expect nearly 300 researchers, policy experts, decision makers, students and 
development thinkers to actively participate and contribute in the Congress. 

This Proceedings Volume contains full papers of invited presentations, abstracts 
of research papers, presentations of students for Young Scientist Award and 
presentations on the theme of Open Forum prepared by eminent experts in the 
concerned fields. 

CED gratefully acknowledges the support of the Kerala State Council for Science, 
Technology and Environment, Government of Kerala for co-sponsoring the KEC. CED 
takes this opportunity to place our sincere gratitude to all the institutions and friends 
who supported us to organize this program and all the distinguished participants 
and other invitees who have been supporting us for the last eleven years to make this 
program a success. 

We hope that the deliberations in the Congress and the papers published in the 
Proceedings Volume will help to evolve a strategy for Climate Change Mitigation and 
Adaptation in the Country, the State of Kerala in particular.

Dr Babu Ambat 
Executive Director, CED 
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INTRODUCTION

Human energy use accounts for three quarters of greenhouse gas emissions globally. 
Transitioning to new energy systems lies at the core of any response to climate 
change. We will need to reduce emissions from our current energy production, 
transportation and utilization, deploy new low carbon energy sources at scale and 
make our energy systems resilient to the impacts of climate change. India is one of 
the most vulnerable countries to the impacts of climate change. With fossil fuels 
contributing to a large per cent of our energy needs, the situation becomes all the 
more precarious. Two thirds of our electricity is being generated by fossil fuel based 
power plants, especially of coal, and the existing power supply falls 10 per cent short 
during peak hours. In such a scenario, it is expected that there will be continued 
pressure on supply sources as well as on the financial situation in the coming years. 

In spite of brilliant stars in S&T for development, India is ranked 135th out of 187 
nations for Human Development Index in 2014 – falling in the 3rd category only. 
The major reasons for this are unabated poverty; inequalities including gender 
inequality; and poor environmental status. The fact that we have a large dependence 
on imported oil, and also coal imports in recent years, has implications on our energy 
security. There is not enough foreign exchange to import the needed amounts of oil, 
coal and natural gas. Thus in India ‘expansion of traditional energy infrastructure’ is 
becoming almost ‘impossible’ and transition to a democratic and sustainable energy 
mode is not just an ‘option’, but the only route to go.

CLIMATE CHANGE 

The geologic and tectonic history of India is very complex. It is reported that during 
the year 2004, more than 261 earthquake events occurred in this region before the 
devastating earthquake of 26th December 2004 and the tsunami that followed. There 
is an apparent seismic quiescence around the seas of India. This may change into 
extreme weather events occasionally. It is detrimental to the coastal region and 
Islands of India. India has 667 Islands in the Bay of Bengal and 508 in the Arabian 
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Sea. The total length of coastline of mainland India and Islands is 7516.6 km. We have 
a land area of 3,287,264 sq.km and territorial waters of 2,465,447.5 sq.km. Security 
of India’s coastline, stability of economic life and better governance in coastal region 
and the islands is highly significant (Sundaresan,2011)

The UNDP Human Development Report, 2007-08 reveals that developing nations 
near the equator will be much vulnerable to sea level rise. Sea level rise will be a 
pressing issue to countries in Asia. Based on the above analysis, coastal areas in 
India are more susceptible to sea level rise. There are many small Islands in Arabian 
Sea and Bay of Bengal. It is a fact that there is very high density of population living 
in close proximity to the coast. It is inferred that there will be increased coastal 
erosion, inundations, persistent storm events, shifts in wetlands, incursion of saline 
water into fresh water aquifers, migrations of coral reefs, mangroves, tidal flats, in 
the coastal environs of India. There are a few studies related to the impact of sea level 
rise on the fresh water aquifers of coast and Islands of India. The impact of Sea Level 
Rise (SLR) for a scenario of 20 cm has been predicted for the islands. There are many 
sector specific initiatives to study the climate change and the impact of sea level 
rise on the coastal environment of India. However, there is no attempt to assimilate 
integrated and reliable climate change contextual information that is useful and 
usable to local decision makers (Sundaresan,2011).

A very relevant study conducted by a Purdue University research group has found 
that climate change could influence monsoon dynamics and cause less summer 
precipitation, a delay in the start of monsoon season and longer breaks between the 
rainy periods. The South Asian summer monsoon very critical to agriculture in India 
could be weakened and delayed due to rising temperatures in the future, according 
to a recent climate modeling study. The model shows an eastward shift in monsoon 
circulation, which would mean more rainfall over the Indian Ocean, Bangladesh 
and Myanmar, and less over India, Nepal and Pakistan. Less moisture over the land 
in combination with the ambient dry summer air would lead to less moisture in the 
clouds and reduced rainfall.  The monsoon patterns will change both in the timing of 
the advent of rains and in the amount of precipitation. Figure 1 shows the expected 
changes in both these parameters across the country.

Kerala is acclaimed for its unique development trajectory leading to high human 
(social) development disproportionate to its economic growth. Kerala stands first 
in the UNDP’s ranking of states in Human Development Index for Indian States 
(Planning Commission, 2002; Council for Social Development, 2008). In per capita 
consumption, Kerala stands at the top though it ranks only fifth in per capita NSDP. 
Kerala has a fragile and closed ecosystem. There are both threats and opportunities 
for Kerala’s sustainable development. Threats include the following: State has 
the third highest population density in India (Kerala: 819, India: 324). Acute food 
insecurity and import of food grains are the other threats. Land hunger in the state 
for housing and livelihood leads to encroachment of forests and low lying wetlands. 
Due to heavy unemployment, the slogan of ‘industrial development at any cost’ gets 
support from the employers who are using polluting technologies, from the workers 
who apprehend job loss as also from the unemployed. Unregulated backwater 
tourism (house boats) and ‘eco’ tourism in the ecologically fragile lands thrive. Pro-
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environment lobbies are too weak, localized and fragmented. A major weakness of 
these movements is the lack of scientific and technical knowhow. The existing low 
industrial base allows for a strategy of future industrialization of the state using less 
energy intensive and low GHG emitting technologies. In Kerala, the emission rate 
of CO2 and other green-house gases (GHG) are low. Kerala has a critical eminence 
for Carbon Sequestration Potential. In the percentage of geographic area covered 
by forest, Kerala’s rank was the fourth (Kerala: 28.9%, India: 23.4%). The forests in 
Kerala are better protected than forests in other parts of India and they are rich in 
biodiversity too.

Fig 1 
Expected changes in summer convective precipitation and monsoon onset date in India

(Source: Loo et.al.,2014)

Temperature data for seven IMD stations of Kerala were collected from National 
Data Centre of IMD, Pune from 1956 to 2004. There was an increase in maximum 
temperature over Kerala by 0.64°C during the period of 49 years. Increase in 
minimum temperature was 0.23°C. Overall increase in annual average temperature 
was 0.44°C. It indicates a clear upward trend in surface air temperature of Kerala. 
According to India Meteorological Department between 1961 and 2003 the mean 
annual maximum temperature over Kerala has risen by 0.8 degree centigrade, The 
mean annual minimum temperature has risen by 0.2 degree Celsius and the average 
increase is 0.5 degree centigrade. 

Indian Network of Climate Change, in its assessment report of 2010 has mentioned 
that projections for 2030s indicate an all-round warming over the Indian subcontinent 
associated with GHG concentrations and the annual mean surface air temperature 
is projected to rise by 1.70C and 2.00C in 2030s. Based on that study, in the western 
coastal region, mean annual temperature is likely to increase from a minimum of 
26.8±0.40C to 27.5±0.40C in the 2030s. The study also highlights projections about 
precipitation pattern. Projections for the western coast indicate a variation in rainfall 
from 935±185.33mm to 1794±247mm, which is an increase of 6%–8% with respect 
to the 1970s an increase that is ranging from 69 to 109 mm. The winter rainfall 
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is projected to decrease on an average by 19 mm during the period January and 
February in 2030s with reference to 1970s. Rainfall data for the IMD stations of the 
State of Kerala for the period from 1871 to 2008 (140 years) revealed a declining trend 
in annual and southwest monsoon rainfall during the past 60 years and an increasing 
trend in post monsoon rainfall, indicating likely shifts in rainfall patterns. A study 
on seasonal precipitation pattern in Kerala during the five decades by Indrani Pal and 
Abir Al Tabba, 2008, showed that the seasonal extremes in rainfall cause floods and 
water scarcity which are indicators of climate change. Inundation of coastal areas 
is another effect of climate change. A study conducted at Kochi, estimates that the 
inundation area will be about 169 km2 of the coastal region surrounding Kochi for 
a 1.0 m rise in sea level. Since Kochi region covers the backwaters, a lot of inland 
areas far from the coast, but adjacent to the tidal creeks, backwaters and lakes will 
be inundated. This will cause considerable increase in the total area of inundation 
(USEIA, 2013).

The potential impacts of global climate change in coastal Kerala are salinity intrusion 
into aquifers and rise in salinity of wetlands. Studies indicate that fall in rainfall and 
sea level rise, along with other factors have resulted in salinity intrusion affecting 
ground water resources in the coastal districts of the state. It has also been observed 
that over-exploitation of ground water in certain stretches of Kerala coast has 
contributed to the entry of salinity into the coastal aquifers from the sea. Though 
this tendency is mainly observed during the summer months, when recharge is 
partially zero, there is a possibility for aggravation of the problem due to increase in 
withdrawal rate to cater to the requirements of dense coastal population. 

RENEWABLE ENERGY: AN OPTION TO MITIGATE CLIMATE CHANGE 

With a significant and sustained economic growth in recent years, India now ranks 
fourth in the world in terms of primary energy consumption [3]. However, despite 
the overall energy demand and capacity augmentation, nearly 306 million Indians 
do not have access to electricity. Presently, India’s energy demand is primarily 
met through fossil fuels like coal, gas and oil (Planning Commission, 2012), with 
a substantial amount of these fuels being imported. India’s fuel imports have been 
rising considerably over the last few years. For instance, coal import has doubled 
between 2010 and 2012 (68.9 Mt in 2010-11 and 145.8 Mt in 2012-13), resulting in 
broadening of the country’s financial deficit. Increased reliance on fossil fuels means 
enormous costs in the form of subsidies and increased import dependence.

Thus, there is an urgent need for speeding up growth and large-scale deployment 
of renewable energy technologies in order to address India’s energy security needs, 
bring down greenhouse gas (GHG) mitigation and moving towards low carbon 
development pathways. This critical issue has also been acknowledged by the 
Prime Minister’s Council on Climate Change in the National Action Plan on Climate 
Change. This can be gauged by the fact that a dedicated mission (Jawaharlal Nehru 
National Solar Mission) has been introduced in the action plan to promote renewable 
energy (solar) in India (CEEW and WWF, 2014). Under the aegis of this programme, 
India planned to deploy 20,000 MW of grid connected and 2,000 MW of off-grid 
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solar power capacity by 2022. The SPV target has been up ended by Prime Minister 
Narendra Modi to 100,000 MW. In addition, the programme targets to achieve 20 
million m2 of solar thermal collectors by the end of the final phase of the mission in 
2022.

Being a tropical country, India has great potential for the effective use of solar energy. 
Most parts of India have between 300 and 330 sunny days in a year (equivalent to 
over 5,000 trillion kWh per year of energy) that can be harnessed through heat and 
electricity. Likewise, several other renewable energy sources also have significant 
potential in India for power generation – wind (48,500 MW at 50 metres height and 
102,788 MW at 80 metres height), small hydro (19,500 MW), biomass (23,000 MW). 
These figures are based on studies conducted by Ministry of New and Renewable 
Energy (MNRE).

A report published by WWF-India and TERI, The Energy Report India – 100% 
Renewable Energy by 2050, suggests that a sustainable and renewable energy-based 
economy could theoretically be achieved, where, as much as 90 per cent of India’s 
total primary energy supply could technically be based on renewable sources (WWF-
India and TERI, 2013). Thus, renewable energy resources can offer environmentally 
and economically sustainable solution to deal with India’s growing energy needs. 
However, accelerated deployment and mainstreaming renewable energy projects 
require proactive and coordinated intervention by various stakeholders, including 
the state governments, local governments, private sector, financial institutions and 
NGOs.

The potential of renewable energy is not only limited to electricity generation, but 
also for a variety of applications (heating, cooling, mechanical and cooking) spanning 
across several sectors (residential, commercial and industrial). With the objective of 
promoting and creating awareness about renewable energy applications, WWF-India 
and CEEW also came out with a report titled RE+: Renewables beyond Electricity, 
which focused on the status and potential of 14 renewable energy applications 
(CEEW and WWF, 2014).

Biomass

Biomass has always been an important energy source for the country considering 
the benefits it offers. It is renewable, widely available, carbon-neutral and has the 
potential to provide significant employment in the rural areas. Biomass is also 
capable of providing firm energy. About 32% of the total primary energy use in the 
country is still derived from biomass and more than 70% of the country’s population 
depends upon it for its energy needs. MNRE has realized the potential and role of 
biomass energy in the Indian context and hence has initiated a number of programs 
for promotion of efficient technologies for its use in various sectors of the economy 
to ensure derivation of maximum benefits. Biomass power generation in India is 
an industry that attracts investments of over Rs. 600 crore every year, generating 
more than 5,000 million units of electricity and yearly employment of more than 10 
million man-days in the rural areas. For the efficient utilization of biomass, bagasse 
based cogeneration in sugar mills and biomass power generation have been taken up 
under biomass power and cogeneration program.
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In addition to the Biomass Power Program, Ministry is also implementing a MNRE 
– UNDP GEF assisted Project on “Removal of Barriers to Biomass Power Generation 
in India.” The aim of the Project is to accelerate the adoption of environmentally 
sustainable biomass power technologies by removing the barriers identified, thereby 
laying the foundation for the large scale commercialization of biomass power 
through increased access to financing. The Biomass Conversion Technologies that 
are proposed to be deployed in establishment of Model Investment Projects (MIPs) 
are – Combustion, Gasification and Cogeneration using different types of captive and 
distributed biomass resources. 

85% of rural India still uses firewood, crop residue or cow dung as fuel for cooking. 
Even in urban India, proportion of those using LPG is under two-thirds. The thermal 
(energy) efficiency of these traditional sources is very low (15%) and use of these 
is estimated to cause around 400,000 premature annual deaths due to various 
respiratory problems (Bikramjit and Indranil, 2014). 

In Kerala, 20 lakh homes use around 5 kg of firewood per day. If every household 
can save 2 kg per day and a Panchayat level Biomass Gasifier of 0.5 MW capacity are 
in operation, this locally saved firewood can give 4000 kWh of energy per day. The 
amount of firewood thus saved can amount to around 7 tonnes per panchayat.

Similarly savings can also be done in restaurants throughout Kerala. Approximately 
5000 restaurants using average of 20 Tonnes of firewood per month, can target to 
save 15 Tonne/eatery/month which corresponds to having a daily energy generation 
of 1.5 Million kWh and 60 MW of power using biomass gasifier technology. 

The disposal and treatment of waste can produce emissions of several greenhouse 
gases (GHGs), which contribute to global climate change. The most significant GHG 
gas produced from waste is methane. It is released during the breakdown of organic 
matter in landfills. Other forms of waste disposal also produce GHGs but these are 
mainly in the form of carbon dioxide (a less powerful GHG). Even the recycling of 
waste produces some emissions (although these are offset by the reduction in fossil 
fuels that would be required to obtain new raw materials). In Kerala around 1400 
tonnes of wet waste per day is produced polluting cities and towns. Through high 
performance temperature controlled (HPTC) digesters, these can be converted to up 
to 80 MW of electricity and manure. If not used for power, this can give the by-
product methane that can be used for cooking or heating.

A number of such innovative and technologically advanced solutions should be 
wrought out and implemented efficiently in Kerala. These have the potential to be 
more efficient than conventional processes and can offer a range of different types of 
energy from bio-based wastes, including wood waste and municipal wastes.

THE ROAD AHEAD FOR KERALA: RENEWABLE ENERGY

For energy secure Kerala in a sustainable manner, it is crucial to explore new 
alternatives such as Solar, Wind and ‘New Biomass’. High emphasis on conservation, 
energy management and energy efficiency is essential and latest technologies like 
Gasity saved biomass for heat/electricity should be introduced into mainstream. 
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The share of renewable energy to total capacity in Kerala is only 2.5% now and this 
definitely should be increased to ensure independence from conventional energy 
systems. Based on a study conducted by WWF and WISE, the Energy Demand 
Foresight for Kerala for the period from 2011 to 2050 is given in Table 1.

Table 1 
Energy Demand Foresight for Kerala (WISE and WWF, 2013)

Energy Demand (BAU)/
Energy Demand (Curtailed)

2011 
(PJ)

2020 
(PJ)

2030 
(PJ)

2040 
(PJ)

2050 
(PJ)

1 Transport 128.2 225.2
204.8 

329.3
208.8 

520.9
253.3 

853.5
313.7 

2 Domestic 54.4 66.7
63.4 

94.5
63.9 

131.0
73.3 

169.3
87.7 

3 Commercial 12.2 27.0
20.6 

53.0
36.0 

88.7
49.2 

134.1
54.1 

4 Industry 48.3 75.5
81.0 

90.0
79.3 

104.8
73.9 

119.7
63.0 

5 Agriculture 2.0 2.2
2.0 

2.5
1.8 

2.7
1.8 

2.8
1.8 

6 Public & Bulk 2.6 4.1
3.0 

6.8
5.1 

10.5
8.0 

15.1
11.6 

Total (PJ or Peta Jules) 247.7 400.8
374.8 

576.2
395.1 

858.6
459.5 

1294.5
531.8 

Kerala has an Average Global Solar Irradiance of 1639 kWh/m2/yr which is well 
above the minimum required for feasibility of Solar Photovoltaics which is 1500 
kWh/m2/yr. Commercial generation potential in Kerala is greater than 18,000 MW 
as commercial SPV of 50 MW/sq.km is possible. There will be not less than 80 sq. 
km wastelands and 50 sq. kms of grassland. A study conducted by WISE, Pune has 
reported that 50% of roofs in villages are shade free and 30% partially shaded; the 
percentages are 70% and 20% in urban areas.

Terraced roofs can have 3 kW SPV plant whereas Tiled/Asbestos/GI sheet roofs can 
have 1 kW plant. Rooftops alone can generate greater than 6000 MW in rural and 
7000 MW in urban areas. Business As Usual we might need around 10,000 MW. If 
one lakh roof top solar power units can be installed each of 1.4 kW at Rs 2,80,000, 
in 10 years SPV will reach greater than 1 million homes. Such systems can harness 
6.5 units (kWh/day) which accrues to 200 units/month. With a subsidy of Rs 80,000, 
the net cost gets reduced to Rs 2,00,000. If this model is followed, we will be able to 
install 1400 MW capacity of SPV in 10 years. This will provide employment to many 
and this shift to SPV will ensure we have a climate resilient system in place which 
can provide Quality power to users and up to 18% of energy loss can be curtailed.

The above program should be implemented along with other community and utility 
driven programmes. For rural poor population of Kerala micro inverter based 400 W 
SPV units is apt. Also all remote rural homes, government offices, shops and other 
enterprises should be equipped with Day Use Systems working with Solar Power. 
Kerala State Electricity Board should actively involve and husband Renewable 
Energy Systems.
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To augment and provide support to solar energy systems, Wind and efficient Hydro 
programs should also be planned. 600 MW of small, mini and micro hydro programs 
can harness 2000 MU of energy per day. Wind energy can contribute to the mix 
a support of 800 MW power. If this strategy is followed, within 10 year time an 
addition of 3400 MW of power is possible; this can avoid energy shortage completely 
with sufficient ‘spinning reserve’ to ensure reliable power supply to whole of Kerala.

CONCLUSION

The pace of development in the field of power and energy is exponential, whereas we 
still depend on 20th century tools – coal, oil, gas and water to meet our electricity and 
cooking needs. 300 million plus Indians have no access to commercial energy and 
65% of households have no access to modern cooking energy sources. For a growth 
rate of 8-10% India needs three to four times more energy than it is able to provide 
now. In lieu of climate change and environmental impacts of conventional energy 
sources it is time we shift to Green Technologies and rely on energy that will meet 
the needs of the present, without compromising the ability of future generations to 
meet their own needs; it is high time we shift to Sustainable Energy.

For ensuring energy security in Kerala, certain technology interventions and 
strategies are outlined in this paper. By following this strategy, it is possible to find 
enough modern distributed energy sources within the state. Energy flows either way 
from districts/panchayats can be reduced to the minimum. Being a coastal state, in 
the coming years petroleum oils replacement with Green Crude from micro algae 
produced using salty or brackish water, sunshine and Carbon dioxide should meet 
all needs in transportation etc. Water Hyacinth, Opuntia and other biomass to be 
exploited and New Wave Power technologies, new Small Hydro Power technologies 
are to be utilised. New energy storage devices and strategies; new SPV technologies 
etc emerging as of now should be used additionally. Distributed Generation & Secure 
Micro Grids will be the norm in future. Also legislative and legal policies should aid 
in proliferation of renewable energy sources into the generation mix. 
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INTRODUCTION

Water security may be broadly defined as the assured availability of a reliable 
quantity and quality of water for livelihood – food, health, energy production 
and ecosystem services, coupled with an acceptable level of water-related risks. 
Sustainable development in any sector directly or indirectly depends on water 
security in the region, watershed or river basin. Water security also means addressing 
environmental protection and the negative impacts of poor management. It is also 
concerned with ending fragmented responsibility for water and integrating water 
resources management across all sectors – planning, finance, agriculture, energy, 
tourism, industry, education and health. Water along with food and energy forms a 
critical part of the ‘new security agenda’ and redefines the understanding of security 
as a basis for policy-response and long-term planning. A water secure world reduces 
poverty, advances education, and increases living standards. It is our aspiration to 
see a world where there is an improved quality of life for all, especially for the most 
vulnerable – women and children – who benefit most from good water governance. 
We may look at global, national and state level water security from this angle, 
considering the added task brought in by the climate change to the water managers. 

It is observed that global surface temperature has been increasing progressively 
during the past three decades. With the increase in temperature and consequent 
thermodynamic effects, the frequency and intensity of rainfall as well as its spatial 
and temporal distribution pattern is expected to undergo considerable changes. The 
intensification of global hydrological cycle is bound to have major impacts on regional, 
river basin or watershed level water balance, which in turn will affect domestic and 
industrial water supply, irrigation and even health of different ecosystems depending 
on water. The changes to cryosphere are supposed to have their impact on polar areas 
and high altitude regions. The predicted sea level rise will trigger salinity intrusion 
in to the rivers and coastal wetlands and aquifers (IUCN, 1980). 

Water Security Issues in the  
Context of Climate Change

Dr. E.J. James
Distinguished Professor, Water Institute, Karunya University, Coimbatore 641114 
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IMPACT OF CLIMATE CHANGE ON HYDROLOGIC PROCESSES

Uncertainties

First of all, there are several uncertainties with regard to the impact of climate change 
on hydrology and water resources. As such, changes in frequency of extremes and 
more intense extremes are predicted. There may be impact on ecosystem health and 
the growth and spread of water related diseases. Coping with climate change is a 
formidable task. ‘System Earth’ is a non-linear one and evaporation and precipitation 
are not uniform, and it is difficult to predict the impact of climate change on already 
limited fresh water resources – both ground and surface. However, an understanding 
of uncertainties surrounding difficult scenarios is important for water resources 
managers to cope up with the situation. 

Observations

The observations on climate change presented here are mainly based on the Fifth 
Assessment Report of IPCC, 2013. Each of the past three decades has been warmer 
than all the previous decades based on the available records; the last decade has been 
the warmest. The combined data on land and ocean temperature show an increase of 
about 0.89°C during the period 1901 – 2012. The warming from 1850 – 1900 to 1986 
– 2005 has been 0.61°C. It is virtually certain that the upper ocean has warmed from 
1971 to 2010, and likely that it has warmed from 1870s to 1971 also.

The earth has been in a radiation imbalance, with more energy from the sun entering 
than existing in the top of the atmosphere, since at least 1970. It is also likely that 
the circulation features have moved pole-ward since 1970s, thereby widening the 
tropical belt. Recent observations world over has strengthened the evidence for 
variability in major ocean circulation systems on time scales from years to decades. 

The time series analysis does not show much of change in land-based precipitation 
since 1900. However, mid-latitude areas in the northern hemisphere do show a likely 
overall increase in precipitation. Saline surface water in the evaporation-dominated 
mid-latitudes has become more saline, while relatively fresh surface waters in 
rainfall-dominated topical and polar regions have become fresher. 

Sea ice extent decreased over the period 1979 – 2012; the rate of annual decrease 
has been between 3.5 and 4.1%. The annual period of surface melt on Arctic Sea 
ice lengthened by 5.7 days per decade over the period 1979 – 2012. Overall, glaciers 
have continued to shrink as understood from time series measured changes in glacier 
length, area, volume and mass. Satellite remote sensing was mainly used for such 
studies. The Greenland ice sheet has lost ice during the last two decades as also 
Antarctic ice sheet as a whole. In general, the summer melt has increased over the 
last two decades.

The number of warm days and nights has increased between 1951 and 2010. The 
number of heavy precipitation events overland has increased in more regions than it 
has decreased. Occurrence of drought of higher magnitudes and longer duration are 
observed since 1900. The floods in India have been comparable or have surpassed 
historical floods in frequency / magnitude during the recent past. 
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Because the saturation vapour pressure of air increases with temperature, it is 
expected that the amount of water vapour suspended in air will increase with warming 
climate. There has been difficulty in sampling precipitation since precipitation will 
have a smaller fractional change than the water vapour content of air as the climate 
warms. Much of change in land-based precipitation is not observed since 1900. 
The global scale precipitation changes are often influenced by human interference, 
including increases in precipitation in mid to high latitudes of northern hemisphere. 

Where increased winter temperatures are observed, there has been a decrease in 
number of snowfall events. This is observed in the northern hemisphere during the 
past 9 decades. Changes in global river runoff have not been significant. 

Projection of Changes

On a global scale, precipitation is projected to gradually increase in the present 
century. However, the rate of increase would be much smaller. The changes in 
average precipitation in much warmer world is not going to be uniform, with some 
regions experiencing increases and others reduction and still some others not 
experiencing any change at all. The warming high latitudes will experience more 
amount of precipitation. Mid-latitude and semi-arid regions will likely experience 
less precipitation. The largest precipitation changes over northern Eurasia and North 
America are projected to occur in winter. 

The regional to global scale projections of soil moisture and drought remain relatively 
uncertain. However, drying of Mediterranean, south-western US and South Africa 
regions are consistent with the projected changes. Decrease in runoff is likely in 
southern Europe and West Asia.

There are several uncertainties while projecting the future scenarios, important ones 
being: 

•	 Levels of emission of greenhouse gases in different decades of the 21st century 
are not known.

•	 Knowledge on future socio-economic, political and technological changes is 
limited.

•	 Variability within climate system from year to year is difficult to predict.

However, reliability of General Climate Models (GCM) has increased and some 
of them are well demonstrated. Precipitation is secondary in GCMs and is poorly 
represented.

Heavy precipitation systems frequently occur on scales that are very small. Often, 
it is difficult to have regional information. Statistical downscaling and the use of 
empirical relationships may help in generating regional information. Dynamical 
downscaling may help in embedding high resolution Regional Climate Model (RCM) 
within GCM. The probabilistic approach definitely brings science into the realm of 
risk assessment.

IPCC addresses uncertainty by considering a variety of different scenarios. According 
to IPCC, higher maximum temperature and more hot days are likely now and very 
likely in future, contributing to reduction in water resources. Higher minimum 
temperature and fewer cold days and frost days are very likely now and in future 
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which may reduce the available water resources. Increases in heat index over land 
areas are very likely in many areas now and in most areas in future, which increase 
will bring down water resources. More intensive precipitation events are experienced 
over many parts of northern hemisphere and will be experienced in many areas in 
future, causing more frequent and severe floods. There has been increased summer 
continental drying and associated risk of drought in a few areas which may spread to 
most mid-latitude continental interiors, causing severe droughts. Increases in mean 
and peak precipitation intensities in tropical cyclone will cause more frequent and 
severe floods in India. It is observed that there is an increasing trend in surface 
temperature and there is no significant trend in rainfall on an all India basis. 
However, decreasing or increasing trends are clearly observed with regard to rainfall 
in some specific regions.

The Himalayas encompass the third largest glacier system in the world, after 
Antarctica and Greenland. They are estimated to store freshwater stocks of 12 billion 
cubic meters, but have been observed to be shrinking rather fast. Studies have shown 
that most glaciers in the Himalayas and the Karakorum region are in a receding 
mode. These glaciers are retreating with an average rate of 18m – 20m/year. The 
Himalayan water resources have been estimated differently by different researches; 
a conservative estimate places it at 500 cubic kilometer. 

IPCC Report (2007) states : “All regions of the world show an overall net negative 
impact of climate change on water resources and fresh water ecosystems. Areas in 
which runoff is projected to decline are likely to face a reduction in the value of the 
services provided by water resources systems. The beneficial impacts of increased 
amounts of runoff in other areas are likely to be tempered in some areas by negative 
effects of increased precipitation, variability and seasonal runoff shifts on water 
supply, water quality and flood risks”.

CLIMATE CHANGE AND CHALLENGES IN WATER MANAGEMNT

It is reported that the average global surface temperature may increase by 1.4 –30 C 
from 1990 to2100 for low emission scenarios and by 2.5 -5.80 C for high emission 
scenarios of greenhouse gases in the atmosphere. Over this period, the rise in mean 
sea level is projected anywhere between 9 cm and 88 cm (Mall et al, 2006). 

The increase in temperature will lead to more evaporation and ‘intensification’ of 
hydrologic cycle. With the increase in temperature and consequent thermodynamic 
effects, the earth is going to face considerable changes in its atmospheric water 
storage and precipitation pattern. The frequency and intensity of rainfall as well as 
spatial and temporal distribution pattern will undergo considerable changes.

The intensification of global hydrologic cycle is bound to have major impacts on 
regional, river basin, watershed water balance. The changes in the frequency and 
intensity of precipitation will directly affect the magnitude and timing of runoff 
and the intensity of floods and droughts. Winter rainfall may increase and summer 
rainfall decrease; it is reported that this decrease may be 30-50 per cent by 2080. 
There may also be inter-annual variability. Marked changes in seasonal river flows 
will adversely affect all important aquatic ecosystems. The low flow events will 
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increase. Reservoir supplies may reduce, thereby creating problems to irrigation, 
hydropower generation and domestic and industrial water supply.

If all the above mentioned changes take place, there will be soil moisture depletion, 
variation in infiltration phenomenon and lowering of ground water table. Drier 
regions will be more sensitive to such changes.

Multiple-year droughts could be more intense and water resources systems already 
under strain will be under severe strain. The effect of dry summers associated with 
the risk of drought will be pronounced in mid- latitude continental interiors. Small 
islands and coastal zones will be under threat due to extreme events and especially 
the predicted sea level rise. The impact on water quality may be severe. There can 
be more algal bloom. More storm surges are expected, leading to more sediments 
entering into the river mouths.

WATER SECURITY IN INDIA: PRESENT AND FUTURE SCENARIOS

Water Problems Defined

The major challenges to the water management of India are the spatial and temporal 
variation of water availability, growing population, booming economy and the 
subsequent changes in water use pattern, failure to build water partnerships and the 
over-enthusiasm of government departments to control the activities in the water 
management sector through their inefficient organizational structure and procedural 
mechanisms. The era of infrastructure development after Independence was followed 
by an era of inefficient operation and maintenance of these water assets. There is 
also paucity of fund to maintain the existing systems and to enhance the potential. 
The slow pace in water resources management has its impact on the economy of 
the country and the welfare of the people. The failures of government made the 
communities to go for alternatives, which were not often scientifically planned and 
implemented. There has also been a reluctance to build up on the lessons learnt 
from the past or from the experiences of other countries involved in solving similar 
problems. The assets of the country, namely the community, private sector and 
innovative attitude were not properly made use of in the water sector. 

Water Resources Status and Utilization Pattern

India receives an average annual precipitation of 4000 BMC, including snowfall. 
The average annual water potential of the rivers of the country is 1869 BMC. It is 
estimated that the total utilizable surface and ground water potential is 690 BMC 
and 432 BMC respectively, adding up to 1122 BMC. The rainfall in India is highly 
seasonal and 50% of this is received in just 15 days; 90% of the rivers are seasonal 
and flow only for around 4 months (World Bank, 2005).

The growth in population and the changes in water use pattern mainly due to 
development are responsible for the escalation of water demand in the domestic and 
industrial sectors. The per capita water consumption is assumed to increase from 85 
LPCD to 125 and 170 LPCD in 2025 and 2050 respectively. There are several urban 
and rural pockets in India where people are not having access to potable water. The 
present water demand for domestic purpose is estimated to be 42 BMC, which would 
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go up to 107 BMC in 2050. According to certain official estimates, water supply and 
sanitation coverage is 89% and 34% respectively (CWC, 2003). However, actual field 
conditions indicate that the country has to go a long way to fulfill the millennium 
development goals.

An estimate made by the National Commission on Integrated Water Resources 
Development (NCIWRD, 1999) has projected the industrial water demand to 30, 101 
and 151 BMC in 2000, 2025 and 2050 respectively. An analysis considering global 
trends shows much higher values. 

There have been several attempts to construct large-scale water storage structures 
after the independence to help the agrarian community and also to increase food 
production. This trend was started even during the colonial period as evidenced by 
the evolution of a tradition in irrigation in the Indo-Gangectic plain of the north and 
the construction of structures like the Mullaperiyar dam, more than a century ago 
in the far south. The live storage capacity of the country is estimated at 418.05 BMC 
and the capacity of completed, under-construction and under-consideration projects 
are 220.76, 84.32 and 112.97 BMC respectively (CWC, 2004). The initiatives in India 
during the first Five Year Plan periods have considerably helped in food security 
and poverty reduction especially in water-scarce areas. Major and medium projects 
completed during the pre-plan period, up to the Ninth Plan and ongoing in the 
Tenth Plan are 217, 928 and 383 respectively. All these considerably helped in the 
Green Revolution, which transformed India from a country with food grain deficit 
to one with food surplus. But, most of these projects were not properly operated 
and maintained and therefore call for large investments to make them functional in 
future. The tendency has been to “build-neglect-rebuild”.

The irrigation potential at the time of independence was 22.6 Mha. The ultimate 
irrigation potential of the country is 114 Mha of which 109 Mha has been already 
created and 85 Mha utilized. The total irrigation potential created so far through 
major and medium surface water projects work out to 37 Mha and utilized is 31 
Mha. Surface water based minor irrigation projects created a potential of 18 Mha 
of which 14 Mha is utilized. Groundwater based minor irrigation projects created a 
potential of 55 Mha of which 44 Mha is utilized. Around 240 projects are included 
in the Command Area Development (CAD) programme with a culturable command 
area of 23 Mha and total irrigation potential of 22 Mha. Gross and net area irrigated 
as per the statistics of 2000 has been 76 Mha and 57 Mha respectively. Canals, tanks, 
wells and other sources cater to an area of 18, 3, 34, 3 Mha respectively. Food grain 
production from 122 Mha in the country works out to 212 million tons. The food 
security of the country is very much dependent on the most important input to 
agriculture, namely water. 

The quality and quantity of water for the aquatic eco-systems are at a low level. 
This has led to more demand for the purposes of environment and ecosystem 
management. Certain estimates show that minimum flow requirement of 12-30% of 
the mean annual run-off is needed for this purpose; one estimate shows 46% for the 
Brahmaputra basin and another estimate shows 7% for the Mahi basin. 
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Comparative Picture of Water Management Practices

The people of India were adapted to the vagaries of rainfall and variations in water 
availability. As a community, they lived on the banks of rivers in the past. The Indus 
valley civilization and the hymns pertaining to the Seven Rivers of North-West India 
as well as the statements in the epics highlight their dependence on rivers. They 
developed several management practices suitable for their habitat, making use of 
their imagination and innovativeness. The tanks of Tamil Nadu and Karnataka, 
surangams (horizontal wells) of Kerala, tankas of Rajasthan, bamboo based rainwater 
harvesting structures of the North East and the checkdams constructed at different 
parts of the country as reflected in Kautilya’s Arthashasthra are all pointers to the 
ingenuity of the Indians in the past in conserving and optimally utilizing the water 
resources. However, increasing population and economic boom presented several 
challenges to the water managers. 

During the past seven decades, India has heavily invested on large-scale water 
resource development schemes. These schemes have helped to a great extent in 
achieving food security, upliftment of the poor and enhancing the national economy. 
Certain arid zones prospered and recorded high economic growth. It is observed that 
poverty in irrigated districts is one-third that of un-irrigated districts. The first Prime 
Minister of India rightly called dams as the ‘temples of modern India’. People in the 
arid zones especially the poor and agrarian community, have considerably gained 
from these initiatives during the early periods of Five Year Plans.

It may be observed that rich countries in the arid region like the US and Australia 
have stored 5000 cubic meters per capita, while developing countries like China, 
South Africa and Mexico have storage capacities of 1000 cubic meters per capita. 
India’s water storage capacity is only 200 cubic meters per person, which according 
to World Bank report (2005) is only 30 days of rainfall, compared to 900 days in 
major river basins of developed countries in the arid zones. 

The report on India’s Water Economy by the World Bank (2005) highlights that while 
industrialized countries harness 80% of their economically viable hydro-power 
potential, India has utilized only 20%, despite its large potential in the Himalayan 
region and increasing need for power. At present, only 17% of electricity generation 
is met by hydro, though it is comparatively environment-friendly. 

Challenges Faced by Water Managers

There has been a general consensus that the water management systems in the 
country are not sustainable and require considerable paradigm shift. The way it is 
generally managed by the government, lack of coordination among the stakeholder 
departments and users and the lacuna in the organizational and procedural 
mechanisms have adversely affected water management sector in the country. The 
government with its tax revenues and water cess may find it difficult to manage 
the systems without the support of the stakeholders and private sector. Instead of 
the role of provider, government has to play the role of a watchdog and facilitator. 
Not only that finances are not available either to operate and maintain the existing 
infrastructure, but also funds are not available to go for new infrastructure. This will 
lead to a condition where economic growth dwindles, because of lack of adequate 
water supply. 
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The duty of the government is not only to provide water to the people, but also to 
maintain the ecosystems, especially the aquatic ecosystems. This is not only needed 
for food and health, but also for sustaining the water resources of the country. 
The thickly populated belts in India, and some of the States as a whole are facing 
considerable water quality problems, caused by discharges of untreated human 
waste. It is also to be noted that chemical contaminants like fluoride, arsenic and 
selenium cause very serious health problems in the country. An estimate shows that 
70 million people in 20 States are at risk due to excess fluoride and around 10 million 
people are affected by arsenic in groundwater. The increase in concentration levels 
of chloride, TDS, nitrate and iron in groundwater are threats to sustainable drinking 
water supply. The coastal belts are affected by salinity and the problem increases 
by over-exploitation. The industrial effluents discharged without treatment to the 
natural water bodies and the overuse of agrochemicals are significant threats to the 
aquatic eco-systems. 

The sanitation scenario of the country is very poor, poorer than its neighbours like 
Sri Lanka. The estimates show that 64% of urban dwellers in India lack access to 
toilets. Sixty per cent of Class-I cities and 80% of small urban centers do not have 
sewerage systems. Even in the ones that have some system in place, coverage is very 
poor. According to Central Pollution Control Board (CPCB), the total waste water 
generated in 300 Class- I cities is about 15800 MLD and the treatment capacity is only 
3750 MLD (Arghyam, 2007; CPCB 1989). The metro cities of the country hardly have 
capacities to treat 30% of its sewerage and most of these cities have only facilities 
for primary treatment. Therefore, all the untreated and partially treated municipal 
wastewater joins the freshwater sources, causing severe pollution. 

India looked at water management as an engineering challenge in the initial phases 
after Independence; later they faced considerable problems related to operation 
and maintenance. In fact, government considered the users as subjects. There was 
no incentive, entitlements, and participation of stakeholders. There was also no 
competition, no part for private sector, no accountability, and pricing did not exist in 
some areas. All these led to people taking care of their own needs for water in their 
own ways. For example, people went in for large scale exploitation of groundwater 
through bore wells and tube wells, without knowing the consequences of such 
measures. There are more than 20 million tube wells in the country today, most of 
them dug by individuals as stand-alone systems to achieve self-sufficiency in water 
supply. More than 50% of irrigation in the country is from groundwater sources. On 
the other hand, the urban middle class went in for purchasing bottles and barrels of 
water from the market to meet their day to day requirements. The estimates show 
that 80% of water for domestic purpose comes from groundwater sources. There is 
still another community of poor in the urban areas which gets their supply of water 
from the vendors at high costs; these vendors considerably exploited groundwater 
sources. In this business, the government also played a role by engaging private 
parties to supply water in areas facing water shortage by making use of trucks. The 
truck owners often exaggerated the number of trips made by them and charged the 
government heavily. This partnership has drained the coffers of the government. 
The industries on their turn went in for captive alternatives. These were costly and 
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at times at the cost of the neighbourhood. All these show the pathetic state of water 
management in the country, which will finally lead to conditions which are not 
sustainable. 

Though India has become self-sufficient from the point of view of food production, 
there are several basins which are deficit from the point of view of food production. 
Optimal use of water resources of these basins has to be ensured on a war footing. 
Almost 15% of the aquifers are in a critical condition. Water is mined from the 
groundwater sources for food production in several of the districts in the arid and 
semi-arid zones. Thickly populated belts and industrial complexes are facing shortage 
of water. Major symptoms of water shortage are evidenced from the water conflicts 
among different geographical and administrative units and different stakeholders 
themselves. The inter-state water disputes are on the increase. The tribunals take 
considerable time and the procedures cost large amount of money till the final award 
comes out, which often does not satisfy the stakeholder States. The Krishna and 
Cauvery disputes are some examples of inter-state water conflicts. The Governments 
often go for short term measures without proper planning to solve the problems to 
satisfy the communities. More projects are taken up at the cost of somebody else in 
the neighbourhood. All these have caused damages to the water resources of India.

The problems with regard to water availability would be enhanced due to global 
climate change, especially due to the glacial melting in the head reaches of Indo-
Gangetic plain, fluctuations in the rainfall pattern in the interior parts of the sub-
continent and sea level rise in the coastal and inland eco-systems. When interlinking 
of rivers are talked about, effect of climate change and impact on the environment 
and ecosystems are often not considered. The water managers should be prepared 
to face the challenges offered by climate change from now on, and planning has to 
consider this additional constraint. No comprehensive policies have been chalked 
out and planning initiated to face the impact of climate change on sustainable water 
resources development and management. It is time for us to come out with detailed 
and objective policies, enact laws, plan for facing future scenarios and create 
awareness. The hotspots have to be identified and those living in vulnerable areas 
properly educated on the consequences of climate change.

Strategies for Scientific Water Management in India

There is a need to focus on developing a set of instruments such as policies, enactments, 
entitlements, organizational and procedural mechanisms and economic tools. The 
government should encourage the stakeholders and partnerships in the water sector. 
More incentives should be made available for the communities, especially those who 
are in great need of water for essential purposes. The secrecy in water culture has 
to be ended and more transparency brought in. Along with the social, economic 
and institutional factors, stress should be given to environment. As far as possible, 
local people are to be made the first beneficiaries of major water resources projects. 
The focus on supply side alone is not going to solve the problem. The resource base 
also has to be in prime focus. The over-exploitation of groundwater sources by the 
communities, industries and vendors has to be controlled. Mismanagement of urban 
water resources will have to be regulated and Integrated Urban Management Programs 
initiated. Such steps call for coordination and unification of different departments 
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and agencies involved in water resources development and management. Instead of 
focusing on command and control, the government should serve as a facilitator. The 
major assets of the country are the communities, private sector and the innovations 
of the past, which need to be strengthened through partnerships. The experiences 
of the past and also those of other countries having similar problems may have to 
come for the help of the managers in the water resources sector. The reforms have 
to be brought about not mainly by the bureaucrats, but by incorporating all those 
interested and involved in water resources management. In the quasi-federal system 
of the country, it may not be always possible to follow the systems prevailing in other 
federal states of the world. The lessons learnt by the treaties signed between India 
and Pakistan and India and Bangladesh should aid in resolving inter-state issues 
within the country. Considering the various social, economic and environmental 
peculiarities of the country, initiatives should focus on integrated water resources 
management in line with the thinking at the Dublin Conference and Agenda 21 of 
the Rio Conference (UN, 1992). 

Relevance of IWRM

Sustainable development revolves around four spheres: economic development, 
environmental management, institutional structures and often ignored social factor. 
It calls for trade-offs that are made between often conflicting elements within these 
spheres in order to ensure continued, sustained development while at the same time 
preserving the ability of the environment to support current and future ecological 
as well as human demands. In this context, the definition of sustainability by the 
World Commission on Environment and Development given in its report on Our 
Common Future is relevant: “development that meets the needs of the present 
without compromising the ability of future generations to meet their own needs.”In 
order to achieve the goal of sustainable utilization of freshwater resources, new 
approaches to water and river basin management are envisaged and introduced. One 
approach gaining acceptability, even though it has been identified many years ago, 
is the ‘ecosystem’ approach or ‘holistic’ approach. The Integrated Water Resources 
Management (IWRM), as enunciated at the Dublin Conference, is suggested as a way 
out to tide over the existing problems in the water sector and to move on to face the 
future challenges, especially in the context of emerging climate change.

Integrated Water Resources Management (IWRM) is a systematic process for the 
sustainable development, allocation and monitoring of water resource use. The 
principles of IWRM evolved at the Dublin Conference of 1992 are:

1. Fresh water is a finite and vulnerable resource, essential to sustain life, 
development and the environment;

2. Water development and management should be based on a participatory 
approach, involving users, planners and policy-makers;

3. Women play a central role in the provision, management and safeguarding of 
water; and

4. Water has an economic value in all its competing uses and should be 
recognized as an economic good.
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Though all these principles are relevant in the context of sustainable development of 
other natural resources also, water is a common factor in the sustainable development 
of all these resources. The key issues to be analyzed in the context of water are: (i) 
growing water crisis and the need for urgent action; (ii) water governance crisis and 
associated factors; (iii) securing water for people; (iv) securing water for food; (v) 
gender disparities in the sector; and (vi) protection of vital ecosystems. 

For systematically implementing IWRM, a river basin approach is called for with 
emphasis on the need for water resources assessment, protecting freshwater from 
over-exploitation and pollution, improvements in drinking water supply and 
sanitation, planning for urban development, ensuring water for food security and 
considering the implications of climatic change. Fig 1 shows the various concepts and 
components to be considered in the context of integrated river basin management.

Fig. 1 
Pathways to sustainable development of water environment

HYPOTHETICAL IMPACTS OF CLIMATE CHANGE ON  
WATER RESOURCES OF KERALA

Kerala State with around 600 km length and an average width of 50 km is landlocked 
on all the sides, except on the west, where the border is the Lakshadweep Sea. There 
are 44 rivers in Kerala with a minimum length of 15 km and a maximum of just 
over 250 km. These monsoon-fed rivers are short and steep and salinity from the 
sea propagates from the sea up to an average distance of 20 km in the west-flowing 
rivers.

The possible impact of climate change on the water resources of Kerala may pertain 
to the following:

•	 Adverse impact on coastal wetland ecosystems, especially on the Ramsar sites 
such as Vembanad-Kol and Ashtamudi,due to sea level rise;

•	 Salinity intrusion into the rivers in the lower reaches of which intake points 
of major water supply schemes of cities are situated;
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•	 Impact on the coast, especially erosion due to sea level rise and frequent 
storm-surges as envisaged;

•	 Inundation of lowland areas with high density of population and settlements, 
due to frequent flooding;

•	 Water shortage due to the erratic nature of monsoons and probable spatial and 
temporal variation in rainfall;

•	 Reduction in surface and groundwater sources due to the variations/ changes 
in climate;

•	 Inadequacy of existing water resource projects to cater to their designed 
objectives- drinking water supply, irrigation and hydropower generation;

•	 Adverse impact on water –based tourism and recreation;

•	 Ill-effects on ecosystems causing livelihood issues;

•	 More requirement of water to tide over the problems created by climate 
variation and change, in addition to the problems raised by increasing 
population, urbanization and land use change;

•	 Changes to rivers, lakes or wetland morphometric characteristics and 
sedimentation pattern at the river mouths;

•	 Enhancement of water quality problems and environmental degradation;

•	 Increase in water-borne, water-washed, water-based, water-related and water-
dispersed diseases.

GUIDELINES FOR COPING WITH THE CHANGES

The following set of guidelines will be useful in coping with the climate variation 
and changes:

•	 Planning for water resources projects considering all possible scenarios;

•	 Options should consider ‘no regrets’ or ‘low regrets’;

•	 Impact on environment, especially in the context of additional pressures to be 
taken in to account;

•	 Integrated Water Resources Management and Coastal Zone Management to be 
given importance;

•	 Further research on water resources and environment and identification of 
‘hot spots’ requiring special attention;

•	 Water quality variations due to climate change to be closely watched;

•	 Improving prediction and forecasting techniques;

•	 Investigations on socio-economic impact of climate change on water 
availability;

•	 Formulation of policies and laws that reconcile the need of the environment, 
people, and business that are responsive to changing climatic conditions;

•	 Clear communication with real water users on the impact and the actions that 
can be taken to conserve water and protect water supply;

•	 Need for paradigm shift, ‘living with floods and droughts’.



James E.J. Water Security Issues in the Context of Climate Change

23 CED  & KSCSTE

The following additional points may be kept in mind while planning for water 
resources development:

- Do not consider climate change as a factor when it has no influence

- Do not fail to consider non-climatic factors having greater influence

- Do not fail to consider climate change when it is the most important 
influencing factor.
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INTRODUCTION

Climate change is recorded in all systems in all continents and oceans. Maximum 
data and information related to climate change are available for terrestrial biological 
systems. The data series of such observed systems examined by Cynthia et.al, 2008 in 
Fig.1 infers the marginal data available for studies related to coastal process, marine 
biology and fresh water biology compared to terrestrial biology and Cryosphere. 
Unusual changes in temperature, the immediate response of climate change, are 
evident, undisputed and recorded in regional and global scale on various physical 
and biological systems. As per above study there is extreme dearth in climate change 
data in Indian Ocean and specific regions of Pacific Ocean compared to Atlantic 
Ocean and continents. Impact of climate change on ocean will be detrimental to 183 
coastal countries and more than fifty Island nations.

Fig. 1 
Data series of observed changes in physical and biological systems. Length of the data series 

and types of observed changes in physical and biological systems. COST725 data series of 
terrestrial biological changes (>28,000 European phenological time series’) were measured 

over 30 years (1971-2000; not displayed)
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OCEAN RESOURCES

Ocean resources are imperative for the livelihood and economy of coastal nations, 
island countries and in general world economy. Oceans are the biggest food factory 
on earth. Coastal tourism, Shipping and trade, petroleum reserves and fisheries 
provide more than US $ 500 billion per year to the world economy ( FAO, 2006 ) . 
The estimated global average of marine biomes from per hectare estuary per year is 
more than 20000 US $, mangrove / tidal marshes is more than 800 US $ sea grass / 
algal bed is more than 16,000 US $ and coral bed is more than 4000 US $ (Costanza 
1998). The details of the benefits of ocean and coastal resources is given in Fig. 2 and 
its contribution to economic development is shown in Fig. 3

Fig. 2 
Benefits of ocean and coastal resources

Fig. 3 
Economic Value of ocean and coastal resources

Regions of fishery resources

Seafood is the prime source of animal protein to more than 2.6 billion people in our 
planet. Capture fishery and aquaculture provide more than 100 million tons of fish 
per year (FAO, 2006). Due to over harvesting in many regions of the world ocean 
regions (Hilborn et al., 2003; FAO, 2006) the capture fishery is static in nature and 
the share of aquaculture is increasing. About half of the world marine landings are 
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from continental shelves up to a depth of 200 M (7.5 percentage of the world ocean). 
Seamounts and coral reefs are other two important regions of ecosystem that support 
marine living resources. Seamounts are biodiversity hot spots in oceans and act like 
marine oases. They are spawning grounds for commercial fishery including whales. 
(Roberts and Hirschfield, 2004; Roberts et al., 2006). Coral reef both cold water and 
warm water supports high density of marine life. Warm water corals are the tropical 
rain forest of the oceans. It is estimated that Coral reefs support over a million animal 
and plant species and their economic value exceeds US$30 billion a year (Cheung 
et al., 2007).

Climate Change and ocean resources

Climate Change, Marine Pollution, Habitat loss, Invasion of foreign species, over 
exploitation of resources are the major threats to marine and coastal environment. 
Climate change will be the biggest stress if the warming and rise in water temperature 
occurs as per the excepted predictions of IPCC (Intergovernmental Panel on Climate 
Change). Rising sea level, changes in wave climate, circulation, fresh water runoff, 
salinity, oxygen levels and water acidity, migration and changes in plankton 
distribution, algae and fish abundance were recorded in many regions especially 
in high altitude due to climate change. A prolonged rise in SST during the hottest 
months of the year by as little as 1°C above the usual monthly average can result 
in a bleaching event of corals (Glynn, 1996). The first massive global bleaching 
event was recorded in the year 1998. Majority of tropical reefs are in the threat of 
total bleaching that may turn it into rubble dominated by algae. Prominent factors 
in Sea level rise are melting of ice caps and thermal expansion of sea water. Asia 
will be the worst affected continent due to Sea Level Rise. Total 2 million sq.km 
land will be inundated, 145 million people will be affected and US $ 944 billion 
will be lost due to 1 meter uniform rise in sea level in all the regions of the globe 
(Anthoff et.al, 2006, UNEP 2007) . Ocean water acts as a buffer and will absorb 
carbon dioxide from atmosphere. Excess absorption may release hydrogen ions and 
turn ocean water into acidic in nature. This will affect the bio calcification process 
of living organisms hence the ocean food chain will be disturbed. During the first 
phase of next century around 75 percentage corals in polar region and deep water 
will be under calcium carbonate unsaturated ocean waters and the reef structure 
of these regions may collapse. This process in ocean ecosystem will be detrimental 
than any change that had occurred during the last 300 million years (Caldeira et al., 
2003). Warm ocean water will alter the bio geographical distribution of marine living 
beings. The continuous plankton recorder survey (CPR survey) in Northern Atlantic 
ocean for the last 40 years recorded warmer copepod species movement up to 1000 
km in northward direction during the year 1999 (Nellemann et.al, 2008). Epoch of 
occurrence of process on ocean is much larger than human perception and longevity. 
A deep water molecule will take many years to reach the surface of ocean. After the 
optimum absorption ie resilience it is almost irreversible process for ocean waters to 
achieve the original position.

Imperative collective stress of climate change viz. Sea level rise, ocean acidification, 
bio- geographic distribution of fishery resources, extreme events , changes in 
circulation along with marine pollution, habitat distribution , invasion of exotic 
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species, overfishing and adverse biological productivity will be disastrous to 
ocean and coastal resources . Due to above process billions of people in developed, 
developing and least developed countries may face extreme difficulties for livelihood. 
This will inevitably affect the fishery resource of world oceans. As long as deepwater 
seamounts and the continental shelves remain nearly completely unprotected, their 
important roles as nursery grounds is threatened by the expansion of fishing and 
mineral resource exploitation (Thrush and Dayton, 2002; Pusceddu et al., 2005; 
Tillin et al., 2006; Hixon et al., 2007).

REGIONAL IMPACT OF CLIMATE CHANGE

Regional impacts of climate change and IPCC report

 Inter governmental Panel for Climate Change (IPCC) had convened studies on 
impact of climate change on regional coastal area in its report published during the 
year 2007. Asia will lose 30 percentages of coral reefs by the year 2030 and Europe 
may loss 24 percentages of wetlands due to climate change. Coastal flooding may 
affect 1.6 billion people in Europe per year in the coming decades. About 350 million 
people in Africa may face increased water stress in the coming five decades. Asia 
may experience water scarcity for 980 million people in the above period. Central 
and Eastern Europe will face changes in summer rainfall and 35 percentage of 
the population may face water stress during the year 2070. Polar regions will be 
a potential navigable sea route for shipping due to global warming and changes in 
hydrological system. Small islands will be worst affected with increased coastal 
erosion, tidal surges, inundation, increased extreme events, invasion of saline water 
to fresh water aquifers, loss of habitat, infrastructure facilities and livelihood of 
island communities.

IMPACT OF CLIMATE CHANGE ON ISLANDS-  
A CASE STUDY ON LAKSHADWEEP ISLANDS

Islands are of extreme diversity in nature and are of perfect natural experiments on 
evolution and biography. Climate change will be most vulnerable to Islands especially 
small Islands due to the remote locations, lack of natural resources, dependence on 
main lands for various economic activity and resources. Hydrological perspectives 
of islands will be very low due to saline water invasion to the unique and limited 
fresh water aquifer. India has 1175 Islands and islets located in Bay of Bengal and 
Arabian Sea. Lakshadweep islands (36 Islands, Islets, reefs, ridges and sand banks) 
are tiny Islands located in Arabian Sea. Ten of Lakshadweep Islands are inhabited. 
The biggest Island is less than 5 sq km area and smallest is less than 1 sq.km. These 
Islands are volcanic, Holocene age, formed as atolls after subsidence of volcanic 
activity of cretaceous period through major geological activity (Valdiya, 2010). 
According to Zoological Survey of India (Ghosh, 1991) bio resource of these Islands 
consists species that are new to science. These atolls are habitat for turtles that are in 
the red list of IUCN. Tuna fishery contributes 70 percentage of capture fishery of this 
Island and biogeography migration of tuna fishery due to climate change will affect 
the economy. Coconut is the prime crops and micro variety will provide 200-300 
nuts per year. Lakshadweep coconuts have the maximum oil content in the world. 
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Available fresh water aquifer and the salinity intrusion due to various scenarios of 
sea level rise were estimated with Ghyben-Herzberg equation and Burnn’s rule. It 
is estimated that 11.2 percentage of fresh water will be contaminated at Kavarathi 
Island due to 20 cm Sea Level Rise (Fig. 4). Water consumption during the year 2030 
will be 108 percentages more than the present. Scarcity of fresh water especially 
during pre-monsoon and post monsoon and low capacity of aquifer to retain fresh 
water during monsoon is a major problem in this archipelago. 

Fig. 4 
Aquifer system in Kavarathi Island, Lakshadweep Archipelago

CAPACITY BUILDING AND KNOWLEDGE GENERATION FOR  
ADAPTATION OF CLIMATE CHANGE

Climate Change impact in coastal and marine regions are considered in a sectoral 
way with traditional management scheme for each sector. Impact of climate change 
will threaten to alter the marine environment at an extreme different entity and scale. 
The impact of climate change had conceptualised and recognised that all oceanic and 
atmospheric problems must be linked and considered as a whole problem. Impact of 
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climate change and adaptation should be linked together. The basic process for the 
same is screen for vulnerability, identify and implement climate change adaptations 
after consistent discussion with stakeholders (Fig. 5). 

Local knowledge traditions could add to adaptation process to Climate change. 
However, climate change adaptation today is generally based on western scientific 
knowledge, rarely involving the knowledge of local inhabitants who maintain an 
active knowledge creation through recombination of present experiences and past 
generations’social memories (Andrea & sundaresan, 2015). Local knowledge is 
developed through human encunters rather than discoveries is crucial for climate 
adapation at regional and community level. The attention of local knowledge 
in climate chnage adapattion is a new manifestation of long standing acadamic 
interest in linking local and sceintific knowledge of eco system services (Lyver, 
2002: Moller, Berkes, and Kislalioglu, 2004; Berkes, 2008 B ; Lauer and Aswani, 
2009). Intergovernmental Panel on Climate chnage in its fifth report published in 
the year 2013 states that local knowledge is critical to identify vulnearbility and 
adapations options. Biocultural climate change assessment (IPCCA, 2014), the 
indiginous peoples’s intitiative, had linked local knowledge and science in creating 
new knowledge about climate chnage.

Fig. 5 
Vulnerability analysis and adaptation approach.

It is essential to strengthen the linkages between climate hazards, community 
resilience and climate adaptation. The climate change is to be predicted on a regional 
scale. This requires improved observation, modelling and forecasting. Improved 
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climate information is to be provided to the local decision makers and the local 
adaptations decisions and implementation are to be based on such information. 
Improved risk assessments tools are to be developed by linking climate change 
variables with extreme events and the resilience are to be assessed at community 
scale. The most appropriate indicators of resilience across physical, social, economic 
and environmental systems of communities are yet to be identified. 
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INTRODUCTION

Extreme weather events in India of recent times include the exceptionally heavy 
rains of 26 July 2005 that flooded the city of Mumbai, the calamity in Uttarkhand 
in June 2013 where floods and landslides occurred induced by heavy rains, the 
hailstorms that lashed Maharashtra in February-March 2014 which destroyed vast 
areas of winter crops, the prolonged heat wave of north India of June 2014 when 
the temperature of Delhi reached 47.6 degrees Celsius and in September 2014 the 
flash floods in Srinagar. A large amount of scientific literature on climate extremes is 
based on the probability of occurrence or on threshold exceedances. According to the 
fifth IPCC Report (2013) “the most robust global changes in climate extremes are seen 
in measures of daily temperature, including to some extent, heat waves. Precipitation 
extremes also appear to be increasing. While robust increases have been seen in 
tropical cyclone frequency and activity in the North Atlantic since the 1970s there 
is limited evidence of changes in extremes associated with other climatic variables 
since the mid 20th century” 

GLOBAL WARMING

Global warming is the most important Climate change issue. Over the last 150 years 
the warming has taken place in two stages, 1910 to 1945 and 1970 to 2000 as may be 
seen from fig-1. Global warming has caused decrease of the area of sea-ice, caused 
loss of glacier mass and increase of the heat content of the ocean’s top 3000 metres 
and the consequent rise of the sea level. Small island states are under the threat of 
sea level rise and would be affected by storm surges due to tropical cyclones even 
before they are submerged by the rising sea levels. Asian megha deltas are extremely 
vulnerable to sea level rise and this includes a number of cities in Asia with heavy 
population density. The average temperature of the global atmosphere just above 
the surface of the earth and the oceans has warmed through 0.74C during the 20th 
century. During the same period the air temperature over India warmed through 
about 0.6 degree Celsius in the same two stages as in global warming. Average Arctic 
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air temperatures have increased at twice the global average. Moisture content of the 
atmosphere has increased. More intense and longer droughts and increase in the 
frequency of Atlantic hurricanes have been seen since 1970s. The frequency of very 
heavy rainfall events has increased over most of the global land areas.

Fig. 1 
Global Mean Surface Temperature Anomaly 186-2002

Physically based Global Climate Models have been used to predict the climate for 
the coming 100 or more years. These models are made to reproduce the feedbacks 
between the components of the climate system – atmosphere, ocean, land, cryosphere 
and biosphere. Some of them have produced satisfactory simulations of the global 
warming in the last 100 years by including natural and anthropogenic influences. 
Several such models have been run with increased levels of green house gases in the 
atmosphere and their averages are taken to project the climate into the future. We have 
a best estimate of 1.8 degree Celsius as the increase in average global air temperature 
by the end of the 21st century and at the upper end of the feasible scenarios we get a 
rise of 4 degree Celsius. Global warming would continue for decades and centuries 
even if we were to stabilize the concentration of green house gases as of current 
levels which means that adaptations are inevitable.

CLIMATE CHANGE IN INDIA

There was Climate Change in India in several climatic elements during the most 
recent 150 years. This period had good observational networks to monitor the 
climate and its change. The change in climate has been mainly of two types: (a) Type-
1: Decadal change (a few decades of increase followed by a few decades of decrease 
in the climatic element, a sort of long period oscillation) and (b) Type-2: Long term 
increasing or decreasing trends in the climatic element. Observed climatic changes 
in India are described in the following sections

Monsoon

India gets three fourths of its annual rainfall during the south west (summer) 
monsoon season taken as the period 01 June to 30 September. According to the India 
Meteorological Department, if the all India monsoon rainfall is less by 10% of its long 
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term average in a year (nearly one standard deviation) it is declared as a drought year. 
All India monsoon rainfall had very little long term trend during the period of good 
rainfall measurements (1871 to date), but it had a prominent decadal change, first 
reported by the author - Joseph (1976). This is a type-1 climate change as may be seen 
in Figure-2 which gives the anomalies (departures from the long term mean) in the 
monsoon season rainfall of each year since 1871 in units of the standard deviation.. 
During the 3-decade long DRY epochs 1901-1930 and 1961-1990, India had droughts 
on average once in about three years and tropical cyclones of Bay of Bengal had 
preferred northward movement. In contrast during the 3 decade long WET epochs 
1871–1900 and 1931-1960 the frequency of droughts had been on average once in 10-
15 years only and the Bay cyclones had preferred westward motion. Thus during the 
120 years 1871 to 1990 we had regular 30 year epochs alternating between DRY and 
WET regimes. With a sparser network of rain gauge stations to monitor the monsoon, 
this regular 30-year epochal nature of the monsoon could be extended backwards 
to the 30 year period prior to 1871 which was a DRY epoch. Such a regular epochal 
pattern has undergone a change in recent years. The 30 year period 1991 to 2020 
was expected to be a WET epoch. Although the decade 1991-2000 had no monsoon 
droughts, during the next decade beginning in 2001 we had three drought monsoons 
in the years 2002, 2004 and 2009. To this may be added the recent drought of 2014 
monsoon.

Fig. 2 
All India Summer Monsoon Rainfall 1871-2010

Southwest monsoon sets in over Kerala at the southern tip of India on 01 June (long 
term average of more than 100 years) and then moves north and covers most parts of 
India in about a month. Monsoon onset date over Kerala has considerable variability 
from year to year (earliest onset date was May 11 in 1918 and the most delayed 
one was June 18 in 1972). Monsoon onset date (Kerala) had a slow decadal (type-
1) climate change. Around 1900s Kerala used to get monsoon onset in many years 
during the second week of June. Slowly monsoon onset became earlier and in the 
1950s and 1960s monsoon onset was around the middle of May. In recent years 
monsoon onset is occurring close to 01 June.
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On 26 July 2005 Mumbai city, in an area about 10 kilometres around its Santacruz 
International airport, experienced a meteorological disaster - exceptionally heavy one 
day rainfall. The 24-hour rainfall recorded there was 94 centimetres on that day. A 
recent study by Goswami et al (2006) using the 1deg latitude x 1deg longitude gridded 
daily rainfall data showed that over central India, instances of such very intense one 
day rainfall has had an increasing trend (type-2 Climate Change) during the period 
of study 1951 to 2003 as may be seen from figure 3. Some of the meteorological 
sub-divisions of India, namely Gangetic West Bengal, West Uttar Pradesh, Jammu 
and Kashmir, Konkan and Goa, Madhya Maharashtra, Rayalaseema, coastal Andhra 
Pradesh and north interior Karnataka have experienced significant long term 
(1901 to 2003) increasing trends (type-2 climate change) in monsoon rainfall and 
Jharkhand, Chattisgarh and Kerala significant decreasing trends according to a study 
by Guhathakurta and Rajeevan (2008). The decreasing trend of monsoon rains over 
the slopes of the Western Ghats in south Kerala is much higher than the rest of Kerala 
as shown by the long rainfall records at Peermade (decrease of 2.6% per decade). 

 Fig. 3 
Daily rain averaged over 100x100 km area

(Source: Goswami et al., Science, Dec., 2006)

Monsoon Depressions are associated with large areas of heavy rainfall. These systems 
with life duration 5 to 7 days form over the head (north) Bay of Bengal and move in a 
west-north-west direction, at times taking the heavy rains of 20 to 30 centimetres per 
day in their south-west sector to northwest India and even to Pakistan. The number 
of these depressions in a monsoon season has undergone a type-2 climate change 
during the last 120 years (see Figure 4) Their long term decreasing trend.is marked 
in the figure. Around 1900s we used to get about 12 depressions during a monsoon 
season, now we get only about 4. A type-1 climate change (of period about 39 years) 
in monsoon depression frequency is superposed on this long term trend. 
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 Fig. 4 
Decreasing Trend in Number of Monsoon Depressions

Tropical Cyclones 

Tropical cyclones are large vortices in the atmosphere with strong winds in their 
circulation. In a severe cyclone an area extending radially about 60 kilometres from 
the cyclone center has very high wind and rain damage potential. The strong winds 
in this core area forces the sea surface to rise through as large as 10 metres as the 
cyclone approaches some parts of the Indian coastline . This phenomenon called 
“Storm Surge” where the elevated sea enters and inundates the coastal area 15 to 
25 kilometres inland is responsible for most of the human fatalities and a major 
part of the property damage. The sea level remains elevated for several hours in a 
storm surge.. The Storm Surge is particularly disastrous when the storm approaches 
a coast at the time of high tide occurring twice daily. India has developed efficient 
programmes for cyclone monitoring, forecasting, warning and disaster mitigation. We 
have our own geo-stationary satellites to continuously monitor the cyclones out at 
sea right from the time of their genesis. We have a network of cyclone detection radars 
along our east and west coasts to monitor the cyclones when they come to one day 
striking distance from our coast. Our country has developed operational storm surge 
prediction computer models to enable timely evacuation of the coastal population 
to safer areas when severe cyclones threaten our coasts. We have a very advanced 
space programme which is being used also for cyclone warning dissemination and 
disaster mitigation. On an average we get about 6 tropical cyclones in a year in 
the Indian seas (Bay of Bengal and Arabian Sea). Our cyclone prone months are 
April, May and early June (pre-monsoon) and October, November and December 
(post monsoon). Some studies have shown that the severity (intensity) of cyclones 
of Indian seas is increasing in recent years in response to global warming – eg. Yu 
and Wang (2009). Although Bay of Bengal had a few supercyclones in the past like 
the one that hit Orissa in October 1999 and caused considerable devastation in that 
state, Arabian sea did not have a super-cyclone till 2007. One such had genesis in 
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early June 2007, the cyclone named GONU that passed close to the Oman coast and 
caused considerable destruction there.

Thunderstorm, Duststorm, Tornado

Severe thunderstorms occur over north India particularly over the north-east regions 
during the pre-monsoon season March to May. These storms are accompanied by 
strong surface wind squalls of short duration, big hail stones, frequent lightning, 
dust-storms (Aandhi) in north-west India and occasional tornadoes. They cause 
deaths and destruction of property, but for short periods of time and over small areas 
unlike in a tropical cyclone. The size of a severe thunderstorm is about 100 km and 
its life duration 6 to 10 hours (to compare, the radius of a cyclonic storm vortex is 
about 1000 km and life duration about a week). In view of their small size, special 
forecasting and warning procedures are to be followed for severe thunderstorms. 
Doppler radar is an essential component of the forecasting and warning system. India 
has now several of them. The SAARC countries have joined together in a programme 
to develop computer modelling capability for issuing timely and accurate warnings 
for the adverse weather associated with severe thunderstorms – Das et al (2014)

Rapid Warming of the Indian ocean 

Sea Surface Temperature (SST) of equatorial Indian ocean has warmed much more 
than the other tropical oceans during the period 1950 to the present. Fig-5 shows this 
warming during the monsoon seasons of the recent 50 years. 

Fig. 5 
Rapid Warming of Indian Ocean 1950 – 2003

(Source: Joseph and Sabin, 2008)

The equatorial central Indian ocean has warmed through about 1.5 degrees Celsius 
in the decades since 1950. The warming trend of the sea areas close to Kerala has 
been large which has impacted fisheries.. Weather satellite observations available 
since 1975 have shown that rainfall had an increasing trend in a large equatorial 
Indian ocean area close by. Rainfall gives a measure of the heat that is released by 
the raining clouds into the atmosphere. When water vapour gets converted into 
water in the clouds latent heat is released which heats the atmosphere in a deep 
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layer. Monsoon has a heat engine powered by the latent heat released from the 
monsoon clouds which drives its winds that produce the monsoon rainfall. The 
main monsoon heating of the atmosphere is around the latitude of 20 degrees north, 
the area of large monsoon rainfall over south Asia,. The increasing atmospheric 
heating in the equatorial Indian ocean interferes with this heat engine’s working 
and reduces the strength of the monsoon winds both at low levels and high levels. 
Recent research - Joseph and Simon, (2005) and Abish et al (2013) has shown that 
the low level (surface to about 2 kilometres above) monsoon winds through India 
and the winds of the Tropical Easterly Jetstream around the 14 km level have been 
steadily weakening over the recent decades. The strength of the low level monsoon 
current through peninsular India and the Bay of Bengal is an important factor in the 
genesis of monsoon depressions. No wonder the frequency of monsoon depressions 
had a decreasing trend. The decrease in the strength of monsoon winds at low levels 
is also contributing to the decreasing trend of Kerala rainfall. The mean wind flow 
at 1500 metres above mean sea level in July and August is shown in Fig-6. The flow 
is dominated by the Low Level Jetstream which is an important component of the 
monsoon in m/s: 1 m/s = 3.6 km/hour, 850 hPa is about 1500 m above msl 

Fig. 6 
Jul-Aug 850 hPa wind for the period 1951 to 2009 showing the cross equatorial  

Low Level Jetstream

CONCLUSION 

One day heavy rainfall events are increasing over major parts of central India. Tropical 
cyclones of Indian seas (north Indian ocean) are showing increased intensities 
although there is a small decreasing trend in their annual frequencies (from 6 to 5 in 
the last 100 years). Air temperatures over major parts of India are increasing in global 
warming and most of the recent years had temperatures higher that those recorded 
in the preceding 150 years.. One alarming feature is the observed decreasing trend of 
the monsoon rainfall of Kerala. In the last 100 years south Kerala’s monsoon rainfall 
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has decreased at the rate of 2 percent per decade. In the earlier part of the period 
north Kerala did not have a decreasing trend in rainfall, but during the recent 2 or 3 
decades this part of Kerala also has shown decreasing rainfall trend. Kerala gets more 
than double the all India average monsoon rainfall. Even then the decreasing trend in 
rainfall is a major issue to be tackled A study by Rajendran et al (2012) using a super 
high resolution General Circulation Model (spatial resolution about 20 kilometres) 
has confirmed the decreasing trend of Kerala rainfall of the twentieth century and 
predicted the continuation of this decreasing trend in the decades of the twenty-
first century. In their study the decreasing trend is for the rains of the western ghats 
region south of latitude 16 degrees north. They found that this decrease of rainfall is 
caused by the drastic decrease in the strength of the low level southwesterly winds of 
the monsoon and the consequent decrease of the moisture transport into this region. 
This is further corroborated by a significant decrease in the frequency of moderate to 
heavy rainfall days over the western ghats region. We have to step up our research on 
small scale weather systems (called meso-scale weather systems) like thunderstorms 
for increasing our capability to predict them and develop warning systems for the 
adverse weather extremes associated with them. An example is the Tornado warning 
system of USA described in Doswell (2001)
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INTRODUCTION

Urbanization is a global phenomenon that is transforming human settlements. 
The shift from primarily rural to more urban societies is evident through the 
transformation of places, populations, economies, and the built environment. The 
definition of what constitutes a city, changes from time to time and place to place. 
Generally, it is the process by which large numbers of people become permanently 
concentrated in relatively small areas, forming cities. Criteria used to define urban 
can include population size, space, density, livelihood and economic organization. 

The effects of urbanization and climate change are converging in dangerous ways 
that seriously threaten the world’s environmental, economic and social stability. 
Although urban land cover is a relatively small fraction of the total Earth surface 
(2% of the total earth surface), urban areas drive global environmental changes. 
They are always blamed for causing environmental catastrophes, for marginalizing 
communities, for diminishing the quality of life of the poor. They have been castigated 
as centres of disease, social unrest and insecurity. Urban regions pose enormous 
challenges to ecological and human well-being from local-scale atmospheric and 
water pollution to global-scale phenomena such as climate change threatening 
ecosystem’s capacity to deliver important ecological services. Urbanized areas have 
extraordinarily large ecological footprints with the largest proportion of resource 
uses (e.g., residential water and energy use) and carbon emissions. Urbanization also 
affects primary productivity, nutrient cycling, hydrological function, and ecosystem 
dynamics through direct and subtle changes in climatic, hydrologic, geomorphic, 
and biogeochemical processes and biotic interactions. 

The shifts from rural to more urban societies have significant consequences for 
greenhouse gas (GHG) emissions and climate change mitigation. With the proportion 
of human-induced greenhouse gas emissions resulting from cities could be between 
40 and 70 per cent (UN HABITAT, 2011), what happens in cities will drive the global 
outcome on climate change. Yet if urban centres drive climate change, they are also 
amongst the most vulnerable geographical sites to the effects of global warming, 
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whether it is through sea level rise, changes in temperature, or more extreme and 
uncertain weather conditions. The physical existence of some coastal cities and 
metropolitan areas is threatened by sea level rise (Nicholls et al., 2008), but many 
other cities will struggle to remain economically or socially viable without significant 
investment in climate-proofing infrastructure (Satterthwaite et al., 2007). With 
increasing urbanization, understanding the impacts of climate change on the urban 
environment will become even more important. Evidence is mounting that climate 
change presents unique challenges for urban areas and their growing populations.

URBANISATION TRENDS: WORLD, INDIA AND KERALA

For centuries, cities were compact with high population densities, and the physical 
extent of cities grew slowly (Seto et al., 2010). In 1800, only less than 3 percent 
of the world’s population was urban. The situation continued almost unchanged 
upto 1850 and by 1900 about 13 percent were urbanites. By 1950, 30 percent of the 
world’s population resided in urban centers. After 1950s, cities are growing at an 
unprecedented and challenging speed. The situation continued almost unchanged 
upto 1850 and by 1900 about 13 percent were urbanites. By 1950, 30 percent of the 
world’s population resided in urban centers. Till 1950, urbanisation was a relatively 
slow process, which allowed governments time to plan and provide facilities for 
the needs of increasing urban populations. Today, urban areas around the world 
are expanding on average twice as fast than their populations (Angel et.al., 2011; 
Seto et.al., 2011). There are nearly 1000 urban agglomerations with populations 
of 500,000 or greater. By 2050, the global urban population is expected to increase 
by between 2.5 to 3 billion, corresponding to 64% to 70% of the world population 
(Fig. 1). Expansion of urban areas is on an average twice as fast as urban population 
growth, and the expected increase in urban land cover during the first three decades 
of the 21st century will be greater than the cumulative urban expansion in all of 
human history.

Fig. 1 
 Growth in Percentage of World Population
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The urban population in India increased from 26 million (10.8 percent of total) in 
1901 to 377 million (31.2 percent of total) in 2011 (Fig.2). The number of towns 
increased from 1830 to 5161 during the same period. Over the next two decades, 
India is expected to see an urban transformation the scale and speed of which has 
not happened anywhere except China, with many cities becoming larger than many 
countries, in terms of population size and GDP. 

Fig. 2 
Urbanization Trends: India

As per the 2011 census, 15.9 million people (47.7% of total population) reside in 
urban areas of Kerala. All the indices of urbanisation process in Kerala show high 
variation from the Indian average. The decadal growth rate of urban population in 
Kerala during 2001-2011 is 97.7% and is much higher compared to Indian average 
of 31.8% even though the total population growth rate is much lower (17.6 in India 
and 4.86 in Kerala). Generally, in the other states of India, the increase in urban 
population growth rate is the result of migration to the existing cities especially 
metropolitan cities. But in Kerala, the main reason for urban population growth is 
the increase in the number of urban areas and also urbanization of the peripheral 
areas of the existing major urban centers. 

URBAN ENVIRONMENT

In a very boarder sense, urban environment consists of (i) resources (human as well 
as other natural resources), (ii) processes (that convert these resources into various 
other useable products and services) and (iii) effects - of the processes which may be 
negative or positive (Table 1). 

Table 1 
Components of Urban Environment

Resources Process Effect

•	 Human resources
•	 Sunlight
•	 Land
•	 Water
•	 Minerals
•	 Electricity
•	 Fuels
•	 Finance
•	 Intermediary products
•	 Recyclable materials etc.

•	 Manufacture
•	 Transportation
•	 Construction
•	 Migration
•	 Population growth
•	 Residence/Living
•	 Community Services 

(education, Health etc.)

•	 Negative
Pollution (air, noise, soil, water), 
Waste generation (garbage, sew-
age congestion, overcrowding 
etc.)

•	 Positive
Products, Value addition, 
Increased knowledgebase/educa-
tion, Access to Better Services)

Source: UMERI website
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The three dimensions of urban environment are natural environment, socio-
economic environment and built environment (Fig. 3). The natural environment 
consists of resources, processes and effects related to flora and fauna, human beings, 
minerals, water, land, air, etc.; the socio-economic environment consists of resources, 
processes and effects related to human activities, education, health, arts and culture, 
economic and business activities, heritage - urban lifestyles in general and the built 
environment consist of resources, processes and effects related to buildings, housing, 
roads, railways, electricity, water supply, gas etc. (UMERI Website). 

Fig. 3 
Three dimensions of urban environment

URBANIZATION AND CLIMATE CHANGE 

Factors Accelerating Climate Change

The development potential of cities is increasingly threatened by environmental 
deterioration which also directly impedes the socio-economic development. As such, 
urbanization and climate change are co-evolving in such a way that populations, 
often in densely packed urban areas, will be placed at much higher risk from climate 
change as well as from other profound societal and environmental changes.

The major environmental issues related to urbanization which are responsible for 
accelerating climate change are:

•	 Landuse changes: Urbanization is a process that changes the uses of land and by 
creating impervious surfaces, filling wetlands and fragmentation of ecosystems 
has disproportional impacts upon the carbon cycle. Urbanization thus leads to 
loss of different ecosystems, biodiversity, green/open spaces, cultivated areas, 
aesthetics etc.

•	 Air pollution and changes in microclimate: Impervious surface and the 
generation of heat from various combustion processes in urban areas modify the 
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microclimate and air quality. The urban heat island effect, which in turn serves 
as a trap for atmospheric pollutants, is the best-known example of inadvertent 
climate modification (Horbert & Kirchgeorg, 1982; Oke, 1987). Air pollution is 
fuelled by multiple sources ranging from – vehicle exhaust, suspended dust on 
the roads due to vehicle movements, industrial flumes, construction debris, 
garbage burning,domestic cooking and heating, and some seasonal sources such 
as agricultural field residue burning, dust storms and sea salt (for coastal areas). 
Over 90% of air pollution in cities is attributed to vehicle emissions brought 
about by high number of older vehicles coupled with poor vehicle maintenance, 
inadequate infrastructure and low fuel quality. Rapid urbanisation has resulted in 
increasing urban air pollution in major cities, especially in developing countries.

•	 Soil and water pollution and changes in soil biogeochemistry: Soil degradation 
and water pollution are widely recognized as major environmental problems in 
cities. It is also to be stated that existence of soil and water are interconnected. 
Healthy soils directly contribute to healthier water resources and the steps taken 
to improve soils will improve water quality and quantity. There is a common 
misconception that water traveling into storm sewers ends up treated at the local 
wastewater treatment plant. Because of this misunderstanding, many citizens 
use storm drains and ditches as places to dispose of all kinds of pollutants . Thus, 
storm drains carry large amount of pollution away from urbanized areas mixed 
with the excess storm water. Street litter, fertilizers, pesticides, herbicides, pet 
and yard waste, motor oil, anti-freeze, household hazardous wastes, and paint 
are just a few of the pollutants that find their way into storm drains. This water 
travels from storm drains into local streams, ponds, and lakes, and ultimately into 
local streams and rivers. Groundwater and surface water can be contaminated 
from many sources such as garbage dumps, toxic waste and chemical storage 
and use areas, leaking fuel storage tanks, and intentional dumping of hazardous 
substances. Because storm drains can be a major source of pollution to our 
waterways, it is important to keep polluting materials out of them. Urbanization 
also affects biogeochemical processes by adding nutrients and modifying the 
mechanisms that control the spatial and temporal variability of nutrient sources 
and sinks (McDonnell et.al., 1997; Baker et.al., 2001; Pouyat et.al., 1997).

•	 Deterioration of Culture and Heritage: Societal values, norms and traditions 
shape our relationships with the living world, and ethics can help us to better 
understand and, as appropriate, re-orient these relationships. This long-
term intimate relationship is also manifested in the ecological knowledge 
of communities. Thus the cultural heritage plays a key role in environment 
management and cultural degradation results in environmental deterioration. 
Urbanisation often results in irremediable changes and, in some cases, even the 
complete disappearance of major tangible and intangible heritage in the location. 
Moreover, at present the conservation of urban heritage seems less of priority 
compared to more pressing issues such as infrastructure development, poverty 
alleviation, job creation etc. Changes in life style, food habits etc. also contribute 
to GHG emission and accelerate climate change.
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•	 Energy inefficiency: In general, rural populations have lower per capita energy 
consumption compared with urban populations in developing countries (IEA, 
2008).

•	 Buildings: It is estimated that at present, buildings contribute as much as one 
third of total global greenhouse gas emissions, primarily through the use of fossil 
fuels during their operational phase. The built environment of urban areas is also 
a forcing function on the weather–climate system of urban centres because it is a 
source of heat and a poor storage system for water.

•	 Natural Disasters: Cities are particularly vulnerable due to the high concentration 
of people and economic assets, and in many cases, their hazard-prone location in 
coastal areas, along rivers, and in seismic zones. Risks are especially high in low- 
and middle-income countries where a third to one-half of the population in cities 
lives in slums. Rising sea levels, storm surges, earthquakes, floods and droughts 
have enormous impacts in urban areas and are likely to intensify over time. Urban 
areas always present some risk of flooding when rainfall occurs. Buildings, roads, 
infrastructure and other paved areas prevent rainfall from infiltrating into the 
soil – and so produce more runoff. Heavy and/or prolonged rainfall produces very 
large volumes of surface water in any city, which can easily overwhelm drainage 
systems and in most cases, the drainages are blocked by plastic and other wastes. 

Impact of Climate Change on Urban Landscape

Climate change could affect our society through impacts on a number of different 
social, cultural, and natural resources. Climate change could affect human health, 
infrastructure, and transportation systems, as well as depletion of natural resources. 
Beyond the physical risks posed by the climatic changes above, the urban areas will 
face difficulties in providing basic services to their inhabitants. These changes will 
affect water supply, physical infrastructure, transport, ecosystem goods and services, 
energy provision and industrial production. Local economies will be disrupted and 
populations will be stripped of their assets and livelihoods. Various dimensions of 
the outdoor environment such as the air we breathe and the scenery around us – 
can directly influence our health (both physical and mental) and wellbeing. Factors 
that impacts health directly includes natural spaces, road traffic, air pollution, 
noise, floods and climate. The impacts of disasters on urban residents as well as 
urban systems, including the built environment and ecosystems, are significant. In 
addition to the well-known disaster impacts of natural hazards such as destruction 
of infrastructure and loss of lives, natural hazards and climate change incur a wide 
range of less obvious incremental impacts on urban systems and residents.

Some groups of people will likely face greater challenges than others. The impacts 
of climate change will be particularly severe in low-elevation coastal zones, where 
many of the world’s largest cities are located. Approximately 13 per cent of the world’s 
urban population lives in these zones – with Asia having a higher concentration. Even 
in non-coastal areas, the convergence of rapid urbanization with climate change can 
be very dangerous. Poor people living on unstable hillsides could face continuous 
threats of being swept away or buried by rain-induced mud- and rock-slides.
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Some types of professions and industries that are closely linked to weather and 
climate, such as outdoor tourism and agriculture, may also face considerable 
challenges from climate change. Projected climate change will affect certain groups 
of people more than others, depending on where they live and their ability to cope 
with different climate hazards. In some cases, the impacts of climate change would 
worsen existing vulnerabilities.

POTENTIALS OF URBANIZATION

Cities now represent the most powerful economic engines in the world. There is 
a strong association between economic growth and urbanization and most of the 
world’s poorest nations remain among the least urbanized nations. Urban areas 
provide many potential advantages for improving living conditions through the 
economies of scale and proximity they provide for most forms of infrastructure and 
services. At present cities are responsible for 85 % of world GDP. Making sure that a 
city’s environmental assets are used sustainably is important to the urban economy 
for many reasons, in addition to the reduction of costs. 

Climate change is increasing the magnitude of many of the threats to urban areas 
that are already being experienced as a result of rapid urbanization. Yet, climate 
change can also be a source of opportunities to redirect the patterns of production 
and consumption of cities and individuals, at the same time enhancing their capacity 
to cope with hazards. Alongside the threats posed by the convergence of the effects 
of urbanization and climate change, however, is an equally compelling set of 
opportunities. Urban areas, with their high concentration of population, industries 
and infrastructure, are likely to face the most severe impacts of climate change and 
the same concentration of people, industrial and cultural activities, however, will 
make them crucibles of innovation, where strategies can be catalysed to promote 
reductions in greenhouse gas (GHG) emissions and to improve coping mechanisms, 
disaster warning systems, and social and economic equity, to reduce vulnerability to 
climate change impacts (UN HABITAT, 2011).

Efficient and productive cities and towns are essential for national economic growth 
and welfare. If planned carefully, the high population density in urban areas is caring 
for the environment. Some of the advantages are:

•	 Cities	 are	 considered	 as	 centres	 of	 excellence,	 bringing	 together	 innovators,	
entrepreneurs, financiers and academics. 

•	 They	 attract	 a	 rising	 tide	 of	 humanity,	 of	 people	 hoping	 for	 a	 better	 life	 for	
themselves and their children

•	 High	 densities	 enable	 social	 and	 economic	 interactions	 at	 a	 much	 higher	
frequency than in non-urban settings. These interactions create a vibrant market 
for ideas that translates into innovations by entrepreneurs and investors

•	 Compactness	 is	a	key	determinant	of	energy	use,	 it	can	make	public	 transport	
more viable and reduce the length of trips and urban living encourages walking 
and cycling rather than driving

•	 Environment-friendly	 infrastructure	 and	 public	 services	 such	 as	 piped	 water,	
sanitation, and waste management are much easier and more economical to 
construct, maintain, and operate in an urban setting
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•	 Urbanization	allows	more	people	to	have	access	to	environment-friendly	facilities	
and services at affordable prices, 

•	 The	higher	standard	of	living	associated	with	urbanization	provides	people	with	
better food, education, housing, and health care

SUSTAINABLE URBAN DEVELOPMENT 

Since the dominant habitat of Homo sapiens is for the first time now classified as 
urban, the urgency of addressing accelerating climate/environmental change and 
its urban impacts is inescapable. Managing the environmental resources as a group 
of strategic assets that are crucial to a city’s goals, important to ecosystem health, 
and beneficial to the community, is key to sustainable urban development. The key 
question urban environmental planning is: what are the possible ways to ensure 
that we bequeath a sustainable planet to our future generations? Many municipal 
activities ultimately do protect the environment, even if that was not the primary 
intention: for example, actions to improve transport, protect water catchment areas 
or develop tourism also improve air quality, benefit sensitive wetlands and address 
coastal pollution. Studies shows that certain urban plans and projects resulted in 
huge environmental gains, but these were a by-product of the main goal.

Planning is fundamental to agglomeration economies in three ways. First, land use 
requires effective systems for land valuation. Second, land use must be allocated in a 
way that allows for infrastructure improvements. Third, the most basic infrastructure 
services—water, energy, sanitation, and solid waste management—need to be 
provided for all residents, urban and peri-urban alike. The key approach for effective 
urban planning should requires an additional third component; the ‘heartware’ 
in addition to the common two components of the planning tools (hardware and 
software). Effective environmental planning requires the effective interaction and 
overlay between the three components.

Activities Suggested for Climate Change Mitigation and Adaptation in Cities 

Developing City Environmental Profile

Reducing the contribution of cities to climate change, or mitigation, requires an 
adequate understanding of the drivers of urban GHG emissions, while effective 
adaptation must be based on a good understanding of what makes cities and their 
constituent socio-economic groups either vulnerable or resilient to climate change 
impacts. The exploration of how urban centres contribute to climate change requires 
an understanding of how transportation, heating and cooling systems, industries 
and other urban activities and infrastructures act both as emitters and direct causes 
of climate change.The City Environmental Profile (CEP) plays a central role in 
achieving many goals of urban environmental planning for climate change mitigation 
and adaptation. CEP helps to identify and clarify environmental issues, to involve 
the relevant stakeholders, and to prioritize the issues to be addressed through the 
project. The CEP has two main purposes: (i) provide a systematic over-view of the 
city’s development activities and how they interact with the city’s environmental 
resources and (ii) act both as a source of relevant information and through the process 
of its preparation, supports the process of identifying and mobilizing stakeholders. 
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In fact, because of its crucial role, it is normally the first project activity to be 
undertaken for sustainable urban development. The process of preparing the CEP 
will also play a major role in helping to inform and mobilise potential stakeholders. 
The information and data for the CEP must be drawn from a wide range of sources, 
and this will require an extensive program of visits and interviews. The process 
of actually going to organisations and groups to solicit that information provides 
excellent opportunities for briefing those people and institutions about the urban 
environmental planning process and about the activities of the project.

Controlling Air pollution

•	 Air	Quality	Monitoring	and	identification	of	sensitive	zone	and	source.	This	can	
be undertaken in partnership with R&D and academic institutions.

•	 Pollution	reduction	through:

 Efficient public transport system

 Developing biking lanes and safe pedestrian sidewalks

 Car/auto rickshaw pooling

 Planting species with more air purifying potential (eg. Mangifera, Neerium, 
Murraya, Psidium, Palms, Cassia surattensis (SO2) etc.) 

Controlling Soil and Water Pollution: 

•	 Water	Quality	Monitoring	and	identification	of	sensitive	zone	and	sources	–	in	
partnership with R&D and academic institutions.

•	 Pollution	reduction	through:

 Solid Waste Management – Decentralized and Centralized Systems

 Sewerage systems 

 Waste water reuse/recycling 

 Modern abattoirs and cemeteries 

 Cleaning and maintenance of water bodies

 Using water bodies for transportation and responsible tourism

 Efficient monitoring with public participation

City authorities can set policy directions aiming for resource efficient, recycle-based 
society if they are to provide a clean, healthy and pleasant living environment to its 
citizens for current and future generations.

Urban Greening and Urban Open Spaces

•	 Developing	Public	 spaces,	Parks,	Playgrounds	 etc.	 based	on	WHO	stipulations	
(Green space should be minimum 9 sq.m./person, All residents live within a 
minimum 15-minute walk of a green space, Open public space should be 50% of 
a city’s area, of which 30% shall be for streets)

•	 Improving	the	quality	of	streets	with	Wider	pavements,	more	planted	areas	and	
shade 

•	 Biodiversity	enrichment	through	home	gardens,	green	roofs	etc.
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Increasing Urban Aesthetics 

Aesthetic considerations form undeniably one of the important aspects of urban 
experience. Aesthetically satisfying environments increase human well-being. The 
visual appearance and attractiveness of towns and cities is strongly influenced by 
the provision of green space and improving a local landscape increases people’s 
enjoyment of an area. In densely populated cities with sometimes few opportunities 
for new park or green space development, small vacant lots could provide green 
relief, especially in low-income areas with reduced access to urban parkland. And 
yet, few cities are taking advantage of these underutilized spaces to improve the 
urban aesthetics, this in turn, enhance the urban biodiversity and provide additional 
ecosystem services. Examples in Kerala include the Kowdiar Park developed by 
Hindustan Latex and Junction parks in Kochi by Cochin Refineries. 

Urban Culture and Heritage

To consider a city aesthetically is to not only judge its buildings and architecture, 
litter and noise, but also to include historical and social elements as part of its total 
sensory package. The activities suggested for protecting urban heritage are:

•	 Urban	 heritage	 survey	 -	 recording	 and	 analyzing	 the	 role	 heritage	 plays	 in	
the socio-economic and cultural life of the city - identifying heritage zones, 
preparation of action plan and implementation. 

•	 Developing	contemporary	technological	solutions	for	“green	buildings”	that	are	
based on traditional principles, local skills and materials - finding solutions that 
have been adapted to local climate, materials and handicraft skills, maintenance 
capacities and culture. 

•	 Value	addition	and	marketing	of	local/traditional	products,

•	 Wise	 use	 of	 open	 areas/vacant	 spaces	 for	 small	 parks,	 garden	 etc.	 with	 the	
participation of private entrepreneurs 

Wise Use of Water Resources

Urban population generally depend the rural areas for their entire water needs. Thus 
the urban water resources are highly neglected and treated as waste lands use it for 
dumping wastes. Urban water scarcity and conflict between urban and rural people 
regarding water supply is an emerging issue in many areas. Thus there is a need for 
judicious utilization of the urban water resources. The activities suggested are:

•	 Identification	 and	 conservation	 of	 alternate	 water	 sources	 and	 keeping	
development away from key water catchment and storage sites 

•	 Limiting	consumption	of	 treated	water	by	using	 raw	water	 through	rain	water	
harvesting or recycled water for gardening, landscaping, car washing etc.

•	 Action	to	minimize	impervious	surfaces

Energy Management

Cities have to act for decentralized energy distribution based on renewable energy 
sources for meeting the future demands in energy sector. Conservation and efficiency 
programs can reduce peak electricity demand and limit the risk of blackouts, while 
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developing distributed energy systems involving cogeneration and local renewable 
energy can buffer the effects of interruptions in transmission. At the same time, these 
investments can also yield multiple potential benefits: financial savings, job creation, 
and business growth; reduced greenhouse gas emissions and improvements in local 
air quality; and reduced dependence on imported fossil fuels through diversified 
local energy production. Cities may also establish energy information offices to give 
locally appropriate advice to municipal departments, private companies and citizens. 

Built environment

Built environment need solutions that have been adapted to local climate, materials 
and handicraft skills, maintenance capacities and culture. Heavy infrastructure and 
the latest technology is not necessarily the best solution. Thus the local standards 
for buildings and infrastructure in a city should encourage and incentivize the 
development of contemporary technological solutions that are based on traditional 
principles and local skills and materials. Buildings should generate more energy than 
they consume, and collect and purify their own water. Maintenance and renovation of 
existing buildings should become a key business sector, where innovative solutions 
are incentivized. City owned halls and institutions should be leading examples for 
sustainable building

Disaster Risk Reduction and Management

Both communities and local authorities should be empowered to manage and 
reduce disaster risk by having access to the necessary information, resources and 
authority to implement actions. Poor urban governance, informal settlements 
on unsafe land, declining ecosystems and vulnerable rural livelihoods are main 
underlying risk drivers, which need to be addressed to build safer cities. The 
activities may include: Disaster preparedness, emergency management and post 
disaster recovery - developing plan of action and it includes communication, chain 
of command development, proper maintenance and training of emergency services 
and development of emergency warning systems along with emergency shelters and 
evacuation plans

Capacity Building and Awareness Creation

The local awareness creation is also an important component for successful planning 
and implementation. To achieve the goal of sustainable cities, the local authorities 
are in need of further support relating to capacity building, information acquisition 
and exchange, technology transfer, technical support and establishing an enabling 
environment. 

Opportunities for Developing Sustainable Cities

Many international treaties have stressed the need for urban environment 
management and developing sustainable cites. “The Future We Want”, an outcome 
document at Rio+20, acknowledged that we must recognize the inter-linkages among 
the three dimensions of sustainability and develop various tools and approaches to 
measure sustainability in a way that can support growth as well as health of the 
ecosystems. More recently, the Cities for Life Summit conducted in conjunction 
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with the XIth Conference of the Parties to the Convention of Biological Diversity 
(CBD) at Hyderabad in October. The 74th Constitutional Amendment Act (CAA) of 
India and implementation of JnNURM program by Ministry of Urban Development 
(MoUD) Govt. of India, provide enough opportunities for the urban local bodies to 
incorporate environmental planning under the City Development Plan. Moreover, 
urban forestry, protection of the environment and promotion of ecological aspects 
is listed as the functional responsibility of ULBs as per the twelfth schedule of 74th 
CAA. The Urban Infrastructure Development Scheme for Small and Medium Towns 
(UIDSSMT) of MoUD, support all sustainable infrastructure development programs. 
The scheme cover areas like:

•	 Urban	Renewal	i.e	redevelopment	of	inner	(old)	city	areas	[this	would	include	
items like widening of narrow streets, shifting of industrial/commercial 
establishments from non-conforming (innercity) to `conforming’ (outer-city) 
areas to reduce congestion, replacement of old and worn-out water pipes by new/
higher capacity ones, renewal of sewerage/drainage/solid waste disposal systems, 
etc]

•	 Water	Supply	(including	de-salination	plants)	and	sanitation

•	 Sewerage	and	Solid	Waste	Management

•	 Construction	and	improvement	of	drains/storm	water	drains

•	 Construction/Upgradation	of	roads,	highways/expressways

•	 Parking	lots/spaces	on	Public	Private	Partnership	basis

•	 Development	of	heritage	areas

•	 Prevention	 &	 rehabilitation	 of	 soil	 erosion/landslides	 only	 in	 case	 of	 Special	
Category States where such problems are common and 

•	 Preservation	of	water	bodies.	

Other schemes of MoUD to promote developing sustainable cities include: National 
Urban Information System (NUIS) Scheme, Samrt City Urban Plan for Nation wide 
Cities/Towns, National Urban Information System (NUIS), Heritage City Development 
& Augmentation Yojana (HRIDAY) etc.

Some Global initiatives for Sustainable Cities include (i) The Eco2 Cities (World 
Bank), City Biodiversity Index (CBD, 2010, 2012), (iii) Cities and Biodiversity 
Outlook: The “Cities and Biodiversity Outlook” (CBD, 2012, Hyderabad).

CONCLUSION

As the world moves into the urban age, the dynamism and intense vitality of cities 
become even more prominent. A fresh future is taking shape, with urban areas around 
the world becoming not just the dominant form of habitat for humankind, but also 
the engine-rooms of human development as a whole. Cities can offer remedies to the 
worldwide crises – if only we put them in better positions to respond to the challenges 
of our age, optimizing resources and harnessing the potentialities of the future. 



KottayamKerala Environment Congress 2015

52 CED & KSCSTE

The major concern is that the city leaders are under pressure to focus on economic 
performance and capital investment in infrastructure during their term of office. 
Wealth is important, but at the early stages of development the right policies matter 
more. But studies show a clear link between greater wealth and better environmental 
performance. The reason is obvious: More affluent cities can invest more money 
in infrastructure and set aside more generous budgets for environmental oversight. 
As society and the economy marches inexorably towards globalisation, cities across 
all regions must compete with each other to attract enterprise, investment and 
employment. The quality of life or ‘livability’ which a city offers is important in 
ensuring its future economic performance. 

There is a great deal of systematic observations that need to be accomplished before 
we can fully understand how to build resilient urban systems. Most of the Indian 
cities are lacking basic data for environmental planning. Students of environmental 
studies can contribute to sustainable urban planning in India by developing basic 
as well as advanced data on various aspects of the city they live or the cities near 
to them. Major topics to be investigated for urban the environmental planning shall 
be classified under five major categories viz.; i) Urban Pattern and Ecosystem, ii) 
Informal Settlements, iii) Climate Change, iv) Disaster Management and v) Urban 
Governance.

It is generally assumed that any city can preserve the environment while 
maintaining economic growth. However, a degree of commitment is required from all 
stakeholders, particularly at local level, if sustainable development is to be achieved. 
The challenge that lies ahead is to take full advantage of the many opportunities 
created by the rapid rates of change and by successful innovations. Inappropriate 
institutional structures and mind-sets are commonly cited as the single greatest 
challenge whenever cities try to take advantage of such opportunities. Best practices 
exist for long-term planning and regional growth management, and the emergence of 
new tools for systems analysis and mapping offers potential for more well integrated, 
practical, and rigorous analysis and planning. Methods for collaborative design and 
decision making among key stakeholders have also proven effective. Realizing that 
successful cities are often fundamental to successful nations, the higher levels of 
government are becoming key partners in helping cities take the initiative. There 
is also growing commitment at the international level to support cities and help 
finance longer-term investments within cities.

Cities should promote a harmonious and friendly social 
environment, and build civil, safe and livable urban neighborhoods 
through rational planning. They should provide high quality 
public services in employment, healthcare, education, housing, 
social welfare and other areas. They should encourage public 
participation in urban planning and governance, take into 
consideration the practical and psychological needs of migrants 
to the cities, and eliminate social barriers and conflicts.

Shanghai Declaration on Better Cities, Better Life (2010)
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INTRODUCTION

The State of Kerala is one of the wettest places in the Humid Tropics where annual 
rainfall is of the order of 3000 mm, ranging from less than 1000 mm to greater than 
5000 mm. About 68 per cent of the rainfall is obtained during southwest monsoon 
while 16 per cent in post monsoon and the rest from summer (14 per cent) and 
winter rainfall (2 per cent). Bi-model rainfall pattern is noticed towards southern 
districts due to influence of both southwest and northeast monsoons while uni-
model rainfall pattern towards northern districts of Kerala. Coconut productivity is 
better towards south despite dreaded disease of root-wilt when compared to that 
of northern districts due to less dry spells during summer. Floods during monsoon 
adversely affect paddy production in the State while prolonged droughts during 
summer in the absence of post monsoon rainfall adversely affect plantation crops’ 
production to a considerable extent. The wetlands in Kerala are rich sources of water 
during summer and act as sink during monsoon season. Such wetlands are fast 
declining in Kerala and converted as garden lands. Decreasing wetlands might be 
one of the reasons for frequent floods and droughts in Kerala in recent years. The 
forest cover of Kerala also declined from 70 per cent to 24 per cent over a period 
of one- hundred- and - fifty years due to deforestation and forest fires. The years 
1983, 2004 and 2013 experienced prolonged summer droughts in Kerala and many 
plantation crops’ production was adversely affected and the State’s economy was 
hit badly. The onset of monsoon and monsoon behaviour appear to be erratic in 
recent years. Frequent failure or break in monsoon across the State lead to low water 
levels in major reservoirs and adversely affect hydro power generation. There is a 
significant change in cropping pattern too over a period of time. Rice and cashew 
area was declining while area under rubber and coconut increasing. Vanilla and 
cocoa were introduced and in the same fashion vanilla disappeared and area under 
cocoa declined. Increase in area under black pepper was noticed across the State and 
now declining. There was a time that oranges were plenty in Wayanad District and 
now disappeared almost. The paddy lands in Wayanad District are mostly converted 
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to arecanut and banana gardens. As a whole, the index of food crops was declining 
while increasing non-food crops due to various socio-economic factors. The climate 
change related issues over Kerala may be decline in rainfall, wetlands, land and ocean 
biodiversity, increase in temperature and sea level, floods and droughts, landslides, 
groundwater depletion and saline water intrusion, decline in forest area, frequent 
forest fires, unusual rains and hailstorms. It is believed that almost all the crops are 
likely to be under threat due to climate change/variability in the ensuing decades 
under the Humid Tropics. The threat from global warming and climate change could 
be seen in the form of decline in cropped area, production and productivity and 
quality of grains. 

CLIMATE CHANGE/VARIABILITY OVER KERALA

The lull in monsoon over Kerala during 2002 followed by floods in October 2002 due 
to cyclonic storm over the Karnataka Coast devastated seasonal crops and plantations 
to a considerable extent. Kannur received 370 mm of rainfall on 14th October 2002, 
which was the highest and not received since 1924. Heavy monsoon rainfall in 2007 
followed by unusual summer showers in March 2008 together adversely affected the 
paddy production of the State to a considerable extent during 2007-08. The State 
received record rainfall during post monsoon 2010. The widespread post monsoon 
rainfall during 2010 also devastated the paddy fields especially in upper Kuttanad 
and Kole lands of Thrissur. Low lands of southern districts were flooded due to the 
prolonged rainfall during November, 2010. In contrast, the prolonged dry spell during 
summer 2013 adversely affected the water resources and several plantation crops’ 
production affected. Floods in August/September 2014 across Wayanad District 
adversely affected paddy and arecanut fields. Yellowing in arecanut devastated large 
number of palms in Wayanad District in 2014. Are these frequent weather aberrations 
like monsoon uncertainties, floods and droughts, sunburns, atmospheric heat load 
during summer and UV radiation filtered to ground due to ozone depletion could be 
as a part of global warming and climate change? 

Onset of monsoon

The monsoon directory of Kerala since last 145 years indicates that the onset of 
monsoon is on 1st June with +/_ 7 days, indicating that it varies from 25th May to 
8th June in majority of the years. However, the earliest monsoon was recorded on 
11th May in 1918 while belated monsoon on 18th June in 1972. The mean onset of 
monsoon during the tri-decade of 1901-30 was on 4th June while in other tri-decades 
it revolved around 1st June. The trend analysis since 1870 also indicated that the 
onset of monsoon is stable and it tends to be around 1st June (Fig. 1). Though the 
trend analysis indicates that the onset of monsoon is likely to be on or before 1st June 
over Kerala, the fact file in recent years appears to be different since the onset of 
monsoon in 2011 was on 29th May and it was 5th June in 2012 and again on 1st June 
in 2013 and 6th June in 2014. It indicates that inter-annual variations are expected 
within one standard deviation in majority of the years. It is also understood that the 
monsoon set may be early (before 25th May) or late (after 8th June) occasionally during 
which the monsoon rainfall is likely to be below normal or normal, indicating that 
the chances of excess rainfall in such years (early or late monsoon years) are likely 
to be less. 
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Fig. 1 
Onset of southwest monsoon over Kerala from 1870-2013

Rainfall 

A decline in monsoon rainfall while increase in post monsoon is the trend across 
the State though cyclic trends of 40-60 years were noticed in annual and monsoon 
rainfall. Of course, the decline in annual rainfall is evident since last 50-60 years. 
It also reveals that the percentage contribution of rainfall in monsoon season to the 
annual rainfall was declining while increasing during the post monsoon season. 
However, increase in post monsoon rainfall may not compensate rainfall decrease 
in monsoon season. Interestingly, there was a shift in climate as a result of changes 
in thermal and moisture regimes over the State of Kerala. The State of Kerala as a 
whole was moving from wetness to dryness within the Humid Climate from B4 to B3 
since last 100 to 150 years (Fig. 2). One of the major factors could be due to alarming 
deforestation and forest fires that took place during the above said period across the 
Western Ghats within and outside the State of Kerala. 

Fig. 2 
Climate shifts in Kerala from 1901 to 2014
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Temperature projections

Warming Kerala is real as the trend in temperature was increasing significantly 
since 1980s in tune with the global warming. Within the State, the rate of increase 
in temperature was high across the Highranges, followed by the low lands while 
moderate increase along the midlands. It could be attributed to alarming deforestation 
across the Highranges and the effect of increase in sea surface temperature along the 
Coast. At the current rate of increase in temperature, it is projected that increase 
in maximum temperature is likely to be around 1.5oC by 2100 A.D. while 0.3-0.4oC 
in the case of minimum temperature. Increase in mean surface air temperature is 
likely to be less than 1oC by 2100 A.D. The decade 1981-90 was the warmest and 
driest decade in Kerala during which the plantation crops’ production was adversely 
affected to a considerable extent. The year 1987 was the warmest, followed by 1983. 
Increase in night temperature is noticed during winter in recent years and flowering 
of fruit crops is adversely affected. It is more so in the case of mango.

CLIMATE CHANGE AND RICE

Under the projected climate change scenario, monsoon uncertainties are expected 
in the State of Kerala on which rice production is dependant to a large extent during 
the first crop season. As already seen, prolonged monsoon coinciding with post 
monsoon rains and unusual summer rains in the form of floods is a threat to paddy 
production. There was a decline of 8.5 per cent on an average, ranging from 2 to 17 
per cent depending upon the stage of crop coinciding with the occurrence of floods. 
Therefore, abrupt monsoon uncertainties are likely to influence the paddy production 
adversely in ensuing decades rather than the influence of climate change on long 
term basis. The rate of increase in mean temperature at the current level in ensuing 
decades is likely to be less than 1°C across the low lands of Kerala, where paddy is 
cultivated mostly. Increase in temperature of this nature during the first crop season 
is beneficial to paddy crop under better crop improvement (saline and flood tolerant 
varieties need to be introduced), crop management and crop protection measures. 
However, inter annual / seasonal variations were noticed in rice production and its 
productivity due to weather aberrations in the form of climate variability such as 
floods during the first crop season (Fig. 3). Under such conditions, the rice yield is 
bound to decline. Therefore, the study indicates that the rice yields in Kerala are 
unlikely to decline due to long term climate change such as increase in temperature, 
but bound to decline to some extent through the abrupt short term changes as noticed 
in 2008, 2009 and 2010 in the form of monsoon uncertainties. Of course, there was 
a drastic decline in rice area and production since last 60 years and at the same time 
increase in rice productivity (1.37t/ha in 1960-61 to more than 2-2.5t/ha since last 
one decade) is noticed despite increase in atmospheric temperature. However, rice-
milling percentage has come down significantly in recent years. It is attributed to 
global warming.
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Fig. 3  
Effect of floods on rice production in Kerala from 1952-53 to 2007-08

CLIMATE CHANGE AND COCONUT

Coconut productivity in Kerala is relatively low though the total coconut production 
of the State is high. With increase in area under coconut, Kerala contributes major 
share in terms of total coconut production of the country while there was no 
breakthrough in nut productivity of coconut. This could be attributed to several 
factors viz., high rainfall during monsoon period, insignificant rainfall in several 
parts o f Kerala during summer, nutrient status of soil, lack of agronomic practices 
and prevalence of root wilt disease in southern districts of Kerala. The price of 
coconut, copra and oil content are also subjected to wide fluctuation depending 
upon the total coconut production of the State. At present, the price escalation 
of coconut is debatable as it is all the time high and coconut farmers’ economy is 
in good shape. However, coconuts are not seen on coconut crown due to various 
socio-economic factors in addition to abiotic and biotic stress conditions since last 
two years. Coconut is relatively tolerant to weather aberrations, unlike seasonal 
crops. It tolerates high rainfall and temperature to some extent. Coconut production 
under rainfed conditions is influenced significantly by the length of dry spells at 
critical stages. The primordium initiation, ovary development and button-size nut 
development in coconut are sensitive to soil moisture availability. The crop performs 
better under irrigated conditions during summer in traditional and non-traditional 
areas. 

Summer drought and coconut yield

The coconut production of Kerala suffered to a great extent during 1983-84 due to 
unprecedented drought that occurred during summer 1983, followed by 2004 and 
2013. The coconut production in Kerala during 2013-14 was declined by 10 per cent 
as per the recent survey reports. Almost all the coconut growing states experienced 
decline in coconut production in 2013-14. It was attributed to prolonged summer 
drought in 2012-13 across the coconut growing areas. The effect of high rainfall 
from June to September and prolonged dry spell during summer adversely affect 
the coconut production in the following year under the Kerala’s situation. The 
decline in coconut productivity due to severe drought during summer could be 
seen in the following year under rainfed conditions. Similarly, summer showers 
influence coconut yield positively in the subsequent year. The effect of summer 
drought on monthly nut yield at various locations across Kerala indicated that the 
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effect commences in the seventh, eighth or ninth month after the drought period 
is over by May or June, depending upon the receipt of pre-monsoon showers or 
onset of monsoon. Heavy monsoon rainfall with prolonged dry spell during summer 
influences the ontogeny of coconut and seasonality of nut production in coconut 
to a large extent. The decline in monthly nut yield due to drought continued for 12 
months, reaching to its maximum decline in 12th/13th month after the drought period 
is over. The percentage decline in the subsequent year due to summer drought varies 
depending upon the yield group. In higher nut yield group (greater than 100 nuts 
per palm per annum), it revolves around 29-30 % while around 10% in poor yielders 
(yield group of 40 and 60 nuts per palm per annum). It is intermediary (24.5%) in 
group III, producing 60 to 80 nuts per palm per annum. On an average, the decline 
in nut yield due to drought in the subsequent year is 23.7% and it varies based on 
the yield group. Good planting material, coconut hybrids, good agronomic practices, 
floor crops, intercropping and scarce water management practices and integrated 
pest management alleviate the ill effects of abiotic and biotic stresses to a large extent 
in coconut. 

There was a marginal decline in coconut productivity during this tri-decade (5670 
nuts/ha) when compared to previous tri-decade (5762 nuts/ha). It can be attributed 
to rise in temperature in tune to global warming. The negative trend in coconut 
productivity was much more (17.9%) in the decade 1981-90, which was the warmest 
and driest decade. The decline in coconut productivity was maximum during 1983-
84 (19.2%), followed by 1986-87(6.2%) and 4 per cent in 1987-88. All the above three 
low coconut productivity years fell in the decade 1981-90. Therefore, there is a threat 
to coconut productivity in the ensuing decades under the projected climate change 
scenario. Therefore, there is urgent need for pro-active measures to sustain coconut 
productivity in Kerala as a part of climate change adaptation. 

CLIMATE CHANGE AND CASHEW

The cashew productivity over the decades has shown a steep decline. It is quite 
alarming that the cashew productivity declined from the ever highest value of 1600 
Kg/ha during late 50s (1952-60) to the lowest productivity of 659 Kg/ha during 1981-
90. Slight improvement in cashew productivity was noticed during 1991-00 and 
2001-10 (785 Kg/ha and 773 Kg/ha, respectively). The percentage decline in cashew 
productivity was 51 per cent over 1950s. In terms of tri-decadal area, an increase 
of 27 per cent was registered from 1951-80 (83.8 thousand ha) to 1981-10 (106.3 
thousand ha). During the same period, tri-decadal production of raw cashew nuts 
has declined by 14 per cent from 1951-80 (89.6 thousand tonnes) to 1981-10 (977.1 
thousand tonnes). The decline in tri-decadal productivity was 42 per cent during 
the period from 1951-80 (1200 Kg/ha) to 1981-10 (700 Kg/ha). Farmers’ reluctance 
to cultivate cashew crop due to poor returns and switching over to other profitable 
crops like rubber is one of the reasons for the decline in cashew area in the State. 
1997-98 was a poor yielding year due to unfavourable weather conditions prevailed 
during the flowering phase of cashew. The yield recorded was only was only 56890 
tonnes. In contrast, incidence of pest complex devastated the cashew plantation 
along the West Coast during 1998-99 though profuse flowering was noticed due 
to favourable weather. It was more so in Kannur and Kasaragod districts of Kerala, 
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which account for more than 50 per cent of the total cashew production of the State. 
In 1999-2000 and 2000-01, a combination of adverse weather and incidence of pest 
complex adversely affected cashew production of Kerala. The percentage decline 
in cashew productivity was the highest (59%) in 1981-90 due to the warmest and 
drought conditions in the form of decline in rainfall and increase in temperature. 
There was also a drastic decline in cashew yield during the recent years. Therefore, 
the decline in cashew productivity over a period of time can be attributed to climate 
variability and climate change. 

CLIMATE CHANGE AND COFFEE

The blossom and backing showers are very important in the case of coffee. Coffee 
yield is very poor in the absence of either of them. The growth of coffee appears 
to be affected when exposed, and hence it requires a certain degree of shade for 
better performance. Arabica is more sensitive to weather when compared to that of 
Robusta. Of course, the quality of Arabica appears to be better. Arabica prefers high 
altitudes when compared to that of Robusta. October and November rains augment 
black pepper yields in the next crop season. It is understood that crop in recent 
years matures early and berry weight declined. It is attributed to global warming and 
climate change. In Wayanad District, where coffee is predominantly grown, decline 
in rainfall and rise in temperature was noticed. Overall, the productivity of coffee 
in recent decades increased though inter-annual variation in coffee production is 
significant due to influence of blossom and backing showers. Sprinkler irrigation 
is practiced in the case of coffee to meet the blossom and backing showers in the 
absence of rains. The coffee growers are also of the opinion that drip irrigation during 
summer can be a substitute to sprinkler irrigation and beneficial to the crop. 

Monsooned Malabar Coffee is a speciality coffee preferred by the people who like 
black coffee and it fetches high premium in the international market. If monsoon is 
weak during the monsoon season in which coffee beans are processed, the quality of 
coffee appears to be poor. The quality of ‘Monsooned Malabar Coffee’ was very poor 
for the first time due to bad monsoon in 2002. The quality of “Monsooned Malabar 
Coffee” is better if monsoon is heavy and continuous during July and August over the 
Malabar Region, where the coffee beans are processed. Continuous clouds with heavy 
rainfall and its better distribution, high atmospheric water vapour content, moderate 
surface air temperature and gentle sea breeze would lead to better moisture content 
in coffee beans if processed during the monsoon period. Probably, active monsoon 
period within the monsoon season may be more conducive for such processing of 
coffee beans. It is one of the factors leading to superior quality in addition to other 
genetical and environmental factors. 

CLIMATE CHANGE AND BLACK PEPPER

Whenever summer showers are received, the yield of black pepper declines. 
Interestingly, if the same showers coincide with blossom and backing showers, coffee 
flourishes. Of course, mortality rate is high under poor management conditions in 
prolonged dry spell conditions in the case of young black pepper vines. It was the 
reason, why, black pepper gardens were wiped out in Wayanad District during summer 
2004 due to hydrological drought. Another important aspect is that whenever black 
pepper yield is low the coffee yield is better. It is true in 2003 and 2008 when dried 
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coffee beans were high the yield of dry black pepper was low. In 2006 and 2000 when 
dried coffee beans were low the yield of black pepper was high. Therefore, mixed 
cropping of coffee with black pepper is better against prolonged dry spell during 
summer rather than to allow as mono crop. Cashew, coffee and black pepper appear 
to be better across the mid-and-high lands of northern region of Kerala since the 
prolonged dry spell from November to May may not be detrimental for better yield in 
terms of quality and quantity depending upon the nature of the crop under rainfed 
conditions. Area under black pepper and arecanut is declining in recent years in 
Wayanad District. Heavy monsoon rains in 2014 across Wayanad District led to water 
logging and due to yellowing, many arecanut gardens are adversely affected. The 
wetlands in the District are converted into arecanut gardens and banana plantations. 
Both demand large quantity of water for irrigation. It may the reason for frequent 
floods and summer droughts in Wayanad District. 

CLIMATE CHANGE AND COCOA

The number of cocoa (cacao) pods is high during summer, but pod weight is low. 
A harvest of five pods during October/November may be equal to eight/nine pods 
harvested in summer, showing superiority in cocoa pods harvested in October/
November. There is a lag period of 4 to 6 months between weather effects and cocoa 
yield. The maximum temperature from January to March influences cocoa yield 
to a considerable extent. A prolonged dry spell from November to May with high 
maximum temperature adversely affects the pod yield to the tune of 40 per cent 
depending upon the crop management. High rainfall versus cocoa yield showed 
inverse relationship, indicating that high rainfall during rainy season may not be 
conducive in the case of cocoa due to waterlogging and lack of soil aeration. Overall, 
it reveals that high maximum temperature during summer, followed by heavy rains 
during the Southwest monsoon may not be conducive for obtaining good yield in 
cocoa under the Humid Tropics. High rainfall has a malevolent effect in places 
where the crop is grown under waterlogged conditions, while summer rainfall has 
a benevolent effect on pod yield. High maximum temperatures (> 36°C) during 
February and March, 2004 resulted in low pod yield in cocoa over the central region 
of Kerala. Cocoa is grown as an intercrop in coconut or part of homestead garden. 
Both the crops cocoa and coconut respond identically with reference to weather 
and climate under the Humid Tropics. Of course, the phenology of both the crops is 
totally different. In case of cocoa, the difference in monthly yield is high during the 
monsoon season between good and bad yield years when compared to other seasons. 

In cocoa, mango and cashew the flowering period is very much influenced by the 
geographical co-ordinates such as latitude, longitude and altitude of the crop growing 
regions and appears to follow the famous Hopikins Bio-climatic Law. It states that 
“A biotic event in North America will, in general, show a lag of four days for each 
one degree of latitude, five degree of longitude and 400 feet of Altitude, northward, 
eastward and upward in spring and early summer”. 

CLIMATE CHANGE AND CARDAMOM

A sharp decline in area under cardamom was noticed across the cardamom tract 
of the Western Ghats in recent years. However, the production and productivity of 
small cardamom were increasing. The important physiological stages like panicle 
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initiation and subsequent growth (forwarding) depend on receipt of showers from 
January to May. The failure of showers during this period results in poor growth 
and crop yield. The unprecedented drought in summer 1983 adversely affected the 
growth and yield of cardamom in Coorg district, and the same trend prevailed in 
other cardamom-growing tracts of South India. The drought that prevailed during 
1982–83 resulted in as high as 50% mortality in some of the cardamom estates. In the 
Palney hills of Tamil Nadu, both panicle and flower production are seen in October 
and November, during which northeast monsoon rains are received. It indicates that 
both panicle and flower production in cardamom are commensurate with the rainfall 
pattern of the cardamom tract. There is a close relationship between cardamom 
production and rainfall distribution during summer. Summer rains during March, 
2008 have benefited the cardamom crop of 2008–2009 up to 20–30%. Therefore, 
summer rains have significant positive influence on cardamom. There was a strong 
negative relationship between soil moisture stress and cardamom yield. Climate risk 
is more in the case of cardamom in Karnataka region, followed by Ambalavayal and 
neighbouring areas in northeast of Kerala while climate risk is less in Thandikudi 
and Idukki regions in south of cardamom tract.

CLIMATE CHANGE AND RUBBER

Area, production and productivity of rubber have been increasing over a period 
of time. The rate of increase in rubber productivity was affected during 1959-63 
(-24.3%), followed by 1979-83 (-8.3%), 1984-88 (2.2%), 1999-03 (13.5%) and 2004-08 
(18.9%). Despite increase in temperature, aridity index, number of droughts, decline 
in rainfall and moisture index (index of climate shifts) the rubber productivity was 
in increasing trend. However, decline in rate of increase in rubber productivity was 
noticed. At the same time, the prolonged dryspells during summer due to absence of 
rainfall during northeast monsoon and failure of summer showers is likely to affect 
rubber productivity adversely as seen in recent years. Abrupt changes in weather 
may affect the productivity of the crop as noticed in 2007-08, during which the 
yield declined (1471 Kg/ha) due to continuous rainfall and more number of rainy 
days when compared to that of previous year 2006-07 (1554 Kg/ha). Climate change 
in the form of climate variability, especially unpredictable, irregular and deficient 
rainfall pattern adversely affects the growth and productivity of natural rubber. 
Changes in rainfall pattern triggers fungal infection of leaves, which adversely affects 
productivity. It indicated that the long term increase in temperature is likely to affect 
rubber yield adversely and the rate of increase is likely to decline. 

CONCLUSION

Kerala is predominantly a plantation state, falls under the Tropical Humid Climate, 
moving from wetness to dryness within the Humid Climate (B4 to B3 as per the 
Thorthwaite’s climate classification). Monsoon rainfall across the State was declining 
since last 60 years (cyclic trend of 40-60 years is also noticed with annual and 
monsoon rainfall) while rise in temperature is evident. Of course, rate of increase 
in temperature was alarming across the Highranges (where cardamom, coffee and 
tea are grown) due to deforestation. It is also true to some extent along the Coast 
(low land) due to increase in sea surface air temperature. The decade 1981-90 was 
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the driest and warmest decade and warming Kerala is true since last three decades. 
1987 was the warmest year, followed by 1983. The decadal and tri-decadal changes 
in climate and crop productivity were taken into account to explain the influence of 
climate change on crops with reference to Kerala.

Rice productivity was increasing while not so in cashew and coconut and to some 
extent in the case of rate of increase in rubber too. In contrast, the crop productivity 
was increasing in cocoa, cardamom, coffee and black pepper and not so in the case 
of tea. At the same time, all the plantation crops showed low productivity or low rate 
of increase in productivity during the warmest and driest decade 1981-90. Therefore, 
the adverse affect of climate variability on plantation crops is evident and at the 
same time the effects of climate change cannot be quantified though decline in 
crop productivity could be seen in coconut, cashew, tea and rubber. However, crop 
growth simulation models indicate that crop yields including cropped area are likely 
to decline in the ensuing decades under the projected global warming and climate 
change scenario. 
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INTRODUCTION

Occurrence of a natural plant species in its native habitat or ecological niche is 
largely dependent on the prevailing climate of the region (Hatchinson, 1957) and 
the soil conditions which together determine the fitness of the species in terms of its 
ability to multiply in the region. Unlike naturally growing plants, a crop species is 
ideally cultivated in a region where climatic and soil conditions are congenial, but 
this is done with considerable human interventions with the objective of maximizing 
the economic yield from the plant. Apart from soil nutrient status, climatic factors 
such as temperature, rainfall, humidity etc. determine crop productivity. Socio-
economic factors such as cost and availability of skilled laborers, agricultural inputs, 
opportunity cost of land, alternative livelihood means of farmers, size of the family 
household etc. are also factors that have a strong bearing on agricultural operations. 

The three factors determining profitability of cultivating any crop are productivity, 
cost of production and market price of the produce. A high productivity and price 
coupled with low cost of production is the ideal combination for maximum profit. 
Among the three factors, productivity is perhaps the only one on which the farmer 
has some control (Sethuraj and Jacob, 2012). For various reasons, productivity of 
rubber is being adversely affected in Kerala; thanks to changing climate and socio-
economic situations in the state (George and Jacob, 2008; Satheesh, 2014; Satheesh 
and Jacob, 2011; Satheesh and Jacob, 2015). Mathematical models were developed 
to quantify the impact of climate change on rubber yield in Kerala and parts of North 
East India where natural rubber is cultivated. Independently, ecological niche models, 
incorporating climate variables of 2050 as predicted by the Intergovernmental Panel 
on Climate Change (IPCC) were used to study how distribution of rubber cultivation 
might change with climate change in the rubber growing regions of India. These 
studies have come to the conclusion that climatically, socially and economically, 
rubber cultivation in Kerala may lose out to North East India eventually (Satheesh, 
2014; Ray et al. 2014). This article briefly reviews some of these studies.
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Conditions on the Natural Rubber Landscape of India
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HAS CLIMATE CHANGED IN THE RUBBER GROWING REGIONS OF INDIA?

Among the various weather parameters, a consistent warming trend was seen in 
the heartland of the traditional rubber growing region of Kerala (Raj et. al., 2011; 
Satheesh and Jacob, 2011) and most of the non-traditional rubber growing regions 
of North East India. For example, the mean annual Tmax and Tmin increased at the 
rate of 0.05 

0
C per year and 0.03 

0
C per ye ar, respectively since 1957 at Kottayam 

(Satheesh and Jacob, 2011). At Agartala, Tripura, Tmax and Tmin increased at the 
rate of 0.02 

0
C per year and 0.06 

0
C per year, respectively since 1986. In most study 

locations there was a warming trend, but the extent of the warming was different 
(Satheesh and Jacob, 2011). Increase in daily maximum temperature in recent years 
was more conspicuous than that in daily minimum temperature in Kottayam district 
during the cooler months of November to January (Fig. 1 A & B).

Fig. 1 
Increase in daily Tmax (A) was more conspicuous than Tmin (B).

There was no discernible trend in the amount of mean annual rainfall or the 
number of rainy days per year in Kerala, but the mean number of sunshine hours 
per day showed a declining trend in central Kerala even as extreme rainfall events 
increased in some parts. In general, an increase in temperature, decrease in bright 
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sunshine hours and skewed and unpredictable rainfall distribution were observed 
in some of the traditional rubber growing regions of India (Raj et al., 2011; Satheesh 
and Jacob, 2011). There is unequivocal evidence that climate has warmed in the 
traditional and non-traditional rubber growing tracts of India. Amount of rainfall 
received per year may not have changed much, but there has been considerable 
uncertainty in the time of arrival and withdrawal of the monsoon (Pradeep et al., 
2014). 

HOW WILL CHANGING CLIMATE IMPACT RUBBER YIELD?

Climate change will have direct and indirect effects on growth and 
productivity of any crop. Our studies have clearly shown that of all the 
weather parameters, it was the daily maximum and minimum temperatures 
that had the highest impact on daily rubber yields (Fig. 2 A & B). 

Fig. 2 
Increasing Tmax (A) and Tmin (B) reduce rubber yield.

But surprisingly, these effects were qualitatively and quantitatively different 
in the traditional; and non-traditional areas. In Kerala and the Konkan regions, 
rising temperatures will adversely affect rubber yields, even as warmer temperatures 
will have no inhibitory effects on rubber yield in NE India (Satheesh, 2014; Satheesh 
and Jacob, 2011). In North East India, warming conditions may increase rubber 
productivity where the prevailing cold conditions are a limiting factor for growth 
and productivity at present (Jacob et al., 1999). Rise in temperature, especially 
in Tmax would have li t t le impact on natural rubber yields in North East India, unlike 
in the traditional areas (Fig. 3). However, the absolute productivity may still remain 
high in the t radi t ional  areas ,  but  natural  rubber  productivity will see an 
improvement in North East in the coming years as the region continues to get warmer.
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Fig. 3 
Rubber yield will see more drastic reduction in traditional regions (CES & Padiyoor in 

Kerala) than in North East India (Agarthala) in the coming decades.

Natural rubber productivity did show a consistent increase in the traditional regions 
in the past despite the warming conditions, apparently contradicting the model 
predictions otherwise (Rubber Board, 2009). This has been due to increased adoption 
of high yielding clones, particularly RRII 105 since the 1980s. As a large share of 
RRII 105 plantations came into tapping, productivity increased, masking the adverse 
impact of climate warming on productivity. However, if large scale adoption of 
RRII 105 had not happened and the area under this high yielding clone had 
not increased, there was every possibility that NR productivity would have gone 
down over the years as a result of climate warming. Potential productivity of 
rubber did go down in the recent decades due to climate warming, but due to more 
areas with low productive clones getting replanted with RRII 105, there was increase 
in the overall productivity of rubber. During the late 1970s and early 1980s, the 
mean productivity of RRII 105 under the best management practices in the 
traditional regions have been in the range of 60-65 g/t/t, but of late, this is mostly 
in the range of 50-55 g/t/t or even less under similar conditions of management (RRII, 
1988 & 2010). This has been largely due to climate warming that has happened during 
this period. 

Climate change is not just about climate warming alone, although this is often 
the most visible aspect of it. Changes in cloud formation, wind, rainfall pattern, 
occurrence of extreme weather events like storms, floods, long dry spells, unexpected 
breaks in monsoon, spread of new and old pests and diseases etc. are important 
factors that can seriously influence growth and productivity of natural rubber. The 
unusually unseasonal and prolonged monsoon during 2013 led to severe incidence 
of Abnormal Leaf Fall disease in mature rubber trees leading to extensive leaf fall. 
Compared to 2012, there was 22% less leaf retention in rubber holdings of Kerala 
during 2013 (Pradeep et al., 2014) which also must have contributed to reducing 
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rubber yield in the subsequent year. In a recent study, it has been shown that natural 
rubber productivity in the traditional regions has been already on the decline at least 
from the beginning of this decade (Satheesh and Jacob, 2015).

ECOLOGICAL NICHES FOR CULTIVATING NATURAL RUBBER IN INDIA

Apart from the weather-rubber yield models, we also used ecological niche models 
to identify climatically suitable regions where natural rubber can be grown in India 
as the climate changes in future. These models are useful to study how ecological 
niche of a species is distributed in a geographical area (Peterson, 2001; Ortega-Huerta 
et. al., 2008) based on the association between climate variables and occurrence of 
a species in a given geographical area (Guisan and Thuiller, 2005; Austin, 2007). 
Ecological niche models are also successfully used to forecast species distribution in 
response to climate change and land transformations (Yesson & Culham, 2006; Yates 
et al., 2010).

Results of ecological niche modelling incorporating the climate of 2050 as forecast 
by IPCC strongly indicated that climatic suitability for growing natural rubber will 
improve much more in North East India than in the traditional regions. Large extents 
of marginally suited regions in North East India at present will become better suitable 
for rubber cultivation as the region warms in future (Ray et. al., 2014). Marginal areas 
in the traditional regions will become unsuitable for rubber cultivation as the climate 
warms in future. These findings are largely in agreement with several other studies 
(Satheesh, 2014, Satheesh and Jacob, 2011). 

SOCIO-ECONOMIC FACTORS

Climate warming will put an additional burden on rubber cultivation in Kerala 
over and above the numerous socio-economic factors that are not favourable for 
agriculture in the state. These factors include, the small holding size of rubber 
plantations, absentee growers, unavailability of labors, high labor and input costs, 
high living costs, high land value and alternate land use options (opportunity costs), 
environmental concerns etc. Even with a smaller productivity, the internal rate of 
return of natural rubber cultivation must be much better in North East India than in 
Kerala. Climate change, especially climate warming will make more areas in North 
East India better suited for rubber cultivation. In addition, land, labour and other 
resources are available in abundance and at a cheaper rate in the North East than in 
Kerala. Based on studies on weather-yield relationship, ecological niche modeling 
and the emerging socio-economic conditions, it can be concluded that it may be only 
a matter of time before Kerala losing its prime position in rubber cultivation to North 
East India.

REFERENCES
Austin, M.P. 2007. Species distribution models and ecological theory: A critical assessment and 

some possible new approaches. Ecological Modelling, 200: 1–19

George ,T. and Jacob, J. 2008. Ageing of mature area and declining yield profile of

natural rubber in India. Natural Rubber Research, 21(1&2): 109-118.

Guisan, A. and Thuiller, W. 2005. Predicting species distribution: Offering more than simple 
habitat models. Ecology Letters, 8:993-1009.



KottayamKerala Environment Congress 2015

72 CED & KSCSTE

Hutchinson, G. E. 1957. Concluding remarks. Cold Spring Harbor Symp. Quant. Biol. 22: 415-
427.

Jacob, J., Annamalainathan, K., Alam, B., Sathik, M.B.M., Thapliyal, A.P. and Devakumar, A.S. 
1999. Physiological constraints for cultivation of Hevea brasiliensis in certain unfavourable 
agroclimatic regions of India. Indian Journal of Natural Rubber Research, 12(1&2): 1-16. 

Miguel A. Ortega-Huerta and A. Townsend Peterson 2008. Modelling ecological niches and 
predicting geographic distributions: a test of six presence-only methods. Revista Mexicana 
de Biodiversidad, 79: 205- 216.

Peterson, A. T. 2001. Predicting species’ geographic distributions based on ecological niche 
modeling. Condor, 103: 599-605.

Pradeep, B., Meti, S. and Jacob, J. 2014. Satellite-based remote sensing technique as a tool for 
real time monitoring of leaf retention in natural rubber plantations affected by abnormal 
leaf fall disease. Rubber Science, 27(1): 1-7

Raj, S., Satheesh, P.R. and Jacob, J. 2011 Evidence for climate warming in some natural rubber 
growing regions of South India. Natural Rubber Research, 24(1): 10-17.

Ray, D., Behera, M.D. and Jacob, J. 2014. Indian Brahmaputra Valley offers significant potential 
for cultivation of rubber trees under changed climate. Current Science, 107(3): 461-369.

RRII 1988. Annual Report 1986-87. Rubber Research Institute of India, The Rubber Board, 
Kerala, 23p.

RRII 2010. Annual Report 2008-09. Rubber Research Institute of India, The Rubber Board, 
Kerala, 28-32.

Rubber Board 2009. Indian Rubber Statistics. The Rubber Board, Kerala, 32: 7-8

Satheesh, P.R. 2014. Ph.D. Thesis. Impact of climate change on Indian plantation sector with 
special reference to natural rubber . Mahatma Gandhi University, Kottayam, Kerala, India.

Satheesh, P.R. and Jacob, J. 2011. Impact of climate warming on natural rubber productivity in 
different agro-climatic regions of India. Natural Rubber Research, 24(1): 1-9.

Satheesh, P.R. and Jacob, J. 2015. Mathematical models on the impact of climate warming 
indicate sharp decline in productivity and consequent fall in production of natural rubber 
in India since the beginning of the current decade. Rubber Science, 28(1): 1-7

Sethuraj, M. R. and Jacob, J. 2012. Thrust areas of future research in natural rubber cultivation. 
Rubber Science, 25 (2):123-138.

Yates, Colin J., et al. 2010. Assessing the impacts of climate change and land transformation on 
Banksia in the South West Australian Floristic Region. Diversity and Distributions, 16 (1): 
187-201.

Yesson, C, and A. Culham 2006. A phyloclimatic study of cyclamen. BMC Evolutionary Biology, 
6:72.



73 CED  & KSCSTE

INTRODUCTION

Coconut is a multi utility palm that plays a significant economic role in most of the 
South Asian countries including India. It is mostly grown in coastal areas and hilly 
terrain which is highly vulnerable to climate change. Kerala accounts for 45% of total 
coconut area in India. Climate change will affect coconut plantation through higher 
temperatures, elevated CO2 concentration, precipitation changes, increased pests 
and diseases. Under elevated temperature photosynthesis is reduced and thus the 
growth is stunted. Coconut requires large volume of water (50 to 100 litre per day) 
for the production of highly productive canopy and with water limitation the canopy 
reduces and yield may reduce as high as 50% of irrigated gardens. A significant 
change observed in water limited plants is the reduction in root growth and density 
which reduced the uptake of both water and nutrients. The response of OTC grown 
coconut plants to climate change variables and adoptive traits are discussed in this 
paper.

CLIMATE CHANGE IMPACT ON COCONUT

Response to elevated CO2 and high temperature

In open top chamber (OTC) experiments it was observed that coconut seedling 
growth and biomass increased at elevated CO2. At 550 and 700 ppm CO2 the biomass 
increased by 8 and 25% respectively against ambient CO2 concentration of 380 
ppm. (Hebbar et al. unpublished data). Elevated CO2 to certain extent could offset 
the negative effect of temperature in coconut. The stimulatory effect of CO2 under 
drought was less and it could increase the biomass by only 8% at 700 ppm CO2. 
Crown initiation and crown growth in coconut are very sensitive to climate change 
variables. Crown growth rate was approximately 2 cm/day with 550 and 700 ppm 
CO2 as against 1.8cm/day of plants grown in ambient condition. The higher growth 
rate of plants under elevated CO2 was closely associated with the photosynthesis 
(PN). Photosynthesis was highest 14.4 at 700 ppm CO2 as against 10.14 under 
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ambient condition. Chlorophyll fluorescence data measured in the same leaf where 
the PN was measured indicated that Fv/Fm (dark adapted values) which reflects the 
potential quantum efficiency of PSII, was on par in ambient and elevated CO2 plants

Biomass production of coconut seedling in OTC with  
climate change variables ECO2, ET and drought 

High temperatures can have both negative and positive impacts on growth and 
production in coconut. The negative impacts such as added heat stress, especially in 
areas at low to mid-latitudes already at risk today, but they also may lead to positive 
impacts in currently cold-limited high-latitude regions. Warming trends are noticed 
in most parts of the coconut growing areas of Karnataka, Kerala and Tamil Nadu. 
High temperature increases both photorespiration and the dark respiration and thus 
the total biomass production go down. Regression analysis indicated increase in T 
min increased the leaf emergence rate: increase in T max increased inflorescence 
emergence rate; pistillate flower production has curvilinear relationship with rainfall/
month (150mm/month-opt), nut retention has curvilinear relationship with T max 
(32 oC-opt) and T min (20 oC-opt). Frequent but short periods of temperature below 
15°C result in abnormalities of fruit such as bicarpelate nuts and lack of pollination 
under North Indian conditions. 

Table 1 
Biomass production of coconut seedling in OTC with climate change variables ECO2,  

ET and drought

Climate variable Root length 
(cm)

Volume 
(cm3)

Root wt 
(kg)

Stem wt 
(kg)

Leaf wt 
(kg)

Biomass 
(kg)

Ambient 94 752 0.218 0.406 0.398 1.022

550 ppm CO2 98 875 0.247 0.446 0.433 1.126

700 ppm CO2 105 992 0.269 0.487 0.460 1.216

ET 110 638 0.195 0.346 0.370 0.911

ET+550 ppm CO2 116 736 0.218 0.380 0.390 0.988

Treatments 

Control 112 852 0.273 0.523 0.461 1.257

Drought 107 581 0.113 0.234 0.238 0.584

CD at 5%

OTC 8 77 0.017 0.022 0.028 0.037

Treat 6.45 59.67 0.014 0.017 0.022 0.029

Coconut has been considered as extravagant in water consumption. It is estimated 
that the water consumption by tall coconut in India as 115 L day-1 in summer and 
55 L day-1 in winter. Drought stress affects coconut production in almost all coconut 
growing countries, since it is mainly a rainfed plantation. Hence, the productivity is 
low in these areas by ~50% of irrigated gardens. Coconut faces summer dry spells 
each year apart from the frequent occurrence of drought years. This is projected 
to increase further as the long term climatological data for 140 years in the humid 
tropics of India indicate cyclic pattern in rainfall with a declining trend in annual 
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and southwest monsoon rainfall during the past 60 years. Being perennial in nature, 
coconut palm had a long duration from the initiation of inflorescence primordia to 
nut maturity (~44 months) with longer pre-fertilization period (~32 months) than 
post-fertilization (12 months) period. Hence, the impact of drought occurring at any 
of the critical stages of the development of inflorescence affects nut yield, not only 
in current year but also in next three years to follow, thus makes the problem more 
severe. 

Interaction effect of CO2, high temperature and drought

The interaction effect of climate change variables CO2 and elevated temperature 
(ET) with drought and nutrients on growth and development of coconut seedlings 
was studied in an Open Top Chamber (OTC) at CPCRI, Kasaragod. High temperature 
(3 oC above ambient) decreased the biomass by 10%. High temperature in addition 
to drought had a compounded effect and reduced the biomass by 16%. To certain 
extent the elevated CO2 could offset the negative effect of temperature in coconut. 
The stimulatory effect of CO2 under drought and high temperature was less and it 
could increase the biomass by only 8% with 700 ppm CO2. 

Spindle leaf initiation and its growth is slow at ET. It was only 1.3 cm/day with ET and 
1.7 cm/day with elevated CO2+ET as against 1.8cm/day of plants grown in ambient 
condition. The stomatal conductance and the transpiration on the other hand were 
high in ET treatments 0.216 and 5.63 as against 0.125 moles/m2/s and 2.58 moles/
m2/s with 700 ppm CO2 respectively indicating better intrinsic tolerance of plants to 
water limitation under elevated CO2 concentration. ECO2 treatment had higher WUE 
2.53 and 2.93 g litre-1 at 550 and 700 ppm respectively as against 2.10 of ambient 
and 1.79 of ET treatment. Thus, the water requirement to produce unit biomass in 
ECO2 treatment is less. This indicated that, at the present level of moisture available 
coconut would produce more biomass under future climate. However, under water 
limited condition, photosynthesis per unit water transpired is less, as a consequence 
the WUE was low in stressed plants.

Fig. 1 
The interaction effect of climate change variables with drought and high nutrients on the 

WUE of OTC grown COD seedlings.
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Anticipated impact on neera production, quality and shelf life

The inflorescence sap of coconut is the phloem sap and used mainly for the 
development of the growing nuts. Coconut produces 12 to 14 inflorescences (spadix) 
in a year, on an average one per month. Each spadix can support 20 to 25 either 
tender or mature coconuts. Tender nut requires 6 to 8 months while, mature nut 
takes almost a complete year for its maturity. At a reasonably high water content of 
500 ml per tendernut, the total water equivalent per spadix is just 10 to 12.5 liter. 
If the same unopened spadix is tapped for sap it could produce 60 to 67.5 l of sap 
in a period of just 40 to 45 days at a conservative yield of 1.5 l/day. Moreover, it is 
rich in nutrients and phytochemicals as compared to tender coconut water. The sap 
thus collected can be sold as a health drink or processed into sugar, jaggery, honey or 
syrup which has a great demand in domestic and international market.

The sap yield is expected to increase under ECO2 however; under ET it might 
decrease because of the decline in photosynthesis rate. Water requirement of the 
tapped plants is very high, therefore under the impending drought of climate change 
sap yield may go down. More than the sap yield, the quality is highly sensitive to 
high temperature. The sap is highly prone to fermentation and hence under ET the 
fermentation becomes faster and the shelf life will be reduced. 

Fig. 2 
Effect of temperature on the rate of fermentation

ADAPTATION STRATEGIES OF COCONUT TO CLIMATE CHANGE

Phenotyping for drought

The whole plant water use efficiency measured in contrasting talls and dwarfs for 
drought tolerance showed wide variability for water use. Significant difference 
was observed for shoot and root biomass and root to shoot ratio. At 50 % FC WUE 
increased by 78% and shoot and root biomass reduced about 30%, whereas in 25% 
FC, WUE increased by 182% and shoot & root biomass reduced to 47 % over the 
seedlings grown under 100% FC. Talls showed higher WUE under well watered 
condition, while dwarfs showed higher WUE under water limited condition except 
KD and MYD. Genotypes with higher WUE also showed higher accumulation of 
above ground biomass.
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Fig. 3 
WUE of coconut seedlings grown at 100, 50 and 25% FC moisture regimes

Phenotyping for high temperature

In vitro screening of pollen for high temperature tolerance 

Pollen grains in most of the crops are known to be highly sensitive to high 
temperature. Pollens from CGD, MGD, MYD, MOD and WCT cultivars screened for 
germination at different temperatures (ranging from 10 to 50ºC on nutrient media) 
indicated a wide variability in germination per cent and the optimum temperature. 
WCT at 20ºC had a germination percentage of 90% and reduced to 42% at 45ºC. 
Across all the temperature pollen germination was highest in WCT followed by MGD 
and was the least in MYD. It decreased significantly in the cultivars in the following 
order	 WCT>MGD≥CGD≥MOD≥MYD.	 The	 varieties	 x	 temperatures	 interactions	
were significant indicating that varieties showed different response in germination 
at different temperatures. 

 

Pollen germination % in 
WCT at 20oC

Pollen germination % at 
different temperatures in 

WCT for the period of 5 Hr

Mean % pollen 
germination of varieties 
at different temperatures

Fig. 4 
Pollen germination % of Different Cultivars

Cocosap chiller’ technology for neera

CPCRI has developed a simple device to collect farm fresh, hygienic unfermented 
coconut sap form the coconut spadix. It keeps the sap fresh and unfermented for 
very long period. It is a novel method of collecting unfermented sap and preserving 
its flavor and aroma without the use of preservatives. In this method, the sap from 
the cut end of the spadix directly trickles down to a container which is housed in the 
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ice box. Ice cubes are placed around the sap collection container which maintains 
the internal temperature at very low levels (2 to 3oC). The sap collected by the above 
method can also be used for the preparation of natural coconut sugar, jaggary or 
honey without the addition of chemicals. 

Moreover, contrary to the open system of collection as in traditional method, here 
in this the whole system is closed and hence volatiles are not emanated and do not 
attract harmful insects which is expected to increase under changed climate.

Higher yield realization with the adoption of Coconut based farming system

Studies conducted at CPCRI and elsewhere indicated that coconut based farming 
system approach is the best adaptation strategy to overcome the effect of climate 
change. Coconut based farming system is a combination of multiple cropping 
systems in vertical and horizontal dimensions. Between two coconut trees, fruit 
trees such as lime, lemon, guava, pomegranate, custard apple, cocoa, nutmeg, clove, 
crop which are planted at 15 -20 ft distance. They can be planted simultaneously or 
after the coconuts are established. Above mentioned crops start yielding well from 
3 -5 years after planting. On the farm scale, trees and perennials can dramatically 
improve rainwater infiltration and groundwater recharge. In Kerala, providing more 
fertilizers along with summer time irrigation and following soil moisture conservation 
practices could further improve the positive gains due to climate change by 7 to 21% 
in different scenarios. 

CONCLUSION

The threat of climate change is projected to be more in coastal tract of India where 
coconut is the predominant crop which provides sustenance to more than 10 million 
people and contributes Rs. 83000 million annually to the Gross Domestic Product 
(GDP) of the country. The impending climate change will affect coconut plantation 
through higher temperatures, elevated CO2 concentration, precipitation changes, 
increased weeds, pests, and disease pressure. Under the changing crop use pattern 
for neera tapping, especially in states like Kerala, the coconut is expected to become 
more sensitive to drought and high temperature. Even though, the coconut simulation 
model Infocrop projected nut yield seems to be stable under the future climate, the 
tapping of coconut for neera yield and its quality seems to be highly sensitive to 
climate change variables. It is expected that by 2020 at least 20 to 30% of the trees 
will be used for tapping and may change the whole scenario of coconut sector. In 
order to support the livelihood, successful adaptation and mitigation strategies 
which aim to enhance the crop resilience so as to have better social, economic and 
environmental sustainability, in the face of increased climatic pressures are needed. 
Adoption of coco-sap chiller is a promise to get high quality and long shelf life neera. 
In areas of poor performance of coconut yield, it is advisable to go for the adoption 
of tolerant genotypes and coconut based farming system due to advantages like high 
productivity, maximum biomass utilization, increases in soil microbial population 
and soil water holding capacity which is helpful in plant growth and survival 
during low rain fall and drought condition. The adaptation of above strategies aim 
to enhance agroecosystem and livelihood resilience, including social, economic and 
environmental sustainability, in the face of increased climatic pressures. 
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INTRODUCTION

The vegetation of India evolved in time and space due to geomorphologic changes 
and the interactions of climate and biotic changes. There is a close linkage between 
climate and biota. The impending climatic change due to carbon dioxide emissions 
resulting global warming is predicted in several studies by scientists and Inter 
Governmental Panel on Climatic Change (IPCC) sponsored by UNO. The changing 
pattern of Indian flora (Nayar, 1977) is explained and delineated in relation to 
continental drift and the evolution of flora and vegetation of India in time and space. 

The Peninsular India and the Himalaya are the principal biogeographical regions 
of India with Indo-Gangetic plains sandwiched between them. On the basis 
of topographic features, climatic patterns and species assemblages, Hooker 
(1907) considered ten phyto-geographical regions for the Indian subcontinent. 
Rodgers & Panwar (1988) classified the biogeographic zones of India as follows: 
1. Trans Himalayan, 2. Himalayan (N.W.Himalya, W.Himalaya, Central Himalaya, 
E.Himalaya), 3. Desert (Kutch, Thar), 4. Semi arid, 5. Western Ghats, 6. Deccan 
Peninsula, 7.Gangetic Plains, 8. North-East India, 9. Islands, 10.Coasts. On the basis 
of forest types and the dominance of species Champion and Seth (1968) classified 16 
forest types and several forest species sub groups. On the basis of the assemblages 
of endemics Nayar (1996) proposed twenty phytogeorgraphical divisions which are 
as follows: 1.Andaman group of islands, 2.Nicobar group of islands, 3. Southern 
W.Ghats, 4. Northern W.Ghats, 5. Leeward Deccan Plateau, 6. Southern E.Ghats, 7. 
Northern E.Ghats, 8. Chotanagpur, Malwa Vindhya Plateau, 9. Western Himalaya, 10. 
Central Himalaya, 11. Eastern Himalaya, 12. North-Eastern India, 13. Assam Plains, 
14. Indo-gangetic Plains, 15. Aravalli hills 16. Arid Zone ( W.Rajasthan), 17. Semi 
arid zone (Kathiawar, Kutch, northern Gujarat), 18. Coastal Zone, 19. Mangroves, 20. 
Lakshadweep islands.

On the basis of projected climate changes (IPCC, 2001) the following climate induced 
environmental events are predicted: The global surface temperature would rise by 
1.4-5.8 degree Centigrade and the global sea rise by 0.09-0.88 m. during 1990-2100. It 
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is predicted that there would be extreme weather events. As per the IPCC assessment 
a doubling of concentration of carbon dioxide concentrations would lead to global 
warming between 1.4 degree C to 5.8 degree C. Some of the salient features of the 
projected climate change in Indian scenario are given below.

1. Indian agriculture is weather dependent and Indian climate is dominated by 
the monsoon rains. It is projected that there would be increase in precipitation 
especially in Asian summer monsoon rainfall. The rain dependent agriculture 
in India constitutes 65 % of arable land of 142 million hectares. (TERI, 1999). 
Overall precipitation pattern in the subcontinent during the last few decades 
are as follows with slight variations. Eastern Himalayas including NE India has 
about eight months of rainfall from March to October, while Peninsular India 
on the windward Western Ghats has five months of rainfall due mainly to S.W 
monsoon from June to November with an intervening gap of one month during 
August-September, while the southern Deccan peninsular India and eastern coast 
has maximum rains from NE monsoon from October to December. W. Himalaya 
receives active monsoon for two months July and August, while Central Himalaya 
receives four months of rain. 

 According to the decadal rainfall patterns it is seen there is decreasing trend 
of precipitation considering their earlier records in Arunachal Pradesh, NE 
India, Kerala, Jammu & Kashmir and Andaman & Nicobar islands. While there 
is increasing trend in rainfall in relation to their earlier records in the states of 
Punjab, Himachal Pradesh, eastern Rajasthan, Gujarat, Gangetic West Bengal 
and Interior Karnataka. (Srivastava et al., 1998). There is also a narrowing of gap 
between the onset of SW monsoon and NE monsoon in the windward southern 
Kerala and also a tendency of merger of S.W. and NE monsoon precipitations.

2. Desertification is one of the consequences of climate change projected in India. 
The core area of arid land is situated in the north west India mainly Thar desert in 
Rajasthan and southern peninsular India in the districts of Cuddappa and Bellary. 
(Singh et al. 1992). It is seen that 18.74% of Indian land mass faces varied types 
of aridity. As per the report of IPCC (2001) some of the dry lands show signs of 
desertification due to inappropriate management because of higher temperature 
followed by wind erosion and higher evapo-transpiration and also due to human 
pressure and albido effect of urbanization. While NW India shows increasing 
trend of rainfall due to north west shifts of summer monsoon. 

3. India has a coast line 6500 km which is low lying and is prone to submergence 
due to sea level rise predicted as a consequence of climatic change. The Indian 
coast line is densely populated and in the absence of remedial measures, a sea 
level rise of one meter would submerge 5762 sq.m. of agricultural and semi-
urban lands affecting about 7.1 million people ( JNU,1993). Since 1950 there 
was an average rise of 2.5mm. per year in sea level in Indian coastal areas ( Das 
& Radhakrishna,1991). By the middle of the century ie.2050, there would be 
an increase of sea level, 15-38 cm, due to the warming of the subcontinent by 
1.5-2 degree centigrade. As a consequence sea level raise, it is projected that 
there would be ingress of salinity in coastal underground aquifers and drainage 
systems affecting the coastal agriculture and drinking water supply. 
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4. Another major event which would affect the water regime of the Indogangetic 
plains is the melting of the glaciers and ice caps of the Himalayas as a result 
of global warming. It is projected that this would result in flash flooding and 
drought resulting in the loss of agricultural productivity. 

STUDIES ON CLIMATE CHANGE ON THE DISTRIBUTION OF GLOBAL 
VEGETATION

It is often believed that global warming would result in the movement of vegetation 
poleward from the equatorial belt. This projection is rather simplistic as there are 
heterogenous landscapes with multifactorial web of climatic interactions, edaphic 
syndromes, hydrological regimes, synusia and refugia. Besides, there are fragmented 
landscapes influenced by human interventions. There are two possibilities due 
to global warming caused by green house gas emissions causing redistribution of 
vegetation ie. terrestrial biosphere would either become a source of carbon dioxide 
or a sink of carbon dioxide.

However the main conclusions are that the capacity of the terrestrial biosphere to 
remove and store atmospheric carbon would be greater under warm global climatic 
changes (Prentice et al, 1992) and increasing intensity of agriculture in higher 
latitudes would permanently reduce the capacity of earth to store carbon below its 
current storage capacity (Solomon & Leemans, 1997). There would be impact on 
the vegetation and biodiversity due to climatic change and extensive alteration of 
landscape. It is difficult to foresee the changes in the evolution of biodiversity due to 
climatic change as the timescale for the operation of evolutionary scale would take 
several millions of years. 

According to Nielson et al (1992) the climatic change would alter the spatial patterns 
of biodiversity especially the vegetation structure ie. diversity in form (physiognomy). 
However spatial diversity caused by ecological interactions due to climatic shifts 
would shift biomes over landscapes with marked changes in the structure of vegetation 
(Solomon ,1996). In this process, over shorter time scale of climatic shifts, species 
which are disturbed from the established ecological niches would become extinct. 
As biomes shift due to climatic shifts those species which occur in the borderlines of 
different ecotones they would face decimation.( Neilson, 1993). It is seen that diverse 
crop species are “charcterised by the variety of specific minimum growing period 
requirements, photosynthesis and respiration properties “and the temperature and 
radiation during the growing period are critical for crop productivity (Leemans & 
Solomon, 1993). It is considered that high latitude regions are much benefited by 
the increase of temperature resulting in longer growing period. With the increased 
temperature there would be longer growing period resulting in more atmospheric 
carbon getting sequestered on the one hand, while higher temperature would lead to 
higher decomposition rate leading to the release of carbon back into the atmosphere. 

The recycling time of carbon flux is longer for perennial timber trees whereas in 
annual herbaceous crops like cereals they are shorter. The altitudinal landscapes 
simulate the higher latitudinal regions so far as the impact of climate change is 
concerned. It is generally foreseen that that “Climate Change” would be beneficial in 
temperate countries where the availability of arable land would increase, whereas in 
topical countries there would be high flux of temperature induced heat and radiation 
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leading to drought. Besides, higher temperature and higher evapo-transpiration 
induced convection currents cause cloud bursts and flash floods. It is projected 
because of the availability of arable land released from the former frozen fields and 
longer growing season, it is estimated that cereal production in temperate countries 
would increase by 25 percent. Whereas it is projected that the crop yield would be 
reduced in tropical regions because of high temperature, higher evapo-transpiration 
leading to drought and high incidence of crop pests due to higher humidity. 

PROJECTED VEGETATION SCENARIO OF INDIA DUE TO CLIMATE CHANGE IN 
THE BIOGEOGRAPHIAL PROVINCES OF INDIA

In view of the various projections of Climate Change, resulting in the rise of 1 degree 
C to 4 degree C in the global mean temperature resulting in the pole-ward shifts of 
biomes and changes in the rainfall patterns, possibility of El Nino effect, flash floods 
and drought, ecosystem changes due to invasive species and weeds and sea level 
rise due to global warming the following vegetational changes in India during the 
next two to three centuries are projected. The biogeographical provinces in India as 
adapted by Rodgers & Panwar (1988) are followed:

Climate Change affecting the vegetation of Western Ghats Biogeographial 
Province

The Western Ghats extends 1600 km running parallel to the W.Coast from 
Kanyakumari to river Tapti and it straddles the states of Kerala, Tamilnadu, Karnataka, 
Goa, Maharashtra and Gujarat. The average temperature is 20-24 degree C and 
temperature and in the coastal region, temperature goes up to 35-38 degree C. The 
main source of precipitation is from the southwest monsoon. North East monsoon 
spell is short and it is mainly confined to the southern region. The average rainfall 
is 3000-4000mm and in several places the rainfall is as high as 7000-8000mm. The 
Western Ghats presents varied latitudinal and altitudinal differences and landscape 
gradients and edaphic features .This has resulted in the rich assemblage of about 
4000 species of flowering plants of which about 1500 species are endemic.(Nayar, 
1996). The Western Ghats supports Tropical wet evergreen forest, Tropical semi-
evergreen forest Tropical moist deciduous forest, Tropical dry deciduous forest, 
Shola forest and Montane wet temperate forest.

Due to increased warming and resultant higher temperature the main casualty would 
be the loss of Shola forests in the Anamalais-Cardamom hills and Montane wet 
temperate forests of Nilgiris resulting in the extirpation of species occurring there. 

The species which are vulnerable due to higher temperature are Campanula 
fulgens, Heracleum rigens, Mahonia leschenaultii, Parnassia mysorensis, Ranunculus 
reniformis Rhododendron arboreum var. nilgiricum, Rhodomyrtus tomentosa, 
Strobilanthus sp. Viola serpens. The Shola forest having the following conspicuous 
species would be endangered: Hydnocarpus alpina, Berberis tinctoria, Euonymus 
crenulatus, Gordonia obtusa, Ilex denticulata, Mahonia leschenaultii, Meliosma 
wightii, Microtropis ramiflora, Schefflera racemosa Ternstroemia japonica. 

There would be shifts in the boundaries of moist deciduous forests and dry deciduous 
forests in the Western Ghats of Karnataka and Maharashtra where there are changes 
in precipitation. It is projected that increased dryness would favour extension of 
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dry deciduous forest belt. Since there is a northwards shift in rainfall patterns of 
south west monsoon the Western Ghats of Gujarat would be enriched. If catchment 
treatment is undertaken with appropriate rain harvesting the present eroded area 
of scrub jungles along Dangs could support rich vegetation in view of the higher 
precipitation due to Climate Change.

Climate Change affecting Deccan Biogeoraphical Province

The Deccan biogeographical province consists of dry deciduous forests of Eastern 
Ghats, tropical dry evergreen forests of Carnatic coast, moist deciduous forests of 
Madhya Pradesh and thorn forests of semi-arid Deccan of Andhra Pradesh and 
eastern Karnataka.

As per the general patterns and decadal rain fall changes the major precipitation is 
from diminishing south west monsoon during July-August in the interior Eastern 
Ghats, while the coastal belt receives erratic cyclonic storms during November-
December followed by heavy downpour and flash floods. However the rainfall 
patterns affecting the wet deciduous forest of Madhya Pradesh would be optimal 
favouring the flagship species Tectona grandis followed by Hardwickia binata. With 
maximum temperature 51 degree C during summer months and diminishing rain fall, 
pockets of Kalahandi region in Orissa face extreme drought and semi- desertification 
(Padhi, 2002). Due to the north west shift of south west monsoon (Kulkarni, 2002), 
Telengana region of Andhra Pradesh receives more rainfall which would help the 
change of vegetation from scrub jungle formation to dry deciduous forest type. In 
the Coromandel and Eastern Coast, the climate change would be reflected in higher 
temperatures, a rise of 1- 2 degree C above the normal with high evapo-transpiration 
leading to the stress on aquifers and water bodies. 

The dominant species of dry deciduous forests which are of economic value are 
Sal (Shorea robusta), Arjun (Terminalia arjuna), Sisso (Dalbergia sisso), Ebony 
tree (Diospyros melanoxylon), Terminalia tomentosa, Terminalia chebula, Mohua 
(Madhuca indica), Satin wood (Chloroxylon swietenia), Nux-vomica (Strychnos 
nuxvomica), Red Sanders (Pterocarpus santalinus), Pterocarpus marsupium, Boswellia 
ovalifoliolata, Anogeissus latifolia. There will be shrinkage in the area of occupancy 
of the above mentioned economically valuable species.

Climatic Change affecting the vegetation of Semi arid regions of Gujarat, Eastern 
Rajasthan and Punjab 

Semi arid biogeographial regions consists of dry deciduous forests of Gujarat, Malwa 
plateau, scrub jungles and grasslands of northern Gujarat and eastern Rajasthan.The 
main constituents of the dry deciduous forest flora in Gujarat are Adinia cordifolia, 
Acacia chundra, Butea monosperma, Anogeissus latifolia, Tectona grandis, Diospyros 
melanoxylon. While the Malwa plateau presents the following semi evergreen and 
dry deciduous tree species: Bridelia retusa, Pterocarpus marsupium, Kydia calycina, 
Syzygium cumini, Terminalia arjuna, Terminalia bellerica, Tectona grandis. The tree 
components of Aravallis and east Rajasthan includes the following species: Butea 
monosperma, Sysygium cumini, Kydia calycina, Terminalia bellerica, Tecommella 
undulata Due to climate change the following endangered species would.become 
extinct: Dicliptera abuensis, Strobilanthes hallbergii.
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It is reported by several scientists that there is a trend of increasing rainfall during 
summer monsoons in the semi arid regions of north west India during the last few 
decades while there is trend of decreasing rainfall in the tropical north east India ( 
Pant & Hinganet,1998; Rupa Kumar et. al.,1992; Singh et al., 1992). It is reported that 
there is a westward shift of summer monsoons over India and it is correlated with the 
diminishing area of semiarid regions excepting in two pockets : Jodhpur-Jaisalmere 
zone, Cuddappa and Bellary zones of southern Deccan. The higher precipitation and 
higher temperature would result in the increase of semi evergreen forest elements in 
the ecosystem. Resultant to the higher temperature and higher rainfall there would 
be higher humidity. The higher humidity would favour the incidence of fungal 
infections and insect pests. The scrub jungles of Gujarat and eastern Rajasthan 
making use of higher precipitation due to climate change would become dry 
deciduous forests having timber yielding species. With proper management of run 
-off from the higher precipitation ie. scientific management by utilizing appropriate 
contour bunding and rain harvesting, it would be possible to raise productive 
farmlands. However, as a corollary to the incidence of higher rainfall, it is projected 
that invasive weedy species would occupy agricultural farmlands and fallow fields 
and partially disturbed forests causing economic loss. But overall, the productivity 
of vegetation and turn over of biomass would be higher. 

Climate Change affecting the vegetation of Desert Biogeographic province of 
Western Rajasthan 

Desert biogeographic region comprises (i) sand dune areas and interdunal areas 
(ii) sandy hummocky plains, (iii) gravelly rocky plains (iv) isolated hills and rocky 
outcrops and (v) saline tracts. The vegetation is sparse with stunted prickly drought 
resistant shrubs. 

The common trees and shrubs are Calligonium polygonoides, Haloxylon salicornicum, 
Acacia senegal, Prosopsis cineraria, Salvadora oleoides which are important life 
supporting species. The common grasses which are good fodder species are Aristida 
adscensionis, Cenchrus biflorus, Cenchrus setigerus, Dactyloctenium aegypitum, 
Dactyloctenium scindicum, Lasiurus sindicus, Panicum antidotale. The aridity of 
Thar desert would be further accelerated due to the rise in temperature and wind 
blown erosion and salinazation of soil due to higher temperature of global warming. 
Though there is increasing trend of summer monsoon east of Aravalli ranges there is 
no perceptible increase of soil moisture as the evapo-transpiration is on the higher 
side. With the possibility of higher precipitation as indicated in recent studies 
(Kulkarni, 2002) the desert vegetation would be partially replaced by scrub jungles. 
With appropriate management of soil moisture good farm lands can be developed 
based on the Israel model of farming.

Climate Change affecting the vegetation of Western Himalaya Biogeographical 
Province

The Western Himalaya biogeographic province straddles the states of Uttarkhand, 
Himachal Pradesh and Jammu-Kashmir. The forest types are moist deciduous forest, 
dry deciduous forest, sal forest, pine forest, temperate broad leafed tree, temperate 
coniferous forest, alpine scrub and alpine pasture. Due to the global warming caused 
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by climate change, it is projected that the forest vegetation would move altitudinally 
to higher altitudes, a displacement which would increase the productivity of the 
forest ecosystems. The common economically important tree species are Albizia 
lebbeck, Albizia procera, Cinnamomum tamala, Diospyros montana var. cordifolia, 
Grewia optiva, Kydia calycina, Lagerstroemia parviflora, Terminalia alata, Terminalia 
bellerica. With higher precipitation from summer monsoons and higher temperature 
due to global warming there would be increase in the area of occupancy of moist 
deciduous forests and dry 

deciduous forests favouring the extensive growth of timber species Dalbergia sisoo, 
Shorea robusta. Due to global warming the chir pine forests mainly Pinus roxburghii, 
Pinus wallichiana move beyond the present ecotone and would occupy higher 
altitudes in drier exposed gradients. The pine forests are replaced at higher altitudes 
by Oaks Quercus floribunda, Quercus leucotrichophora, Quercus semicarpifolia) 
forests and Rhododendron forests which would find its ecological niche in higher 
altitudes about 2000-3000m. The birch forests (Betula utilis) along with Abies 
pindrow occur at altitudes 3000-3500 m. Forests of devadar (Cedrus deodara) having 
high value timber occur along this belt. 

Above the tree limit there are only stunted formations of Juniperus communis and 
J. wallichiana along with other low shrubs of Cotoneaster, Salix and extreme cold 
tolerant herbaceous species Thylacospermum rupifragum and Christolea himalyensis 
occur. Due to global warming, it is projected that Himalyan glaciers would be 
retreating leading to extensive drought caused by the loss of captive stored water 
resources. This would be a deterrent for the gains due to higher temperature caused 
by global warming. The interplay of positive features of higher temperature due 
to global warming and higher rainfall due to the shift of summer monsoons may 
be weighed against the negative feature of possible drought induced by the loss of 
glaciers and hence loss of stored water. 

Climate Change affecting the vegetation of North Eastern India Biogeographical 
province

The tropical vegetation of north east India which includes the states of Assam, 
Manipur, Meghalaya, Mizoram, Nagaland, Tripura as well as the plains of Arunachal 
Pradesh. The vegetation includes Tropical evergreen forests in the Assam valley, 
foothills of eastern Himalyas and the lower parts of Naga hills and Manipur where 
the rainfall exceeds 2300 mm per annum. Here large tall trees like giant dipterocarps 
Dipterocarous macrocarpus and Shorea assamica occur as scattered emergents in the 
canopy, while evergreen canopy is predominated by Mesua and Vatica. The tropical 
deciduous forest includes moist Sal forests with dominant Shorea robusta. The 
temperate montane vegetation is represented by Photinia, Eriobotrya, Pyrus, Prunus 
and Sorbus. This area is a cradle of genetic resources of Citrus species. The trees hold 
large number of epiphytes especially orchids, ferns and some aroids. 

Due to Climate change of higher temperature projected during global warming 
and the present decadal record of decreasing rainfall (Srivastava et al., 1998) in 
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N.E.India, there would be raise in temperature followed by high humidity. Since 
the terrain is hetero-genous with steep gradients the precipitation would cause flash 
floods leading to erosion of fertile soil from farms lands. This would lead to extreme 
desiccation and drought during summer months causing loss of biodiversity of rich 
undergrowths and epiphytic flora. There would be high incidence of fungal and 
insect pests which affect the crop species. 

It is projected that increased temperature the montane temperate forests, subalpine 
and alpine scrubs would recede causing loss of the species occurring in the border 
lines of different biomes especially along ecotones. Some of the rare species like 
Magnolia caveana, Magnolia rabaniana, Magnolia gustavi, several species of 
Rhododendrons, Prunus punctata, Prunus arborea var. montana, Coptis teeta would 
become critically endangered.

Climate Change affecting the vegetation of Coastal Biogeographical region

The coastal ecosystems of India mainly consists of mangrove forests and beach 
forests (mainly seen in the Andaman islands). Along the west coast there are about 
116,815 hectares of mangrove forests and along the east coast there are about 
449,961 hectares of mangroves , while Andaman and Nicobar islands have 115,200 
hectares of mangroves. Otherwise Indian beach forest consists of scattered stunted 
evergreens, native Calophyllum inophyllum, Cocos nucifera, introduced species 
Casuarina equisetifolia. Along laterite formations cashew (Anacardium occidentale) 
is cultivated. The dominant species consists of species of Avicennia, Bruguiera, 
Sonneratia, Rhizophora, Ceriops Excoecaria, Xylocarpus. 

Considering the climate change accompanied by the rise of level 50-350 cm during 
the next 100 years, there would be loss of mangrove habitats in India especially 
in the low lying areas ie. eastern coast and Sundarbans and also low lying areas 
of Andaman and Nicobar islands. Though the rise of sea level would be a steady 
process, the species of mangroves would not get the adaptation time for evolution. It 
is projected that high waves during the sea level rise may destroy the anchorage of 
the coastal mangrove vegetation. (Schwartz, 1967). Besides the sudden inundation 
sea water and ingress of salinity would be deleterious for the seedling growth of 
different species of mangroves as they require different thresholds of low salinity 
(Jagtap & Komarpant, 2002). It is considered the mangroves and associated biota 
which have tolerance threshold would move interior with new adaptive syndrome. 
There is every possibility of freshwater tolerant mangrove species would move 
landwards. One such example is the former mangrove species, rhizophoraceous 
species Blepharistemma membranifolia established it habitat in the southern 
W.Ghats . In the low lying estuarine- sea front of Kerala, it is necessary to develop 
mangrove belts in order to reduce the salinity ingress from sea water intrusion into 
the agricultural systems as a result global climate change. 
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INTRODUCTION

Climate change refers to change in weather patterns, which is attributed directly or 
indirectly to human activity that alters the composition of the global atmosphere and 
which is in addition to natural climate variability observed over comparable time 
periods. It is a matter of extremes and is likely to affect minimum and maximum 
temperatures and trigger more extreme rainfall events and storms. The increase in 
annual mean temperatures will cause the biggest problems for plants, animals, and 
human beings. 

Climate change is real and expected to be the major threat to ecosystem vis-à-vis 
biodiversity and one of the main factors affecting mankind over the coming decades. 
Many studies have brought ample evidences to claim that ecological responses 
are rapid and visible and significant manifestations are happening throughout the 
word in various aspects of biological diversity. The root cause for the change in 
ecosystem is through the alteration over the interactiveness between the organisms 
in an interlinked web of connections. Since the interactions decide the strength 
and sustainability of the ecosystem, once it broke the ecosystem properties and 
characteristics vis-à-vis its sustenance will be lost for ever. This alteration challenges 
the same existence of humanity in the world from low-lying islands in the tropics to 
the vast Polar Regions. According to the Intergovernmental Panel on Climate Change 
(IPCC) Working Group I (WGI) Fourth Assessment Report, from 1850 to 2005, the 
average global temperature increased by about 0.760C and global mean sea level rose 
by 12 to 22 cm during the last century.

The main consequences of climate change are greenhouse effect, global warming and 
ozone depletion. Over the past 100 years, mean surface temperatures have increased 
by 0.3-0.8 C across the region (IPCC, 2007). In the Indian subcontinent, temperature 
could rise between 3.5 and 5.5 °C by 2100. An even greater increase is assumed 
for the Tibetan Plateau. Rapid melt will accelerate river runoff which will initially 
reduce the ice reserve below a critical threshold and then causing catastrophic floods 
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which can sweep away all means of livelihood in a single stroke (Bajracharya et al., 
2007).

The basic ecological and physiological process are sensitive to climatic variables 
such as temperature and precipitation. The studies conducted elsewhere in the 
world revealed that only 30 years of warmer temperature at the end of 20th century 
have affected the phenology, range and distribution of species, and the composition 
and dynamics of communities. The analytical proof for the observed biotic responses 
to climate change has been well established through observational and experimental 
studies on the behaviour, ecology and physiology of many wild species. 

For the Indian sub-continent, less rainfall in winter and increased precipitation in the 
summer monsoon are predicted; and in 2050, decreases in winter precipitation by 
10-20% and by 30% for the summer have been projected. Climate change and global 
warming will have huge impact on mountain ecosystems such as the Himalayas and 
Western Ghats. There are more than 5,000 glaciers in the Indian part of Himalayas 
that contribute 50-70% of the western Himalayan Rivers and any impact on these 
glaciers will adversely affect millions of people who are living in the downstream. In 
India the situation is as critical as continuous as rain failure in the northern plains 
create the condition of draught in this region. The shrinkage of glaciers, decreasing 
water flow of the perennial rivers depleting ground water level directly and indirectly 
affect the biodiversity of the sub region.

The manipulations or the structural variations of ecosystems and habitats are 
a result of climate change is through a complex physiological process. The 
enhanced atmospheric CO2 concentration results in increases in photosynthetic 
activity thus water use efficiency, manifested as increased growth. Such growth 
implicated in ‘vegetation thickening’ that affects plant community structure and 
function. Depending on environment, there are differential responses to elevated 
atmospheric CO2 between major ‘functional types’ of plants, such as C3 and C4, 
which has the potential among other things to alter competition between these 
groups. Higher level of CO2 in the atmosphere can also lead to increased Carbon – 
Nitrogen ratios in the leaves of plants or in other aspects of leaf chemistry, possibly 
altering the faunal community structure especially herbivore.

IMPACTS ON ECOSYSTEM

The impact of climate change on ecosystem is not the magnitude of changes of global 
average temperature but the inherent asymmetry in change process (functional 
and structural) that complicates predictions of ecological responses especially for 
complex tropical ecosystems. Communities are already going for re-assembly that 
is attributable to climate change and the implications of such large scale consistent 
responses to relatively low average rates of changes are visible in almost all the 
ecosystem especially the highly vulnerable and sensitive unique ecosystems such as 
alpine, coral, shola-grassland, etc..

A probability of climate change affecting a larger fraction of the world’s ecosystems 
(10% land area) shifting from forests to grassland or vice versa is only apparent for 
the highest degree of warming, 2-3°C. However, this non-forest to forest change is a 
rather drastic change in habitat and thus a very conservative measure of ecosystem 
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vulnerability; more subtle changes (for instance, changes within forest biome types) 
will certainly affect a larger fraction of area at lower degrees of global warming. 
Beyond the 21st century, the risks continue to increase: e.g., for 2-3°C, the risk of 
change affecting 10% of the land surface increases from 0% to 12% a century later, 
reflecting the combined inertia of ecosystems and climate.

Studies have shown (Ravindranath et al 2006) that tropical xerophytic shrubland 
will undergo maximum change, where a reduction from 40% in the present scenario 
to about 2% to 2.5% under two different future scenarios possibly due to an increase 
in rainfall. Similarly tropical evergreen forest, one of most species rich habitats in 
India, is likely to increase from about 3% of the current scenario to 35% under the 
comparable future scenarios due to an increase in the rainfall and a moderate increase 
in temperature. Tropical savannah/grassland is projected to increase from about 4% 
under existing scenario to 26% and 18% under two different scenarios. The model 
(BIOME4) that used for predicting the changes however did predict only moderate 
changes to the tropical mixed forests and the semi-deciduous forests under the two 
scenarios considered for the study. In summary it is shown that 77% and 68% of the 
forest areas in the country are likely to experience shift in forest types, respectively 
under the two scenarios, by the end of the century, with consequent changes in 
forests produce, and, in turn, livelihoods based on those products. Correspondingly, 
the associated biodiversity is likely to be adversely impacted.

Further, detailed assessment of the impact due to climate change on different forest 
types in India under extreme scenario shows more vivid and drastic shift from 
each of the vegetation mentioned above. The analysis shows that only 6% tropical 
xerophytic vegetation will be unchanged and the remaining into either tropical 
deciduous forests/woodland (59%) and tropical savannah (32%). It is predicted that 
the shift from mixed forests to temperate conifers will be only 8% and there would 
not be any change for the existing tropical evergreen forests but may increase by the 
shift from tropical deciduous or semi evergreen forests. Hence it may be elucidated 
that forests with economic important species such as teak, sal, pine and bamboo are 
undergoing drastic changes if the greenhouse gas emission unabated. In other words 
the changes to biodiversity are a manifestation of the changes to the habitats as result 
of aberrations of interactions among components of biodiversity.

A shift from potential forest to a grassland habitat, especially in higher elevations of 
Western Ghats and Himalayas, implies a change in the kinds of land use that can be 
practiced. The major areas at risk of potential forest loss are predominantly forested 
today, i.e., they have not been subject to forest clearance up to now. A shift from 
non-forest to forest also has implications for biodiversity, because many elements 
of biological diversity has narrow niche width, are adapted to treeless conditions. 
In principle, at least, this could lead to extinctions or changes in the distribution 
and abundance of species. These changes in climatic pattern disrupt the ecological 
wealth of the subcontinent. By 2000, the region had lost 15 per cent of its forest cover 
compared with the early 1970s (Kumar and Chopra, 2009). Less than one-third of 
the dense forest on which many native species depend will survive in the western 
Himalaya, while less than three quarters in the eastern Himalaya will remain (NSE, 
2006). Climate change during last few decades had a significant impact on the high 
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mountain glacial environment. Glaciers are highly sensitive to minor changes in the 
atmospheric temperature. Therefore, glaciers are considered as very good indicators 
that help us to quantify changes in the Earth’s climate. It is widely confirmed that 
climate change is the main factor behind the accelerated glacier retreat observed in 
the Himalayas. It is forecasted that the Himalayan glaciers could shrink to 100,000 
km2 by the 2030s, from 500,000 km2 now, if the current pace of global warming 
continues (Kireet Kumar, 2005). The decreasing water budget over the years coupled 
with the ever increasing sediment load has ‘choked’ not only the minor drainages 
but even the major river system. The summer discharge in the River Ganges has 
shown a sharp decline in recent years. Flash floods, droughts and change in seasonal 
cycle have become very common throughout the country (Kumar and Chopra, 2009). 
Climate change could cause irreversible damage to unique forest ecosystems and 
biodiversity, rendering several species extinct. Forests ecosystems require a long 
response time to adapt to climate change.  

On marine ecosystem, the warmer sea surface temperatures are responsible for an 
increase in a phenomenon called coral bleaching, when the coral expels a single-
celled, symbiotic alga called zooxanthellae that gives the spectacular range of colours. 
Zooxanthellae are expelled when the coral is under stress from environmental 
factors such as abnormally high water temperatures or pollution. Since the algae 
helps coral in nutrient production, their loss can affect coral growth and make coral 
more vulnerable to disease.

IMPACTS ON SPECIES

Climate change is likely to have a number of impacts on biodiversity from ecosystem 
to species level. The most obvious impact is the effect that temperature and 
precipitation have on species, ranges and ecosystem boundaries. In its most recent 
assessment, the IPCC reiterates that 20-30% of species assessed so far are likely to be 
at increased risk of extinction if increases in global average temperature exceed 1.5-
2.50C and it may go up to 40-70% if the temperature exceeds 350C. Global warming 
does not only make vegetation “gasp for air” but also leads to animal habitat loss 
which is a severe problem for sensitive species (Sharma, 2011). Any variation in 
the environmental factor especially through climate is going to affect the species 
especially endemic species in a drastic manner since they are niche specific. The 
faunal and floral species which are narrowly distributed in the high places (alpine) 
of Himalayas and Western Ghats are the one which shows physiological changes 
coupled with morphometric variations even with minor shift in weather. The life 
cycles of many wild plants and animals are closely linked to the passing of the 
seasons and climate. Many developmental processes of the organisms are dominantly 
dependent on day length and the other on temperature or precipitation that facilitate 
the reproductive process successfully. Some of the seasonal processes affected by 
climate change are earlier leaf production and greening by trees, changed timing of 
egg laying and hatching and changes in migration pattern of birds, fish and other 
animals. 

The endemic fauna of this subcontinent is particularly vulnerable to climate change 
due to a) its biogeographic history, having been restricted and therefore adapted to 



KottayamKerala Environment Congress 2015

94 CED & KSCSTE

cool, wet and relatively aseasonal upland environments during past glaciations (c. 
18,000 years BP) and b) the altitudinal gradient, ie species are adapted to a particular 
altitudinal niche and impacts of increasing temperatures are predicted to be most 
severe across altitudinal gradients. Altitude is the most important macroecological 
gradient, affecting almost every process. Eg., bird species richness peaks at mid 
altitudes (c. 600–800 m) in the Western Ghats.

The early victims of global warming will be the endangered species which has a. 
Some of the faunal species that could be affected are Jenkin’s Shrew (Crocidura 
jenkensii), Ganges Shark(Glyphis gangeticus), Himalayan Wolf (Canis himalayensis), 
Jerdon’s Courser (Crows bitorquatus), Andaman Shrew (Crocidura andamanensis), 
Andaman Spiny Shrew (Crocidura hispida), Blue Whale (Balaenoptera musculus), 
Chiru (Pantholops hodgsonii), Ganges River Dolphin (Platanista gangetica), Golden 
Leaf Monkey (Trachypithecus geei), Indus River Dolphin (Platanista minor), Kashmir 
Stag/ Hangul (Cervus elaphus hanglu), Markhor (Capra falconeri), Nilgiri Tahr 
(Hemitragus hylocrius), Snow Leopard (Uncia uncia), Brown Bear (Ursus arctos), 
Clouded Leopard (Neofelis nebulosa), Himalayan Musk Deer (Moschus chrysogaster), 
Himalayan Shrew (Soriculus nigrescens), Himalayan Tahr (Hemitragus jemlahicus).

Predictive modelling studies were carried out to understand the effects of increases 
in temperature of between 1°C and 7°C on species distribution were assessed using 
bioclimatic modelling, based on a database of over 220,000 records from field 
samples and point locations (Kumar and Chopra, 2009). Estimates were then made of 
the change in core range of each species under different climate scenarios, assuming 
that species continue to occupy the climate space they currently use. Models for 62 
species of montane (>600 m altitude) endemics indicate that 1°C warming will result 
in an average 40% loss of potential core range, 3.5°C warming a 90% loss and 5°C 
warming a 97% loss. Warming of 7°C results in the loss of all potential core range for 
all species. About half of the montane endemics would lose all of their core potential 
range with 3.5°C warming. Genetic diversity and evolutionary potential might also 
be lost, because there is considerable genetic diversity linked to the distribution of 
glacial refugia. Some of these refugia would cease to have suitable climate with even 
moderate warming.

Those at the edge of their ranges may need to move due to climate change (Lemoine 
and Böhning-Gaese, 2003).The major proximate causes of species extinction are 
habitat loss and fragmentation etc, extremely accelerated by climate change through 
various ways. The cheer pheasants (Catreus wallichi), with a range primarily 
limited to the Jammu and Kashmir regions, are declining due to loss of the habitat 
(Wikramanayake et al., 1998). The genus Schizothorax is represented by at least six 
endemic species in the high mountain lakes and streams, while two other genera of 
these snow trout, the genus Ptychobarbus and the Ladakh snow-trout (Gymnocypris 
biswasi) is a monotypic genus now thought to be extinct and are also unique to the 
Himalaya Hotspot (IUCN, 2004). Insect and bird species richness and abundance are 
lower in areas with the greatest seasonality. Expected changes in seasonality include 
increased length of dry seasons, reduced climatic predictability and decreased 
moisture input. These are likely to affect insect biomass and, therefore, resources 
for insectivorous birds too. The physiology of many animals is not adapted to 



Karunakaran P.V. Impact of Climate Change on Ecosystem and Biodiversity

95 CED  & KSCSTE

warmer temperatures. Some arboreal possums, highly adapted and poor dispersers, 
are prone to die of overheating and the eggs of microhylid frogs desiccate. Climate 
change is likely to cause catastrophic extinctions in the montane wet tropics due 
to range restrictions to many species, increased fragmentation and physiological 
stress, resulting in large changes to community structure. Although climate change 
manifested through temperature and precipitation in a region changes the phenotypic 
plasticity of a species, thus migration or range extension of species, it is very difficult 
to predict or the prediction may not be realistic considering the human induced 
changes in the habitat such as pollution, habitat destruction, eutrophication, acid 
rain, etc. Drastic changes are likely to happen in the alpine zone where the species 
may drive to extinction.

Climate change will also favour invasive alien species such as Lantana camara, 
Parthenium hysterophorus, Ageratum conyzoides because they can tolerate a wide 
range of climatic conditions and can extend their ranges widely. The range of 
invasive species is directly influenced by climate and less by biotic interactions. It 
is evident from several studies that the changing climate is favouring the expansion 
and survival of invasive alien species, but still it is difficult to predict how much 
changing climate will benefit invasive species

IMPACT OF CLIMATE CHANGE ON WESTERN GHATS 

Climate change over the next 30-40 years will take its course on at least one fifths 
of the Western Ghats and the mountain regions of the Western Ghats featuring a 
mixture of stunted evergreen forest and grasslands with sharp ecotones are a 
sensitive indicator of past climate change. The Indian Network for Climate Change 
Assessment (INCCA), forecasts the temperature to rise by up to 1.8 degrees Celsius in 
the Western Ghats by 2030s (when compared to the 1970s), and rainfall to increase 
by 6 to 8 per cent and also incidences of “extreme rainfall.” With an increase in 
temperature and reduction in incidence of frost, the montane forests dominated by 
Lauraceae and Rubiaceae could potentially expand into the grasslands. An increase 
in the temperature-humidity index in the Western Ghats by the 2030s could also lead 
to severe thermal discomfort of wildlife especially the cold blooded species such as 
herpatofauna, one of the richest group of fauna.

CONCLUSION

Climate change is a major concern to the country being one of megabiodiversity 
centres of the world and its potential impact on the economy, ecology, and 
environment. The country is the home of many glaciers, rivers, unique flora and 
fauna. A wide range of characteristic habitats supports world’s huge repository of 
genetic resources of both flora and fauna in their unique biotic provinces. Habitat 
destruction, land-use/land cover change, land degradation, forest fire have adversely 
affected biological resources of the sub-continent induced by climatic changes. The 
various altitudinal zones of the regions are witnessing major biodiversity, ecological 
and geophysical changes. The increasing unpredictability of weather conditions and 
resultant natural catastrophes in the region are clear-cut indicators of marked shift 
in weather patterns. Various initiatives as control measures and management steps 
such as afforestation, reforestation, landscape management, tourism management, 
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energy management, and control on greenhouse emission are being implemented 
in order to save the region from decline of its wealth present in the forms of natural 
sources.
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INTRODUCTION

With increasing concern on Global climate change, the emphasis on reducing 
Green House Gas (GHG) emission due to deforestation and forest degradation has 
gained momentum as a major mitigation measure. REDD+ (Reducing Emissions from 
Deforestation and Forest Degradation Plus) is an international-financial-incentive-
mechanism focussed on developing countries to reduce emissions from deforestation 
and forest degradation and the plus superscript signifies positive elements of 
conservation, sustainable management of forests and enhancement of forest carbon 
stocks. 

The concept of REDD+ is founded on the Carbon trading and Clean Development 
Mechanism (CDM), initiated in Conference of Parties or COP-3, in Kyoto (1997), out 
of which emerged Kyoto Protocol. Thereafter, REDD+ was first accepted at the CoP-
13 at Bali (2007) and later in 2010 at CoP-16 in Cancun. The Cancun Agreement 
emphasized the role of REDD+ not only as a mechanism for reducing emissions, but 
also for halting and reversing the loss of forests. The ‘Cancun Agreement’ provided 
a three-phased approach to REDD+ implementation, where ‘Phase 1 is the readiness 
to establish REDD+ strategies, policies and accounting frameworks; Phase 2 is 
implementation of REDD+ policies and measures, and possibly payments based on 
the implementation; and Phase 3 is the result-based payments for REDD+ (UNFCCC, 
2011). In what follows we focus on the current status and progress of REDD+ in India.

FOREST COVER AND STATUS, INDIA

Globally, deforestation accounts for nearly 18% of GHG emissions (i.e., 5.8 billion 
tons of CO2 e) annually. India’s capacity in forest monitoring is far more advanced 
than that of other developing countries. Since 1987, the Forest Survey of India (FSI) 
produces a biennial ‘‘State of the Forest Report’’ to tracking changes in forest cover of 
the country using remote sensing techniques. Though the FSI initially assessed on a 
map scale of 1:250,000, since 2001, used a better scale of 1:50,000 using IRS-LISS-III 
satellite imageries (of pixel resolution of 23.5 m). And the current forest cover of the 

REDD+ in the Changing Climate Scenario:  
An Indian Perspective

Dr. T.R. Vinod1, Dr. K.P. Thrivikramji2 and Dr. Babu Ambat3

1Program Director, 2Professor Emeritus, 3Executive Director 
Centre for Environment and Development, Thiruvananthapuram
E-mail: vinodtr@cedindia.org



KottayamKerala Environment Congress 2015

98 CED & KSCSTE

country stands at 69.79 million ha (Table 1), or 21.23% of the geographic area of India 
(FSI, 2013). Several studies underscored continuing destruction and degradation of 
forests despite the afforestation and protection measures. The FSI estimate of gross 
deforestation in India for 2009-11 is –0.43% which is lower compared to the global 
average of –0.6%. But during 2007 to 2013, extensive tracts of forests were converted 
for non-forestry activities (Table 2). 

Table 1 
Area under forest cover (km2) in India (after FSI)

Forest Type  Y, 2009 Y, 2011 Y, 2013

Very Dense 83,428 83,471 83,502

Moderately Dense 3,20,238 3,20,736 3,18,745

Open 2,88,728 2,87,820 2,95,651

Total Coverage 6,92,394 6,92,027 6,97,898

% Geographic extent 21.06 21.05 21.23

Table 2 
Diversion of forest to non-forestry activities in India 

Year Forest area diverted (in 
km2)

2007 201.60

2008 274.62

2009 858.49

2010 372.48

2011 271.90

2012 237.51

2013 312.25

Total 2528.85

Source: MoEF&CC, GoI

FOREST COVER AND DEFORESTATION, KERALA

Current estimate of forest cover by FSI (2013) in Kerala stands at 1.79 million 
ha (Table 3), or 46.12% of the geographic area of the State. But the Kerala Forest 
Department estimated the total forest area in the year 2000 as 11,124 km2 (1,112,400 
ha) and the effective forest area was 9,400 km2 (940,000 ha) or 85% of the total forest 
area of the State. The FSI estimate of 46% forest cover in the state, appears to be 
fallacious and probably the result of reckoning the areas under rubber plantations 
(which keeps on enlarging in the State due to the large scale incentives by Rubber 
Board of India) as forest during the assessment. Further, the areas mapped as forests 
may be under plantation or in a state of degradation state, and hence not clearly 
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registered by the IRS-LISS-III sensor. In fact for states like Kerala, reliable estimate of 
forest cover extent and state of degradation are feasible only with a pixel resolution 
of 5.8 m, enabled by IRS-LISS-IV satellite. Further, FSI needs to carry out more on-
the-ground surveys to cross validate and corroborate the reliability of satellite-image-
based estimates. Sivaram (2004) estimated district wise annual rate of deforestation 
in Kerala as ranging from -0.96% in Palakkad to 2.10% in Kozhikode for 30 years 
period.

Table 3

Area (km2) under forests, Kerala (after FSI). 

Forest type  2009 2011 2013 

Very Dense 1443.0 1442.0 1529.0

Moderately Dense 9410.0 9394.0 9401.0

Open 6471.0 6464.0 6992.0

Total Forest Cover 17324 17300 17922

Geographical Area, % 44.58 44.52 46.12

RELEVANCE AND SCOPE OF REDD+ INITIATIVES IN INDIA

In India over 275 million people depend on forests (World Bank, 2006) for eking out a 
living by regularly collecting and gathering forest products such as firewood, timber 
and fodder, which leads to deforestation and forest degradation. Indian forests have 
a huge potential for REDD+ activities as conservation of primary forests is one of the 
designated objectives under REDD+. As 88.31% of primary Indian forests fall under 
tropical and sub-tropical types (FSI 2009), the conservation action plans will increase 
the forest carbon stock manifold and secure the forest biodiversity. Ravindranath et 
al. (2008) based on the analysis of the current-trend-scenario of area under forest 
cover (including afforested and reforested area), predicted India forest cover to reach 
72.0 million ha by 2030, and the current carbon stock in the forests to stay stable 
over the next 25-year period at 8.79 Gt C. If the current rate of afforestation steadily 
continues, the carbon stock could go up by 11% (i.e., 9.75 Gt C) by 2030. Indirectly, 
the REDD+ has ample potential in our country to fuel and reinvigorate the forest 
conservation and anti-degradation projects. 

REDD+: INDIAN SCENARIO

Internationally, though India has been in the forefront of shaping up the REDD+, 
much more needs to be done to ensure timely and purposeful implementation of 
REDD+ initiatives locally. The challenges faced in this respect are in designing and 
adopting a National Forest Reference Level, a National Forest Monitoring System 
comprising independent MRV and Safeguards Information systems. Implementation 
of REDD+ packages shall facilitate monitoring and reporting of forest resource use 
and trends and in ensuring conservation and expansion of existing forest cover, and 
more decisively, in enhancing quality of forests so that ecosystem services including 
carbon stocks are sustained and enriched. The practice of Joint Forest Management 
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(JFM) could be the vehicle -social and institutional set-up- for distribution and 
sharing of benefits accruing from REDD+. However, the biggest challenges in this 
regard will be the huge size and continually growing numbers of forest-dependent 
communities depending on forests for local livelihoods. 

The UN REDD Program and WB’s Forest Carbon Partnership Facility (FCPF) and 
Forest Investment Program (FIP) are globally active in promoting capacity-building, 
policy development and implementation of REDD+. Kishwan (2011) observed that 
the “+” activities of REDD+, though very relevant to India, the sponsors viz., UN-
REDD and WB are ambivalent in supporting activities under ‘‘+’’. However, recently 
launched new bilateral initiative under the USAID, the ‘‘India Forest Partnership 
for Land Use Science program’’ viz., ‘‘India Forest PLUS’’ supports development of 
national, state and community level monitoring, reporting and verification systems 
to assess forest-related activities, including those to be pursued via the Green India 
Mission. 

Is India ready for REDD+?

India is initiating many steps for Implementation of REDD+. For example, the National 
Mission for a Green India (GIM), one of the eight missions under the National Action 
Plan on Climate Change or NAPCC can be construed as a step closer to the adoption 
of REDD+ in the country. Under GIM, plans are to enhance forest cover by over 5.0 
million ha and improve the quality of forests over another 5.0 million ha during the 
next ten years; enhance annual CO2 sequestration by 50.0 to 60.0 million tons by the 
year 2020; and raise forest-based-livelihood income of about three million households 
living in and around the forest. Yet, India is still undecided on the ‘‘reference level’’ 
for its forest carbon stocks (Sud et al., 2012; Ravindranath et al., 2012; Sharma and 
Chaudhry, 2013), which along with an established monitoring system are essential 
ingredients in assessing outcome of both carbon and non-carbon benefits, and in 
calculating the financial benefits resulting from certain activities of REDD+. However, 
both remain as highly contentious issues that are currently intensely negotiated both 
within and outside of the UNFCCCC (Sharma and Chaudhry, 2013).

Institutional Mechanism for REDD+ in India

As the UNFCCC recognizes the sovereign rights of nations to design and implement 
nationally appropriate policies and measures, the National REDD+ Cell was set up at 
the Ministry of Environment, Forests and Climate Change (MoEFCC) and mandated to 
play a key role in the design and implementation of REDD+ strategies at the national 
and sub-national levels. This cell coordinates and guides REDD+ stipulated activities 
at the national level, and engages with the State Forest Departments (SFDs) to collect, 
process and manage all relevant data and information relating to forest carbon 
accounting (Fig 1). State REDD+ Cells function in the respective SFDs, overseeing 
project preparation and implementation by the Joint Forest Management Committees 
(JFMCs) or Village Forest Protection Committees (VFPCs). The village-level forest 
governance unit shall be responsible for REDD+ project formulation. The JFMCs and 
VFPCs could directly be involved in the implementation of REDD+ projects under 
the technical guidance of Divisional Forest Officer concerned or his nominee. 
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Fig. 1  
Institutional framework for REDD+ in India

Local institutions such as JFMCs, traditional village level institutions/ village council 
(Schedule VI area), Biodiversity Management Committees, Forest Committees set 
up under Rule 4 of FRA, etc., play a significant role in forest conservation and its 
sustainable utilization. The Scheduled Tribes and Other Forest Dwellers (Recognition 
of Forest Rights) Act, 2006 empowers the Gram Sabhas with the ownership of MFPs 
and responsibility to set up institutions to ensure the strengthening of individual and 
community forest rights. These local level institutions also play a key role in REDD+ 
project formulation and successful implementation.

REDD+ project hurdles 

Regular monitoring of the forest carbon stock is very important for the REDD+ 
project. But there are various issues in monitoring and verifying the REDD+ project; 
for example, lack of an acceptable definition of terms such as forests, deforestation, 
and degradation across the globe. There is an absence of uniformly agreed density 
classification which injects difficulty in monitoring the progress and efficacy of 
REDD+ projects across the nations. The under developed nations suffer from lack of 
archival data, technical skills for field measurements and carbon stock calculations. 
Besides, monitoring and verification requires hue expense. In India, there is an 
urgent need to organize capacity building programs for local communities and forest 
staff at the project level on methodologies for assessing carbon, in order to ensure 
minimal transaction cost for the preparation of REDD+ projects.

POLICIES AND ACTS TO HARMONIZE THE LEGAL FRAMEWORK FOR REDD+ 

The different Indian Acts and Laws pertinent to REDD+ include Indian Forest Act, 
1927; Forest (Conservation) Act, 1980; Wildlife (Protection) Act, 1972 (amended in 
2001 & 2002); and Biological Diversity Act, 2002. In addition, there are a number of 
policies and laws directly and indirectly impacting the conservation and management 
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of Indian forests. The key policies that are important from the perspective REDD+, 
are National Forest Policy, 1988; Joint Forest Management Resolution, 1990; National 
Environment Policy, 2006; Scheduled Tribes and Other Traditional Forest Dwellers 
(Recognition of Forest Rights) Act, 2006; and the National Action Plan on Climate 
Change (NAPCC), 2008. The NAPCC (2008) aims to bring in one-third of the 
geographic area of India under forest cover through afforestation of wastelands and 
reforestation of degraded forest areas. The other missions under NAPCC emphasize 
numerous other climate-friendly measures.

Forest Rights Act and REDD+

Forest rights, i.e., individual rights to cultivated land in forest and community 
rights over common property resources, recognized under the Forest Rights Act 
(FRA), are important for securing livelihoods of millions of tribals and other forest 
dwellers. Across India, as on April 30, 2011, 1.169 million claims for individual and 
community rights on forest resources have been accepted (MoTA, 2011). FRA will 
dramatically change the forest landscape of the country with recognition of added 
individual and community rights. Alongside implementation of FRA, the vehicle of 
REDD+ is also gaining traction in the country. 

It is a statutory under the FRA to have Gram Sabha based forest governance. Hence 
local forest dependent communities would be central to the implementation of 
REDD+. So, FD and the local-level forest governance units will play a key role in 
sanitization and capacity building of the local people so as to maximize benefits 
from forest conservation activities in their area. Despite so much literature, there 
is little empirical evidence on how REDD+ will affect community rights and forest 
governance on the ground. 

The India specific context, the highly diverse and varied, non-timber Forest Products 
(NTFPs) though not part of the trees, are a vital source of income to the forest 
dependent communities and individuals, and hence need to be included under the 
gamut of REDD+. Admittedly, like carbon credit, there are no standard credits for 
NTFPs and developing standardized credit criteria for the latter need to be resolved. 
Most NTFPs require item specific metric with regards to potentials and functions in 
climate change. 

SOME INDIAN SUCCESS STORIES OF REDD+

Till date, there are only two (self-designated) REDD+ pilot projects in the country 
reported from the NEastern state of Meghalaya. One located in the Khasi hills region 
and billed as the first community based REDD+ project in India, is initiated by 
indigenous Khasi community. The other REDD+ pilot project in the Garo hills region 
of Meghalaya, where increasing pressure on land has drastically reduced rotation 
cycles in small scale slash-and-burn farming.

Initiated in 2010, by Community Forestry International, this project unified 10 
indigenous Khasi tribal kingdoms, holding legal right on the 27,000 ha Umiam sub-
watershed falling under the Sixth Schedule of the Indian Constitution. Together, 
the communities formed a sub-watershed federation and created one of India’s first 
community-based REDD+ initiative. The project registered under REDD+ Plan Vivo 
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standards in March 2013, required a performance-based approach to project design 
and implementation. Key variables monitored include carbon stocks, forest condition, 
and other environmental indicators, including changes in biodiversity and hydrology. 
Socio-economic performance indicators tracked by the community included 
changes in household income, microfinance-account-balances and repayment rates, 
participation in alternative income generating activities, energy use, and activities in 
newly established farmers’ clubs such as adoption of sustainable farming practices. 
This project, one of the first REDD+ initiatives in Asia, was developed by indigenous 
tribal governments on communal and clan land.

CHALLENGES AND OPPORTUNITIES FOR REDD+

REDD+ requires clear and secure rights and exclusion of those who cause deforestation 
and degradation. This is an opportunity to clarify and secure rights (and associated 
benefits and responsibilities related to C emissions reductions) of people living in 
forests and thus engage them in REDD+ for both their benefit and the benefit of the 
forests. By doing so, REDD+ will gain their support and hence its legitimacy. The 
reverse, i.e., failure to protect the rights of forest-based people, is likely to result 
in increased conflict, opposition and even sabotage of carbon emission reduction 
efforts.

In India, some challenges in implementing REDD+ activities are i) community based 
actions (such as political, economic and/or institutional) leading to forest cover loss 
and degradation; ii) lack of a mechanism for precise quantitative assessment of forest 
cover, carbon stocks and their changes through space and time and iii) institutional 
challenges exacerbating the difficulty in designing and implementing forest cover 
monitoring system. The low level of awareness of REDD+ processes urgently warrant 
broad sensitization and capacity building exercises for all stakeholders.

THE REDD+: RE-FOCUS ON CLIMATE CHANGE AND FOREST ECOSYSTEMS 

The short and long-term goals of REDD+ directly bring to center stage, means and 
mechanisms of reducing rise of CO2 emission chiefly by destruction and degradation 
of forest. Clearly, what REDD+ does not directly address global warming driven 
climate change (CC) due to tropospheric CO2e build up (currently slightly more than 
400.0 ppm). In fact, CC scientists warn that humanity and community of nations will 
start feeling the consequences of CC as early as 2030 and certainly by 2050. There 
exists a large body of evidence authenticating the Global climate change triggered by 
the human use of natural resources - both biogenic and geogenic. The rates of change 
are irreversible, special and the rates and scales of change are diverse regionally.

Due to changed atmospheric circulation, argue the CC scientists, the new global 
climate scenario will be one of erratic rainfall (including the winter monsoon), rising 
average temperatures and more warmer days, colder winters and sea level rise (viz., 
by thermal expansion of seawater and melting of continental glaciers and polar ice 
caps). Consequently, any variation in temperature and precipitation shall drive the 
climate of a certain geographic area from one climate zone to another. The grim facts 
and consequences of future climate perhaps was one of the reasons for Thailand’s 
proposal for celebrating the 2015 as the year of Soil. 
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A direct consequence of a warmer earth is the loss of water from the terrestrial 
sources such as reservoirs, ponds, lakes and of course sea, and most important of all 
from the soil – the life support system of all vegetation including forest vegetation 
and soil life. For instance, Average warmer temperatures over longer durations can 
potent terrifying loss of moisture in subsoil and also sub-aerially from the vegetation 
respectively, by hastened evaporation and transpiration. While the dissolved chemical 
ions in interstitial soil moisture (however small) will stay back in the A horizon 
forming a ‘hardpan’ (of ferruginous or calcareous nature)- a substrate practically 
inhospitable to organic life of any kind. Predictable impending result would be 
loss of soil microbes, transformation of soil texture and chemistry, and decline of 
population herbaceous plants and grass species. Or higher soil temperatures drive 
the soil biome to a state of decline. 

Loss of soil moisture will affect the wellness of forest tree species in manifold 
ways. Moisture limited forest environs will no longer be an attractive home to any 
population of insects. Then the bird population feeding on the eggs and larvae of 
insects may fly out to better feeding and nesting areas. Nonetheless insects and birds 
play an uncompromising role in the pollination of flowering forest tree species. 
Secondly the warmer air filling in and around the tree canopy might transform the 
flowering seasons as well as abundance blooms as well - an adverse aspect as far as 
the forest tree health goes. 

In respect of Western Ghats (WG), CC consequences are amply ominous as this tract 
is the home for tropical rain forest abundantly endowed with plant and animal life 
of high endemism. According to Ramesh (2001) the WG is one of the biodiversity 
hotspots in India with a varying bioclimatic and physiographic make up. Though 
it constitutes only 5% the geographic extent of India it is home to 27% of the 
nation’s plant species out of which an impressive 15,000 are endemic. Clear felling, 
plantations (rubber, tea, coffee & cardamom) and human settlement, new roads etc. 
have fragmented the WG (Ramesh, 2001). 

CONCLUSION

Therefore, the REDD+ need to expand the identified and approved courses of 
action by including the CC response of forests and consequences in its manifesto. 
REDD+ has created on opportunity for many developing countries including India 
to contribute to climate mitigation efforts along with sustainable management of 
their national resources. Equally importantly, this process enables payment for 
the carbon, generating additional funding to support forest conservation efforts in 
developing countries and also accommodates the interest of diverse stakeholders. 
Although, India is implementing REDD+ mechanism on trial basis, the benefit 
sharing mechanism needs to be framed in the light of Forest Right Act (2006), in 
order to overcome the livelihood issues and to conserve the degrading forest cover. 
The low level of awareness of REDD+ at various levels warrant broad sensitization 
and capacity building programs for stakeholders. Or in other words, such training 
and capacity building efforts shall specifically address personnel in technical and 
administrative outfits, political and social activists and members of forest-dwelling 
and/or dependent communities. This shall then be the nucleus of a simple and 
comprehensive REDD+ implementation strategy at the National level.
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INTRODUCTION

The Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment Report 
projects that there is likely to be at least a 0.4 -1.6 Celsius increase in global mean 
surface temperature by the period of 2046-2065 and likely a sea-level rise of 0.17 
- 0.32 meters by this time due to recent trends relative to 1986-2005 (IPCC 2013). 
The report claims that “over the period 1993 to 2010, global mean sea level rise is, 
with high confidence, consistent with the sum of the observed contributions from 
ocean thermal expansion due to warming. the sum of these contributions is 2.8 mm/
yr” (IPCC 2013). Glaciers and ice-sheets are clearly melting now more than they 
have been in recent history. Not only that, but “the global ocean will continue to 
warm during the 21st century. Heat will penetrate from the surface to the deep ocean 
and affect ocean circulation” (IPCC 2013). Those in poverty have a higher chance 
of experiencing the ill-effects of climate change due to increased exposure and 
vulnerability. Vulnerability represents the degree to which a system is susceptible 
to, or unable to cope with, adverse effects of climate change including climate 
variability and environmental extremes. Also, a lack of capacity for coping with 
environmental change is experienced in lower income communities. According to 
the United Nations Development Program, developing countries suffer 99% of the 
causalities attributable to climate change.

CLIMATE CHANGE AND POVERTY

Climate change raises some climate ethics issues, as the least 50 developed countries 
of the world account for an imbalanced 1% contribution to the world wide emissions 
of green house gases which are theorized to be attributable to global warming. The 
issue of distributive justice questions how to fairly share the benefits and burden 
of climate change policy options. Many of the policy tools often employed to solve 
environmental problems , such as cost-benefit analysis, usually do not adequately 
handle these issues because they often ignore questions of just distribution and the 
effects on human rights.

Climate Change and the Poor

Prof. M.K. Prasad
Former Pro Vice Chancellor, University of Calicut
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The cycle of poverty makes the potential negative impacts of climate change more 
severe. This is defined when poor families become trapped in poverty for at least 
three generations and obtain limited or no access to resources, causing them to be 
disadvantaged and unable to break the cycle. This cycle is referred to as the poverty 
trap. In rich countries, coping with climate change has been a matter of adjusting 
thermostats, dealing with longer, hotter summers, and observing seasonal shifts; for 
those in poverty, weather- related disasters, unproductive harvests, or even family 
members falling ill can facilitate crippling economic shocks. Besides these economic 
shocks, widespread famine, drought and potential humanistic shocks can affect an 
entire nation. High levels of poverty and low levels of human development limit 
capacity of poor households to manage climate risks. With limited access to formal 
insurance, low incomes, and meager assets, poor households must cope with climate 
related shocks under highly constrained conditions.

Impoverished communities tend to be more dependent on climate-sensitive sectors 
and natural resources for survival. Therefore climate change poses an extreme threat 
on the livelihood, food security and health of the poor. Women are particularly 
vulnerable.

With climate change, availability of freshwater in areas with large coastal populations 
will reduce dramatically. Approximately 22 million people faced acute water scarcity 
at the end of 20th century. According to IPCC the number of people likely to endure 
issues in water sanitation by 2050 is 79 to 178 million.

The UN-Energy Corporation has released a report which argues that today’s climate-
changing-world “entrenches poverty, constrains the delivery of social services, limits 
opportunities for women, and erodes environmental sustainability at the local, 
national and global levels”. According to the report, 2.4 billion individuals relay 
on biomass for cooking, while 1.6 billion people worldwide are without electricity. 
Consequently, there is an explicit connection between energy access and poverty 
reduction, often referred to as energy poverty. Services such as heating, lighting, 
cooking and transportation facilitate socio-economic development because they yield 
social benefits as well as employment and income. Integrated assessment modeling 
is utilized to quantify the current socioeconomic dimensions of climate change, and 
further predict future effects on nations.

The potential effects of climate change and the security of infrastructure will have 
the most direct effect on the poverty cycle. Areas of infrastructure will have the 
most direct effect on the poverty cycle. Areas of infrastructure effects will include 
water systems, housing and settlements, transport networks, utilities, and industry. 
Infrastructure designers can contribute in 3 areas for improving living environment 
for the poor: in building design, in settlement planning and design and in urban 
planning. 

The National Research Council has identified 5 climate changes of particular 
importance in this connection. They are:

1. Increases in very hot days and heat waves
2. Increases in Arctic temperatures
3. Rising sea levels
4. Increases in intense precipitation events 
5. Increases in hurricane intensity
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There are certain economically viable solutions that can be implemented in urban 
settings, such as green roofs. Green roofs may “keep surface temperatures below the 
baseline level for all time periods and emission scenarios”. Another strategy is to 
maintain green space as often as possible, and integrate drought- resistant plantings. 
Vegetation such as this can reduce heat that accumulates in buildings and thus 
diminish the need for air conditioning, which contributes to “both the greenhouse 
gas emissions as well as the intensification of the urban heat island through waste 
heat”.

Impact on Poor

The impact on the poorest people, which may exceed 500 million in India, is rarely 
the central issue in many debates. The central issue for policy makers seems to be 
the likely impact on economic growth. But economic growth alone will not insulate 
the poor against the adverse effects of climate change. The poor in India are already 
exposed to severe water scarcity, water pollution, fuel and fodder scarcity, land 
degradation, desertification, droughts and floods. Unable to cope up with the current 
stress the poor will be vulnerable to climate change and will find it difficult to adapt. 
Like many other developing countries India is insisting on large scale transfer of 
funds to developing countries in order to enable them to adapt to climate change. 
But even if money is transferred, it will have to be administered to state governments 
through central government. What percentage of this will reach the poor is anybody’s 
guess. Further, any amount of adaptation assistance may not reduce the vulnerability 
of the poor to the impact of climate change or enhance their adaptive capacity.

STRATEGIES FOR THE POOR

The only permanent insurance against the adverse impacts of climate change 
is mitigation aimed at stabilizing the concentration of greenhouse gases in the 
atmosphere, at the earliest (NH Randhawa: Frontline 07.03.2007). India needs to 
adopt multiple strategies which should include the following:

1. Research for an improved understanding of climate change related issues
2. The adoption of sustainable development
3. Increasing the adaptive capacity of the poor and
4. Working towards a global arrangement to reduce green house gases.

Among these ‘sustainable development’ is most important. It involves economic 
growth, social equity and environmental sustainability. A few examples of sustainable 
developmental strategies that also promote mitigation and adaptation to climate 
change are given below:

•	 Adopting	cost	effective	and	clean	coal-power	generation
•	 Using	energy	efficient	and	renewable	technologies
•	 Soil	and	water	conservation	measures	for	dryland	agriculture
•	 Halting	land	degradation	and	desertification
•	 Promoting	forest	conservation
•	 Investing	in	an	efficient	public	transport	system
•	 Creating	advanced	climate	warning	system	and
•	 Constructing	saltwater	intrusion	barriers.
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INTRODUCTION

Sustainable Development includes development using minimum energy and 
resources. Therefore energy conservation is one of the important elements of 
sustainable development. Energy is an inevitable ingredient in today’s human 
life and different forms and kinds of energy are used for different applications. 
Energy is essential for the sustenance and well being of mankind and for economic 
development too. Electrical energy as well as energy derived from firewood, coal, 
kerosene and other fuels find wide usage in industries, agriculture, transport and 
domestic sectors worldwide. The per capita consumption of energy has even become 
an indicator of prosperity of a country, because all developments are based on 
energy consumption. Energy demand is alarmingly increasing in recent years due 
to heavy industrialization and other development activities. At the same time, the 
energy sources are depleting and the gap between energy supply and demand is 
widening. This poses major challenge for sustainable development as the rampant 
use of energy destroys environment and leads to climate change. Assuming the same 
energy consumption pattern for the coming years, proved petroleum reserves would 
supply world petroleum needs for 40 years, natural gas needs for 60 years, and coal 
needs for well over 200 years (BP, 1995). Such a situation gives rise to the need for 
efficient use of energy without waste and also to conservation of energy for the future. 
The projected world total primary energy demand increases by 57 per cent between 
1997 and 2020, at an annual rate of 2 per cent (OECD/IEA, 2000). The world’s total 
final energy consumption trend can be understood from Table 1. Non-judicial use of 
energy contributes to climate change also.

Oil remains the dominant fuel and its share in the total demand remains the same 
as 49 per cent with an average annual growth of two per cent. The percentage share 
of electricity increases to 20 per cent in 2020 from 17 per cent in 1997. But the share 
of coal declines from 11 per cent in 1997 to eight per cent in 2020. The International 
Energy Agency suggested that in 2010, fossil fuels would constitute three quarters 
of the world’s commercial energy, on the assumption that the quantity of fossil fuels 
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burnt per year is likely to be 35 per cent beyond the present levels (Prabhu, 2002). 
The scarcity of fossil fuels and emission problems lead to new technology paradigms 
of conserving energy and also of switching over to renewable energy sources. The 
energy conservation activities got wide importance and tremendous impetus after 
the energy crisis, referred to as the 1973 energy crisis or oil crisis. 

Chaman Kashkari pointed out that the high standard of living of an industrial society 
and the economic growth of a country depend on the amounts of energy it consumes 
(Kashkari, 1975). He said that in the United States, which has six per cent of the total 
world population, producing one-third of the world’s GNP, consumes 35 per cent of 
the total world energy. Developing countries produce 43 per cent of the energy but 
consume only 29 per cent of the world total energy (Kashkari, 1975). 

Table 1 
World Total Final Energy Consumption (in MTOE)

1971 1997 2010 2020 1997-2020*

Total Final Con-
sumption

3627 5808 7525 9117 2.0

Coal 623 635 693 757 0.8

Oil 1888 2823 3708 4493 2.0

Gas 608 1044 1338 1606 1.9

Electricity 377 987 1423 1846 2.8

Heat 68 232 244 273 0.7

Renewables 66 87 118 142 2.2

* Average Annual Growth Rate, in per cent 

Source : World Energy Outlook 2010

Approximately one-third of all energy consumption in developing countries derives 
from burning firewood, crop residues and other bio fuels like animal dung. It 
amounts to approximately 1000 MTOE (Million Tonnes of Oil Equivalent) energy 
per year, more than three times the energy of the coal mined in Europe in a single 
year and twice the energy of the coal mined in the United States or China (Prabhu, 
2000). With the total population of developing countries expected to grow by more 
than three billion in less than four decades, the problem of rural energy are likely to 
become more pressing than ever.

Energy is one of the essential requirements of the quality of life of the people. The 
greater part of the world population lives at a low standard and a quarter of the 
population (about one billion) have an extremely low standard of life (Kashkari, 
1975). However, increased energy consumption alone is not the solution, as energy 
is not available in abundance. Indiscriminate and increased energy consumption 
poses threat to long-term energy supply position and leads to environmental damage 
(United Nations, 1995). Hence energy efficient technologies and increased awareness 
about energy conservation emerge as one of the solutions to save energy, mitigate 
health hazards, environmental destruction, etc. 
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The United Nations report (1995) on energy, environment, and sustainable 
development explains that “energy conservation and efficiency improvements in 
energy production and use are increasingly recognized as viable options for both 
economic reasons and environmental benefits” (TERI, 1995). 

The present paper is an outcome of a research study as part of a larger intervention 
project aimed at changing the energy use behavior of people living in rural 
households in Kerala. Rural energy conservation programmes are now considered 
as the need of the hour. The factors influencing energy conservation which were 
analyzed include the highest educational qualification, the educational qualification 
of the housewives, the total income, the occupation of the head of the family, the life 
style and social status and the total number of family members. 

RESEARCH PROBLEM 

The main source of energy in the domestic sector of Kerala is firewood, crop residues, 
animal waste, kerosene, LPG and electricity. Also 30-40 per cent of the average total 
monthly income of the rural population is exclusively spent towards energy cost 
(from the study). The inefficient use of energy causes wastage of family income, 
national wastage of energy, depletion of energy reserves, serious environmental 
impacts etc. The basis for the study project was that people will adopt energy-
efficient technologies if they are provided with awareness, availability and training 
about the technologies. Hence the research problem is that what is the extent of 
energy saved by rural households in Kerala and why, if awareness, availability and 
training about the technologies are provided. In the study energy is used as a generic 
term to define domestic energy viz. electrical energy, firewood, kerosene and LPG 
and in the study all these forms of energy were considered. The major objectives of 
the study were to measure the changes in the energy consumption in the selected 
villages after distribution of energy-efficient equipment and gadgets, to assess the 
acceptance as well as operational problems if any in using such energy-efficient 
equipment and gadgets and to identify the significant independent variables which 
support implementation of the energy efficient technologies.

METHODOLOGY 

The study pertained to the Kerala State, which was the universe, and the rural 
households of Kerala were the population for the study. The project area was the 
three selected Panchayats in the Kerala State. The total number of sample households 
for the study were 1626. 

The gadgets supplied were CFLs, electronic ballast, pressure cooker, Nutan kerosene 
stove, and Parishad chulha (smokeless chulha). The training provided to the 
volunteers included the right usage of these gadgets and the right methods of use 
with demonstrations. The volunteers were initially given a set of all these gadgets for 
getting themselves convinced about the gadgets and to understand the right operating 
methods. The volunteers acted as the change agents for the social programme of 
propagation of energy conservation. The programme objective included the study of 
how well people would accept the energy conservation principles in practical life, 
once the awareness and availability of energy conservation gadgets were ensured. 
Awareness was created by training the households in the selected project area and 
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also by study classes and demonstrations. Public functions were also conducted to 
mobilize the people for creating awareness for using energy conservation gadgets 
and energy saving. Availability was created by supplying the gadgets to the people 
in the study area.

DATA COLLECTION AND ANALYSIS

Data collection was done before supply of the energy conservation gadgets (pre-
supply data) and after supply of the energy saving gadgets (post-supply data). 
The pre-supply data provided valuable information about the households’ energy 
consumption patterns, details of their income, occupation, age, number of family 
members, type of equipment or gadgets already in use, indicators to show their life 
style and status in the society, etc. Later, another data collection was done after six 
months of supplying the energy conservation gadgets, which is the post-supply data. 
This second phase data collection helped to find out the amount of energy saved, 
possible influencing factors, extent of association of these factors, etc. 

The possible influencing factors for energy saving are identified as 1) Highest 
educational qualification in the household 2) Educational qualification of the 
housewife in the households 3) Total monthly income of the family in the households 
4) Occupation of the head of the family 5) Life style and social status of the family 
and 6) Number of family members in households. All these factors were analyzed 
for the extent of energy saving made by the households. The association of the above 
factors on energy saving was analyzed using Chi square tests and the strength of 
association is tested using regression methods. 

The analysis showed that the amount of electrical energy saved was calculated as 
11.91 percent only on an average whereas the theoretical percentage saving is 31.72 
percent. The major influencing factors have been identified as: (1) Total income 
of the households, (2) Highest educational qualification in the household, and (3) 
Occupation of the head of the family in the household. 

The total firewood saved per month is accounted as 16.18 per cent only on an 
average whereas the theoretically 40-50 per cent firewood can be saved. The major 
influencing factors have been identified as: (1) Total income of the households, 2) 
Highest educational qualification in the household, (3) Qualification of housewives, 
and (4) Number of family members in the households. 

Similarly the total kerosene saved per month is accounted as 4.11 per cent only on 
an average whereas theoretically, 40-50 per cent of kerosene can be saved for the 
same cooking pattern. The major influencing factors have been identified as: (1) Total 
income of the households, (2) Highest educational qualification in the household, 
(3) Occupation of the head of the family, and (4) the life style and status of the 
households. It was also found that on an average 11.33 per cent of LPG is saved in the 
project area, but theoretical saving that can be generated is 20-30 per cent.

Attitudes towards electrical lightings

The energy savings are evidence of a change in behavior. The intervention activities, 
namely creating awareness, making energy saving equipment available, and 
providing training, appear to have produced impact in terms of reducing energy 
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consumption through altering behavior. This alteration of behavior could be partly 
explained by ABC theory; i.e. if contextual factors are either very positive or negative 
that will have impact on the behavioural change. The next issue was to see if there 
was any attitudinal change in people. To further explore this matter the researcher 
visited each project area and conducted in-depth interviews, as part of the last phase 
of the project. Researcher interviewed 25 conveniently selected households. This 
phase was designed in this way to allow comparison of attitudes to be made. In the 
next section, these results and findings are summarized.

Table 2 
Prevailing attitudes of householders about electrical lightings

Prevailing Attitudes of the householders about lightings
Responses 
in Project 

area

Responses in 
non-Project 

area

Light means incandescent bulb 27% 20%

Bulb is cheap, easily accessible, and easy to fit 87 % 90%

Bulb operates even at low voltages 80% 80%

Bulb can give good colour rendering properties 93% 70%

Bulb can be used anywhere for any applications includ-
ing short time requirements like in bathrooms

67% 90%

Bulb can give good scattered light and Compact Fluores-
cent Lamp (CFL) light is not equivalent to the bulb light

87% 90%

Bulb can be fitted on any high ceiling levels 47% 60%

Bulb gives good life and is replaceable at low cost 80% 90%

Bulb gives a warm temperature during cold climates 53% 90%

Bulb is better in kitchens as it becomes dirty due to smoke 40% 80%

CFL is not good for reading as the light is rather dim 80% 90%

CFL is not lasting and also the cost is much higher than 
affordable

87% 80%

Bulb can be used for outdoor lighting and will not be sto-
len, and even if stolen can be replaced because of low 
cost.

80% 90%

Electronic ballast (a device intended to limit the amount 
of current in an electric circuit) is not lasting

60% 0%

Life of fluorescent tube is decreased when electronic bal-
last is used

40% 0%

An electrician is needed to replace the existing ballast 
and to fit electronic ballast

60% 80%

There is little difference in the responses from project and non-project areas. This 
finding indicates a minimal or no attitudinal difference between those who used 
the electrical energy saving devices and those who did not. It can be deduced that 
participants in the project area did not change their attitudes regarding electrical 
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energy saving devices, though considerable electrical energy saving was recorded 
in the project area. This finding suggests that the respondents might have used the 
gadgets because of peer-pressure and easy availability. At the end of the study a 
prevalent belief remained that energy saving electrical devices are expensive and 
ineffective for daily use.

Attitudes towards the Firewood Stoves/Chulhas

The prevailing attitudes of the householders towards firewood burning using stoves/
chulhas are presented in Table 3.

Table 3 
Prevailing attitudes of the householders towards smokeless chulha

Prevailing attitudes about the firewood stove/
chulha

Percentage 
of responses 
in the Project 

area

Percentage of 
responses in the 
non-Project area

Smokeless chulha needs a platform and con-
sumes a lot of space 80%

20% – aware about 
smokeless chulah
80% – not at all 

aware 

Cooking can be done on traditional firewood 
stoves by sitting on the floor 40% 70%

Smoke is a natural outcome of burning firewood. 
So it is welcome 80% 90%

Smoke repels mosquitoes, cockroaches, lizards, 
white ants and other insects, especially in the 
thatched houses

53% 70%

Open firing of firewood gives some heat in the 
kitchen and is good for cold climates 47% 60%

Smokeless chulhas needs more time to catch up 
fire and so cannot be intermittently used depend-
ing on the need

53% 20% – heard about it
80% – don’t know

Traditional chulhas are suitable for frying pap-
pads, dosa, chappathi etc (Indian food delica-
cies) and for preparing side dishes. Because of 
the excess heat in other improved stoves, these 
things cannot be prepared as they spoil due to 
high temperature. Also, the fire and heat cannot 
be controlled in the case of improved stoves.

87% 30% – heard about it
70% – don’t know

Coconut leaves and such non-hard materials can-
not be used in smokeless chulhas 47% 20% – heard about it

80% – don’t know

It is a cultural and traditional practice that 
kitchen should have smoke 26% 80%

Pressure cooker cannot be used on firewood 
stoves, nor on smokeless chulhas 80% 50%

It is difficult to install the smokeless chulhas in 
houses thatched with AC/GI sheets 27% 60%
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The portable cast iron stoves are not safe. If 
children go near to it and they touch the red hot 
stoves, they can be burned

27% 50%

Large pots are not stable on the portable chulhas 
and are too heavy to handle 40% 20%

80% – don’t know

Large firewood logs cannot be inserted in both 
the portable chulhas or in the smokeless chulhas; 
the firewood has to be made into small pieces 
and so it is not handy 

47% 40%
60% – don’t know

The responses indicate that, whilst most of the respondents used smokeless stoves, 
they still did not see the real value in doing so. Traditional cooking methods were still 
preferred by many. It was also observed that many households fixed the smokeless 
stoves in the kitchen with mud or cement in the same way that traditional stoves are 
fixed. This action gave them a feel of traditional stoves. Some households indicated 
that they were not using smokeless stoves because they took a long time to heat 
up and also the soot would accumulate, making it difficult to sustain the burning. 
Instead, in many cases the households kept the firewood for burning under the cast 
iron grate in the middle of the fire, and the grate acted as a hindrance to free burning. 
It was also observed that older women preferred traditional methods of cooking 
and were not willing to change. Even if younger women took the initiative to cook 
with the energy-efficient gadgets, they still held on to the conviction that traditional 
methods were better. The finding here indicates the strong and persistent influence 
of past and habitual (i.e. traditional) behaviour in the attitude of people in general 
and women in particular when comes to cooking. 

Attitudes towards High Efficiency Kerosene Stoves

The prevailing attitudes of the rural householders with respect to the kerosene stoves 
they used are given in Table 4.

Table 4 
Prevailing attitudes of the householders towards improved kerosene stove

Prevailing attitudes about the traditional 
kerosene wick stove

Percentage of 
responses in the 

Project area

Percentage of respons-
es in the non-Project 

area

For kerosene, any stove will do 26% 80%

Ordinary stove burns better with reddish 
flame

40% 70%

Ordinary stove is cheaper. 60% 80%

Ordinary stove is available in any stores 40% 70%

Periodic maintenance is needed for 
Nutan stove.

33% 40%

Any type of stove lasts for almost same 
time-span 

60% 80%

In the case of Nutan stove, the bottom 
base gets quickly damaged and causes 
kerosene to leak

47% No experience
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During the interview it was found that only a few households used kerosene for 
cooking. Participants reserved kerosene for lighting purposes in cases where the 
house was not electrified, and in electrified houses participants used it for lighting 
during a power failure, a frequent phenomenon in rural areas across India. The 
general attitude of the households was that the pump stove (pressure stove) was not 
safe for domestic cooking and the fire was not adjustable. Furthermore, the high cost 
of the ‘nutan’ stove (by Indian Oil Corporation) was found to be a common barrier to 
purchase and use in future. This finding highlights the importance of cost and price 
considerations in the adoption of energy efficient technology in rural areas. 

Attitudes about LPG

In the case of LPG, the general attitude was that it was a type of fuel for people 
in a higher class. Participants perceived its high cost as making it unaffordable for 
use in cooking. Also, there was a difficulty in getting LPG cylinders. A summary of 
householder attitudes about LPG are given in Table 5.

Table 5 
Prevailing attitudes of the householders towards LPG

Prevailing attitudes about LPG
Percentage of 

responses in the 
Project area

Percentage of responses 
in the non-Project area

LPG and stove are very expensive 53% 70%

LPG is not safe (prone to explosion and 
hazards).

33% 80%

More space needed in the kitchen for 
LPG stoves & cylinders 

27% 70%

LPG stoves are for upper class house-
holds only

60% 80%

Earthen pots cannot be used for cooking 
on LPG stoves

40% 80%

Although there was a general attitude that LPG was more expensive than firewood, 
some households were aware that LPG was cheaper than firewood. However, the 
costs involved in obtaining the LPG connection, the stove, and cylinders, coupled 
with inadequate LPG distribution services acted as barriers to the adoption of LPG 
for cooking. 

General Attitudes towards the Energy-efficient Cooking Gadgets

The attitudes of the householders towards the energy-efficient cooking gadgets are 
presented in Table 6. 
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Table 6 
Prevailing attitudes of the householders about energy-efficient cooking gadgets

Prevailing attitudes about energy-
efficient cooking gadgets

Percentage of responses 
in the Project area

Percentage of 
responses in the non-

Project area

Using pressure cookers, cooking can-
not be controlled. Quite often, food is 
over cooked.

47% 30%

Food items prepared using pressure 
cooker are not as tasty as they are 
when prepared conventionally

80% 70%

Food loses its nutrition and vitamins 
when prepared using pressure cooker 
or thermal cooker 

60% 80%

Rice prepared using either pressure 
cooker or thermal cooker is watery 
and does not taste the same like using 
conventional methods of cooking

67% 60%

Fish cannot be prepared using pres-
sure cooker. 60% 50%

Pressure cooker is not as easy to use 
as conventional methods (e.g. alu-
minum vessels)

47% 70%

Pressure cooker is not safe, i.e. prone 
to exploding 80% 70%

Most of the householders who used the pressure cooker agreed that a lot of time as 
well as fuel could be saved. However, fear of personal safety was a major concern 
in the use of this apparatus. In households where older women did the cooking, 
there was almost no use of pressure cookers. Perceived high cost of pressure cooker 
is found to be another reason for its unpopularity among households. Furthermore, 
the thermal cooker was used in some cases only for preserving heat of cooked food 
and not for its intended use of cooking. The general attitude of the householders in 
the low-income group was that the conventional method of cooking was familiar to 
them and produced much tastier food when compared to newer cooking methods 
introduced to them during the project period. However, many of the high income 
group households did use the pressure cooker and had a high opinion about its 
utility. 

RESULTS AND DISCUSSION

The study reveals that the highest educational qualification of the member in the 
family of households, the total monthly income of the family and the occupation 
of the head of the family are associated with, and exert influence on energy saving. 
The analysis shows that the households with higher qualification of members and 
with higher occupation levels are likely to save more energy, whereas higher income 
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households are likely to save less energy. In addition to this, it is found that the 
relationship between these factors and energy saving is very weak. There are lots of 
attitudinal barriers to the adoption of energy saving gadgets. This also shows that 
there are other strong factors influencing energy saving. Those factors are identified 
as attitudinal and behavioral changes. What the project offers the households were 
the awareness, availability, and training in the use of the energy-efficient equipment 
and gadgets. The major finding of the study is energy saving can be achieved by 
technological as well as behavioral changes. In the project, more thrust was given for 
the technological changes, although training was provided to bring about behavioral 
changes. The result brings out the fact that improvement in technology alone will 
not be sufficient to help save more energy. Hence, more attention is to be provided in 
effecting right attitudinal and behavioral changes in using energy-efficient equipment 
and gadgets and practicing energy conservation. The behavioral patterns have to be 
changed for achieving energy conservation. Focus should be on seeing to it that the 
households develop a habit of energy conservation using energy-efficient gadgets. 

The potential barriers to energy conservation, as derived from the study, are 1) energy 
conservation is investment-intensive and quite often it becomes unaffordable to the 
rural households. 2) Poor quality of the energy-saving devices 3) Lack of service and 
maintenance arrangements in the rural areas 4) Attitudinal and behavioral barriers of 
the households, especially of women in adopting energy conservation technologies 
5) Inadequacy of training to bring about attitudinal and behavioral changes and 6) 
Absence of participatory approach and demonstration in the training programme.

CONCLUSION

Energy demand in all sectors is dramatically increasing all over the world. To bridge 
the gap between energy supply and demand, energy conservation and application of 
renewable energy emerge as viable options. From the study conducted in rural areas 
in Kerala State, it is found that much more than the energy conservation technologies, 
there is need for intervening in the attitudes and behavior of the people in the rural 
area towards energy conservation. Better involvement of the households through a 
participatory approach can only lead to the success of such societal marketing. When 
attitudinal and behavioral changes could be made possible, energy conservation can 
be cultivated as a habit of the rural population and the adoption of energy-efficient 
technologies will be a sustained activity. 

The lessons learnt from the study are : 1) educative programmes on sustainable 
development and allied technologies should include awareness, availability of 
technologies and proper training on their use 2) more thrust should be given for 
creating attitudinal and behavioural change in practicing sustainable technologies 
3) it is not at all adequate to simply create awareness and leave the people, instead 
train them properly so that they develop a habit of using sustainable technologies 
4) programme planners should include proper handholding and continued training 
until the mass adopt such sustainable technologies as part of their life 5) participatory 
approach with inclusion of necessary adaptation of local requirements will cause 
wider acceptance of such technologies. Hence to conclude, while designing schemes 
and programmes on creating awareness or educative programmes on sustainable 
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development or climate change or any other socially relevant programmes, the above 
aspects should be considered for creating attitudinal and behavioural changes for its 
successful implementation. 
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INTRODUCTION

The issue of climate change is very complex with its uncertainty and unintended 
consequences that are slowly unfurling. The fact remains that climate change 
is a reality with global changes in climate and weather patterns that have led to 
drastic impacts on human life and natural ecosystems. Climate change has been 
simultaneously at the periphery and centre of critical global and national decision 
making due to the urgency of its nature with the major challenge of a demand for 
decelerating economic growth. The impacts of climate change for India are large 
with extreme weather conditions, changing rainfall patterns, droughts, groundwater 
crisis, glacier melts, sea level rise posing challenges to agriculture and food security, 
energy security, water security and public health. World Bank (2012) along with 
scientists from Potsdam Institute for Climate Impact Research has highlighted some 
of the following current impacts of climate change in India:

•	 Extreme	heat	conditions	with	unusual	and	unprecedented	spells	of	hot	weather	
occurring more frequently over larger stretches of the country.

•	 A	decline	in	monsoon	rainfall	since	the	1950s	with	the	increase	in	frequency	of	
heavy rainfall spells

•	 Increase	in	the	number	of	droughts	since	1970s.	In	1987,	2002-2003,	droughts	
have affected more than half of India’s crop area and led to a huge fall in crop 
production affecting food security.

•	 With	more	than	60%	of	India’s	agriculture	rain-fed	and	with	the	unpredictability	
of rainfall patterns there has been an increase in groundwater extraction.

•	 The	 water	 stressed	 economy	 with	 varying	 climatic	 conditions	 pose	 a	 major	
challenge to satisfying future demands for water with increasing urbanisation, 
population growth and industrialisation

•	 Growing	energy	security	concerns	due	to	the	climate	related	impacts	on	water	
resources especially on the dominant sources of power generation- hydropower 
and thermal power which depend on adequate water supplies to function 
effectively.
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•	 Adverse	affect	on	the	health	conditions with increase in malaria and vector-borne 
diseases. 

•	 The	 northern	 rivers	 of	 Indus,	 Ganges-Brahmaputra-	Meghna	 basins	 are	 Trans	
Boundary Rivers with an increasing demand for water from these basins leading 
to tensions and international boundary conflicts over water resources. 

These drastic changes have made it imperative for India to address the issue of 
climate change as a large population in India depends on the environment and 
natural resources for livelihoods and sustenance. Nearly 1.73 lakh villages are 
located in and around forest in India (MoEF, 2006) with around 270 million (World 
Bank, 2006) to 350-400 million (MoEF, 2009) that depend on forest and other natural 
resources for livelihood and sustenance (cf, Nayak et al., 2012). Along with the large 
impact of climate change on the country, India’s growing carbon emissions has been 
one of the prime reasons for international and domestic pressure on the Indian state 
to act on climate change. Thus India is caught in the middle of debates on historical 
emission cuts, legally binding commitments for emission reduction and an effective 
and efficient ‘co-benefits’ approach to address climate change. Change in policies is 
inevitable to steer the development strategies to more environmentally sustainable 
pathways. There is a general agreement that sound policy prescriptions should be 
based on evidence generated out of credible knowledge- both academic and practice. 
The once upon a time ‘science’ dominated discourse of climate change has now 
opened avenues for diverse knowledge and academic interpretations on the issue 
that influence climate policy globally and domestically. This complexity surrounding 
the issue of climate change at the international negotiations and domestic level has 
led us to question the type of agenda surrounding the larger climate change issue that 
dominates these debates along with the type of actors and institutions that promote 
it. 

Coming to climate action, international climate negotiations with strong nationalistic 
strategies and uncompromising positions by blocks of countries are far from reaching 
any concrete agreement on ways to address the issue of climate change thus 
enlarging the risks. The Indian domestic policy position is also in a flux with the 
type of action that should be adopted to address domestically with a large number of 
sectors affected by climate change. Literature on climate policy in India has shown 
that there has been a fragmented and pluralistic system to address climate change 
with varying knowledge discourses and debates that influence policy formulation. 

In this paper we attempt an analysis of the issue of climate change policy through 
the study of the policy process in India. Part 2 of the paper uses the discourse and 
institutional mapping approaches to explain the climate policy scenario in India. Part 
3 aims to understand the prominent actors/institutions and core issues that influence 
climate policy formulation of India. Part 4 looks at how India strategically uses these 
issues at the international climate negotiations to argue for a just climate policy at 
the global level. Part 5 brings in a discussion on the emerging nature of issues and its 
implications emerging for the climate policy process in India.

POLICY PROCESS OF CLIMATE CHANGE 

The history of policy analysis dates back to the theories of decision making by State 
and societal actors on certain challenging and problematic issues. The popular 
theories are rational-comprehensive choice theory, incremental theory and mixed 
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scanning theory that analyse multiple decisions in policy making. Thus public 
policy is taken as a design of related decisions that many circumstances, personal 
groups, and organisational influences have come to define (Hogwood & Gunn, 1984). 
However, policy as the ‘final decision’ is not what defines public policy when it comes 
to understanding the influences on a specific issue and policy. There is a frontend 
and backend of the process in which the policy is formulated and defined. This 
means that along with the analysis of the final outcome an analysis of the process 
that defines the decision is crucial in understanding modern day public policies. 
Thus policy process as a tool for analysis of decision making in the public realm has 
emerged from a combination of the above stated theories. 

Policy process can be defined as an analytical framework or tool that looks at certain 
policies that have been formulated and implemented in specific social and historical 
contexts based on certain important issues with multiple streams of decision making 
and interest groups for budget allocations, implementation process and certain 
outcomes etc (Mooij & Vos, 2003). Hogwood & Gunn (1984) define policy process 
as an equivalent to a film that allows one to study the unfolding over time of the 
complexities of the policy-making process. Thus the policy process is used as an 
approach of policy analysis that studies the change and development of a policy 
with the conceptualisation of issues and problems that unfold over a specified time 
period by varying perceptions of a network of actors, events and contexts (Sabatier, 
2007; Weible et al., 2011).

However, within the policy process analysis, theorists like Weible et al (2011); 
Sabatier (2007) argue that influencing a policy depends on the development of deep 
knowledge of technical, scientific and legal issues; building network coalitions 
and participating for extended periods of time in the policy process. The actors 
and institutions use this level of knowledge and network formations to influence a 
particular issue and the decision making authority. Moe (1984) argues that policy as 
a process is a group struggle to gain control of a higher authority to achieve certain 
interests among organised interests in a political setting to primarily win an election 
(cf Schlager & Blomquist, 1996). Thus when addressing the policy process we have 
to look at it as a group struggle with organised interests that occurs when there is a 
specific and diverse knowledge of a certain complex issue held by certain networks 
and coalitions that try to influence the governing authority for a final decision on 
the issue. 

There are diverse approaches to analyse a policy process. In this paper we have 
taken the ‘Institutional Mapping’ approach along with the ‘Policy Discourse’ 
approach to understand the complex issue of climate change policy in India. The 
institutional mapping approach looks at key actors/institutions, systems, networks 
and relationships that influence and bargain within the policy process and are 
responsible for formulation and implementation of a certain policy outcome. This 
approach in the climate change analysis will try to analysis the inherent political 
nature of interactions between network of actors and institutions that try to follow 
their own knowledge discourse, ideas and interests in defining the issue. The policy 
discourse analysis will try to examine the major issues and power relations between 
different knowledge discourse groups that influence the decision making on climate 
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change in India. Thus a combination of the two approaches in the policy process will 
give us an understanding of the varying demands, values and ideologies that make 
the policy process of climate change complex. Hence, the policy process of climate 
change can be viewed as a group struggle with multiple actors. An institutional 
mapping analysis along with a policy discourse analysis of the climate policy process 
is attempted in the case of climate change policy in India to understand policy 
formulation, outcomes and implications of climate policy and action in India. 

UNPACKING THE POLICY DEBATE- DISCOURSE AND INSTITUTIONAL 
MAPPING 

Climate action in India has evolved from a larger environmental debate and action 
to address the same. The global debates surrounding climate change have been 
complex with a large focus on energy efficiency. This section attempts to address 
the complexity and uncertainty in Indian climate policy. Section 3.1 will look at 
the various policy discourses in India’s climate change debate and the actors that 
have influenced it. Section 3.2 examines the current state actions on climate change 
and related polices, legislations and programmes that affect climate action in India. 
Section 3.3 unpacks the nuances in the above mentioned analysis through a closer 
look at the influential actors/institutions that finally defines climate policy in India.

Discourse Analysis of Climate Change Debate in India

The policy discourse analysis of climate change in India has shown that there is a 
plurality in strategy on the type of action India has taken globally and domestically. 
Isaksen & Stokke (2014) have classified India’s policy and diplomacy discourse as 
the Third World, Win-Win and Radical Green Discourses factoring in the country’s 
identity, interests, exposure and policy orientation. Dubash (2009 & 2013) has 
given a similar classification as the Growth first stonewallers/Realist, Progressive 
Realists and Progressive Internationalist in the policy discourse analysis. Each of 
these discourses has specific actors/institutions that influence the type of diplomatic 
strategy at the international level and the policy action at the domestic level with 
some nuances. This part has focused on the two major discourse- The Third 
World and Win-Win discourses since the actors within these discourses have been 
instrumental in influencing climate policy in India with a complete exclusion of the 
Radical Green Discourse (Isaksen & Stokke, 2014)

Phase I- The Third World Discourse

The phase from 1990-2007 has been characterised as the Third World/Growth-first 
stonewallers/realist discourse where India considered the climate negotiations as 
a threat and a dubious strategy by the First World nations to reduce growth and 
development of the Third world nations due to climate obligations and the costs of 
impacts. Thus India and the Third World group viewed climate change and its global 
governance agenda as a mere geopolitical threat rather than a serious environmental 
reality (Dubash, 2013). The characteristic feature that became prominent in the 
Third World discourse is that climate change is not only an environmental problem 
but also a development, international political and economic discrepancy problem 
between global North and South thus bringing in the larger debate of co-existence of 
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development and environment (Isaksen & Stokke, 2014). The normative concepts of 
‘Equity’ and ‘Sustainable Development’ became the key catalyst used by India and 
the developing nations to influence the global negotiations with India championing 
for national growth and development during this phase.

India defined equity as ‘equal per capita access to the atmosphere and allocation of 
targets’ (Atteridge et al., 2012; Halldings et al., 2011) with ‘climate change as a problem 
created by the developed nations especially with regards to historical emissions and 
targets not achieved by the developed nations given in the Kyoto Protocol’ (Joshi, 
2013). This primarily focused on equitable burden sharing of carbon emission cuts 
based on historical emissions of developed nations and respective capabilities for 
equitable access to sustainable development (Atteridge et al., 2012; Halldings et 
al., 2011). India strongly argues for an equal per capita access to the atmosphere 
for even a small cut in GHG emissions in India, it would significantly restrain its 
‘Right to Growth’. For example, India argues that a 9.7% reduction in GHG gases 
by 2036 would cost the country $2.5 trillion and this it cannot divert from crucial 
development activities (Rajamani, 2009). Thus, India has continuously emphasized 
that developed countries take the responsibility of international commitments in 
mitigation and financing bound by strict and precise international rules and assessed 
against targets and timetables, with a compliance mechanism (Vihma, 2011) in order 
to enhance its missed growth opportunity. This third world discourse was largely 
influenced by the Centre for Science and Environment (CSE), a civil society and 
advocacy group who published their report ‘Global Warming in an unequal world’ in 
1991. The group advocated the cause of social and environmental equity that India 
needs to follow at the international negotiations in order to grow and develop. This 
group argued more on a per capita equity and the primary role of developed nations 
in solving the issues (Atteridge et al., 2012). Even with the influence of organisations 
on India’s climate policy, this phase was marked by a low priority given to climate 
and environmental issues with large emphasis on growth of the economy (Halldings 
et al., 2011). 

During this phase climate change was more of diplomatic and international strategic 
issue that was dominated by a niche group of actors/institutions that dominated and 
influenced climate policy in India. Even though the impacts of climate change was 
considered to be a larger environmental issue with major sectoral effects on water, 
forests etc that lead to downstream livelihood impacts, the issue was never put forth 
in the public domain. This niche group was led by a small group of negotiators, 
diplomats, bureaucrats from selected ministries and leading experts from specific/
selected organisations. The then Ministry of Environment and Forests (MoEF) 
leads the delegation with Ministry of External Affairs (MEA) providing background 
support (Isaksen & Stokke, 2014; Rajan, 1997 cf Vihma, 2011; Halldings et al., 2011). 
Due to this concentration with a small group of people with little or no public debate 
(Rajan, 1997; cf Vihma, 2011), the issue of climate change remained in the hands of 
the elite representatives of the government. This raised questions on the intentions 
of the government and these small groups of people that influenced the government 
on climate change. Bidwai (2012) has termed this process as the elitist top-down 
approach which hasn’t been able to take into account the dynamic perspectives 
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of a society that is vulnerable to the effects of climate change and environmental 
degradation. Politicians and political parties consider a focus on domestic and 
local issues of growth and development (Joshi, 2013; Vihma, 2013) as issues to 
win an election rather than climate or environmental challenges. Thus climate and 
environmental related issues are relegated to background as unimportant issues with 
no much focus in public realm or in the Parliament even though climate change 
and environmental degradation will affect the poorest of the poor in the country 
and those dependent on the environment for their livelihood. Mooij & Vos (2003) 
states that electoral populism is often important in policy making and even when it 
is the reverse, issues of party legitimacy are crucial in policy-making processes and 
thus party building concerns are of prime importance in such cases. Thus climate 
change being on the electoral agenda compared to growth and development, the 
elite pluralism route is a better to advance with the issue thus needing no pubic 
consultation or influence on it. 

This disjoint of climate and environmental issues in domestic policies raise questions 
on whether local and domestic issues influence the government and ‘elite’ climate 
representatives or is it just the larger macro issues of growth, development and 
international standing that dominate the agenda around climate policy?

Thus this phase brought about the larger debates on the type of issue that gets 
highlighted in the climate change debates in India with the type actors that dominate 
have dominated it. This phase has transcended into the Win-Win discourse with the 
similar issues highlighted but with a change in the type of actors and the type of 
strategies used. 

Phase II- Win-Win Discourse

From 2009 onwards there was a drift towards the Win-Win/ Progressive Realists and 
Internationalists discourse in climate diplomacy with a more proactive internationalist 
approach (Joshi, 2013; Vihma, 2011) with a ‘Co-operative’ and ‘Co-benefit’ (Thaker 
& Leiserowitz, 2014; Dubash, 2009 & 2013) stance at the global climate negotiations. 
Although India’s primary interest of economic growth in the Third World discourse 
has continued in the Win-Win discourse there came an explicit acknowledgement 
of the effects of climate change on India. Many actors in the Win-Win discourse 
were sceptical of the global negotiating process but believed that climate change 
constitutes a threat to growth and thus India should adopt a pro-active climate 
policy of ‘greening’ of growth and pro-active participation in international climate 
negotiations. Growth and climate action are thus seen as compatible, in contrast to 
the focus on trade-offs in the Third World discourse and envisions large opportunities 
from low-cost technologies (Isaksen & Stokke, 2014; Dubash, 2009 & 2013)

It was during this phase that the then Minister of Environment and Forests Mr. 
Jairam Ramesh rephrased the concept of ‘equity’ to ‘equitable access to Sustainable 
Development’ (Halldings et al., 2011) with equal opportunities to attain economic 
growth and reduce poverty (Atteridge et al., 2012). Internationally, the Indian 
Government has voluntarily (not legally binding) and conditionally agreed to reduce 
the emissions intensity with proposed domestic cost-effective mitigation strategies 
that align with national development goals (Pahuja et al., 2014; Rastogi, 2011; Shukla 
and Dhar, 2011). 
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This phase saw a shift of influence with the entry of new policy makers like 
TERI, Development Alternatives, CII and other organisations (Sengupta 2012) that 
emphasised on a growth led co-benefit and sustainable development approach to 
climate change. The international Clean Development Mechanism (CDM) process 
facilitated the entry of these new policy makers arguing that CDM could be a useful 
tool for the Indian industry to gain external technology and finance (Jakobsen, 
1998, Das, 2012; cf Sengupta, 2012) while embarking on a co-benefit approach to 
issue climate change (Dubash et al., 2013). Post 2007, the issue of climate change 
was taken over by the PMO with the establishment of the PM Council on Climate 
Change thus indicating a small shift from control of the top level bureaucratic (even 
though leading Indian delegates participated in the council) to a more wider societal 
participation in climate change (Vihma, 2011). It was during this phase that India 
introduced the NAPCC in 2008 as a guideline to climate change action in India. 
There was a convergence between key government actors and prominent civil 
society organisations with larger focus on climate vulnerabilities and opportunities 
(Isaken & Stokke, 2014; Thaker & Leiserowitz, 2014). Along with this shift there was 
a change in the national political landscape, rising public awareness due to increased 
media reporting on climate change, increasing domestic energy access and security 
constraints, direct economic benefits from Kyoto Protocol’s market mechanisms and 
reactions to international pressure from other developing countries (Michaelowa & 
Michaelowa, 2012; Thaker & Leiserowitz, 2014)

It was during this phase that Jairam Ramesh emphasised largely on the ‘environment’, 
‘sustainable development’ and voluntary emission reduction mechanisms leading 
to conflicts among the group of negotiators, within the ministry, government and 
Indian Parliament (Dasgupta, 2014). This phase brought out a strong debate on 
whether growth v/s environmental conservation is essential for climate change 
policy in India with diverse opinions and differences among the core climate policy 
formulators in the Indian government. There was one group with largely argued for a 
growth oriented co-benefit approach and sustainable development while one group 
emphasised that environmental conservation with more emphasis on developed 
countries reducing carbon emissions. 

Thus the two discourses have emphasised on economic growth and equity in India’s 
national interest at the international level with little or no restrict to India’s growth 
model of development. 

Thus the main issues that are highlighted in the policy discourse analysis are as 
follows:

1. The discourse analysis point to a clear change in the type of strategies used by 
India at the international negotiations and the domestic policy level. This could 
be attributed to the changing external scenario, India’s growth patterns and 
influence of certain actors 

2. This change in discourse at the international level points to a direct influence on 
domestic climate action with the introduction of the NAPCC 2008.

3. Phase I saw that there has been a large focus on GHG issue due to an international 
focus or leaning on it. The climate change debate expanded from just an 
environmental debate to a larger growth and development debate brought about 
by the Third world countries. Thus it was the first time that growth, development 
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and equity came to challenge the climate change issues. This phase however, saw 
a large dominance of elites in the climate policy debate. 

4. Phase II saw the bundling of growth and GHG issues in the co-benefits approach 
to address climate change with similar underlying focus. There has been a change 
in the type of actors involved with the coming in of growth oriented actors and 
the climate debate expanded from just the elite group to a little wider societal and 
business participation. However, this phase also saw a strong clash between the 
minister and the bureaucracy and other actors on the type of action that is needed 
to address climate change. 

5. Thus the discourses have brought about the key focus area for climate change 
policy in India with ‘Carbon Emission Reduction’, ‘Growth’, ‘Development’ 
and ‘Equity’ dominating the agenda of climate policy. Thus carbon issue and 
mitigation strategies play a dominant role in climate politics of India and this is 
due to the type of actors and institutions that have influenced the issue that will 
be discussed in the next part.

Institutional Mapping of Indian Climate Policy

India climate policy discourse points to the issues of ‘Carbon Emission Reduction’, 
‘Growth’, ‘Development’ and ‘Equity’ even though climate change per se is a wider 
issue with larger implications on natural resources and local livelihoods and 
sustenance. The dominance of these specific issues is due to the influence of certain 
institutions and actors in India’s climate discourse. Chart I in Annexure I shows the 
Influences on Indian Climate Policy. These influences are fragmented on a political, 
strategic, economic, scientific or social basis and differ from the type of domain and 
academic knowledge, value or interest of the actor/institution on the issue of climate 
change. The challenge of climate change policy is to accommodate these differing 
influences and debates making it a daunting task. Indian climate policy is highly 
influenced by international organisations and the global events on climate change. 
The global events and the negotiation process are largely focused on energy security 
and reduction in carbon emissions through the Kyoto Protocol. This gets reflected in 
the concentration of the issue to energy efficiency and integration with growth and 
development in domestic policies in India. 

Table 1 highlights the policies, legislations, strategies and programmes passed by 
the Indian Government since 1970 that have implications for climate change action 
domestically in India. It can be seen that Environmental and Energy legislations have 
been the two important pillars for climate action in India as the NAPCC is just an 
ambitious guideline rather than a legislative force. The development of the NAPCC 
has been understood as an institutionalisation of the Win-Win discourse (Isaksen 
& Stokke, 2014). The NAPCC raised questions on whether the document was for 
domestic purposes only or was also meant as a signal to the international community 
(Vihma, 2011). The final version of the NAPCC acknowledges climate change as a 
serious threat- but the overarching perception that India is being asked to solve a 
problem it did not create remains (Vihma, 2011). With no clarity on the NAPCC 
and with no strategic guideline to implement the eight missions (expect for some 
clarity on the energy efficiency missions), there are doubts on whether the broad 
and fragmented environmental and energy legislations are the two hands of climate 
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change in the absence of a clearly defined climate policy in India. The large focus 
on energy legislations indicates a mitigation strategy of energy efficiency and carbon 
emission reduction in climate action rather than an adaptation strategy.

Table 1 
Policies, Legislations, Strategies and Programmes passed by the Indian Government since 

1970 that have implications for climate change

Sr. 
No

Theme Legislation, Policy, Strategy and Programme

1 Environ-
ment 

•	 1972- Indian Forest Act; Wildlife Protection Act
•	 1977- The Water (Prevention & Control) Cess Act
•	 1980- Forest Conservation Act
•	 1981-Air (Prevention and Control of Pollution) Act
•	 1986- Environment Protection Act
•	 1988- Motor Vehicles Act
•	 1991- Coastal Regulation Zone Notification
•	 1995- The National Environment Tribunal Act 
•	 1997- National Environment Appellate Authority
•	 1999- Recycled Plastics Manufacture and Usage Rules
•	 2000- The Ozone Depleting Substance (Regulation and Control) 

Rules
•	 2002-The Wildlife (Protection) Amendment Act; Biological Diver-

sity Act
•	 2006- National Environmental Policy 
•	 2010- National Green Tribunal Act; National Forest Carbon Ac-

counting Programme 

2 Energy •	 2001- Energy Conservation Act
•	 2003- Electricity Act 2003; National Auto Fuel Policy
•	 2005- New and Renewable Energy Policy; National Electricity 

Policy
•	 2006- National Tariff Policy 2006; Integrated Energy Policy; Na-

tional Energy Labeling Programme; National Rural Electrification 
Policy; Standard and Labeling Programme (BEE)

•	 2007- Electricity (Amendment) Act; Energy Conservation Building 
Code; Ethanol Production Incentives 

•	 2008- Solar Power Generation based incentives
•	 2009- Incentives for wind power; National Policy on Bio-fuels 

(MNRE; Agriculture Demand Side Management Programme (BEE)
•	 2010 Energy Conservation (Amendment) Act; Bachat Lamp Yojna 

(BEE)
•	  2011- National Tariff Policy (Amendment); National Clean Energy 

Fund; Super- Efficient Equipment Programme (BEE)
•	 2012- National Electricity Plan; Energy Conservation Rules (PAT)

3 Climate 
Change 

2008- National Action Plan on Climate Change
-National Mission on Enhanced Energy Efficiency
-National Solar Mission
-National Mission on Sustainable Habitat
-National Water Mission
-Green India Mission
-National Mission on Sustainable Agriculture
-National Mission for Sustaining the Himalayan Ecosystem
-National Mission on Strategic Knowledge on Climate Change

Source:- Atteridge et al, 2012; Fujiwara, 2010; Rajamani, 2009;Pahuja et al., 2014; Rastogi, 2011; 
http://powermin.nic.in/; http://envfor.nic.in/; http://www.mnre.gov.in/; http://www.beeindia.in/
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Along with the fragmented legislations, policies and programmes that support 
climate action, the institutional mapping analysis in Annexure 2 highlights the 
government action on climate change. Climate Change action in India is largely 
dominated by the Ministry of Environment, Forests and Climate Change. The other 
ministries help in co-ordinating the missions under the NAPCC. Committees and 
commissions have been set up to advice on climate policy and diplomacy along with 
research institutions to assess the impact of climate change. However, this has not 
filtered to actual ground level action on climate change in India. This is primarily 
due to the fragmentation of power with a pluralistic system of institutions to address 
the issue of climate change in India. This fragmentation and pluralism is within the 
union government’s action on climate change where each ministry has their own 
set agendas which tend to be in conflict with the NAPCC and with the Ministry of 
Environment, Forests and Climate Change. 

The fragmentation of power also is seen between centre and state with a lack of 
capacity at state level to deal and address climate change. This brings in global 
perspectives to assist in State Action Plans on Climate Change (SAPCC) as seen 
in Table 2 where are large number of states have been assisted by GIZ and other 
international agencies. The lack of capacity at the state level along with pluralism 
and fragmentation in decision making has not filtered into strategic action at the 
district, block or village level where climate change is predicted to have a large and 
disastrous impact.

Table 2

Institutional Drivers of State Action Plans on Climate Change (SAPCC)

Institutional Drivers State

GIZ (CCA RAI Programme- Climate 
Change Adaptation in Rural Areas 
of India- German Cooperation 
with the Ministry of Environment, 
Forests, Climate Change, Govern-
ment of India)

Assam, Arunachal Pradesh, Gujarat, Haryana, J&K, 
Manipur, Meghalaya, Mizoram, Nagaland, Punjab, Ra-
jasthan, Sikkim, Tamil Nadu, Tripura, Uttar Pradesh, 
West Bengal, Dadra and Nagar Haveli, Daman and Diu

UNDP Bihar, Chhattisgarh, Kerala, Uttarakhand 

DFID Orissa 

Indian Institutes Andhra Pradesh (Environment Protection Training 
and Research Institute, Hyderabad), Karnataka (Envi-
ronmental Management and Policy Institute (EMPRI) 
& TERI)

Source: CCA RAI- Climate Change Adaptation in Rural Areas of India (GIZ) - http://www.ccarai.
org/fields-of work.html; Draft SAPCC

Thus the institutional mapping analysis of climate policy in India brings out the 
following crucial points: 

1. There has been a large dominance of international negotiating system on climate 
action in India. This has emerged due to the dominance of certain actors and 
institutions (TERI, CPR, CII etc) at the international level that influence domestic 
climate policy formulation.
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2. Though there is a complexity surrounding the issue, there has been a convergence 
on a mitigation strategy with focus on ‘reduction in carbon emissions’, ‘equity’, 
‘growth’ and ‘development’

3. NAPCC is just a guideline on climate policy in India. The existing energy and 
environmental legislations and strategies are major pillars for climate change 
action in India. The SAPCC are just draft documents with a large influence 
of international organisations. There has been no implementation plan at the 
grassroots level.

4. The fragmentation and pluralism in climate change action in India leads to larger 
questions on the type of authority that actually governs climate action in the 
Indian federal setup. The institutional mapping at the union and state level point 
to the diverse ministries and department that address issues in climate change 
(like water, forests, habitat etc). Each of these departments has their own agendas 
making it a mammoth task to accommodate and govern climate change action. 

Nuances in the discourse and actors in the debate

The issues that dominate the climate policy debate in India largely emerge from the 
type actors and institutions that influence it. The discourse and institutional mapping 
analysis show that there are specific and dominant actors and institutions in the 
climate change policy process in India. Isaksen & Stokke (2014) have addressed the 
changing discourses in India’s climate policy with an analysis of key actors in policy-
making and their influence in the changing discourses in Indian climate politics. Going 
beyond this discourse analysis we have noticed that there are varying knowledge 
perceptions that each of these actors use to influence climate policy making. At the 
broadest level, we described the shift from a Third World to a Win-Win Discourse in 
India’s climate policy and diplomacy. However, in academic circles there has been 
a fragmented opinion on the type of discourse adopted by the knowledge groups 
that influence climate policy in India. CSE that has influenced India’s Third World 
Discourse argued for economic growth and the right to development with more social 
and environmental equity at the global level along with the need for environmental 
conservation for sustenance of the poor who depend on natural resources through 
more local participation. However, Dubash, TERI etc as academic actors that have 
influenced the Win-Win discourse have emphasised on a co-benefits approach with 
economic growth as prime importance for development. Other academicians like 
Jayaraman, Kanitkar etc have strongly emphasised for India’s role in reducing carbon 
emissions but have taken a Third World discourse where they focus on social equity 
and enhancement of development needs. Academicians like Sathaye, Bidwai and 
civil society organisations like Greenpeace etc focus largely on the radical green 
discourse with an emphasis on the environmental protection and conservation. 

Academic actors and institutions that influence climate policy process are guided 
by their specific domain knowledge that gets reflected in domestic policy action. 
The dominant academic and research groups have played a significant role at the 
international and domestic policy level. For example, TERI as a research group at 
the international level has played an important role in the IPCC. Many of TERI’s key 
actors are a part of the PMs Council on Climate Change and the negotiating group 
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within the government. CSE as another research group has also played a key role 
in influencing India’s first phase of climate discourse as well as being a member in 
the first PMs Council on Climate Change. The new entrants in the climate policy 
academia are small and scattered and it is yet to be determined the type of influence 
they wield on climate change policy in India.

The nuances in the discourses and the actors in the climate debate bring out the 
strategies and priorities that India uses in its global negotiating deals on climate 
change as discussed in the next section.

STRATEGIES AND PRIORITIES IN INDIA’S CLIMATE CHANGE NEGOTIATIONS 

The issue of climate change gets dominated in India by four prime concerns- ‘GHG 
Emissions’, ‘Growth’, ‘Development’ and ‘Sustainable Development’. India uses 
the issue of ‘equity’ as the key instrument through the principle of ‘Common but 
Differential Responsibility’ (CBDR) in the UNFCCC process to emphasis its right to 
growth and development. According to Joshi (2013), Indian negotiators have been 
instrumental in establishing the CBDR principle in the UNFCCC and in inserting 
statements in negotiating texts that attribute historic responsibility for emissions 
of Green House Gases (GHGs) to developed countries (Joshi, 2013; Jakobsen, 1999; 
cf Vihma, 2011; Sengupta, 2012) thus aiming for global equity in the negotiations. 
Through the CBDR principle India aims at an equitable and just climate policy 
outcome that enables its growth model of development without any responsibility 
attached to reduction in emissions. India justifies this stance through the use of 
certain strategies at the international level to enable is equitable growth model of 
development. The following are some of these strategies:

Foreign Policy Strategy

The core principles of India’s foreign policy are defensive strategy, Non-Alignment, 
development world leadership (Joshi, 2013), state sovereignty, north-south equity 
along with the Panchsheel principles of equality, mutual respect, mutual non-
interference, non-aggression and peaceful co-existence (Rastogi, 2011). The principles 
have been used strategically at the international platform to fit into a larger globalist 
approach of India in pursuit for an international status and place at “the high table” 
(permanent membership in the UN Security Council, voting rights at the World Bank 
and IMF etc), regional security and the protection of national economic interests 
and strategic alignment with the US and China at the international level (Halldings 
et al., 2011; Atteridge et al., 2012; Jayaraman, 2009; Rastogi, 2011). With the core 
principles of its foreign policy, India has used this strategy to enhance its ‘equity’ 
debate of growth at the international and domestic level.

North-South Strategy

India at the global level leans towards a north-south strategy to enhance the cause 
of its growth and development. The following factors encourage India to adopt this 
strategy. 

•	 Economic Vulnerability- India and other developing nations argue that 
imperialism and post-colonialism by the western world have lead to a general 
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atmosphere of insecurity and injustice, powerlessness, vulnerability and material 
limitations at the international level (Joshi, 2013; Atteridge et al., 2012). Thus in 
order to achieve economic progress and development that were restrained due 
to an extractive colonial past, India emphasis that it has the right to grow and 
develop without any restriction on carbon emissions. 

•	 New International Economic Order- There was a new form of neo-colonialism 
with the domination of the Western industrialized world in global politics and 
economics in the 1970s leading to a growing global inequality and insecurity 
(Joshi, 2013). India with its material resource insufficiency and lack of material 
capability to secure a place under the ‘diplomatic sun’ (Mukherjee & Malone, 
2011) thought it better to align with the developing nations against this growing 
economic order. The developing nations and India feel that the global climate 
negotiations are the best platform to reduce the global inequities due to the 
skewed global economic order (Joshi, 2013). This ensures that the North takes 
responsibility for the current environmental crises (Joshi, 2013) with India 
claiming that its limited resources have to be prioritized for a more pressing 
ecological security and development needs and not for climate mitigation. 
Climate change becomes an equalizer of developed and developing countries 
(Joshi, 2013) in the new economic order.

•	 Climate negotiations as an economic trap: - India believes that the developed 
nations are addressing the climate issue from an economic perspective rather 
than an honest environmental agenda (Halldings et al., 2011) and hence don’t 
trust the motives of ‘differentiation’ of the climate negotiations (Joshi, 2013; 
Atteridge et al., 2012). Joshi (2013) states that this economic trap also serves a 
territorial trap that makes the western world ‘climate hegemons’ even as their 
regulatory power is declining with the emergence of India and China. A trigger 
for Indian indignation was the way in which the industrialised countries were 
seen as framing responsibility for taking action to cut global GHG emissions and 
for reshaping the climate agenda in order to protect their own economic interests 
(Halldings et al., 2011). The other reasons is that Annex I nations have not met 
their obligations for reducing emissions and enabling financial and technological 
transfers (Joshi, 2013) to developing nations in the first phase of the UNFCCC. A 
general atmosphere of mistrust and lack of credibility amongst nations (Bellevrat, 
2011) compels India to use the instrument of ‘equity’ vociferously through 
‘CBDR’ strategy in its climate diplomacy. Thus India repeatedly argues for a 
strong Kyoto Protocol with aggregate targets and strong compliance mechanism 
for the developed nations and not for the developing nations (Vihma, 2011). This 
general mistrust at the climate negotiations of the West trying to derail India’s 
economic growth trajectory, compels India to push for stronger and equitable 
climate legislation.

Regional’ and ‘Common’ alliances strategy

This strategy is used by India for fear of isolation in the global negotiations as China 
(its ‘equity’ strategy partner at the negotiations) has announced cuts in emissions 
(Atteridge et al., 2012). With the fear that other countries might follow soon, India 
allies with ‘regional’ and ‘common’ alliances like BASIC, LDMC countries etc which 
is an important vehicle to fight ‘equity’ in it negotiations.
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‘Multilateral’ and Bi-lateral’ strategy

Multilateralism in India tends to get affected due to US dominance in the decision 
making leading to fears of colonialism and infringement on sovereignty and 
economic plundering (Mukherjee & Malone, 2011). India also fears a growing 
collaboration between the US and China. By using the multilateral and bi-lateral 
strategy, India is buying into a strategy developed largely by the US, Russia, China 
and several Western European powers to co-manage international economic and 
security systems (Mukherjee & Malone 2011) and secure its internal growth strategy 
and external globalist approach. In the bilateral strategy, India leans towards China 
due to the ongoing rivalry (China already has seat in the Security Council), regional 
conflicts (China a source of unrest in South Asian region, Border conflict and China’s 
relations with Pakistan) and Economic importance (China a major trading partner 
and a major competitor) (Halldings et al., 2011). India’s strategic relation with the US 
is of core importance due to security reasons (US relationship with other South Asian 
countries especially Pakistan, Afghanistan and China are perceived as sensitive), 
economic terms (US is India’s major trading partner), global politics (US will have a 
decisive influence on permanent membership of the UN security Council) (Halldings 
et al., 2011). With these strategic alliances India hopes that its growth model of 
development flourishes parallel to the ongoing climate negotiations while trying to 
influence its multilateral and bilateral partners to an ‘equitable growth’ model 

Thus the plural discourses and priorities that India uses at the international 
level indicates that climate change is still viewed by India largely as a strategic 
international concern with little focus on the impacts of climate change at the 
domestic level. The strategies and priorities have been largely used keeping in mind 
the national priorities of the country with little or no focus on climate change or 
larger environmental issues in the country. This has led to a larger debate on the 
existing normative concepts of ‘equity’ and ‘sustainable development’ used by India 
to address climate change which will be discussed in the next section. 

DISCUSSION

The Win-Win discourse has facilitated the development of a national climate policy 
in India with the formulation of the NAPCC in 2008. However there is a persistent 
dominance of the Third World discourse in foreign policy that has limited the 
transformation of India’s approach to international climate negotiations (Isaksen and 
Stokke 2014). When the NAPCC was announced by Prime Minister Manmohan Singh 
on June 30th 2008, it stated that ‘the urgent and critical concerns of the country’ with 
‘co-benefits for addressing climate change’ would see only a directional shift in the 
development pathway, thereby prioritizing high economic growth (Atteridge et al., 
2012). This contrast between policy stances at the international level and domestic 
levels have the common feature of prioritising ‘growth’ and ‘development’ with a 
legitimising claim for growth for attaining global ‘equity’ in ‘development’. 

Reflecting on the earlier Sustainable Development definitions there were narrow 
domain interpretations such as ‘ecological sustainability’, ‘environmentally 
sound development’ (Tolba, 1984a; cf Lele, 1991), ‘sustained growth’, ‘sustainable 
change’ and ‘successful development’ (Lele, 1991). However, the core arguments 
on sustainable development revolve around the premise of economic prioritisation 
of development marginalising social and environmental concerns. Thus in the 
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sustainable development debate, there is a controversial and contentious unrest on 
the concepts of ‘economic growth, social and economic equity and environmental 
conservation’ leading to a separate functioning of each concept based on specific 
knowledge domains with larger emphasis on economic growth. Interestingly, this 
contestation of the economic prioritisation of human needs filters into the larger 
climate change debate globally. In India, the concept of ‘equity’ in the sustainable 
development paradigm has been used as a key instrument to enhance the growth and 
economic prioritisation of development of climate change policy. 

The issue of ‘growth enhanced development’ has been the core agenda of governments 
leading to conflicts in ideologies pursued by certain ministers, bureaucratic and civil 
society on the issue of climate change and the type of action to address the same. 
After the 2014 general elections in India, with the change in government, there has 
been a shift in the balance of influence on climate policy with the re-constitution 
of the PM Council on Climate Change. The environmentalist Sunita Narain from 
CSE, who played an instrumental role in India’s initial role in climate negotiations, 
has been dropped from the council with a certain assumption on the governments 
discomfort with the civil society’s concern on environment and forest issues (Mohan, 
2014). With indications of the government to a larger ‘growth and development’ and 
with little focus on ecological concerns, it is unclear on the type of ‘equity’ and 
‘sustainable development’ stance India will take at Paris 2015. With the gradual 
erosion of ‘differentiation’ in the climate regime in the last few years (Rajamani, 
2015) and with India’s climate diplomacy based on ‘differentiation’ through the 
normative concern of ‘equity’ we are yet assess whether India will accept emission 
reduction and focus of environmental conservation or continue on its aggressive 
growth agenda at the cost of environmental degradation and critical vulnerabilities 
to climate change. 

CONCLUDING OBSERVATIONS 

The global uncertainty and complexity of the issue of climate change has filtered 
down to fragmented and pluralistic climate policy action in India. The climate 
change debate in India has been influenced by shifting discourses from ‘Third World’ 
to ‘Win-Win’ discourse, largely depicting the shift from a conventional domestic 
‘growth-first’ approach to recognition of the urgency to be part of global dialogue for 
a more environmentally sustainable trajectory for all countries. There has been co-
existence between the two discourses dominated by issues such as economic growth 
and national interests in common. In the first discourse there were very few actors 
like CSE that played an influential role on the government and the negotiating team. 
This influence was largely for the international negotiations and never reflected on 
domestic action on climate change. However, the second phase of climate discourse 
saw a change in the type of actors like TERI, CII etc that influenced climate policy both 
internationally and domestically. India saw a spurt in climate action domestically 
with the coming in of the NAPCC and the PM’s council on climate change. India 
also focused on a more proactive role globally. In the research circles, there was an 
increase in the inputs from the academia that influenced the government. However, 
this circle has remained small and scattered with still a large dominance by the 
major players like TERI, CPR etc. Thus the policy process analysis points to a subtle 
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group struggle among the actors and institutions that influenced the policy debate 
armed with diverse technical, scientific and legal knowledge domains. The type of 
influences reflect the primary focus of energy issues in the climate change debate 
with an interrelation between ‘emission reduction’, ‘growth’, ‘development’ and 
‘equity’. The result was a growing neglect of other interrelated issues like biodiversity 
conservation, water and food security, public health etc. in the debate without any 
action domestically and focusing instead on international negotiations. The NAPCC 
has remained a guideline and the SAPCCs are draft documents with little or no 
framework to incorporate the local complexities for required action at the grassroots 
level. The macro-economic policies point to a growth fixation with a meagre focus on 
climate change integration with wider policy concerns. The complexity of issues of 
climate change warrant contributions from different epistemic communities based on 
specific knowledge domains that lead to respective prescriptions and contributions. 
A policy process analysis can help unpack the insights by disaggregating the actor 
perspectives, institutional mandates and power dynamics to integrate and steer the 
development process to more sustainable climate pathways. 
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INTRODUCTION

Though a quarter century has passed since the world has come to grips with the 
reality of climate change, opinions and course of action differ as to how it is to 
be understood and defensive actions taken. This is mainly due to the fact that the 
current epoch of climate change is induced by anthropogenic factors and that certain 
countries in the global north have a disproportionately high responsibility in terms 
of emission of green house gases into the atmosphere. As capitalist industrialism 
is deeply implicated in the worsening of the crisis, a deep North-South division 
has been created ever since the issue crossed the scientific threshold and assumed 
political dimensions. The neoliberal capitalist globalization has evolved market-led 
solutions for climate change rather than looking at the issue from the perspective of 
sustainable development where equity and social justice of majority of the people 
who live in the global south matter. Climate change issue thus becomes the ‘master 
narrative’ of contemporary environmentalism and therefore cannot be left to be 
decided by the whims of few developed countries/corporate entities. The fate of three 
fourths of the world population is at stake and already the impacts in the form of 
erratic climatic conditions, decline in crop/fish production, loss of productive farm 
lands, sea-level rise and acidification, increasing pest/disease attacks, degradation 
of biodiversity, water scarcity etc. are upon them. Such issues could trigger social 
disruptions, massive deaths, wars and most certainly the disintegration of several 
nation states in the developing world.

Addressing environmental issues assumed a global dimension after the Stockholm 
Conference of 1972 and the publication of the Brundtland Report (1987). Under the 
leadership of the United Nations system several important conventions/treaties were 
signed. Prominent among them are the Framework Convention on Climate Change 
(UNFCC) and the Convention on Biological Diversity (CBD), both were presented 
at the Earth Summit in 1992. The UNFCC greatly depended on the scientific data 
gathered by the Intergovernmental Panel on Climate Change (IPCC) established under 
World Meteorological Organisation (WMO) and the United Nations Environment 
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Program (UNEP). The UNFCCs First Assessment Report that came in the 1990 has  
conclusively proved  for the first time that human activities were greatly increasing 
the amount of greenhouse gases in the atmosphere and that they were responsible 
for causing (and would continue to), a warming of the earth’s surface. This provided 
a blow to the climate skeptics who held until then that climate change was a myth. 
The FCCC “acknowledge that change in the Earth’s climate and its adverse effects 
are a common concern of humankind.” The objective of the framework is found 
in Article 2, which requires parties to “achieve stabilization of the greenhouse 
gas concentrations in the atmosphere at a level that would prevent dangerous 
anthropogenic interference with the climate system.” This Article is intended to 
be the standard by which the parties’ commitments under the climate regime are 
measured. It also states that “stabilization” should be pursued in an appropriate 
time frame for “ecosystems to adapt naturally to climate change, to ensure that food 
production is not threatened and to enable economic development to proceed in 
a sustainable manner.” Article 4(2) of the FCCC text distinguishes between three 
groupings of parties to the convention, based on present levels of industrialization: 
Annex I Parties (all industrialized countries), Annex II Parties (all industrialized 
countries except those of the former Soviet bloc in the process of economic transition 
to market economies), and all Parties (including developing countries). Furthermore, 
Article 4(2)b notes that the aim for the Annex I countries is to return to 1990 levels 
of anthropogenic emissions. Articles 10 and 12 outline the rules by which Annex 
I Parties must “adopt national policies and take corresponding measures on the 
mitigation of climate change, by limiting anthropogenic emissions of greenhouse 
gases and protecting and enhancing greenhouse gas sinks and reservoirs.” Moreover, 
Article 4 (3-5) notes that developed countries shall assist developing countries in 
reaching anthropogenic emissions reductions goals through technology transfer as 
well as various forms of financial assistance. 

The most important contribution of the UNFCC is that it sought to differentiate the 
historical differences between the developing and developed countries in terms of 
climate change by enunciating the “common but differentiated responsibilities” 
principle through articles 4, 10, and 12. The principle of ‘common but differentiated 
responsibility’ evolved from the notion of the ‘common heritage of mankind’ and is 
a manifestation of general principles of equity in international law. The principle 
recognizes historical differences in the contributions of developed and developing 
states to global environmental problems, and differences in their respective 
economic and technical capacity to tackle these problems. Despite their common 
responsibilities, important differences exist between the stated responsibilities of 
developed and developing countries. Another important principle that finds its 
way in the UNFCC is precautionary principle. Article 3 stipulates that the Parties 
“should take precautionary measures to anticipate, prevent or minimize the causes 
of climate change and mitigate its adverse effects”. Where there are threats of serious 
or irreversible damage, lack of full scientific certainty should not be used as a reason 
for postponing such measures, taking into account that policies and measures to deal 
with climate change should be cost-effective so as to ensure global benefits at the 
lowest possible cost. The most important drawback of the UNFCC was that it set no 
binding limits on greenhouse gas emissions for individual countries and contains no 
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enforcement mechanisms. In that sense, the treaty is considered legally non-binding. 
Instead, the treaty provided a framework for negotiating specific international treaties 
(called “protocols”) that may set binding limits on greenhouse gases. The UNFCCC 
was opened for signature on 9 May 1992 and entered into force on 21 March 1994. 
The parties to the convention meet annually from 1995 in Conferences of the Parties 
(COP) to assess progress in dealing with climate change.

KYOTO PROTOCOL

Kyoto Protocol signed in 1997 became the cornerstone of the global climate change 
regime as for the first time in history binding commitments were imposed on 
industrialized nations to reduce their emissions of greenhouse gases (by at least 5 per 
cent below 1990 levels), the major cause of global warming, within a specified time 
frame (commitment period 2008 to 2012). The protocol also allows governments to 
enhance carbon “sinks,” which are natural mechanisms that draw carbon dioxide out 
of the atmosphere. Most sinks are in the form of forests, although land use techniques 
can also store carbon in the ground. The treaty also requires that all “greenhouse gas 
emissions by sources and removals by sinks associated with those activities shall be 
reported in a transparent and verifiable manner”.  In order to meet the objectives of 
the Protocol, Annex I Parties are required to prepare policies and measures for the 
reduction of greenhouse gases in their respective countries. The Protocol identifies 
three “flexibility mechanisms” that could be used by Annex I Parties in meeting 
their emission limitation commitments. These market-based mechanisms are 
International Emissions Trading (IET), the Clean Development Mechanism (CDM), 
and Joint Implementation (JI). 

Instead of prescriptive “command and control” schemes, Kyoto Protocol uses 
“market-based” instrumentalities like Emissions Trading or cap and trade system. 
According to International Emissions Trading Association, “cap and trade provides 
the private sector with the flexibility required to reduce emissions while stimulating 
technological innovation and economic growth”. Under this scheme a central 
authority (usually a governmental body) sets a limit or cap on the amount of 
a pollutant that may be emitted. The limit or cap is allocated and/or sold by the 
central authority to firms in the form of emissions permits which represent the 
right to emit or discharge a specific volume of the specified pollutant. Permits (and 
possibly also derivatives of permits) can then be traded on secondary markets. Since 
2005, several countries have initiated emission trading schemes. The International 
Emission trading programme under the Kyoto Protocol provides for trading across 
nations. This programme invests in low carbon technology to reduce emissions; 
participants buy permits from one another, or buy carbon offsets from projects in 
developing countries under the Clean Development Mechanism.

The Clean Development Mechanism (CDM), defined in Article 12 of the Protocol, 
allows a country with an emission-reduction or emission-limitation commitment 
under the Kyoto Protocol (Annex B Party) to implement an emission-reduction project 
in developing countries. Such projects can earn saleable certified emission reduction 
(CER) credits, each equivalent to one tonne of carbon dioxide which can be counted 
towards meeting Kyoto targets. According to UNFCC the “mechanism stimulates 
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sustainable development and emission reductions, while giving industrialized 
countries some flexibility in how they meet their emission reduction or limitation 
targets”. The mechanism known as “joint implementation,” defined in Article 6 
of the Kyoto Protocol, allows a country with an emission reduction or limitation 
commitment under the Kyoto Protocol (Annex B Party) to earn emission reduction 
units (ERUs) from an emission-reduction or emission removal project in another 
Annex B Party, each equivalent to one tonne of carbon dioxide which can be counted 
towards meeting its Kyoto target. Joint implementation offers Parties a flexible and 
cost-efficient means of fulfilling a part of their Kyoto commitments, while the host 
Party benefits from foreign investment and technology transfer.

Market skeptics caution us about the feasibility of the mechanisms mentioned above. 
They argue, on theoretical and empirical grounds, that the magic of the market will 
not work: putting a price on carbon emissions through tradable permits will not 
deliver the needed emissions reductions nor bring about the radical (non-marginal) 
technological progress and social change needed to wean us off carbon. In the words 
of Jeffrey Sachs  “economists like to set corrective prices and then be done with it, 
leaving the rest of household and business decisions to the magic of the market. 
This hands-off approach will not work in the case of a major overhaul of energy 
technology”.

THE COP MEETINGS

The first Meeting of the Conference of Parties (COP) to the Kyoto Protocol took place 
in Montreal in 2005. At COP13, Parties agreed on the Bali Road Map, which charted 
the way towards a post-2012 outcome in two work streams: the Ad-Hoc Working 
Group on Kyoto Protocol, and another under the Convention, known as the Ad-Hoc 
Working Group on Long-Term Cooperative Action Under the Convention. The biggest 
stumbling block in the negotiation process was whether any future agreement on 
emission cuts would be grounded in the principles of the existing convention, the 
centerpiece of which is the mandatory reductions by Annex 1, or would proceed 
through an entirely new dialogue – a position favoured by the U.S. Thus, the 
U.S. consistently pushed for a draft text that read that the Conference of Parties 
“launch a process to develop a comprehensive international framework for long-
term cooperative action beyond 2012” rather than the widely accepted version 
that called for “a comprehensive process to enable the full, effective and sustained 
implementation of the Convention through long-term cooperative action, now, up to 
and beyond 2012.”

THE 15th Conference of the Parties (COP) to the U.N. Framework Convention on 
Climate Change (UNFCCC) at Copenhagen has clearly failed to deliver what the world 
community expected of it, namely, a legally binding agreement that is ambitious in 
the sense of deep cuts in greenhouse gas (GHG) emissions by developed countries to 
prevent irreversible climate change, and is yet viable and also equitable in the sense 
of providing adequate carbon space for the legitimate development and economic 
growth of developing countries that social justice demands.

The Copenhagen Accord (2009) was arrived at in a closed-door meeting of five heads 
of state – President Barack Obama of the United States with the heads of government 
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of China, India, Brazil and South Africa, countries known as the BASIC Four. This 
“political agreement” was formalised towards the end of the 13 days meeting with 
disagreements from Bolivia, Nicaragua, Venezuela and Cuba. As a result, the accord 
was merely “taken note of” under the UNFCCC and would be an agreement among 
states that declared their adherence to it. In his address at the plenary on December 
18 at Copenhagen, Prime Minister Manmohan Singh emphasized the importance of 
the Rio-Kyoto-Bali process. “[T]he need for action on our part is more, and not less, 
than what was envisaged at the time of the Rio Convention or the Kyoto Protocol. 
That is why the Bali Action Plan commits us to enhancing the implementation of 
the UNFCCC. To settle for something less than that would be seen as diminished 
expectations and diminished implementation would be the wrong message to emerge 
from the Conference.” 

The Durban Platform for Enhanced Action was drafted and accepted by the COP17. 
In Durban, governments clearly recognized the need to draw up the blueprint for a 
fresh universal, legal agreement to deal with climate change beyond 2020. The most 
important result in Doha was the formal adoption of the Kyoto Protocol’s second 
period (2013 to 2020) to follow immediately after the first period expires on 31 
December. However, the elements in the agreement are weak. With original members 
Canada, Russia, Japan and New Zealand having decided to leave the Kyoto Protocol 
or to remain but not to participate in a second period, only the European Union 
(EU) and other European countries, Australia, and a few other countries (totaling 
35 developed countries and countries in transition) are left to make legally binding 
commitments in the second period. The emission cuts these Annex I countries agreed 
to commit them adds up to only an 18% reduction by 2020 from the 1990 level, 
compared to the 25-40% required to restrict global temperature rise to 2 degrees 
celsius. The countries in the main submitted the low end of the range of the pledges 
they had made in the Copenhagen (2009) and Cancun (2010) climate conferences 
as their Kyoto second period commitments, which was a disappointment although 
expected and this was a major component of the overall “low ambition” status of the 
Doha conference.

The Doha Amendment to the Kyoto Protocol is adopted by the CMP at CMP8. The 
amendment includes: new commitments for Annex I Parties to the Kyoto Protocol 
who agreed to take on commitments in a second commitment period from 1 January 
2013 to 31 December 2020; a revised list of greenhouse gases to be reported on by 
Parties in the second commitment period; and amendments to several articles of the 
Kyoto Protocol pertaining to the first commitment period and which needed to be 
updated for the second commitment period. What had happened in Lima Conference 
of the Parties (COP 20) is a continuation of the effort started in COP 17 held in 2011 
at Durban where CBDR was diluted to a significant extent. Developed countries are 
unlikely to agree to any international agreement that excludes developing countries 
from assuming climate change mitigation responsibilities.  

The First Commitment Period (FCP) of the Kyoto Protocol ended in December 2012. 
There is no unanimous agreement on the Second Commitment Period (2012-2020). 
From the very beginning United States has not shown any firm commitment to 
the targets set for Annex 1 countries. After 2012, Canada, too, withdrew from the 
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Kyoto process. Russia, Japan and New Zealand have not accepted any reduction 
commitments for the SCP for the same reason. Effectively, therefore, the SCP 
puts reduction targets only on 15 per cent of world emissions.  The US has been 
consistently opposing the top-down Kyoto format. Instead it favours a bottom-up 
approach premised on unilateral emission reduction commitments by all countries, 
including India and China—commitments that are measurable, reportable and 
verifiable (MRV). The financial and technological transfers from the north to the 
south envisaged for adaptation and mitigation has been drying up in view of the 
continuing economic crisis in the Euro-American zones. 

CONCLUSION

Climate chaos is not a future threat. It has come to occupy the centre stage of 
socio-economic and environmental decision making all over the world. While it 
could provide some temporary leeway for a few developed capitalist countries, the 
challenges before the rest of the countries in Asia, Africa and Latin America are 
real and substantial. A consumerist class (whose number is more than the European 
population) has emerged in India and China. This means a high energy pathway 
for both countries. Similarly a new global division of labour is emerging wherein 
the developing countries have become the ultimate destination for ‘dirty industries’. 
The net impact of all these developments is that the aggregate GHG production in 
the third world countries has increased. This however led to demands by developed 
countries to abandon the old principle of ‘common but differentiated responsibility’. 
The crisis in climate negotiations is in fact a crisis of capitalism.  
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The growing concern of global warming and the ‘Peak Oil’ resulted in the search 
of alternative clean energy sources. Recently, biofuels are getting greater attention 
due to its neutral carbons, environmental sustainability and other applications. 
The commercial production of biodiesel from microalgae is practically successful 
in developed countries. Biofuel from microalgae is considered as the promising 
source of clean energy and has minimum Environmental impacts. Algae are capable 
of producing 30 times more oil per acre than other terrestrial crops. Microalgae are 
more attractive because they can assimilate carbon dioxide as the carbon source 
for growth which contributes to atmospheric CO2 reduction. In addition, microalgal 
biofuel is similar to those produced by fossil and crops and it can be used directly to 
run existing diesel engines or as a mixture with crude oil diesel. The lipid produced 
by microalgae can be used for the production of biodiesel and other economically 
important products. 

In the present study marine microalgae Dunaliella sp. and marine diatom 
Chaetoceros sp. were cultured under experimental outdoor systems. The physico-
chemical parameters of the growing media were analysed at regular intervals and 
the lipid content was analysed at the end of the experiment. Parameters like Silicate, 
Salinity and Dissolved CO2 shows a decreasing trend while pH and Alkalinity shows 
an increasing trend due to the addition of nutrient medium. Comparing the lipid 
production Chaetoceros sp. shows higher values with 15.76g/kg than Dunaliella sp. 
with 12.9g/kg. The biomass production was comparatively higher in Chaetoceros sp. 
than Dunaliella sp. (189.5, 199g/70L medium respectively). This study on the biomass 
and lipid production of Dunaliella sp. and Chaetoceros sp. under the experimental 
conditions reveals its potential as feedstock for biodiesel production. Based on the 
present study, both species can be used as a bioagent for the lipid production and 
subsequently for biodiesel It can be concluded that marine diatom Chaetoceros sp. 
and Dunaliella sp. are the potential candidates for biofuel production. Since it is a 
clean technology it has greater relevance in climate change adaptation, especially in 
the energy sector. Developing counties like India has rich biodiversity of microalgae 
but very few studies so far done in these aspects. Future studies are also necessary 
for the scaling up of Microalgae and Diatoms.

An Experimental Study on the Lipid Production by 
Dunaliella sp. and Chaetoceros sp. – A Bioenergy 
Approach

V. Ambily and V.P. Sylas 
School of Environmental Sciences, Mahatma Gandhi University, Kottayam, Kerala 686560.
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Transportation sector is a major contributor to climate change. It accounts for almost 
23% of the world’s total carbon dioxide emissions from fossil fuel combustion. Being 
the major contributor to greenhouse gas emission, transportation is the prime target 
in any attempt for reducing air pollution and achieving sustainable environment. 
Thoughts and efforts in this direction leads to promotion of green transportation 
which means an eco-friendly transportation practice that does not have any negative 
impact on immediate environment. This involves effective and efficient resource 
utilization, changes in transportation structure and making healthier travel choices. 
Its promotion inevitably demands public awareness and participation, regulated use 
of private vehicles and large scale use and development of vehicles powered by solar, 
electric and other renewable sources of energy. This paper explores a conceptual 
framework for solar/electric vehicles as an eco-friendly transportation mode in 
campuses which could further be extended to our roads as well.
Possibility of deploying electric vehicles for mobility of people in the campus/major 
work centre in Thiruvananthapuram like Museum and Zoo campus and Technopark 
were looked into. A reconnaissance survey was conducted in Museum and Zoo 
Directorate as well as Technopark. Relevant secondary data was collected and traffic 
studies were carried out to assess the demand of the passenger traffic and mobility 
requirements of people visiting the two locations. The feasibility of deploying the 
solar/electric vehicles on a pilot basis in these campuses was ascertained. The possible 
savings in economy due to reduction in fossil fuel consumption which is brought 
about by a shift to green transportation modes is also estimated. The study also gives 
an estimation of possible reduction in daily emission of pollutants resulted by the 
use of green vehicles inside the aforesaid campuses. Based on the reference reports 
from ANERT, it is recommended to adopt Solar Off grid charging with battery backup 
system for Zoo/Museum Campus. The total cost for deploying electric/ solar powered 
vehicles in Zoo/Museum Campus works out to Rs 1,96,00,000/-. For Technopark, it 
is recommended to adopt Solar On grid charging without battery backup system. 
The total cost for deploying electric/ solar powered vehicles in Technopark Campus 
works out to Rs 5,14,00,000/-. The green transportation advocated here will have 
wide ranging benefits of environmental, health and economic values. This will lead 
to lesser emissions and thus less polluted environment. Promotion of these eco-
friendly greener modes of mobility could be the right step and policy to be adopted 
by the authorities to reduce green house gas emission as well as oil demands to attain 
sustainable transportation.

Introduction of Green Transport System for Major 
Activity Centres: A Case Study

B. Anish Kini1, P.N. Salini2 and T. Elangovan3

1Scientist B, 2Scientist C, 3Scientist G 
National Transportation Planning and Research Centre, Thiruvananthapuram
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Coal will continue to remain as the prime energy source in foreseeable future. The 
emission of CO2 the principal greenhouse gases (GHG), is strongly related to the 
use of fossil fuel, especially coal, for energy production. Escalating population and 
increasing energy demand warrant development of strategies to assess greenhouse 
gas emission level with minimum uncertainty and also to ensure stabilizing emission 
to desired level. So it is essential to do research to find out engineering solutions.

The present study aims at measuring the Carbon Footprint at an Opencast coal mining 
Project in accordance with GHG Protocol’s Lifecycle Accounting and Reporting 
Standard, identify the hot spots and to explore how coal mines management 
through relevant planning activities, can reduce their Carbon Footprint. The study 
were conducted for 22 emission sources of which 12 emission sources were from 
Scope-1, three sources of Scope-2 and 4 sources of scope -3. The various activity 
Level included were: Forest bio-mass loss, Forest carbon stock change, Mineral Soil 
Carbon loss, Soil disturbance and degradation, Fuel use, Electricity (Purchased) use, 
Electrical AT & Losses, Explosive use, Lubricant use, Fugitive Emission, Carbon Stock 
Gain. Calculation were based on different activities broadly divided into Overburden 
removal, Extraction of coal ( ie breaking and Removal), Monitoring & maintenance, 
Coal Stocking, Coal Cleaning & Recycling , Afforestation. The results reveals that 
there were increasing trend of GHG emission ranging from 278 million tes CO2e to 
340 million tes CO2e. The emissions attributed by different sources shows that GHG 
emission for Source no. 6 ie contribution by fugitive emission is maximum. Scope 
– 1 emission is the leading contributor to about 80-81% followed by Scope-2 (16-17 
%) and Scope-3 (4%) . The emission load in last five years 1.56 Million tes of CO2e 
has been contributed by the study area with an average value of 0.31 million tes 
of CO2e per year. The values ranges from 0.20 to 0.26 Million tes of CO2e emission. 
Coal stocking, clearing and recycling process in the LC stage are the next contributor 
ranging from 0.05 to 0.06 Million tes of CO2e emission.. The OB removal and the 
transportation process of LC stages have almost equal contribution ie 0.014 to 
0.025Million tes of CO2e emission. Though there are some carbon stock gain gains in 
the tune of 2435 to 2947 tes of CO2e emission during afforestation done by the study 
area. This will increase in the times to come. The performance of GHG emissions per 
ton of coal production of the study area has improved year on year.

Carbon Footprint Measurement at an  
Opencast Coal Mine

Dr. Manoj Kumar, Sangeeta and B. Alok Kumar
Environment and Forest Department, Jharkhand -834029
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The increasing public and corporate awareness of climate change over the past 
decade has focused broad attention on water as a key resource under threat. The 
rapid pace of industrialization and urbanization has given birth to heavy metal 
pollution. Heavy metal pollution in aquatic ecosystem poses a serious threat to 
aquatic biodiversity, and drinking such polluted water poses severe health hazards 
to humans. The remediation of contaminated water and reuse of the same becomes 
highly relevant to the present days context of water security. Among the wastewater 
treatment methods the conventional, centralized techniques face quite a number 
of issues. Hence intense search for techniques which are environmental friendly, 
cost effective with less operational and maintenance hurdles are being undertaken 
globally. Alternative method like phycoremediation is a clean, solar powered, 
sustainable technique for the treatment of wastewater. The Present study focuses on 
our attempt to treat wastewater with an algae Cladophora sp.
Three Photo bioreactors were used for the study out of which two were inoculated 
with Cladophora sp. and one was used as control reactor without the algae. The 
whole experiment was conducted in a controlled condition with an ambient light 
of 2000lux and temperature of 30 ± 4ºC the experiment was conducted for ten 
days with two cycles of five days each, The greywater in the photo bioreactors was 
circulated by drawing water from top (outlet) and introducing it through bottom 
(inlet) using a peristaltic pump (McClins make model pp20) with a flow rate of 5ml 
per minute. In the cadmium removal study all the six beakers were filled with 200ml 
of Bolds and Basal medium .Out of six three were spiked with 0.5mg/l of Cd while 
the rest three with 1.5mg/l of Cd. Out of three from each concentration of cadmium 
spiked two were inoculated with Cladophora sp (2g) and the third one was operated 
as control without algae. The efficiency of greywater treatment was studied in terms 
of removal of organic matter (COD), nutrients N and P. The study revealed that: i) In 
greywater treatment experiments, the alga has performed as good bioagent removing 
the organic matter (COD) and nutrients (N and P) from the greywater and ii) The 
cadmium removal study conducted in batch mode the algae Cladophora showed 
91% removal. The finding of this study indicates the potential of Cladophora in algae 
based remediation studies.The technique presented in the current study meets many 
of the essential features of such an alternative methods as it is less expensive, solar 
driven etc. hence further scaled up studies using this algae may lead to a suitable 
alternative technique of greywater treatment.

Remediation of Greywater and Metal Contaminated 
Water with Cladophora sp

K. Rahul and E.V. Ramasamy
School of Environmental Sciences, Mahatma Gandhi University, Kottayam, Kerala – 686 560 
Email: evramasamy@rediffmail.com 
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A serious drawback of sustainable livestock production system in Kerala is the 
inadequate seasonal distribution of fodder production. The quantity and quality of 
herbage available in the lean dry months from January to May is very low. Therefore 
it is imperative to develop a fodder production system that increases the availability 
and improves the quality of herbage in the dry summer months. 

A field experiment was conducted in the upland area of the Instructional Farm of 
College of Agriculture, Vellayani, Trivandrum during the summer season of 2012. 
The objectives of the study was to identify drought tolerant varieties of fodder 
cowpea. The investigation was conducted as two separate experiments, one in open 
and another in shaded situation (25-35 per cent shade). The design was laid out in 
split plot with four replications. The main plot factor included four soil moisture 
stress levels, M1: pre sowing irrigation + life saving irrigation; M2 :pre sowing 
irrigation + irrigation at IW/CPE ratio 0.4; M3 : pre sowing irrigation + irrigation 
at IW/CPE ratio 0.6; M4 : pre sowing irrigation + irrigation at IW/CPE ratio 0.8. The 
sub plot factor included five fodder cowpea varieties, V1-UPC-618, V2-UPC-622, 
V3-Bundel Lobia-1, V4-COFC-8 and V5-CO-5. Pre sowing irrigation was given to all 
the plots uniformly upto 10 days after sowing for germination and establishment. 
Thereafter irrigation was given as per the treatments based on the evaporation data 
and depth of irrigation. Significantly higher chlorophyll content (2.16 mg g-1) was 
registered by irrigation at IW/CPE ratio of 0.8 (M4) in open and in shade. Among the 
varieties, COFC-8 (V4) recorded significantly higher chlorophyll content (2.5 mg g-1). 
In open condition, significantly higher proline content was recorded by lifesaving 
irrigation (M1) in open (1.20 mmol g-1) and shade. Among the varieties, COFC-8 (V4) 
registered a higher proline content (1.15 mmol g-1). From the results of the study it 
was concluded that higher levels of irrigation recorded higher chlorophyll content in 
both open and partial shade. However lifesaving irrigation recorded higher proline 
content in open and shaded condition. Among the varieties, COFC-8 recorded higher 
chlorophyll and proline content in open and in partial shade. The leaves of these 
varieties are dark green which shows higher chlorophyll content and is responsible 
for absorbing more light energy from sunlight. This leads to increased photosynthesis 
which hastens better forage yield.

Chlorophyll and Proline Content of Fodder Cowpea 
Varieties as Influenced by Soil Moisture Stress Levels

M.R. Anita1 and S. Lakshmi2 
1Farm Officer, AICRP on Forage Crops, 2 Professor (Agronomy) 
College of Agriculture, Vellayani, Thiruvananthapuram.
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Extreme temperature events are highly hazardous as both maximum and minimum 
temperature events. They have particular importance due to relationship with 
biodiversity and human thermal comfort and their use in climate change impact 
assessment in sectors such as agriculture, water resources, and energy demand. 
Occurrence of extreme temperature events can affect the livelihood of rubber 
growers apart from the ecology at a place. Very few studies have come out from India 
regarding the extreme weather events and most of them are on rainfall events.

Climate change and occurrence of extreme temperature events were attempted in 
Kottayam, Kerala harbouring one of the largest districts in extent of rubber cultivation. 
The study attempted at analysing the occurrence of extreme temperature events in 
the past 40 years (1970-2010), using the R.ClimDex package developed by ETCCDMI 
(Expert Team on Climate Change Detection Monitoring and Indices), Canada. 
Temporal variations in trends of occurrence of extreme temperature events were 
tested with Mann-Kendall trend analysis. The 5-year Diurnal Temperature Range 
(DTR) (difference between monthly mean maximum and minimum temperatures) 
increased from 7.8 (during 1970 -1974) to 9.2 0C (during 2006-2010). The monthly 
mean maximum temperature increased by 0.035 0C per year. Frequency of occurrence 
of hot days increased at a rate of 0.56% per year and the highest temperature 
recorded in a month showed an increase of 0.0380C per year. The study indicates 
that productivity of rubber could be affected by the projected warming tendency in 
this traditional rubber growing region. The varying trend in extreme weather events 
at regional scale, as observed over many regions of the world, may be attributed 
to the global climate change, urbanisation and changes in land use pattern. Such 
events may cause potential impacts on crop productivity, ecological and human 
health status, socio-economic sustainability etc. As observed, the increasing trends 
in the occurrence of extreme temperature events may eventually lead to the warming 
up of the region in future. Thus proper resilient measures may be adopted at 
community and ecosystems levels in the study area. Management measures such as 
compensation for agricultural production loss and crop damage, epidemic control 
precautions, natural disaster mitigation strategies etc. need to be considered in the 
region as the part of risk management of extreme weather events.

Extreme Weather Events and its Impact on Natural 
Rubber Productivity- A Study from Kottayam District, 
Kerala

K.K. Jayasooryan, P.R. Satheesh, R. Krishnakumar and James Jacob
Rubber Research Institute of India, Kottayam- 686 009 
Email: jayasooryan@rubberboard.org.in
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The miracle of green revolution is outweighed by the burgeoning population and 
limited geographical arable land. The yield plateauing in major crops is further 
aggravating the condition. If rate of population growth is continuing in a similar way, 
the present pace in rice production will not be sufficient for satiating the hungry 
mouths. Hybrid rice technology is an ideal tool for ensuring food security in tropics. 
In this global warming scenario, a new type of environment sensitive genic male 
sterility (EGMS) known as thermosensitive genic male sterility (TGMS) advances as a 
best method to develop hybrid rice in tropical region like Kerala. As people of Kerala 
prefer red rice, a red rice parent suitable to Kerala is highly crucial. The process of 
evaluation can be accelerated through innovative biotechnological approaches like 
molecular marker- assisted selection. 
The present investigation aims at marker analysis of two TGMS lines from IRRI 
for hybrid rice production in Kerala. The present investigations were conducted in 
Department of Plant Physiology, College of Agriculture, Vellayani. Two popular red 
varieties from Kerala, Uma and Jyothi were selected as the pollen parents. TGMS 
lines and selected red rice varieties were sown at monthly intervals continuously 
from January till December during 2012-‘13 for studying their synchrony in flowering 
behaviour. Total genomic DNA was isolated from fresh-frozen leaf tissue of TGMS 
lines and red rice lines using GenElute Plant Genomic DNA Miniprep Kit (Sigma). 
Quality of DNA was checked by performing Agarose gel electrophoresis (0.8%). 
Microsatellite analysis was done to find the SSR markers polymorphic to the tms 
gene. Genomic DNA was used as template for PCR amplification. Standardisation 
of PCR condition was done. Following the PCR amplification, the products were 
loaded in 3% agarose gel and visualised in Gel documentation unit. Among the 20 
SSR markers evaluated, four RM primers namely RM 257, RM 214, RM 5862 and 
RM 3351were found polymorphic to the tms gene present in both the TGMS lines. 
The present study suggests that the above described RM primers can differentiate 
the TGMS lines and non TGMS lines used in the present study and can be used for 
further validation of F2 mapping population. The two TGMS lines can be utilized 
as donor parents and can be screened using these four primers polymorphic to tgms 
trait. The four parents used for SSR marker analysis are suitable to Kerala and the 
markers can be further validated using mapping population. The present information 
obtained through molecular MAS can be utilized for development of hybrid rice and 
ensure food security in this global climate changing scenario.

Development of Thermosensitive Genic Male  
Sterile Markers in Rice

V.J. Niya Celine, Roy Stephen and R.V. Manju
Department of Plant Physiology, College of Agriculture, KAU, Vellayani, Thiruvananthapuram. 
Email: niyacelinevj@gmail.com 
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Banana is the major fruit crop of Kerala, which along with plantain occupies 1,07,800 
ha of area under cultivation with a total production of 8,37,439 tonnes (FIB, 2013). 
It is mostly grown by small and marginal farmers either in homesteads or in well 
drained rice fields. Banana is the most popular fruit crop in Kerala owing to its 
adaptability to varying environments, yield stability, excellent fruit quality attributes, 
sustained income and multiple uses ranging from that of a valued food for infants 
and invalids, to culinary and table purposes as well as diverse processed products. 
The spatial arrangement of plants in a plantation is very important and usually 
involves a choice between physiological efficiency and practical utility. Increasing 
spacing between pits and planting more than one sucker per pit will help to reduce 
the cost of cultivation and enable intercropping resulting in an enhancement of 
total returns. The present study was conducted as part of a research project entitled 
“Popularization of Tissue culture banana with high tech production Technology” was 
undertaken at Department of Agronomy, College of Agriculture, Vellayani with the 
financial assistance from NABARD. 

The study was conducted in two years. Experiment was conducted in 10 farmer’s 
fields in Trivandrum district. . Farmers having 20 cents of well drained land were 
selected and treatments included - 2 planting patterns (Double sucker and single 
sucker/pit) and 2 planting materials (Tissue culture plantlets and normal suckers). 
There were four treatments with 5 replications , laid out in RBD. The spacing 
recommended for normal planting is 2.4 x 2.4 m(1736 plants/ha) and 3.4 m x 2.4 m 
was adopted (2450 plants in 1225 pits/ha),for double sucker planting Pooled analysis 
of data showed that tissue culture double sucker planting was the best in terms of 
yield(t/ha) and it was on par with normal double sucker planting. Results of this 
investigation shows that cultivating robusta banana with two suckers/pit at a spacing of 
3.4 m x 2.4 m can improve the yield by about 25 percent than normal system. From this 
study it is confirmed that by double sucker planting, we can reduce the cost of cultivation 
and increase the productivity without affecting the quality of fruits. Moreover tissue 
culture plantlets were found to be superior than normal suckers and it has resulted in 
an added yield of 24% over that of normal suckers. It may due to the positive impact of 
healthy, disease free and uniform tissue culture plantlets.

Food Security through High Density  
Planting in Banana

Usha C. Thomas, K.R. Sheela and Allan Thomas
AICRP on forage crops, College of Agriculture, Vellayani, Thiruvananthapuram, Kerala-695 522. 
Email: ushacthomas@gmail.com 
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Tropical forests are among the most biodiverse ecosystems on the planet and important 
stores of carbon. Accurate estimates of the floral species, composition and biomass 
are needed to support policies that are designed to maintain terrestrial biodiversity 
and tropical forest carbon stocks. The present study is a preliminary attempt in this 
regard to bring out the quantification of floristic diversity, composition and carbon 
stock of Tropical dry forest of Chinnar Wildlife Sanctuary, Kerala from a climate 
change perspective.

The Present study was carried out under 4 sample plots of 0.1ha.Two quadrats each 
of 5 m x 5 m size for shrubs and two quadrats each of 1 m x 1 m size for herbs 
were laid in each sample plot. The important quantitative analysis of floral species 
(density, abundance, frequency and Important Value Index-IVI) were determined, 
aboveground biomass (AGB) calculated and carbon storage computed as per approve 
procedures. Total of 70 species with 21 trees, 14 shrubs and 35 herbs representing 
28 families were documented. Canthium coromandelicum (Burm.f.) Alston showed 
maximum frequency (100%), abundance (18.25)and density of trees (18.25) in the 
site. Tree species Chloroxylon swietenia DC was categorized as vulnerable under 
IUCN 2000 criteria. Seven species constituting 50% of IVI value among 21 species is 
considered as the most important tree species in the area. Among shrubs 14 species 
representing 6 families with 1 endemic species (Barleria acuminate Wight ex Nees) 
and herbs with 35 species from 14 families with 1 endemic species(Cyanotis tuberosa 
(Roxb.) Schult.&Schult.f.) were reported from the study area. Tephrosia purpurea (L.) 
Pers exhibited maximum frequency (87.5), abundance (16.57) and density (14.50) for 
shrubs. In the case of herbs Ageratum conyzoides (L.)showed dominance in frequency 
(75%) and Blumea sp. showed dominance in abundance (148.2) and density (74.1). 
Total above ground biomass (Trees, Shrubs, Herbs,) of the plot varied from 29.91t/ha 
(Plot-4) to 106.51t/ha (Plot-1) in the area. Above ground carbon stock also showed 
similar trend of contribution as that above ground biomass. Averaging the plot-wise 
biomass and carbon values and extrapolating into hectare area, the above ground 
biomass and carbon of the forest system was found to be 51.05(t/ha) and 24.25(t-C/
ha).Total CO2 stock of the forest ecosystem was estimated to be 88.76(t-CO2/ha).The 
tree layer contributed most (98%) to the total AGB among different vegetation types 
followed by shrub (1%), herb layer (1%).

Floristic Assesment and Carbon Stock Estimation of 
Tropical Dry Forest of Chinnar, Kerala

Babu Padmakumar1, N.P. Sreekanth2, V. ShanthiPrabha2, Joby Paul1,  
Toms Augustine1, K.K. Jayasooryan1, K. Sreedharan1, M. Rameshan1, 
Rinoy Vargheese1, V. Arun Babu1, Mahesh Mohan1, E.V. Ramasamy1  
and A.P. Thomas2

1School of Environmental Sciences, 2Advanced Centre of Environmental Studies and 
Sustainable Development (ACESSD), Mahatma Gandhi University, Kottayam 686 560
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Over population and over exploitation of natural resources end up in distinction 
of most of the flora and fauna. The proportion of CO2 and O2 in the environment 
changes and, due to the imbalanced amount of CO2 and precipitation, the atmospheric 
temperature rises. The temperature imbalances lead to the climatic change which 
causes the disappearance of terrestrial and aquatic life. The climatic changes also 
drastically affect the marine food chain. Mollusca are a major group of organisms 
in the aquatic environment which are capable of regulating the food chain. The 
bivalves are edible group of mollusca and they are exploited in huge amount from 
time immemorial. The growth, surviving capacity and distribution are greatly 
depended on physiochemical nature of water. This paper focuses on the impact of 
climate change on bivalves and their diversity. 
The edible species of bivalves were collected from their respecting habitats. Interviews 
were also conducted with coastal people and fishermen. The respective habitats of 
the specimen were visited frequently and recordings were made. The study revealed 
that some of the bivalves that are listed earlier in surveys are disappeared. Some 
of the rare species which are nearer to extinction was also reported. This includes 
Cucullaea species from Gulf of Mannar region Tamil Nadu. Other findings include: 
shifting of species distribution from shore region to deep sea, decrease in size of edible 
species such as Perna perna and Perna indica, increase in surface water temperature 
affecting the productivity, shifting of large sized oyster species like Tridacna sp. and 
Pinnidae to far away from sea shore, due to acidification and bleaching of the coral 
reefs of Thoothukudi area the associated bivalve species indirectly destroyed and 
irregular precipitation affected the spawning season of bivalve leading to difficulty 
in collecting them during appropriate time. Increase in sea level affected the life of 
coastal people and their agriculture area. The information from the coastal people 
indicated that sedentary bivalves show growth differences and irregularities due 
to climate change. Irregular precipitation affects the availability and distribution 
of bivalve species. The non availability of bivalves directly affects their livelihood. 
The climate change and related problems in the sea shore affect entire the ecology, 
biodiversity and economy. The decline and disappearance of species indicates the 
impact of climatic change on our aquatic resources and it points to the need to 
initiate urgent steps to conserving the species for further distinction, disappearance 
and decline. 

Impact of Climate Change on Bivalve Molluscs of 
Southern India

S. Souji and Tresa Radhakrishnan
Department of Aquatic Biology and Fisheries 
University of Kerala, Thiruvananthapuram-695581.



Poster Presentations

Abstract of Research Papers





KottayamKerala Environment Congress 2015

163 CED  & KSCSTE

In conventional agronomical practices, the crops are being grown / cultivated in the 
open field under natural conditions where the crops are more susceptible to sudden 
changes in climate i.e. temperature, humidity, light intensity, and other conditions 
such as pest and diseases due to which the quality, yield of a particular crop can 
get affected and may be decreased. To overcome changes in climate and getting 
throughout the year crops, the polyhouse farming has attracted much attention in 
recent years. 
An experiment was conducted in Farming Systems Research Station, 
Sadanandapuram, Kotarakkara to evaluate the performance of trailing tomato and 
capsicum under protected structures along with an open field (control). Gable 
type poly house structures with double vent each having an area of 96 m2 (width 
of structure -6m and length of structure- 16m) with natural ventilation have been 
constructed for cultivating trailing tomato and capsicum. An observational trial was 
undertaken to control bacterial wilt in Trailing Tomato and Capsicum. A pot culture 
study was conducted. Five treatments are imposed. T1= Pseudomonas 20 grams/
litre, T2 = Trichoderma 20 grams/litre, T3 = Phytolan 2grams/ litre, T4 = Phytolan 
2grams / litre + Streptocyclin 0.2 grams/litre and T5 = Streptocyclin 0.2 grams/litre. 
The results showed that plants treated with Phytolan 2grams / litre + Streptocyclin 
0.2 grams/litres were unaffected by bacterial wilt. No plants have been damaged. 
During second trial, grow bags (40x24x24 cm) was used for planting trailing tomato 
and capsicum in poly house and in open field. The bags are treated with Phytolan 
(2grams/lt) and Streptocyclin (0.2g/lt) for controlling bacterial wilt. The increase in 
yield was to the tune of 300% and 335% for trailing tomato and capsicum in poly 
house structures respectively compared to first trial. It was found that micro climatic 
parameters were varied between poly houses and outside. The Solar radiation (PAR) 
was increased from 59 to 79% in open field compared to inside the poly house. 
Soil temperature was increases with depth in poly house structure. The outside soil 
temperature was more compared to temperature inside the poly house. The leaf 
temperature was higher in open field than poly house. The Air temperature was 
more in poly house than in open field. The relative humidity was less in poly house 
structure compared to outside the structure (5-8% increase in outside). Year round 
cultivation of vegetables even under the extreme climatic conditions is possible using 
these structures. However the performance of the crop was better in cool season. 
Better quality of produce, high yield and minimizing pesticides can be ensured. 
Efficient use of water and fertilizer can be achieved. 

Evaluation of Trailing Tomato and Capsicum under 
Naturally Ventilated Poly House

Bini Sam1 and S. Regeena2

1Associate Professor (Agrl. Engg), 2Professor and Head, 
Farming Systems Research Station, KAU, Sadanandapuram, Kottarakkara
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Studies with CO2 enrichment of greenhouses have stimulated interested in the long 
term effect of elevated CO2 on plant responses and provide knowledge about the 
influence of projected CO2 concentration on agrosystem with in the coming century 
(Gates et al., 1983; Lemon, 1983). Enriched CO2 directly influence the plant growth, 
productivity, both in terms of quality and quantity, by enhancing photosynthesis 
water use efficiency and reducing transpiration rate by decreasing stomatal 
conductance in many crops (Kimball, 1983 ; Morison, 1999; long et al.,2004). The 
present experiment was conducted to find out the morphological, phenological, and 
yield responses under elevated concentration of CO2. Such studies will help for the 
selection of crops and varieties suited for the predicted environmental conditions 
and also to bring modifications in the cultivation practices to make agricultural 
production more commercial.
Most popular variety of tomato (Solanum lycopersicum L.), Vellayani Vijay, 25 days 
old potted plants is used for the study and was conducted in an Open Top Chamber 
with 500 ppm CO2 and open field. Growth parameters were recorded at regular 
intervals, stomatal conductance (gs) was recorded using Porometer (Leaf Porometer, 
model: SAI – 01) and percentage of relative water content was measured. Estimation 
of total protein (Bradford method), total carbohydrates (Anthrone method) and 
reducing sugar(Dinitrosalicylic acid method) were also carried out. Characters such 
as days to first flowering and days to first fruit set were also recorded. Total biomass 
production was recorded after five months of experimental period. Root, shoot 
and leaf weights were taken separately to study the alterations in the translocation 
pattern. For obtaining the dry matter yield, the plant samples were dried at 800C for 
48 hours. All the recorded data were subjected to two way ANOVA and correlation 
studies were carried out with weather parameters for assessing the influence of 
altered environmental conditions on the tested parameters. The study revealed that 
exposure to elevated CO2 conditions resulted in significant modifications in the 
physiological and biochemical characteristics of tomato. The exposed plants also 
exhibited alterations in the developmental patterns, floral characters and also yield 
performances. The developmental plasticity and the other induced modifications 
are the results of exposure to increased CO2 concentration and also to its impact on 
the microclimatic factors. Further research is needed for developing technologies to 
exploit the positive plant responses to elevated CO2, and to overcome the adverse 
effects of elevated CO2 environments .

Elevated CO2 Environment Induced Developmental 
Plasticity in Tomato (Solanum lycopersicum L.)

R.B. Reshma, S. Shameena, R.V. Manju and Roy Stephen
Dept. of Plant Physiology, College of Agriculture, Vellayani, Thiruvananthapuram
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The development of multiple metal/antibiotic resistances among the bacterial 
population causes a potential risk to human health. Metal contamination in 
natural environments may possibly have significant role in the maintenance and 
proliferation of antibiotic resistance. The present study aims to identify the violet 
pigmented bacterium isolated from the rhizosphere of Eichhornia crassipes (water 
hyacinth) and its metal resistance and antibiotic susceptibility in order to measure 
its bioremediation potential. 
The metal tolerance patterns and antibiotic susceptibility of Chromobacterium sp., 
the violet pigmented bacteria, isolated from the rhizosphere of E. crassipes were 
documented using the standard Minimum Inhibitory Concentration (MIC) and 
Kirby-Bauer disc-diffusion method respectively. Chromobacterium sp. were tested 
for their sensitivity to 12 widely used antibiotics such as Ampicillin, Kanamycin, 
Gentamicin, Nalidixic acid, Penicillin G, Amikacin, Lincomycin, Novobiocin, 
Vancomycin Chloramphenicol, Streptomycin and Tetracycline. Metal tolerance 
ability of these isolates against four heavy metals such as Lead, Zinc, Copper and 
Cadmium were determined. The study showed that Chromobacterium sp. has less 
tolerance towards the heavy metals like Zn, Cd, Cu and Pb. Difference in the heavy 
metal resistance by bacterial species vary with differences in the environment. The 
antibiotic susceptibility pattern showed that Chromobacterium sp. was sensitive 
towards Chloramphenicol, Lincomycin, Kanamycin, Novobiocin, Amikacin, 
Gentamicin, Tetracycline, Nalidixic acid, Streptomycin and resistant towards 
Vancomycin, Penicillin G and Ampicillin. From the findings of the study it can 
be concluded that the Chromobacterium sp., isolated from the root of Eichhornia 
crassipes showed Multi drug resistance and less metal tolerance. The results of 
the present study exhibited that Chromobacterium sp. showed multiple metal 
and antibiotic resistance. The antibiotic resistance and heavy metal tolerance of 
Chromobacterium sp. isolated from the rhizosphere of E. crassipes may be considered 
as an indicator of antibiotic and heavy metal pollution in wetland system. As per the 
recent climate change models, water hyacinth distribution may expand its range 
according with temperatures rise. The results of the present study indicate the spread 
of water hyacinth mats may help in the spread of multidrug resistant bacteria such as 
Chromobacterium sp., which have high relevance in the climate change perspective. 
As an opportunistic pathogen, the spread and colonization of Chromobacterium sp. 
has to be controlled. Due to climate change, the possible spread of water hyacinth 
will favour the growth of these multi drug resistant pathogenic bacteria, which have 
great concern in human health perspective too.

Heavy Metal Tolerance Pattern and Antibiotic 
Susceptibility of Chromobacterium sp. Isolated from 
the Rhizosphere of Eichhornia crassipes

Raisa Kabeer and V.P. Sylas
School of Environmental Sciences, Mahatma Gandhi University, Kottayam, Kerala 686560.
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Emissions from motor vehicles has been shown to be major contributors to air 
pollution in urban environment. Carbon monoxide has the ability to react with 
haemoglobin in the blood to produce oxyhaemoglobin thus reducing the available 
blood. CO emitted by vehicles are oxidized by highly reactive hydroxyl radicals 
increasing the concentration of other green house gases such as O3, CH4 and NO 
which leads to climate change and global warming. The objective of the study was 
to study the effects of changes in emission factor and meteorological factors (wind 
speed and atmospheric stability) in the carbon monoxide concentration for the study 
area, the urban area of Chennai city-south. 

The methodology of the present study consists of mainly three parts. In the first part, 
preprocessing of the study area using MAPINFO-GIS software was carried out. In the 
second part, the CALINE 4 model was used to predict the concentration of the pollutant 
(CO) in various receptor points in the study area. In the third part, the model outputs 
were brought into the MAPINFO-GIS environment and various thematic maps (peak 
hour air pollution maps for CO) were created using spatial interpolation technique 
available in MAPINFO. The option for one hour concentration was utilized to predict 
the peak hour concentration of carbon monoxide. The meteorological factors like 
temperature, wind direction, wind speeds etc. were assumed to be uniform in all the 
76 grids in the study area. The peak hour concentration (at 1.8 m height) during Nov 
2000 at Annasalai-Saidapet may vary from 11.4 ppm (for stability class A) to 50.5 
ppm (for stability class F), and during Nov 2010 this may vary from 20.5 ppm (for 
stability class A) to 90.5 ppm (for stability class F). An important observation made 
from the results of the study was that the concentration of CO in a road link increases 
when the road link is parallel to the wind direction. It was also observed that wind 
direction prevailing at the site is an important factor in the interpretation of results 
of CO concentration apart from wind speed and atmospheric stability. There were 
wide variations in the spatial distribution of carbon monoxide in the study area with 
high concentration occurring in the vicinity of road links and traffic intersections. 

Effects of Changes in Emission Factor and 
Meteorological Factors in the Carbon Monoxide 
Concentration in the Chennai City Based on GIS

S. Sathiaraj1, J.V. Kavya2 and M.R. Anita3

1AEE, Tamil Nadu State Pollution Control Board, Tirupur 
2Student (M.Sc. Physics), Christian College, Kattakada,  
3Farm Officer, College of Agriculture, Vellayani, Thiruvananthapuram.
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Fruit processing industry generates waste to the extent of 20-30% of raw materials 
utilized. Jack fruit and mango processing wastes are highly fermentable and 
perishable, mainly because of high moisture, total soluble sugars and crude 
protein content. Mango processing industries generate huge quantity of solid waste 
comprising mainly of peels and stones. The nutritional analysis of mango peel 
indicated that it is a good source of moisture, protein and minerals. Ensiling is a 
suitable method to conserve such resources so that these can be fed to the livestock. 
The present study was conducted to evaluate the feasibility of utilization of jack fruit 
and mango processing waste for development of silage for heifer.

Fresh jack fruit and mango used for the study were procured from the local market. 
The study was conducted at the College of Horticulture, Vellanikkara during the 
period June-September 2014, and the feed trial was carried out at the Central Nursery 
of Kerala Agricultural University, Vellanikkara. Two treatments were adopted: T1. 
Jackfruit rind alone (90%) with rice bran (10%) and T2. Jackfruit rind (45%), mango 
peel (45%) and rice bran(10%). The qualitative aspects of the silage such as odour, 
visual symptom of fungal growth, pH and calorific value were observed immediately 
after opening the silage after an incubation period of six weeks. Both samples were 
free from any visual symptom of fungal growth and had acceptable fermented odour 
with characteristic smell of the ingredients in both the samples. pH of the silage 
was found to 3.8 in T1 and 4.2 in T2 . The silage prepared from the fruit waste was 
analyzed for its nutritive value and the results presented. Chemical composition of 
silage prepared from jackfruit waste and combination of jackfruit- mango processing 
waste was also studied. So, its use in feeding formulas for ruminant animals is an 
attractive proposition from technical and economical points of view. Moisture, total 
ash, crude protein, crude fibre, crude fat VFA and gross energy were comparatively 
high in T1 (Jack fruit rind alone). Ensiling of the fruit waste has many advantages. 
It improves the palatability of the feed and aids quick absorption and digestion. 
Moreover the process of silage preparation is quite simple. Silage can also provide a 
major diet source, and used as basal ration as well as a feed supplements for grazing 
animals. Direct ensiling technology without using additives is an alternative method 
that can provide a well-preserved forage at a low cost. Ensiling of fruit processing 
industry waste is also expected to alleviate the environmental pollution.

Ensiling of Jackfruit and Mango Processing Waste

K.B. Sheela, Ally P. Devika and Remya Raj
College of Horticulture, Kerala Agricultural University, Vellanikkara, Thrissur-680656.
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Climatic changes have a crucial effect on the structure and dynamics of every 
ecosystem. Bacterial contamination is not a widespread general problem, but 
as development of the area intensifies, it could rapidly become a health hazard. 
Contamination of water by human or animal excrement introduces the risk of 
infection to those who consume or come into contact with the water. Higher 
concentrations of fecal coliforms and pathogenic bacteria in neretic waters signify 
threats to environmental and human health. A study was conducted to elucidatei 
mpact of climatic changes on faecal coliforms of Ashtamudi estuary, Kollam, Kerala.
Water samples from both surface, bottom and sediment samples were examined for 
total viable counts (TVC), pollution indicator bacteria such as total coliforms - TC, fecal 
coliforms - FC and Escherichia coli - EC). The results indicated that TVC registered 
the maximum during monsoon period for both water and sediment; whereas TC 
had the maximum during postmonsoon period and minimum during premonsoon 
in water. The parameters such as rain fall, atmospheric temperature, water 
temperature and microbes in surface bottom water and sediment were evaluated as 
per internationally accepted methods and protocols. Temperature variation of water 
also exerted a number of effects on fecal coliform bacteria and affects the solubility 
of many chemical compounds and can therefore influence the effect of pollutants on 
aquatic life. Surface water temperature gradually dropped from premonsoon through 
monsoon and postmonsoon which has been attributed to the absence of rainfall and 
the seasonal effect of summer and minimum water temperatures might be due to 
the effect of clouds and heavy rainfall. This work demonstrates the effectiveness 
of a filtration system to eradicate fecal coliform bacteria as water flows through the 
cells of the wetlands, and how rainfall affects fecal coliform numbers. Considering 
the seasons, EC registered the maximum during postmonsoon period and minimum 
during premonsoon and monsoon at most of the stations. From the results of the 
present analysis it is evident that even though some regions of the Ashtamudi 
estuary are heavily polluted, the estuary as a whole still supports reasonably rich 
biotic communities. Bacterial contamination is not a widespread general problem, 
but as development of the area intensifies, it could rapidly become a health hazard. 
Contamination of water by human or animal excrement introduces the risk of 
infection to those who consume or come into contact with the water. The study 
revealed the relation between coliform bacteria and the environmental parameters, 
which are important for predicting and preventing waterborne transmission of 
pathogenic bacteria.

Impact of Climatic Changes on Faecal Coliforms of 
Ashtamudi Estuary, Kollam, Kerala
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The dry sown or semi dry system of rice cultivation is a unique and extensively 
adopted system of rice cultivation and in Kerala, it constitutes more than 60 per 
cent of the area under rice during kharif. Since weeds are a major problem causing 
considerable yield loss in rice yields, application of herbicides are inevitable, the most 
economic method of weed management. Because of the increased use of herbicides 
the risk of herbicide persistence and concerns about environmental contamination 
need to be addressed. New generation herbicides are becoming prevalent since these 
are applied at very low doses with less environmental persistence and exceedingly 
low toxicity to non-target organisms.

The present study was conducted to find out the effect of three microherbicides viz., 
bensulfuron methyl + pretilachlor, pyrazosulfuron ethyl (pre-emergent herbicides) 
and azimsulfuron (post-emergent herbicide) along with a traditional herbicide 
oxyfluorfen, a pre-emergent herbicide on soil enzymes viz., dehydrogenase and 
urease for getting a better understanding of the possible response of soil microbial 
activities to new generation herbicides. A field experiment was conducted at 
Farmer’s field, during Kharif, 2014 to study the effect of three micro herbicides 
(bensulfuron methyl + pretilachlor, pyrazosulfuron ethyl and azimsulfuron) along 
with a traditional herbicide oxyfluorfen on soil dehydrogenase and urease activity 
in rice ecosystem. The effect of herbicides on soil enzyme dynamics showed that 
there was an increase in soil dehydrogenase enzyme activity from 15 DAS to 60 
DAS after an initial decline in enzyme activity. In the present study, the highest 
activity of dehydrogenase recorded at 45 DAS irrespective of the treatment may be 
due to the fact that it corresponds to the active growth stage of the crop, enhanced 
rhizosphere activity coupled with higher moisture after commencement of flooding 
from 40 DAS in semi dry rice. Urease activity is high irrespective of the days after 
sowing and no significant difference is observed indicating that enzyme activity was 
not affected by herbicide application. Study revealed that herbicides either used 
as pre-emergence or post-emergence accumulates in the active top soil and cause 
alternations in soil enzyme activities with respect to different days after treatments. 
The treated herbicides affects the soil enzyme activity but none of them registered 
highly negative effect on soil enzyme activity.

Impact of Micro herbicides on Soil Enzyme  
Dynamics in Semi dry Rice

S.R. Arya1, M. Ameena1, B. Aparna2, Sansamma George1 and  
Sheeja K. Raj1
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Ozone, a trace constituent presents in both troposphere and stratosphere, has a 
significant role in both climate and chemistry of Earth’s atmosphere. Photolysis of 
oxygen molecule by UV radiation is the natural means by which ozone is formed 
in the stratosphere and the chemistry following this process was put forwarded by 
Chapman (1938). In stratosphere, it filters out the detrimental solar UV radiation 
reaching the Earth’s surface and shields the life on Earth. The ozone production 
in troposphere is through photochemical reactions of precursor molecules like CO, 
CH4, and NMHC (Non Methane Hydrocarbons) in presence of Nitrogen Oxides and 
H2O vapour. In troposphere, as a secondary pollutant, ozone has an adverse effect on 
human health and vegetation. Also the role of ozone in smog causes poor visibility 
and health hazard. As an important greenhouse gas, it can perturb the climate forcing 
through absorption of thermal radiation and can controls the life of many species 
through OH radical formation. The ground-based TOC monitoring are being made 
used by instruments like Dobson spectrometer, Brewer spectrometer etc. and the 
restraint of lesser spatial coverage in these ground based measurements had welcomed 
satellite onboard instrument to this scenario. TOMS, GOME, SCIAMACHY, OMI etc 
are the satellites launched with endeavor to provide data set of column ozone with 
an extensive spatial coverage.

In the present study, the TOC from the TOMS onboard Nimbus7, Meteor3, Earth 
Probe and Aura –OMI have been used to analyze the monthly variation and the long 
term trend in annual average of column ozone over the latitude bin from 0°N – 40 
°N. The variability in column ozone is dependent on the incoming solar radiation, 
dynamics and the chemistry. High values in TOC were observed over high latitude 
region compared to low latitude region, because of the transport of the photo 
chemically produced ozone in the tropics to high latitude region. The 0°N - 25°N 
region shows low ozone value from November to March and increases afterwards 
till the end of monsoon. The seasonal pattern changes beyond 30º N, shows increase 
from December onwards attaining the annual peak in February - March. Low TOC is 
observed in months of July to October. Long term trend in the annual average of TOC 
for the period 1979 - 2013 is estimated using regression analysis. Decreasing trend 
is reported over the entire latitude region for the analysis period. The region from 
35°N-40 °N shows faster decreasing trend of ~ -0.332 DU/year.

Total Ozone Column over Indian Region:  
Seasonal Patterns and Long-Term Trend

M. Kavitha and Prabha R. Nair
Space Physics Laboratory, Vikram Sarabhai Space Center, Thiruvananthapuram - 695022 
Email: kavitha6742@gmail.com
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Biomass is focused as an alternative energy source, as it is a renewable resource and 
it can fix atmospheric CO2 through photosynthesis. Algae have recently received a 
lot of attention as a new biomass source for the production of renewable energy. The 
main objectives of the present study are to isolate and culture suitable microalgal 
species from a local water body for the determination of lipid production. The study 
also evaluated the physico-chemical characteristics of nutrient media in connection 
with the algal biomass production. The mixed strains were used in this study. The 
important methodological approaches include experimental algal culture, microalgal 
cultivation, microalgal counting, biomass estimation, water quality analysis, 
harvesting of microalgal culture and lipid extraction. The results showed that the 
physico-chemical parameters have significant effect on the biomass production 
and cell count. Both TDS and conductivity showed an increasing trend during the 
study period. In the open pond, the alkalinity showed an increasing trend until the 
experiment and it ranged from 470 to 560 mg CaCO3/L. While in the control tank, 
it ranged from 22 to 260 mg CaCO3/L. Hardness in the open pond reduced from 
44 to 34mg/L and in control tank reduced from 14 to 7.52mg/L. Chloride showed 
decreasing trend in both open pond and control tank. Nitrate in open pond water 
sample showed a decreasing trend throughout the experiment. The phosphate level 
showed a decreasing trend in open pond according with the growth of microalgal 
species. But in the control tank, the low phosphate level maintained until the 
experiment and not much algal growth was observed. In the open pond system, 
dissolved carbon dioxide was totally absent at the end of the experiment. The 
biomass production increased with availability of carbon dioxide and nutrient from 
the medium. The physico-chemical parameters like pH, alkalinity, dissolved carbon 
dioxide, phosphate and nitrate have significant role in the biomass production of 
microalgal cells. The Lipid production of mixed microalgal culture in open pond was 
20g/kg. The rationale behind this type of study is to attract proper attention towards 
the natural water bodies for obtaining indigenous strains, with a view to exploring 
their expected role in the development of energy security in the country. Biofuels 
are carbon neutral fuels. Since it replaces and preserves conventional fuel, it has the 
potentiality of reducing carbon emission. Biofuels can make a great breakthrough in 
our society by reducing carbon emission and creating energy security.

An Experimental Study on the Cultivation of  
Mixed Microalgal Culture and its Potential for  
Lipid Production

C.S. Praveen Kumar and V.P. Sylas
School of Environmental Sciences, Mahatma Gandhi University, Kottayam- 686560. 
Email: cs.praveenkumar366@gmail.com 
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This traditional farming system is specific and unique with special reference to 
Kerala as it is the dominant type of farming system in Kerala cutting across all agro 
ecological units. Homegardens are traditional multipurpose agro forestry system 
which is a combination of ecological and socio-economic sustainability. The system 
is subjected to constant change due to continuous rural and urban transformation. 
It becomes important to develop and standardize improved homegarden practices 
to maintain homegarden characteristics and to counterbalance the present status of 
homogenization with commercial interest alone. The best practices in homegardens 
shall include: burial of residues in to the soil rather than burned, integrated 
nutrient management, mulching, conversion of non commodity crops (NCC) to 
commodity crops, green manuring, Sustainable water management, biofencing 
etc. The present study was undertaken to assess the relevance of various production 
practices in homegardens which point towards sustainability. 

The results of the study showed that, coconut based homegardens with vegetables 
as intercrop was found to be economically dominant. The production practices 
followed by homegarden farmers are ‘burying instead of burning (70%), followed 
by sustainable nutrient management (66%), mulching and conversion of non 
commodity crop to commodity crop at 64 per cent, husk burial (62%), green 
manuring (60%), sustainable water management (42%), husk pitched bunds (44%), 
bio-fencing (26%) and sacred groves (16%). However, the adoption of these practices 
in a commercial farmers were seen as sustainable water management practice (52%) 
followed by green manuring (48%), husk burial (38%), sustainable nutrient mana
gement(36%),mulching(34%),burying instead of burning(30%),husk pitched bunds 
(28%), non commodity crop vs commodity crop interaction (22%), bio-fencing (14%) 
and presence of sacred groves (4%)’ in the order of decreasing occurrence. The 
sustainability provided by homegardens is unique and diverse when compared to the 
commercial farming practices. The production practices followed in homegardens 
help not only homegardens but every farming system to enhance sustainability and 
to augment biodiversity. These practices may not be prevalent now but still there is 
hope for a sustainable future because as compared to a commercial farm, homegarden 
farming system shows us a promising future for conserving environment. 

Homegardens in Kerala: Nurturing Environment

Reeba Jacob1 and Allan Thomas2
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In plants, carbon dioxide sequestration is achieved through the uptake of CO2 from 
the atmosphere and its conversion to cellulose and organic matter. Cultivation of 
fodder crops like hybrid napier provides an excellent opportunity to accumulate CO2 
from the atmosphere helping to counterbalance the emission of greenhouse gases 
along with year round supply of fodder and income generation to farmers. A study 
was conducted to assess the above ground carbon sequestration potential and the 
feasibility of introducing hybrid napier grass in tree crop based farming systems with 
limited water supply under rainfed conditions for a period of two years during 2013-
2014 at the Agronomy Research Farm of Kerala Agricultural University, Thrissur. 
The experiment was laid out in split plot design with three replications by adopting the 
recommended package of practices of Kerala Agricultural University. The treatments 
consisted of six cultivars of hybrid napier at two levels of shade (25 percent and 50 
percent) with full sunlight as control. The cultivars included under the study were 
Co-3, Co-4, Suguna, IGFRI-3, DHN-6 and PTH. Planting was done with the onset of 
South west monsoon during 2013 and the crop was maintained as a perennial crop 
for two years. Green fodder yield from each plot was recorded immediately after 
cutting and expressed in Mg/ha. Dry matter was recorded by drying plants at 80 ± 5 
ºC for 24 hours. To find out the organic matter content of plant samples, dried and 
powdered samples were taken in silica crucibles and kept in a muffle furnace and 
heated at 600 ºC for 6 hours. Organic carbon content was assessed by dividing the 
organic matter value by 1.724 and the carbon dioxide equivalent was worked out 
by multiplying the carbon content with 3.67. In the case of fodder crops, the above 
ground biomass produced is its economic yield which will be periodically harvested 
from the land. Higher fodder yield was recorded during second year than first 
year. Maximum fodder yield was obtained under full sunlight compared to shaded 
situations in both years. In general among the different cultivars of hybrid napier, 
‘Suguna’ has recorded the highest yield in the second year. Among the different 
cultivars of hybrid napier, ‘Suguna’ has recorded maximum CO2 sequestration 
potential of 50.218Mg/ha in the second year. The relative per cent reduction in CO2 
sequestration potential with respect to the open condition was 13.14 and 23.36 in 
the first year with corresponding values of 18.29 and 27.82 in the second year as the 
shade levels were raised to 25 per cent and 50 per cent respectively. This finding has 
implications for Kerala homesteads. 

Carbon Sequestration Potential of Hybrid Napier  
under Different Shade Levels in Rainfed Ecosystem

Savitha Antony and C. George Thomas
Department of Agronomy, College of Horticulture, Kerala Agricultural University,  
Thrissur, Kerala-680656
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Plastics can cause serious threat to native microbial flora of soil and water due to 
their compact structure and durability; they also pose serious threat to environment 
and health due to the production of hazardous byproducts and greenhouse gases. 
So possible way to decrease the risk due to plastics is to degrade them naturally 
by means of native microbes. The present study aims to isolate total heterotrophic 
bacteria from a waste dump site and to screen for their potential to degrade a synthetic 
polymer- high density polyethylene (HDPE).

Mean heterotrophic count of bacteria isolated from dump site was 3.3×10-2. 6 colonies 
were isolated from dump site and tested for their capacity to degrade HDPE in lab 
condition. Out of this six isolates, DBI to DB6 three were gram positive and rest were 
gram negatives. The growth of isolates in carbon free nutrient medium with PE films 
which served as carbon source, led to a reduction in the weight of the films. The 
weight loss ranging from 10% - 20 % at the end of the incubation period was noted 
with three isolates (BD2, BD 3 and BD 6). BD1, BD4, BD5, Untreated plastic, biotic 
and abiotic control showed no weight loss. Highest weight loss was noticed in plastic 
treated with isolate BD2. After the biodegradation of HDPE, new peaks appeared on 
the FTIR spectra at 1095 and 1026 cm-1, assignable to C–O stretching, which reveals 
that some carbons in HDPE were oxidized by the microbial action of the isolated 
strain BD2 and BD3. It can also be noted that the biodegradation of HDPE with BD2 
and BD6 increased the intensity of the peaks at 1,635 cm-1 (C=O) as well as those at 
1261, 1095 and 1026 cm-1 (C–O), indicating that the fraction of the oxidized moiety 
increased as a result of the biodegradation. No remarkable changes were noticed in 
spectra of biotic control, abiotic control and untreated HDPE. Significant changes were 
noticed in the spectra of HDPE treated with BD2. The control experiments have not 
shown any weight loss in the plastic strips. FTIR spectra confirmed the degradation 
for the HDPE, also revealed that C–O stretching peaks and those corresponding to 
alkenes became more intense, as a result of the biodegradation. Thus the findings 
of the present study with a success in microbial degradation of polyethylene have a 
scope for future studies in improving the biodegradation capacity of the microbes, 
thereby help in reducing the environmental issues related to climate change and loss 
of biodiversity.

Biodegradation of High Density Polyethylene using 
Bacteria Isolated from Solid Waste Dump Site
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Email: evramasamy@reddiffmail.com
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Water is becoming a scarce commodity for irrigation especially under the present 
changing climatic scenario. Water stress hampers important physiological and 
biochemical mechanisms leading to reduction in plant growth and yield. The present 
study was undertaken to evaluate the efficacy of exogenous application of certain 
plant growth regulators to mitigate water stress in vegetable cowpea, to find out an 
effective plant growth regulator for drought management and to assess the response 
of vegetable cowpea to these plant growth regulators. 

A field experiment was conducted during summer season of 2014 (January - March) 
in Agronomy farm, College of Horticulture, Vellanikkara of Thrissur district using 
the vegetable cowpea variety Kashi Kanchan (variety released from IIVR, Varanasi) 
which is a short duration (65-70days), photo-insensitive, dwarf and bush type 
vegetable cowpea variety. The results showed that general growth of the plants was 
less compared to their normal growth during rainy season due to their exposure to 
extreme dry weather condition prevailed during the crop growth period. Growth 
parameters showed that the treatments could bring about significant influence on 
number of leaves at 45& 60 DAS and root length. The treatments which received 
spraying of plant growth regulators during the water stress imposed period resulted 
in an increasing trend of plant height, number of leaves and number of branches 
compared to that which received no treatment during the crop period. Plant height 
increased progressively with age and it varied from 10.7 cm to 13.7 cm at 60 DAS. 
Number of leaves ranged from 7.3 to 15.3 at 45 DAS and 7.4 to 12.2 at 60 DAS. At 45 
DAS, plants irrigated on alternate days (farmer’s practice) recorded the highest leaf 
number of 15.3 followed by those irrigated at 5 days interval (12.6) which declined 
to 12.2 and 8.8 at 60 DAS as the leaves started falling down due to early maturity. 
At 30 DAS, the branch initiation was started in plants sprayed with SA 2% along 
with plants irrigated on alternate days (farmer’s practice) and at 5 days interval. All 
the water stress imposed treatments showed a slight delay in flowering (1- 4days) 
compared to those received irrigation on alternate days (farmer’s practice). Pod yield, 
stover yield, total dry matter production and yield attributes like number of pods/
plant and pod length were significantly influenced by the treatments. The present 
study revealed that foliar application of SA 2% or NAA 40 ppm or water spray during 
dry spell was beneficial for mitigating water stress in vegetable cowpea.

Exogenous Application of Plant Growth Regulators for 
Mitigating Water Stress in Vegetable Cowpea

Syama S. Menon and K.E. Savithri
Department of Agronomy, College of Horticulture 
Kerala Agricultural University, Thrissur, Kerala-680656. 
Email: menonsyama105@gmail.com
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Climate change not only causes changes to the mean conditions, but also the 
magnitude of variation around the mean: the frequency of extreme climatic events 
has been increasing globally as a consequence of climate change, and this trend 
is expected to continue and intensify in coming years. Seaweeds are macroscopic 
marine algae (also known as macroalgae) that are differentiated into three distinct 
divisions, Chlorophyta, Phaeophyta and Rhodophyta. The Visakhapatnam coastline, 
extending over 132 km, offers a variety of habitats for the growth of marine algae. A 
comparative study over a period of five decades with reference to climate change on 
present status of marine macro algal flora in relation to their occurrence, distribution 
and diversity was carried out along the Visakhapatnam coast intertidal shores areas 
of Bay of Bengal, East coast of India
Ten field stations were selected along the coastline and were sampled throughout 
the year seasonally for species cover and species presence or absence following 
the method developed by Saito and Atobe (1970). A total of 48 seaweeds species 
were recorded, of which 18 species (37%) belongs to Chlorophyta, 9 species (19%) 
belong to Phaeophyta and 21 species (44%) belong to Rhodophyta. The present study 
findings have shown that a declining trend of seaweed diversity at Visakhapatnam 
coast was observed with a total of 10 macroalgae species were newly recorded, 
while, 41 species were found to be absent during the present study when compared 
to 1964 data indicated that 84 species were documented. Studies in 2009 and 2011 
had recorded 31 and 39 species of macro algae respectively in this coast. As per 
distribution and occurrence, lowest diversity index was observed in Appikonda and 
Bangarammapalem field stations, whereas highest species diversity was found in 
Pudimadaka, Yarada and Thotlakonda field stations. In our observations, we found 
species richness is affected by seasonality and with a gradual increase from July 
to January and then decreases. The impact of Hudhud cyclone on marine algae of 
Visakhapatnam coast was observed in the present study. Intertidal algae are more 
likely to be exposed to the physical forces and wave energy of cyclones. Physical 
wave energy had reduced abundance by dislodging and removing shallow water 
species, particularly of delicate forms. Some slow growing macro algae may not 
recover quickly, but at larger spatial scales, are likely to derive some protection from 
their morphology. Such impacts may produce shifts in species composition, with 
some macroalgae becoming rare while others bloom. 

A Comparative Study of Seaweed Flora over a 
Period of Time with Reference to Climate Change in 
Visakhapatnam Coast, Andhra Pradesh, India

I. Vishnupriya Sowjanya and P.S. Raja Sekhar
Department of Environmental Sciences, Andhra University, Visakhapatnam-530003, A.P., India
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Air pollution is a serious problem throughout the world. It is a major concern of 
today’s developing countries like India. Plants are important for determining 
and maintaining the ecological balance of atmospheric components by actively 
participating in the cycling of nutrients and gases like carbon dioxide, oxygen 
etc. Plants have an inherent mechanism for tolerating air pollutants. The present 
programme was formulated to study the varietal variation in the Air Pollution 
Tolerance Indices (APTI) of popular varieties of mango in Kerala and also to study 
the influence of weather factors on APTI. 

Four varieties (Alphonso, Neelam , Bangalora , Kalappadi) were selected from 
Instructional farm, College of Agriculture, Vellayani. Physiological and biochemical 
parameters such as relative water content, leaf pH, Ascorbic acid and total 
chlorophyll were used for the computation of APTI. Each of the parameter implicated 
in the calculation of APTI has its own role as far as the physiological competence 
in tolerating stress condition like exposure to pollution is concerned. The relative 
water content in a plant body helps to assess the efficiency in maintaining its 
physiological balance under stress conditions of air pollution (Dedio, 1975). Among 
the selected varieties, Alphonso exhibited significantly higher values for relative 
water content and better APTI value. Ascorbic acid is a strong reductant and its 
activity is pH dependent. Impact of weather factors on air pollution tolerance index 
was determined by correlating weather data of AAS , Velllayani with the calculated 
APTI values. For correlation studies of APTI with weather factors, daily records of 
maximum and minimum temperatures, relative humidity, rainfall, soil temperature, 
wind velocity, sunshine hours and evaporation for the experimental period were 
collected from AWS, College of Agriculture, Vellayani. Correlation studies were done 
on APTI and weather parameters. Though not highly significant, the results showed 
varietal variation in the Air Pollution Tolerance indices within the selected location 
and it was in the increasing order Alphonso > Neelam > Bangalora > Kalappadi. 
Correlation results also showed that the weather factor influencing the APTI is highly 
dependent on the variety. The variety Alphonso having higher air pollution tolerance 
index value can be given priority for plantation programmes in highly polluted areas 
like industrial locations.

Impact of Weather Factors on Air Pollution Tolerance 
Indices of Popular Varieties of Mango

Anjana J. Madhu, N.M. Nini, L. Divya, M.G. Sreeush,  
R.V. Manju and Roy Stephen
Department of Plant Physiology, College of Agriculture, Vellayani, Thiruvananthapuram
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Climate change is an important factor and expected to have an increasingly negative 
impact on soil and food security. One consequence of climate change would be 
the further extension of salt-affected territories under the direct effect of sea water 
inundations or due to the rise of the sea level. Crops vary in their ability to tolerate 
salinity at different stages of crop growth and soil salinity can also reduce crop yields 
up to 50 per cent.

A survey was conducted to study the chemical properties of soils and ground water 
samples to know the extent of salinity in Ernakulam district and to delineate salt 
affected areas. A total of seventeen representative soil samples and twenty nine 
ground water samples were collected from different parts of Ernakulam district. GPS 
reading of each site was recorded. The survey was conducted during November – 
December of 2015, after south – west monsoon. The chemical properties of collected 
soil samples, such as pH, EC, organic carbon, available P, K, Na, Ca, Mg, S, Fe, Zn, 
Cu, Mn and B were analyzed using standard procedures. Ground water samples were 
analyzed for pH, EC, carbonate, bi-carbonate, chloride, sulfate, sodium, potassium, 
calcium, magnesium and boron to measure the salinity. Various ionic ratios were 
worked out to know the sea water intrusion and ground water quality. The soil pH 
values ranged from 4.27 to 7.32 while electrical conductivity (EC) values ranged 
from 0.05 to 4.30 dS m-1. Among cations, sodium was very high and its value ranged 
from 334.9 to 3922.2 kg ha-1. The pH values of water samples ranged from 6.54 to 
7.74 while electrical conductivity (EC) values ranged from 0.05 to 49.00 dS m-1. 
The residual sodium carbonate (RSC) of water samples ranged from -13.38 to 3.02 
me L-1. The lowest and highest values of sodium adsorption ratio (SAR) were 0.67 
and 141.89 respectively. In this study, it was seen that the places viz. Malippuram 
and Poyapalli, which are near to sea were more affected by salinity. It may be due 
to intrusion of saline/brackish water into these places. An integrated management 
approach, monitoring and maintenance of irrigation scheme, implementation of 
efficient irrigation and drainage systems and good farming practices including proper 
crop selection and rotation is required for sustainable development of agriculture in 
these salt affected areas.

Survey and Delineation of Salt Affected Soils of 
Ernakulam District

V. Arya Lekshmi, K.K. Praveena, A.K. Sreelatha and V. Sreekumaran
Rice Research Station, Kerala Agricultural University, Vyttila, Kochi.
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Off-seasonal natural disasters, such as pre-monsoon drought and post monsoon 
flooding in Kerala highlight the urgent need to look at the patterns of change in 
seasonal extremes rainfall at the local level. Change in extreme weather events is 
becoming more important in climate change scenario studies because of their socio-
economic impacts. The summer, north east monsoon and south west monsoon 
seasonal precipitations are considered in this study to investigate whether there have 
been any significant changes in the extreme rainfall at Vellanikkara (Thrissur) area 
during 1983 to 2010 and also predicting the future changes in extreme rainfall events 
for current (2015), 2030, 2050 and 2080. 

Result shows seasonal variability in extreme rainfall events from 1983 to 2010. 
The predicted changes in extreme rainfall event received during each season 
varies, showing an increasing trend of extreme rainfall in summer. Negative slope 
indicates a decreasing trend in precipitation pattern during SW monsoon and very 
steep negative slope is observed during the NE monsoon. The total rainfall extremes 
of all the season is showing a negative slope which indicate a decreasing trend of 
precipitation	having	a	𝑅2 value of 0.0217.The occurrence of extreme rainfall events
shows variability in number of days. The intensity of past extreme rainfall is slightly 
increasing. Where as in the predicted total extreme rainfall events the amount of 
extreme rainfall and the number of total extreme rainy days are showing a decreasing 
trend. There is an increasing trend observed for NE monsoon season and during 
summer but the trend does not show any increase during SW monsoon season 
during past years. But when we analyze the future trends summer has an increasing 
trend in daily extreme rainfall and a decreasing trend been observed for NE and SW 
monsoon period and the total extreme rainfall event has also shown a decreasing 
trend. This comparison give us an idea that in future there would be a decreasing 
trend in rainfall extreme as compared to present day increasing trend. Also the 
number of extreme rainy days and the amount of rainfall received also will decrease 
in coming years in Thrissur area. This work on extreme rainfall event are expected 
to help to define and assess the risk of flooding and draughts, agricultural planning 
and other developments associating with the mitigation and adaptation strategies for 
climate change in the Thrissur area.

Variability of Extreme Rainfall Events in Thrissur 
District

Athira P. Ratnakaran1, V. Sanjo Jose1 and Dr. Sunil K. Mukundan2

1BSc.-MSc integrated Students, 2Assistant Professor (Agricultural Meteorology),  
Academy of Climate Change Education and Research (ACCER), K.A.U., Thrissur; 
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Increasing demand for eco-friendly technology has sparked the emergence of plant or 
animal derived alternatives as replacements for conventional metal salt coagulants 
in coagulation-flocculation for treatment of urban waters. Studies showed that 
these natural alternatives could perform better than or comparable to its inorganic 
counterpart with additional environmental benefits such as high biodegradability and 
good antimicrobial property. Despite its huge potential, the mechanisms associated 
with different natural coagulants/flocculants are often poorly understood, unlike the 
widely developed chemical coagulants. Increasing awareness of the health issues 
and environmental drawbacks regarding the use of conventional aluminium-based 
and iron-based coagulants shifted the interests towards plant- or animal derived 
materials to be used as coagulants/flocculants. Present study is aimed to examine the 
effects of aluminium sulfate (alum) as coagulant in comparison with chitin and sago 
on removal of turbidity from turbid waters. 

In this study chitin and are used as natural coagulants. These tests were carried 
out using artificial water and bentonite as model suspensions to represent the wide 
range of natural turbid waters. The coagulant dose was added at four concentrations 
i.e 0.1, 0.2, 0.3 and 0.4 mg/l. The coagulation was performed at three different pH 
conditions by adding 0.1 M H2SO4and 0.1 M NaOH in all coagulation tests. The 
results showed that the turbidity removal efficiency was 90 - 96% by chitin at all 
pH ranges for all turbidities with both the mixing speeds and times. Also sago was 
very effective with mixing speed and time of 80 rpm for 1 min and 20 rpm for 30 
min. The obtained results on optimum pH were in agreement with studies done on 
alum as coagulant. From the results it can be concluded that the natural coagulants 
tested in the study are suitable over a wide range of pH and are also efficient enough 
in removing turbidity almost equal to that of alum. A vital conclusion can be drawn 
that as a known fact alum was sensitive to pH variations as it has shown best results 
only at pH 7. Whereas the natural coagulants sago and chitin were much more stable 
at all the three tested pH ranges. Also the optimum concentration of coagulant for 
alum was 0.1mg/l and for sago it was 0.1 and 0.2mg/l whereas chitin has shown 
variations in all concentrations which were dependent on pH.

Water Treatment using Native Coagulants

D. Bhavya Kavitha and V. Saritha
Department of Environmental Studies, GITAM Institute of Science 
GITAM University, Visakhapatnam, Andhra Pradesh, India.
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Mercury contamination has been recognized as a global environmental problem and 
may affect both flora and fauna in aquatic ecosystems. Several studies have found 
out that climate change has the potential to make mercury pollution worse. Influence 
of heavy metals in microorganism can cause adverse effect on its morphology, growth 
and biochemical activities resulting decreased biomass and diversity. Due to climate 
change and elevated level of heavy metal in sediment, bacterial populations may 
boost and develop resistant mechanism against heavy metals and antibiotics. These 
will also affect human health too. Climate change and anthropogenic pollution with 
mercury is a global crisis that will continue to affect future generations. The present 
study aims at finding relation between mercury resistance and antibiotic resistance 
in an anaerobic bacterium Clostridium fermentans isolated from Cochin estuary.

Clostridium fermentans has been isolated from Cochin estuary and identification was 
done at Xcelris Labs, Ahmedabad. Pure culture of Clostridium bifermentanse was 
enriched in Sulphate API broth with sodium lactate and incubated anaerobically 
at	 37		̊ C	 for	 48	hrs.	Antimicrobial	 susceptibility	 testing	was	performed	using	disc	
diffusion method (CLSI, 2006). The resistance level of Clostridium bifermentanse 
to Hg was evaluated by determining Minimal Inhibitory Concentration (MIC) 
value. The results revealed that Clostridium bifermentense was multiple antibiotics 
resistan. This strain showed resistant to six antibiotics namely Ampicillin, 
Streptomycin, Novobiocin, Pencilin G, Vancomycin and Lincomycin. The resistance 
pattern of Clostridium bifermentense was Ampicillin, Streptomycin, Novobiocin, 
Pencilin G, Vancomycin and Lincomycin. It was highly resistant to Novobiocin, 
Pencilin G, Vancomycin and Lincomycin (0mm). Clostridium bifermentense showed 
inhibition zone of 25mm to Chloramphenicol (sensitive), followed by Tetracycline, 
Amikacin and Kanamycin as 20mm, 18mm and 17mm respectively. The Clostridium 
bifermentanse showed growth at 5ppm of Hg and it was not grown in further 
concentrations. MIC of Clostridium bifermentanse to Hg was 6ppm, from this point 
test compound inhibited the growth. Present study provided resistance levels of an 
anaerobic bacterium, Clostridium bifermentanse. Results revealed that Clostridium 
bifermentanse could be used in bioremediation applications to remove mercury 
from sediments. The isolated Clostridium bifermentanse strain to be maintained and 
characterized for applications of bioremediation. 

Significance of Multiple Antibiotic and Mercury 
Resistance of an Anaerobic Bacterium Clostridium 
bifermentans Isolated from Cochin Estuary

M.B. Binish, S. Sruthy and Mahesh Mohan
School of Environmental Sciences, Mahatma Gandhi University, Kerala, India.
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Climate change is a complex phenomenon that has numerous and wide-ranging 
impacts on the environment and livelihoods. Wayanad is a high-altitude valley in 
Northern Kerala that is cut off from much of its surroundings by mountain ranges 
and enjoys a unique local climate. Wayanad, like much of rural India, has a majority 
of its livelihoods directly dependent on climate and are highly vulnerable to climate 
variability, with climatic changes having profound direct and indirect impacts. 
Major climate trends observed in Wayanad include a weakening in the early phase of 
the south-west monsoon precipitation; increasing polarization of daily rainfall and 
more frequent heavy rainfall days. The difference in rainfall pattern, have impact on 
soil erosion, water logging, water availability and will cause hastened maturation of 
a variety of crops. The sustainable dairy production in this climatically vulnerable 
district like wayand depends on feed and fodder fed to the dairy animals. It is 
highly recommended to ascertain quality of the fodder crops fed to livestock which 
determines availability of nutrients to meet out milk yield. 

The objective of present study was to evaluate the proximate composition and fibre 
fraction values of fodder varieties grown in area where highest amount of rainfall 
received more than 3000 mm rainfall, Pookode, Vythiri block, Wayanad, Kerala. The 
physical characteristics, proximate composition and fibre fractions of five fodder 
varieties viz Coimbatore 3 (CO-3), Coimbatore 4 (CO-4), Thumburmuzhy, Australian 
Napier, and wild grass (Sony grass) were estimated and compared. The dry matter 
content of fodder varieties ranges from 14.85 - 26.47 per cent. The crude protein 
varies between 10.49 – 16.97 per cent; crude fibre ranges 32.01 - 35.99 per cent; 1.50 
- 3.11 per cent of ether extract;11.1 -14.8 per cent of total ash; 3.83 -5.60 per cent of 
Acid Insoluble ash and Nitrogen free extract content of 34.02-39.57 percent on DMB. 
The Neutral Detergent Fibre (NDF), Acid Detergent Fibre (ADF) and Hemicelluloses 
varied from 60.84 -77.10 per cent; 31.33- 41.27 per cent and 21.26- 41.49 per cent 
respectively. The study results revealed that Australian Napier fodder are having 
better nutritive value compared to other grass varieties. The wild grass (sony) variety 
is having high per cent of crude protein but high per cent of NDF and ADF. The other 
varieties are well adopted in climatic conditions of Wayanad and qualities also well 
comparable to other agro-climatic conditions.

Comparative Study on Environmentally Adapted 
Fodder Varieties for Sustainable Dairy Production in 
Wayanad District, Kerala 

M. Muhammed Asif1, T.J. Chinju1, J. Minu1, K.K. Jiji2 
S. Senthil Murugan3, C. Balusami3 and P. Gangadevi4
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Dept. of Animal Nutrition, College of Veterinary & Animal Sciences, KVASU, Pookode, Wayanad 
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Seasons were very important in traditional agriculture. The concept of njattuvela 
is a clear and good example of the scientific approach of traditional farmers. The 
term njattuvela is the combination of two Malayalam words njar (seedling) and 
vela (time). Thus najttuvela means daytime appropriate for transplanting seedlings. 
Crop yield growth has decreased in much of the world since the end of the last 
century. This has led to global concern as it may decrease the ability of agriculture 
to support growing populations. Climate change has been recognized as one of the 
factors that contributed to the yield stagnation. Thirteen and a half days constitute 
one njattuvela. Based on climate an agricultural year in Kerala begins on April 14 
1h or 15 1h of one year and ends on April 13 Ih or 14 1h of next year, covering 27 
njattuvelas. A study was conducted to identify the relationship between weather and 
yield particularly rainfall during njattuvela. 

Mullanpuncha a traditional rice variety in Wayanad was used for the study . The 
variety is of long duration and tall structured. It is resistant to drought and most 
of the pest and diseases. Rainfall data from KAU Ambalavayal station for a period 
of 1985 to 2005 were utilized for the study. From this a njattuvela calendar based 
weather data was developed. Thirteen and a half days constitute one njattuvela. 
Yield of traditional Mullanpuncha rice of Wayanad for a period of 1985 to 2005 were 
collected from Ambalavayal Krishi Vignjan Kendra. Correlation between rainfall 
from Thiruvathira njattuvla to Pooradam njattuvela and yield was analyzed to find 
out the influence of each njattuvela period rainfall on the yield. The result of the 
study divulged that the yield of Mullanpuncha is significantly influenced by rainfall 
during each njattuvelas (ie. from Thiruvathira to Pooradam njattuvela). Rainfall of 
Atham njattuvela have significant negative correlation with the yield. This shows that 
rainfall during Atham njattuvela may cause a reduction in yield of Mullanpuncha. 
Thiruvathira and Moolam njattuvela rainfall shows a slight positive correlation with 
yield however not significantly high. An efficient njattuvela calendar is thus helpful 
in planning agronomic practices of each crop wisely. This result can be used for 
forecasting the yield of crop for each year and allow the farmers to integrate the 
indigenous knowledge for a climate smart agriculture.

Njattuvela Calendar:  
A Tool for Climate Smart Agriculture 

Reji Mariya Joy1, Veena Prasad1, T.K. Binsiya1, Dr. K.M. Sunil4 
S. Senthil Murugan3, C. Balusami3 and P. Gangadevi4

1Students, 2Assistant Professor (Agricultural Meteorology),  
Academy of Climate Change Education and Research (ACCER), K.A.U., Thrissur. 
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Being a topic of great relevence and global interest , educating and communicating 
about climate change is the most challenging act for a researcher.Understanding of the 
phenomenon of climate change by an individual is subject to his/her attitude which 
depends on certain factors like knowledge, perceptions and conceptions,context of 
belief,values and experiences of the individual.Understanding people’s perceptions 
is crucial for effective communication that can motivate people to take action to 
improve their lives. Lack of awarenenss is preventing the common people to respond 
to the situations. Education about,will bring an awareness which results in a change 
in the attitude. This paper focus on some of the problems and challenges faced while 
one is communicated about climate change.

The results of this paper is derived from a representative survey of 200 individuals 
(aged between 17 and 47), out of which 40 samples each where randomly selected 
from a slum area,educating teens, proffesionals,college drop outs and middle class 
people undertaking various proffesions,which was conducted on march 12 th to 
march 14 th 2015. Three major chllellnges, Conceptive, Social and Technical were 
addressed in the study. In conceptive challenges the major aspects considered are: 
whether climate change is real and the major reasons for climate change. Regarding 
social challenges, the aspects considered are wealth, social status, education and 
information sources. The technical challenges are lackof knowledgeable personnel 
and lack of documentation. About 35 % of the respondents have clearly communicated 
that there have been no cllimate change noticed by them in their local enviornment 
but have noticed change in the rainfall patterns and also they say hot days have 
increased.They have said that monsoon has become more unpredictable to them. 
Majority responded that it is a concern of government to settle the issue of climate 
change. All of us are individually responsible for the cause of climate change and 
hence, while governments and big business must take action on this issue, we also 
need to consider our own contribtions and adjust our lifestyles to reduce emissions. 
Inspite all other possibilities, today’s generation would be capable of taking steps 
toward positive change, if given a deeper understanding of the causes of climate 
change and the actions they can take to make a difference. Development education 
can play an important role in this process of change in developing countries like 
ours.

Communicating and Educating Climate Change:  
Challenges

Sharon Mathew, Abhijit Asokan, Dr. E. K. Kurien and Dr. Sunil K 
Mukundan
Academy of Climate Change Education and Research, Kerala Agricultural University, 
Mannuthy, Thrissur
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The demand for food is increasing leading to heavy burden on the land. With the 
increase in population and fragmentation of land, available land for cultivation 
is shrinking drastically especially in urban areas. Vegetables are integral part of 
a balanced diet and are considered as protective foods. These are rich source of 
vitamins, minerals and dietary fibre It is becoming increasingly difficult to own and 
raise conventional type of vegetable gardens even in a few cents of land. In Kerala 
tremendous efforts are being made to increase the vegetable production.. The lack 
of vegetable cultivation in urban areas of Kerala is mainly due to limited area for 
cultivation. Terrace cultivation of vegetable crops is gaining popularity because of 
unavailability of area and health concerns. It also provides better time and space 
utilisation, disposal of household waste through compost making and utilizing 
it as organic manure for vegetable cultivation and above all availability of fresh, 
hygienic, safe and eco-friendly vegetables at low cost on the house terrace itself. The 
present study was carried at College of Agriculture, Vellayani during 2014-2015 with 
an objective to standardize nutrient schedule for soilless tomato cultivation (grown 
in containers). 

Coir pith compost + farmyard manure (FYM) in 2:1 ratio was used as the growing 
media for filling the grow bags. The media was filled compactly in the grow bags 
to avoid lodging of plants. Four different sources of nutrients at three different levels 
were tried. The variety of tomato used for the experiment was Manulakshmy, released 
from Kerala Agricultural University which is resistant to bacterial wilt disease and 
bears larger fruits. The different nutrient levels tried were N1- Package of practices 
recommendations (POP), N2-75 % of POP and N3-125 % of POP. The nutrient sources 
tested were fermented groundnut cake (S1), incubated groundnut cake + PGPR mix 
1(S2), as chemical fertilizers in solid form, direct media application (S3) and as 
chemical fertilizers in liquid form, direct media (S4) application. Package of practice 
recommendation (POP) of tomato is75:40:25 kg N : P2O5 : K2O/ha and 20-25t/ha of 
farm yard manure. The experiment was conducted in in completely randomized 
design with four replications. Incubated groundnut cake + PGPR mix 1(S2) at 125 
% of recommended dose of fertilizers was found to be the best nutrient schedule for 
soilless tomato cultivation in grow bags. It recorded significantly higher yield per 
plant (901.85g), fruits per plant (24.20) and fruit weight (37.30g).

Eco-Friendly Fertilization Regimes for Soilless 
Cultivated Tomato

A. Soumya, Usha C. Thomas and V.L. Geethakumari
Department of Agronomy, College of Agriculture, Vellayani, Thiruvananthapuram-695 522



KottayamKerala Environment Congress 2015

190 CED & KSCSTE

A survey of invasive species was conducted along the transect from sea shore to the 
crest of the Western Ghats in selected plots based on the presence of the species. 
The total number of species and GPS reading of each plot were recorded from the 
field. Road density of 1km buffer around the plot was estimated using Geographical 
information system. The mode of introduction of the invasive species were traced 
back by referring past literatures. A risk assessment for the invasive species along the 
transect was conducted. The study identified 37 invasive species along the transect 
of which eight species- Lantana camara, Chromolaena odorata, Mikania micrantha, 
Mimosa diplotricha, Alternanthera sp., Calopogonium mucunoides, Synedrella 
nodiflora and Mimosa pudica was observed all along the transect while species like 
Ageratina adenophora was found restricted to high elevation areas. More number of 
species was recorded from the elevation less than 100. The risk assessment along 
the transect shows that among the 15 invasive species came across, 10 species 
(Mikania micrantha, Mimosa diplotricha, Wedelia trilobata, Chromolaena odorata, 
Pennisetum polystachion, Pueraria phaseoloides, Merremia vitifoila, Lantana camara, 
Sesbania bispinosa, and Mucuna bracteata) comes under the high risk category, 4 
species (Ipomoea carnea, Ipomoea cairica, Quisqualis indica and Arundo donax) is 
categorized in the medium risk category and Senna alata in the low risk category. 
It was also noted that the monoculture plantations of teak and oil palm and failed 
plantations provides adequate ambience for the invasive species. In plantations, 
Mucuna bracteata, Pueraria phaseoloides, Chromolaena odorata, Mikania micrantha, 
Mimosa diplotricha and Pennisetum polystachion were observed. High risk species – 
Chromolaena odorata, Mikania micrantha, Mimosa diplotricha and Lantana camara 
have already established in the forests while Pennisetum polystachion and Merremia 
vitifolia are at the start of into the forests. Apart from this low risk species were 
observed in the natural forests. Some of the invasive species were found completely 
absent in the forests. In the natural forests, the invasive species are more abundant 
along the linear infrastructures which act as a corridor for the alien species to enter 
in the forest. The study identifies that not only the biological characters but also the 
socio – political ambiance provided help a species to become invasive.

Political Ecology of Alien Plant Invasion: A Case Study 
along an Altitudinal Gradient in Central Kerala

R. Soumya, C.J. Alex and T.V. Sajeev
Forest Health Department, Kerala Forest Research Institute, Peechi – 680 653, Thrissur
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Global climate change has profound implications for aquatic ecosystems and the 
economic and social systems that depend upon them. The relationship between 
temperature and individual performance is reasonably well understood, and much 
climate-related research has focused on potential shifts in distribution and abundance 
driven directly by temperature. An attempt was made to record the temperature 
variations of water collected from thirty stations starting from Kanyakumari to 
Kollam, along the south west coast of India. 

This work has revealed that both abiotic changes and biological responses in the 
ocean will be substantially more complex and hence more study is needed to get a 
clear picture on climate change and temperature variation and their impact on aquatic 
environment and bio-resources. In the present study the surface water temperature at 
all stations had a similar pattern. Temperature in the study region varied from 24.00 
0C to 31.00 0C. Monthly variations in surface water temperature at all stations had a 
similar pattern. The seasonal mean clearly indicated that temperature was very high 
in most of the stations during premonsoon period whereas monsoon season had the 
lowest temperature in majority of stations. The overall results revealed that there is a 
tendency of water temperature increase all along the study sites during the period. By 
measuring temperature of water, one will be able to measure the triple point of water 
ie., the temperature and pressure at which solid, liquid and gaseous water coexist 
in equilibrium. The point is used to define the units of temperature. Temperature 
is one way of measuring aquatic variability, but temperature is also an indicator of 
more complex ocean processes. Changes in temperature are related to alterations in 
water circulation patterns that are affected by changes in the direction and speed 
of the winds that drive ocean currents and mix surface waters with deeper nutrient 
rich waters. Temperature variation of surface water and bottom water is influenced 
by various aquatic processes and also meteorological/climatic characteristics. Any 
minute changes in the climate will reflect on both the atmospheric and water 
temperatures.

Impact of Climate on Sea Water Temperature along 
the South West Coast of India

S. Sruthi, A. Nansimole, T.V. Gayathri Devi, W. Soumya and  
Tresa Radhakrishnan
Department of Aquatic Biology and Fisheries, University of Kerala, Thiruvananthapuram. 
Email: sspaqb@gmail.com
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Soil carbon sequestration can be accomplished by natural or managed systems that 
add high amounts of biomass to the soil, cause minimal soil disturbance, conserve 
soil and water, improve soil structure, and enhance soil faunal activity. In the context 
of global warming and carbon sequestration potential of soil fauna, the present study 
focuses on the role of a native earthworm species Perionyx ceylanensis in soil carbon 
dynamics. 

The native earthworm Perionyx ceylanensis available in plenty in our soils were 
used in the present study. In the three month long study the role of P.ceylenensis in 
SOC (Soil Organic Carbon) changes was studied. All experiments were conducted 
as a microcosm study in the laboratory using eighteen earthen pots (reactors) 
simultaneously. The soil quality parameters like pH, moisture content, organic 
carbon, total organic matter, total nitrogen, available phosphorus and exchangeable 
potassium were examined. In the case of nutrient status of soil, even though a 
fluctuation was noted, better nutrient status was observed with the reactors operated 
with earthworms and precomposted leaf litter than in the control reactors. Regarding 
the soil organic carbon, the reactors operated with earthworms showed high soil 
organic carbon contents than the control reactors operated without earthworms. 
The reactor operated with earthworms and precomposted leaf litter showed 30% 
increase in labile organic carbon (LOC), 31.52% in particulate organic carbon 
(POC) and 21.4% increase in microbial biomass carbon (MBC). In total, all forms of 
SOC exhibited better results in the reactors operated with earthworms along with 
precomposted leaf litter. After the completion of the experiment (three month) all ten 
earthworms in each reactor were found surviving with an increase in biomass and 
number. The study shows that, earthworms have enhanced different forms of SOC 
like labile organic carbon, particulate organic carbon, microbial biomass carbon and 
organic carbon in the soil. The presence of earthworms have increased soil fertility 
by means of increasing soil nutrient content and improving the C/N ratio in the 
experimental soil. The worms also gained weight and reproduced well. Thus it can be 
concluded that the presence of earthworm P. ceylanensis can improve different forms 
of soil carbon and protect their release to the atmosphere. Soil with earthworms can 
enhance the carbon sequestration potential of soil and can negatively influence the 
climate change. 

Role of Earthworm Perionyx ceylanensis on Soil 
Carbon Dynamics - A Microcosm Study

Sruthi S. Nair, P.S. Shilpa and E.V. Ramasamy
School of Environmental Sciences, Mahatma Gandhi University, Kottayam, Kerala – 686 560. 
Email: evramasamy@rediffmail.com
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INTORODUCTION

Farming on house terrace is strictly organic farming. Since available land for 
cultivation is shrinking drastically especially in urban areas, it is high time that 
alternative measures like farming on house terrace are to be explored. Farming on 
house terrace including vegetable cultivation, poultry rearing, azolla cultivation and 
vermi- composting facilitate better time and space utilization, disposal of household 
organic garbage, proper harvesting of sunlight, reduced incidence of pests and 
diseases, reduction of family expenditure, nutritional security due to physical and 
economic access to vegetables and eggs and above all the better availability of fresh, 
hygienic, safe and eco-friendly vegetables and eggs to the urban families. 

VEGETABLE CULTIVATION IN PLASTIC SACS

(a) Plastic sacs are better than earthen flower pots. Among plastic sacs, fertilizer sacs 
are better.

(b) Seventy five percent of the volume of the plastic sac is to be filled with potting 
mixture which is prepared by mixing thoroughly soil, sand and powdered cow 
dung in the ratio 2:1:1.

(c) The top edge of the sac is to be folded to have a thick border facilitating irrigation 
and intercultural operations. 

(d) The sacs are to be arranged in line on the terrace ensuring wall underneath. The 
sacs are to be placed on bricks placed in a triangular format.

(e) Photo insensitive crops and bushy varieties are preferred to photo sensitive crops 
and trailing varieties. 

(f) Sowing or transplanting at the rate of two per hill and two hills per sac is 
advantageous.

(g) Transplantation shock to seedlings can be reduced by providing shade by 
unfolding the edge of the sac and putting a handful of azolla at the base of the 
seedling.

Guidelines for Urban Organic Farming  
on House Terrace

Dr. V.B. Padmanabhan
Professor (Extn.), College of Agriculture, Vellayani



KottayamKerala Environment Congress 2015

196 CED & KSCSTE

(h) Organic manures are to be applied in sacs at weekly interval. 

(i) Adequate quantity of water has to be used for irrigation, both in the morning and 
evening so that excess water will not drip out and plants will not wither.

(j) Daily observation and mechanical methods are to be followed for pest control. If 
situation warrants for the application of pesticides, organic pesticides are to be 
used.

(k) Crop rotation including a pulse crop has to be followed in each sac.

(l) After each crop, it is better to change the position of bricks and sacs a little so that 
easy cleaning of the terrace is facilitated and permanent wetting of any portion of 
the terrace is avoided. 

POULTRY REARING UNDER DEEP LITTER SYSTEM

(a) Deep litter system has to be followed for rearing poultry on terrace. Approximately 
2 ½ sq. feet area has to be provided for each layer in the netted cage.

(b) It is better to avoid the cock and rear the layers alone.

(c) The floor of the cage should be without any gap and saw dust has to be used as a 
good absorbent litter in the cage. The floor should be a raised one leaving space 
between the terrace and the floor.

(d) The cage has to be kept in a shaded corner of the terrace. On the roof of the cage, 
thick cardboard has to be fitted to reduce the temperature inside the cage. Over 
the cardboard, polythene sheet has to be spread and fitted so that splashes of rain 
water will not damage the cardboard. 

(e) A plastic sheet has to be spread above the cage and tied tightly to poles at distance 
to provide shade and air column and to protect the cage from rains.

(f) A handful of lime has to be dusted over the litter at weekly interval and raked to 
avoid caking and to act as a disinfectant.

(g) Periodic vaccination has to be done to the layers.

(h) Plenty of hygienic water and a variety of feed are to be provided in the cage. Low 
cost and locally available vessels are to be used for feeding which are to be hung 
in the cage to avoid toppling by the layers. A round plastic plate has to be kept 
under the water vessel to avoid wetting of the litter.

(i) Fresh broken shells are to be kept in separate container as feed for providing 
calcium to the layers. Powdered dry fish has to be fed to supply protein to the 
layers.

(j) Garlic and onion are to be fed for three consecutive days at monthly interval 
to avoid infestation by worms and to maintain the general health of the layers. 
Turmeric powder can be occasionally mixed with feed to act as an antiseptic.

(k) Crop residues, fallen leaves, weeds and leaves of chekurmanis, drumstick, papaya 
etc. have to be fed to the layers. Fresh azolla can be washed and fed so that the 
birds will lay ‘organic eggs’.

(l) Eggs are to be taken out of the cage as early as possible.
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(m) The litter with the excreta of layers can be occasionally removed from the cage, 
heaped in a convenient place for a few weeks and then applied as organic manure 
to vegetable crops.

AZOLLA CULTIVATION IN ARTIFICIAL TANKS

Azolla, a floating fern which harbours the nitrogen-fixing blue-green algae can be 
cultivated in shallow tanks made out of thick polythene sheet in the partially shaded 
corners of the terrace. Bricks and wood pieces can be used on sides of tank to have 
a depth of 10 cm on the terrace. Red soil has to be spread with uniform thickness at 
the bottom of the tank at the rate of 7 kg per sq. metre of area. Fresh cow dung at the 
rate of 2.5 kg per sq. metre has to be made into a slurry and poured uniformly on the 
red soil in the tank. Rajphos or Mussoriphos at the rate of 15 gm per sq. metre area 
has to be given along with cow dung slurry. Water has to be added to the tank to a 
depth of 8 cm. Healthy azolla at the rate of 250 to 500 gm per sq. metre area has to 
be spread uniformly in the tank. Azolla starts multiplying after a period of one week.

(a) Approximately 50 percent shade is required for the healthy growth of azolla in 
tanks on terrace.

(b) Polythene sheet of thickness of minimum 150 gauge is conducive for making 
azolla tanks.

(c) Once started multiplying, 250 to 450 gm of azolla can be harvested daily from one 
sq. metre area.

(d) The harvested azolla can be used as organic manure for vegetable crops and as 
feed for poultry.

(e) Removal of a little quantity of water from the azolla tank and addition of fresh 
water, addition of cow dung slurry and phosphorus at the rate of 0.5 kg and 10 
gm respectively per sq. metre area of tank are to be done at weekly interval. 

(f) Removal of one fifth of soil and addition of same quantity of fresh soil to the tank 
has to be done at monthly interval.

(g) The whole tank has to be replaced with new tank once in six months. 

(h) The production cost of azolla comes to about 50 paise per kg. 

(i) Mosquito will not grow in tanks where azolla is grown. 

VERMICOMPOSTING USING HOUSEHOLD GARBAGE

A unit of vermicompost can be successfully maintained on the terrace utilizing the 
household garbage as feed for the worms. The plastic container for compost making 
can be kept on bricks encircled with water to protect it from attack of ants. 

The top of plastic container can be covered with GI net to protect it from the attack 
of rats. A wet gunny sac can be spread over the GI net to provide a cool environment 
and partial darkness to the worms.

(a) The household organic garbages should not be kept exposed before it is put into 
the vermicompost container as flies may lay eggs on the exposed garbage which 
may hatch out into maggots in the vermicompost. 
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(b) When vegetable wastes are continuously put for vermi- composting, dried leaves 
or pieces of waste paper are to be added to reduce the moisture content.

(c) The organic wastes will be devoid of foul smell when worms act on it.

(d) Semi decayed cow dung is found to enhance the multiplication of worms.

(e) The gunny sac on the GI net has to be moistened in the evening every day.

(f) The compost will be ready within a period of one month. As an organic manure, 
it is better to use the vermicompost as fresh as possible. 
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INTRODUCTION

Climate change is the biggest environmental threat the World is facing. The impact 
of climate change is visible in the rise of temperature, changing monsoon pattern, 
sea level rise, floods & Droughts etc. It has, therefore, become extremely important 
for us to take on the challenge of restoring the vitality of our mother earth through 
extensive and realistic strategies. The rate at which nature is being exploited and 
destroyed through unsustainable policies and practices prompts us to make a serious 
introspection and take urgent action to remedy the situation. Conservation of natural 
resources and protection of the environment and ecology for sustainable development 
has assumed greater significance, demanding its immediate attention. Understanding 
climate change and its consequences is critical to protect lives and assets upon which 
Countries economy is dependent. Non-Governmental Organisations (NGO) have the 
role of mobilizing community in mitigation and adaption of climate change through 
creating awareness, linking with Governmental agencies in promoting mitigation 
measures etc. When it comes to preventing climate change, “thinking globally, acting 
locally” maximum has anything to offer, then it must surely lie within our local 
communities. If we all go in for a little local action – changing the things we can 
change within our own immediate surroundings for the better – the effects can be 
surprising and if every local community were to do the same, they could be truly 
amazing. Preventing climate change really can begin at home!

PROPOSED ACTIONS

The following actions are proposed for mitigation and adaption of climate change in 
the context of Kerala: 

•	 Community mobilization and awareness creation: Mobilise community and 
impart awareness/trainings/demonstration on the impact of climate change, 
adaption and mitigation measures and judicious use of resources. Individual 
and community based efforts are required for the protection, preservation and 
conservation of God’s creation. 

Community Managed Climate Change Initiatives 
with Special Focus to Urban Organic Farming

Rev. Fr. Michael Vettickat
Kerala State EFL Committee Member & Executive Secretary, Kottayam Social Service Society, 
Chaithanya, Thellakom P O, Kottayam
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•	 Energy saving measures: Energy saving measures such as producing energy 
from waste, solar, water etc. helps in reducing the effect of climate change in the 
local level. A major cause of climate change is carbon dioxide (CO2) emission 
from burning coal for energy generation. Conserving electricity thus means 
reduced CO2 emissions. The first step we must take immediately is to stop using 
inefficient light bulbs. By replacing all ordinary light bulbs with LED, we can 
reduce CO2 emission.

•	 Planting Mixed species of trees: Plating tree means less emission of CO2. As 
trees and other plants play a vital role in the balancing of CO2 and oxygen levels, 
widespread deforestation has also had a negative impact, releasing more CO2 into 
the atmosphere. Planting of different species is very important in reducing CO2 
emission. We are aware of the fact that most of you know the significance of trees 
and the way of actually going about planting and nurturing them. Nevertheless, 
for those of you who would like to get a few tips of how to go about, the following 
information may come in handy. Trees play a vital role in sustaining the natural 
environment. Trees, apart from their aesthetic appeal, absorb air pollution and 
noise as well as trap dust. They also keep cities cool, attract rain, improve soil 
conditions, raise the water table and give shelter to birds, insects and animals. 
They are source of fruits, medicines, wood, lac, rubber... Heard of “Kalpvriksh” 
? In Indian legends, this was the mythical tree which had mystical powers and 
could make your wishes come true (thus the name “kalp” = imagine, “vriksh” = 
tree). See the similarity? Even in this computer age, most of our human needs are 
met by trees and plants. Can you imagine our lives without trees? In fact only 
trees make this planet habitable. ‘wherever there is an open area, let’s make it 
green’. The attempt is to create a mini-arboretum of sorts. This means planting 
and nurturing a variety of trees, which will help in their scientific study and 
display apart from conserving them. This arboretum could comprise medicinal 
trees, flowering trees, native trees, etc and can also include diverse climbers and 
shrubs

•	 Soil and Water Conservation Measures: Climate change is resulting to the 
depletion of groundwater and the groundwater depletion is adding more to the 
effect of climate change. Pumping water from deep aquifer needs more energy. 
Water in the deep aquifer will have less quality with respect to high TDS, 
Hardness, salinity etc. Hence artificial recharging of groundwater through water 
recharging and harvesting measures will be of great help. 

•	 Integrated Organic Farming: Organic Agriculture could contribute significantly to 
reduce GHG releases and to sequester carbon in soils and biomass. The scientific 
findings have confirmed that these nitrous oxides are 300 times more damaging 
than CO2 in contributing to green house gas emissions. Hence promotion of 
Organic Farming will help in mitigating the effect of Climate Change.

•	 Cultivate yourself or Shop Local to reduce Food Miles: Farmers’ markets have 
been one of the fastest growing community shopping trends of recent years, 
offering shoppers the chance to buy products directly from local food producers. 
Aside of providing very competitive prices, they can represent a major saving 
in carbon emissions too and with our food travelling less reduce our “FOOD 
MILES”. 
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Actions Specifically for Urban Community

•	 Nutrition Gardening: Nutrition gardening refers to growing Kitchen gardens 
which include fruit varieties, medicinal or herbal plants and vegetables. 
Importantly, these gardens suffice to cater to the nutritional requirements of 
a family as vitamins, proteins, minerals and amino-acids will be among the 
produce.

o Another version of Nutrition-gardening is seen in Terrace-farming wherein 
nutrition gardens are grown on the terrace. Remember the famous ‘Nirupama’ 
model (How Old Are You – film). The plants are nurtured in sacks or grow 
bags. 

•	 Greenhouse and Polyhouse: Greenhouses are rain shelters wherein plants are 
tended as in a nursery. Polyhouse refers to systematic growing of selected crops 
in closed system form of precision farming wherein water and manure is fed in a 
systematic way to regulate the climate in the enclosure.

•	 Vermincompost Unit in all Families: While in locomotion, earthworm makes 
burrows by pushing the soil particles. If no suitable space is available to push the 
head into, it swallows the soil and makes the space. The soil that is taken in by 
the worm passes through the digestive system and is excreted as vermi castings. 
These castings contain excreta, earthworm cocoons and undigested soil. As they 
involve in the digestion process, they come out with enriched nutrient content 
that improve the soil fertility and the soil productivity. Thus, the earthworms not 
only help in improving the soil fertility but also mix the soil thoroughly while in 
movement which adds porespace also. The vermicastings contain 2.5% N, 2.9% 
P and 1.4% Potash. The use of earthworms for composting organic residues is 
“vermicomposting”. For composting the earthworms which are to be introduced 
into the compost pits, should be reared first and the actual process of composting 
starts when they are released into the organic residues or wastes to be composted.

o There are two models that may be adopted by families: i) Terracotta pot ii) 
Tank model. The liquid excreta produced by the vermin-worms are collected 
in bottles or containers placed at the bottom of the pots or tanks. Called 
‘vermiwash’ this solution can be diluted and this diluted solution serves as an 
effective biopesticide and biomanure.

•	 Portable Biogas Unit: is an effective technology for waste management in urban 
areas. Moreover the biogas serves as a cooking fuel and the slurry is an effective 
biomanure that can be used for terrace farming or the sort.

•	 Mushroom Unit: Mushroom cultivation is a profitable and significant contributor 
to Food security. Careful and hygienic attending to the various steps involved in 
the process will ensure remarkable production. Mushroom is a food is rich in 
minerals, vitamins and proteins. The technology for Mushroom cultivation can 
be profitably considered in areas where land is a limiting factor and agricultural 
residues are abundantly available.

•	 Seed Bank: The Seed bank system promotes a system wherein farmers have an 
assured access to seed varieties of their choice. For this, the seeds preserved by 
farmers are exchanged for seeds of vegetables or fruit varieties or herbal plants 
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chosen for the next farm season. It is as an effective method to ensure preservation 
of seeds and circulation of plant varieties in a locality.

•	 Community Training: This indispensable activity consists of identifying model 
farmers in a locality. These ‘Lead farmers’ in a township will be specially trained 
in a Community College set up where they may get an appropriate exposure. 
These trained Lead Farmers could subsequently initiate a Farmer’s Field School 
in their community being resource persons to train others in organic farming. 

CONCLUSION

As stewards of earth and its resources we are not called to panic and be petrified in 
the face of problems. Instead, we are called to see the opportunities that the Problems 
pose before us. The threat we see in the polluted Food is but an opportunity and 
springboard for increased Food Security through Family Farming which in turn 
ensures better Family Budgeting. Obviously, in the process Environment Conservation 
will take place and Climate Change will be addressed in the most effective way.
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KERALA STATE COUNCIL FOR SCIENCE, TECHNOLOGY AND ENVIRONMENT
Sasthra Bhavan, Pattom, Thiruvananthapuram-695 004

Ph no.0471-2548222, 2548220,2548442
www.kscste. kerala.gov.in

Kerala State Council for Science, Technology and Environment (KSCSTE) is an 
organization committed towards the promotion of Science, Education, Research and 
Scientific temper. 

Sharing Kerala’s constant endeavourers in supporting developmental Schemes the 
Science & Technology Programme of KSCSTE is in the process of various creative 
Schemes in the Science sector. KSCSTE is now looking at the future by providing world 
class research and implementing globally accepted quality parameters pertaining to 
the State’s overall development.

RESEARCH AVENUES, FELLOWSHIPS & SCHOLARSHIPS

• Emeritus Scientist Scheme for senior Scientists

• Doctoral & Post-Doctoral Fellowships

• Fellowships in Science writing & Science Communication

• Prathibha Scholarships for Students opting Science learning

FINANCIAL SUPPORT FOR PROJECTS

• Grant for Research Projects in emerging areas of Science (SRS Scheme), Technology 
(ETP Scheme) & Environment (E&E Scheme)

• Project for School and College Students

• Individual and collaborative projects in Engineering & Environment areas

• Industry linked biotechnology Schemes

• Intensive programmes for Innovators of Rural Technology(RTP Programme) and 
Biotechnology

• SARD Scheme focusing activity specific areas

• Innovation & Technology Development(TDAP)and Patent Information Centre

PROMOTIONAL PROGRAMMES

• Kerala Shastra Puraskaram for eminent scientists

• Science Literature Award

• Back to Lab Programme for Women

• Vocational skill oriented reinstated training [VSORT]

• Tech Fest, Green Corps, Eco Clubs

• Sasthra Poshini & Sasthra Bhodhini
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POPULARISATION PROGRAMMES

• Science Popularization Programme

• Support for Seminar, Symposia and Workshop

• National Science Day, National Technology Day, World Environmental Day, Ozone 
Day etc.

KSCSTE IS ALSO SPREADING THE ACTIVITIES TO THE FOLLOWING AREAS:

• Technology Transfer

• Science City

• Scientific Management Training

• Innovation Warehouse & River Rejuvenation Projects

•	 Video	Production	on	Science	Awareness
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