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1. Learning Outcomes 

 To know various energy resources on our planet. 

 Types of these resources i.e., renewable and non-renewable energy resources. 

 Usage pattern of the resources and its effects which lead to climate change etc. 

 To enumerate futuristic ways for energy conservation and energy sustainability. 

 To realize that for sustainability of natural resources, our primary global energy resource 

profile must shift toward renewable resources. 

2. Introduction 

Energy is one of the key components for both the renewable as well as the non-renewable 

resource. Technically, it is the ability to do work; but basically, it is the power we use for 

producing heat and light for transportation, electricity and for manufacturing all kinds of 

products. Sun is the ultimate/main source of energy to sustain life on earth. Plants utilize the sun’s 

energy and through the process of photosynthesis convert it into food/chemical energy, 

responsible for sustaining all the herbivores and carnivores on the planet earth. Wind energy, 

hydro energy and geo-thermal energy are the other forms of energy which are freely available to 

us. As a result these forms of energy are known as renewable energy resources. Non-renewable 

energy resources are present in a limited numbers and we extract from the mother earth to fulfill 

our energy requirements eg., fossil fuels (formed by the decomposition of living organism which 

takes a long time period of billion years). Coal, natural gas, nuclear energy all these forms of 

energy have limited availability and hence referred to as non-renewable resources of energy 

(Figure 1). There is an urgent need for understanding that we cannot overexploit these non-

renewable energy reservoirs because once depleted, it will take another billion of years for them 

to form. (Figure 2) Conventional energy resource mainly comprises of fossil fuels, whereas 

natural resources are now being considered as an alternative energy sources towards sustainable 

energy source of the future world. Renewable resources fulfill only 13.8% of our world energy 

needs currently. 
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Figure 1: Types of renewable and non-renewable energy 

Source: Author and Departmental Artist 

 

   

Figure 2: World Energy Productions, 2001 

Source: Author and Departmental Artist  

Table 1: Differences between renewable and non-renewable energy resources 

Renewable energy resources Non-renewable energy resources 

Renewable energy resources are infinite, in a 

way that they can be generated continuously, 

Non- renewable energy resources are finite, 

in a way because they cannot be generated 
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practically without decay of the source. without decay of the source. 

Their usage results in 3-4% of carbon dioxide 

in the atmosphere 

Their usage releases greenhouse gases 

resulting in 91-94% of carbon dioxide 

emission in the atmosphere 

Do not affect climatic conditions adversely Affect climatic conditions adversely and are 

the main reason for global warming 

They cause negligible or no pollution and 

provide green energy 

They cause pollution releasing pollutants 

such as sulphur and nitrogen oxide which can 

lead to acid rain 

They are initially expensive, but economical 

in long run. 

They are expensive should be used 

judiciously. 

Example: solar energy, hydropower, bio 

fuels, wind energy, etc 

Example: coal, petrol, diesel, natural gas, tar 

sands, etc. 

These energy resources are still not fully 

tapped. 

Their reserves are exhausting very fast. 

Their efficiency is not very high. They are high on efficiency. 

Energy output from these is unpredictable and 

inconsistent 

Energy output is consistent and predictable 

Renewable energy resources are often 

directly dependent on weather for its source 

of power 

Non-renewable energy resources are not 

directly dependent on the weather for its 

source of power 

It is difficult to generate large quantities of 

electricity at one instance 

Traditional fossil fuel generators can produce 

huge amounts of electricity 

Storage is difficult and unlikely  here These resources can be easily stored. 

These are only being explored in developed 

countries and to some extent in developing 

countries too mainly due to cost and 

technological factors. 

These are used worldwide conveniently 
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Power output varies with time of the day Power generation is same irrespective of the 

time of the day 

3. Renewable and Non-Renewable Energy 

We need energy for various works such as transportation (of anything in any form) and 

generating electricity (be it for our homes, offices, gadgets or appliances); the two most 

essential needs of modern world e.g., heating, lighting etc. The energy resources available to 

us are classified into 2 major type’s depending on its ability to renew itself within a given 

time period (whether the resource is exhaustable or not) (Table: 1) i.e. - 

a) Renewable energy or “Green Energy” is a form of energy which can replenish itself on a 

human timescale, such as sunlight, wind, rain, tides, waves, and geothermal heat. These 

resources are naturally occurring in nature which are constantly and sustainably replenished 

naturally i.e., biological reproduction etc. Renewable resources are a part of Earth's natural 

environment and the largest components of its ecosphere. These resources being carbon 

neutral are safe and environmental friendly too as they do not produce carbon compounds 

such as greenhouse gases and other emissions associated with use of fossil fuels or non –

renewable energy resources.  These are infinite sources of energy, cleaner, offering a 

sustainable supply of energy; but are costly and involve a challenging daunting task for their 

replenishment from generation to generation. We need to use more these energy sources as 

the fossil fuels are running out as a very fast pace along with causing environmental pollution 

which is leading to severe climate change thereby endangering the survival of all life forms 

on earth. Various types of renewable energy resources are summarized below:      

i. Hydel/Hydro Energy: Stagnant water has a lot of stored potential energy which when 

flows gets converted into kinetic energy. Hydro electricity is produces by capturing the 

energy of flowing water and converting it into electricity. The most common type of 

hydroelectric power plant uses a dam on a river to store water in a reservoir. Hydro power 

is generated by using electricity generators to extract energy from moving water. It is 

essentially employed for agricultural purposes. One of the earliest river valley 

development schemes e.g.: Bhakra Nangal multipurpose dams (Figure 3). The project 

https://en.wikipedia.org/w/index.php?title=Outline_of_earth_science_Earth.27s_spheres&action=edit&redlink=1
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helps in irrigation, hydroelectricity production and revenue generation through tourism to 

the state government.   

 

Figure 3: Bhakra Dam 

Source: http://www.pbrdp.gov.in/hidden/-/asset_publisher/ZmpSsLEFrdS7/content/bhakra-nangal-

dam/6205745# 

ii. Tidal and Wave Energy:  is a form of hydropower that converts the energy obtained from 

tides into useful forms of power, mainly electricity. Tides are formed in sea due to 

gravitational pull of the heavenly bodies as a result the sea water raises and falls. Daily 

cycles of rising and setting of the sun and moon are visibility apparent on the water 

surface due to its fluidity. This periodic rise and fall is known as tides whose energy is 

used to produce electricity (Figure 4). Not widely used, tidal power has potential for 

future electricity generation. Tides are more predictable than wind energy and solar 

power. Wave is the movement of surface water along with the wind. Wave power 

transports the wind energy through water surface; this energy is used for work e.g., 

electricity generation, water desalination, or the pumping of water. Wave energy 

converter (WEC) is a machine used to exploit the wave power. 

http://www.pbrdp.gov.in/hidden/-/asset_publisher/ZmpSsLEFrdS7/content/bhakra-nangal-dam/6205745
http://www.pbrdp.gov.in/hidden/-/asset_publisher/ZmpSsLEFrdS7/content/bhakra-nangal-dam/6205745
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Figure 4: Tidal and wave energy usage for electricity production 

Source: Author 

iii. Solar Energy: The light energy from the sun is directly stored as solar energy by 

conversion of sunlight using solar panels or collectors.  This form of energy relies on the 

nuclear fusion power from the core of the sun. This energy can be collected and used in 

various forms like solar cooker (directly using sunlight) and solar cells or panels (convert 

the solar energy into chemical energy which can be used later). The solar panels can act 

as solar water heating devices or attic cooling with solar attic fans for domestic use to the 

complex technologies of direct conversion of sunlight to electrical energy using mirrors 

and boilers or photovoltaic cell (Figure 5). 

 

Figure 5: Trapping of solar energy from sun and using to fulfil the energy needs of a 

household 

Source: Author and Departmental Artist 

http://solardrive-in.com/how-solar-panels-works-at-home.html
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iv. Geothermal Energy: Geothermal energy resources range from the shallow ground water 

to hot water and hot rock found further deep into the Earth’s surface/crust, and down even 

deeper to the extremely high temperatures of molten rock called magma. Fission of 

radioactive materials in the earth’s core are referred to as hot spots. These hotspots 

generate a lot of steam which is harnessed to produce geothermal energy. For this purpose 

two holes dug inside the earth’s surface from one cold water enters and through other the 

steam emerges which help to generate electricity without any pollution or damage to the 

environment (Figure 6). It’s a form of clean and sustainable energy resource. However, 

the cost of such projects is very high and there is a risk of volcanic activity in the area. 

 

Figure 6: Mechanism of harnessing geo-thermal energy 

Source: Author and Departmental Artist 

v. Wind Energy: Constant heating of the earth’s surface during daytime by sun results in 

movements of air due to pressure variation and results in production of Wind energy. This 

energy is used for generation of electricity, but requires extensive arial coverage to 

produce significant amounts of energy. Heat energy from the sun is responsible for huge 

convection currents in the earth’s atmosphere. The sun heats the air over land much faster 

than the air above the sea; as a result the air rises. The air over land is replaced by the 

http://solardrive-in.com/how-solar-panels-works-at-home.html
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wind currents from the sea towards land. During night the reverse movement of air takes 

place i.e. from land to sea (Figure 7). The moving air has a lot of stored kinetic energy 

which is used to harness electricity by moving turbines. Thus, wind energy acts a good 

substitute for electricity production. However, it becomes useless if there is no wind or if 

the wind speed is too high as it can result in the damage of turbines. 

 

Figure 7: Movements of wind between land and sea during day and night 

Source: Author and Departmental Artist 

vi.  Biomass and Biofuels: Plants utilize sun's energy to make their own food. They store the 

foods in plants in the form of chemical energy and as they die, the energy is trapped in the 

residue, which is usually released by burning and can be converted into biomass energy. 

Biomass fuels are also known as “Natural Material” as they come from dead remains of 

organisms or plants (living/dead) e.g. wood products, dried vegetation, crop residues, 

aquatic plants and even garbage (Figure8). It is renewable because as long as we continue 

to plant new trees to replace those that were cut down, we will always have wood to burn. 

Due to its low cost and indigenous nature it is a widely utilized source of energy. 

Accounting for almost 15% of the world's total energy supply, wood us highly used for 

cooking and heating in developing countries (approx 35%). Biofuels include fuels derived 

from biomass conversion, as well as solid biomass, liquid fuels and various biogases. 

Bioethanol produced from sugarcane is available throughout the country in Brazil. 

Fermentation of carbohydrates (sugars and starch) of the crops (corn, sugarcane, switch 

grass) gives alcohol which is marketed as bioethanol. Biodiesel is produced from oils 

(vegetable oils) or fats (animal fats) using transesterification and is the most common 

http://solardrive-in.com/how-solar-panels-works-at-home.html
https://en.wikipedia.org/wiki/Biomass
https://en.wikipedia.org/wiki/Biofuel#Solid_biofuels
https://en.wikipedia.org/wiki/Liquid_fuels
https://en.wikipedia.org/wiki/Biogas
https://en.wikipedia.org/wiki/Transesterification
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biofuel in Europe. Anaerobic digestion of organic material by anaerobes releases 

methane, commercially know as biogas. Basically it’s a mixture of gases produced by the 

breakdown of organic matter in the absence of oxygen. Manure, sewage plant material, 

municipal waste etc when subjected to anaerobic digestion or fermentation produces 

biogas. Biogas is primarily methane (CH4) and carbon dioxide (CO2) and may have 

small amounts of hydrogen sulphide (H2S), moisture and siloxanes. 

 

Figure 8: Sources of Biomass/Biofuels 

Source: Author and Departmental Artist 

b) Non-renewable Energy: It is the energy which is directly extracted from the earth and 

can be depleted over a period of time as it needs billions and billions of years for its 

formation e.g. coal, natural gas, oil, nuclear fuels etc (Figure 9). Under extreme heat and 

pressure the original organic material, converts into fuel such as oil or gas. These carbon-rich 

resources are formed over millions of years of geological process and are either pumped or 

mined from earth’s subsurface. However, since we are primarily dependent on these to meet 

our most energy requirements; therefore, they are being used and depleted faster than they 

can be naturally replenished. Still they are used heavily across globe because they are 

inexpensive, available in abundant supply and are storable.    

https://en.wikipedia.org/wiki/Anaerobic_digestion
https://en.wikipedia.org/wiki/Organic_material
https://en.wikipedia.org/wiki/Anaerobe
https://en.wikipedia.org/wiki/Gas
https://en.wikipedia.org/wiki/Organic_matter
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Anaerobic_digestion
https://en.wikipedia.org/wiki/Fermentation_(biochemistry)
https://en.wikipedia.org/wiki/Methane
https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Hydrogen_sulphide
https://en.wikipedia.org/wiki/Siloxane
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Figure 9: Formation of fossil fuels 

Source:Author and Departmental Artist 

Various types of non- renewable energy resources are summarized below:- 

i. Coal: is composed of carbon and hydrocarbons and a form of combustible sedimentary 

rock. It is the most abundantly used fossil fuel around the world; mainly for generating 

electricity. However, it is also very polluting as its combustion results in almost 3 times 

as many carbon dioxide emissions as the amount of coal used. 

ii. Petroleum or crude oil: is a naturally occurring toxic, inflammable liquid which is found 

as a result of geological formation beneath earth’s surface. It too like natural gas requires 

processing before being utilized as it contains various types of hydrocarbons; all having 

different boiling points (Figure 10). Therefore, is needed to be heated at a specific 

temperature. 

iii. Gasoline or natural gas: It is an odourless, gaseous form of fossil fuels. Often found close 

to oil deposits in the subsurface of earth. Mainly composed of methane and is lighter than 

air. An odour is incorporated into the natural gas before its usage for its easy detection. 

Natural gas is also pumped to the surface, often via the same pump that is used to retrieve 

oil. It is mainly used for heating and cooking purposes, apart from transportation fuel. 
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Figure 10: Various hydrocarbon sources from crude oil 

Source: Author and Departmental Artist 

vi. Nuclear Energy:  Naturally occurring radioactive material undergo fission reaction. These 

fission reactions are used by nuclear technology as fuel. Mined in approximately 19 

countries “Uranium”, is the most common fission fuel.  Uranium-235 is used to generate 

electricity by energy-generating an nuclear reactor which ultimately powers the turbines 

to produce electricity. Nuclear energy production is associated with potentially dangerous 

radioactive contamination as it relies upon unstable elements. In particular, nuclear power 

facilities produce about 200,000 metric tons of low and intermediate level waste (LILW) 

and 10,000 metric tons of high level waste (HLW) (including spent fuel designated as 

waste) each year worldwide. They possess a threat to the biological community as radio-

contaminants in the environment can undergo bioaccumulation by entering the food 

chain. Resulting in teratogenic generational birth defects, cancers and other damage 

because of DNA mutations. Even the storage of nuclear waste is highly dangerous as the 

containments of nuclear waste in the ground emit radiation for the prolonged period of 

4.5 billion years or more. 

vii. Tarsands/Oilsands:  These are either loose sands or partially consolidated sandstones 

containing a naturally occurring combination of clay, sand, water, and bitumen, heavy 

black viscous oil. Tar sands can be mined and processed to extract the oil-rich bitumen, 

https://en.wikipedia.org/wiki/Naturally_occurring_radioactive_material
https://en.wikipedia.org/wiki/Uranium
https://en.wikipedia.org/wiki/Turbine
https://en.wikipedia.org/wiki/Radioactive_contamination
https://en.wikipedia.org/wiki/Low_and_intermediate_level_waste
https://en.wikipedia.org/wiki/High_level_waste
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which is then refined into oil. Tar sands are mined and processed to generate oil similar 

to oil pumped from conventional oil wells, but extracting oil from tar sands is more 

complex than conventional oil recovery as it includes extraction and separation systems 

to separate the bitumen from the clay, sand, and water that make up the tar sands. 

Additional upgrading is needed for refinement of Bitumen as it’s a highly viscous fluid 

which requires dilution with certain lighter hydrocarbons and is referred to as s 

“unconventional oil or crude bitumen”. Largest deposits of tar sands are in Canada 

(Alberta) and Venezuela, followed by various countries in the Middle East. In the 

United States, tar sands resources are primarily concentrated in Eastern Utah and 

estimated at 12 to 19 billion barrels. 

4. Energy and Environment 

Depending upon the source used for energy development and generation, our environment has 

several direct and indirect impacts of energy acquisition, transport, production and usage. Most 

common and known effect of using non- renewable energy resources is the climatic change which 

leads to global warming. Climate change simply means the varying patterns of climatic trends at 

any particular place on earth with time lapses. In 2014 the Intergovernmental Panel on Climate 

Change (IPCC) reported  that increasing concentrations of greenhouse gases (GHG) and other 

human (anthropogenic) activities were responsible for 95% of global warming. . On 12 November 

2015, NASA scientists reported that human-made carbon dioxide (CO2) continues to increase at an 

alarming rate each year and most of remains in the atmosphere. The effects of global warming 

include rising sea levels, increasing global temperatures, disturbance in precipitation patterns etc 

(Figure11)  (Table: 2). The major impact is the retreating glaciers, permafrost and sea ice. All this 

will lead to heat waves, heavy rains, floods, droughts, ocean acidification and large scale extinction 

of species. To save the environment we have to act now and respond to these changes through 

societal responses by reducing the emissions and adapting more of renewable energy resources and 

emphasize on possible future climate engineering via energy sustainability. 

https://en.wikipedia.org/wiki/Unconventional_oil
https://en.wikipedia.org/wiki/Intergovernmental_Panel_on_Climate_Change
https://en.wikipedia.org/wiki/Intergovernmental_Panel_on_Climate_Change
https://en.wikipedia.org/wiki/Intergovernmental_Panel_on_Climate_Change
https://en.wikipedia.org/wiki/IPCC_Fifth_Assessment_Report
https://en.wikipedia.org/wiki/Greenhouse_gas
https://en.wikipedia.org/wiki/Attribution_of_recent_climate_change
https://en.wikipedia.org/wiki/NASA
https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Carbon_dioxide_in_Earth%27s_atmosphere
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Figure 11: How global warming leads to climate change 

Source: Author and Departmental artist 

Table 2: Environmental considerations for various energy resources 

Resource Exploration/Extraction Processing for energy 

generation  

Distribution and 

Conservation 

Coal 

 

 

Land disturbance and 

subsidence 

 

Water pollution due to 

acid mine drainage 

 

Ecological habitat 

disturbance 

Emission of particulate 

matter 

 

Acid gases and carbon 

monoxide 

 

Green house gases 

(GHG’s) 

 

Waste products 

containing heavy 

metals. 

Global warming due to 

GHG’s  

 

Air pollution 

Oil and 

natural gas 

Air emissions 

 

Land and marine habitat 

disturbance 

 

Surface and ground 

water contamination 

 

Waste material 

habitat disturbance from 

pipe placement 

 

valve leak emissions 

 

land use changes and 

erosion 

 

emissions from 

Global warming due to 

GHG’s 

 

Air pollution 
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Resource Exploration/Extraction Processing for energy 

generation  

Distribution and 

Conservation 

displacement 

 

Decrease in pressure of 

underground reservoir 

 

Hydraulic fracturind 

refrigeration and 

vaporization (in the case 

of liquified natural gas) 

  

surface and ground 

water contamination 

from waste water 

Nuclear Radioactive water 

contamination 

 

Radioactivity and radio 

active waste 

 

Uses large quantities   of 

water 

Radioactivity and radio 

active waste 

 

 

Uses large quantities of 

water 

nothing directly; but 

indirect threat of 

contamination from 

extraction and 

processing 

Wind mining of materials like 

neodymium for use in 

turbine generators 

 

bird and bat mortality 

 

Minimal 

 

No combustion 

No pollution 

 

 

Biomass Related directly to 

agriculture and forestry 

 

Land and water 

interference 

in the case of woody 

biomass, it is often 

pelletized, requiring 

energy and water 

consumption 

 

emission of VOC ( 

volatile organic 

compounds), GHG’s 

and CO.  

Minimal air emissions 

 

some air emissions 

associated with 

transporting product to 

site of consumption 

 

Geothermal habitat disturbance; 

concern about disruption 

of sensitive areas in 

national parks (geysers, 

fumaroles) 

limited emissions of 

sulfur compounds 

responsible for acid rain 

Na 

Solar manufacturing process Nil as no emissions While there are no 
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Resource Exploration/Extraction Processing for energy 

generation  

Distribution and 

Conservation 

for PV cells involves 

some toxic chemicals 

and alcohol 

 

potentially dangerous 

fluids used to transfer 

heat 

 

threat to birds and 

insects of flying into a 

very concentrated beam 

of sunlight 

 

environmental 

consequences of 

consuming the solar 

generated electricity 

 

 the disposal of used PV 

cells presents 

environmental concerns 

such as the leaching of 

metals 

Hydropower land and aquatic 

ecosystem disturbance 

 

disruption to fish 

movements 

 

damming of rivers to 

create reservoirs 

 

riverbank erosion 

downstream; warmer 

water 

 

changes in quantity of 

river flow 

 

supersaturation of water 

with nitrogen 

 

returning warmer water 

downstream after use to 

generate electricity 

harms the aquatic 

ecosystem 

n.a 

Tar sands Disturbance of mined 

land 

 

Impact on wildlife 

Affects air and water 

Requires several barrels 

of water affecting local 

communities socially 

and economically 

 

Global warming due to 

GHG emission 
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Resource Exploration/Extraction Processing for energy 

generation  

Distribution and 

Conservation 

quality Air pollution 

Water pollution 

 

Disturbs wildlife. 

 

5. Energy Conservation 

Conservation of energy essentially deals with conservation of non- renewable resources 

though it does not mean that we can waste power generated from renewable resources of 

energy. So, energy conservation simply means reduction in energy consumption by way of 

using lesser energy service or the practice of decreasing the quantity of energy used for 

different purposes because no matter which energy resource we utilize for energy or power 

generation, each has some type of environmental implications; ranging from negligible to 

severe during the entire process to extraction to making it usable for the consumer until its 

waste management. Also, reduced energy demand as a result of energy conservation can 

provide more flexibility in choosing the most preferred method of energy production 

depending upon the areas geographical proximity. We need to acknowledge and urgently 

invent ways to minimize the loss of energy during power transmission as it reduces the 

efficiency of energy fuels especially, the widely used fossil fuels and lead to an average 

wastage of 30-40% of usable energy (approx.). 

Hence, energy conservation is an important aspect of every energy policy. It reduces the 

energy consumption and energy demand per capita; thereby reducing the escalating energy 

cost as it results in reducing the need for new power plants and further energy imports. It 

therefore, helps save money, our environment and eventually our planet. It is an important 

way to prevent harsh changes in climatic conditions and is the most economical solution to 

energy shortage.  

6. Energy Sustainability 
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Energy efficiency and renewable energy are said to be the twin pillars of sustainable energy 

and they should be developed and stabilized to reduce carbon dioxide emissions. We need to 

curb the energy use as well as its demand and shift towards clean energy supplies and reduce 

the dependency on fossil fuel.  If our energy requirements continues to grow at a galloping 

rate there is a possibility we’ll run short of even the renewable resources, due to rising 

populations. Thus, there is an urgent need to curb the overall energy demands, which remains 

the only solution. Climate change concerns along with high oil prices are driving increasing 

rates of investment in sustainable energy industries. 

Sustainable Energy is energy that is consumed at insignificant rates compared to its supply 

and with manageable collateral effects; especially environmental effects. It is an energy 

system that serves the needs of the present without compromising the ability of future 

generations to meet their needs. Sustainable energy means focusing on the ability of the 

energy source to continue providing energy (Figure 12). The organizing principle for 

sustainability is sustainable development, which includes the four interconnected domains: 

ecology, economics, politics and culture. 

Renewable resources like wind, tide, hydro, geothermal etc all promote sustainable energy 

and are designed to improve energy efficiency with an additional emphasis on economical 

investments. Increasingly, effective government policies support investor confidence and 

these markets are expanding leading to a shift towards growing usage of renewable energy. 

Green Energy is energy that can be extracted, generated, and/or consumed without any 

significant negative impact to the environment. The planet has an in built capability to repair 

and replenish these green energies. 

https://en.wikipedia.org/wiki/Organizing_principle
https://en.wikipedia.org/wiki/Sustainable_development
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Figure 12: Action required to save the Earth: Energy sustainability 

Source: Author 

Until about 30 years ago, energy sustainability was thought of simply in terms of availability 

relative to the rate of use. Today, in the context of the ethical framework of sustainable 

development, including particular concerns about global warming; sustainable development 

criteria have been pushed into the front line of energy policy. In the light of concerns about 

climate change due to apparent human enhancement of the greenhouse effect, there is 

growing concern about how we address energy needs on a sustainable basis. 

7. Misconceptions about Energy Resources 

Harvesting our energy from renewable sources can raise social and environmental prosperity 

significantly by securing affordable, reliable and clean energy for everyone. Unfortunately, 

despite its multiple benefits, renewable energy is still subject to common misconceptions that 

distort the real value of renewable energy. 

Yes, these misconceptions do have some verity to them, but knowing the complete fact; 

totally surpasses the negative aspect of deriving energy from alternative natural resources 

.Some of the myths are mentioned below: 

 Renewable energy-based electricity is as harmful to the environment as conventional 

electricity from traditional non- renewable resources. 
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 Renewable energy is too expensive and unaffordable for developing nations. 

 Producing renewable energy consumes more energy than it delivers. 

 Renewable energy requires too much land for power generation. 

 Production of bio energy has negative effects on nature, climate and food security. 

 Renewable resources do not deliver reliable energy supply on demand. 

 Renewable energy cannot replace fossil fuels in the transport and built environment 

sectors. 

 Renewable energy is infinite. 

 Renewable energy is intermittent and cannot supply electricity 24/7. 

 It has adversely affects the fauna. eg :wind energy 

 Viability (technological feasibility, economic practicability, and political will) of 

alternative energy is dependent on geographical locale and time of the day/night, thus 

non- implementable. 

Political will can surely help in economical practicality, thereby leading to technological 

feasibility and implementation of such projects for cleaner sustainable energy supply. 

Renewable energy resources too are not actually infinite, but they replenish themselves as 

quickly as being utilized. The sun would take millions of years before it runs out of its 

energy. 

The key to getting a constant supply of electricity from renewable energy is to have a mix of 

sources both conventional and alternative (non-fossil fuel energy source). For example: solar 

and wind power, natural gas and anaerobic digestion plants. 

By having mix of sources which are spread over a wide area we can ensure a constant supply 

of energy at all times. As the sun goes down, wind production generally increases and as the 

winds drop in one region they pick up in another. During peak times biogas and natural gas 

can bolster our energy supply and can also be used to meet sudden peaks in electricity 

demand. 
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Renewable energy is making major progress: Its cost is falling, its reliability is increasing, it’s 

growing fast. But, development of renewable energy is causing political and economic fights 

between established energy players and upstarts. The fights are erupting because the 

economic stakes are large. Technological innovation is required for converting the power 

generated from such resources in order to make them transportable and utilizable. 

Even with renewable energy, as with all energy sources, we have to make trade-offs. 

Generally those trade-offs are economic, and so we consume fossil fuels during the 

production of renewable energy. But a renewable energy source that depletes resources will 

ultimately pose the same sorts of issues as those arising from dependence on fossil fuels. In 

the end our "renewable" energy will need to be sustainable energy. Ultimately the important 

question must be, "Can the renewable energy source still be produced without a heavy 

reliance on fossil fuel inputs?" 

Truly energy from all sources is the future, given the demands for energy and the limits of 

our supply base. We must utilize traditional sources or succumb to a lower level of economic 

activity with limitations on lifestyles. So, traditional energy could be used in cleaner ways 

along with alternative energy resources for a sustainable future.  

8. Summary 

 Life is dependent on energy and sun is the basic source of energy for our planet.  

 However, human civilization uses energy in different forms to make our livelihood 

comfortable and with advancing technology, our dependency on energy resources has 

been increasing at an alarming rate; to an extent that our conventional, traditional energy 

resources are unable to meet the demands of increasing world consumption.  

 Thus, in order to cope up with the escalation in power generation for varied purposes, it is 

equally imperative to understand that every energy resource we utilize has certain type of 

environmental consequence. Some have more severe repercurtions than others, but none 

are perfectly benign. Therefore, we need to strategize potential high impact conceptual 

solutions to specific energy challenges. 

 Since, we need cleaner and safer energy; alternative energy generation is necessary.  
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 We need to understand about our actions and life –style choices and their impact on the 

environment according to one’s capabilities in order to contribute towards sustainable 

global future. Henceforth, we also should realize that for sustainability of natural 

resources and convenient human existence, our primary global energy resource profile 

must shift toward renewable natural resources. Moreover, for peaceful coexistence with 

nature, applying innovative technical solution to real world energy problems is need of 

the hour. Along with energy conservation, it is important to gain sufficient competence in 

providing practical solutions to our current and future energy issues.   



 
 

 

 

ZOOLOGY 
 Principles of Ecology 

 Application of ecology in sustainable development; Part-I 
 

 

 

 

 

 

 

 

 

  

 

 

 

Paper          : 12 Principles of Ecology 

Module     : 39 Application of ecology in sustainable development; Part-I 

 

 

 

Development Team 

Paper Coordinator:           Prof. D.K. Singh 
                                              Department of Zoology, University of Delhi 

Principal Investigator:        Prof. Neeta Sehgal  
                                                   Department of Zoology, University of Delhi 
              

Content Writer:                  Dr. Kapinder and Dr. Haren Ram Chiary 
                                                      Kirori Mal College, University of Delhi 

 
                                                 
 
Content Reviewer:              Prof. K.S. Rao 
 Department of Botany, University of Delhi 

Co-Principal Investigator:    Prof. D.K. Singh 
                                              Department of Zoology, University of Delhi 



 
 

 

 

ZOOLOGY 
 Principles of Ecology 

 Application of ecology in sustainable development; Part-I 
 

 

 

Description of Module 

Subject Name ZOOLOGY 

Paper Name Zool 12 Principles of Ecology 

Module Name/Title Applied Ecology 

Module Id M39 Application of ecology in sustainable development; Part-1 

Keywords Sustainability, Sustainable development, Sustainable indicators, 

Ecological footprint, Carbon footprint. 

 

Contents:  

1. Learning Outcomes 

2. Introduction 

3. Sustainability vs Natural Ecosystems 

4. Trends of succession Causes of unsustainability 

5. Challenges in sustainable development  

6. Sustainability indicators 

 6.1: Ecological footprint:  

6.2: Carbon footprints 

6.3: Atmosphere:  

6.4: Land: 

6.5: Oceans, Seas and Coasts 

6.6: Fresh water 

6.7: Biodiversity 

7. Sustainable development: New Paradigm 

 7.1: The economic Perspective 

 7.2: The ecological perspective 

 7.3: The social perspective 

8. Guiding principles of sustainable development 

 9. Summary 

 

 



 
 

 

 

ZOOLOGY 
 Principles of Ecology 

 Application of ecology in sustainable development; Part-I 
 

 

1. Learning Outcomes 

 

After studying this module, you shall be able to:  

 Understand the concept of sustainable development. 

 Know the reasons for unsustainability. 

 Learn the challenges in sustainable development. 

 Learn about Sustainability indicators. 

 Understand different aspects of sustainable development. 

 

2. Introduction 

 

All the organisms living on earth interact and modify their environment without causing any 

damage. However, human interference with the environment causes significant damage to the 

system. Increase in the human population and development of new technologies have created 

tremendous scope of modification of the environment.   

When the human shifted his habit to agriculture from hunting, even then his dependency on 

the primary productivity was not changed. Instead of depending on the productivity of natural 

ecosystems, now human start depending on the productivity of the maintained agricultural 

ecosystems in terms of food resources. As a result, permanent villages were formed which 

further leads to division of labor and development of new social structure. The transition to 

agricultural society greatly eased the environmental constraints imposed on human carrying 

capacity. However, the continued dependence on plants and animals as the sole source of 

energy still set an upper limit on the productivity of human activities. 

In 18
th

 century, development of the technologies, replaced manual work of human and 

animals by machines which lead to industrial revolution or industrialization. A transition was 

formed during 20
th

 century from rural agricultural based economy to an urban industrial 

based economy that shifted the distribution of human population. At the beginning of 20
th

 

century, only 35% human population lived in urban area and it increased further up to 80% in 
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the early 21
st
 century and continues to grow. The increased population required more food, 

space and other resources.  

Due to increased population, we utilize more than 50% resources of freshwater, of which 

70% of resource is utilized in agriculture. We utilize 40% to 50% of the land surface for the 

production of food, fiber and fuel. The exploitation of these natural resources to fulfill the 

basic needs of growing human population led to the extinction of large number of species. 

Initially, the long-term consequences of human activities on the environment were not 

realized, but in 1970s, the mantra was “the solution to pollution is dilution.”  

Sustainability is an idea burdened by ambiguity. The concept of environmental sustainability 

is based on harvesting the natural resources without diminishing them or undermining their 

long-term ability to regenerate. In other words, sustainable resource use is controlled by 

supply and consumption.  In figure 1, the box represents the resource and the arrow moving 

into the box represents the rate of resource supplied to the system and the arrow moving out 

of the box represents the resource utilized. 

 

 

 

 

                                Figure.1: A simple model of resource use.  

 

 

 

 

 

 

 

 

 

 

Figure.2: Rate of resource availability when used sustainably or when resource is exploited. 
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However, if the rate of resource utilization does not exceed the rate of replacement of 

resource, it is said to sustainable. However, if rate of utilization exceeds the resource 

replacement, the resources are said to be exploited and the quantity of resources declines for 

next generation (figure 2). 

The sustainable resource utilization assumed that the used resource is renewable which can 

be regenerated by nature itself. If the resource is nonrenewable, it cannot be termed as 

sustainable and its decline depends upon the rates at which it is consumed. For example 

aluminum, iron, copper and zinc are nonrenewable resources. However, some of the 

resources which can be regenerated are also classified as nonrenewable because their 

resupply rate is almost nonexistent when compared to their utilization rate. For example, 

Coal, petroleum, and natural gas required millions of years for their formation and its 

resupply is zero on the timescale of human consumption.  

3. Sustainability vs Natural Ecosystems 

 

The concept of resource utilization through sustainability can be better clarified by studying 

the ecological concept of functioning of natural ecosystem. The ecosystem is the functional 

unit of ecology which is defined as the self sustaining system where resource formed by the 

producers are utilized by the consumers and when they die, the resource is recycled by 

detritivores and again available to the producers. For example, uptake of nitrogen by plants is 

forced by the rate at which they become available in the soil. The nitrogen is utilized by the 

plants for the synthesis of organic matter (biomass) which is consumed by herbivores which 

in turn are eaten by carnivores. Finally, nutrients tied up in organic matter are recycled by the 

processes of decomposition and mineralization. As nutrients are converted into simpler forms 

and returned to the soil, they are rapidly absorbed by plants to minimize their loss through 

different means (ground and surface water). 

The human population explosion and its activities on the environment and natural resources 

are adversely affecting them. The human population has grown from 600 million in the year 
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1760 to 6.3 billion in the year 2003. The human population size has doubled in the last 40 

years, it may further increase to 9 billion by 2050 (Cohen 2003).  

Human and their interference in the nature for getting food, space, industrial development, 

energy and urbanization are affecting the earth at various scales ranging from local region to 

globally. It causes the degradation of natural resources and threatened biodiversity on the 

earth. Sustainable development stressed that the rate at which natural resources are consumed 

must approximate the rate at which the resources are regenerated. At the same time, the 

resource must fulfill the social, economic and other needs without affecting the needs of the 

future generations. The purpose of sustainable development is to balance between ecology 

and economics and manage resources of human use. Thus, the sustainability has become key 

concept in fate of the earth system i.e. biodiversity, ecosystem goods and services as well as 

human being. 

4. Causes of unsustainability 

The causes of unsustainable development are increased human population and over 

exploitation of natural resources like trees, water, air and habitat. Environment degradation 

refers to diminishing of ecosystem at global or local level due to human activities. 

Environmental degradation when occurs for longer duration leads to collapsing of ecosystem 

as a whole which will no longer be able to sustain human population. The unsustainability 

increases when the sum total of natural resources (natural capital) is utilized much faster than 

it can regenerate. In the developing countries, the natural resources are exploited to fulfill the 

basic needs (food, shelter, fuel and wood) of the population. The various activities performed 

by human are actually done to improve the quality of human life which is usually associated 

with environmental degradation. The various human activities include intensive agriculture 

which hasten deforestation, desertification and reduction of genetic diversity. Pollution of air, 

water and land also become a challenge, which is directly associated with the human health. 

Inland water bodies and costal area became the dumping ground for disposing wastes 

generated by human which adversely affect the aquatic and marine life. Other activities such 
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as over fishing, excessive consumption of fresh water, deforestation and industrialization also 

accelerate the process of environmental degradation and social disintegration. 

The fast escalating revolution is the result of human greed which unfortunately leads to the 

exploitation of natural resources. Excessive dependence of agriculture on chemical 

insecticide and fertilizers also helped in the environmental degradation. The increased 

demand of land, fresh water, marine and coastal resources resulting from expansion of 

agriculture and uncontrolled urbanization led to degradation of natural ecosystem and eroded 

the life supporting system. Caring for natural resources and promoting their sustainable use 

ensures the survival and well being of living communities.  

5. Challenges in sustainable development 

 

There are numerous challenges for achieving sustainable development; the main threats are 

economic disparity, political instability, severe poverty, disease, undernourishment and 

disease, population growth and high consumerism in developed economies and increasing 

global use. The populations of the 47 least developed countries exist on less than 0.5% of the 

world income, more than 2 billion people do not have access to adequate sanitation, 1 billion 

people do not have access to clean water and 1.3 billion people are breathing air below the 

quality set by WHO. Poverty and socio-economic inequality also become serious issue of 

sustainability regarding peace and security, equity and solidarity and the environment 

protection at the national, regional and global level. High poverty rate are linked with various 

social evils like disease, family breakdown, endemic crime and use of narcotic drugs. 

Presently, global food production is adequate to fulfill the nutritional requirement of human 

population but due to inadequate distribution of economic resources and food stuffs, around 

800 million people remain undernourished. AIDS and malaria are two serious diseases which 

influence the productive capacity of people.  

Environmental pollution, global climate change, natural resource deterioration and loss of 

biological diversity has complex interactions with socio-economic systems. Priority 

atmospheric issues include climate change, stratospheric ozone depletion, acidification, urban 

air quality and tropospheric ozone levels. The impact of these issue relate to human health, 
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biodiversity and the health of ecosystems, an increase in extreme events, economic damage 

due to adverse effect of agriculture, forestry and fisheries and many of the effect are long 

term, global in nature and irreversible with consequences for future generations.  

6. Sustainability indicators  

Indicators are defined as something that reveal or detect and is a simple statistical figure that 

helps to compress information into an easily understandable form that can facilitate the 

decision making process. It can be used to measure progress towards sustainable 

development as well as provide an effective means of communicating ideas, thoughts and 

values. The commission on Sustainable development (CSD) (1995) provided a working list 

of 134 indicators and the related methodologies. In 2001, CSD developed the final 

framework of 15 themes and 38 sub themes in which emphasis was given to use these 

indicators in decision making processes at national level.  In 2003, CSD re-affirmed the 

importance of indicators for sustainable development.  

An attempt of composite sustainability index was commissioned by the Indian former 

Minister of Environment and Forests (MoEF), Jairam Ramesh (CSTEP 2011), but the draft 

does not includes several issues and factors listed above. Another attempt was to propose a 

Composite Sustainability Index for preliminary analysis in India to understand how various 

states in India are faring (Roy and Chatterjee 2009), but it also overlooks a number of 

important parameters. Substantially more work is required to develop a set of indexes that is 

robust, relatively easy to calculate, open to public understanding and participation and 

capable of integrating complexity and nuances.  

There are a number of works being done outside India, such as Happy Planet Index proposed 

by the New Economics Foundation (NEF 2012), and Bhutan‟s Gross National Happiness that 

could be assessed for their suitability. Others Environment Sustainability Index, includes 

Green GDP or ea-NDP (environmentally adjusted Net Domestic Product), and Adjusted Net 

Savings, but these have various limitations as standalone measures (Stiglitz et al 2009). 

Another is the Environment Vulnerability Index, which includes 50 sustainability indicators 

related to weather, geography, biodiversity, natural resources and human activities. Some of 
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the indicators relating to atmosphere, land, oceans, seas, coasts, freshwater and biodiversity 

are briefly described as under: 

6.1: Ecological footprint:  

It was proposed by Mathis Wackernagel and William Rees in 1990 at the University of 

British who propagated worldwide the Global Footprint Network 

(www.footprintnetwork.org). Ecological foot print is the total amount of biologically 

productive land and water which is needed in a particular country or area to provide 

indefinite supply of renewable resources and recycle the wastes produced by such resources. 

About 25% of the Earth‟s surface is biologically productive which supports most of biomass 

production. The ecological footprint compares consumption of renewable resource with 

capacity of biological productivity on a global scale (WWF 2002). In 2008, WWF and global 

footprint network estimated that humanity‟s global ecological footprint exceeded the earth 

biological capacity to support human and other life forms indefinitely by at least 30%. The 

ecological footprint of developed countries is more due to their huge consumption of 

renewable resources. According to WWF, we need roughly the equivalent of at least 1.3 

earths to provide indefinite supply of renewable resources at their current average rate of use 

per person and disposal of the wastes generated. The changes in population size, consumption 

rate and technology can either narrow or widen the gap between human footprint and 

biological capacity.  

6.2: Carbon footprints:  

It is the measure of greenhouse gas (GHG) emissions that are directly or indirectly caused by 

an activity or accumulate over the life stages of a product or service, expressed in CO2 

equivalents. According to IPCC (Intergovernmental Panel on Climate Change), there are 18 

greenhouse gases with different global warming potential. However, according to United 

Nations Framework Convention on Climate Change (UNFCCC, 1997) and its Kyoto 

protocol, only few gases such as CO2, CH4, N2O, Hydroflurocarbons (HFCs), 

Perflurocarbons (PFCs) and SO2 are considered for the purpose of carbon accounting. As a 

single parameter, it is useful to gauge some aspects of sustainability, though this will not 

cover all aspects.  

http://www.footprintnetwork.org/
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6.3: Atmosphere:  

Agenda 21 suggests an integrated approach to protection of the atmosphere, coordinated with 

social and economic development, which focuses on: 

i) Improving the scientific basis for addressing uncertainties. 

ii) Preventing stratospheric ozone depletion. 

iii) Addressing trans-boundary air pollution 

iv) Promoting more sustainable and efficient energy use, transportation, consumption, 

industrial development, and land and marine resource use. 

6.4: Land: 

The land in the CSD framework mainly focuses on the sub themes of forests, agriculture, 

urbanization and desertification. The selected indicators are relevant for assessing sustainable 

development at the national level and are generally supported by appropriate data sets. The 

indicators from other environmental sub-themes complement these measures of land 

sustainability, for example, ecosystem water quality, climate change, and coastal zones. In 

addition, pressure on land and land use are reflected in social, economic and institutional 

themes, such as poverty, drinking water, population change and energy use, and natural 

disaster preparedness and response. 

6.5: Oceans, Seas and Coasts: 

The CSD core sets include three indicators under the sub-theme of coastal zone and fisheries 

that are national in scope and within the capabilities of most countries to develop. The total 

population in coastal area and algae concentration in coastal water provides measures of 

overall pressure on the coastal resource particularly from land based activities. The annual 

catch by major species provides a core indicator where a data is generally available to 

measure the intensity of fishery activity. In terms of key marine ecosystem, such as coral, 

mangrove, and sea grass countries may wish to consider trends in the extent of these areas 

under biodiversity ecosystem sub-theme. 

6.6: Fresh water: 

The freshwater indicators in the core set capture the two essential dimensions of quantity and 

quality. The amount of available water utilized by the people of a country and demand for 
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water causes water shortage. The measurement of biological oxygen demand and faecal 

coliform concentration reflects the health of ecosystem as well as human health. These 

indicators are policy relevant and generally measurable at the national level.  

6.7: Biodiversity:  

The selected biodiversity indicators measure the area of selected key ecosystem, the 

abundance of selected key species and the protected areas as a percent of total area. They are 

relatively easy to calculate, meaningful to decision maker and allows countries flexibility in 

determining the most important ecosystem and species from a national perspective. The 

ministry of environment and forest, India also included some human development indicators 

such as infant mortality rate, life expectancy at birth and adult literacy rate better suited to 

Indian conditions in addition to those of the UN list. 

7. Sustainable development: New Paradigm 

The World Commission on Environment and Development (1987) first address the problem 

of conflicts between environment and development goals by formulating the sustainable 

development. On the basis of their report “Our common future‟ there is three aspects of 

sustainable development (figure 3):  

7.1: The Economic Perspective:  

An economically sustainable system should produce goods and services on a regular basis 

without causing any damage to the system. According to neoclassical economic theory, 

sustainability is defined in terms of the maximization of human welfare over time. Most 

economists explain it by identifying the maximization of welfare with the maximization of 

utility derived from consumption. While this is criticized due to its oversimplification, it 

certainly includes many important elements of human welfare such as food, clothing, 

housing, health, transportation and education services. Standard economic theory explained 

that the efficient resource allocation could affect the maximizing utility from consumption.  

When we consider soil erosion or accumulation of greenhouse gases in the atmosphere which 

had damaging impacts over several decades or generations, formed a strong bias against 

sustainability. So, to attain inter-generational equity, it should either inflict a low discount 
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rate or certain sustainability rule concerning resource use and environmental impacts. Soils 

and atmospheric functions are aspects of natural capital, which consists of all natural 

resources and environmental services present on the earth.  

According to Herman Daly, sustainable development can be operationalized by conservation 

of natural capital. This policy goal leads to two decisions, one for renewable resource and 

other for non-renewable resources. For renewable, the rule is to limit resource consumption 

to sustainable yield levels and for nonrenewable resource, the rule is to re-invest the proceeds 

from non-renewable resource utilization into investment in renewable natural capital. The 

rules will help in maintaining constant stocks of natural capital but it need to maintain a 

stable human population.  

Economic 

Development 

Ecological 

Development 
Social 

Development 

Sustainable 

Development 

Social-

Economic 

development Conservation 

Deep Ecology 
 

Figure.3: The interaction between economic, social and ecological development. 

7.2: The ecological perspective: 

Unlike economists, whose models does not provide upper boundary on economic growth, 

ecologists are adapted to idea of limits. Natural systems must exist subject to unyielding laws 

of thermodynamics whereas population ecology has explored the inference of these laws for 

living organisms. The two fundamental facts of ecological and evolutionary biology is that 



 
 

 

 

ZOOLOGY 
 Principles of Ecology 

 Application of ecology in sustainable development; Part-I 
 

 

the organisms show over reproduction but their limit is set by space, time and energy. From 

ecological point of view, sustainability must involve limits on population size and 

consumption levels which is applicable to all biological systems.  

Paul Ehrlich and colleagues have estimated that humans are consuming or eliminating about 

40% of energy supply for all terrestrial animals. Moreover, doubling of this demand will be 

implied by a 33% growth in population (to 8 billion) and a 50% growth in per capita 

consumption by 2050. This increase in demand would decrease the chances for any other 

species to survive on the earth. However, this declaration of limits by ecologist does not fully 

capture concept of sustainability. 

Holling identified a third axiom of ecology that generates genetic variability and novelty 

which causes the process of evolution and change in species and ecosystems. Genetic 

diversity provides resilience in ecosystems. Resilience is the „bounce-back‟ capacity which 

makes the system to respond to disturbances and damage. For example, if a forest is infested 

by pests, then it can recover from a pest infestation either by increasing predator population 

or possibly by development of pest resistance in affected species to control pest population. 

The patterns of response can vary but the essential integrity of the ecosystem will be 

preserved. The key to resilience is the existence of a large number of different species which 

interact with each other in a system and provide reservoir of different genetic forms. These 

different forms provide the potential to adapt to changing conditions of the system.  

Sustainability in terms of ecology can be defined as the maintenance of ecosystem resilience. 

This view of sustainability is different from the human-biased concept put forward by the 

World Commission on Environment and Development and the consumption-based principles 

from economic theorists. For achieving ecological sustainability, it is necessary to modify 

current production techniques and consumption preferences which are efficient in economic 

terms but threaten the ecological resilience of the system. 

The importance of the ecological perspective is continuously increasing because most of the 

critical problems faced by humans arise due to failures of ecological resilience. The 

resurgence of diseases due to resistance from antibiotic, disruption of ecosystems by 
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introduction of alien species, formation of “dead zones” in coastal waters and various 

ecological threats caused by climate change and increased climate volatility, all these 

disturbances occurs due to the impacts of expanding human economic activity.  

The deadly impact of AIDS especially on the African continent is the worst example of 

destruction of ecosystem resilience by humans. It probably originated in primates, living in 

the rain-forest and started infecting humans as their intrusion starts into the forest. Instead of 

remaining isolated in small communities, it spread worldwide through global commerce and 

travel, like many other pests and disease causing viruses. 

So, an ecological economic approach is required to allocate the resource in such a manner 

that they neither threaten the complete system nor the components of the system. 

Environment system must maintain a stable resource by avoiding over-exploitation of 

renewable resource and depleting non-renewable resources only to the extent that investment 

is made in sufficient substitutes. It includes maintenance of biodiversity, atmospheric stability 

and different ecosystem functions not usually classed as economic resources. So, an 

integration of economics and ecology is required that can be achieved only with the 

assistance of the third element of the sustainability called the social perspective. It is the 

social area where we must look for the key to formulate policies for sustainable development. 

7.3: The Social Perspective: 

It recognizes the social component of development as an essential part in sustainability. 

Human development emphasizes the issues of basic needs and equity in the history of 

economic theory.  

In the 1997 report (UNDP Human Development Report), a section on “Resisting New Forces 

of Poverty” discussed various factors that have been responsible for worsening conditions of 

poor people in the world. One of the worse pandemic is HIV/AIDS which has created a wave 

of impoverishment and had reversed the earlier gains. Another factor is environmental 

degradation on marginal lands such as dry, saline, swampy and steep areas where most of the 

rural poor struggles for survival. Hence, issue of environmental sustainability is associated 

with poverty and inequity. It has been noted that the increased poverty and loss of rural 
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livelihoods has increased the process of environmental degradation, as a result, the displaced 

people generated more pressure on fisheries, forests and marginal lands.  

Therefore, socially sustainable system can only be achieved through distributional equity, 

adequate provision of social services including health and education, gender equity as well as 

political accountability and participation.  

8. Guiding principles of sustainable development 

Sustainable development is a global concept and the preconditions for sustainable 

development are equity and social justice, economic efficiency and ecological harmony. The 

main agenda for sustainable development has a focus on carrying capacity based sustainable 

development, structural change in the economic sector and preservative environmental 

planning. Conservation based developments need to protect the structure and function as well 

as diversity of natural ecosystems with a focus on following aspects: 

1) To conserve life supporting system and ecological processes.  

2) To conserve biological diversity in terrestrial, freshwater, and marine system. 

3) Sustainable use of resources. 

4) Minimizing depletion of natural resources. 

5) To care for the environment and poor in South. 

6) Not to exceeds the earth carrying capacity.  

7) To improve the quality of life including social and economic concerns. 

8) To develop a national framework code to integrate development and conservation. 

In ecological perspectives, sustainability must involves limit on population and 

consumption levels, as humans are now using, co-opting or eliminating, some 40% of the 

net primary productivity of all terrestrial ecosystem (Vittousek et al., 1986).  

9. Summary 

 

Continuous interference of human with the environment cause significant damage to the 

system. Increased human population and development of new technologies resulted in 

exploitation of natural resources to fulfill the basic need of growing human population. The 
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long-term consequences of human activities on the environment were not realized initially 

but in 1970s the mantra was “the solution to pollution is dilution.”  

The sustainable resource utilization assumed that the used resource is renewable which can 

be regenerated by nature itself. The concept of resource utilization through sustainable use 

can be clarified by studying the ecological concept of functioning of natural ecosystem. 

Sustainable development stressed that the rate at which natural resources are consumed must 

approximate the rate at which the resources are regenerated without affecting the social, 

economic and other needs of future generations. The sustainability has become key concept 

in fate of the earth system, biodiversity, ecosystem goods and services as well as human 

being.  

The unsustainability increases when the sum total of natural resources is utilized much faster 

than it can regenerate. There are numerous challenges for achieving sustainable development 

such as economic disparity, political instability, severe poverty, disease, undernourishment, 

population growth and high consumerism in developed economies and increasing global use.  

Different Indicators are used to compress information into an easily understandable form that 

can facilitate the decision making process. It can be used to measure progress towards 

sustainable development as well as provide an effective means of communicating ideas, 

thoughts and values.  

Sustainable development has three principle dimensions, first is an economically sustainable 

system which should produce goods and services on a regular basis without causing any 

damage to the system. Second is an ecological perspective which involves limit on population 

and consumption levels and third social component recognizes development as an essential 

part in sustainability. Conservation based developments need to protect the structure and 

function as well as diversity of natural ecosystems 

 



 

1 
 

 

Environmental  

Sciences 

 Energy and Environment 

 Renewable Energy Resources 

 
 

 

Paper No:7 Energy and Environment 

Module:6 Renewable Energy Resources 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

Development Team 

Principal Investigator 

& 

Co- Principal Investigator 

 

Prof. R.K. Kohli 

Prof. V.K. Garg & Prof. Ashok Dhawan 

Central University of Punjab, Bathinda 

Paper Coordinator 

Dr. Dhanya M.S.,  

Central University of Punjab, Bathinda 

Content Writer 
Dr. Dhanya M.S., 

Central University of Punjab, Bathinda 

Content Reviewer 

 

Dr. Yogalakshmi K.N,  

Central University of Punjab, Bathinda 

Anchor Institute  

 

Central University of Punjab 

 



 

2 
 

 

Environmental  

Sciences 

 Energy and Environment 

 Renewable Energy Resources 

 
 

 

 

Description of Module 

Subject Name Environmental Sciences 

Paper Name Energy and Environment 

Module Name/Title Renewable energy resources 

Module Id EVS/EE-VII/06 

Pre-requisites  

Objectives 

To understand 

 Renewable energy resources 

 How it differ from non-renewable energy resources 

 Consumption pattern of renewable energy in India 

 

Keywords Renewable energy,  



 

3 
 

 

Environmental  

Sciences 

 Energy and Environment 

 Renewable Energy Resources 

 
 

 

 

Module 06: Renewable Energy Resources 

Learning Objectives: 

This module may help the students to understand 

 Renewable energy resources 

 How it differ from non-renewable energy resources 

 Consumption pattern of renewable energy in India 

1. Introduction 

The world is looking for alternate energy sources that can overcome the limitations of fossil fuels. 

Now a day’s renewable energy plays a very significant role. It gave a chance to us to reduce carbon 

emissions, clean the air and prevent global warming of planet earth. 

 The renewable energy is defined by US EPA as the resources that rely on fuel sources that restore 

themselves over short periods of time and do not diminish. These energy sources are also non –

conventional sources of energy.  

2. Characteristics of a renewable energy sources 

 Renewable energy sources are regenerated in natural processes  

 It can be used indefinitely.  

 These are available in great amount or abundant in nature and  

 It develops in a relatively short period of time.  

These include solar energy; wind energy; ocean thermal power; wave and tidal energy; geothermal 

energy; hydropower etc. They are capable of solving the twin problems of energy supply in 

decentralized manner and helping in sustaining cleaner environment.  
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3. Solar Energy  

Among renewable energy sources, the easily accessible and most important is the solar energy. It can 

be used directly or indirectly for human welfare. The direct solar energy is the radiant energy whereas 

the indirect solar energy is the energy obtained from the materials such as biomass, in which sun's 

radiant energy has been incorporated by the plants. 

3.1 Direct Solar Energy. On global scale, 15 days of solar energy is roughly equivalent to the energy 

stored in all known reserves of fossil fuels on the earth. The continuous input of the energy from the 

sun is 1, 67,000 times greater than the current consumption. Solar energy can be used for direct 

heating. Alternatively, the heat can be converted into the electricity-the thermal electric generation. 

Photovoltaic cells-the solar cells or solar batteries covert direct solar energy into electricity. Other 

types of solar energy devices are solar power pumps and solar pond electric power plant. Thus the 

solar energy can be harnessed for domestic, commercial or industrial purposes.  

In tropical countries like India, the use of solar energy could prove systems most suitable in the long 

run as sunlight is available in plenty, almost throughout the year. India has been one of the major 

producers of photovoltaic systems, currently used in Street Lighting (SLs), Domestic Lighting 

Systems (DLS), Community Lighting Systems (CLs), water pumping systems, small power plants, 

solar cookers etc. India installed largest solar steam cooking system for cooking food for 15,000 

people per day at Tirupati Temple in Andhra Pradesh.  

3.2 Indirect Solar Energy (Biomass) Biomass energy, where solar energy is utilised indirectly, has 

been the major source of energy to human beings throughout the history of civilization. Biomass 

energy is the outcome of the photosynthesis. It is bestowed in the materials such as live plant material 

and their dried residues; fresh water and marine algae; and agricultural and forest residues of plant and 

animal origin. Apart from these materials, biomass also includes biodegradable organic wastes from 

industries like sugar mills, breweries etc. Biomass fuel may be solid such as wood, animal dung, peat, 

charcoal etc. used for burning; liquid such as methanol or ethanol used in internal combustion engines 

of automobiles; or gas such as animal waste produced biogas: a mixture of gases mainly methane and 

some carbon dioxide produced in biogas digesters. Biogas is a clean anaerobic fuel of organic origin 

whose combustion produces fewer pollutants than other combustible energy sources. Although 
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production of energy requires sufficient area of land and water, but in its various forms, biomass 

energy appears to have a bright future as a source of energy. At least half of the global population 

relies upon biomass as main s source of energy for domestic use. Firewood is most widely used 

biomass quite common fuel in the world.  

4. Hydro Energy or Water Power 

Water power has been in use since the period of Roman Empire. Water falling from a height turns 

turbines at the bottom of dams to generate electricity. Presently water power is widely used all over 

the world and produces approximately one-fourth of the world's electricity. Electricity produced by 

hydro-power is much cheaper than electricity produced by thermal power. Water power is a clean 

energy source as it does not cause environmental pollution and the electricity produced can be 

transmitted to long distances through wires or cables. But building a dam leads to several 

environmental problems such as submergence of plant and animal habitats and displacement of local 

inhabitants including tribals.  

The hydrothermal energy is the largest source of domestic electricity production in Canada (60%), 

Brazil (84%), Switzerland (55%), Iceland (80%) and Norway (98%) (Darmawi et al., 2013).Countries 

like Norway, Canada and Brazil have all been utilizing more than 30% of their hydro potential while 

India ranks fifth in terms of exploitable hydro potential in the world. About 75 per cent of the total 

electricity consumed in South America is derived from hydro-power. Japan, US, Russia and many 

other European countries have trapped most of their water sources and harnessed energy to generate 

electricity.  

In India, generation of hydroelectric power was emphasised in the First Five Year Plan when a number 

of multipurpose projects such as Bhakra Nangal project on river Sutluj, Bokaro in Panchet and Talaiya 

in Damodar Valley and Hirakund, Rihand, NagarjunaSagar, Kosi, Koyana were launched to generate 

hydroelectric power, apart from their use for irrigation and other purposes. 

 

5. Wind Energy  
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Wind power has been in use since Chinese and Persian civilization. Wind has propelled ships and 

driven wind mills to grind grain and pump water in Netherlands during early days. Now, wind is used 

to generate electricity in various countries. Harvesting wind energy is possible only in the areas that 

receive fairly continuous winds such as islands, coastal areas and mountain passes.  

When gigantic fans, raised on tall towers, are rotated by the wind, its energy can be used for 

generation of electricity. Since wind power has the potential to give tremendous energy, the day is not 

far away when the destructive force of air currents of cyclones, typhoons and fierce gales would be 

tamed.  

India occupies the fourth, after China, USA and Germany in wind power generation. Wind mills are 

used in Rajasthan to draw subsoil water for irrigation. Recently two wind farms of 10 MW each have 

been established in Tamil Nadu and Gujarat with international cooperation from Denmark. 

6. Ocean Energy 

The ocean forms a vital source of energy. Ocean energy is obtained in various forms such as ocean 

tidal and wave energy, ocean thermal energy conversion etc.  

6.1 Ocean Tidal and Wave Energy: Ocean tides, produced by gravitational force of sun and moon, 

contain enormous amount of energy. The high tide and low tide refer to the rise and fall, respectively 

of the water in the oceans. Tidal energy is harnessed by construction of a tidal barrage. Darns built 

across the mouth of a river confluence with oceans, permits sea water to flow through small opening 

filled with propellers, connected to electric turbines. During high tide the sea water flows into the 

reservoir of barrage and turns the turbines which in turn produces electricity by rotating the generators. 

During low tide, when the sea level is low, the sea water stored in the barrage reservoir flows out into 

the sea and again turns the turbines. 

Power of ocean waves, which operates on the principle of oscillating water column, has not been 

exploited to its full potential except as power supplies for navigational aids. India has initiated the 

wave energy project off the Vizhinijam Fishery Harbour near Trivandrum in Kerala as an indigenous 

effort. It was expected that on the completion the project would be able to derive an energy output of 
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4.45 lakhs units per year. The project resulted in a strict reality in 1991 when it started generation of 

electricity to be fed to the grid of Kerala State Electricity Board. 

 

6.2 Ocean Thermal Energy Conversion (OTEC): The sun warms the oceans at the surface and wave 

motion mixes the warm water downward to depths of about 100 meters and this mix layer is separated 

from the deep cold water formed at a high latitudes, by a thermocline. This boundary is sometimes 

marked by an abrupt change in temperature, more often the change being gradual. Thus, the resulting 

temperature distribution consists of two layers separated by an interface with temperature differences 

between them ranging from 10°C to 30°C. The higher values are found in equatorial waters. And these 

two enormous reservoirs in some oceanic regions, provide the heat source and heat sink required to 

operate heat engine. The engine using this energy is referred to as OTEC which makes use of the 

difference in temperature between the two layers of the sea to harness energy which in turn is used to 

drive turbines for generating electricity. OTEC can also be used to desalinate water, support deep 

water mariculture and provide refrigeration and air conditioning facilities and can prove as an aid to 

mineral extraction.  

The concept of OTEC was first demonstrated in 1979 when a small plant mounted on a barge off 

Hawai, USA produced 50 KW gross power. India possesses a huge potential of OTEC which could be 

of the order of about 500,000 MW, about 150 per cent of the present total installed power generating 

capacity of the country. Some of the best global OTEC sites are situated off the Indian mainland and 

near the islands of Lakshadweep, Andaman and Nicobar. In India, an ocean energy cell has been 

developed at IIT, Chennai to keep pace with the international developments in this area. A US 

company, M/S Sea Solar Power Inc., is promoting the use of OTEC and the world's first plant in India 

is proposed off the coast of Tamil Nadu capacity of 100 MW. 

 

7. Geothermal energy 

The natural heat from the interior of earth can usefully be converted into energy. This natural heat 

comes from the fission of radioactive material present in the rocks in the interior of the earth. The idea 
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of harnessing geothermal energy, utilizing dry steam, was developed in Italy as early as in 1904. 

Natural internal heat of the earth was harnessed by geo-hydro-thermal conversion, hot igneous and 

geo-pressured systems. Presently, there are several geothermal plants working successfully in USA, 

New Zealand, Russia, Japan, Mexico and California. Heated groundwater flowing upwards as hot 

water stream and hot springs-the nature's geysers, can be used to turn turbines and generate electricity.  

In India, natural geysers are common in Kullu and Manali, Manikarn, Sohana and some other places. 

Assessment of geothermal energy potential of selected sites in Jammu and Kashmir, Himachal 

Pradesh, Uttarakhand, Jharkhand and Chhattisgarh is being undertaken. Some more field 

investigations, including deep drilling at potential geothermal sites, would be required before these site 

can be taken up for development for geopower generation. 

8. World status of renewable energy consumption 

Renewable energysupplies 18% of the world’s total energy consumption (Fig. 1) from traditional 

biomass, large hydropower and ‘‘new’’renewables (small hydro, biomass, wind, solar, geothermal,and 

biofuels). Traditional biomass and hydropower represents about 71% and 16% respectively of total 

renewable energy. In terms of total energy share biomass and large hydropower represents 13 % and 

3% respectively (Kumar et al., 2010) 

 

Figure 1-Renewable energy share of global total energy consumption 

 

79%

18%

3%

Total energy share

Foosil fuel

Renewable

Nuclear 2% 4%

7%

16%

71%

Renewable enegy share

Biofuel

Power generation

Hot water

Large Hydropower

Tradional Biomass



 

9 
 

 

Environmental  

Sciences 

 Energy and Environment 

 Renewable Energy Resources 

 
 

 

9. Indian Scenario of Renewable Energy Consumption:  

Importance of renewable (non-conventional) energy sources was recognized in the country in the early 

1970s. Today, India has large programme for renewable energy. The activities cover all major 

renewable energy sources, such as biomass (biogas), solar, wind, ocean, small hydro power plants and 

other emerging technologies. Several renewable energy systems and devices are now commercially 

available. The Department of Non-conventional Energy Sources, set up in 1982, has been raised to the 

Ministry of New and Renewable Energy Sources (MNRE) - the nodal Ministry of Government of 

India for all matters relating to renewable systems and devices. 

 

India’s commercial energy consumption has been growing fast in recent years keeping pace with high 

economic growth rate. In India total renewable energy production is 48,069 MW (Ministry of New & 

Renewable Energy November, 2016). Out of that 46,653.53 MW is Installed Grid Interactive 

Renewable Power Capacity and 1403.70 is off-grid/ captive power. Total installed capacity and target 

up to 2022 of Installed Grid Interactive Renewable Power Capacity in India as shown in Table 1. 

Table 1-Installed Grid Interactive Renewable Power Capacity in India 

Source Total Installed Capacity 

(MW) 

2022 target (MW) 

Wind Power 28419.40 60,000.00 

Solar Power 8874.87 100,000.00 

Biomass Power 

(Biomass & Gasification 

and Bagasse Cogeneration) 

 

4932.33 

 

10,000.00 

Waste-to-Power 114.08 

Small Hydro Power 4324.85 5,000.00 

Total 46,665.53 175,000.00 
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Ministry of New & Renewable Energy, November 2016 

These renewable energy sources are newer and fast developing which is managed by the Ministry for 

New and Renewable Energy. In addition to that India had 43,112.43 MW of installed large hydro 

capacity, which comes under the ambit of Ministry of Power. Apart from Installed Grid Interactive 

Renewable Power Capacity, off-grid/ captive renewable power capacity in India is 1403 MWEQ as 

shown in Table 2. 

Table 2-Off-grid/ captive renewable power capacity in India 

Source Total Installed Capacity (MW) 

Waste to Energy 161.39 

Biomass(non-bagasse) 

Cogeneration 

651.91 

Biomass Gasifiers 

-Rural 

-Industrial 

-  

18.34 

168.54 

Aero-Generators /Hybrid 

systems 

2.97 

SPV Systems 382.00 

Water mills / micro hydel 18.81 

Total 1,403.70 

Ministry of New & Renewable Energy, November 2016 

Conclusion 

India has the immense potential of renewable energy sources such as solar, wind, geothermal, 

tidal, biomass, etc. The technologies developed for efficient utilization of these energy sources 

may help in energy sufficiency of the country 
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Objectives 

 To understand the ecology of wetlands and their contribution to human well-

being. 
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Objectives 

1. To understand the ecology of the wetlands and their contribution to human well-being. 

2. To understand various government policies and initiatives for conservation of wetlands. 

3. To develop an ability to understand issues related to best practices in wetland management and  

    biodiversity conservation 

4. To be able to prepare an inventory and management plan for wetland conservation. 

 

Wetland Conservation – General introduction 

Wetlands play an important role in ecosystem functioning. Their management, governance and 

conservation however remain neglected not because of awareness but due to lack of capacity and 

complexities involved in their assessment of management needs. Wetlands contributes a lot to the 

benefits of ecosystem and environment as a whole by providing numerous ecological goods and 

services but remain under tremendous threat, owing to human interferences e.g., agricultural 

intensification, rapid urbanization, industrialization, decline in the hydrological, economic and 

ecological functions they perform and thus their area shrink over the period of time and sometimes 

may leads to collapsing of wetlands. Wetlands, the most productive system, categorized as Protected 

Areas in India are mostly governed by the Wildlife Protection Act of 1972. Central Government has 

also published Wetlands (Conservation and Management) Rules, 2016 to regulate activities within 

wetlands in India. A common feature of all wetlands is that they are having two common 

characteristics: Water or ice and earth. A wetland may be found in Coasts, estuaries, flood plains or 

swamps or marshes or can be observed as shallow lakes. Biodiversity studies on aquatic eco systems 

are mostly restricted to a few charismatic fish species, aquatic plants, water birds which is an 

impediment to the conservation of wetlands. This module on Wetland Management and Conservation 

shall focus on the needs and approaches to Wetland management and their conservation in India. 
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I. DEFINITIONS RELATED TO WETLANDS  

Wetlands: Various definitions of ‘Wetlands’:  

In general terms as “Wetlands is termed as “lands transitional between terrestrial and aquatic eco-

systems where the surface or the land is covered by shallow water” [Ramsar Convention Secretariat, 

2010; Shabbir, 2016]. 

As per Ramsar Convention for Wetlands, Wetlands are termed as “ areas of marsh, fen, peatland or 

water, whether natural or artificial, permanent or temporary, flowing fresh, brackish or salt, including 

areas of marine water the depth of which at low tides does not exceed six meters” (Ramsar Convention 

Secretariat, 2010]. 

A wetland is a land area that is saturated with water, either permanently or seasonally, such that it 

takes on the characteristics of a distinct ecosystem [Groot et al. 2006].  

As per, General Statutory Rules, GSR385(E) that is issued by Ministry of Environment Forest & 

Climate Change (MoEF&CC) and  is published in Gazette of India: Wetland refers to ecosystems 

located  at the interface of land and water and wherein water plays a dominant role in controlling plant 

and animal life and associated ecosystem processes, and includes, as well, all inland and coastal 

waters, these can be lakes, backwaters, reservoirs, tanks, estuaries, lagoons, creeks and manmade 

wetlands. But it should be noted that wetlands does not include river channels and paddy fields 

[GSR385(E) The Gazette of India, 2016; www.livemint.com, 2017].  

 

II. Types and Classification of Wetlands: 

Primary factor that distinguishes wetlands from other land forms or water bodies is the 

characteristic vegetation of aquatic plants, [Ramsar Convention, 2010; 

www.en.wikipedia.org/wiki/wetland, 2017] adapted to the unique hydric soil.  

Following one or more attributes are considered as necessary for an area to be classified as a wetland: 

• Land supports the plants or animals that are adapted to & are dependent on living in wet conditions 

for atleast part of their life cycle (at-least periodically). 

• Substratum is predominantly undrained soils that are saturated, flooded or ponded long enough to 

develop anaerobic conditions in the upper layers. 
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• Soil with saturated, flooded/ long enough standing water in pond leading to anaerobic conditions 

development in upper layers & where substratum maintains predominantly undrained soils. 

• Also area with attributes where substratum is not soil but substratum is saturated with water, or 

covered by water, sometimes. 

Two basic types of wetlands are considered – man-made wetlands and natural wetlands. Naturally 

occurring wetlands may occur in many different forms e.g., Inland wetlands and Coastal wetlands.  

Inland wetlands may also be grouped as Himalayan wetlands and Indo-Gangetic wetlands. Himalayan 

wetlands includes Ladhak and Zanskar; Kashmir valley; Central Himalayas and Eastern Himalayas. 

Indo-Gangetic wetlands extending from river Indus in west to Brahmaputra in east. This also includes 

wetlands of Himalayan Terai and Indo-gangetic plans. 

Two categories (Inland wetlands and Coastal wetlands) further can be distinguished further broadly as: 

 

Natural inland wetlands include: lakes, ponds, cut-off meander, high altitude wetlands, riverine 

wetlands, waterlogged areas, rivers and streams (Fig. 1).  

 

Man-made inland wetlands include: surface reservoirs, tanks, water logged areas, and salt pans.  

 

Natural coastal wetlands include: lagoons, creeks, sand beach, mud flats, salt marsh, mangroves, and  

                                                    coral reefs.  

Man-made coastal wetlands include: salt pan and aquaculture ponds.  

A cycle of wetting and drying is necessary for some wetlands to be healthy and sustained. Wetlands 

that dry out periodically can be the most biologically diverse wetlands [Oates, 1994]. Advantage of 

this natural wetting and drying cycle is that it changes pH levels of soils and leads to increase in 

availability of nutrients to plants [Mitsch & Gosselink, 2000]. It is worth noting that re-flooding of a 

dry wetland also helps production of plant material which can be good food to various insects and 

animals [DNRE, 1997]. Hydrological conditions also affect nutrient cycling. Wetlands that have water 

flowing through them or in pulses have highest rate of nutrient cycling [Mitsch & Gosselink, 2000]. 
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Fig 1: Typical example of natural wetland (Pic courtsey: https://sandrp.wordpress.com, 2017) 

   

III. Wetland Ecology (Vegetation, Soils, Flora and Fauna) 

Wetland Vegetation 

Wetland plant species often exhibit distinct adaptations that allow a greater tolerance and survival in 

wetland areas. Adaptations enable wetland plants to live in low oxygen (anaerobic) soils, and various 

species (such as some seagrasses) are capable of living permanently submerged in water (Fig 1). 

There are four broad categories of wetland vegetation: 

a. Floating,  

b. Free-floating,  

c. Floating attached  

d. Submerged 

a. Floating wetland plants: include both free-floating plants that are unattached (floating on the water 

surface) and plants that are attached to the wetland substrate (known as floating attached plants). 
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b. Free-floating wetland plants: include native species such as Azolla filiculoides (Pacific azolla) and 

Lemna sp. and a number of wetland weeds such as Eichhornia crassipes (water hyacinth), Pistia 

stratiotes (water lettuce) and Salvinia molesta (salvinia). 

c. Floating attached wetland plants: include species such as Nymphoides indica (water snowflake), 

Monochoria cyanea (monochoria) and Ludwigia peploides (water primrose). 

d. Submerged wetland plants : includes plants that are rooted in the wetland substrate or are free-

floating. In both cases the leaves and stems remain submerged. 

Functions of wetland vegetation 

Wetland plants play a vital role in wetland ecology and perform a number of significant functions 

including: 

• maintaining water quality by filtering out nutrients and sediments 

• providing food, shelter and breeding habitat for fauna 

• preventing erosion 

• competing for nutrients that can reduce the frequency and severity of algal blooms 

• shading riparian zones [Allen, 2000]. 

 

Wetland flora and fauna: 

Some of the examples of plants found in abundance in different categories of wetland are Nymphoides 

indica (water snowflake), Eichhornia crassipes (water hyacinth), Monochoria cyanea (monochoria), 

Salvinia molesta (salvinia), Azolla filiculoides (Pacific azolla) and Lemna sp., Ludwigia peploides 

(water primrose), Pistia stratiotes (water lettuce), etc. [www.arc.agric.za, 2017]. Aquatic plant, over 

1200 species are found in India [Gopal & Sah, 1995]. Wetlands are also resting nests of migratory 

birds and available vegetation is a beneficial food for wetland fauna especially for water fowl 

including migratory waterfowl.  

Wetland plays a significant role in irrigation, aquaculture especially fish production 

(contributing almost 60% of tolta country production) in India. Some of the examples of Animals 

found in abundance in different categories of wetland are fish, molluscs, odonates, rotifers 

etc.Namingly few Avifauna are Little Gerbe, Snake bird, Night Heron, Egret, Cormorant, Openbill 

Stork, Pin tail, Wigeon, Common Buzzard,etc. Along with Wetlands support animal life as well for 
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example endangered Sangai (brow- antlered deer of Manipur) survives on the Phumdi (floating mat of 

vegetation in loktak lake); Western Ghats, Bharatpur sanctuary, Rann of Kutch supports migratory 

birds (e.g., white tailed lapwing, sind sparrow, rock eagle owl, Great white Pelicans etc).  

 

Wetland soils 

Soils can be powerful indicators of wetland dynamics because of the specific soil features that can 

develop in wet, oxygen-poor environments [Dear & Svensson, 2007]. Soils can be a reflection of the 

physical processes occurring in the wetland (for example, water inflow, water chemistry, filtering of 

pollutants). Wetland soils impact directly on other wetland characteristics (e.g. water quality, fauna, 

vegetation) [EPA, 2006]. Soils found in wetland areas (or areas that were once wetlands) typically 

have distinct properties that allow some form of identification and understanding of current or 

previous inundation regimes [Dear & Svensson, 2007]. General soil indicators that are used to identify 

a wetland soil are: 

• accumulation of organic matter (e.g. peat) 

• gleyed (greenish-blue-grey) soil colours 

• soil mottling (the presence of more than one soil colour in the same soil horizon) 

• iron or manganese segregations 

• oxidising root channels and soil pore linings 

• reduction of sulfur and carbon (e.g. acid sulfate soil) [EPA, 2006]. 

 

IV. Wetland Importance and Threats  

Wetlands cover an utmost significant area of planet Earth. On a global estimate this area is 1280 

million hectares (i.e., equivalent to approximately 9% of land surface). India currently has 26 sites 

designated as Wetlands of International Importance (Ramsar Sites), with a surface area of 689,131 

hectares (Table  1) [Shabbir, 2016]. It is estimated that wetland cover approximately on an estimated 

of 1-5% of the geographical area in India, and it is also an estimate that this area support 

approximately one-fifth of the known biodiversity [SAC, 2011]. Geographical extent of wetlands in 

India is well distributed extending from Himalayas to Deccan plateau [Bassi et. al., 2014]. 

Proportionately, Gujarat has the highest geographical area proportion (17.5%) with Mizoram maintain 
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the lowest proportion (0.66%). In Union Territories in India, Lakshadweep has the highest 

geographical area proportion under wetlands (around 96%) and Chandigarh has the least geographical 

area proportion (3%) of geographical area under wetlands [Bassi et. al., 2014]. As per an estimate 

India have about 757.06 thousand wetlands covering a total wetland area of 15.3mha. In India wetland 

category-wise can be understood as inland wetlands accounts for 69%, coastal wetlands 27%, and 

other wetlands (smaller than 2.25 ha) 4% [SAC, 2011]. In all these categories, natural coastal wetlands 

have the largest area [Bassi et. al., 2014].      

 

Table 1 List of Ramsar Convention designated Wetland sites  

Sr. No. Name of Wetland Location  Area (Km2) Designated on 

1 Astamudi Wetland Kerala  614 19 Aug 2002 

2 Bhitarkanika Mangroves Odisha  650 19 Aug 2002 

3 Bhoj Wetland Madhya Pradesh  32 19 Aug 2002 

4 Chandra Taal Himachal Pradesh  0.49 08 Nov 2005 

5 Chilika Lake Odisha 1165 01 Oct 1981 

6 Deepor Beel  Assam 40 19 Aug 2002 

7 East Calcutta Wetlands West Bengal 125 19 Aug 2002 

8 Harike Wetland Punjab 41 23 Mar 1990 

9 Hokera Wetland Jammu &Kashmir 13.75 08 Nov 2005 

10 Kanjli Wetland Punjab 1.83 22 Jan 2002 

11 Keoladeo National Park Rajasthan 28.73 01 Oct 1981 

12 Kolleru Lake Andhra Pradesh 901 19 Aug 2002 

13 Loktak Lake  Manipur 266 23 Mar 1990 

14 Nalsarovar Bird Sanctuary Gujarat 123 24 Sept 2012 

15 Point Calimere Wildlife and 

Bird Sanctuary 

Tamil Nadu 385 19 Aug 2002 

16 Pong Dam Lake Himachal Pradesh 156.62 19 Aug 2002 

17 Renuka Lake Himachal Pradesh 0.2 08 Nov 2005 

18 Ropar Wetland Punjab 13.65 22 Jan 2002 

19 Rudrasagar Lake Tripura 2.4 08 Nov 2005 

20 Sambhar Lake Rajasthan 240 23 Mar 1990 

21 Sasthamkotta lake Kerala 3.73 19 Aug 2002 

22 Surinsar Mansar lake Jammu & 

Kashmir  

3.5 08 Nov 2005 
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23 Tsomoriri Jammu &Kashmir  120 19 Aug 2002 

24 Upper Ganga River (Brijghat 

to Narora Stretch) 

Uttar Pradesh  265.9 08 Nov 2005 

25 Vembanad Kol Wetland Kerala  1512.5 19 Aug 2002 

26 Wular Lake Jammu &Kashmir 189 23 Mar 1990 

     Source: Shabbir, 2017 

 

Wetlands are considered amongst the most productive ecosystems on the Earth [Germandi et. al., 

2008]. Wetland are important for human existence, social and cultural diversities, ecosystem health 

and maintaining biodiversity by being natural buffer for natural disasters, Kidney of landscape, 

Biological supermarket and liquid Assets [FMS Handbook, 2011]. These provide nourishment to 

dwelling flora and fauna [Germandi et. al., 2008]. Major services by these wetlands are maintaining 

nutrient balance, biodiversity maintenance, flood control, retention of toxins and pollutants, 

groundwater recharge and carbon sequestration [Turner et. al., 2000] along with silt capture, water for 

irrigation, aquaculture, fisheries, human domestic and livestock consumption. Presents various 

services and benefits that are and can be derived from our Wetlands are mentioned in Table 2. This 

exhibits the sincere importance of wetlands as an essential component of our ecosystem and 

Environment as a whole.  

There are various ways Wetlands support human’s well-being, e.g., wetlands act as kidney 

‘kidneys of landscape’;  since these ecosystem receive inflow of water and waste from various 

upstream sources. Wetlands help in stabilizing water supplies, they cleanse polluted waters, along-with 

protect shorelines and most importantly recharge groundwater aquifers. Wetlands are also considered 

‘biological supermarkets’ [www.sandrp.wordpress.com, 2017] as well, due to availability of extensive 

food chain and biological diversity in wetlands. Wetlands, being vital for human existence, maintain a 

highly productive and important portion of our natural wealth and “liquid assets” 

[www.sandrp.wordpress.com, 2017], along with have special attributes to cultural heritage for 

humanity. Despite their tremendous value for extending food security for humans, life support for a 

range of plants and animals (biodiversity) and water content of area, where they are found available, 

wetlands still are among one of the most rapidly degrading ecosystems.  
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Table 2: Services and benefits derived from wetlands 

Services Comments and Examples 

Provisioning  

Food production of fish, wild game, fruits, and grains 

Fresh water storage and retention of water for domestic, industrial, and agricultural 

use 

Fiber and fuel production of logs, fuelwood, peat, fodder 

Biochemical extraction of medicines and other materials from biota 

Genetic materials genes for resistance to plant pathogens, ornamental species, and so on 

Regulating  

Climate regulation source of and sink for greenhouse gases; influence local and regional 

temperature, 

precipitation, and other climatic processes 

Water regulation 

(hydrological flows) 

groundwater recharge/discharge 

Water purification and 

waste treatment 

retention, recovery, and removal of excess nutrients and other 

pollutants 

Erosion regulation retention of soils and sediments 

Natural hazard regulation flood control, storm protection 

Pollination habitat for pollinators 

Cultural  

Spiritual and inspirational source of inspiration; many religions attach spiritual and religious 

values to aspects of wetland ecosystems 

Recreational opportunities for recreational activities 

Aesthetic many people find beauty or aesthetic value in aspects of wetland 

ecosystems 

Educational opportunities for formal and informal education and training 

General Support  
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Soil Formation Retention of Sediments and organic matter accumulation  

Nutrient cycling Nutrients acquisition, processing, storage and recycling of Nutrients 

Primary production Source of production of Fish, Aquaculture, Forest, Crop, livestock 

fodder, Support to Wildlife, Migratory birds, flora & Fauna, local 

medicine, forest products and Human being as well  

Source: Derived from Millenium Ecosystem Assessment Overview. 

 

Various threats that are identified for wetland sustenance are natural system modification, Human 

settlements (non-agricultural), biological resource use, pollution from different sources, agriculture 

and aquaculture, invasive and other problematic species and genes, transportation and  service 

corridors, water regulation, human intrusion and disturbances, climate change and stressful weather, 

energy production and mining Geological events.  Intense grazing and uncontrolled fishing are another 

threats to wetlands in our country. Another type of threats are encroachment of reservoir area for 

various activities for example, urban development, excessive diversion of water for agriculture etc. 

[Verma, 2001]. Major threat is loss wetlands by human intervention.  Loss of wetland in India can be 

divided into two broad groups i.e., acute wetland losses and chronic wetland losses. Abrupt change in 

ecosystem or wetland e.g., filling up of water covered areas with soil is considered as acute loss 

whereas the example of chronic loss can be a slow and gradual elimination of forest cover from the 

wetland with subsequent erosion and filling up by sediments in the wetlands over period of time, say,  

many decades. It is worth noting, in reference to the wetland conservation that due to activities like 

agriculture, dam construction and other activities approx 5000km2 of wetlands are lost annually 

[McAllister et. al., 2001]. Wetland processes that should be managed or protected include: 

• hydrology 

• food webs 

• habitats 

• nutrient cycling 

• sediment trapping and stabilization 

Multiple-use water services (including Flood control) 
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V.WETLAND CONSERVATION: 

Healthy and sustainable wetlands are must for a vast country like India hence conservation is the only 

key to it. Wetlands are a vital part of our waterways and contribute to the health of our coastal 

resources (such as sea grass beds, fisheries production) by improving the quality of water flowing 

from the catchments to the sea. Loss of any interlinked component in ecosystem is not a positive sign 

for health sustenance.  It can be understood with a relation [Footelee et. al.,1996] e.g., in India, loss of 

1Km2 of wetlands with higher population will have much greater impacts than loss of 1Km2 of 

wetlands in low population areas of abundant wetlands [Wylynko,1999]. It is interesting to understand 

that for sustained conservation of wetlands inflow and outflow of water from different source plays an 

important role. e.g., main types of inflows can be groundwater, rainfall, flooding rivers, tidal 

influences and surface flows (e.g. crops-farm runoff and irrigation tail-water) etc. Main types of 

outflows from a wetland can be evaporation from standing surface or running water, the seepage to 

ground-water (aquifer recharge), water evaporated to atmosphere by plants (called evapo-

transpiration), water held in soils and sediments, overland or channel flows.  

In terms of Carbon storage and sequestration wetlands plays a miraculously incredible role. 

Sediments in wetland act as long term stores of carbon while biomass (plants, bacteria, fungi and 

animals) and dissolved components in wetland waters (surface and groundwater) act as short term C-

storage [Pant et. al., 2003]. Wetland may be the contributor of global methane emissions, but they 

contains highest carbon density (among terrestrial ecosystems) with greater potentials for additional C-

sequestration [Pant et. al.,2003], based on different studies, during survey, it can be estimated that soils 

and organic matter in wetlands may contain 200 times more carbon than its vegetation, hence it is 

important in reference with wetlands conservation to avoid removing soil beneath water surface. 

IPCC, 2000 have estimated that restored wetlands’ (in over 50 year periods) carbon sequestration 

potential is about 0.4 tonnes C/ha/year [IPCC, 2000]. Mangroves are able to sequester approx 1.5 

metric tonne of C/ha/year [Kathiresan & Thakur, 2008; http://mangroveactionproject.org, 2017]. 

Wetlands function as net sequesters or producers of GHGs, this sequestration characteristic depends 

on their bio-geo-chemical processes and hydrology [Bassi et. al., 2014; Lisha, 2017].  

Awareness is another important tool for achieving sustainable success in most of environment 

systems  and conservation related activities. The experts, policy makers and professionals with 
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advance knowledge on Wetlands must bring forward programs, seminars, open discussions etc among 

general public especially those living in vicinity and those who can be interested parties in dealing and 

protecting  wetlands. 

Self rejuvenation by nature is another strategy for wetland conservation. Nature has capacity to 

rejuvenate its natural systems, considering system is left aloof from any interference other than Nature 

by itself. Wetlands are threatened by human interference e.g., degradation and reclamation of the 

wetland area. Degradation can be due to activities like drainage of water (clean and wastewater), 

landfill, pollution, alteration in hydrology, over-exploitation that leads to loss of biodiversity and 

disruption in ecosystem services provided by them [www.moef.nic.in, 2017]. Wetlands slow the 

passage of water and encourage the deposition of nutrients and sediments thereby improving water 

quality downstream. Wetlands are natural buffers and act as shield against increasing risk of floods, 

droughts and tropical cyclones. In addition, these ecosystem acts as sponges by storing peak rainfall 

and releasing water gradually during lean season [https://sandrp.wordpress.com, 2017]. Another 

important conservation strategy can be indepth study of aquatic Eco-system of these Bio-diverse 

wetlands without restriction to a few economical beneficial flora-fauna namely, fish species, aquatic 

plants, water birds that are identified in an around these wetland. 

Major step in Wetlands Conservation Programs may include inventory & mapping of wetland 

types, locations and associated regional ecosystems (REs); mapping of wetlands feeding river courses; 

water resources management; flora and fauna survey and inventorisation including habitat mapping, 

Remote Sensing or GIS based mapping of interconnectivity of wetlands. Maintaining Wetlands will 

sustainably delivers a diverse and wider range of important services for example, water-purification, 

recreational activities & opportunities, coastal protection, water-supply, aquatic fauna including fish 

and fiber, and increasingly, tourism) that are vital for human well-being (Fig 2). Fig 2 explains 

assessment basic steps for wetland conservation that may include, Inventory of Class/type of wetland; 

Status of vegetation, mapping etc.  Further it is important to conserve wetland against degradation, de-

vegetation, eutrophication, climate change and similar lethal phenomenon for water-bodies. It is 

expected that increasing phenomenon of global climate change will further exacerbate the loss of 

terrestrial water storage capacity of wetland leading to sea level rise; degradation of wetland 
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biodiversity including species (e.g., migratory species) that cannot relocate or migrate since they rely 

more or less on existing wetlands for different stages of their life cycle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Seriousness and accountability for implementation and conformity among government policies in all 

related areas of development, planning and economics of environment nature conservation, can be 

policy related steps to avoid deterioration of these wetlands hence conservation can be expected. In 

addition, good governance and management of these wetlands can also leads to significant 

conservation of these water-bodies called wetlands. As a part of their Corporate Social 

Responsibilities towards society and Environment, Industrial establishments including Private 

organizations, corporate houses may initiate various programs with employees and community 

participation to conserve these wetlands.  

Impacts of climate change, hydrological regime alteration also adversely impacts wetlands 

hence general steps to avoid climate change and hydrology of ecosystem locally and globally may 

support conservation as well. For example, locally burning of trashes, setting up fires in landfills sites, 

forests, moderate use of automobiles to avoid combustion of fossil fuels, explosive and crackers on 

festivities, less use of fertilizers, chemicals- insecticides pesticides etc in crop fields, conservation of 

Wetland Class/ Type: 

Fens/Shallow water/ 

Bogs/Swamps Marshes 

etc.. 

Type of Forest Vegetation in 

Wetland 

Disturbance type/ land-vegetation 

alteration/  
Urban/ Industrial interference/ 

(Solid/liquid) waste in-flow/ 

traffic/ vegetation clearing etc 

Type of Forest in 

Wetland 

Wetland Location (with GPS Coordinates) 

Disturbed 

No 

Forest status 

Yes 

No 

No 

Yes 

Fig 2: Wetland Conservation Assessment Steps 

Wetland Misc Informations 

(e.g., Diverse types/ class; 

Comparison of onsite info 

with GIS imageries/aerial 

photographs) 
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ground water, maintaining good health of riverine systems may support wetlands conservation as well. 

Globally conserving water bodies and their hydrology, sustainable management of forests, avoiding 

combustion of fossil fuels, avoiding chemicals spraying on crops to eliminate pest and insects, control 

of pollution and leakages from landfill or contaminated sites to water-bodies, ban on encroachment of 

water bodies etc. may support wetlands conservation.   

 

V. Government of India Initiatives to Conserve Wetlands 

National Wetland Conservation Programme (NWCP) is an initiative of Government of Indian in 

combined collaboration with concerned state governments. NWCP have identified 115 wetlands that 

are considered areas of utmost conservation and management.  

NWCP was operationalised with following salient objectives for wetland conservation: 

1. To lay down policy guidelines for conservation and management of wetlands in the country 

2. To undertake intensive conservation measures in priority wetlands 

World Wetlands Day is celebrated on 2nd February each year to mark the Day the Convention on 

Wetlands was adopted in the Iranian City of Ramsar in 1971. India being one of 169 nations’ 

signatories to the Ramsar Convention on Wetlands, signed in Ramsar, Iran, in 1971, which is an 

intergovernmental treaty that provides framework for national action and international cooperation for 

wise use of Wetlands and their resources conservation. In Fig 3 Ramsar sites, the wetlands of 

International importance that have been identified globally [De Groot et. al., 2006] have been 

presented. In Fig 3 percent of total Ramsar sites with their numbers globally [De Groot et. al., 2006] 

have been also presented in parenthesis. There are almost 26 Ramsar sites spread across India (Fig 4). 

This spread is from Deepor Beel in Assam to Nal Sarovar in Gujarat, from Wular Lake in Jammu & 

Kashmir to Ashtamudi Wetland in Kerala [https://sandrp.wordpress.com, 2017].  
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Ramsar Convention defines wise use of wetlands as “the maintenance of their ecological character, 

achieved through the implementation of ecosystem approaches, within the context of sustainable 

development” [https://facebook.com, 2017]. Wise Use can thus be seen as the conservation and 

sustainable use of wetlands and all the services they provide, for the benefit of people and nature 

[DeGroot et al., 2006].  

Government of India, on 26th September 2017, notified a new set of rules known as Wetlands 

(Conservation and Management) Rules, 2017, replacing the Wetlands (Conservation and 

Management) Rules, 2010. New notification decentralizes wetlands management by giving states 

powers to not only identify and notify wetlands within their jurisdictions but also keep a watch on 

prohibited activities. These rules will also indirectly widens the ambit of permitted activities by 

inserting the ‘wise use’ principle, giving powers to state-level wetland authorities to decide what can 

be allowed in larger interest. 

 

Europe

(1052)

49%

Africa

(359)

16%

Asia

(289)

13%

North America

(211)

10%

South America

(175)

8%

Oceania Region

(79)

4%

Fig -3 Ramsar Sites -Global Overview 

(With No of Ramsar sites)
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Fig 4 : Ramsar Convention designated 26 sites spread across India  

[Source: http://www.moef.nic.in, 2017; https://en.wikipedia.org/wiki/Wetland, 2017] 

 

Another key feature of this Wetland Management 2017 rules is decentralisation of conservation with 

state governments have been given a bigger role, through the setting up of a State Wetlands Authority 

in each state. States and UTs have been directed to prepare lists of wetlands within 3 months of the 

publication of the rules, and to start work on implementing the rules. A National Wetlands Committee 

has been formed at the centre. As per the new rules, the ‘wide use principle,’ shall govern the 

management of wetlands, as determined by the wetlands authority. 

It is worth to mention that under Wetlands (Conservation and Management) Rules, 2010 rules, 

no water body was notified as a wetland, though one was already recognized by centre government 
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and Ramsar Convention [www.zeebiz.com, 2017]. It is worth to mention that in its initiatives towards 

conservation and Management of identified Wetlands, Central Government had also provided Rs 

146.94 crore to different States and other organizations [https://sandrp.wordpress.com, 2017]. In 

addition, Wetlands (Conservation and Management) Rules 2010 still maintains same rules on 

prohibited activities. Prohibited activities of wetlands are like [https://sandrp.wordpress.com, 2017]: 

-Wetland reclamation 

- Dumping of solid waste 

- Prohibition of setting up of new industries  

- Existing industries expansion 

- Prohibition of manufacturing / handling / storage or disposal of hazardous substances  

- Untreated wastes and effluents discharge from industries, cities, towns and other human settlements  

-Prohibition of construction of any nature - permanent or temporary 

- Prohibition of any other activities that may impact the wetlands ecosystems adversely 

 

VI  Learning Outcomes 

After going through this module students will develop an understanding of values, functioning and 

conservation of wetland ecosystems and different aspects of wetland management planning that will 

aid governance. This module will be useful to students aspiring higher studies and career paths that 

involves environment Management, environment sciences, environment engineering, water resources 

management, assessment of aquatic biodiversity and governance of wetland management. 
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Objectives: 

• To learn various water conservation technologies 

• To know various water conservation practices 

• To know various water conservation strategies 

 

1.  

32. Introduction 

About 70% of earth is covered by water but still water is limited resource and is also threatened 

worldwide. Good quality, non-saline water is a global asset, most important in satisfying the 

increasing demand for basic food, fiber and fodder. Decline in per capita consumption of water due to 

increasing population and drought has led to growing concerns about water scarcity. Also due to 

urbanization, haphazard industrialization, intensive agriculture, poor waste management practices etc 

more and pollutants are being discharged in the environment further contaminating surface as well as 

groundwater. Being, its differential availability in different parts of the word, the agricultural activities 

account for the largest share, about 70%, followed by industry 22%, domestic need 4% and reservoir 

account for 4%. 

India has the largest rural drinking water supply program in the world and serving almost more 

than 740 million people. It is expected that around 2020, India will be a “water stressed” country with 

decline in per capita availability to 1,600 cubic meter/person/year. A country is said to be water 

stressed when the per capita availability of water drops below 1,700 cubic meters/person/year. The 

aquifers throughout the world are under stress due to increased pumping from existing wells or 

development of new wells. Though, the health status of majority of the Indians is far from the 

satisfaction when compared to the developed nations. 

So the challenge is to improve the water quality and quantity in the water bodies. To meet the 

challenge, management is one of the main priorities to improve the availability of this resource. Water 
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conservation measures are the first-line option for the control and management of water. So what is 

water conservation?  

Water conservation can be described as “Any beneficial reduction in water use or in water 

losses”. Conservation measures involve reducing the mass emission of drainage water and are include:  

i. Source reduction through sound irrigation water management;  

ii. Shallow water table management;  

iii. Groundwater management; and  

iv. Land retirement. 

While conservation programs differ from city to city, they are generally designed for the 

representative customer in a service region. Source reduction plays a major role in dealing with 

problems caused by the shallow, saline groundwater. In the developing country like India, 

conservation measures required as large tracts of land to drain in inland basins without adequate 

disposal facilities. 

Balancing competing uses of surface water in stream and off-stream and groundwater, while 

protecting water quality, is challenging the limited water supplies in a ways that require new solutions 

for responsible use. Reservoirs, created by damming streams and sometimes pumping water from 

other surface waters, are often the first choice of water authorities seeking to meet demand due to the 

apparent quick fix provided by the ease of creating a large amount of storage. However, adverse 

impacts of impoundments and withdrawals (direct or for pumped storage) are well documented in the 

literature and include effects on the impounded areas, as well as upstream and downstream reaches. 

The United States Geological Survey (USGS) has determined that hydrologic alteration is the 

primary cause of ecological impairment in river and stream ecosystems. Altering the hydrologic 

regime can impact water quality, eliminate natural variability, change water and food transport 

downstream, increase temperature and nutrients, decrease dissolved oxygen levels, and induce cyclical 

changes in cues for life cycle events of aquatic species. The cumulative impacts of  evaporative losses 

from the tens of thousands of smaller reservoirs are also a concern, with one study in the Upper 

Oconee Basin in Georgia finding in excess of 10 million gallons/day in additional evaporative loss due 
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to small impoundments alone. Water, the natural resource is become increasingly scarce; so managers 

often seek policies to reduce demand. It is also essential to introduce various water saving strategies 

with the purpose to save freshwater resources, decrease discharge of wastewater and facilitate the 

recovery of chemicals and energy. Optimizing system management and demand can be very 

advantageous for water utilities. 

32.1.Water management  

The change in global surface temperature, rainfall pattern, evapo-transpiration, and extreme events 

and its possible impacts on the hydrological cycle are pertinent to reassess the availability of water 

resources. It is necessary to implements the water use efficiency programs, which include water 

supply, water conservation and water recycling, reduce demands on the existing water supplies and 

delay or eliminate the need for water supply for an expanding population. In order to meet the needs of 

existing and future populations, the Nation’s water must be sustainable and renewable to protect the 

habitats and ecosystems. The sound water resource management, which emphasizes careful, efficient 

use of water, is essential to achieve the objectives of water conservation. “Water management is the 

activity of planning, developing, distribution, managing and optimum use of water resources under 

defined water policies and regulations”. The following are the measures to be taken to conserve the 

water: 

32.1.1. Development of water saving technologies 

Despite being the fastest developing country; India has poorly managed waterways. Among the 

developed countries, water leakage (which is not available for billing) is estimated to be < 3%, 

whereas in India, water leakage/pilferage is 45% at most. Development of new supplies, treatment and 

distribution infrastructure, and associated costs such as land acquisition and debt servicing can be very 

expensive in comparison to implementing water conservation/efficiency measures. Dams and 

reservoirs can cost $4,000 per 1,000 gallons of capacity whereas water efficiency costs between $0.46 

to $250 per 1,000 gallons saved or new capacity (GEPD, 2008). The following are six best water 

utilities practices which can be undertaken them in considering water efficiency as an alternative to 

development of new supplies (USEPA, 2016). 
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i. Water System Management: Supply side and demand side accounting 

Why do toilets and lawns drink the same water as humans do? Make the most of water rather 

than letting it go down the drain or into the street. There are a number of opportunities every day to 

reuse water. The multi tap supply system plan could make use of various source of water like 

reservoirs, recycled wastewater and desalinated seawater is necessary for various uses in the house. 

Plumbing systems are the primary network for transport and control of residential water to and from 

the home. Plumbing systems distribute potable water within the residence, and dispose of wastewater 

(both gray water and black water) to sewage systems. Innovative methods can be implemented 

affordably for minimizing both water use and available water wastes in plumbing system designs. 

These include selection of efficient plumbing fixtures, appropriate layout and locations of fixtures, and 

reclaiming grey water for use in landscaping irrigation.  

ii. Water Loss Minimization: Leak management 

Leakage represents the largest real losses of water for most systems, and may result from a 

range of conditions, including material weaknesses and physical stresses. Operational problems such 

as excessive pressure or rapid changes in pressure, corrosion, seasonal stresses leaks at connections 

and fittings, and accidental or deliberate damage. Leakage should be managed proactively, cost-

effectively and economically for effective stewardship of a shared and increasingly scarce resource. 

To maintain leakage at economically low levels (the amount of leakage that can be feasibly reduced 

from an economic perspective), a utility should be implemented in leakage management plan and/or 

water loss control program addressing each of the four pillars described by AWWA: Active leakage 

control, Optimized leak repair activities, Pressure management, and System rehabilitation and renewal 

(Figure 32.1). 
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Fig. 32.1: The 4 Apparent Water Loss Components. (Source: Rizzo et al., 2007).  

 

iii. Metering of consumed water  

Domestic water supply using meter and water charge leads efficient use of domestic water and 

conservation of energy for better livelihood. Measuring water thru water meter is used in industrial 

and residential uses but is not being practice in irrigation system. In many developing countries, 

measuring domestic water supply (hot and cold), drainage water and tax accordingly are most 

commonly practice. Metering utilities should not only implement at end users, but also of all water 

sources including groundwater, surface water, water purchases, and/or reclaimed water. The detailed 

information collected from meters can help in identifying unseen sources of leakage and prioritize 

abatement measures. 

The application of water meter done by Navdeep Apartment, a registered cooperative housing 

society namely “Panchsil Memnagar cooperative housing society limited Vibhag-1” in 1995 achieved 

the significant reduction in water as well as electric current. Around 76 apartment owners having 

270people lived in four block had agreed and decided to distribute water through meter in year 2013. 

They had decided to collect charges as per use of water to cover their operational expenditure to 

maintain water supply system. Navdeep experience of water meter proves that before water meter 
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water installed there were electricity bill, which was around 2.3 times (base on electricity consumed). 

It means that use of water was almost 2.3 times more than current water used. It is beneficial to 

consumer that it leads to less maintenance charge to them. Ultimately, judicious use of natural 

resources will lead the sustainability. 

iv. Conservation rate structure 

Water utilities estimate the potential demand reductions from pricing water for efficiency 

before pursuing a reservoir or building an intake, treatment plant, or transmission system. Managing 

demand through pricing can also be an advantage to the utility in that revenues may remain level or 

even increase if set to account for elasticity of demand. Inclining block rates (also known as increasing 

or inclining tier rates) - Conservation pricing can be accomplished with a tiered fee system which 

includes a base charge for fixed costs and a variable rate for volume of water consumed. Although 

increasing block rates have been favored in many recommendations as most likely to support 

conservation-oriented behaviors by end users, some simpler rate structures (such as uniform rates) can 

send customers stronger conservation price signals, as well. 

v. End use water conservation and efficiency analysis 

In order to determine which efficient water conservation programs and policies will be most 

effective in managing demand, a water utility need to understand the makeup of its customer base and 

conduct a thorough assessment of end use water efficiency measures. The performance based targets 

are important in determining how to secure savings to offset water supply needs and use water 

efficiency and conservation as a “least environmentally damaging practicable alternative.”The impact 

at the single-building level can be huge depending on the type of building and reuse system, the San 

Francisco Public Utilities Commission (SFPUC) has found reductions of potable water use from 50 to 

95 percent. 

Water conservation practices can be followed by residential users, industrial and commercial 

users, and agricultural users. They can also be followed by local utilities and/or regional water supply 

plants. Low-flow plumbing fixtures and retrofit programs are permanent, one-time conservation 

measures that can be implemented with little or no additional cost over the lifetime of the fixtures. The 

most commonly recommended low-flow plumbing fixtures are pressure reduction devices, faucet 
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aerators, toilet displacement devices, low-flush toilets, low-flow showerheads, and plumbing 

modifications for gray water reuse. 

Toilet Displacement Devices: Non-toxic bricks or plastic containers can be placed in a toilet 

tank to reduce the amount of water used per flush. By placing between one and three such containers 

in the tank, more than 4L of water can be saved per flush. A toilet dam, which holds back a reservoir 

of water when the toilet is flushed, can also be used instead of the displacement device to save water. 

Low-Flush Toilets: Conventional toilets use 15 to 20L of water per flush, but low-flush toilets 

use only 6L of water or less. Since low-flush toilets use less water, they also reduce the volume of 

wastewater produced. A schematic of a low-flush toilet is shown in figure 32.2. 

 
 

Typical 13.2 litre conventional toilet. ETC Flush Counter installed under tank lid of 

American Standard Cadet 6 litre toilet. 

Fig. 32.2: Low-flush toilet 

vi. Water conservation and efficiency plan 

The idea is to capture water that has been used once, treat it to sub-potable standards, and then 

reuse it for purposes that don’t require drinking-grade water. Aside from toilet flushing and irrigation, 

that can also include using the stuff to cool a building and avoid using a costly air conditioning unit. 

32.3. Watershed management 

It is an urgent need to manage the watershed, a meeting point of climatology and hydrology so 

as to absorb the climatic shocks likely to come from the erratic climatic patterns expected in near 

future. This can be done only through practicing soil and water conservation techniques for artificial 

recharge during rainy season and through construction of small percolation tanks for artificial recharge 
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during the dry season. Small water storages or tanks created in the sub-basins by bunding streams and 

gullies, store runoff water and recharging ground. These practices increase the residence time from a 

few months to a few years of water in the basins thus increased the percolated water available in the 

wells even during the summer season of a drought year. 

India is well enriched with the knowledge of hydrology science for water conservation. The 

floods and droughts were regular occurrence in ancient India and this why every region in the country 

has its own traditional water harvesting techniques that reflect the geographical peculiarities and 

cultural uniqueness of the regions. The cities of Indus Valley Civilization are well evidenced by the 

excavations having excellent water harvesting and drainage systems. The basic concept underlying all 

these techniques is that rain should be harvested whenever and wherever it falls. Rajasthan, a large 

part of which is covered by the Thar Desert, has had a long tradition of water conservation. The 

builders of the famous Bundi and Chittorgarh forts had the vision of exploiting the natural catchments 

in the forts created by undulating hilltops. As long as people have inhabited the drylands and have 

cultivated crops, they have harvested water. Ephemeral streams (wadis) and water collected in wadi 

beds and cisterns, supported people’s livelihoods in the arid and semi-arid areas many thousands of 

years ago, and allowed the growth and development of cities. Millions of hectares of land in the dry 

parts of the world must once have been cultivated using water harvesting, but, for a variety of reasons, 

this practice has steadily declined. 

The Indian mythology is well documented with the story of one of the disciples of a Rishi 

named Aruni, when approached by his teacher (Rishi), volunteers himself to go to the field in a raining 

night for undertaking preventive and corrective measures of the field bund from a possible breach due 

to heavy rain as it had remained incomplete during the repair work undertaken on previous day. He 

(Aruni) lies down on the breached portion of the field bund while failing to repair it due to torrential 

rain thus stopping the flow of water from over the field bund. The teacher very much appreciates it 

when he finds him over the field next day. So the importance of water conservation was well known to 

our forefathers of ancient India and it is very much evident from above narration. 
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32.3.1. Water harvesting  

Water harvesting may be defined as “the process of concentrating precipitation through runoff 

and storage, for beneficial use”. Water harvesting may occur naturally or by intervention. Besides 

being applied to agriculture, water harvesting may be developed to provide drinking water for humans 

and animals as well as for domestic and environmental purposes. 

Four main groups of water harvesting techniques can generally be distinguished: micro and 

macro-catchments, floodwater harvesting and storage reservoirs. Typical micro catchment techniques 

involve the delineation of natural depressions, the construction of contour and stone bunds, systems 

for inter-row water harvesting, terracing, construction of semicircular (half moon) and triangular (V-

shaped) bunds, eyebrow terraces, Vallerani-type micro-catchments, pits, meskats and negarim. 

i. Rain Water Harvesting  

What is rainwater harvesting?  

Rainwater harvesting is a technology used for collecting and storing rainwater from rooftops, 

the land surface or rock catchments using simple techniques such as jars and pots as well as more 

complex techniques such as underground check dams. The techniques usually found in Asia and 

Africa arise from practices employed by ancient civilizations within these regions and still serve as a 

major source of drinking water supply in rural areas. Commonly used systems are constructed of three 

principal components; namely, the catchment area, the collection device, and the conveyance system. 

Rainwater harvesting is discussed in detail in the next module, i. e., module no. 33).  

32.3.2. Design of Landscape Detention basin  

Through proper planning and design, contour the site into a series of concave landscape basins 

where essential shade trees are to be located. Providing water retention at shade tree plantings allows 

for fullergrowth of trees to assist in shading the house for energy conservation. 

Xeriscape: It’s probably no surprise that a big jump inhousehold water use occurs in summer because 

folks are outdoors gardening and watering theirlawns. Traditional commercial landscapes alsoconsume 

plenty of water. These lush floraldisplays and broad expanses of turf dress up a neighborhood, but 
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many popular landscape plants are real water guzzlers. A relatively new concept in landscaping has 

cropped up that was created to conserve water.“Xeriscaping,” a term coined (and trademarked) in 

Denver, Colorado, uses planting and design features that are more suitable to a particular region, 

whether in the arid West or the more variable climate of the Northeast. Xeriscape is water-wise 

gardening. It means choosing plants that conserve water and designing landscapes that protect the 

environment.  

Contour Trenching/Bunding: One of the oldest methods of water conservation is digging of contour 

trenches and contour bunding across the slopes of the ground/field (Fig. 32.3). They have usually been 

installed to prevent small rills developing into gullies by limiting the area over which runoff collects, 

with or without sideways diversion into prepared waterways for safe disposal down slope. The 

barriers, which they provide may, if well maintained, accumulate soil which has been eroded from 

upslope. During monsoon the rain water flowing across the slopes will get collected in these contour 

trenches and recharge the area lying below the trenches. This will provide additional moisture to the 

dry crops sown under rain fed conditions in the respective field. 

 

Fig. 32.3: Contour trenches (https://dunghong.files.wordpress.com/2014/02/geo7.jpg) 
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Village Tanks: Another oldest method of water conservation, a tank is a simple earthen banked 

rainwater harvesting and storage structure, designed by the early settlers using their indigenous 

wisdom and constructed with the generous support of native rulers and chieftains over the past several 

centuries. Since most tanks are manmade, they are usually called reservoirs (Fig. 32.4). Surprisingly 

these earthen structures have withstood the test of time and survived over many centuries. They are 

simple technological innovations developed by those people to accommodate their primary needs and 

adapted to the distinctive Indian climate intense monsoons followed by protracted droughts. The rain 

water collected and stored in these tanks improves the ground water and charge the open wells located 

in the vicinity of the tank. The water stored in these tanks, is used for domestic consumption by 

villagers, fisheries, agriculture purposes. 

 

Fig. 32.4: A Village tank (Source: http://mrdwab.com/tda/18/images/medium/tank-with-water.jpg) 

Improved Irrigation Systems: Agricultural (including forestry) sector is a major water-consuming 

sector. Under certain conditions, surface irrigation techniques such as level basins can also be very 

efficient. These methods require precise grading of the topography, high instantaneous flow rates and 

relatively high levels of automation and management. Micro-irrigation is the slow rate of water 

application at discrete locations at low pressures, and includes trickle or surface drip, subsurface drip, 

http://mrdwab.com/tda/18/images/medium/tank-with-water.jpg
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micro-sprinklers and bubblers. It has made tremendous strides over the past three decades, and has 

become the modern standard for efficient irrigation practices for water conservation and optimal plant 

responses. These systems are particularly advantageous on widely spaced tree and vine crops as well 

as high-value vegetable crops (e.g. under plastic mulches that control weeds, minimize foliar diseases 

and eliminate soil evaporation). Carefully managed subsurface (buried) drip will probably provide the 

greatest potential for water conservation because of the potential for reduced losses. 

Raised beds and waru waru cultivation: This technology is based on modification of the soil surface 

to facilitate water movement and storage, and to increase the organic content of the soil to increase its 

suitability for cultivation. This system of soil management for irrigation purposes was first developed 

in the year 300 B.C., before the rise of the Inca Empire. The technology is a combination of 

rehabilitation of marginal soils, drainage improvement, water storage, optimal utilization of available 

radiant energy, and attenuation of the effects of frost. The main feature of this system is the 

construction of a network of embankments and canals, as shown in Figure 32.5. 

 

Fig. 32.5: Raised Bed Irrigation System in Puno, Peru  

Source: Alipio C. Murilo and Ludgardo L. Mamani, Manual Técnico de WaruWaru, Para la Reconstrucción, 

Producción y Evaluación Económica, Puno, Peru, Programa Interinstitucional de WaruWaru,Convenio PELT/INADE-

IC/COTESU, 1992. 
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The embankments serve as raised beds for cultivation of crops, while the canals are used for water 

storage and to irrigate the plants. The soils used for the embankments are compacted to facilitate water 

retention by reducing porosity, permeability, and infiltration. Infiltration in the clay soils of the region 

varies from 20‒30 % of the precipitation volume. Thus, clay soils are preferred for this purpose and 

sandy soils have too great a porosity to retain the water within the beds. 

The cultivation takes place in the "new" soils within the raised bed created by the construction 

of the embankment. Within the bed, the increased porosity of the new soils results in enhanced 

infiltration, often increasing infiltration by 80‒100% of the original soil. This system permits the 

recycling of nutrients and all the other chemical and biological processes necessary for crop 

production. Water uptake by the raised beds is through diffusion and capillary movements using water 

contained within the beds or supplied from the surrounding canals. 

Clay pot and porous capsule irrigation: This technology consists of using clay pots and porous 

capsules to improve irrigation practices by increasing storage and improving the distribution of water 

in the soil (Fig. 32.6). It is not new; it was used by the Romans for many centuries. The clay pot 

system of irrigation, which consists of individual pots or a series of pots connected with plastic tubing, 

is easy to install, operate, and maintain. This ancient irrigation system has been modernized and 

reapplied in water-scarce areas.  
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Fig. 32.6: Schematic of a Porous Capsule Irrigation System 

(Source: Aderaldo Silva De Souza, et al. 1982) 

 

This low-volume irrigation technology is based on storing and distributing water to the soil, 

using clay pots and porous capsules interconnected by plastic piping. A constant-level reservoir is used 

to maintain a steady hydrostatic pressure. Clay pots are open at the top and are usually fired in home 

furnaces after being fabricated from locally obtained clay or clay mixed with sand. The clay pot 

method of irrigation should only be used on small plots of up to one hectare because the pots do not 

usually release the same volume of water. The system is recommended for home vegetable gardens 

(10 to 20 pots) and for small orchards in rural communities. 

Bamboo Drip Irrigation: In Meghalaya (one of the seven Northeastern states in India), an ingenious 

system of tapping of stream and spring water by using bamboo pipes to irrigate plantations is widely 

prevalent (Fig. 32.7). It is so perfected that about 18-20 liters of water entering the bamboo pipe 
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system per minute gets transported over several hundred meters and finally gets reduced to 20-80 

drops per minute at the site of the plant. The tribal farmers of Khasi and Jaintia hills use this 200-year-

old system. 

 

 

Fig. 32.7: Construction sketch of bamboo drip irrigation system  

(Source: https://permaculturenews.org/2014/02/28/bamboo-drip-irrigation) 

The bamboo drip irrigation system is based on gravity and the steep slopes facilitate in 

implementing it. Water from an uphill source is tapped and brought to the plantation by a main 

bamboo channel. Usually these water sources are far off from the plantations and the main bamboo 

channel runs hundreds of meters in some cases even few kilometers. The water is then regulated 

through a complex bamboo network of secondary and tertiary channels to all the parts and corners of a 

plantation, right up to the bottom of the hill. These bamboo networks usually have 4-5 diversion stages 

before water is delivered at base of the plant. The 18-20 liters per minute of water from the main 

channel gets reduced to 10-80 drops per minute at end of the network. After this long journey, the 
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water trickles or drips drop by drop at the base of the plant. Sometimes water is diverted to distant 

houses for domestic use 

Percolation Tanks: The best way to provide dry season recharge is to create small storage at various 

places in the basin by bunding gullies and streams for storing runoff during the rainy season and 

allowing it to percolate gradually during the first few months of dry season. Such storage created 

behind earthen bunds put across small streams is popularly known as percolation tank (Fig. 32.8).  

 

Fig. 32.8: Percolation tanks 

In semiarid regions, an ideal percolation tank with a catchment area of 10 sq. kms or so hold 

maximum quantity by end of September and allows it to percolates for next 4 to 5 months during 

winter. Excess of the runoff water received in Monsoon flows over the masonry waste weir 

constructed at one end of the bund. Ground water movement being very slow, whatever quantity 

percolates between October and March, is available in the wells on the downstream side of the tank 

even in summer months till June or the beginning of next Monsoon season. 

Check Dams: A check dam is a small, temporary or permanent dam constructed across a drainage 

ditch, swale, or channel to lower the speed of concentrated flows for a certain design range of storm 

events. These are masonry structures constructed across local Nalas/Streams to collect and store the 

flood water during rainy season. A check dam can be built from wood logs, stone, pea gravel-filled 
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sandbags or bricks and cement (Fig. 32.9).These areconstructed in series all along the local streams 

whichflow during rainy season. The rain water collected andstored in these check dams will improve 

ground waterlevels in the open wells situated near by providing water supply for agriculture under 

open wells. The size and shape of a drainage area, as well as the length and gradient of its slopes, have 

an effect on the run-off rate and amount of surface water. Therefore, all topographic characteristics 

should be studied in detail before gully-plugging work begins.  

 

Fig. 32.9: A check dam 

Preserve natural plant vegetation:-Preserve natural existing plant vegetation to reduce landscape 

water use and maximize natural drainage. Retaining native plants on the site as part of the landscape 

will assist in erosion control and is an affordable means of landscaping.  

Augment storm water collection area with rainwater cisterns: Augment surface water basin 

systems with water collection cisterns that capture roof runoff to optimize storm water collection. Size 

the cisterns according to roof collection area. Locate catchment cisterns near planted areas to allow for 

gravity flow irrigation directly to plants. Rainfall is typically a higher quality water source compared 

to gray water, so it should be considered for irrigating food/herb gardens and sensitive, household 

potted plants. More complex, large volume, underground cisterns requiring pumps are probably not 

feasible for single-family affordable housing projects.  



 

20 
 

 

Environmental  

Sciences 

 Water Resources and Management 

 Water conservation and management strategies 

 
 

 

Porous Landscape Detention (PLD): Recent regional flood events, recognition of the impacts of 

developed and rapidly developing areas on water quantity and quality are the main issues requiring 

special management planning. The use of Storm water Best Management Practices (BMPs) is one way 

to address these two intertwined issues. Porous Landscape Detention (PLD) is one of the most 

common types of Storm water Management Facilities utilized (Fig. 32.10). Porous landscape detention 

(PLD) consists of a low lying vegetated area underlain by a sand bed with an under drain pipe. A 

shallow surcharge zone exists above the PLD for temporary storage of the Water Quality Capture 

Volume (WQCV).During a storm, accumulated runoff ponds in the vegetated zone and gradually 

infiltrates into the underlying sand bed, filling the void spaces of the sand. The under drain gradually 

dewaters the sand bed and discharges the runoff to a nearby channel, swale, or storm sewer. The major 

design parameters for a PLD system are the infiltration rate on the land surface and the seepage rate 

through the subsurface medium.  

 

Fig. 32.10: Porous landscape detention design (Source: Storm water Quality BMP manual) 

A low infiltration rate leads to a sizable storage basin while a high infiltration rate results in 

standing water if the subsurface seepage does not sustain the surface loading. Parking islands, medians 

and buffers, courtyards, planters, and green roofs are the excellent on sites with minimal space for 
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detention where landscape and storm water quality can be combined. Geotechnical and foundation 

issues must be carefully considered when selecting and locating porous landscape detention facilities 

and designing under drains and linings. The area with sufficient water detention facilities can be 

developed as a constructed wetland basin.  

Super absorbent polymer: Superabsorbent polymers (SAPs) are materials that have the ability to 

absorb and retain large volumes of water and aqueous solutions. This makes them ideal for use in 

water absorbing applications such as baby nappies and adults incontinence pads to absorbent medical 

dressings and controlled release medium. The use of super absorbent polymer(SAP) could be the 

future of irrigation water conservation. The quantity of water retained in soil depends on soilparticles 

size, as the larger the particle size, the less the ability to attract and retain water, and conversely, the 

smaller the particle the greater the ability to attract and retain water. Super absorbent polymer (SAP) 

materials mostly are organic materials with enormous capability of water absorption, essentially 

dissolution and thermodynamically favored expansion of the macromolecular chains limited by cross-

linkages. 

Earlier super absorbents were made from chemically modified starch, cellulose and other 

polymers like  poly(vinyl  alcohol)  PVA,  poly(ethylene  oxide)  PEO  all  of  which  are  hydrophilic  

and  have  a  high  affinity  for  water. When lightly cross-linked, chemically or physically, these 

polymers became water-swell able but not water-soluble. The water absorbency of some common 

absorbent materials in comparison with a typical commercial SAP samples are given in table 32.1. 

Today’s superabsorbent polymers are made from partially neutralized, lightly cross-linked poly 

(acrylic acid),  which  has  been  proven  to  give  the  best  performance  versus  cost  ratio. SAPs as 

hydrogels, relative to their own mass can absorb and retain extraordinary large amounts of water or 

aqueous solution. These ultra high absorbing materials can imbibe deionized water as high as 1,000-

100,000% (10-1000 g/g) whereas absorption capacity of common hydrogels is not more than 100% 

(1g/g). Figure 32.11 shows visual and schematic illustrations of an acrylic-based anionic 

superabsorbent hydrogel in the dry and water-swollen states (Omidian et al. 2004). 
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Table 32.1.Water absorbency of some common absorbent materials in comparison with a typical  

                 commercial SAP sample. 

Sr. No.  Absorbent Material Water Absorbency (wt%) 

1.  Whatman No. 3 filter paper 180 

2.  Facial tissue paper 400 

3.  Soft polyurethane sponge 1050 

4.  Wood pulp fluff 1200 

5.  Cotton ball 1890 

6.  Superab A-200a 20200 

Source: Buchholz and Graham, 1998; aAgricultural SAP produced by Rahab Resin Co., Ltd., Iran  

(www.rahabresin.com). 

 

 

Artificial Glaciers: The natural glaciers are shrinking due to rising global temperatures and results in 

water crises. In 2014 a local mechanical engineer, Mr. Sonam Wangchuk, set out to solve the water 

crisis of the Ladakh. Mr. Wangchuk had a simple idea: he wanted to balance this natural deficit by 

collecting water from melting snow and ice in the cold months, which would normally go to waste, 

and store it until spring, just when farmers need it the most. He built a two-story prototype of an "ice 

stupa", a cone of ice that he named after the traditional mound-like sacred monuments that are found 

throughout Asia (Fig. 32.12). 

 

http://www.rahabresin.com/
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Fig.32.11: A typical acrylic-based anionic SAP material: (a) A visual comparison of the SAP single 

particle in dry (right) and swollen state (left). The sample is a bead prepared from the inverse-

suspension polymerization technique. (b) A schematic presentation of the SAP swelling (Source: 

Omidian et al. 2004). 
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Figure. 32.12: Wangchuk’s artificial glaciers, also known as ‘Ice Stupas’  

 

 

33.4. Desalination  

What is desalination? 

Desalination is a process that removes dissolved minerals including salts from saline water and 

produces potable water. Desalination is a natural and continuous process and a part of the natural 

water cycle. Sea water evaporates and returns to earth as desalinated rainwater. 

 

 

Source: http://www.dailymail.co.uk/sciencetech/article-
4713574/Artificial-glaciers-grown-high-altitude-desert.html

Sources: http://hial.co.in/
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Why desalinate? 

Desalination has become increasingly important in the last four decades due to the tendency, in 

recent years, for the world’s swelling population to dwell in areas where supplies of high quality fresh 

water sources are less than adequate. Moreover, as there are a considerable number of saline sources 

available, desalination is becoming an attractive possibility. More than three quarters of the earth’s 

surface and more than 95% of the world’s water is either salty or brackish, and therefore not potable. 

Desalination increases the range of water resources available for use by communities. A number of 

technologies, such as the membrane process, distillation, and vacuum freezing, have been developed to 

perform desalination. Nearly 60 percent of the world’s desalination systems use distillation, heating 

the salty water to produce water vapor that is then condensed to form fresh water. 

32.5.Extended detention wetland  

Wetland Treatment System: A storm water or wastewater treatment system consisting of shallow 

ponds and channels vegetated with aquatic or emergent plants. This system relies on natural microbial, 

biological, physical, and chemical processes to treat storm water or wastewater. An extended detention 

wetland (EDW) is a constructed basin that has a permanent pool of water throughout the growing 

season and captures the water quality volume (WQv) and releases it over a 40-hour period. Extended 

detention wetlands are among the most effective storm water practices in terms of pollutant removal, 

and they also offer aesthetic value (Fig. 32.13). As storm water runoff flows through the wetland, 

pollutant removal is achieved through settling and biological uptake within the wetland. Flow through 

the root systems allows the vegetation to remove nutrients and dissolved pollutants from the storm 

water (California Storm water Quality Association, 2003).Routine harvesting of vegetation may 

increase nutrient removal and prevent the export of these constituents from dead and dying plants 

falling in the water. Vegetation harvesting in the summer is recommended annually (California Storm 

water Quality Association, 2003). 
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Photo Source: Tetra Tech, Inc. 

 

Source: California Stormwater Quality 

Association,California Stormwater Quality Association 

StormwaterBest Management Practice Handbook, 2003 

Fig. 32.13: Extended Detention Wetland 

32.6. Management policy  

The main issues encountered in water resource management in the region include wasteful usage, 

low efficiency, and poor management policy. However, Willis et al. (2011) opine that “the 

determining motives for saving water are key when designing educational urban water saving 

strategies; hence at the outset, an understanding of consumption and attitudes towards water is vital.” 

Recently estimated increased cropping intensity to meet world demands will require an increase of 

40% in the area of harvest crops by2030, and that the amount of water allocated to irrigation must 

increase correspondingly by 14% (UNESCO, 2006). This is creating a major paradox and a looming 

crisis due to limited availability of the required water. 

32.7.Water Management Strategies 

Water resource management requires a shift in the attitudes and behaviour of the various stake 

holder to move away from centralized top down planning to community driven location specific, 

people centric planning. Water-management strategies projects do not depend solely on good 

engineering and suitable agronomy for their success. Socioeconomic considerations are just as 

important. Generally same water management strategies are employed without consideration to 
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different parts of a basin. Infect it is necessary to provide a simple framework to visualize water use in 

a basin and enable formulation of effective, site specific, water management strategies. A water 

management strategy is a plan or a specific project to meet a need for additional water by a discrete 

user group, which can mean increasing the total water supply or maximizing an existing supply. 

Strategies can include development of new groundwater or surface water supplies; conservation; 

reuse; demand management; expansion of the use of existing supplies such as improved operations or 

conveying water from one location to another; or less conventional methods like weather modification, 

brush control, and desalination. Factors used in the water management strategy assessment process 

include: 

i. The quantity of water the strategy could produce; 

ii. Capital and annual costs; 

iii. Potential impacts the strategy could have on the state’s water quality, water  supply, and 

agricultural and natural resources and 

iv. Reliability of the strategy during time of drought. 

Calculating the costs of water management strategies is done using uniform procedures to compare 

costs between regions and over time, since some strategies are recommended for immediate 

implementation, while others are needed decades into the future. The opportunities for applying new 

technologies and making other changes in our management of the water resource must be fully 

assessed and implemented as soon as possible. 

The water resources shall be managed in such a manner that will result in the greatest long-

term benefit to the people. Various water-saving opportunities exist, since conditions vary from place 

to place, specific opportunities must be identified individually. All the terrestrial freshwater use takes 

place within a basin context. Within each basin, there are hydrological, topographical, and 

hydrological differences between areas or reaches, requiring different water management and 

conservation techniques. Unfortunately too often this is not done and the same water management 

strategies are employed without consideration to characteristics of different part of basin. The greatest 

potential savings are found in areas where significant quantities of return flow from excess water 

applications are disposed to saline waters without serving further beneficial use. But even in areas 
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where water conservation measures will not save large quantities of water, they may result in energy 

savings and offer opportunities for environmental improvement through changes in water 

management. 
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Objectives:  

 To know water resources- at a glance 

 To understand water management 

 To explain importance and need of water conservation 

 To explain the main challenges in water management 

 To know solutions and strategies of water management 

 

Concept Map 

Water Resource Management 

 

Water Challenges

•Transboundary Conflicts

•Water in Agriculture (Food)

•Water in Energy Sector

•Water and Climate Change

•Environmental pollution

•Hazards Related to Water

•Pressures of Industrialization & 
Urbanization

•Water Pricing

•Non-Revenue water (NRW)

•Water Governance

Solutions/Strategies

•Ecosystem Development

•Integrated Water Resource 
Management

•Water Smart Agriculture

•Proper pricing for water services

•Water- Food –Energy Nexus
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1. Water Resources-at a Glance 

Water covers 70.9% of the Earth’s surface and is vital for all known form of life. It is a basis of 

existence on the earth and is the foundation for human survival and development. It is a prerequisite 

not only for the preservation of the environment but for human health and well-being also. Water 

resources are sources of water that are potentially useful. At present only about 0.08 percent of all the 

worlds fresh water is exploited by mankind for ever increasing demand for sanitation, drinking, 

manufacturing, leisure and 

agriculture. World oceans 

cover about three fourth of 

earth’s surface. 97% of the 

water on the Earth is salt water 

which has an electrical 

conductivity (EC) around 55 

dSm−1 (total dissolved solids ≈ 

35 000 mg l−1) and sodium 

(Na+) concentration more than 

450 m mol l−1 (Suarez and 

Lebron, 1993). According to 

the UN estimates, the total 

amount of water on earth is about 1400 million cubic kilometer which is enough to cover the earth 

with a layer of 3000 meters depth. However the fresh water constitutes a very small proportion of this 

enormous quantity. About 2.7 per cent of the total water available on the earth is fresh water of which 

about 75.2 per cent lies frozen in Polar Regions and another 22.6 per cent is present as ground water. 

The rest is available in lakes, rivers, atmosphere, moisture, soil and vegetation effectively available for 

consumption and other uses. Water on the earth is in motion through the hydrological cycle. The 

utilization of water for most of the users i.e. human, animal or plant involves movement of water. 

Water resources have two facets, the first one is dynamic resource, measured as flow and more 
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relevant for most of developmental need; the other one static or fixed nature of the reserve, involving 

the quantity of water, the length of area of the water bodies.  

But, in the last few decades’ rapid industrialization, urbanization, population growth and the 

associated consumerist culture have interfered with the natural hydrological cycle of rainfall, soil 

moisture, groundwater recharge, surface water and storage.  The growing urban population in 

developing countries has generated demand well beyond the capacity of already inadequate water 

supply and sanitation infrastructure services. According to the UN World Water Development Report, 

by 2050, at least one in four people are likely to live in a country affected by chronic or recurring 

shortages of freshwater. It is predicted that by 2050, the per capita availability of water at the national 

level will drop by 40 to 50 percent due to rapid population growth and commercial use (Patnaik, 

2011). Mankind and our activities are instrumental in polluting water bodies. This further leads to 

overuse, abuse and pollution of our vital water resources and has disturbed the quality and the 

natural cleansing capacity of water. Unless serious efforts are not being made to stop this malpractice, 

the coming generations will suffer acutely. We should think seriously about valuing water. 

 

2. Water Management 

Water is one of the most crucial elements in developmental planning of any nation. Management of 

water resource involves a set of policies and regulations; it is not merely a technical issue but requires 

a mix of measures involving changes in policies, prices and other incentives along with infrastructure 

and physical installations. It is an activity of planning, developing, distributing and managing the 

optimum use of water. Ideally, planning of water resource management consider all the competing 

demands for water and seeks to allocate water on an equitable basis to assure all uses and demands.  

Water conservation involves the strategies and activities that are used to manage water resources, 

especially fresh water as a sustainable resource. Conservation aims at protecting the water 

environment and its resources from negative impacts in order to make them to be able to meet current 

and future demands, making them sustainable.  
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3. Challenges in Sustainable Water Management 

Water is widely present finite resource. Its property of universal solvent makes it highly vulnerable to 

pollution. Beside its abundance, high degrees of mismatch spatially and temporally are there between 

availability and demand at many places. It is a challenge to provide water of desired quantity and 

quality at a required place. This is especially true for monsoon climates where 70–90% of the annual 

rain falls in just 3–4 months. This leads to too much water and often floods in the wet season, and too 

little water and often droughts in the dry season. At times, enough water may be available but the 

quality may be so poor that it is of no use without treatment. Water conservation is one of the main 

problems societies are facing today. India is vulnerable to future water stress and facing crisis in water 

conservation due to poor management, unclear laws, and increased industrial and human waste. 

Climate change and increase in population growth has also exacerbated the crisis. The most affected 

are the communities at the lower class and Indian villages. Women and children also suffer most as 

they have to walk long distances to get water for domestic use. The use of water has been growing at 

more than twice the rate of population growth. Dry lands are the most affected since they do not have 

the right infrastructure to deal with this issue. Water scarcity and other challenges go hand in hand 

with poverty most of the times and eradicating this issue will lead to the improvement of poverty 

levels in the society (UN, 2012). 

Sustainable water management poses numerous challenges: bridging the increasing gap 

between demand and supply, providing enough water for production of food, balancing the uses 

between competing demands, meeting the growing demands of big cities, treatment of wastewater, 

sharing of water with the neighbouring countries and among the co-basin states. In India, floods, 

water-logging, soil erosion, drought salty groundwater, etc. are some of the major problems of water 

management for agriculture and other needs. These challenges are briefly discussed over here. 

 

3.1 Water and Gender 

Gender differences is most significant among water related challenges worldwide i.e. the crisis of 

scarcity, deteriorating water quality and linkage between water and food security as well as need for 

improved governance. Local knowledge, social and gender dimensions and their implication are often 

neglected while making policies which are otherwise broad and based upon generalized perspectives. 
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Though women are primarily responsible for managing domestic water supply and promoting home 

and community-based sanitation activities, they are often overlooked in the planning and 

implementation of infrastructure projects. Men traditionally have a greater role in decision making. 

The different groups of men and women in the society use resource differently. The integrations of 

gender sensitive approach to development can have positive impact on the effectiveness and 

sustainability that leads to new solutions to problems, help government to avoid poor investments and 

expensive mistakes. Their  considerations can successfully be incorporated not only for water resource 

management but for other sectors also e.g. urban water supply, agriculture, industry and energy that 

depend upon water  resources and conflict over water allocation and their demand for freshwater 

resources.  

3.2 Water and Agriculture 

Water is the key to food security. Crops and livestock need water to grow. Agriculture accounts for 85 

percent of India’s water consumption which provide subsistence and livelihood support to more than 

58 percent of population. According to the Food and Agriculture Organization the world population is 

predicted to grow 8.3 billion in 2030 and 9.1 billion in 2050. By 2030, food demand is predicted to 

increase by 60%.  India has well developed irrigation infrastructure that allows the country to be self 

sufficient in food grain production, reaching a record level of 250 million tons in 2011(Department of 

Agriculture and Cooperation, 2011). With increased Economic growth and individual wealth the diets 

Mali, a country in North Africa is an arid area and involved many water projects. There are Community-

Managed Wells which are drilled by the government. However, one case showed how an initiative can fail 

if women are not involved in planning. The Macina Wells project failed to incorporate an understanding of 

gender roles and inequalities in project planning. Management of the wells was handed over to (male) 

community leaders without consulting women in the planning of the new resource or its continued 

management. Women were allocated cleaning tasks. The systems and equipment set up were impractical 

for women, though they were the ones primarily responsible for collecting water from the well. As a 

result, at peak times, women dismantled the equipment and went back to their old ways of collecting 

water. Moreover, the men who were involved as caretakers failed to adequately fulfill their roles since 

water and sanitation were seen as a women’s domain. 
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are shifting from predominantly starch-based to meat and dairy, which require more water. Producing 

1 kg rice, for example, requires about 3,500 L water, 1 kg beef some 15,000 L, and a cup of coffee 

about 140 L. This dietary shift is the greatest to impact on water consumption over the past 30 years, 

and is likely to continue well into the middle of the twenty-first century.  

The agriculture produce travels through many hands from field to fork viz- farmers, 

transporters, store keepers, food processors, shopkeepers and consumers. Food can be wasted at every 

step along the value chain, which means that the water used to produce it is also wasted. With as much 

as 1.3 billion tons of food wasted annually (WWF, 2015), 250 km3 of water is being ‘lost’ per year due 

to food waste worldwide (FAO, 2013). India has heavily invested in irrigation infrastructure but its 

irrigation efficiency is poor. Many of the facilities operate, on average, at only 35 to 40 percent 

efficiency (MoEF Report, December, 2006). The chief grain producing states in India (Uttar Pradesh, 

Punjab, Madhya Pradesh, West Bengal, and Haryana, home to major water basins) has already crossed 

their surface irrigation potential and now farmers are withdrawing ground water and many of these 

regions have been categorized as water-stressed zones because the rate of withdrawal has either 

exceeded, or is about to exceed, the rate of recharging. Anthropogenic water logging in irrigation 

commands leads to the loss of productive land to agriculture and also the large inadvertent water 

evaporation/evapo-transpiration of the swampy areas. 

 

3.3 Water and Energy 

Water and energy are closely interlinked and interdependent. Energy generation and transmission 

requires utilization of water resources, particularly for hydroelectric, nuclear, and thermal energy 

sources. Recent interest in bio-fuels also creates an incremental demand on water resources; the World 

Water Development Report (2012) predicts that even a nominal increase in bio-fuel demand (say 5% 

of road transport by 2030, as predicted by International Energy Agency) could push up the water 

demand by as much as 20% of the water used for agriculture worldwide. Additionally, bio-fuel 

production is linked to increases in water pollution through increased use of fertilizers and agricultural 

chemicals. Conversely, about 8% of the global energy generation is used for pumping, treating and 

transporting water to various consumers. Co-production of water and energy, as is the case for 

geothermal energy generation, offers interesting opportunities to energy and water scarce countries. 
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Water, energy and food are inextricably linked and impose a great challenge but these are addressed in 

isolation with in sectoral boundaries. Fragmented sectoral responsibilities, lack of coordination and 

inconsistencies between laws and regulatory frameworks may lead to misaligned incentives. Water is 

an input for producing agricultural goods in the fields and along the entire agro-food supply chain. 

Energy is required to produce and distribute water and food (to pump water from groundwater, to 

power tractors, irrigation machinery, and to process & transport agricultural goods). Growing bio-

energy crops under irrigated agriculture can increase overall water withdrawals and jeopardize food 

security. Converting surface irrigation into high efficiency pressurized irrigation may save water but 

may also result in higher energy use. Recognizing these synergies and balancing these trade-offs is 

central to jointly ensuring water, energy and food security.   

 

3.4 Pressures of Industrialization and Urbanization 

The demand of water for industry and domestic is increasing.  According to Burton et al., 2011 it is 

estimated that it will double in absolute quantities by 2025, as compared to 2005 and will claim 11 and 

8 percent, respectively, on total water demand. It is estimated that by 2050, more than half of India 

will be living in urban areas. The semi-urban and urban population would rely on urban water utilities. 

Most urban areas have to import water from further distances and many existing water utilities are 

either financially bankrupt or have huge transmission and distribution losses, as high as 50 percent. 

The quality of urban water infrastructure and water management will have to be upgraded to respond 

to growing demand. Many water-dependent industries run on India’s power grid, which in turn 

depends on hydroelectricity, nuclear, and coal facilities that requires water for cooling purposes. 

 

3.5 Water Pricing 

Pricing water is the key factor affecting the water situation in India. In order to meet the demand for 

water and manage it sustainably, the Indian government, along with its neighbors, will have to account 

for the economic value of water. Currently in India, the price charged to farmers and industry is highly 

subsidized, and authorities are not taking into account the vulnerability and scarcity of water resources 

when setting the prices. It is essential to consider income levels, the rural or urban setting, and the 

profitability of industries while setting real price of water. 
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3.6 Water and Climate 

Climate variability has an impact on water resources and their management. Water is not only greatly 

affected by climate change, but is also a core component of climate. The hydrological cycle includes 

processes such as evaporation and precipitation that are predicted to shift with climate change, and can 

have important implications for fresh water supply for drinking water, rain-fed agriculture, 

groundwater supply, forestry, biodiversity, and sea level. 

Water is the primary medium through which climate change influences Earth’s ecosystem and thus the 

livelihood and well-being of societies. The poor, who are the most vulnerable, are likely to be 

adversely affected. The global warming may affect the hydrological cycle which could result in further 

intensification of temporal and spatial variations in precipitation, snow melt and water availability. 

The projected implication of climate change and resulting warming in India will adversely affect the 

water balance in different parts and quality of ground water along the coastal plains. Climate change is 

likely to affect ground water due to changes in precipitation and evapo-transpiration. Rising sea levels 

Fig. 1.  Effect of Climate Change on Hydrological Cycle (Adapted From Ragab and  Prudhomme, 2002). 
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may lead to increased saline intrusion into coastal and island aquifers, while increased frequency and 

severity of floods may affect groundwater quality in alluvial aquifers. Increased rainfall intensity may 

lead to higher runoff and possibly reduced recharge. The economy of country like India is closely tied 

to its natural resources and climate sensitive sectors i.e. agriculture, water and forestry and this may 

face a threat because of projected changes in climate. 

Adaptation to climate change is closely linked to water and its role in sustainable development. 

At 2.5°C warming, melting glaciers and the loss of snow cover over the Himalayas are expected to 

threaten the stability and reliability of northern India’s primarily glacier-fed rivers, particularly the 

Indus and the Brahmaputra.  The Ganges will be less dependent on melt water due to high annual 

rainfall downstream during the monsoon season. The Indus and Brahmaputra are expected to see 

increased flows in spring when the snows melt, with flows reducing subsequently in late spring and 

summer. Alterations in the flows of the Indus, Ganges, and Brahmaputra rivers could significantly 

impact irrigation, affecting the amount of food that can be produced in their basins as well as the 

livelihoods of millions of people (209 million in the Indus basin, 478 million in the Ganges basin, and 

62 million in the Brahmaputra basin in the year 2005. The frequency and intensity of flash floods will 

increased with melting glaciers and less water will flow during dryer seasons. Water storage facilities 

have to be improved to manage the source as increased intensity of rainfall during fewer days and 

drought in subsequent time of year. These include rehabilitating traditional water structures, increasing 

storage in natural waterways, and also in dams and ponds. Rising temperatures due to climate change, 

will drastically affect crops that will require more water to withstand heat.  

 

3.7 Transboundary Water Conflict 

Indispensability of water and its unequal distribution has often led to inter-state or international 

disputes. Issues related to sharing of river water  have  been  largely affecting  our  farmers  and  also  

shaking  our governments. According to The United Nations, water disputes result from opposing 

interests of water users, public or private, a conflict between countries, states, or groups over an access 

to water resources.  Water conflicts are driven by growing demand for water, constrained by power 

asymmetries between stakeholders, and is subject to complex political dynamics which must be taken 

into consideration in any water sharing negotiation. There is a strong preference for bilateral (benefits 
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more powerful), rather than multilateral (benefits the weaker parties), arrangements at both the inter-

state level and the transboundary. The water management is hampered by the lack of adequate and 

reluctant sharing of hydrological data. Zero-sum attitudes i.e. lack of integrative thinking among all 

concerned parties toward water sharing Supply-side solutions dominated by technical perspectives 

from civil engineering, economics, and international law. The Inter-Linking Rivers Project in India is 

one of the prominent examples. Global discourse about ‘green’ hydropower dominates and drives dam 

construction. Elements of a water crisis may put pressures on affected parties to obtain more of a 

shared water resource, causing diplomatic tension or outright conflict. The broad spectrum of water 

disputes makes them difficult to address. Local and international law, commercial interests, 

environmental concerns, and human rights questions make water disputes complicated to solve 

combined with the sheer number of potential parties; a single dispute can leave a large list of demands 

to be met by courts and lawmakers. 

About 40 % of the world’s population lives in river and lake basin shared by two or more 

countries that is more precisely approximately 90 % lives in countries share basins. The existing 276 

transboundary lakes and river basins cover nearly one half of earth land surface and account for sixty 

percent of global freshwater flow. Worldwide about 2 billion people depend upon groundwater which 

includes approximately 300 transboundary aquifer systems. These basins and aquifers support the 

income and livelihood of hundreds of millions of people worldwide and link populations of different 

countries. These linkages create hydrological, social and economic interdependencies between 

societies and are vital for reducing poverty and attaining the Millennium Development Goals. 

Potential transboundary impacts and conflicts can be best solved by cooperation, adequate legal and 

institutional frameworks, joint approaches to planning and sharing of benefits and related cost. 

Some water disputes are: 

Water conflict in the Middle East: Three river basins, namely the Jordan, the Tigris-Euphrates and 

the Nile are the shared water resources for Middle East countries. Ethiopia controls the head waters of 

80% of Nile’s flow and plans to increase it Sudan too is trying to divert more water. This would badly 

affect Egypt, which is a desert, except for a thin strip of irrigated cropland along the river Nile and its 

delta. Likewise there is a fierce battle for water among Jordan, Syria and Israel for the Jordan River 

water share. Probably, the next war in the Middle East would be fought over water and not oil. 
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The Indus Water Treaty: In 1960, the Indus water treaty was established vide which Indus, the 

Jhelum and the Chenab were allocated to Pakistan and the Satluj, the Ravi and the Beas were allocated 

to India. Being the riparian state, India has pre-emptive right to construct barrages across all these 

rivers in Indian Territory.  

The Cauvery water dispute: Out of India’s 18 major rivers, 17 are shared between different states. In 

all these cases, there are intense conflicts over these resources which hardly seem to resolve. Cauvery 

is an inter‐State basin having its origin Karnataka and flowing through Tamil Nadu and Puduchery 

before out falling in Bay of Bengal. The sharing of waters of the Kaveri River has been the source of a 

serious conflict between the two states of Tamil Nadu and Karnataka. The genesis of this conflict rests 

in two agreements in 1892 and 1924 between the erstwhile Madras Presidency and Kingdom of 

Mysore. 

In this regard, Government of India on 2nd June, 1990 had constituted the Cauvery Water Disputes 

Tribunal (CWDT) to adjudicate the water dispute regarding inter‐state river Cauvery and the river 

valley thereof among the States of Tamil Nadu, Karnataka, Kerala and Puducherry 

The Satluj-Yamuna link (SYL) canal dispute: The issue of sharing the Ravi-Beas waters and SYL 

issue between Punjab and Haryana 

 

3.8 Environmental Pollution 

Environmental pollution is a by-product of economic development and goes unabated in many water 

bodies as a result of indiscriminate dumping of domestic, agricultural and industrial wastes. The water 

bodies are polluted mainly through point source (Industries) and non-point (agriculture and domestic 

sectors) pollution source. The point sources of pollution are simple to control and prevent but non 

point offers a great challenges. The chemical used in agriculture sector (fertilizer, pesticides, 

insecticide, salts) move along with the drainage from the root zone to underlying water table/ground 

water. This further leads to the pollution of surface water as ground water flow into streams. Another 

major source of pollution in water bodies found in varying concentration is ‘emergent pollutants’. 

These are synthetic or naturally occurring chemical or any microorganism that is not commonly 

monitored in the environment but has the potential to enter the environment and cause adverse 

ecological and human health effects. The main categories of emerging pollutants present in wastewater 
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are pharmaceuticals (antibiotics, analgesics, anti-inflammatory drugs, psychiatric drugs, etc.), steroids 

and hormones (contraceptive drugs), personal care products (fragrances, sunscreen agents, insect 

repellents, microbeads and antiseptics), pesticides and herbicides, surfactants and surfactant 

metabolites, flame retardants, industrial additives and chemicals and plasticizers and gasoline 

additives. Emerging pollutants are rarely controlled or monitored. Slow accumulation of pollutants 

over the years in many rivers has made them aesthetically unpleasant and biologically and chemically 

toxic. Restoration of such rivers to environmentally acceptable levels is costly.  

Many countries have enacted legislation to address this issue but the enforcement becomes 

difficult as the costs are passed back to the tax payers by the polluters as increased costs of their 

commercial products. Introduction of advanced methods of waste water treatment such as membrane 

technology, recycling, reclamation of waste water etc. help alleviate the pollution problem to some 

extent. In the long term, an integrated approach of water management in which all aspects of the water 

sector are considered and optimized within the framework of a single ecosystem appears to be the way 

forward. 

 

 3.9 Water Hazard 

Water-related hazards account for 90% of all natural hazards, their frequency and intensity is generally 

rising. The human settlements in the disaster prone areas have negative consequences and thousands of 

people around the world affected worldwide every year. The variations in land use and climate change 

have altered the flood frequency statistics. Some 373 natural disasters killed over 296,800 people in 

2010, affecting nearly 208 million others and costing nearly US$110 billion. According to the United 

Nations Global Assessment Report, since 1900 more than 11 million people have died as a 

consequence of drought and more than 2 billion have been affected by drought, more than any other 

physical hazard. Water-related hazards form a subset of natural hazards; the most significant ones 

include floods, mudslides, storms and related ocean storm surge, heat waves, cold spells, droughts and 

waterborne diseases. 

Floods and droughts are part of the spatio-temporal variable water cycle dynamics and a 

natural phenomenon, the climate change and human interference have changed the frequency and 

severity of floods and droughts in many river basins worldwide. Urbanization, river channelization and 
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other human activities, modify the storage capacity of catchments and impact groundwater recharge 

result in increased occurrence of water-related disasters. The frequencies of floods (Hirabayashi et al., 

2013) and droughts (IPCC, 2013) are likely to change with increasing temperatures in coming decade.  

 

3.10 Non-revenue water (NRW) 

Water leaking from the water supply system is a vast problem in many cities across the world and 

comes from inadequate maintenance of the system, combined with few or no automatic measuring 

systems. It is unfortunately very common to find leakages of 40-70 % of the water produced and 

pumped to the end-users. However, it is not only water which is lost, but also the energy used to 

produce and distribute the water, which is wasted. In India it is estimated that between 40 and 50 per 

cent of the supplied water is lost due to leakages in pipes and connections. Because of this, a lot of 

water ends up being wasted while at the same time many Indians still do not have access to water. If 

the share of water wasted was brought down to 15 %, millions of people could have their share of 

water without a need for more water to be produced (Times of India report March-2014) 

 

3.11 Water Governance-disconnect between State and Centre Government 

Water governance is fragmented and, as a result, leads to inconsistent water policy between the central 

and state governments. This fragmentation makes the task of implementing a holistic policy faraway 

difficult. In India according to Constitution, each of the twenty-eight states of the Union is responsible 

for dealing with their own water issues. However, the federal government has the constitutional 

mandate to resolve issues that arise out of the use of interstate rivers. This complexity of governance 

in water sector and all levels from the central government down to the field level officials who deal 

with farmers and industry have to recognize the water challenges and the need for coordinated action 

for proper implementation of Water policies in India. 
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4. Solutions and Strategies 

4.1 Ecosystem 

Ecosystems are increasingly seen as solutions to water problems, not just as a casualty. This is a 

welcome and positive trend as it also reflects improvement in dialogue and a step towards better-

integrated water resources management, and therefore more sustainable development. 

Ecosystems – including, for example, forests, wetlands and grassland components – lie at the heart of 

the global water cycle. All freshwater ultimately depends on the continued healthy functioning of 

ecosystems, and recognizing the water cycle as a biophysical process is essential to achieving 

sustainable water management. 

4.2 Integrated Water Resource Management (IWRM)  

The World Water Council (2000) define the IWRM as  a philosophy that holds that water must be 

viewed from a holistic perspective, both in its natural state and in balancing competing demands on it 

– agricultural, industrial and environmental. Management of water resources and services need to 

reflect the interaction between these different demands, and so must be coordinated within and across 

sectors.  

4.3 Water Smart Agriculture 

The world is now looking towards “water- smart” production by recognizing the links between water 

and other resources and socio- economics of poor harvest management. Automation, computer 

controlled decision support systems, on demand irrigation through creation of level pools in canals, 

using real time soil moisture data to decide irrigation doses etc. are important means of improving 

efficiency. In water scare and highly productive areas, these need to be implemented on a pilot basis. 

Subsidies would encourage this initially. More efficient techniques such as drip irrigation, low 

pressure sprinklers are currently being used to increase the water productivity. 

4.4 Water- Food –Energy Nexus 

To achieve water, energy and food security simultaneously, decision-makers of each single sector need 

to consider broader influences and cross-sectoral impacts. A nexus approach to sectoral management, 

through enhanced dialogue, collaboration and coordination is needed. 
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4.5 Proper pricing for water services 

In order to meet the demand for water and manage it sustainably proper pricing of water should be 

done at each level (Domestic use, agriculture and Industrial). High-income households and large, 

water dependent sectors should pay more for water. This would include the landed elite, the beverage 

industry, recreation outlets (e.g., malls and parks), and other large manufacturing and commercial 

outfits. 

5. Conclusion 

The demand for, availability, and varying use of water all have an impact on India’s water resource 

management and its relations with neighboring countries. The sustainable conservation of water on 

earth requires immediate attention, commitment and dedication of all. All the issues in management of 

water resources including societal and cultural are interconnected, therefore a holistic approach is 

needed to address the problem. A balance between use/development and conservation with modern 

technologies and traditional practices are required. The implementation of all the approaches needs 

will and commitment of stakeholders and sharing of resource in equitable manner. New technologies 

are key driver of the recent success of citizen science activities. Collaboration among all stakeholders 

is crucial to addressing global challenges and achieving common goals with a stronger focus on 

scientific and social values. 
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Module 17: Elements of GIS 

 

1. Learning Objective 

The objective of this module is to understand the basic concept of elements of GIS with a note on 

hardware and software and their role in GIS application. 

This chapter provides an overview on the functional elements of GIS such as software, data and 

methods used in GIS application. This chapter highlights the use of some of the important hardware 

and software used in GIS namely scanner, plotter, satellite navigation system, remote sensor 

multibeam ecosounder, ArcView and SAGA GIS.  

2. Introduction 

Geographical information system (GIS) is a computer system built to capture, store, manipulate, 

analyse, manage and display all kinds of spatial or geographic data, answers geographic queries and 

provides excellent visualization capability. GIS data can be collected and details of the geographical 

area unveiled to serve the purpose of the GIS project that is at hand. Various sectors rely on the data 

and research findings to make essential decisions. A GIS system is made up of five elements: 

Hardware, Software, Data, People and Methods that work together to make projects successful. All of 

these features need to be in the balance for the GIS system to be successful. No one part can exist 

without other.    
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Fig: 1. GIS elements integrated with each other 

 

3. Hardware 

Hardware used in GIS helps in supporting the activities which are essential for geospatial analysis. 

These activities range from the collection of GIS data upto the interpretation of that data. A 

workstation is a central equipment at which GIS software runs. Other ancillary equipments are 

attached to the workstation. Hard copy data is converted with the help of a digitizer to digital data. 

Web servers also make part of the hardware for web mapping purposes ordinary in GIS and so is 

handheld field technology that makes data collection easy. ArcGIS Server is a server-based computer 

where GIS software runs on the network computer or is cloud-based. For the computer to perform 

well, all hardware element must have high capacity. All hardware elements function together to run a 

GIS software smoothly. Main hardware elements are: 

3.1. Scanner 

A scanner is a device that reads paper maps and converts them into very high-resolution files. The file 

is then used directly in the GIS as a raster backdrop or a scanned image may be vectorized using post-

processing software. Scanners are typically divided into two groups: flatbed scanners - require the map 

to be laid out face down on a glass table; and, drum scanner - which requires the map to be attached 

face out to drum, that rotates. 

3.2. Plotter 

Inkjet plotters offer very high resolutions and quality colour reproduction for static displays. These 

plotters have entirely replaced the pen plotters and offer reliable, high-resolution, low maintenance 

colour plotting. These plotters usually make use of magenta, yellow, and black ink cartridges, which 

can be combined to produce any color in the spectrum. In newer models, the print head has been 

separated from the ink reservoir, to allow the plotter to print many plots before the reservoir needs to 

be replaced. 

3.3. Monitor 

It is the most common GIS output device that has the ability to display dynamic data in almost any 

colour. Depending on the amount of use, a monitor will receive many different available options. 

Nowadays, there are various types of monitor: CRT (cathode ray tube), LCD (Liquid Crystal Display), 

LED (Light Emitting Diodes) and more. 
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Fig: 2. Computer monitor 

3.4. Satellite Navigation system 

The Global Positioning System (GPS) is a satellite navigation system that allows the position of the 

receiver to be determined within meters or centimeters. GPS uses a constellation of 24 satellites 

having precisely known positions to enable a GPS receiver to calculate its position. Each satellite 

measures time accurately using an atomic clock and broadcasts a time-synchronized signal. The 

receiver receives the signal from four or more satellites and calculates the time differential to each 

satellite, which allows the distance to each satellite to be determined within a few meters. Since the 

satellite locations are known precisely, the receiver can then calculate its location. 

 

Fig:3 Garmin GPS eTrex 10 

3.5. Remote Sensors 

The device that can obtain data about an object without coming into physical contact with that object 

using electromagnetic radiations is commonly known as remote sensor. Remote sensing systems are 
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classified as passive and active. Passive remote sensing system uses an external source of 

electromagnetic radiation, which is usually the sun. Active remote sensing system uses their own 

source of light which is reflected off the target object to a sensor. 

 

Fig 4: Active and Passive remote sensor 

3.6. Multibeam Ecosounders 

It is an advanced version of depth sounders which is used in many recreational vessels and marine 

mapping applications. It uses multiple beams to map the ocean depths not only directly beneath the 

ship, but also to each side. In the present times, two varieties of multibeam ecosounder are used. The 

first transmit wave from a transducer which is received by an array of microphones that are towed 

behind the ship; and, second transmits sound waves from a transducer and receives a reflected waves 

using an array of microphones that are attached to the hull of the ship. 

 

Fig: 5 Anomaly detection in multibeam ecosounder seabed scans 
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4. Software 

GIS software helps to store, analyze and display geographic information in the form of maps and 

reports. It provides the Graphic User Interface (GUI) for easy display and access to tools for input, 

visualizing, processing, editing, analyzing and querying geographic data. Data is accessed and 

managed through Data Management System (DBMS). Example of GIS software is ArcView 3.2, 

QGIS, SAGA GIS. The software elements are described below: 

4.1. GIS Tools: Key tools to support the browsing of GIS data. 

4.2 Relational Database Management System (RDBMS) 

RDBMS is a type of database in which data is organized across one or more tables. The tables are 

associated with each other through a standard field called keys. In contrast to other database structures, 

RDBMS requires few assumptions about how data is related or how it is extracted from the database. 

The relational model has relationship between tables using primary keys, foreign keys and indices. 

Thus, the fetching and storing of data becomes faster. RDBMS is widely used by the enterprises and 

developers for storing complex and large amount of data. GIS Software retrieve from RDBMS or 

insert data into RDBMS. 

4.3. Query Tools 

The Query Tool is a production quality add-in that allows users of the ArcGIS Viewer for query a 

layer or table within an ArcGIS Server map service.  With the add-in, users of the Application Builder 

can interactively build queries, end-users presenting with a simple dialog box that prompts for values 

to plug into the queries.  The tool can be configured to query multiple fields, and query statements can 

be combined using logical operators.   

4.4. Graphical User Interface (GUI) 

GUI is a type of user interface that allows the users to interact with electronic devices through 

graphical icons and visual indicators such as secondary notation, typed command labels or text 

navigation instead of text-based user interfaces. GUI introduced in reaction to the perceived steep 

learning curve of command-line interfaces (CLI), which require commands to be typed on a computer 

keyboard. 

4.5. Layout 

Layout refers to the elemental arrangement on a map such as a title, legend, north arrow, scale bar, and 

geographic data.  
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5. GIS DATA 

GIS data is the most important and expensive component of the GIS. It is an integration of graphics 

and tabular data. The graphic may be vector or raster. These data can be created in-house using GIS 

software or purchased from other data sources. Digitization is the process of creating the GIS data 

from the analog data or paper format. Digitization process involves registering of raster image using 

GCP (ground control point) or known coordinates.  This process is widely known as georeferencing. 

Polygon, lines and points are created by digitizing raster image. Raster image itself registered with 

coordinates which are widely recognized as rectifying the image. Registered image are mostly 

exported in TIFF format. GIS data is two type that is vector and raster data. 

5.1. Vector Data 

Vector data provides a way to represent discrete data or real world features within the GIS 

environment. These data store information in x, y coordinate format. Vector data are of three types: 

Lines, Points and Area. 

5.2. Raster Data 

Raster data store information in a cell based manner. It can be an aerial photo or a satellite image, 

Digital Elevation Model (DEM). Raster images normally store continuous data. 

 

Fig: 6 Representation of Vector and Raster Data 

For GIS data, the following features are essential: 

(a) Lineage – It is a description of the source material from which the data derived, and the methods 

of derivation, including all transformations involved in producing the final digital files. It includes all 

dates of the source material and updates and changes. 

(b) Logical Consistency – It deals with the logical rules of structure and attribute standards for spatial 

data and describes the compatibility of a datum with other data in a dataset using mathematical 

theories and models.  
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(c) Attribute Accuracy – It is a fact about some location, set of places or features on the surface of 

the earth, and involves measurements of some type. Generally, some error creeps in while making 

these measurements, and it is important that the information be as accurate as possible while collecting 

these facts or carrying out the measurements.  

(d) Completeness – Completeness is a check to see if relevant data is missing with regard to the 

features and the attributes. It deals with either omission errors or spatial rules such as minimum width 

or area that may limit the information. 

6. People 

People are the key component of GIS without which nothing else would work. They are also the most 

complex element in the GIS; arguably the segment most prone to failure, and the only component in 

the system that is self-correcting and able to repair other components. 

People in GIS are generally technical persons such as GIS manager, database administrators, 

specialist, programmers, analyst or a general user. People in GIS are categorized into: 

6.1 Viewers- They are the public at large whose only need is to browse a geographic database for 

referential material. These constitute the largest class of users. 

6.2 General Users- The general user is the person who uses GIS to conduct business, perform   

professional services and make decisions. They include facility managers, resource managers, 

planners, scientists, engineers, lawyers, business entrepreneurs, etc. 

6.3 GIS specialists- Specialist is the person who makes the GIS work. They include GIS managers, 

database administrators, application specialists, systems analysts, and programmers. They are 

responsible for the maintenance of the geographic database and the provision of technical support to 

the other two classes of users. 

7. Methods 

Methods include how the data will be retrieved, input into the system, stored, managed, transformed, 

analyzed and finally presented in a final output. The method component of GIS includes the steps 

taken to answer the queries or questions that need a resolution. GIS can perform spatial analysis and 

answer the questions pertaining to spatial domain; and this is what differentiates this type of system 

from any other information systems. The transformation processes includes tasks such as setting a 

projection, adjusting the coordinate system, correcting any digitized errors in a data set and converting 

data from vector to raster or raster to vector. For successful GIS operation, a well-designed plan and 

business operation rules are important. Methods can vary for different organizations. 
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8. Applications 

Application of GIS range from indigenous people, communities, research institutions, environmental 

scientists, health organizations, businesses and government agencies, and land use planners at all 

levels. Some example of GIS application given below: 

8.1. Cartography 

GIS can produce very high-quality maps that match or exceed the cartographic quality of maps created 

using traditional processes. Standard cartographic tools are available in many GIS. However, for the 

production of entirely new cartographic representations, or non-spatial data representations such as 

cartograms; GIS data or maps need to be exported to an illustration tool such as Photoshop. 

8.2. Mapping 

This is a central function of GIS, which provides a visual interpretation of data. GIS store data in a 

database and then represent it visually in the form of maps. . 

8.3. Telecom and Network Services 

GIS is excellent planning and decision making tool for telecom industries. GDi GISDATA enables 

wireless telecommunication organizations to incorporate geographic data into the sophisticated 

network design, planning, optimization, maintenance and activities. 

8.4. Urban Planning 

This technology is used to analyze the urban growth and its direction of expansion and to find suitable 

sites for further urban development.  

8.5. Environmental Impact Analysis (EIA) 

Human activities produce potential adverse environmental effects which include the construction and 

operation of highways, rail roads, pipelines, airports, radioactive waste disposal sites and so on. EIA is 

usually required to contain specific information on the magnitude and characteristics of environmental 

impact. The EIA can be carried out efficiently with the help of GIS and by integrating various GIS 

layers, assessment of natural features can be performed. 

8.6. Agricultural Applications 

GIS can be used to create more effective and efficient farming techniques. It can also analyze soil data 

and help in determining the best suited crop types besides other applications. GIS helps government 

agencies to manage agricultural programs that support farmers and protect the environment. It also 

helps in increasing food production by means of suitability analysis in different parts of the world. 

8.7.Disaster Management and Mitigation 
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GIS is a well-developed and successful tool in disaster management and mitigation. It can help in risk 

management and analysis by displaying which areas are prone to natural or man-made disasters. 

8.8.GIS in Dairy Industry 

GIS is used in various applications in the dairy industry, such as the distribution of products, 

production rate, the location of shops and their selling rate. 

8.9. Traffic Density Studies 

It can be effectively used for the management of traffic problems that has been increasing in recent 

years due to ever-increasing number of vehicles plying on the roads.  

8.10. GIS for Business 

It is also used for managing business information based on its location. GIS can keep track of 

customers’ location, site business, target marketing campaigns and optimize sales territories and model 

retail spending patterns. 

9. Summary 

In this module, the reader has gained an overview of the elements of GIS that include hardware, 

software, people and methods. The reader has also gained a brief understanding of the raster and 

vector data types of GIS model. At the end, the reader has also been made familiar with the various 

applications of GIS. Such applications will find detailed descriptions in the modules elsewhere. 
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Module 21: GIS Softwares  

CONTENTS 

1. Learning Objectives 

2. GIS and Remote Sensing Software 

3. Types of GIS and Remote Sensing Software 

4. Application of GIS and Remote Sensing Software 

5. Conclusions 

6. References 

  

1. Learning Objectives 

The purpose of this chapter is to study the various types of remote sensing and GIS software. On 

completion of this chapter, you would have got an overview of the various types of software pertaining 

to remote sensing and GIS, whether open source or commercial; and the applications of these 

software.   

2.  Introduction 

GIS and Remote Sensing software is designed to store, retrieve, manage, display and analyse all types 

of geographic and spatial data obtained from satellite and air borne sensor data. It produces maps and 

graphic display of geographic information for analysis and presentation.  

3. GIS and Remote Sensing Software 

i) ArcGIS 

ArcGIS is a proprietary commercial software for working with maps and geographic information. It 

was initially released on 27 December, 1999 by ESRI (Environmental Systems Research Institute). Its 

latest version is ArcGIS 10.5 which was release in December 2016. 

ii) QGIS  
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It is a free and open-source geographic information system (GIS) software that supports viewing, 

editing, and analysis of geospatial data.  It was previously known as Quantum GIS. It is integrated 

with other open source GIS software, including PostGIS, GRASS GIS, and MapServer. Its latest 

version is QGIS 2.18.10 which was release in June 2017. 

iii) ERDAS Imagine  

It is a commercial remote sensing application software with raster graphics editor designed by 

Hexagon Geospatial (formerly ERDAS Inc.) in 1978 for geospatial applications. The aim of ERDAS 

Imagine mainly at geospatial raster data processing and prepare, display and enhance digital images 

for mapping use in GIS and CAD software. The latest version of ERDAS Imagine is 2015. 

iv) ENVI 

Environment for Visualizing Images (ENVI) is a software application developed by ESRI India used 

to process and analyzed geospatial imagery. It is commonly used by remote sensing scientist and 

image analysts. The latest version is ENVI 5.4. 

v) Bhuvan 

It is a software which allows users to explore a 2D/3D representation of the surface of the Earth. Beta 

version was launched on 12 August 2009 by ISRO. The browser is specifically tailored to view India, 

offering the highest resolution in this region and providing content in four local languages. 

vi) GRASS GIS 

Geographic Resources Analysis Support System (GRASS) is a free and open source GIS software. It 

is used for image processing, graphics and maps production, spatial modeling, and visualization. 

GRASS GIS is used in academic as well as by many governmental agencies and environmental 

consulting companies. The latest version of GRASS GIS is 7.2. 
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Figure 1. ArcGIS view showing multi mix layer 

vii) AutoCAD Map 

AutoCAD Map is a 3D model based GIS mapping software developed by Autodesk in December 1982. 

This software provides access to CAD and GIS data to support planning, design, and management. 

The latest version is 22.0 released in March 2017. 

viii) MapInfo 

MapInfo is a GIS software produced by Pitney Bowes Software (formerly MapInfo Corporation) in 

1986. It is used for mapping and location analysis. The latest version of MapInfo is 15.2. 

ix) Global Mapper  

Global Mapper is a GIS software developed by Blue Marble Geographics that runs on Microsoft 

Windows. The latest version of Global Mapper is 18.2. 

x) Geo Time 
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GeoTime is geospatial analysis commercial software developed by Uncharted Software Inc. on18 May 

2005. It allows the visual analysis of events over time. It has been used by professionals in public 

safety including metropolitan police, emergency management, telecommunications, academic 

research, health care and human services. The latest version of Geo Time is 5.7 released in May 2016. 

xi) Manifold System 

It is a GIS software package developed by Manifold Software in 1993. Limited that runs on Windows. 

It handles both vector and raster data, includes spatial SQL, a built-in Internet Map Server (IMS), and 

other general GIS features. The latest version is 8.0.30 which is released in March 2017. 

 

Figure 2. QGIS view showing dam county 

xii) Geomajas 

Geomajas is an open source GIS software which integrates a powerful server into the web browser. It 

provides a platform for server-side integration of geospatial data through GeoTool. Geomajas 1.14 is 

the latest version. 

xiii) GeoDa  
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It is a free and open source GIS software package that conducts spatial data analysis, geovisualization, 

spatial autocorrelation and spatial modeling. It has been developed by Regional Analysis Laboratory 

(REGAL). Latest version GeoDa 1.10 has powerful capabilities to perform spatial analysis, 

multivariate exploratory data analysis, and global and local spatial autocorrelation. 

xiv) DIVA-GIS 

DIVA-GIS is a free open source software for mapping and geographic data analysis. It is particularly 

useful for mapping and analysing biodiversity data such as distribution of species and to find area that 

have high, low or complementary level of diversity. It runs on Windows only. 

xv) PCI Geomatica 

It is an integrated software for Remote Sensing and Image Processing. It offers a single integrated 

work environment for data extraction visualization and analysis from remotely sensed imagery. It can 

be used for both optical and SAR data processing. The latest version of this software is Geomatica 

2017. 

xvi) Generic Mapping Tools 

Generic Mapping Tools (GMT) are an open-source collection of software tools for processing and 

displaying XY and XYZ datasets, including rasterisation, filtering and various kinds of map 

projections. GMT was developed by Paul Wessel and Walter H. F. Smith in 1988 and supported by 

USNSF since 1993. Latest version of GMT is 5.3.1. 

xvii) gvSIG 

It is a GIS desktop application designed by gvSIG Association in 2004. It is known for having a user-

friendly interface, being able to access the most common formats, both vector and raster. Latest 

version is gvSIG 2.3.1 release in October, 2016. 

xviii) AGIS 

AGIS is a mapping and simple GIS shareware software. It can be used for plotting geographic data on 

the map of the world provided without the high cost and steep learning curve. It can also create high 
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spatial resolution maps which can be easily pasted into Microsoft Office. Apart from this, animation, 

web serving, distance measuring, searching GPS and integration with other systems such as databases 

are also supported by AGIS. 

xix) IDRISI GIS (TerrSet) 

It is an integrated GIS and RS software developed by Prof. J. Ronald Eastman in Clark Labs at Clark 

University in 1987. It is a Windows based system that offers tools for researchers engaged in analysing 

earth system dynamics for effective and responsible decision making for environmental management 

and sustainable resource development. Latest version of TerrSet is 18.07 released in April, 2015. 

xx) ILWIS 

Integrated Land and Water Information System (ILWIS) is a GIS and remote sensing software was 

initially developed and distributed by ITC Enschede (International Institute for Geo-Information 

Science and Earth Observation) in the Netherland  for both vector and raster processing. It is used 

for digitizing, editing, analysis and display of data, and production of quality maps. Latest version is 

3.8.5. 

 

Figure 3 ERADAS Imagine view 
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xxi) Capaware 

It is a free and open source 3D GIS software that was developed by the University of Las Palmas and 

Canary Islands Technological Institute, Spain in 2007. 

xxii) Falcon View 

It is a free and open source mapping system software created by the Georgia Tech Research Institute 

in 1994. It is widely used for aeronautical charts, satellite images and elevation maps preparation.  

xxiii) MicroDem 

It is a powerful application that allows to work with maps and satellite imagery in order to view their 

content and merge the maps. It analyzed multiple map files and databases in a straight forward 

interface. Latest version is 12.1. 

xxiv) SAGA GIS 

System for Automated Geoscientific Analysis (SAGA) is an open-source free GIS software developed 

by Department of Physical Geography, University of Gottingen, Germany in 2005, used to edit spatial 

data. 

xxv) 2d3 

It is an American motion imagery software. It is used to extract information from images or videos by 

recreating, manipulating, and enhancing imagery to visualize two-dimensional data into three 

dimensions.  

xxvi) Opticks 

It is a remote sensing software that supports imagery, video (motion imagery), synthetic aperture 

radar (SAR), multi-spectral, hyper-spectral developed by Ball Aerospace and Technology Corp in 

2001. It supports processing remote sensing video in the same manner as supports imagery, which 

differentiates from other remote sensing applications. 

xxvii) Terra View 

https://en.wikipedia.org/wiki/Aeronautical_chart
https://en.wikipedia.org/wiki/Satellite_image
https://en.wikipedia.org/wiki/DTED
https://en.wikipedia.org/wiki/University_of_G%C3%B6ttingen
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It is a remote sensing software distributed by Editions de la Boyere since 1993. 

xxviii) TNTmips 

It is a geospatial analysis software developed by MicroImages Inc. in 1986, providing a fully 

featured GIS, RDBMS and automated image processing system with CAD, TIN, surface 

modeling, map layout and innovative data publishing tools.  

xxix) PolSARpro 

It is an ESA open source software for polarimetric SAR data processing and education. The software 

handles dual polarization and full polarization data from a wide range of SAR space and airborne 

missions. PolSARPro contains tools for data import, data conversion, basis change, speckle filters, 

data processing, calibration, Pol-InSAR processing, data simulation and interfaces with NEST. The 

latest version of PolSARpro is 5.1. 

xxx) OSSIM 

Open Source Security Information Management (OSSIM) is an open source security information and 

event management system developed by Alien Vault in 2003. OSSIM is integrating a selection of tools 

designed to aid network administrators in computer security, intrusion detection, and prevention. The 

latest version is 5.3.0 release in August 2016. 

xxxi) InterImage 

It is an open-source, knowledge-based software for automatic image interpretation. The latest version 

is 1.43. 

xxxii) E foto 

E-foto possesses photogrammetric functionalities that allow the development of professional 

topographic tridimentional mapping projects by using as data sources aerial photogrammetric images 

obtained by both analog cameras and digital sensors. The most popular version is 1.0 and 0.1. 

xxxiii) uDig 
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It is a GIS software produced by a community led by Canadian based consulting company Refractions 

Research. It is based on the Eclipse platform and features full layered Open Source GIS. The latest 

version of uDig is 2.0.0.RC1. 

xxxiv) JUMP GIS 

It is an open source GIS software in the Java programming language which is developed and 

maintained by a group of volunteers from around the globe. The latest version is 1.11 release in April 

2017. 

xxxv) Whitebox GAT 

It is an open-source and cross-platform GIS and remote sensing software developed by John Lindsay 

in 2009 and distributed under the GNU General Public License. It is intended for advanced geospatial 

analysis and data visualization in research and education setting. Latest version is 3.2.1. 

xxxvi) Map Business Online 

It is a web-based business mapping software used by a large variety of businesses to organized and 

analyzed their business data geographically. It can be used by any large or small business to create 

custom maps of sales territories, business workflows, and business expansions. 

xxxvii) eSpatial 

It is a fast, easy and powerful software. It can easily upload, visualize, and analyze multiple layers of 

data and cloud-based mapping.  

xxxviii) Maptitude 

Maptitude is a commercial GIS software. It has the richest feature set and highest performance of 

any mapping software. Latest version 5.0. 

xxxix) Orbis GIS 

It is a cross-platform open-source GIS created for research. It is led by CNRS within the French Lab 

STICC laboratory and licensed under GPLv3. It proposes new methods and techniques to model, 
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represent, process and share spatial data, making it easy to monitor geographical territories and 

manage their evolution. The latest version is 4.0.2. 

xl) SPRING 

It is a GIS and Remote Sensing Image Processing system with an object-oriented data model 

developed by Pivotal Software in 2002, which provides for the integration of raster and vector data 

representations in a single environment. The latest version is 4.3.9 released in June 2017.  

xli) CARTO 

It is an open source software built on PostGIS and PostgreSQL. It was first released in Beta at 

FOSS4G in Denver in September 2011 and officially debuted as a final release 2.0 in April 2012.  

xlii) GeoMedia 

It is a GIS software for working and conducting analysis on geographic information as well as 

producing maps from that analysis. It is used for creating geographic data, managing geospatial 

databases, joining business data, location intelligence and geographic data together, conduct analysis 

in the real-time base platform for multiple applications and analyzing mapped information. 

xliii) Quorum GIS 

It is a software that provides an approach to visualize data in a spatial map view from the various 

system within and outside of the enterprise. 

4. Application of GIS and Remote Sensing Software 

i) Crime mapping 

ii) Hydrology 

iii) Road networking 

iv) Wastewater and storm water systems 

v) Waste management 

vi) Change detection  

vii) Orthorectification 
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viii) Spectral analysis 

ix) Image classification 

x) Wetland management 

xi) Wasteland mapping 

xii) Land degradation 

5. Conclusions 

GIS software encompasses digital maps and georeferenced data. GIS and Remote Sensing software is 

designed to store, retrieve, manage, display and analyse all types of geographic and spatial data 

obtained from satellite and air-borne sensor data. These softwares can be categorized into open source 

and commercial softwares. They have varied applications pertaining to environment, and are very 

helpful in various domains of environmental management. 

6. References 

 www.gisgeography.com  

 www.globalmapper.com  

 https://www.cadcorp.com/products/free-mapping-software 

 www.capterra.com/gis-software 

 https://www.gislounge.com/open-source-gis-applications 

 https://www.nmepscor.org/.../geographic-information-syste... 

 www.grss-ieee.org/open-source-software-related-to-geoscie... 

 https://www.g2crowd.com/categories/gis 

 

 
              

 

 

 



 

1 
 

 

Environmental  

Sciences 

 Remote Sensing & GIS Applications in Environmental Sciences 

 Application of Geospatial Technology in Biodiversity Studies 

 
 

 

Paper No: 6 Remote Sensing & GIS Applications in Environmental Sciences 

Module: 28 Application of Geospatial Technology in Biodiversity Studies 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

Development Team 

Principal Investigator 

& 

Co- Principal Investigator 

 

Prof. R.K. Kohli 

Prof. V.K. Garg  &  Prof. Ashok Dhawan 

Central University of Punjab, Bathinda 

Paper Coordinator 

Dr. Puneeta Pandey 

Centre for Environmental Sciences and Technology 

Central University of Punjab, Bathinda 

Content Writer 
Dr. Puneeta Pandey 

Central University of Punjab, Bathinda 

Content Reviewer 

 

Dr. Dhanya M.S. 

Central University of Punjab, Bathinda 

Anchor Institute  

 

Central University of Punjab 

 



 

2 
 

 

Environmental  

Sciences 

 Remote Sensing & GIS Applications in Environmental Sciences 

 Application of Geospatial Technology in Biodiversity Studies 

 
 

 

 

 

 

 

 

Description of Module/- 

Subject Name Environmental Sciences 

Paper Name Remote Sensing & GIS Applications in Environmental Sciences 

Module Name/Title Application of Geospatial Technology in Biodiversity Studies 

Module Id EVS/RSGIS-EVS/28 

Pre-requisites Basic knowledge of Ecology and Biology 

Objectives 
To understand the  application of remote sensing (RS) and geographical information system (GIS) in 

conservation of biological diversity 

Keywords Remote sensing, GIS, Biodiversity, CBD, IUCN 



 

3 
 

 

Environmental  

Sciences 

 Remote Sensing & GIS Applications in Environmental Sciences 

 Application of Geospatial Technology in Biodiversity Studies 

 
 

 

Module 28: Application of Geospatial Technology in Biodiversity Studies 

1. Learning Objectives 

 The purpose of this module is to familiarize the reader with the biodiversity and the application of 

remote sensing (RS) and geographical information system (GIS) in conservation of biological 

diversity. 

    2. Introduction 

Biological diversity or biodiversity has been defined by Convention on Biological Diversity (CBD) as 

“the variability among living organisms from all sources including, inter alia, terrestrial, marine and 

other aquatic ecosystems and the ecological complexes of which they are part”. This includes the 

diversity within species, between species and of ecosystems. Biodiversity can also be defined as the 

natural variety and variability within and among living organisms and the ecological complexes in 

which they occur naturally, as well as the ways of interaction among organisms and with that of 

physical environment (Noss, 1990). It is a multidimensional concept that includes different 

components (e.g. the genetic, population, species and community levels), and each of them has 

structural, functional and compositional attributes (e.g. size of population, species composition and 

distribution of alleles). 

Due to the complex nature of biodiversity, it becomes very difficult to express and assess the 

biodiversity. It must be related to not only the variability of life forms, but also with the ecological 

complexes of which they are recognized as important components. Conservation has become an 

essential mean of interacting with the rapid degradation and conversion of ecosystem, which lead to 

serious impacts on biodiversity. As rates of habitat loss and species destruction continue to mount, the 

need for conserving biodiversity has become increasingly vital during the last decade (Wilson 1988; 

Kondratyev 1998). In order to design significant conservation strategies, comprehensive information 

on the species distribution, as well as the information regarding changes in distribution with time, is 

required.  

Understanding biodiversity patterns distribution is very crucial so far as conservation strategies are 

concerned. Conservation of biodiversity is an indispensable issue due to increasing climate change and 

anthropogenic factors. Various rich biodiversity zones are under serious threat and have been 
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degrading at an alarming rate. Thus it’s very important to preserve these zones and their habitats at 

local, regional and national levels. In order to implement conservation schemes for the sake of 

biodiversity conservation, comprehensive information on the distribution of species on a temporal 

basis are required.  Biodiversity conservation has been put to the highest priority through Convention 

on Biological Diversity (CBD). It is expressed at different levels - genetic, species and landscape 

level. Although biodiversity is generally considered at the species level, the comprehension at the 

landscape level has been given priority worldwide as the interaction with the habitat part is very well 

understood in the latter.  

Biological diversity is proximately associated with global environmental changes and global issues, 

such as climate change, land use and land cover (LULC) changes and sustainable developments 

(Nagendra et al., 2010). During the past several decades, human beings have caused serious impacts 

on ecosystems more rapidly due to rapid and large scale industrialization, urbanization and other 

activities. As a result, such activities posed serious threat to the survival of biodiversity and their 

natural habitat. This loss is further amplified by the lack of awareness, ethics, knowledge of 

biodiversity, especially of those communities living in close relationship with the ecosystem. The 

challenges with regard to biological diversity include inventories to determine the extent and location 

of biodiversity existence and its dynamics. Therefore, it becomes very important to link biodiversity 

and human interaction with respect to use of natural resources in order to sustain and preserve the 

biodiversity. 

 

3 Geospatial Technologies 

3.1 Remote Sensing (RS) literally means acquiring information about an object, area or phenomenon 

without coming in direct contact with it (Joseph et al., 2011).    

According to White (1977), Remote Sensing includes all methods of obtaining pictures or other forms 

of electromagnetic records of Earth’s surface from a distance, and the treatment and processing of the 

picture data. 

According to the United Nations (95th Plenary meeting, 3rd December, 1986), remote sensing (RS) 

means sensing of earth’s surface from space by making use of the properties of electromagnetic wave 
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emitted, reflected or diffracted by the sensed objects, for the purpose of land use, natural resource 

management and the protection of the environment. 

3.2 Geographical Information System (GIS) is a computer based information system which 

integrates a variety of qualities and characteristics to geographical location and helps in planning and 

decision making. In GIS system the map information supplemented with additional information, can 

be displayed and referenced using computers. It can provide spatial information with appropriate 

conventional statistics.  

Burrough (1986) defined GIS as a set of tools for collecting, storing, retrieving at will, transforming 

and displaying spatial data from the real world for a particular set of purpose. 

 

4 Role of remote sensing (RS) and geographical information system (GIS) in Biodiversity 

It is very difficult to acquire information regarding species distribution with respect to location and 

time simply on the basis of field assessment and monitoring (Heywood, 1995). In recent times, remote 

sensing and biodiversity communities have established cordial relationship to share their ideas, 

problems and their solutions on a single platform. Such relationships have been appreciably 

strengthened with the advancements of satellite remote sensing technology in past few decades. 

Consequently, the advancement has boosted the interdisciplinary research at local and regional scale 

with high temporal resolution to assess the changes in species distribution, loss of habitats, etc. 

Assessing and predicting ecosystem responses to global environmental climate change and subsequent 

consequences on humans are prime targets for scientific community. The management and 

conservation of wildlife and Biodiversity require a reliable and relevant data on the species 

distribution, abundance, habitats and threats as well. Different organizations and countries are being 

focused into the so-called information ‘super highway’. Reviewing the requirement for biodiversity 

information has been noticed and addressed by protected areas managers, decision makers, scientists, 

researchers and many others. The meeting of protected area managers at the Fourth World Parks 

Congress understood that individuals and organizations engaged in efforts of protected areas need 

better information for making decisions (IUCN, 1993). Dealing with biodiversity information, 

database need to be geographically based, and it must be able to predict where new populations of 

endangered species with a limited known range might be expected, specifying potential hot spots. 
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Therefore, Remote Sensing (RS) and Geographic information system (GIS) a modern day geo-spatial 

technology, helps in data (information) collection for biodiversity conservation management and 

planning. 

The conventional methods for data collection on biodiversity have been found to be costly and time 

consuming. Comparatively, RS and GIS are the most efficient and cost effective ways for collection of 

information and subsequent management of our natural resources.  It offers a systematic, synoptic 

view at regular time intervals, and has been considered as useful for this purpose (Debinski and 

Humphrey 1997; Innes and Koch 1998). Coupled with Geographical Information Systems (GIS), 

remotely sensed data can generate information about soil, temperature, rainfall, topography, landscape 

history and other climatic conditions, besides current habitat and soil coverage—factors on which 

species distribution depends (Noss, 1996). Relationships between remotely sensed/GIS data and 

species distribution patterns, can be used to predict the distribution of single or a set of species over an 

area (Debinski and Humphrey 1997). Between remote sensing science and conservation biology, the 

potential for synergies has been highlighted and acknowledged in the past by practitioners, researchers 

and data providers to better understand how remote sensing based studies can be utilized in monitoring 

and conservation of biodiversity (Duro et al., 2007; Gillespie et al., 2008). 

GIS is a tool that can be used for monitoring biodiversity where it accommodates large varieties of 

spatial and attribute data. Embedded in a GIS, the information is used to target surveys and monitoring 

schemes. Data on species and habitat distribution from different dates allow monitoring of the location 

and the extent of change. Over the last few years, there has been a revolution in the availability of 

information and in the development and application of tools for managing information (Harrison, 

1995). It can help in changing the very approach of wildlife management based more on current 

information and location oriented. 

Turner et al. proposed two types of remote sensing (RS) approaches, viz. direct and indirect remote 

sensing approaches (Rapport et al., 1998). The former refers to the direct observation of individual 

organisms, group of species, or ecological communities from satellite sensors, such as high spatial 

resolution and hyper-spectral sensors (Directive, 1992). Indirect approaches are based on certain 

environmental parameters derived from remotely sensed data as proxies. For instance, habitat 



 

7 
 

 

Environmental  

Sciences 

 Remote Sensing & GIS Applications in Environmental Sciences 

 Application of Geospatial Technology in Biodiversity Studies 

 
 

 

parameters, such as land cover, species composition, etc., regarded as a substitute for exact estimation 

of ranges and patterns of species and their richness (Gibbons et al., 2008). 

Remote sensing provides consistent data of earth at various scales at all levels ranging from local to 

global. In addition to this, remote sensing does not require labour and it also save time when compared 

to ground-based observations. It covers a wide-scale terrestrial, atmospheric and oceanographic data 

collection as well as the monitoring of environmental changes at global-scale. Remote sensing plays a 

major role in monitoring changes in biodiversity and terrestrial, marine and freshwater ecosystems 

where it provides repetitive images on regular periodic intervals that make it predominantly 

appropriate for monitoring. It facilitates a vast amount of information for understanding and 

monitoring biodiversity and its dynamics. The RS monitors the changes in terrestrial ecosystems 

include changes in ecosystem extent, forest extent; health (e.g., by monitoring greenness, though 

estimating health can be a challenge). The RS provides a wide range of information that helps in 

estimating species distributions and in integration with models also estimates the overall biodiversity.  

Wildlife and Biodiversity Management has stressed the requirement of having updated spatial 

information for (a) decision-making, and (b) implementation of plans. The updated spatial data 

information provided by RS need to be integrated with the conventional database. According to the 

IUCN (1996), “The main purpose of wildlife conservation is to maintain maximum plant and animal 

diversity through genetic traits, ecological functions and bio-geo-chemical cycles, as well as uphold 

aesthetic values.” Remote Sensing techniques play a vital role in wildlife and biodiversity 

management because of its exclusive characteristics of synoptic view, repetitive coverage, and 

uniformity. In forest management, the RS has a major role to play a revision and updating of working 

plan, wildlife management, forest fire control, soil and water conservation, land utilization studies, 

grazing management, mapping social forestry sites and for other important species of general 

afforestation programmes. 

 

4.1 Forest Management 

4.1.1 Forestry Conversion Studies: With the population explosion and urbanization, the forest lands 

are being converted at a rapid rate which causes a serious damage to the forest biodiversity. The forest 

cover distribution and its change is a crucial issue so far as forest management is concerned. Also to 



 

8 
 

 

Environmental  

Sciences 

 Remote Sensing & GIS Applications in Environmental Sciences 

 Application of Geospatial Technology in Biodiversity Studies 

 
 

 

develop the methods for estimating and evaluating the extent of forest resource and its changes to 

support the policy makers to take a decision that may ensure and maintain the rich biodiversity of 

forest resource. Monitoring of the changes in the forest cover has been quite important task because of 

its significant impact on climatic change. The RS technique and GIS coupled with ground survey can 

be reliable in providing information on spatial distribution of forests and its changes. With the rapid 

destruction of forests and encroachment the use of multi-temporal satellite data using data analysis 

procedure provide a way to generate maps based on spatial changes by image differencing methods 

and logical operations. Such maps would help in assessing the extent of conversion of forest land 

based on multi-temporal satellite data. 

4.1.2 Forest Fire Damage: Fire is one of the natural or man-made disasters causing damage to the 

forest biodiversity and the ecosystem worldwide, which ultimately have adverse effects on soil, forests 

and humans. During the process of forest burning, the soil nutrients are reduced and the soil is left bare 

making it more prone to soil and water erosion.  Therefore, it is very essential to have precise and 

timely information of the total area burned, topography, type of forest etc. It is very difficult to 

manage fires effectively without any information related to the distribution and dynamics of forest 

fires. RS and GIS can play a crucial role in detecting burnt forest and developing a spatial model to 

forecast and assess the forest fire and subsequent impacts on forest biodiversity. The use of multi-

mission IRS data has been implemented to identify forest ground fire damaged areas with the 

combined use of IRS 1A and IRS 1B. 

4.2 Wildlife Management 

Wildlife distribution and protection are the prime focus area of wildlife management. So far as the 

management is concerned the geospatial technology is very effective in analyzing, managing and 

visualizing wildlife data. GIS enables analysis and mapping of distribution of wildlife, their 

movements and pattern of habitat use, which can provide precious information for the development of 

wildlife management strategies (Gibson et al., 2004). In recent times, the rapid technological 

improvements in GIS, as well as in remote sensing techniques have significantly increased their 

accessibility and efficacy in ecological management and research (Guisan and Zimmermann 2000).  

4.3 Management of Grasslands: Grasslands are the world’s most wide-ranging terrestrial ecosystem, 

and are considered as major feed sources for livestock. Global Positioning System (GPS) and other 
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ground-based sensor technologies have been recognized as valuable tools for grassland and herd 

management. With the availability of space-borne remote sensing data, it becomes possible to assess 

and monitor grassland ecosystems, based on the data related to their status about biomass, productivity 

level, quality, phenological stage, species composition and change, their biophysical parameters and 

management characteristics (i.e. degradation, grazing intensity).  

4.4 Agricultural biodiversity: Agricultural biodiversity is a broad term that consists of all 

components of biodiversity related to food and agriculture, and all components of biodiversity that 

constitute the agricultural ecosystems, which are essential to sustain crucial functions of the agro-

ecosystem, its structure and processes. The term Agro-bioinformatics is application of Informatics for   

management, presentation, discovery, exploration and analysis of Agriculture and related issues. Agro-

bioinformatics is a type of electronic documentation of biographical, taxonomical and ecological 

aspects related to agriculture. It may consider a multidimensional database in which information stored 

in digital form, using RS and GIS. Furthermore spatial analysis significantly helps to understand 

agriculture biodiversity constraints.  

The combination of multi-spectral and multi-temporal remote sensing data along with local knowledge 

and simulation models has been effectively verified as a valuable approach to identify and monitor a 

wide range of agriculturally related characteristics (Oliver et al. 2010). The Spatial variability in crops 

creates a need for precision agriculture. The identification of such spatial variability is possible 

through the use of geospatial technology (remotely sensed images of the crops and GIS modeling 

approach). The spatial variability in crop yield can be assessed through RS and other geospatial 

techniques (Taylor et al., 1997). In recent times, aerial images have been broadly used for crop yield 

prediction before harvest (Senay et al., 1998). Vegetation analysis and change detection in vegetation 

patterns are significant for management and monitoring of natural resource, such as crop vigor 

analysis (Thiam and Eastman 1999). Spectral bands such as visible red, green, and blue band and near-

infrared (NIR) regions of the electromagnetic spectrum have been used effectively to monitor crop 

health, crop cover, soil moisture, crop yield and nitrogen stress (Magri et al., 2005). There are 

different spectral indices which are used to estimate crop distribution, crop yield, crop cover etc. These 

indices include: (a) normalized difference vegetation index (NDVI), based on red and near-infrared 

(NIR) spectral bands (b) green vegetation index (GVI), based on green and NIR (c) soil adjusted 
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vegetation index (SAVI), based on red and NIR (d) perpendicular vegetation index (PVI), based on red 

and NIR spectral bands. 

5. Conclusions 

At the end of the module, the reader would have gained an insight into the role of remote sensing and 

GIS in the studies pertaining to biodiversity. Besides, the reader would also have gained an insight into 

the applications of remote sensing and GIS in management of forest, wildlife and grasslands, besides 

assessing agricultural diversity.   

6. References 

Burrough, P. A. (1986). Principles of geographical information systems for land resources assessment. 

Debinski, D. M., & Humphrey, P. S. (1997). An integrated approach to biological diversity  

assessment. Natural Areas Journal, 17(4), 355-365. 

Directive, H. (1992). Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural 

habitats and of wild fauna and flora. Official Journal of the European Union, 206, 7-50.  

Duro, D. C., Coops, N. C., Wulder, M. A., & Han, T. (2007). Development of a large area biodiversity 

monitoring system driven by remote sensing. Progress in Physical Geography, 31(3), 235-260. 

Gibbons, P., Briggs, S. V., Ayers, D. A., Doyle, S., Seddon, J., McElhinny, C., & Doody, J. S. (2008). 

Rapidly quantifying reference conditions in modified landscapes. Biological Conservation, 141(10), 

2483-2493. 

Gibson, L. A., Wilson, B. A., Cahill, D. M., & Hill, J. (2004). Spatial prediction of rufous bristlebird 

habitat in a coastal heathland: a GIS‐based approach. Journal of applied ecology, 41(2), 213-223. 

Gillespie, T. W., Foody, G. M., Rocchini, D., Giorgi, A. P., & Saatchi, S. (2008). Measuring and 

modelling biodiversity from space. Progress in Physical Geography, 32(2), 203-221. 

Guisan, A., & Zimmermann, N. E. (2000). Predictive habitat distribution models in 

ecology. Ecological modelling, 135(2), 147-186. 

Harrison, J. (1995). Finding the information. Parks, 5, 12-19. 

Heywood, V. (1995). Global Biodiversity Assessment (Cambridge: Cambridge University Press). 

Innes, J. L., & Koch, B. (1998). Forest biodiversity and its assessment by remote sensing. Global 

Ecology & Biogeography Letters, 7(6), 397-419. 



 

11 
 

 

Environmental  

Sciences 

 Remote Sensing & GIS Applications in Environmental Sciences 

 Application of Geospatial Technology in Biodiversity Studies 

 
 

 

IUCN (1993). Parks for life. Report of the IVth World Congress on National Parks and Protected  

Areas. Gland, Switzerland: IUCN, 260 pp. 

Joseph, S., Murthy, M. S. R., & Thomas, A. P. (2011). The progress on remote sensing technology in 

identifying tropical forest degradation: a synthesis of the present knowledge and future 

perspectives. Environmental Earth Sciences, 64(3), 731-741. 

Kondratyev, K. Y. (1998). Multidimensional Global Change.  (Chichester: Wiley/PRAXIS Series in 

Remote Sensing). 

 Magri, A., Van Es, H. M., Glos, M. A., & Cox, W. J. (2005). Soil test, aerial image and yield data as 

inputs for site-specific fertility and hybrid management under maize. Precision Agriculture, 6(1), 87-

110. 

Nagendra, H., Rocchini, D., Ghate, R., Sharma, B., & Pareeth, S. (2010). Assessing plant diversity in a 

dry tropical forest: Comparing the utility of Landsat and IKONOS satellite images. Remote 

Sensing, 2(2), 478-496. 

Noss, R. F. (1990). Indicators for monitoring biodiversity: a hierarchical approach. Conservation 

biology, 4(4), 355-364. 

Noss, R. F. (1996). Ecosystems as conservation targets. Trends in Ecology & Evolution, 11(8), 351. 

Oliver, Y. M., Robertson, M. J., & Wong, M. T. F. (2010). Integrating farmer knowledge, precision 

agriculture tools, and crop simulation modelling to evaluate management options for poor-performing 

patches in cropping fields. European Journal of Agronomy, 32(1), 40-50. 

Rapport, D. J., Costanza, R., & McMichael, A. J. (1998). Assessing ecosystem health. Trends in 

ecology & evolution, 13(10), 397-402.  

Senay, G. B., Ward, A. D., Lyon, J. G., Fausey, N. R., & Nokes, S. E. (1998). Manipulation of high 

spatial resolution aircraft remote sensing data for use in site-specific farming. Transactions of the 

ASAE, 41(2), 489. 

Taylor, J. C., Wood, G. A., & Thomas, G.  (1997). Mapping yield potential with remote sensing. 

Precision Agriculture, 1, 713-720. 

Thiam, A., & Eastman, J. R. (1999). Vegetation indices. Guide to GIS and Image Processing, 2, 107-

122. 



 

12 
 

 

Environmental  

Sciences 

 Remote Sensing & GIS Applications in Environmental Sciences 

 Application of Geospatial Technology in Biodiversity Studies 

 
 

 

White, L. P. (1977). Aerial Photography and Remote Sensing for Soil Survey. Oxford University 

Press. 

Wilson, E. O. (1988). Biodiversity National Academic Press. Washington DC, 523. 



    
 

1 
 

 

Environmental  

Sciences 

 Paper 03 Biodiversity and Conservation 

 Bioprospecting  

 

 

Paper No: 03  Biodiversity and Conservation 

Module:    35  Bioprospecting 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

Development Team 

Principal Investigator 

& 

Co- Principal Investigator 

 

Prof. R.K. Kohli 

Prof. V.K. Garg & Prof. Ashok Dhawan 

Central University of Punjab, Bathinda 

Paper Coordinator 

Prof. Daizy Batish 

Panjab University, Chandigarh 

Content Writer 

Dr. Felix Bast 

Central University of Punjab, Bathinda 

Content Reviewer 
Prof. V.K. Garg 

Central University of Punjab, Bathinda 

Anchor Institute  

 

Central University of Punjab 

 



    
 

2 
 

 

Environmental  

Sciences 

 Paper 03 Biodiversity and Conservation 

 Bioprospecting  

 

 

 

 

 

  

Description of Module 

Subject Name Environmental Sciences 

Paper Name Biodiversity and Conservation 

Module 

Name/Title 
Bioprospecting 

Module Id EVS/BC-III/35 
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1. To learn the concept of bioprospecting 

2. To know how sustainable bioprospecting can be an effective strategy to 
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Module XX: Bioprospecting  

 

1. Learning outcomes 

 

1.1 To learn the definition and concept of bioprospecting 

1.2 To know how sustainable bioprospecting can be an effective strategy to fund 

biological conservation initiatives 

1.3 To learn about various legislations and acts for ethical bioprospecting. 

1.4 To learn about current challenges future perspectives in bioprospecting 

 

2. Concept Map 
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3. Description 

3.1 Introduction 

Biodiversity prospecting, or bioprospecting, is the systematic and sustainable 

exploration of biochemical and genetic resources from the nature, and its further 

development into valuable products. Planet Earth harbours diversity which is 

currently estimated to be around 10 million species of plants, microbes and animals; 

these organisms and its genetic and biochemical constitution had been shaped by the 

process of evolution by natural selection for the last 3.5 billion years. Chemical 

tapestry of living beings are immensely complex and a vast majority of biologically 

active natural products are impossible to be chemically synthesized. Organisms 

harbours a rich panoply of biochemical and genetic resources that could potentially of 

immense use to the humanity. It is estimated that more than 90 percentage of drugs 

currently in world’s market came directly from organisms, especially plants. Recent 

advances in recombinant DNA technology enables us to explore wild genes from the 

organisms and cloning them to other organisms for various benefits. However, 

bioprospecting is an immensely time consuming endeavour. As per the current 

estimates, only one in 250000 natural samples would yield a commercially viable 

drug, and the development would take decades to complete. 

Under the umbrella term Bioprospecting all efforts of utilization of 

biodiversity for the benefit of human beings is covered (see the concept map). This 

include development of drugs either directly from the natural products, or the 

development from traditional medicinal candidates through in-vitro screening of 

biological activities or through animal testing, development of natural products into 

industrial products such as dyes, anti fouling compounds, paints, glues, cosmetics and 

so on, development of natural products to supplement agri-food industry through its 

direct use as food, food additives, dietary supplements, fodder and fertilizer, 

development of natural products for biofuel as well as for carbon capture and 

sequestration (CCS), exploration and utilization of biodiversity for aesthetics, tourism 
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and horticulture, and exploration of biodiversity for wild genes, its cloning and further 

development of commercial products or Genetically Modified Organisms.   

 

3.2 Ethics of bioprospecting 

 

Ethics of the exploration of natural resources is indeed very complex. Many 

stakeholders would claim the resources as their indigenous, cultural, national and 

other privileges and the benefits arising if any would need to be shared in a fair 

manner. Historically, the explorers and investors for bioprospecting hailed from 

developed countries and much of the bioprospecting had been happening in the 

developing countries. Reason for this trend is very clear; much of the world’s 

biodiversity is concentrated in tropics due to a number of factors, the most obvious 

among them is ‘species-energy relationship’- tropics get the maximum solar 

irradiation and subsequently this region supports maximum biodiversity, including 

human population. Owing to higher human population and higher human population 

density, the countries in the tropics have remained poorer than scarcely populated 

non-tropics. A number of biodiversity hotspots have been described across the world- 

regions with extraordinary species richness and endemism (when some species are 

found at these locations that are not found elsewhere in the world), and almost the 

entire of these hotspots are situated in developing countries in the tropics. Some of the 

noteworthy countries that have historically been target of bioprospecting include Peru, 

Costa Rica, Brazil, Jamaica, Kenya, Madagascar and India. World’s ten megadiverse 

hotspots are presented in Table 1. 
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Table 1. Ten of the world’s megadiverse hotspots. Adapted from Mittermeier et al, 

1999. 

S. No Hotspot Plant species Endemic species 

1 Tropical Andes 45000 20000 

2 Peninsular Malaysia and 

Western Indonesia 

25000 15000 

3 Mediterranean Basin 25000 13000 

4 Mesoamerica 24000 5000 

5 Atlantic forest, Brazil 20000 6000 

6 Indo-Burma 13500 7000 

7 Madagascar and Indian Ocean 

Islands 

12000 9700 

8 Caribbean 12000 7000 

9 Mountains of south-central 

China 

12000 3500 

10 Brazilian cerrado 10000 4400 

 

 The explorers and the downstream bioprospecting industries from Europe 

had, until very recently, been in fact exploiting the tropical countries with virtually no 

benefit sharing. One example is the development of anticancer drugs vincristine and 

vinblastine. These drugs were discovered by scientists from American pharmaceutical 

company Eli Lilly and University of Western Ontario, Canada respectively, in 1960s 

from the plant Rosy Periwinkle, native to Madagascar. Until the discovery of these 
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alkaloids, the plant had been part of the traditional folk medicine of Madagascar for 

the treatment of diabetes. The bio prospectors extracted these vinca alkaloids that later 

turned out to be commercially successful chemotherapeutic drugs. However, neither 

the American company nor the Canadian University shared anny of the generated 

revenue with Madagascar.   

Another example is when American corporation RiceTec attempted to patent 

certain varieties of long-grain Indian rice varieties including Basmati rice. Since then, 

thanks to the intervention of Indian Government, most of the claims of patent were 

invalidated and international patents of this firm got revoked. Yet another example is 

when American pharmaceutical firm WR Grace and Company applied for potent anti-

fungal drugs extracted from neem tree.  In fact, neem tree extracts had traditionally 

been used for a wide variety of diseases as part of Ayurveda in India, and a number of 

groups opposed that patent application. Finally, in 2005, WR Grace and Company lost 

the final appeal for the rejection of the patent and the issue was resolved.  

Instead of randomly screening for potent biological activity of natural 

products, many of the bioprospecting companies and research groups target traditional 

and folk medicines for the samples, as chances are very high that these ethnobotanical 

remedies might harbour biologically active compounds, selected by hundreds of years 

of trial-and-error scenario of folk medicine. The bioprospecting firms usually 

negotiate the rates with the indegenous communities for per sample rates for the 

sample acquisition of these traditional medicines and herbal remedies, with no 

guaranteed downstream royalties or any further benefit sharing. Over exploitation of a 

number of medicinal plants, unfortunately, lead to the extinctions of a number of 

valuable species. However, under privileged countries of the tropics could not able to 

fund conservation drives, as they had a number of other imminent issues that need to 

be prioritized.  Environmental conservationists proposed bioprospecting, if fair 

benefit sharing is ensured, as a potential revenue generator for the implementation of 

conservation measures in tropics.  

 



    
 

8 
 

 

Environmental  

Sciences 

 Paper 03 Biodiversity and Conservation 

 Bioprospecting  

 

 

 

3.3 Governmental legislations 

There had been no inter-governmental legislations or legal frameworks until 

1992 Earth Summit in Rio de Jeneiro, Brazil when United Nations adopted 

Convention of Biological Diversity, CBD that ensures fair benefit sharing between all 

the parties involved with the bioprospecting. There were in total 196 countries and 

European Union (notable exception is USA) ratified the CBD.  The CBD made it 

compulsory to obtain Prior Informed Consents (PICs) from the party providing 

biological resources, to protect indigenous and traditional knowledge of the 

communities involved. The convention also made agreements for technology transfer, 

impact assessment, technical and scientific corporation, education and public 

awareness and provision for financial resources. The treaty was latter modified to 

include transparent legal frameworks for equitable benefit sharing in the meeting held 

at Nagoya, Japan in 2010, a supplementary agreement commonly known as Nagoya 

Protocol. The protocol entered into force in 2014 and had been ratified by 96 parties 

including European Union till date (exceptions include US, Canada and Russia). 

These protocols made it compulsory to have Prior Informed Consents (PIC) from the 

supplier of bioresource (for example, plant samples) before collecting the biological 

materials. Implementation of this legislation by the ratified countries dramatically 

reduced illegal accession of biological materials, a term known as biopiracy. Post 

CBD, such cases of suspected biopiracy could be trialled at International Court of 

Justice.  

The consequences of these two legislations were in fact mixed; while it 

constituted the first international legal framework for benefit sharing, the framework 

resulted in huge bureaucratic huddles to an extent that the pharmaceutical companies 

have rather started turning to combinatorial synthetic chemistry rather than 

bioprospecting for the search of new drugs. 
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3.4 The scope of bioprospecting 

Bioprospecting had been widely considered as a value creator for the global biodiversity 

resources, and the revenue generated can be effectively routed to fund conservation 

programmes of the poor third world countries of the world. One key issue in this regard is the 

value of biological resources and the way to quantify it. Of course, no unambiguous way 

exists to quantify the value of the bioresources and estimates have largely been subjective 

judgements. The estimate ranges between USD 21 per hectare of land to USD 9177 per 

hectare. A reason for this disparity is that the latter estimate was based upon the data from 

biodiversity hotspots- epicentres of biodiversity with unusual species richness and endemism. 

More commonly, companies negotiate for per sample price with the supplying countries. In 

the early 1990s Merck entered a deal with Costa Rican government for USD 1 million for a 

certain number of samples. In 2007, GlaxoSmith Kline signed a pact with Brazilian firm for 

the collection of 30,000 samples (that would translate to approximately USD 100 per 

sample). Novartis had an agreement with Brazilian government for USD 4 million for 10,000 

samples. However, both of these agreements had to be cancelled as post Nagoya protocol 

these agreements attracted a huge political controversy in Brazil.  

Classically, bioprospecting pharmaceutical firms target traditional/folk alternative 

medicines, as these herbal formulations might contain active biochemical. Reason for this is 

obvious; after tens of thousands of years of human evolution, we have identified and selected 

useful plants and employed them in traditional medicine. Use of traditional biological 

materials for modern medicine is called ethnomedicine or ethnopharmacology. Study of a 

particular region’s plants for its human use through traditional knowledge of indigenous 

people is called ethnobotany. There are numerous examples; the drug quinine is developed 

from cinchona tree used in folk medicine of Peru, Artemisinin and its derivatives were 

isolated from traditional Chinese medicines, and alkaloids morphine and codine from opium 

poppy used in various indigenous medicines worldwide. The compound Podophyllotoxin 

isolated from Podophyllum peltatum- a herb used in indigenous tribes of North America for 
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treating warts- had been developed into anticancer drug etoposide. To overcome a number of 

obstacles during rigorous drug development and formal approval processes, herbal 

formulations are often developed into polymolecular botanical supplements, functional foods 

and neutraceuticals; an example is “BGR-34”, a purportedly antidiabetic formulation 

developed by CSIR, India. 

While most of the bioprospecting is targeted towards traditional/folk medicine to improve 

chances of success, a few goes for random screening of biological resources, albeit the 

procedure is extremely time consuming. A famous example is US National Cancer Institute’s 

large-scale natural product screening for anticancer activities. The programme screened 

extracts of over 70000 plant species over the course of around 2 decades, and resulted in the 

development of just one drug, paclitaxel-a commercially successful chemotherapeutic agent 

and a blockbuster drug. On the other extreme, a dramatic example is when a Swiss 

microbiologist, on a family trip to Norway, collected a bit of soil and brought back to his lab 

in Switzerland. Further research lead to the development of commercially successful 

immunosuppressant cyclosporine-A. This blockbuster drug generates revenue of 

approximately USD 1 billion a year. As no agreements for fair trade existed between 

Switzerland and Norway, Norway lost its share in the profit of this blockbuster drug entirely 

to Switzerland. Another example of lucky finds include development of antibacterial drug 

rapamycin from soil samples from Easter Islands. Soil sample from Himalayas collected by a 

team led by Dr. Javed Agrewala of CSIR- IMTech revealed its potent immunosuppressive 

and anti-bacterial properties. Further research lead to the development of Caerulomycin A, a 

pyridine-derived broad-spectrum antiobiotic and immunosuppressant. Nostrum 

Pharmaceutical reportedly have brought this technology for USD 3 million, and Dr. Javed 

Aggrewala was honoured with prestigious Bhatnagar Award for his contribution by the 

Indian Government. 

A major bias in play in global bioprospecting arena is that most of the explorations were 

targeted to that of the landmasses of the planet. However, more than 70% of earth’s surface is 

covered with the ocean and it harbours rich biodiversity. Only a very limited number of 
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companies (for example, Diversa Corporation and Magellan BioScience, US and MarBank in 

Norway) are involved with bioprospecting of marine biological resources. Oceanic 

bioprospecting has its own dramatic success stories. One example is development of 

industrial enzyme Ultra-Thin from the genes isolated from archaebacterial living in deep-sea 

hydrothermal vent in Pacific Ocean. Gene coding for Alkaline Phosphatase enzyme collected 

from an oceanic Shrimp species, which later developed as a successful PCR Post reaction 

clean-up tool (Exo-SAP-IT). Heat labile variant of the same enzyme, Antarctic Phosphatase, 

had been originally isolated from Antarctic bio resource. Salinosporamide-A from marine 

bacterium (Salinospora) is a protease inhibitor and a potential anticancer therapeutical 

currently in early-stage clinical trials. Ecteinascidin 743 (trabectedin) is an approved 

anticancer drug developed from a marine tunicate sea squirt Ecteinascidia turbinata. 

Luminase pulp bleaching enzyme was originally collected from the genes of geothermal 

sediment samples from Kamchatka, Russia. At present, the world has only 5 manned 

submersible suitable for deep-sea diving for more than 3000 meters, a major huddle for the 

bioprospecting of world’s oceans. Bioprospecting of open sea is also extremely rare; an 

estimate suggest that 99% of all ocean exploration for bioprospecting happens within 

territorial waters (part of the ocean that lies within 12 nautical miles or 22.5 km from the 

coast). 

3.5 Current status of bioprospecting 

Owing to a number of issues, bioprospecting has come to a dramatic slowdown over the 

last two decades. The main reason for the current slowdown is increase in the bureaucratic 

huddles post the enforcement of various international agreements, especially CBD and 

Nagoya Protocol. Prior to these landmark agreements, bioprospectors from the developed 

countries would undertake explorations to the poor tropics and they would negotiate with the 

indigenous communities or local governments for the rates for per sample acquisition. The 

samples, thus acquired after relatively less efforts, would be brought back to their established 

labs and subsequently be used for various bioactivity screening, and ultimately, if successful, 

to the development of drugs. Post CBD and Nagoya protocols, however, sample acquisition 
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became such a major huddle for the bioprospecting firms. It has increasingly became an 

impossible affair to acquire even a single sample from certain countries like Kenya that 

forbids all bioprospecting activities for the foreign companies. Another reason is the 

bioprospecting being extremely slow process that demand gargantuan efforts. Most of the 

world’s traditional medicines are now known to the scientists, and the bioprospecting efforts 

to develop drugs from these ethnobotanicals, although straightforward and heuristically 

advantageous option, have now became saturated. Random screening of natural products is 

indeed extremely labour intensive and time consuming. It is now becoming increasingly clear 

that bioprospecting is highly unlikely to become an economic driver to support biodiversity 

conservation measures by the poor country. Drug discovery companies these days 

increasingly rely on combinatorial chemistry opposed to natural products for the source of 

new drugs. This approach works first by identifying potential targets of specific diseases. For 

example, an enzyme involved in the development of cancer, that need to be inhibited. To 

inhibit an enzyme, its active site need to be blocked with an inhibitor molecule, that can 

perfectly bind with the site. As the three dimensional structure of this enzyme became 

available through analytical chemistry techniques such as NMR (Nuclear Magnetic 

Resonance) spectroscopy, a synthetic organic chemist can design an optimal molecule that 

can perfectly bind this target (its active site), like chiselling a perfect key to the lock. 

Synthesis of chemicals starting from scratch is called ‘total synthesis’. This combinatorial 

chemistry approach involves no natural products, and it is far straightforward and less 

laborious in comparison with traditional bioprospecting and screening approach. However, 

synthetic chemistry has its own limitations, and only small, structurally simple molecules can 

be synthesized as of today. As the natural products have been evolving through natural 

selection acting on them for billions of years, a richer and complex repertoire of structurally 

diverse compounds can be found in nature that are almost impossible to synthesize using 

synthetic chemistry approaches. However, with the advent of progress in structural chemistry, 

increasingly complex molecules are now being synthesized in world’s laboratories; for 

instance, taxol and cyclic depsipeptide.  
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One intuitive approach that combines the elements of bioprospecting and combinatorial 

chemistry approaches is that instead of screening the natural product extracts and purified 

compounds for various bioactivities, scientists construct a systematic, annotated and curated 

computational database of the structures of purified natural products. One such database is 

InterBioscreen (IBS, https://www.ibscreen.com/), perhaps the most extensive database of 

natural products with more than 50,000 accessions freely available to anyone. Other 

noteworthy databases of natural products include SuperNatural 

(http://bioinformatics.charite.de/supernatural/) and Drug Discovery Portal of University of 

Strathclyde, UK (www.ddp.strath.ac.uk). These database can be searched to find potential 

structural matches, (for example, an inhibitor molecule that perfectly bind with the three-

dimensional structure of the enzyme that need to be targeted) for the biological pathways- a 

process known as virtual or in silico screening through molecular docking. For example, 

using the IBS, investors Singh and Bast, 2015) were able to identify natural products 

Myricetin and Epigallocatechol- two compounds from green tea- as potential inhibitors for a 

crucial pathway in the progression of many cancers, STAT-3 (Signal Transducer and 

Activator of Transcription-3). 

4. Summary 

4.1 Biodiversity prospecting or bioprospecting is an umbrella term that is used to refer 

the sustainable utilization of biodiversity for the betterment of human life. While the 

term is used most often to refer drug discovery using natural products, it also 

include all other utilizations including that for industrial applications, to support 

agri-food industry, for biofuel and carbon capture and sequestration, for aesthetical 

uses and also for the exploration of genes. 

4.2 Two of the most important international legislations that govern sustainable 

biodiversity worldwide are CBD (UN Convention of Bio Diversity) and Nagoya 

Protocol. These agreements are intended as a legal framework for equitable benefit 

sharing and prior informed consent of resource provider. However, these legal 

https://www.ibscreen.com/
http://bioinformatics.charite.de/supernatural/
http://www.ddp.strath.ac.uk/
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frameworks have proven itself to be an impediment for the large-scale 

bioprospecting missions, through the resultant bureaucratic huddles. 

4.3 A major bias in bioprospecting had been lesser exploration of world’s marine 

bioresurces, even through oceans cover more than 70 percent of earth’s surface. 

Notwithstanding minimal explorations towards deep oceans, a number of drugs and 

commercial products have been marketed, warranting further developments in this 

sector. 

4.4 Bioprospecting had classically been projected as an economic driver for supporting 

conservation schemes of poor countries. However, post CBD and Nagoya Protocol 

implementation, bioprospecting had rather dramatically slowed down. At present 

vast majority of pharmacological industries resort to combinatorial chemistry 

assisted synthetic approach for the drug discovery. A novel two-step approach 

involving structural database of natural products and in-silico docking (screening) 

studies with potential targets of biological pathways are increasingly getting 

popular. 
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1. Introduction 

Biodiversity constitutes the most important working component of a natural ecosystem. It 

helps to maintain ecological processes and deals with the degree of nature’s variety in the 

biosphere. The term biodiversity was first coined by Water & Rosen in 1985. Biodiversity 

refers to the variability among living organisms and constitute terrestrial, marine, 

aquatic ecosystems and the ecological complexes. It reflects the number, variety & variability 

of living organisms and includes diversity within species (genetic diversity), between species 

(species diversity) and between ecosystems (ecosystem diversity). 

India is a mega diverse country having only 2.4% of the world's land area but accommodates 

7-8% species of flora and fauna. It includes more than 45,000 species of plants and 91,000 

species of animals. It is situated at the tri-junction of the Afro-tropical, Indo-Malayan and 

Palearctic realms, all of these support rich biodiversity. India is a diverse nation, which has 

10 biogeographic zones. A comparison of status of biodiversity between Indian and World 

scenario is depicted in Table 1. 

Table 1: Comparison between the Number of Species in India & the World 

Group Number of 

Species in India  

Number of 

Species in the 

World  

 (%) India 

Mammals 350  4627   7.6 

Birds 1224  9702  12.6 

Reptiles 408  6550 6.2 

Amphibians 197  4522  4.4 

Fishes 2546  21,730  11.7 

Flowering Plants 15,000  2,50,000  6 

 

(Source: Centre for Ecological Sciences, Indian Institute of Science http://ces.iisc.ernet.in) 

 

India is also a recognized center of crop diversity and produces hundreds of varieties of crop 

plants such as rice, maize, millets etc. The diverse physical features and climatic conditions 

of India are responsible for a variety of ecosystems such as forests, grasslands, wetlands, 

deserts, coastal and marine ecosystems. 

 

https://www.greenfacts.org/glossary/def/ecosystem.htm
https://www.greenfacts.org/glossary/pqrs/species.htm
https://www.greenfacts.org/glossary/ghi/genetic-diversity.htm
https://www.greenfacts.org/glossary/def/ecosystem.htm
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2. Biodiversity hotspots 

The idea of hotspots was first given by ecologist Norman Myers in 1988. Biodiversity 

hotspot is a biogeographic region that contains significant reservoir of biodiversity and is 

under threat & destruction. The main criteria for determining a hotspot are endemism (the 

presence of species found nowhere else on earth) and degree of threat. India has four hotspots 

out of 34 identified globally (Conservation International 2013), which are follows: 

a) Himalaya: Comprises the entire Indian Himalayan region (and that falling in 

Pakistan, Tibet, Nepal, Bhutan, China and Myanmar) 

b) Indo-Burma: Contains entire North-eastern India, except Assam and Andaman group 

of Islands (and Myanmar, Thailand, Vietnam, Laos, Cambodia and southern China) 

c) Sundalands: Includes Nicobar group of Islands (and Indonesia, Malaysia, Singapore, 

Brunei, Philippines) 

d) Western Ghats and Sri Lanka: Includes entire Western Ghats (and Sri Lanka) 

The International Union for Conservation of Nature (IUCN) is a leading international 

organization working in the field of nature conservation and sustainable use of natural 

resources. It was established in 1948 and evolved as world’s largest environment network and 

plays a key role to save biodiversity at global level. IUCN includes over 1400 members of 

both governmental and non-governmental organizations. The IUCN publishes IUCN Red List 

of Threatened Species. In 1969, India became a State Member of IUCN. The Office of IUCN 

India located in New Delhi was established in 2007. 

The IUCN Red List of Threatened Species, founded in 1964, is the world’s most 

comprehensive inventory of the global conservation status of biological species. As per the 

relative risk of extinction, the red data list contains 7 categories. There are categories given 

below along with some Indian species. 

Extinct (EX) – No known individuals remaining 

Extinct in the Wild (EW) – Known only to survive in captivity, or as a naturalized 

population outside its historic range 

Critically Endangered (CR) – Extremely high risk of extinction in the wild 

Endangered (EN) – High risk of extinction in the wild. 

Vulnerable (VU) – High risk of endangerment in the wild 

Near Threatened (NT) – Likely to become endangered in the near future 

Least Concern (LC) or Lowest risk - Does not qualify for a more at risk category.  

https://en.wikipedia.org/wiki/International_organization
https://en.wikipedia.org/wiki/International_organization
https://en.wikipedia.org/wiki/Nature_conservation
https://en.wikipedia.org/wiki/Natural_resource
https://en.wikipedia.org/wiki/Natural_resource
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3. Animal Biodiversity 

India has over 6.7% of the total animal species of the world. This includes approximately 

96,373 known animal species and 63,423 insect species. The number of threatened fauna 

species in different categories and those listed in the International Union for Conservation of 

Nature (IUCN 2014-15) are given in Figure 1& 2. 

 

 

Figure 1: Representation of evaluated Indian fauna (n = 4681) under IUCN (2014-15) Threat categories 

(Source: India's Fifth National Report to the Convention on Biological Diversity, MoEF, 

GOI) 

 

Figure 2: Indian threatened fauna 

(Source: India's Fifth National Report to the Convention on Biological Diversity, MoEF, GOI) 
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4. Plant Biodiversity 

With an estimated 29,105 species of algae, bryophytes, pteridophytes, gymnosperms and 

angiosperms, India holds 9.13% of the world's known floral diversity in these groups. The 

richness of Indian plant species as compared with the world is shown in Table 2 & risks 

categories are depicted in Figure 3.  

Table 2: Indian plant species as compared with the world 

 India World % India 

Algae 7244 40800 17.75 

Bryophytes 2504 14500 17.27 

Pteridophytes 1267 12000 10.56 

Gymnosperms 74 650 11.38 

Angiosperms 17926 250000 7.17 

Total 29015 317950 9.13 

 (Source: India's Fifth National Report to the Convention on Biological Diversity, MoEF, 

GOI) 

 

 

Figure 3: Representation of evaluated Indian flora (n = 1218) under IUCN (2014-15) 

threat categories 

(Source: India's Fifth National Report to the Convention on Biological Diversity, MoEF, 

GOI) 
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5. Marine Biodiversity 

India’s coastal and marine areas hold many biological treasures. Dense mangrove forest of 

Sunder-bans, world’s largest congregations of nesting turtles in Odisha, beautiful seagrass 

beds in Palk Bay, dolphins & dugongs in the Gulf of Mannar, majestic whale sharks in the 

Gulf of Kachchh are the just a few examples of the treasures of India’s coastal and marine 

biodiversity. The marine floral and faunal biodiversity of India is remarkable, with over 200 

diatom species, 90 dinoflagellates, 844 marine algae, 560 species of corals, 39 mangrove 

species, more than 10,000 invertebrate species and 2,500 vertebrate species. 

6. Endemism Species in India 

In terms of endemism of vertebrate groups, India's global ranking is 10th in birds with 69 

species, fifth in reptiles with 156 species and 7th in amphibians with 110 species. Endemism 

is manifested most prominently in the Indian fauna among the Amphibia (61.2%) and 

Reptilia (47%). It is estimated that 62% of the known amphibian species are endemic to 

India, of which a majority are found in the Western Ghats (Source: 

http://www.vigyanprasar.gov.in). Endemism in plants is significant across different plant 

groups in India. India accommodates 47 families, 141 genera and about 4045 species of 

flowering plants (angiosperms). These are distributed in the floristically rich areas of North-

east India, the Western Ghats, the North-west Himalaya and the Andaman and Nicobar 

Islands. 

7. Fish Biodiversity 

Zoological Survey of India (ZSI) has recorded 3,022 species which constitute about 9.41% of 

the known fish species of the world. National Bureau of Fish Genetic Resources (NBFGR) is 

mandated to carry out research related to cataloguing, characterization and conservation of 

country's fish germ-plasm resources. The Bureau has built up a database of about 2553 native 

fish species of India; generated information on population genetic structure of 23 prioritized 

endemic and commercially-important species. 

8. Critically endangered Species in India 

Critically endangered is the highest risk category assigned by the IUCN (International Union 

for Conservation of Nature), which comes under Red List. Table 3 enlists critically 

endangered species, which include birds, reptiles, mammals, fishes, spiders along with 

distribution in India. 
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There are five quantitative criteria to determine wild species, whether a taxon is under 

threatened. A taxon is under critically endangered if meets any of the following criteria: 

I. Populations have declined or will decrease, by greater than 80% over the last 10 years or 

three generations. 

II. Have a restricted geographical range. 

III. Small population size of less than 250 individuals and continuing decline at 25% in 3 

years or one generation. 

IV. Very small or restricted population of fewer than 50 mature individuals.  

V. High probability of extinction in the wild 

Table 3: Critically endangered Species in India (MOEF Report 2011) 

 

BIRDS 

Common Name Zoological Name Distribution 

Jerdon’s Courser Rhinoptilus bitorquatus Andhra Pradesh 

Forest Owlet Heteroglaux blewitti South Madhya Pradesh, in north-west 

Maharashtra and north-central Maharashtra. 

White-bellied Heron Ardea insignis Bhutan and north-east India to the hills of 

Bangladesh and north Myanmar. 

White-backed Vulture 

Slender-billed Vulture 

Long-billed Vulture 

Red- headed Vulture 

Gyps bengalensis 

Gyps tenuirostris 

Gyps indicus 

Sarcogypscalvus) 

 

Across India 

Bengal Florican Houbaropsis bengalensis Uttar Pradesh, Assam and Arunachal 

Pradesh. 

Himalayan Quail Ophrysia superciliosa Western Himalayas. 

Pink- headed Duck Rhodonessa caryophyllacea North-east India 

Sociable Lapwing Vanellus gregarious  North and north-west of the country 

 Spoon Billed Sandpiper Eurynorhynchus pygmeus West Bengal, Orissa, Kerala and Tamil Nadu 

Siberian Crane Grus leucogeranus Keoladeo National Park in Rajasthan. 

MAMMALS 

Pygmy Hog Porcula salvania Southern Himalayan Foothills but now  

restricted to only a single remnant 

population in Manas Wildlife Sanctuary 

Andaman White-toothed 

Shrew 

Crocidura andamanensis Andaman Islands 

Jenkin’s Andaman Spiny 

Shrew 

Crocidura jenkinsi Andaman Islands 

Nicobar White-tailed 

Shrew 

Crocidura nicobarica Nicobar Island 

Kondana Rat Millardia kondana Near Pune in Maharashtra 
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Large Rock Rat or Elvira 

Rat 

Cremnomys elvira Eastern Ghats of Tamil Nadu 

Namdapha Flying 

Squirrel 

Biswamoyopterus biswasi Namdapha Tiger Reserve in Arunachal 

Pradesh 

Malabar Civet Viverra civettina Western Ghats. 

Sumatran Rhinoceros Dicerorhinus sumatrensis Foothills of the Himalayas and north-east 

India 

REPTILES 

Gharial Gavialis gangeticus National Chambal Sanctuary, spread across 

three states of Uttar Pradesh, Rajasthan and 

Madhya Pradesh in India 

Hawksbill Turtle Eretmochelys imbricata Andaman and Nicobar Islands, the coast of 

Tamil Nadu and Orissa 

Leatherback Turtle Dermochelys coriacea Atlantic, Pacific, and Indian Oceans 

River Terrapin Batagur baska Indian River 

Red-crowned Roofed 

Turtle 

Batagur kachuga Watershed of the Ganga. 

Sispara day gecko Cnemaspis sisparensis Western Ghats, and found in Sispara, 

Nilgiris, Kavalai near Cochin. 

AMPHIBIANS 

Anamalai Flying Frog Rhacophorus pseudo 

malabaricus 

Andiparai Shola, Pudothottam and the 

Anamalai Hills of Tamil Nada and Kerala. 

Gundia Indian Frog Indirana gundia Gundia, Kempholey in the Western Ghats 

region of Karnataka, South India. 

Kerala Indian Frog Indirana phrynoderma Anamalai Hills of Kerala and Tamil Nadu in 

the Western Ghats of south India. 

Charles Darwin’s Frog Ingerana charlesdarwini Mount Harriet in South Andaman Island and 

Saddle Peak in the North Andaman Island 

Kottigehar Bubble-nest 

Frog 

Micrixalus kottigeharensis Hassan district and Bhadra in 

Chikamangalur district, Karnataka, India. 

Amboli Bush Frog Pseudophilautus amboli Maharashtra,  Karnataka 

Chalazodes Bubble-Nest 

Frog 

Raorchestes chalazodes Western Ghats 

Small Bush Frog Raorchestes chotta Thiruvananthapuram district of Kerala 

Green-eyed Bush Frog Raorchestes chlorosomma Munnar, Idukki district, Kerala i 

Griet Bush Frog Raorchestes griet Munnar, Devikulam and Vagaman in Idukki 

district of Kerala; and Anamalai Hills and 

Valparai in Coimbatore district of Tamil 

Nadu 

Kaikatt’s Bush Frog Raorchestes kaikatti Kaikatti-Nelliyampathi in Palakkad district 

of Kerala 

Mark’s Bush Frog Raorchestes marki Kaikatti-Nelliyampathi in Palakkad district, 

Kerala, India 

Munnar Bush Frog Raorchestes munnarensis Devikulam and Munnar, Idukki district, 
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Kerala 

Sacred Grove Bush frog Raorchestes sancti silvaticus Kapildhara Falls, Amarkantak, Jabalpur 

District, Madhya Pradesh 

Tiger toad Xanthophryne tigerinus Amboli, Sindhudurg district, Maharashtra 

Shillong Bubble-nest Frog Raorchestes shillongensis Malki Forest, Shillong, Meghalaya and in 

Mizoram 

   

FISH 

Pondicherry Shark Carcharhinus hemiodon Indian Ocean,  Hooghly river 

Ganges Shark Glyphis gangeticus The Ganga river system and Hooghly river 

Knife-tooth Sawfish Anoxypristis cuspidata Widespread in western part of the Indo-

Pacific region, including Red Sea 

Large-tooth Sawfish Pristis microdon Western part of the Indo-Pacific 

Long-comb Sawfish or 

Narrow-snout Sawfish 

Pristis zijsron Indo-Pacific region 

   

SPIDERS 

Rameshwaram 

Ornamental 

Poecilotheria hanumavilasumica Coastal savannah, tropical lowland rain 

forests and montane forests upto an altitude 

of 2000 m above mean sea level. 

Peacock Tarantula Poecilotheria metallica Endemic to India 

   

CORALS 

Fire corals Millepora boschmai Possiblity Extinct in India 

 

The IUCN list published in 2015, included 988 species of India in Red data book. It was 973 

in year 2014 & 659 species in 2008. In Indian context, the IUCN list 2015 classified 

mammals to critically endangered & endangered species. 

Critically Endangered Mammals:  

Himalayan Brown/Red Bear (Ursus arctos isabellinus) 

Pygmy Hog (Porcula salvania) 

Andaman White-toothed Shrew (Crocidura andamanensis) 

Kondana Rat (Millardia kondana) 

Large Rock Rat or Elvira Rat (Cremnomys elvira) 

Namdapha Flying Squirrel (Biswamoyopterus biswasi) 

Malabar Civet (Viverra civettina) 

Sumatran Rhinoceros (Dicerorhinus sumatrensis) 

Kashmir stag/hangul (Cervus elaphus hanglu) 
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Endangered’ Mammals: Red Panda 

Wild ass/ khur (Equus hemionus khur) 

Dhole/ Asiatic wild dog or Indian wild dog (Cuon alpinus) 

Eld’s deer/ thamin or brow-antlered deer (Panolia eldii) 

Golden langur (Trachypithecus geei) 

Himalayan / White-bellied Musk Deer (Moschus leucogaster)  

Hispid hare/ Assam rabbit (Caprolagus hispidus) 

Hog deer  (Hyelaphus porcinus)  

Lion-tailed macaque/ wanderoo (Macaca silenus) 

Chita / Tibetian Antelope (Pantholops hodgsonii)  

Nilgirilangur/ Nilgiri leaf monkey (Trachypithecus johnii) 

Nilgiri tahr  (Nilgiritragus hylocrius)  

Endangered’ Marine Mammals: Freshwater / river dolphin 

Ganges river dolphin (Platanista gangetica) 

Indus river dolphin  (Platanista gangetica minor)  

9. Agricultural crops and domesticated animal biodiversity 

India is basically an agriculture based county. It has 15 different agro-climatic zones. India is 

also considered to be a center of origin of rice. India also has a vast and rich repository of 

farm animals, represented by a broad spectrum of native breeds of cattle (34), buffaloes (12), 

goat (21), sheep (39) and chicken (15). To conserve India's rich domesticated biodiversity 

and promote crops and animal breeds, the Ministry of Agriculture has set up six national 

bureaus namely, plant genetic resources, animal genetic resources, fish genetic resources, 

agriculturally important insects, agriculturally important microorganisms and soil sciences. 

These bureaus serve as the nodal organizations for characterization, evaluation, cataloguing 

and establishing of national databases of living organisms corresponding to their mandates. 

Apart from this India is also preserved billions of diverse microbes, many of which are found 

nowhere else in the world. The country is also accomplished with enormous variability in 

agriculturally important microorganisms. (Source: India's Fifth National Report to the 

Convention on Biological Diversity, MoEF, GOI). 
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10. Biodiversity Conservation in India: (Protected Areas (PAs) National Parks, 

Sanctuaries Conservation and Community Reserves) 

India has a very long tradition of setting areas for conservation of wild flora and fauna. After 

independence, several Protected Areas (PAs) were designated in the form of National Parks 

and Wildlife Sanctuaries. Protected areas are those in which human interference and the 

exploitation of resources is restricted. Protected areas are categorized depending upon the 

level of protection, governed by the laws of each country or the regulations of the 

international organizations involved. Currently in the form of protected area, India form a 

network of 103 National Parks covering 40500.13 km and 544 Sanctuaries covering 

118931.80km, 76 Conservation Reserves and 46 Community Reserves (Table 4). State wise 

National Parks in different states of India is depicted in Figure 4. 

Table 4: Details of Protected areas in India 

Year 

No. of 

National 

Parks 

Area Under 

National 

Parks 

(Km) 

No. of Wild 

Life 

Sanctuaries 

Area Under 

Wild Life 

Sanctuaries 

No. of 

Communit

y Reserves 

Area Under 

Community 

Reserves 

No. of 

Conservatio

n Reserves 

Area 

Under 

Conservati

on 

Reserves 

No. of 

Protecte

d Areas 

Total Area 

under 

Protected 

Areas 

2018 103 40500.13 544 118931.80 46 72.61 76 2567.95 769 162072.49 

                    Source: National Wildlife Database Cell, Wildlife Institute of India 

 

 

 

Figure 4: No of National Parks in different states of India 

Source: National Wildlife Database Cell, Wildlife Institute of India 
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11. Wetlands in India 

India is bestowed with a rich diversity of wetlands, ranging from high altitude lakes of the 

Himalayas, floodplains and marshes of the Gangetic-Brahmaputra alluvial plains, saline flats 

of Green Indian Desert to extensive mangroves marshes bordering the country's East and 

West coastline. As per remote sensing imagery based assessment, India has total of 26 ramsar 

wetlands sites covering a total area of 12119.03 km2. List of Ramsarsites in India is given in 

the Table 5. 

 

Table 5: List of Ramsar sites in India 

No. Name of Site State Location Date of 

Declaration 

Area  

(in sq.km.) 

1 Asthamudi Wetland Kerala 19.8.2002 1860 

2 Bhitarkanika Mangroves Orissa 19.8.2002 525 

3 Bhoj Wetlands Madhya Pradesh 19.8.2002 31 

4 Chandertal Wetland Himachal Pradesh 8.11.2005 38.56 

5 Chilka Lake Orissa 1.10.1981 1140 

6 DeeporBeel Assam 19.8.2002 4.14 

7 East Calcutta Wetlands West Bengal 19.8.2002 378 

8 Harike Lake Punjab 23.3.1990 86 

9 Hokera Wetland Jammu and Kashmir 8.11.2005 13.75 

10 Kanjli Lake Punjab 22.1.2002 14.84 

11 Keoladeo Ghana NP Rajasthan 1.10.1981 28.73 

12 Kolleru Lake Andhra Pradesh 19.8.2002 673 

13 Loktak Lake Manipur 23.3.1990 945 

14 Nalsarovar Bird Sanctuary Gujarat 24/09/12 120 

15 Point Calimere Tamil Nadu 19.8.2002 17.26 

16 Pong Dam Lake Himachal Pradesh 19.8.2002 307.29 

17 Renuka Wetland Himachal Pradesh 8.11.2005 Not Available 

18 Ropar Lake Punjab 22.1.2002 41.36 

19 Rudrasagar Lake Tripura 8.11.2005 2.40 

20 Sambhar Lake Rajasthan 23.3.1990 736 
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21 Sasthamkotta Lake Kerala 19.8.2002 11.3 

22 Surinsar-Mansar Lakes Jammu and Kashmir 8.11.2005 3.50 

23 Tsomoriri Lake Jammu and Kashmir 19.8.2002 120 

24 VembanadKol Wetland Kerala 19.8.2002 4583 

25 Upper Ganga River  

(Brijghat to Narora Stretch) 

Uttar Pradesh 8.11.2005 265.90 

26 Wular Lake Jammu & Kashmir 23.3.1990 173 

    Total Area (sq. km.) 12119.03 

Source:  Ministry of Environment & Forests and Climate Change, Government of India 

http://www.moef.nic.in/division/ramsar-convention-wetland Date of access 02/02/2018 

12. Government Acts  

Biological Diversity Act 2002: The Biological Diversity Act 2002 was born in India to 

resultant of India's attempt to achieve objectives, which determinedby United Nations 

Convention on Biological Diversity (CBD) 1992 for protect own Biological Resources. The 

Act aims to conserve biological resources with the sustainable manner. For purposes of 

implementing the objectives of this Act, established the National Biodiversity Authority in 

Chennai on 2003. 

India successfully hosted the eleventh meeting of the Conference of the Parties (COP 11) to 

the Convention on Biological Diversity (CBD) held from 8-19 October 2012, in Hyderabad.  

13. Other Initiatives 

 Capacity Building for Industrial Pollution Management (CBIPM) 

 Compensatory Afforestation Fund Management and Planning Authority (CAMPA) 

 National Centre for Sustainable Coastal Management (NCSCM) 

 Conservation of Natural Resources and Ecosystems  

 Environment Information, Education & Awareness  

 Environmental Management in Heritage, Pilgrimage and Tourist  Centres Including 

Taj Protection 

 Social Forestry with communities (Panchayat Van Yojana) 
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Module 23: Habitat Conservation Plan 

 Learning Objectives: 

 

Introduction 

Variability in the species composition of plants, animals and microorganisms on earth is 

imperative for the sustenance of healthy, balanced and thriving ecosystems. However, growth 

of human population and rising consumption levels are disturbing the biodiversity 

components, ecosystem integrity and sustainable use of ecosystem services. Complex 

interactions of various demographic, socio-economic, cultural and technological factors have 

created a chain of unnatural anthropogenic activities ending up with irreversible loss of 

various plant and animal species. The major drivers of biodiversity loss such as habitat 

degradation and fragmentation, invasion by alien species, enhanced population, pollution, and 

exploitation levels and anthropogenic climate change are being discussed in this chapter. 

 

STATISTICS OF BIODIVERSITY LOSS 

A WWF report suggests that 52% of the world’s biodiversity (including terrestrial, freshwater 

and marine diversity) has been lost in a 40 year span between 1970 and 2010, freshwater 

diversity being affected most. IUCN has stated that 75% of the genetic diversity of 

agricultural crops, 75% of the fisheries stock and one-third of the reef building corals around 

the globe are either threatened or lost. 42% of the amphibians, 25% of mammals and 19% of 

the reptile species among the faunal species whereas 71% of magnolias, 63% of cycads and 

34% of conifers among the floral species are categorized as threatened with extinction. Other 

estimates suggest that current rate of species extinction is estimated to be as rapid as 1,000 

and 10,000 times as compared to the average rate during last few billion years. In fact, the 

sixth major extinction would be the greatest event in past 65 million years (since the 

disappearance of dinosaurs). Some studies also suggest that within next two to three hundred 

years, half of the mammal and bird species worldwide may become extinct. However 

 Statistics of biodiversity loss 

 What types of species is most vulnerable to extinction? 

 Major threats to the biodiversity 
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quantifying the rate of extinction is difficult as the total biodiversity on earth is yet to be 

discovered and the biodiversity monitoring is insufficient. 

 

 

 

Figure 1 The direct and indirect drivers resulting in biodiversity loss (Source: Global 

Biodiversity Outlook 2 [www.cbd.int/gbo2/]) 
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WHAT TYPES OF SPECIES IS MOST VULNERABLE TO EXTINCTION? 

 Rare species (as listed by IUCN) 

 Species with restricted geographical range (such as the organisms dwelling on the 

island ecosystems) 

 Species occurring at the sites of high human disturbance/ exploitation 

 Species with large/ specialized/ stable habitat requirements 

 Species with slow reproductive rate 

 Plants with ineffective dispersal ability 

 Species being heavily predated 

 Seasonal migrants 

 Species with lesser genetic variability 

 Species with no prior contact with humans 

 Species closely related to the extinct or threatened species 

MAJOR THREATS TO THE BIODIVERSITY 

a) Habitat loss/ degradation/ fragmentation 

Any sort of change incurred by natural or anthropogenic activities in the local environmental 

conditions may pose a threat to the plant/ animal/ microbial diversity sustaining there. In fact 

the habitat degradation and fragmentation, caused by human-induced land use changes is the 

main factor driving biodiversity loss. Human interference in the natural self-sustaining 

ecosystems have shrunk the habitats of different plant and animal species and limited the 

supply of resources essential for their survival. Activities such as urbanization, expansion of 

agricultural lands, industrialization, deforestation, mining, damming and dredging of rivers, 

and draining of wetlands, estuaries and mangroves are majorly responsible for turning a 

habitat unsuitable for the local species. 

Terrestrial ecosystems 

Deforestation is one of the direct causes of species extinction in the terrestrial ecosystems. 

Forest ecosystems bears a major portion of the world’s terrestrial biodiversity, provides 
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innumerable ecosystem services and play a critical role in the operation of global bio-

geochemical cycles. However, forest lands are being cleared up for the expansion of 

agricultural fields, residential areas, and industries and for obtaining fuel, fodder, furniture, 

raw material for paper and pulp industry, medicinal plants, and precious herbs, thereby 

destroying the most dependable ecosystems on earth. Tropical rainforests are known to 

withhold the highest percentage of the world's flora and fauna. However, these biomes have 

been highly disturbed as a result of massive destruction of forests and its conversion into 

other land-uses. Habitat fragmentation (splitting of large units of habitat into smaller parts) in 

the Amazon rainforests has resulted in the significant biodiversity loss. If the next thirty years 

would experience a similar deforestation rate as now, 5 to 10% of the species would be at the 

verge of extinction due to habitat loss. This indicates the strong need of sustainable forest 

practices. But in the view of increasing demands that are estimated to be doubled over next 

fifty years, it is difficult to control the rate of destruction of forests. 

Desertification is another reason of habitat loss, driven by the similar reasons as that of 

deforestation such as extension of agricultural processes, urbanization, industrialization and 

overexploitation. Poor land management, further provoked by global warming and climatic 

change has degraded the organic content, fertility, and water retaining abilities of the soil 

converting them into deserts. The 25-40 % decline in soil organic content has been observed 

over past 25 years. The desertification not only makes a land unsuitable for human usage but 

also leave the local plant and animal species homeless. 

Marine ecosystems 

Occupying the 70% of earth’s total surface, oceans are considered as the largest ecosystems 

regulating the global climate, bio-geochemical cycles, a high percentage of world’s food 

production and various other economic aspects. Constant degradation of coastal and marine 

environment due to rising fishery trade, overexploitation of resources, rising pollution, poor 

near-shore land use practices, discharge of industrial wastes etc. have reduced the fisheries 

production and threatened the aquatic biodiversity. On the other hand, coral reefs, another 

important and diverse ecosystem, are experiencing a high level of exploitation and pollution. 
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The rising levels of water in the oceans have shrunk island ecosystems, disturbing the flora 

and fauna sustaining there. 

b) Invasive species 

When any organism is migrated to a new geographical area, there is a chance that the alien 

species may become invasive and can affect the native species in several different ways. It 

can parasitize or predate upon resident species, compete for the resources, bring unfamiliar 

diseases, modify habitats and ecological conditions, disrupt the existing food web, hinder the 

environmental interactions and threaten endemic species. The invasive alien species can 

directly replace the native species through completion, predation or allelopathy or it may 

transform the structure and composition of ecosystem, thereby indirectly repressing or 

excluding the native species. Recently, the rate and risk associated with the introduction of 

alien species have escalated significantly because of the rising human population, increased 

travel, trade and tourism, climate change, and habitat fragmentation.  

The invasive alien species (IAS) are considered as the second leading cause of biodiversity 

loss after habitat destruction and the major cause of species extinction in most island 

ecosystems. The invasive species may be introduced intentionally by humans for 

hybridization/ cultivation/ ornamental purposes or it may get migrated accidently along with 

the goods being exchanged between the countries or through the people travelling across the 

world or via long distance dispersal as in case of plants. In marine ecosystems, the 

introduction of alien species can result from hull fouling, ballast water from ships or through 

aquaculture and aquarium releases. Such introductions are as old as the history of human 

migration to different parts of the world, but in the recent past, particularly since the 

17th century, introduction of invasive alien species have become more and more frequent and 

resulted in nearly 40% of all the animal extinctions. Similarly, nearly 300 species of 

crustaceans, molluscs and fishes have entered the Mediterranean Sea from the Red Sea 

through the Suez Canal since 1891 that have now dominated over the native species. In the 

Fynbos biome of South Africa, 80% of the threatened species are endangered because of 

invading alien species. Many countries have established systems to prevent and control the 
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migration of alien species, to predict the likelihood of alien species becoming invasive and 

the potential ecological and economic cost they may incur. To effectively combat the 

challenges posed by invasive alien species, there is a need for global networking and 

communication at different levels. 

c) Pollution 

Different pollutants entering our environment via release of excessive amounts of nitrates/ 

phosphates from agricultural run-off, emission of green house gases through deforestation 

and burning of fossil fuels, dumping of sewage into the water bodies etc. has severely 

influenced the natural ecosystems of Earth. Pollution may not be directly responsible for 

extinction, but it disrupts the habitat conditions of an organism. Persistent organic pollutants, 

drugs, fertilizers/ herbicides/ pesticides, acid rain, heavy metals, and plastics etc. can cause 

environmental toxicity and since it is difficult for the organisms to reside in the modified 

surroundings, they are either forced to migrate or adjust. As a result, the species that could 

not cope up with the changing environment generally dies out.  

For example acid rain can alter the pH of the soil and water bodies thereby, affecting the 

feeding options, breeding conditions and species composition of the locale. Poisonous gases 

present in the atmosphere may cause allergies, respiratory problems and fatal diseases in 

many species. Nitrates and phosphates released from the fertilizers run off from the fields 

into the water system and can cause non-habitable zones for the freshwater animals and 

plants known as “dead zones”. Plastics, oil and waste disposed in the rivers, lakes and oceans 

make it difficult for the fishes and sea birds to survive. Similarly, bioaccumulation is another 

example in which the top carnivores suffer high toxicity due to the multiplication of heavy 

metal concentrations through the food chain as seen in Killer whales. 

d) Human population and overexploitation 

With an exponential increase in human population around the globe in last few decades, the 

pressures on biodiversity have significantly enhanced. Increasing population has resulted in 

excess demand of resources generally accomplished by the unhealthy practices such as 
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poaching, targeted hunting, overfishing and over-harvesting. This has led to the killing of 

numerous species over the past few decades, resulting in great loss of biodiversity. Fisheries 

have been the most vulnerable group in terms of overexploitation especially after World War 

II because of technological developments like refrigeration, sonar, larger nets, and onboard 

processing. According to IUCN, overfishing has reduced commercial fish stocks by 90% in 

the last several years. The cod fishery in the Northwestern Atlantic Ocean has witnessed a 

population collapse due to intense harvesting. On the other hand, overhunting and poaching 

of the top predators of the food chain resulted in the disruption of the entire food web. The 

‘mega-fauna extinction’ caused due to overharvesting is one such major example. 

e) Climate change 

Climate plays a crucial role in deciding the distribution of species across the globe. Climate 

change has therefore, influenced the composition of flora and fauna particularly the keystone 

species thus, disturbing the entire ecosystem. Increase in the amount of green house gases in 

the atmosphere, particularly the CO2 affects the physiological functioning of plants. Being 

primary producers, any change in the plant community of an area directly or indirectly 

influences the secondary or tertiary consumers dependent on them. As climate warms, species 

thriving in the plain areas will migrate towards higher altitudes whereas the temperate species 

will be threatened. It may also result in phenological changes among insects, birds, plants and 

mammals. Change in the life cycle patterns has already been evidenced in certain migratory 

birds and insects. Disturbed weather situations may result in behavioral changes in 

pollinators, pests and pathogens, thereby disturbing the delicate balance that exists in the 

wild. Rising ocean temperatures and diminishing Arctic sea ice can shift vegetation zones, 

significantly affecting the marine biodiversity. A report from Intergovernmental Panel on 

Climate Change (IPCC) estimates that 20-30% of plant and animal species are ‘likely to be at 

increased risk of extinction’ if greenhouse gas emissions continued at the current rate. 

Climate change may also promote distribution and abundance of invasive species, thus 

indirectly promoting a threat to biodiversity. Small and fragmented ecosystems such as 

islands, coral reefs, mangrove swamps and coastal wetlands are more vulnerable to the 
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changes in temperature as compared to the large ecosystems. With further shifts in climatic 

conditions, biodiversity will face more severe threats. 

Some other factors that could be held responsible for wiping out any taxon includes 

epidemics, warfare, and UV radiation penetrating on earth due to depletion of ozone layer 

(considered a primary threat to amphibians). 

Table 1 Threats in terrestrial ecosystems and their underlying causes. 

Threats to biodiversity 

in terrestrial 

ecosystems 

Underlying causes 

Habitat degradation and 

fragmentation  

Deforestation, Urbanization, industrialization, expansion of 

agricultural lands and extension of road network, invasion in wild 

areas for recreation and tourism 

Dynamic relationship 

between agriculture and 

wildlife 

Modernization of agricultural practices and disappearance of 

natural hosts of wildlife such as hedges, trees, ponds, etc. 

Pollution 

Population explosion, Industrialization, increased number of 

vehicles, use of excessive fertilizers in agricultural practices, 

unhealthy waste management techniques etc.  

Invasions by alien 

species 

International trade and transport, use of exotic plant species in 

gardening and forestry, introduction of exotic species for 

hybridization, climate change. 

Epidemics Introduction of exotic pests, pollution and habitat destruction 

Climate change 
Emissions of greenhouse gases, deforestation and other land use 

changes due to human activities 

Desiccation of soils and 

wetlands 
Overuse of underground water tables 
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Table 2 Threats in marine ecosystems and their underlying causes. 

Threats to biodiversity in 

marine/ freshwater 

ecosystems 

Underlying causes 

Overfishing 
Rising human population, increased demand in industrial 

sector, lack of strict laws, by-catch species 

Pollution and eutrophication 
Industrial pollutants dumped into water bodies, run-off from 

agricultural fields, sewage disposal in rivers/ lakes 

Degradation of the sea floor Beam trawling, dredging, sand and gravel extraction 

Invasions by alien species 
Tourism and maritime trade, ballast waters, fouling), 

navigation for recreation, mariculture, climate change 

Other anthropogenic 

disturbances 

Coastal development, Recreation and leisure, deteriorating 

water quality in oceans, mechanical beach cleaning, water 

pollution, noise pollution 

CONCLUSION 

It can be concluded from Table 1 and 2 that every factor considered responsible for 

biodiversity loss is interlinked and generally promote each another. Since all these factors 

have been operating in the environment all together, the synergistic threats to the biodiversity 

are possibly much more severe than we can quantify or estimate. The pressures built on 

biodiversity are, mainly driven by economic development and increasing demand for the 

biological resources. It is important to understand that loss of biodiversity will result in lack 

of genetic stocks and ecosystem services thereby, jeopardizing the economic development. 

Decreased biodiversity may also interfere with essential ecological processes such as 

pollination, maintenance of soil fertility, flood controls, water purification, assimilation of 

wastes and the cycling of carbon and other nutrients. Mitigation efforts are therefore, needed 

to be put forward to conserve biodiversity. 
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Objectives 

In this module we will learn about : 

 Biodiversity Conservation Methods 

 In-situ conservation 

 Ex-situ conservation 

 In-vitro techniques of conservation 

 International Framework For Biodiversity Conservation 

 National Framework For Biodiversity Conservation 

Keywords 

National Parks, Wild Life sanctuaries, Sacred Grooves, Biosphere reserves, 
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Module 21: Strategies for Biodiversity Conservation 

 

1. Learning outcomes 

 

 Biodiversity Conservation Methods 

 In-situ conservation 

 Ex-situ conservation 

 In-vitro techniques of conservation 

 International Framework For Biodiversity Conservation 

 National Framework For Biodiversity Conservation 

Introduction  

In previous modules we have learnt about causes and threats to biodiversity, importance of 

biodiversity and its loss. In this module we will study about different strategies which can be 

adopted for the conservation of biodiversity. 

Strategies for Biodiversity Conservation 

Biological diversity is the key foundation of a healthy, livable and sustainable planet but the 

increasing exploitation coupled with natural calamities has led to the rapid dwindling of 

important species. Large numbers of organisms are facing loss or extinction due to natural and 

anthropogenic reasons. It is estimated that 60,000 to 1,00,000 species with diverse economic 

uses are under threat of extinction and needs to be protected. This necessitates urgent measures 

to conserve the biodiversity at ecosystem, species and gene pool levels, and to enable sustained 

use for present and future generations. Conservation refers to the protection, preservation, 

management and restoration of the landscapes, ecosystems and species.  

An organism can be conserved in a natural/ artificial habitat or in the form of a germplasm 

(bacterial cultures, animal tissues, seeds etc.) by employing various methods. A number of 

efforts have been put forward by various governmental and non-governmental organizations 

aiming for the conservation of biodiversity. It includes certain in-situ and ex-situ approaches. 

Emergence of in-vitro technology as an adjunct to ex-situ conservation is being viewed with 

great expectations for conservation of threatened species. The need of hour is to amalgamate 
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the traditional as well as emerging technologies towards conservation of biodiversity and 

genetic resources for sustainable development. 

The first and foremost step required in the direction of biodiversity conservation is about 

gathering knowledge on the existing biodiversity. It has been stated that the earth inhabits 

millions of plants and animal species, only a few of which have been identified so far. The 

taxonomists are required to identify and quantify more and more species so that closer 

estimates could be build up while measuring the biodiversity loss. Thereafter, appropriate plans 

and policies should be designed, depending on the habitats, species and conservation priorities. 

The last step requires the strong implementation of these conservation strategies by enforcing 

the laws in order to achieve the objective. Also, promoting awareness among the general public 

about the ongoing overexploitation and its future implications are required. It is also important 

for all the developed and developing countries to work in coordination, share as much 

information as they have about the biodiversity in their region and help each other for the 

realization of this goal. 

BIODIVERSITY CONSERVATION METHODS 

a) In-situ conservation 

In-situ or “on-site” conservation is the protection of organism in its natural habitat where 

evolutionary progression continues. The in-situ approach includes protection of a group of 

typical ecosystems or the regions with high biodiversity through a network of protected areas. 

These are the terrestrial or marine areas, exclusively meant to protect biological diversity and 

its allied resources. This is the most appropriate method as the species are being conserved in 

their natural habitats. It includes National Parks, Wildlife Sanctuaries, Sacred groves, and 

Biosphere Reserves. 

i) National Parks  

National Parks are protected areas under government, secluded from any kind of human 

interference. These are the small reserves meant for the protection of wild life and their natural 

habitats. Activities like grazing, forestry etc. are not permitted in these areas. 
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Some Major National Parks in India 

1. Gir National Park, Gujrat 

2. Jim Corbett National Park, Uttrakhand 

3. Kaziranga National Park, Assam 

4. Bandipur National park, Karnataka 

5. Tudula national Park, Maharashtra 

6. Kanha National Park, Madhya Pradesh 

7. Manas National Park, Assam 

8. Reibul Lamjao National Park, Manipur 

 

 

ii) Wildlife Sanctuaries 

The Wildlife Sanctuaries are bounded to conserve the wild flora and fauna. Similar to National 

Parks, these are also government owned areas, but limited human activities such as harvesting 

of timbers, collection of forest products, cultivation of lands etc. are allowed in wildlife 

sanctuaries as long as these do not interfere with the wild environment. 
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Some Wildlife Sanctuaries in India 

1. Bandipur Wildlife Sanctuary, Karnataka 

2. Bhitarkanika Wildlife Sanctuary, Orissa 

3. Gibbbon Wildlife Sanctuary, Assam 

4. Dachigam Wildlife Sanctuary, Jammu and Kashmir 

5. Sunderbans Wildlife Sanctuary, West Bengal 

6. Keoladeo Bird sanctuary, Rajasthan ( Now converted to National Park) 

7. Periyar Wildlife Samctuary, Kerela 

8. Mundanthurai Wildlife Sanctuary, Tamil Nadu 

iii) Sacred Groves  

Sacred groves are the forest fragments of varying sizes, which are communally protected and 

usually have a significant religious importance. Economic activities like hunting, timber 

production etc. are strictly prohibited in these areas. Sacred groves do not enjoy protection via 

federal legislation in India but are protected by locals and associated NGO’s. For example 

Scrub Forest in Thar Desert of Rajasthan maintained by Bishnois community and Sacred Hindu 

Grove near Chandod on the banks of Nerbudda worshiped by local communities. Largest 
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sacred grove in India is Hariyali, near Ganchar in Chamoli district in Uttrakhand. According 

to an estimate there are nearly 14000 to 1, 00,000 sacred groves all over India. 

 

Picture of a sacred Groove 

 

Biosphere Reserves  

Biosphere Reserves, on the other hand are a special category of protected areas of land, where 

people are an integral component of the system. A biosphere reserve consists of a core, buffer 

and transition zones. The natural or core zone represents an undisturbed or least disturbed area  

of representative ecosystem. The buffer zone surrounds the core zone, and is managed for 

research, education and training activities. The transition zone is an area of active cooperation 

between reserve management and the local people. Its goal is to facilitate the conservation of 

biodiversity, foster sustainable economic and human development and to provide support for 

research, monitoring, education and information. Nine of the 18 Biosphere Reserves in India 

are included in UNESCO Man and the Biosphere Program list. 

List of Biosphere Reserves in India 

1. Nilgiri, Western Ghats (1986) 

2. Nandadevi, Uttrakhand (1988) 

3. Nokrek, Meghalaya (1988) 
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4. Gulf of Mannar, Tamil Nadu (1989) 

5. Sunderbans, West Bengal (1989) 

6. Manas, Assam (1989) 

7. Great Nicobar, Andaman and Nikobar Islands (1989) 

8. Simlipal, Odisha (1994) 

9. Dibru-Saikhowa, Assam (1997) 

10. Dehang-Dibang, Arunachal Pradesh (1998) 

11. Panchmarhi, Madhya Pradesh (1999) 

12. Khangchendzonga, Sikkim (2000) 

13. Agasthyamalai, Western Ghats (2001) 

14. Achanakamar-Amarkantak, Madhya Pradesh (2005) 

15. Kuchchh, Gujrat (2008) 

16. Cold desert, Himachal Pradesh (2009) 

17. Seshachalam, Andhra Pradesh (2010) 

18. Panna, Madhya Pradesh (2011) 

Protected area network in India 

Protected area Status 

National parks                                 103 

Wildlife sanctuaries                                 543 

Biosphere reserves                                  18 

Community reserves                                  45 

Conservation reserves                                  73 

Total protected area: 1, 62,024.69 km² (4.93% of total geographical area) 

(Source: www.wiienvis.nic.in [July, 2017]) 

b) Ex-situ conservation 

Ex-situ or “off site” conservation refers to the protection of elements of biodiversity outside 

their natural habitats. In this case, there is a cessation of evolutionary progression, but the 

desired genes would be preserved. This conservation strategy plays an important role in 

recovering the endangered species. It is particularly useful in the field of agriculture as the 
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domesticated plants which cannot survive in nature unaided, can be preserved using various 

ex-situ techniques. 

It includes 

1. Zoological gardens where the animals are confined in enclosures, displayed to public 

for educational and recreational motives and may even bred for conservation purposes 

2. Botanical gardens has a collection of wide range of plants grown outside natural 

habitat in some artificially provided conditions and are meant for conservation, research 

and education. 

3. Arboreta are the botanical gardens specialized in trees. 

4. Nurseries are a place where plants are propagated to a usable size, usually up to the 

seedling stage, generally meant for ornamental purposes. 

5. Field gene banks are useful for conserving plant genotypes (generally vegetatively 

propagated) as live plants that undergo continuous growth and require continuous 

maintenance. These provide an easy access to plant genetic resources but are expensive 

to maintain, require more labor, inputs and space and have higher levels of risk from 

natural disasters and attacks from pests and pathogens. 42,000 varieties of rice are 

conserved in Central Rice Research Institute in Orissa. 

6. Captive breeding of animals with possible reintroduction into the wild. 

7. Artificial propagation of plants 

8. In-vitro techniques include the laboratory practices used for the conservation of plant/ 

animal and microbial diversity through its storage in germplasm banks, propagation via 

tissue culture methods, preservation using the technique of cryopreservation, 

conversion into artificial seeds, maintenance as slow growth cultures, and long term 

perpetuation as DNA clones. 

c) In-vitro techniques  

i) Germplasm banks 

Germplasm banks or biobanks provide controlled storage facilities of temperature, humidity 

etc. for the material to be conserved. These are variously called as seed banks, gene banks, 

DNA banks etc. depending on the material that is conserved in them. They are generally used 

for the storage of seeds, sperm and ova. The germplasm banks save large variety of plants & 
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animals in a very small space and at the same time ensure the authenticity of scientific identity 

of the conserved material. It also insures the responsible use of the material, equitable benefit 

sharing by all parties, and international networking with other in-vitro banks, thereby 

facilitating the exchange of knowledge/ material. 

Material conserved in germplasm banks are of 3 types: 

Base collection: Samples which is kept for long term and is not to be used as a routine 

distribution source. 

Active collection: Samples maintained for medium term viability (about 30 years) 

which are available when required. 

Working collection: Samples which are easily accessible to be used by breeders or 

researchers for various experiments and crop improvement programmes. 

ii) Seed banks 

In case of plant species, seeds are a convenient means of long term storage of genetic diversity, 

as the samples are small in size, easy to handle, require low maintenance and frequently remain 

viable for long periods. In seed banks, material in the form of seeds are stored at nearly -10 to 

-20°C, often using silica gel in the seed containers to reduce humidity. In general, conditions 

of low temperature and desiccation allow seeds to maintain viability, in many cases 

indefinitely. Further, the method provides ease of storage, economy of space, low labor 

demands, maintenance of large samples and cost related advantages. Thus, storage of material 

in the form of seeds is one of the most widespread and valuable ex-situ approaches to 

conservation.  

However, they are found to be ineffective for recalcitrant seeds (seeds which get killed or 

become unviable over a period of time when exposed to drying and freezing conditions), plants 

which reproduce by vegetative means and materials modified by genetic engineering which are 

generally unstable. 

Famous Seed Bank projects 

Millennium Seed Bank Project, associated with royal botanical garden, Kew. In October, 2009 

it has reached its 10% goal of banking the entire world’s wild plant species. Its 47 plant 

organizations in 17 countries intend to store 25% of world’s plant species by 2020. 
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10 international agricultural research institutions, coordinated by Consultative Group on 

International Agricultural Research (CGIAR), Washington, focused on crops and have 

extensive seed collection. 

Svalbard Global Seed Vault opened on February 26, 2008 near Norway, 600 miles from North 

Pole. It is designed to hold 4.5 billion batches of seeds of world’s main crops. On March, 2013 

the number of samples has increased to 7, 70,000. 

National Bureau of Plant Genetic Resources (NBPGR), New Delhi, India has over 3.43 lakh 

samples of 2.47 lakh varieties of various species which include around 28,000 accessions of 

wild relatives of various crops. 

 

iii) Tissue culture 

Tissue culture is an in-vitro technique, based on the concept of “totipotency” of plant cells. 

Cellular totipotency is the capability of a cell to give rise to a whole new plant. Mature cells 

undergo dedifferentiation to become meristematic and then undergo redifferentiation to form a 

whole new organism. Tissue culture methods are increasingly being employed for storing 

valuable threatened species. This is because it offers the unique opportunities of storing several 

valuable species in a comparatively small space under secure and pathogen free environment, 

with relative ease of multiplication. Germplasm available in the form of microbial cultures, 

cells or organs in case of animal species and seeds, cuttings or vegetative propagules in case of 

plants is used for micropropagation. 

However, this proves to be uneconomical in terms of labor and physical resources and time 

consuming as well. Also, it may have constraints such as somaclonal variations or loss of 

morphogenetic potential in some cases. 

Plants conserved by tissue culture 

Mature trees of Ulmus americana, which survived the epidemics of Dutch elm disease and are 

potential sources of disease resistance, are conserved using mature leaf as an explant by tissue 

culture techniques (Shukla et al., 2012). 

Leptadenia reticulata (Jeewanti), a medicinally important endangered woody climber, is 

preserved using leaf as explant (Patel et al. Jan, 2014a). 
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Caralluma edulis, an endangered and endemic edible plant species of the Thar Desert, is tissue 

cultured using nodal segments as explant (Patel et al., 2014b). 

Orchis lanata, native to South Europe and endangered in Kashmir and Kumaon regions of 

India is conserved by callus formation (Shreshta and Joshi, 1992). 

Gentiana kurroo, a medicinally important plant, endemic to Kashmir and Himalayas is cultured 

using axillary shoots in order to conserve it in-vitro (Sharma et al., 1993). 

iv) Cryopreservation 

Cryopreservation or freeze preservation is a technique of preservation of germplasm at ultra 

low temperature of -196°C i.e. the temperature of liquid nitrogen. The principle underlying 

cryopreservation involves bringing the culture to a state of non-dividing and zero metabolism, 

so that any biological activity, is effectively stopped. Cryopreservation also helps in storing 

tissues of animal origin such as cultured animal cells, spermatozoa, ovarian or embryonic 

tissues and whole embryos for livestock breeding programmes. Freeze preservation of 

microbes, algae, insects and other organisms can also be done which can possibly be used in 

future for biotechnological researches. 

v) Artificial seeds 

Somatic embryos are cultured in vitro through embryogenesis and can be preserved as artificial 

or synthetic seeds by coating with gels like sodium alginate, calcium alginate, and 

polyacralamide gel etc. which prevent them from desiccating. These somatic embryos are then 

dehydrated to a suitable level and subjected to slow growth or cryopreservation in a manner 

similar to zygotic seeds. Production of sodium alginate beads by encapsulation of shoot tips 

and nodal segments of medicinally important plant Mentha arvensis helps in its in-vitro 

regeneration and conservation (Islam and Bari, 2014). 

vi) DNA clones 

DNA, the basic unit of heredity of a cell, can effectively be used for conservation of threatened 

plant species. Germplasm can be stored in the form of DNA segments cloned into a suitable 

vector such as cosmids, plasmids and bacteriophage. With the recent progress in the field of 

molecular biology such as polymerase chain reaction (PCR), combined with gene cloning, 

small amounts of tissues can provide substantial collections of all the DNA of a plant genome. 
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This is particularly useful in the case of threatened species where the material is available in 

limited numbers. Additionally, DNA can be isolated from dead tissues (herbarium specimens), 

providing information that would be otherwise lost if living tissues are dead. However, this 

option can only be considered for those species where no other strategy is workable as the 

technique is highly sophisticated, technically demanding and expensive. 

Currently extracted or preserved DNA cannot be used to regenerate whole organism, but any 

chosen gene can be isolated for use in genetic engineering. Its preservation can be used for 

conservation of valuable genes or DNA segments from threatened species. 

 

INTERNATIONAL FRAMEWORK FOR BIODIVERSITY CONSERVATION 

The World Heritage Convention 

Since its beginning in 1972, this convention has been responsible for the preservation of 

cultural properties with 190 parties under it. It enhances public knowledge, awareness and 

appreciation for the heritage sites. 

The International Union for Conservation of Nature and Natural Resources (IUCN) (now 

called as World Conservation Union (WCU) 

It was founded in 1948 in order to bring governmental/ non-governmental agencies around the 

world together to conserve biodiversity and natural resources and promote their sustainable use 

at local, national and international levels. 81 countries all over the world are its members and 

the headquarters of the organization are located in Gland, Switzerland. 

The Convention on International Trade in Endangered Species (CITES) 

The Convention was signed in Washington DC in March, 1973, basically to put ban on the 

overexploitation and international trade of wild fauna and flora. Currently 178 parties are there 

under CITES and nearly 30,000 species are protected by this convention 

Convention on Biological Diversity (CBD) 
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The convention came into force on 29 December, 1993 with objective of conserving the 

biodiversity, sustainable use of biodiversity and fair and equitable share of benefits arising by 

the use of natural resources. 193 countries have adopted this convention including India 

International Treaty for Plant Genetic Resources for Food and Agriculture (ITPGRFA) 

International Treaty for Plant Genetic Resources, popularly known as International Seed Treaty 

is a comprehensive international agreement in harmony with the Convention on Biological 

Diversity, which aims at guaranteeing food security through the conservation, exchange and 

sustainable use of the world’s plant genetic resources for food and agriculture, as well as the 

fair and equitable benefit sharing arising from its use. 

Ramsar Convention on wetlands of International Importance  

It is an international collaboration of 168 parties covering 21431 wetlands of international 

importance. It was initiated in 1971 for the conservation of wetlands, mangrove and coral reefs. 

The Convention on Migratory Species (CMS) 

Also known as Bonn Convention, it is an international treaty aiming to conserve terrestrial, 

aquatic and avian migratory species. 

NATIONAL FRAMEWORK FOR BIODIVERSITY CONSERVATION 

State and Union government of India has developed a number of Wildlife Acts for the 

enforcement of conservation strategies 

1. Madras Wild Elephant Preservation Act, 1873 

2. All India Elephant Preservation Act, 1879 

3. The Wild Birds and Animals Protection act, 1912 

4. Bengal Rhinoceros Preservation Act, 1932 

5. Assam Rhinoceros Preservation Act, 1954 

6. Wildlife (Protection) Act, 1972 (amended in 1983, 1986 and 1991) 

7. Forest Conservation Act, 1980 (amended in1988) 

8. The Environment (Protection) Act, 1986 

9. The Biodiversity Act, 2002 (implemented in 2004) 

10. The National Environmental Policy, 2006 



 

Environmental  

Sciences 

 Paper 03 Biodiversity and Conservation 

 Strategies for Biodiversity Conservation 

 

Apart from that, Individual projects for the conservation of endangered species. For example 

Project Tiger was launched in 1973 and tiger reserves were formed to promote their 

conservation. Similar projects on crocodiles (1954), lion (1952) and elephants (1991-1992) 

have also been undertaken. 

The Indian Board of Wildlife (IBWL) is the main advisory body of Govt. of India, constituted 

in 1952 (reconstituted in 1991 under the chairmanship of Prime Minister) and it ensures the 

conservation of species diversity in the country, establishment of protected areas, sustainable 

use of ecological services, and control of unethical activities that could harm the biodiversity. 

Other non-governmental organizations such as World Wide Fund for Nature, Wildlife 

Preservation Society of India, Dehradun and Bombay Natural History Society etc. also help in 

management and conservation of natural flora and fauna. 
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1. Introduction 

The 20th century has been regarded as the century of revolutions and overall growth. The 20th 

century has witnessed highest population, industrial, agriculture growth etc. The increase in 

population at very rapid rates necessitated the requirements of more resources especially 

basic requirements of food, cloth and housing. In order to sustain the fast increasing 

population, the major focus of all the governments throughout the world was to increase 

agriculture production, setting up of industries, construction of houses and other 

infrastructure facilities. During the initial phases of overall growth, no importance was given 

to the ecological imbalance and environmental destruction. This overall growth does not 

come solely as blessing but took many challenges for the future generations.  The major 

challenges for the world population are health, environment, and safety. The increased 

pollution due to anthropogenic activities tend to increase the human concerns about the 

environment and sustainable living. The matter in the mid of 20th century was of major 

concern for most of the developed countries.  Efforts were made by various International 

organizations like United Nations Environment Program (UNEP), United Nations Industrial 

Development Organization (UNIDO) through decelerations to make some policies to decease 

the load of infrastructure activities on the environment and emphasized on sustainable 

development. The developed countries made various policies in this regard and started the 

process of conducting Environment Impact Assessment studies. In consistent to developing 

nations, India also took various steps by various acts, notifications and policies. The process 

of evolution of EIA in various counties is enlisted chronologically in table-1. 

 

2. Evolution of EIA 

EIA is a formal policy innovation for environmental conservation in many countries. The 

process of EIA first started in USA in the early 1970s with the implementation of the 

National Environment Policy Act (NEPA) 1969. The other developed or high-income 

countries like Australia, Canada, and New Zealand also followed the footsteps of US and 

formally started the EIA. This was followed by other countries as well, which started EIA 

relatively early - Columbia (1974), Philippines (1978).  
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This was further strengthened by the efforts of the World Bank which adopted EIA in 1989. 

The World Bank made it necessary to undertake an EIA under the Bank's supervision for all 

major development projects funded by them. The main strength came from the Rio Earth 

Summit (1992). After this the consolidation and international dissemination of environmental 

impact assessment was officially recognized as decision-making tool for sustainable 

development. The three documents of Rio viz. Principle 17, Article 14, and Agenda 21 

played very important role for the consolidation of EIA.  

The Principle 17 of the Rio Declaration on Environment and Development states that 

“Environmental impact assessment, as a national instrument, shall be undertaken for 

proposed activities that are likely to have a significant adverse impact on the environment 

and are subject to a decision of a competent national authority”.  

The Article 14 (titled Impact Assessment and Minimizing Adverse Impacts) of the Convention 

on Biological Diversity states that ”Each Contracting Party, as far as possible and as 

appropriate, shall: (a) Introduce appropriate procedures requiring environmental impact 

assessment of its proposed projects that are likely to have significant adverse effects on 

biological diversity with a view to avoiding or minimizing such effects and, where 

appropriate, allow for public participation in such procedures; (b) Introduce appropriate 

arrangements to ensure that the environmental consequences of its programs and policies that 

are likely to have significant adverse impacts on biological diversity are duly taken into 

account”. 

Similarly, Agenda 21 also refers about EIA in different chapters. The Chapter 8 of agenda 21 

(titled Integrating environment and development in decision-making) recommends 

“environmental impact assessment should extend beyond the project level to policies and 

programs”. The Chapter 18 of agenda 21 titled “protection of the quality and supply of 

freshwater resources” discusses about application of integrated approaches to the 

development, management and use of water resources 

Though it started in late 20th century still it has been managed to be practiced in more than 

100 countries. Briefly the evolution and history of EIA is discussed in table-1. 
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Table 1: Evolution and history of EIA 

  Development of EIA 

*Pre-1970 

  

Project review based on the technical/engineering and 

economic analysis 

Limited consideration given to environmental consequences 

*Early/mid – 1970s 

  

EIA introduced by NEPA in 1970 in US 

Basic principle: Guidelines, procedures including public 

participation requirement instituted 

Standard methodologies for impact analysis developed (e.g. 

matrix, checklist and network). 

Canada, Australia and New Zealand became the first countries 

to follow NEPA in 1973-1974. Unlike Australia, which 

legislated EIA, Canada and New Zealand established 

administrative procedures 

Major public inquires help shape the process's development 

1970 Introduced in China 

*Late 1970 and early 

1980s 

  

More formalized guidance 

Other industrial and developing countries introduced formal 

EIA requirements (France, 1976; Philippines, 1977), began to 

use the process informally or experimentally ( Netherlands, 

1978) or adopted elements, such as impact statements or 

reports, as part of development applications for planning 

permission (German states [lander], Ireland) 

Use of EA by developing countries (Brazil, Philippines, 

China, Indonesia) 

Strategic Environment Assessment (SEA), risk analysis 

included in EA processes  

Greater emphasis on ecological modeling, prediction and 

evaluation methods 

Provision for public involvement. 

Coordination of EA with land use planning processes 

1974 In Malaysia, Environmental Quality Act 
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*Mid 1980s to end of 

decade 

  

In Europe, EC Directive on EIA establishes basic principle 

and procedural requirements for all member states 

Increasing efforts to address cumulative effects. 

World Bank and other leading international aid agencies 

establish EA requirements 

Spread of EIA process in Asia 

*1990s 

  

Requirement to consider trans-boundary effects under Espoo 

convention 

Increased use of GIS and other information technologies 

Sustainability principal and global issues receive increased 

attention 

India also adopted the EIA formally 

Formulation of EA legislation by many developing countries 

Rapid growth in EA training 

1994 In India, Union Ministry of Environment and Forests (MoEF), 

formulated EIA notification under EPA Act 1986 

1997 Environment Protection Act in Nepal 

1997 Environmental Impact Assessment Ordinance in Hong Cong 

1998 In Sri Lanka, The National Environmental Act 

2004 In Russia, state authority responsible for conducting the State 

EIA in Russia 

 

2006 

In India, Ministry of Environment and Forests (MoEF) 

occurred major amendments in 1994 Rules 

2012 Canadian Environmental Assessment Act 

2015 Introduced the Federal Permitting Improvement Act for 

improvement of NEPA 

*Source: International Study of the Effectiveness of Environmental Assessment, final 

report, Environmental assessment in a changing world, prepared by Barry Sadler, June 

1996 
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3. Definition of EIA 

The International Association for Impact Assessment (IAIA) has defined environmental 

impact assessment as "the process of identifying, predicting, evaluating and mitigating 

the biophysical, social, and other relevant effects of development proposals prior to major 

decisions being taken and commitments made" 

Environmental Impact Assessment is a stepwise process of identification, evaluation, 

monitoring and management of the potential impacts of proposed projects on the environment 

of the local area. By doing so it provides opportunities to minimize proposed environmental 

damage at initial stages. The main purpose of EIA is to provide information regarding the 

impacts of project on environmental, ecological, cultural, social and economic components of 

project area to the decision makers for decision making and policy transformation. It works 

on the principle of sustainable development i.e. to ensure that no or minimum environmental 

degradation is caused due to proposed project. It also takes into account the short term, 

midterm and long term effects on the demography, ecology and environment of the area. In 

simple words, EIA is a planning tool for decision making regarding the starting or denying of 

proposed project based on the measurable environmental and social impact of the proposed 

activity.  

4. Objectives of EIA 

The basic objectives of EIA are to 

 Consider environmental factors in the decision-making process of any project 

 Identify potential environmental, social and economic impacts of  proposed activities 

 Take steps at initial stages to minimize adverse environmental impacts 

 Promote sustainable development through environmental management plan by either 

alternatives or mitigation measures.  

 Public participation in the decision making of the establishment of proposed activity 

 

5. Methods to carry out EIA 

The methods available to carry out EIAs can be divided into General and industry specific 

assessment methods as described below: 
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a) Industrial products - To identify and measure the impact of industrial products on the 

environment, the method used is Product environmental life cycle analysis (LCA). The 

method assesses the environmental impacts associated with all the stages of a product's 

life from raw material extraction to its final disposal or recycling. The impact assessment 

objectives of LCAs take into consideration of environmental concerns by: 

 Making an inventory of inputs in terms of raw materials, natural resources and energy 

and release of pollutants in environment 

 Evaluate the environmental impacts associated with identified inputs and releases 

 Interpreting the results to help make decision  

Types of LCA  

Cradle to Gate: considers raw materials to finished goods but does not consider its use or 

end life 

Cradle to Grave: Considers from harvesting of materials to final disposal of finished goods 

b) Genetically modified plants - The development of genetically modified plants (GMP) 

require strict assessment of safety and potential impact on the crops on the environment, 

human or animal health, in comparison to its parental or reference crop. GMP-RAM and 

INOVA are some specific methods for EIA of genetically modified organisms. The 

“GMP-RAM” is an electronic tool (software) for the evaluation of safety and potential 

risks related to the use of genetically modified plants. The use of this software provides a 

transparent process for risk assessment. Similarly, INOVA-tec System is used for Impact 

Assessment of Technological Innovation. 

c) Fuzzy logic – There are many environmental impacts which cannot be quantified and in 

order to measure data to estimate values of such impact indicators information from 

similar EIAs, community sentiment and expert judgment are used. The approximate 

reasoning methods used are called fuzzy logic. For example landscape quality, lifestyle 

quality, social acceptance etc. 

 

6. Hierarchy in EIA  

The EIA studies are mainly categorized as:  
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6.1 Site selection studies: These studies focuses on the selection of alternative sites keeping 

in view of the environmental benefits and project attributes such as infrastructure 

facilities, markets, availability of raw materials, etc. The objective of such studies is the 

ranking of site alternatives for decision-making.  

6.2 Rapid or comprehensive studies: when the assessment period for the baseline data is 

one season monitoring (i.e. 3- month period), it is called Rapid EIA. Rapid EIA is 

conducted when a fair amount of knowledge is available about the proposed site or the 

impacts of the proposed development. The rapid EIA also makes a base for the 

comprehensive EIA. However, When the assessment of baseline data is based on 3 

seasons monitoring (i.e. 9- month period), it is called comprehensive EIA.  

6.3 Regional studies: As the name indicates, these relate to a particular region. The studies 

are based on seasonal data collection and analysis of air, water and land components of 

the environment.  

6.4 Carrying capacity studies: The natural resources are not infinite and are depleted at a 

fast pace to support the infrastructure and development activities. To achieve the 

objective of sustainable development, optimization of natural resources use is must. This 

can be achieved by considering environmental policies in the development process. 

Hence, carrying capacity studies are conducted to analyze the resource availability/ 

utilization, infrastructure/congestion, supply/demand ratio and assimilative 

capacity/residuals. It has often been observed that one or more natural resource(s) 

becomes a limiting resource in a given region thereby restrict the development activity. 

In the last few decades, governments of various countries have realized that EIA has to 

be an integral part of the project life cycle: from project conceptualization to post 

implementation corrective action. The Ministry of Environment, Forests and Climate 

change, Govt. of India, has also sponsored Carrying Capacity Studies for different 

regions. The studies involve: 

 Inventorisation of the natural resources available 

 Preparation of the existing environmental settings 

 Perspective plans and their impact on natural resources through creation of "Business 

As Usual Scenario" 
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 Identification of "Hot Spots" requiring immediate remedial action to overcome air, 

water or land pollution 

 Formulation of alternative development scenarios including a Preferred Scenarios 

 

7. Types of  EIA 

Environmental assessment has been classified into four types:  

7.1 Strategic environmental assessment 

Strategic Environmental Assessment (S EA) is the analysis of environmental effects of 

developmental policies, plans and programmes. The purpose of SEA is to assist in sound 

environmental decision making by improvement over the Environmental Impact Assessment 

(EIA). SEA represents a proactive approach for integrating socioeconomic values with the 

environmentally viable development for higher levels of decision-making. Currently there are 

no government guidelines for SEA in India as it is not legally recognized here. However, due 

to rapid increase in infrastructure and developmental activities, there is great pressure on 

natural resources and environment. Hence, thus there is a need for evolving SEA in India.  

7.2  Regional EIA 

EIA in this context is focused on regional planning. It integrates the environmental and 

economic concerns of particular region due to its development planning. This approach is 

also referred as economic-cum-environmental (EcE) development planning. This approach 

allows economic management of renewable natural resources without compromising the 

environment. 

7.3 Sectoral EIA 

It refers to EIA in specific sectors like mining, airports, townships, nuclear power plants, thermal power etc. It 

helps in addressing specific environmental problems encountered in planning and 

implementing sectoral development projects. The benefit of sectoral EIA is that all the 

environmental, social and economic impacts of same type of sector are nearly similar and 

hence can play important role in better planning and decision making.  

In India, the Ministry of Environment & Forests has prepared 37 EIA Manuals on major 

sectors of developmental projects which are listed in the Schedule to the Environmental 

Impact Assessment (EIA) Notification 2006. These Manuals have been prepared to serve as 
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Technical Guidance Manuals (TGMs) to various stakeholders involved in the environmental 

clearance (EC) process. The Manual for each sector includes a Model Term of Reference, 

technological options, processes for cleaner production, waste minimization, monitoring of 

environmental quality, and related regulations and procedure of obtaining EC. The Ministry 

assigned the work of preparation of Sectoral Manuals to two institutions, namely ASCI 

(prepared 10) and IL& FSS Ecosmart Ltd (prepared 27). 

7.4 Project Level EIA 

It refers to the environmental impacts of developmental activity in isolation. It specifically 

targets only one developmental activity and does not effectively integrate the cumulative 

effects of development in the region. 

 

8. Steps in EIA  

The EIA process involves a number of steps, some of which are listed below:  

i. Screening: The projects are 1st screened to know whether the project requires EIA. If 

yes, then under what category it falls as per norms of the respective regulatory 

agencies. 

ii. Scoping: Identification of the key issues to be addressed in an EIA. This step involves 

the identification of major and significant environmental issues among the possible 

impacts of the project and available alternatives to minimize the environmental 

impacts.  

iii. Alternative Considerations: The purpose is to ensure that the project proponent has 

explored other feasibilities and alternatives. These may be location of project, layouts, 

operating condition, techniques etc.  

iv. Project development Plan: This step involves the description of project like its 

rationale, stages of development, location, processes, techniques to be used, project 

cost, development timeline etc. 

v. Environmental baseline data collection: This involves the present state of the 

environment (air, water, soil, biodiversity, energy etc.) before implementation of the 

project. The objective of baseline data collection are  to (i) understand the current 

environmental conditions of the area and how the project can be implemented under 
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these conditions (ii) it helps in the prediction and assessment of  possible 

environmental changes that could occur during or after project implementation. 

Baseline data includes- 

a. Physical- Geographical and geological characteristics, topography etc. 

b. Quality of air, water, noise, soil etc. 

c. Biodiversity of the area, types of flora and fauna, ecosystem types 

d. Socioeconomic- social structure, economic conditions, demography, migration of 

locals, etc. 

e. Cultural- culture, tradition, religion, customs of locals 

vi. Identification and prediction of key impacts: Based on the baseline data and 

scoping, the potentially significant impacts (adverse and beneficial) on environment 

of the area are identified for project during the development phase and after 

completion. The magnitude of the identified impacts is predicted by comparing the 

environmental conditions of base line data with the expected conditions after project 

implementation.  

vii. Mitigation and Management of Environmental impacts: This involves the 

proposal of different measures to be taken to reduce, manage, remediate or 

compensate for adverse impacts. 

viii. Public hearing/consultation: Public hearing is also part of EIA in some type of 

projects. The purpose of public participation is to inform the public about the 

proposed project and its impacts on the local area. The public views or objections are 

integral part of the decision making process. 

ix. EIA presentation and Decision-making: The report submitted by the Environment 

consultant on behalf of the project proponent is scrutinized for various documents as 

per EIA manuals/ laws. Any document deficiency is completed before submitting the 

report to regulatory/designated authorities for the purpose. The facts of the project 

starting from the screening to public hearing are presented before the experts. The 

experts may suggest additional measures to minimize the impacts. At this stage 

decisions are made by the relevant authority to whether to accept, defer or reject the 

project.  
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x. Post-decision monitoring: This comes into picture after completion of the project. 

The outcomes of projects after completion are recorded. These represent the actual 

impacts of the project. 

xi. Auditing: This involves comparing actual outcomes with predicted outcomes. This 

can be used to assess the quality of predictions and the effectiveness of mitigation. 

9. Advantages of EIA 

The main advantages and benefits of EIA are: 

 Improved project design 

 Reduced cost and time of project implementation 

 More informed decision-making 

 Increased project acceptance 

 More environmentally sensitive decisions 

 Improved project performance and reduction in treatment/clean up costs. 

 Increased accountability and transparency during the development process 

 Improved integration of projects into their environmental and social setting 

 Healthier local environment (forests, water sources, agricultural potential, recreational 

potential, aesthetic values, and clean living in urban areas) 

 Reduced environmental damage 

 More effective projects in terms of meeting their financial and/or socio-economic 

objectives. 

 

10.  EIA in India 

 The foundation of EIA in India was first laid in 1976-77. The Planning Commission 

instructed the Department of Science and Technology (DST) to examine the river-

valley projects from an environmental angle. However, this was informal and 

inactive. 

 The first consolidated step for EIA was EIA notification 1994 by Union Ministry of 

Environment and Forests (MoEF), Government of India, under EPA Act 1986. 

  The notification made the Environmental Clearance (EC) mandatory for any 

modernization activity or setting up new projects. Further, depending on the need and 
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to strengthen the EIA process, EIA notification 1994 was amended almost 13 times in 

11 years. The major amendments came in the year 1997, 2000, 2002, 2003 and 2005 

(discussed in detail in latter chapters). 

 The EIA notification has been amended several times and latest notification was 

published in 2006. The EIA notification 2006 has been again amended several times. 
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1. Introduction 

EIA methodology is a structural approach developed to identify, predict and value changes of 

an action. Changes are reflected to the sequence of activities, steps regarding the 

environmental issues (physical, chemical, biological, socioeconomic, cultural, landscape 

values and processes). The methodology uses in process quantify these changes. 1.1.  

1.1. Desirable of EIA methodologies  

EIA Methodology are based on principle of equality, openness, cost-effectiveness and 

efficiency approaches. Broadly these are 4 types. 

(a) Comprehensive: Recognize intricate systems and bound complex inter-relationship.  

(b) Selective: Pinpoint critical (significant) impacts and eliminate as early as possible 

unimportant impacts. 

(c) Comparative: Determine environmental changes due to the project activities 

compared with under existing conditions (Before starting project). 

(d) Objective: Provide unbiased measurements free from political and external 

influences. 

1.2. Criteria for selection of EIA Methodology 

Simplicity: The methodology should be simple and based on available manpower & 

background knowledge. It can be adapted without much difficulty. 

Budget and Time: The methodology should be applied by small group with under approve 

budget and limited time span.  

Flexibility: The method should be flexible and allow the modifications and changes during 

course of study. 

1.3. Choosing a Method 

The methodology of EIA ranges from simple to complex and requires different kinds of data, 

several data formats, expertise and technological skill for their interpretation. Their analyses 

produce differing levels of precision and certainty. All of these factors should be considered 

for selecting a suitable methodology. 

1.4. Objectives of methodologies: 

1. Understand the nature and location of the project and possible alternatives 
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2. Identify factors of analysis and assessment objectives 

3. Preliminary identification of impacts and scoping 

4. Baseline studies and evolution in the absence of projects 

5. Prediction and assessment of impacts and alternatives comparison 

6. Mitigation 

7. Monitoring and impacts management 

 

1.5. Focus of Methodology 

 Potential impacts and their types of environmental components 

 Natural and social systems 

 Time and space 

1.6. Methodology Requirements 

The EIA practitioner faces vast varieties of raw and unorganized information that must be 

collected and analyzed in preparation of an EIA report. The best methods are able to: 

 Organize a large mass of heterogeneous data 

 Allow summarization of data 

 Aggregate the data into smaller sets with least loss of information 

 Display the raw data and the derived information in a direct and relevant fashion 

 Target audience should also be considered (example if target audience are not 

educated then, use of color code, size, cross etc. should be used rather that figures and 

tables) 

2. Major Methodologies for EIA 

Following are the 5 major methodologies of EIA. 

a) Ad Hoc 

b) Checklists 

c) Matrices 

d) Networks 
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e) Overlays 

a) Ad Hoc Method: This is a simple method and based upon broad environmental impacts 

aspects. This method is very useful whenever time period is limited with lack of require 

scientific information. In such situation, EIA depends exclusively on background, expertise 

and experience of experts. This method is not recommended, when more scientific methods 

are available. 

Types of Ad Hoc Method 

 Opinion polls 

 Expert opinion 

 Delphi methods etc. 

Advantage:  

 Simple and easily understandable. 

 The experts of a respective areas guide EIA. 

 Overall environmental components are enlisted.  

Disadvantage: 

 It required expert person.  

 The identification and prediction of short & long term impacts are poor because it 

examined on guess basis. 

 It provides minimal guidance for impact analysis, while suggesting subjective area of 

impacts 

  Not good for organizing, reviewing and interpreting data         

b) Checklists: 

Checklists are standard lists of the types of environmental potential impacts, which may 

be associated with respective project. The lists are prepared with highly structured 

approaches and involve importance with weighing of factors and ensure that no potential 

impact is overlooked. Checklists are very effective in impact identification and capable to 

spread awareness & attention for respective people. 
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Checklists should enable identification of impacts on Soil, Water, Atmosphere, Flora, Fauna, 

Resources, Recreation and Cultural etc. status. 

A typical checklist might contain entries such as: 

 Earth: Mineral Resources, Construction Material, Soils, Land form, Force fields and 

Background Radiation, Unique physical features 

 Water: Surface water like rivers, lakes and reservoirs, estuaries, coastal seas and 

ocean, Groundwater quality,  Snow, Ice 

 Atmosphere: Quality regarding gases & particles), Climate, Temperature 

 Flora: Trees, Shrubs, Grass, Crops, Micro & Macro flora, aquatic plants; endangered 

species; barriers; corridors 

 Fauna: birds; land animals including reptiles; fish and shellfish; benthic organisms; 

insects; micro fauna; endangered species; barriers; corridors 

 Land Use: Wilderness and open space, Wetlands, Forestry; Grazing, Agriculture, 

Residential, Commercial, Industrial, Mining and Quarrying 

 Recreation: Hunting; Fishing; Boating, Swimming, Camping and Hiking, 

Picnicking,Resorts 

Types of Checklists 

(i) Simple Checklist 

(ii) Descriptive Checklists 

(iii)Scaling Checklist 

(iv) Scaling Weighting Checklist 

(v) Questionnaire Checklist 

(i) Simple Checklist 

Simple checklist consist simple list of environmental parameters and no information needed 

on the magnitude or importance of impacts.Checklist can recognize resource/environmental 

component, which affects by particular activities.   
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The example given below (Table 1) for construction sites, the tick mark confirm that impact 

is there, where no tick mark or leaving the box means no impact.  

Table 1: Example of Simple Checklist 

 

 Potential Impact from Construction Activities 

Resources Site 

Clearance 

Earth 

Moving 

Lay 

Foundations 

Import Materials Cumulative 

Impacts 

Air Quality ✓ ✓  ✓ ✓ 

Water Quality ✓ ✓    

Landscape ✓ ✓ ✓ ✓ ✓ 

Ecology ✓     

Noise ✓ ✓ ✓ ✓ ✓ 

Traffic ✓ ✓ ✓ ✓ ✓ 

(Source http://ec.europa.eu/environment/archives/eia/eia-studies) 

Table 2: Checklist Used for Identifying Impacts of the Turku Central Sewage 

Treatment Works  

 Impacts on environment   Impacts on built 

environment 

  

 Soils and 
Geology 

Surface and 
groundwater 

Air and 
climate 

Flora 
and 
fauna 

Urban 
structure and 

planned land 

use 

Buildings 
and 

structures 

Landscape 
and 

townscape 

Cultural 
heritage 

Construction         
Ground 
preparation work 

        

Surface structures         

Operation         
Treatment of waste 
Water 

        

Intake and removal 
of  air 

        

Treatment of sludge         

Transport         
traffic         

Exceptional 

circumstances 

        

disturbances in 
operation 

        

         

(Source http://ec.europa.eu/environment/archives/eia/eia-studies)

Mark indicates issues the project and have an impact. The lack of the symbol indicates that 

the impact will not occur or insignificant.) 
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Simple Checklist can also give idea about type of impacts like short term, long term, 

reversible, irreversible etc. An example is depicted in Table 2, mentioned checklist used to 

identify impacts of Turku Central Sewage Treatment Works. Ground preparation work, waste 

water treatment, treatment of sludge, traffic and disturbances in operation has impact on air& 

climate and resulting in a cumulative impact. 

 (ii) Descriptive checklist 

Descriptive checklist is extension of simple checklists and adds background information of 

each aspect. It also includes guidelines on the measurement of parameters.Simple checklist 

consist only aspects, whereas descriptive checklist give both aspect and their background 

information. 

Descriptive checklists are strong for impact identification of environmental parameters and 

also incorporate to measurement of impact measurements, interpretation &evaluation of 

impacts as well as in decision making process. It guides mainly how to impacts assess and 

include data requirements, information sources and predicted techniques as in Table 3.  

Table 3: Part of Descriptive Checklist  

Data Required Information Sources, Predictive 

Techniques 

Nuisance 

Change in Occurrence of odour, smoke, haze 

etc. and number of people affected 

 

Expected industrial processes and traffic 

volume, citizen surveys 

Water Quality 

For Each body of water, changes in water 

uses and number of people affected 

 

Current water quality, current & expected 

effluents 

Noise 

Change in noise levels, frequency of 

occurrence and number of people affected 

 

Current noise levels, changes in traffic or 

other noise sources, changes in noise 

mitigation measures, noise propagation 

model, citizen surveys 

(Source: Schaenman 1976, Glasson et al. 2013) 
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Descriptive checklist delivers more information about the nature and magnitude of the 

impacts rather than just identification, whether it occurs or not. Table 4 is an example of a 

descriptive checklist and includes past, present and future actions.The checklist can also 

discuss the cumulative impacts due to past activities, project and other nearby sources.     

Table 4: Descriptive Checklist Regarding Cumulative Impacts 

Resource Past 

Activities 

Present 

Impact 

Future 

Activities 

Future 

Impact 

Cumulative 

Impact 

Groundwater Contamination 

from industrial 

use 

Contamination 

from surface 

water 

percolation 

Excavation of 

site would 

result in 

mobilization 

of 

contaminants 

Contamination 

from surface 

water 

percolation 

Contamination 

exceed 

standards 

Air Quality No significant 

impact from 

emissions 

Emissions 

from existing 

power station 

within 

standards 

Addition 

emissions 

Emissions 

from existing 

power station 

within 

standards 

Combined 

emissions of 

two power 

stations results 

result in 

significant 

impact 

(Source http://ec.europa.eu/environment/archives/eia/eia-studies) 

(iii) Scaling Checklist 

Scaling checklists are similar to the descriptive checklist with additional information of 

subjective scaling of the impacts on the environmental parameters.  

Table 5: Representative Table of Scaling Checklist 

Factors Beneficial 

Impact 

Adverse Impact 

 1 2 3 1 2 3 

Habitat Quality       

Species       

Size/Abundance       

Duration       

Magnitude       

1=Low, 2=Medium, 3=High 
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The meaning of scaling is rating or grading system. Example: The rating of Water Quality, 

i.e. best is 5 and 1 for worst. In case of school, generally follows A+, A, B+, C etc. A 

representative example is given below for scaling of parameters in Table 5: 

(iv) Scaling Weighting Checklist 

Scaling Weighting Checklist represent scaling checklists with information provides as to 

subjective evaluation of each parameter with respect to every other parameter. Scaling 

weighting checklists employ both magnitude and importance factor. 

In this checklist method, give weightage to specific parameter on the scale and evaluate the 

Parameter Importance Value for the environmental components and parameters. The 

structured equations are used to weigh of the environmental parameters. Weighting means 

give importance to some specific parameter, example water quality is prime important in one 

project in comparison to land area. So with scaling, give weight to water parameter, so it 

becomes more important in evaluation. 

Example: Environment Evaluation Value System such as Battelle Environment Evaluation 

System. 

The Environmental Evaluation System (EES) is a methodology, which conducts 

environmental impact analysis.The EES evaluates environmental impact in four major 

categories such as ecology, environmental pollution, esthetics and human interest.  

Major features of the EES are: 

1. Its hierarchical classification system; 

2. Its commensurate unit of measure (EIU) 

3. Its flaging of environmentally sensitive areas. 

Battelle Environment Evaluation 

The Battelle Environmental Evaluation System (EES) is a methodology that developed by 

Battelle Columbus Laboratories for conducting environmental impact analysis (Dee et al., 

1972 &1973).It is based on a hierarchical assessment of environmental quality indicators. 
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The system is based on a classification consisting of four levels: 

The system is based on classification consisting of four levels. Category (Level 1) is divided 

into several components (Level II) and each component is divided into several parameters 

(Level III) and further parameters divide into several measurements (Table 6).  

Level I: Categories (4) 

Level II: Components (18) 

Level III: Parameters (78) 

Level IV: Measurements  

 Environmental Component 

• Ecology 

• Physical/Chemical 

• Aesthetic factors 

• Human interest 
 

 

 

The two EIU scores are produced with and without project activities. The difference between 

them gives measurement of the environmental impact. Suppose a scale of 10, the score is 8 

before starting a project and it became 3 after completion of project, then measurement of 

impact is 5, means have a lot of impact. If difference will come 2, means less impact. 

Table 6 shows the complete list of categories, components, and parameters of the Battelle 

EES. Column 1 shows the four (4) categories, Column 2 shows the eighteen (18) components 

and Column 3 shows the seventy-eight (78) parameters. 

The EES methodology depends upon the assignment of an importance unit to each parameter 

and collectively these "importance units" are referred to as "parameter importance units" or 

PIU's. A total of 1000 PIU's is distributed among the 78 parameters based on value 

judgments. The individual PIU's are shown in Column 4 of Table 6, the summation 

18 factors 

78 parameters 
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component PIU's are shown in Column 5, and the summation category PIU's are shown in 

Column 6. Effectively, for each parameter i, its (PIU)i represents a weight wi. 

Table 6.   Categories, Components, and Parameters of the Battelle EES (Source: Victor M. Ponce) 

https://ponce.sdsu.edu/the_battelle_ees.html 

(1) (2) (3) (4) (5) (6) 

      Parameter Importance Unit 

(PIU) 

Categories Components Parameters Paramete

r 

Compone

nt 

Category 

Ecology Species and 

populations 

1. Terrestrial browsers and grazers 14 

140 

240 

2. Terrestrial crops 14 

3. Terrestrial natural vegetation 14 

4. Terrestrial pest species 14 

5. Terrestrial upland game birds 14 

6. Aquatic commercial fisheries 14 

7. Aquatic natural vegetation 14 

8. Aquatic pest species 14 

9. Sport fish 14 

10. Waterfowl 14 

Habitats and 

communities 

11. Terrestrial food web index 12 

100 

12. Land use 12 

13. Terrestrial rare and endangered 

species 
12 

14. Terrestrial species diversity 14 

15. Aquatic food web index 12 

16. Aquatic rare and endangered species 12 

17. River characteristics 12 

18. Aquatic species diversity 14 

Ecosystems Descriptive only - - 
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Pollution Water 19. Basin hydrologic loss 20 

318 

 

20. BOD 25 

21. Dissolved Oxygen 31 

22. Fecal coliforms 18 

23. Inorganic carbon 22 

24. Inorganic nitrogen 25 

25. Inorganic phosphate 28 

26. Pesticides 16 

27. pH 18 

28. Stream flow variation 28 

29. Temperature 28 

30. TDS 25 

31. Toxic substances 14 

32. Turbidity 20 

Air 33. Carbon monoxide 5 

52 

34. Hydrocarbons 5 

35. Nitrogen oxides 10 

36. Particulate matter 12 

37. Photochemical oxidants 5 

38. Sulfur dioxide 10 

39. Other 5 

Land 40. Land use 14 

28  41. Soil erosion 14 402 

Noise 42. Noise 4 4 

Aesthetics Land 43. Geologic surface material 6 

32 

153 

44. Relief and topographic character 16 

45. Width and alignment 10 

Air 46. Odor and visual 3 

5 47. Sounds 2 
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Water 48. Appearance 10 

52 

49. Land and water interface 16 

50. Odor and floating materials 6 

51. Water surface area 10 

52. Wooded and geologic shoreline 10 

Biota 53. Animals - domestic 5 

       24 

54. Animals - wild 5 

55. Diversity of vegetation types 9 

56. Variety within vegetation types 5 

Manmade 

objects 
57. Manmade objects 10 

10 

Composition 58. Composite effect 15 

30 59. Unique composition 15 

Human 

interest 

Educational/s

cientific 

packages 

60. Archaeological 13 

48 

205 

61. Ecological 13 

62. Geological 11 

63. Hydrological 11 

Historical 

packages 

64. Architecture and styles 11 

55 

65. Events 11 

66. Persons 11 

67. Religions and cultures 11 

68. Western frontier 11 

Cultures 69. Indians 14 

28 

70. Other ethnic groups 7 

71. Religious groups 7 

Mood/atmos

phere 

72. Awe-inspiration 11 

37 

73. Isolation/solitude 11 

74. Mystery 4 
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75. Oneness with nature 11 

Life patterns 76. Employment opportunities 13 

37 

77. Housing 13 

78. Social interactions 11 

Sum Total of Parameter Importance Units (PIU) 1000 

 

Each PIUI or wi requires a specific quantitative measurement and the methodology converts 

in different measurements i.e. scalar or "value function." A scalar has the specific 

measurement in the x-axis and a common environmental quality scale or "value" in the y-

axis. The latter varies in the range 0 ≤ Vi ≤ 1   Where Vi stands Environmental Quality 

(Source: Victor M. Ponce). 

If Vi = 0 indicates very poor quality                      Vi = 1 indicates very good quality 

Figure 1 shows an example of a typical scalar, that of dissolved oxygen (DO) (Table 1, 

Column 3, number 21). In this figure, Vi (environmental quality) varies in the range 0-1 as a 

function of DO concentration (mg/L). 

 

Figure.1: Variation of environmental quality index as a function of DO concentration (mg/L) 

Source:  Dee et al. (1973) 
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Values of Vi = Vi, 0 are obtained for conditions 'without' the project 

         and Vi = Vi, 1 for conditions 'with' the project 

The condition 'without' represents the current condition of project activities in case of ‘with’ 

represents the predicted future condition of project. 

The environmental impact EI is evaluated as follows: 

EI = ∑ [Vi, 1 wi ] - ∑ [ Vi, 0 wi ] 

For i = 1 to n, where n = number of parameters (78). 

For EI > 0, the condition 'with' the project is better than 'without' the project, indicates project 

has positive environmental benefits. Reversely, EI < 0, the situation 'with' the project is worse 

than 'without' the project, indicating certain negative impacts& benefits.  

The potential problem areas are characterized by those parameters for which the Vi value 

changes significantly in the adverse direction, as measured by the following relation (in 

percent): 

ΔVi (%) = 100 (Vi, 0 - Vi, 1) / Vi, 0 

These parameters are tagged with 'red flags' to indicate potential problems which may 

warrant more detailed attention.  

For parameters in the ecology category, a minor red flag applies  

When 5% < ΔVi < 10%; a major red flag, when ΔVi > 10 % 

For all other categories, a minor red flag applies when ΔVi < 30%, or ΔVi < 0.1 (in absolute 

value, per unit);  

A major red flag when ΔVi ≥ 30%, or ΔVi ≥ 0.1 (in absolute value, per unit). 
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(v) Questionnaire Checklist 

The checklist is prepared on the basis of questions for Public Consultation (Table 7). It gives 

information about the stakeholder’s awareness and responses for their proposed project.The 

questionnaire is further evaluated in spread sheets to find the scale of impacts and weight of 

parameters based on public opinion. 

Table 7: Example of Questionnaire Checklist (Source: Partidário & Maria, 2003) 

Issue Yes May be No observation 
Noise. Will the project: 

 Increase existing noise levels? 

   

Vegetation. Will the project: 

 Change the diversity or productivity of species or the 

number of any species 

(Including trees, shrubs, aquatic plants. etc.}? 

   

Energy. Will the project: 

 Use of substantial amounts of energy? 

   

Transport and Traffic. Will the project: 

 Generate additional traffic? 

 Have effects or increase demand of parking infrastructures? 

   

Public Service:  Will tile projects have effect on or result in, need 

for new services in or changes in the following areas: 

 Fire services? 

   

Public Reaction: Is the project: 

Potentially converse? 

Conflict with objective in environmental plans locally adapted? 

   

 

Advantages                                                          

 Simple to understand and use 

 Good for site selection and priority setting 
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 Impacts can see on past, present & future 

Disadvantages 

 Do not distinguish between direct and indirect impacts. 

 Do not link action and impact. 

 Sometime it is a cumbersome task. 

2.3 Matrix 

Matrix method provides a framework forinteraction between project activities and their 

environmental impacts. It can evaluate degree of impacts of project activities on 

environmental resources.  It is a grid like table that one axis displayed project activities and 

other axis displayed environmental characteristics. It can also evaluate the cumulative and 

indirect impacts as well as interaction with resources.   

Observed as two-dimensional checklist: 

 Axis of actions 

 Axis of environmental components 

 The intersections are the impacts 

Functions: 

 Preliminary identification of impacts (scoping) 

 Comparative analysis of alternatives 

 Impact assessment 

 Presentation of evaluation results 

Leopold Matrix 

The Leopard Matrix provides a framework for the analysis and numerical weighting of 

probable impacts. It is a simple way to summarize & rank environmental impacts and to 

focus on that impact, which is considered to be greatest. Matrix method is pioneered by 

Leopold et al (1971), enlisted about 100 project actions and 88 environmental characteristic 
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or parameter. It delivers a total of 8,800 interactions. Each action and their impact potential 

are considered.   

The magnitude of the interaction (extensiveness or scale) is described by assigning a value 

ranging from 1 (for small magnitudes) to 10 (for large magnitudes). The assignment of 

numerical values is based on an evaluation of available facts and data. Similarly, the scale of 

importance also ranges from 1 (very low interaction) to 10 (very important interaction).  

The impact associated with the project action columns and their environmental condition row 

is described in terms of its magnitude (M) and significance (I) (Figure 3). 

 

Actions Causing Impacts 

 

Figure 3: Magnitude & Significance of Matrix 

 

Each impact is described by two factors: 

1. Significance: Indicates the theoretical importance of the impact (eg. The spatial extension) 

and Varies between -10 and 10 

2. Magnitude (size or importance): how much the impact is present in this case? It varies 

between -10 and 10 

Each individual impact is estimated by the product of significance and magnitude. 

In Leopard matrix: On horizontal axis - The actions cause environmental impact 

On the vertical axis - The existing environmental conditions affected by actions 

 Table 8 depicted the factors listed in the vertical & horizontal axis of the Leopold matrix. 

The horizontal axis shows most efficient way to check each significant action (listed on the 

horizontal axis). As on listed on vertical axis give information about that each checked action 

M                   

 

 I 
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(on horizontal axis) is evaluated in terms of magnitude of effect on environmental 

characteristics and conditions. 

Matrices advantages: 

 Visually describe relationship between two sets of factors, 

 Expanded or contracted to meet needs of the proposal being assessed, 

 Identify impacts of different phases of project, construction, operation and so on.  

 Help separate site-specific impacts from impacts affecting region 

However, matrices also have their disadvantages: they do not explicitly represent spatial or 

temporal considerations and they do not adequately address synergistic impacts.  

Table 8: Leopard matrix (Source: http://www.ilnaturalista.it/la) 
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2.4 Networks 

Network method identifies the pathway of an impact using a series of chains (networks) 

between a proposed action and the receptor of an impact. It attempt to recognize a series of 

impacts that may be triggered by a project action.  

According to Larry et al. “Networks” are those methodologies which integrate impact causes 

and consequences through identifying interrelationships between casual actions and the 

impacted environmental factors, including those representing secondary and tertiary effects 

(Larry W. Canter, 1996, page 81). 

The Networks or Systematic Sequential Approach (SSA) of assessment is required, a 

“scientific thinking through” of the potential impacts on the environment with and without 

the project. SSA describes how environmental, social, and economic systems are associated 

with each other, and how it will react to human disturbances.SSA views EIA as a continuing 

source of information throughout the project cycle. 

Network diagrams, flowcharts and impacts trees are the effective major to analysis of the 

inter-relationship between causes and effects and enable the analysis of indirect and 

cumulative impacts. A typical figure of flow diagram is depicted as in Figure 4).   

Advantages & Disadvantages of Networks Method 

Advantages: 

 Integrated assessment, instead of discipline bydiscipline 

 Inter-relations between causes and effects, includingindirect impacts 

 Cumulative impact assessment 

 Communication (when simple). 

Disadvantages: 

 Complexity (especially visually complex) 

 Difficult to distinguish and quantify magnitudes (andimportance) of different 

impacts 
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Cause and Effect Relationship Network Diagram 

The Figure 4 depicted the direct and indirect effect of fertilizer on environment. The 

application of fertilizer first increases the nitrogen and phosphorus in the soil. The some 

fraction of fertilizer reaches to run-off and become available to plants, algae and other 

organisms. Due to this, increase of growth and biomass in water body and resultant reduces 

dissolve oxygen. Reduce dissolve oxygen decrease fish populations, size and quality.  

 

 

Figure 4: Network diagram of the causal chain that begins with application of inorganic 

fertilizers. Source: (http://www.doe.ir) December 1997 EIA for Developing Countries) 
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2.5 Overlay Method 

The overlay method is developed by Shopley and Fuggle (1984) and McHarg (1969). It is 

based upon a set of transparent maps. Each represents the spatial distribution of an 

environmental characteristic. The set of transparent maps have information about physical, 

social, ecological, aesthetic characteristics of the project area and after overlapping to 

produce a composite characterization of the regional environment (Figure 5). 

 Overlay mapping is a simple technique to display of impact areas 

 Intensity of impacts can be presented by color shading 

 Effective visual aid 

 Useful for documentation of environmental conditions before and after project 

implementation 

 May describe both biophysical and social aspects of area under study 

 Highly communicative 

 Easy to integrate multiple information (Including those of remote sensing) 

Superimposed Maps

 

Figure 5: A set of Transparent Maps (Source: Wathern 1988) 
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Module 38: Ecosystem management at national and international level 

Objectives:  

1. Explain the Concept of Ecosystem management 

2. Understand the Guiding Principles and Goals of ecosystem management 

3. Elaborate some International and National case studies 

4. Explain the Challenges for ecosystem management 

Introduction 

The ecosystem is seen as a dynamic web of plant, animal, and micro-organism communities and their 

non-living environment interacting as a unit. The scale of an ecosystem can vary from a grain of soil to 

the entire biosphere and is dependent upon the nature of the management and conservation processes 

being under taken (Blumenfeld et al., 2009). Ecosystems are complex, adaptive systems that are 

characterized by historical dependency, nonlinear dynamics, threshold effects, multiple basins of 

attraction, and limited predictability (Levin, 1999). Increasing evidence suggests that ecosystems often 

do not respond to gradual change in a smooth way (Gunderson & Pritchard, 2002). Loss of resilience 

through the combined and often synergistic effects of those pressures can make ecosystems more 

vulnerable to changes that previously could be absorbed. As a consequence, they may suddenly shift 

from desired to less desired states in their capacity to sustain ecosystem services to society. In some 

cases, these shifts may be irreversible (Folke  et al., 2004). An ecosystem is healthy if it is active and 

maintains its organisation and autonomy over time and is resilient to stress (Costanza et al., 1992). In 

implementing management practices, the Ecosystem Approach (EA) calls for a focus on the structure, 

processes, functions, and interactions among organisms and their environment. This includes humans 

and their cultural diversity. Ecosystem management also emphasizes the need for adaptive 

management and enhanced benefit-sharing to deal with the complex and dynamic nature of 

ecosystems and the absence of complete knowledge or understanding of their functioning. Moreover, 

EA recognizes that there is no single way to implement the approach since it depends on local, 

provincial, national, regional, and global conditions (Blumenfeld et al., 2009).  
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Concept of Ecosystem Management 

The Convention on Biological Diversity defines the ecosystem approach as “a strategy for the 

integrated management of land, water, and living resources that promotes conservation and 

sustainable use in an equitable way. An ecosystem approach is based on the application of 

appropriate scientific methodologies focused on levels of biological organization, which encompasses 

the essential structures, processes, functions and interactions among organisms and their 

environment. It recognizes that humans with their cultural diversity, are an integral component of 

many ecosystems.” It is a holistic way of dealing with natural resource management in an approach 

that recognizes the inter-connectivity between ecological, social-cultural, economic and institutional 

structures. Ecosystem management is management driven by explicit goals, executed by policies, 

protocols, and practices, and made adaptable by monitoring and research based on our best 

understanding of the ecological interactions and processes necessary to sustain ecological 

composition, structure and function (Christensen et al., 1996). The central goal of ecosystem 

management is sustainability, where the emphasis is on delivering ecosystems services for current use 

without compromising the ability to provide them in the future. A fundamental aspect of this is the 

need to protect sources of resources or ecosystems (Grumbine, 1997). To use a banking analogy, 

traditional economic approaches have been living off nature‘s capital, whereas a sustainable economic 

model based on ecosystem management is an attempt to live off nature‘s interest. This reflects the 

need to shift away from resource management towards ecosystem management (Munang et al., 2011). 

It must be stressed that ecosystem management is not a single concept that can be applied to all 

ecosystems together. Instead it is a concept that, for successful practical management application, must 

be developed and tailored to suit individual ecosystem and societal resource use requirements 

(governed by the relevant goals, policies, protocols and practices). A protocol within ecosystem 

management is to use risk assessment frameworks, considering the climatic hazards, exposure, 

sensitivity and adaptive capacity of biophysical and socio-economic systems, and identify adaptation 

responses that can minimize potential risks. Whilst ecosystem management can be tailored to ‘local 

solutions‘ they can work towards shared goals at the global level, to meet ‘local needs within global 

level objectives‘. Overall, ecosystem management, when applied at the global scale is as much an 
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ethos as a scientific concept. Ecosystem management is not a rejection of an anthropocentric for a 

totally biocentric worldview. Rather, it is management that acknowledges the importance of human 

needs while at the same time confronting the reality that the capacity of our world to meet those needs 

in perpetuity has limits and depends on the functioning of ecosystems (Christensen et al., 1996) that 

have thresholds of resilience (Munang et al., 2011).  

Central to this is that biodiversity is the key to supporting resilient, productive and healthy functioning 

ecosystems and therefore underpins the provision of ecosystems services (MEA, 2005; TEEB, 2010). 

For example, the number, kinds and traits of species present determine the organismal traits that 

influence ecosystem processes, so mediating energy and material fluxes directly or altering abiotic 

conditions (i.e., limiting resources, disturbance and climate) that regulate process rates (Chapin et al., 

2000). Therefore any reduction in species (or diversity at any organizational level) is likely to 

unbalance the energy and material fluxes and so de-stabilize resilience. An ecosystems approach seeks 

to ensure that balance is maintained and resilience remains stable (Munang et al., 2011). In the 

transformation to better biodiversity and ecosystem protection to reverse the cycle in Figure 1, an 

unprecedented effort will be required to adapt to changing biophysical conditions.   

 

Fig 1. Beating the vicious cycle of poverty, ecosystem degradation and climate change (adapted 

from Munang et al., 2011). 



 

6 
 

 

Environmental  

Sciences 

 Ecosystem Structures & Functions 

 Ecosystem management at national and international level 

 
 

 

At the core of the ecosystem approach are its twelve guiding principles: 

1. Management of land, water, and living resources are a matter of societal choice. 

2. Management should be decentralized to the lowest appropriate level. 

3. Ecosystem managers should consider the effects (actual or potential) of their activities on adjacent 

and other ecosystems. 

4. There is a need to understand and manage the ecosystem in an economic context. Therefore, an 

ecosystem management programme should: 

 Reduce market distortions that adversely affect biological diversity 

 Align incentives to promote biodiversity conservation and sustainable use 

 Internalize costs and benefits in the given ecosystem to the extent feasible 

5. Conservation of ecosystem structure and functioning, in order to maintain ecosystem services, 

should be a priority target of the ecosystem approach. 

6. Ecosystems must be managed within the limits of their functioning.  

7. EA should be undertaken at the appropriate spatial and temporal scales. 

8. Objectives for ecosystem management should be set for the long term due to the varying temporal 

scales and lag-effects that characterize ecosystem processes. 

9. Management must recognize that change is inevitable. 

10. EA should seek the appropriate balance between, and integration of, conservation and use of 

biological diversity. 

11. EA should consider all forms of relevant information, including scientific and indigenous and local 

knowledge, innovations and practices. 

12. EA should involve all relevant sectors of society and scientific disciplines. 

The ecosystem based management focuses on the functional relationships and processes within 

ecosystems with recognition that such processes and functions are complex and variable. EA seeks to 

enhance benefit-sharing, carry out management actions at the appropriate scale and decentralized to 

the lowest level, and to ensure inter-sectoral cooperation (Blumenfeld et al., 2009).  

In applying the 12 principles of the ecosystem approach, the following five points are proposed as 

operational guidance.  
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 Focus on the functional relationships and processes within ecosystems 

 Enhance benefit-sharing 

 Use adaptive management practices 

 Carry out management actions at the scale appropriate for the issue being addressed, with 

decentralisation to lowest level, as appropriate 

 Ensure inter-sectoral co-operation.  

Ecosystem Management Goals 

Grumbine (1997) focused on the following specific goals for ecosystem management: 

1. Maintain viable populations of all native species in situ. 

2. Represent, within protected areas, all native ecosystem types across their natural range of 

variation. 

3. Maintain evolutionary and ecological processes (i.e., disturbance regimes, hydrological 

processes, nutrient cycles, etc.) 

4. Manage over periods of time long enough to maintain the evolutionary potential of species and 

ecosystems. 

5. Accommodate human use and occupancy within these constraints. 

Ecosystem management differs from prior management concepts in several important ways (Fig 2). 
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Fig 2: Inclusive approach of Ecosystem Management (adapted from Christensen et al. 1996) 

As per Lackey (1998), the seven core principles, or pillars, of ecosystem management define and 

bound the concept and provide operational meaning:  

1. Ecosystem management reflects a stage in the continuing evolution of social values and 

priorities; it is neither a beginning nor an end;  

2. Ecosystem management is place-based and the boundaries of the place must be clearly and 

formally defined;  

3. Ecosystem management should maintain ecosystems in the appropriate condition to achieve 

desired social benefits;  

4. Ecosystem management should take advantage of the ability of ecosystems to respond to a 

variety of stressors, natural and man-made, but all ecosystems have limited ability to 

accommodate stressors and maintain a desired state;  

5. Ecosystem management may or may not result in emphasis on biological diversity;  
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6. the term sustainability, if used at all in ecosystem management, should be clearly defined--

specifically, the time frame of concern, the benefits and costs of concern, and the relative 

priority of the benefits and costs; and  

7. Scientific information is important for effective ecosystem management, but is only one 

element in a decision-making process that is fundamentally one of public and private choice. 

International Initiatives 

 Chocó Eco-Regional Project, Colombia 

The Chocó-Darién eco-regional complex spans across approximately 17 million ha, from Eastern 

Panamá to North-western Ecuador. It is one of the most bio-diverse regions in the world, recognized 

for its multitude of forest and freshwater ecosystems, including mangroves, estuarine forests, lowland 

and montane rain forests. These distinct features all contribute to its renowned biological singularity 

(WWF, 2014). 

WWF used the Ecosystem Management framework in order to identify, prioritise, conserve and 

manage natural areas. Under this approach, conservation was considered to be the main priority. 

However, it was recognised there was a need to complement this strategy with an assessment of socio-

economic variables in order to reduce the threats and pressures on the ecosystems and natural 

resources of the Chocó Region. As a result, a regional project is being implemented using the 

following strategies: (1) promoting conservation and protection of indigenous populations, Afro-

American territories and ecological reserves; (2) promoting sustainable management of forestry 

resources and agricultural systems; (3) strengthening local and regional organisations and capacities; 

and (4) analysing and influencing policies that will define the development of the region. The main 

results of the project included the establishment of public and private protected areas and indigenous 

and ethnic reserves; the formulation of a Forestry Management Plan; the implementation of 

sustainable forestry and agricultural productive systems; formulation of actions to promote 

conservation of river banks; and the promotion of domestic animal rearing. Capacity building was also 

addressed. 

 Preserving the Agro-Forestry System on Mount Kilimanjaro 
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The “Kihamba” agroforestry system covers 120000 hectares of Mount Kilimanjaro’s southern slopes. 

The 800 year-old system stands out among agroforestry systems as one of the most sustainable forms 

of upland farming. Without undermining sustainability, it has been able to support one of the highest 

rural population densities in Africa, providing livelihoods for an estimated one million people. This 

agroforestry system has a multilayered vegetation structure similar to a tropical mountain forest which 

maximizes the use of limited land, provides a large variety of foods all year round and provides 

substantive environmental services beyond the areas where it is practiced. Because of the high 

quantities of biomass it produces and its capacity to recycle organic matter on farms, the agroforestry 

system contributes significantly to carbon storage. The trees and dense vegetation help considerably to 

ensure that Mount Kilimanjaro can remain the ‘water tower’ for the region.  

As an ecologically compatible cash crop, coffee allowed the agroforestry system to adapt successfully 

to the emerging cash economy. However, in the 1990’s, coffee prices on the world market plummeted 

at the same time as pests and diseases were increasing. Additionally, many coffee shrubs had reached 

an age (over 50 years) when they produce less beans. These factors led to a sharp decline in 

productivity and profitability. It is estimated that 20 percent of coffee cultivations in the area have 

been abandoned. If this continues, it will have massive environmental and socio-economic 

implications in the landscape around Mount Kilimanjaro especially on food security, carbon storage, 

water catchment and soil erosion.  

Under FAO’s Globally Important Agricultural Heritage Systems Initiative (GIAHS), activities were 

piloted in 660 households to enhance farmers’ cash income while preserving the ecological and social 

integrity of the Kihamba system. The project implemented an action plan, formulated together with the 

community, with the following key activities:  

 Rethinking sources of cash income. Three interventions were agreed on: a) conversion to 

certified organic coffee farming; b) introduction of vanilla as a high value additional cash crop; 

and c) introduction of trout aquaculture along the canals of the irrigation system.  

 Rehabilitation of the irrigation system to reduce water loss and expansion of the capacity of 

storage ponds to cope with longer dry seasons due to climate change.  
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 Training in sustainable land management.  

 The interventions in coffee management alone are expected to increase farm cash income by 

25 percent in three years.  

In addition, the project organized a Free, Prior and Informed Consent (FPIC) process to facilitate an 

informed and independent decision-making process by the community,. Preparatory consultations 

were held with local government officials, traditional elders, and women’s representatives, where the 

pros and cons of different development options were discussed. A crucial step to build support in the 

government was to engage focal points in a Project Facilitating Committee (PFC) and to work across 

sectors and levels, with agents with different expertise and government mandates (FAO, 2013). 

 

 Ecosystem Approach to Fisheries and Aquaculture for Food Security in Nicaragua 

The tropical mangrove estuary Estero Real is located along the north Pacific coast of Nicaragua. The 

estuary was declared a protected site in 1983 while in 2003 it was recognized by the Ramsar 

Convention as an area of international interest. It is at high risk of degradation partly due to shrimp 

fisheries and aquaculture as well as agricultural practices, urban waste, mining and deforestation in the 

higher parts of the basin. Heavy sedimentation from poor watershed management, the increased use of 

pesticides and the loss of mangrove forests are also threatening coastal aquaculture, fisheries and 

BOX __: Ecosystem Management Decision Support (EMDS) System 

The Ecosystem Management Decision Support (EMDS) system is an application framework for designing and implementing 

spatially enabled knowledge-based decision support systems for environmental analysis and planning at any geographic scale(s). 

The system integrates state-of-the-art geographic information system, as well as knowledge-based reasoning and decision 

modelling, technologies to provide decision support for the adaptive management process of ecosystem management. It 

integrates a logic engine to perform landscape evaluations, and a decision engine for developing management priorities. The 

logic component: (1) reasons about large, abstract, multi-faceted ecosystem management problems; (2) performs useful 

evaluations with incomplete information; (3) evaluates the influence of missing information, and (4) determines priorities for 

missing information. The planning component determines priorities for management activities, taking into account not only 

ecosystem condition, but also criteria that account for logistical concerns of potential management actions. Both components 

include intuitive diagnostic features that facilitate communicating modelling results to a broad audience (Reynolds et al., 2015) 
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biodiversity in the mangrove ecosystem. Climate variability and climate change are putting additional 

pressures on the estuary.  

To protect this area national and local fisheries and aquaculture institutions in Nicaragua have led the 

implementation of the ecosystem approach to fisheries and aquaculture (EAFA) in Estero Real. FAO 

has supported this initiative through participatory planning and development of management plans. 

This approach allows fishers and fish farmers to maintain and increase food and income from fish 

products in the Estero Real, while preserving ecosystem services and increasing community resilience 

to climate change and other factors. Thanks to this project, coastal fishery and aquaculture 

communities have become better informed and more resilient to the impacts of climate change and 

other threats. Following extensive information gathering and support activities, stakeholders agreed on 

a management plan currently in place made up of four main components:  

 Improvement of environmental management of aquaculture and increased preparedness to climatic 

related stress by the development and implementation of a monitoring system of the aquatic 

environment.  

 Generation of alternative livelihood opportunities for small scale fishermen, mostly in aquaculture, 

to avoid negative fishing practices that might threaten biodiversity, ecosystem resilience and their 

own livelihoods.  

 Improvement of national/local governance and strengthening collaboration of different institutions 

that are involved in the management of the area including private sector.  

 Dissemination and communication of the management plan, to foster local involvement, create 

ownership and improve follow-up. This approach has helped increase understanding of the need to 

improve linkages with other sectors such as agriculture and future steps will be taken to address 

this need.  

The process has facilitated and improved livelihoods for small scale fishermen and women that are 

now involved in two very successful shrimp farming cooperatives that are working in partnership with 

the national fisheries institution and larger scale shrimp farming cooperatives. The EAFA management 
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has helped local stakeholders become more aware of the impacts of climate change and other external 

threats and understand better the need to improve management of natural resources to increase their 

own resilience (FAO, 2013). 

National Initiatives 

 Sustainable Land, Water and Biodiversity Conservation and Management for Improved 

Livelihoods in Uttarakhand Watershed Sector Project, India 

The Sustainable Land, Water and Biodiversity Conservation, and Management for Improved 

Livelihoods in Uttarakhand Watershed Sector Project for India aims to improve the productive 

potential of natural resources and increase incomes of rural inhabitants in selected watersheds through 

socially inclusive, institutionally and environmentally sustainable approaches. The additional 

financing aims at scaling-up and mainstreaming the outcome of the activities under the Uttarakhand 

Decentralized Watershed Management Project (UDWDP) and enhancing their sustainability by 

restoring and sustaining ecosystem functions and biodiversity while simultaneously enhancing income 

and livelihood functions.  

The project encompasses three themes: (i) Community participation in watershed development and 

management aimed at integrating land-water use with the objectives of moisture retention and biomass 

production, while simultaneously enhancing incomes and livelihood options; (ii) Strengthening 

administrative capacity of Gram Panchayats to manage project financial resources, implement sub-

projects, deliver legally mandated service, and to sustain those services beyond the duration of the 

project; and (iii) Ensuring equitable participation by all groups, especially the landless and women 

who rely disproportionately on common resources for fodder, fuel, and other forest products. (Source: 

World Bank, 2012; Pisupati, 2013) 
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 Traditional Resource Use and Conflict Management in Keoladeo National Park, India 

Keoladeo National Park is a small (2,873 ha) artificial wetland system located near Bharatpur on the 

Ganges plain. The wetland was created in 1750 by local royalty to attract migratory birds for hunting. 

Today, over 350 bird species, including the highly endangered Siberian crane, Grus leucogeranus, 

inhabit the park seasonally. In 1982, Keoladeo was declared a national park. Water buffalo, 

traditionally allowed to graze in the park, a water weed (Paspalum distichum) growing in the wetland, 

and the Siberian crane co-existed in a three-way relationship. The buffalo grazed on the weed, 

controlling its growth. Short-cropping of the weed by buffalo made it possible for the cranes to dig up 

plants tubers, one of its few food sources. In 1983, however, the Wildlife Protection Act prohibited the 

grazing of buffalo. As a result the weed grew unchecked to maturity, thereby creating a physical 

BOX__: The Sustainable Land and Ecosystem Management (SLEM) Programme 

The Sustainable land and Ecosystem Management (SLEM) Programme is a joint initiative of the Government of India and the 

Global Environmental Facility (GEF) under the latter’s Country partnership Programme (CPP). The objective of the SLEM 

Programmatic Approach is to promote sustainable land management and use of biodiversity as well as maintain the capacity of 

ecosystems to deliver goods and services while taking into account climate change. 

To contribute to the implementation of the 11th Plan, the Sustainable Land and Ecosystem Management Country Partnership 

Program (SLEM CPP) was developed. The overall objective of the SLEM partnership is to contribute to poverty alleviation in India 

by promoting enhanced efficiency of natural resource use, improved land and ecosystem productivity, and reduced vulnerability 

to extreme weather events, including the effects of climate change. Specifically, the partnership will support: 

 Prevention and/or control of land degradation by restoration of degraded (agricultural and forested) lands and biomass 

cover to produce, harvest, and utilize biomass in ways that maximize productivity, as well as by carbon sequestration, 

biodiversity conservation, and sustainable use of natural resources; 

 Enhancement of local capacity and institution building to strengthen land and ecosystem management; 

 Facilitation of knowledge dissemination and application of national and international good practices in SLEM within and 

across states; and, 

 Replication and scaling up of successful land and ecosystem management practices and technologies to maximize 

synergies across the UN Conventions on Biological Diversity (CBD), Climate Change (UNFCCC), and Combating 

Desertification (UNCCD) conventions. 

The Desertification Cell, Ministry of Environment, Forests and Climate Change (MoEFCC) is the national executing agency for the 

SLEM programmatic approach. ICFRE, Dehradun has been designated as the Technical Facilitation organisation for the SLEM 

programme (MoEFCC website) 
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barrier that prevented the cranes from accessing their main food source, which led to a dramatic 

decrease in the numbers of cranes in the park. The Wildlife Protection Act was formulated and 

implemented without consultation with local communities, even though they had used the park 

traditionally – not only for grazing but also for visiting temples in the park, for collecting fruit, and as 

a source of animal fodder. The Act basically cut them off from their traditional uses of the area. This 

situation led to a serious conflict between the local communities and authorities. As a result, illegal 

harvesting of resources and poaching increased, and seven people were killed during violent 

confrontations. It is noteworthy that other related actions failed to contribute to the aims of the 

Protection Act owing to inadequate consultations with local communities. These included designation 

of the area as a Ramsar site (1981), a World Heritage site (1985) and the construction of a 2 meter 

high wall around the park. A decade-long study, costing nearly US$1 million, indicated that grazing 

buffalo were key to controlling growth of grasses and water weeds and, therefore, the Siberian crane 

and other bird populations. Local communities already knew this. Obviously every effort should be 

made to avoid such conflicts taking place at all. But given the existing situation, the park authorities, a 

team of natural resource specialists (representing government and NGOs) with the help of the World 

Wide Fund For Nature (WWF) initiated a process of conflict resolution and reconciliation through a 

three week workshop in 1995. The exercise sought to: determine areas of agreement and disagreement 

between local communities concerning conservation objectives of the various officially adopted plans; 

identify new, potentially successful management options; and propose terms of reference for local 

management committees to be charged with implementing the new measures. The work was based on: 

 a number of rapid rural assessments to document the existing situation; 

 participation of all stakeholders in the workshop; 

 determining ways to provide the maximum benefits to local communities; and 

 widely publicizing the results of the workshop through local language media. 

The exercise showed that local communities already had adequate methods to “regulate, control or 

exercise restraints over their use of resources”, which was a valuable tool for ecosystem-based 

management of the park (Pirot et al., 2010). 
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 India’s REDD+ Strategy: Governing the Climate-Forest Interface 

Combining the imperatives of climate change and forest governance may create a more holistic view 

on ecosystem management, and the huge attention given to climate change may provide the much-

needed worldwide attention and resources to address deforestation (Visseren-Hamakers et al., 2012; 

Phelps et al., 2012). Reducing Emissions from Deforestation and forest Degradation (REDD+) is seen 

as an opportunity to finally address some of the causes of the limited success to combat global 

deforestation by paying developing countries for the opportunity costs of forest conservation while 

still maintaining their sovereignty over the management of their forests (McDermott, 2014). From a 

development perspective, a global REDD+ mechanism has been lauded as a way to operationalize the 

contested principle of common but differentiated responsibilities in a post-Kyoto climate agreement in 

a manner that may well be acceptable to all countries. In addition, REDD+ may promote so-called 

“good governance” in developing countries by making participation in REDD+ schemes conditional 

on minimum standards for, inter alia, national and sub-national legal and policy frameworks, 

monitoring and enforcement frameworks, participation by local communities, local forest (user) rights, 

and decentralized forest management (Visseren-Hamakers et al., 2012; Angelsen et al., 2012; Gupta, 

2012). Furthermore, REDD+ may provide additional income for local forest-dependent communities 

(Cowie et al., 2007). 

There are two (self-designated) REDD+ pilot projects in the India, both located in the North-Eastern 

state of Meghalaya. One is located in the Khasi hills region, and bills itself as the first community-

based REDD+ project in India, being initiated by indigenous Khasi communities. There are multiple 

posited drivers of deforestation in the area, including mining, illegal logging, grazing, fuelwood 

collection and forest fires. The Khasi hills project aims at watershed restoration through forest 

restoration activities and reducing pressure on forests, including, inter alia, through stimulating shifts 

from grazing to animal husbandry, use of fuel-efficient stoves, and regulations on forest use. Based on 

its experiences with piloting “payment for ecosystem services” arrangements in the region, the US-

based non-governmental organization (NGO) Community Forestry International decided, together 

with indigenous communities, national and international NGOs, and the autonomous district council of 

Meghalaya, to seek carbon credits deriving from this project as additional financial support for its 
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activities. As a result, the project was recently registered and certified under Plan Vivo standards, a 

UK-based carbon registry, and has commissioned a broker to sell the carbon credits on the voluntary 

market (Vijge, 2016).  

The other REDD+ pilot project is located in the Garo hills region of Meghalaya, where increased 

pressure on land has drastically reduced rotation cycles in small-scale slash and burn farming. While 

traditionally long-term rotation cycles allowed forests to regenerate, current practices have resulted in 

negative impacts on the area’s biodiversity (World Land Trust, 2013). In 2005, Wildlife Trust India 

initiated a community-based natural resource management project in the area, in order to protect and 

regenerate the forests between two protected areas using village reserves, enabling wildlife to migrate 

along a “green spine” corridor. The main activities of this project include establishment of forest 

plantations, assisted natural regeneration, and patrolling to prevent illegal logging and grazing. In 

2010, Wildlife Trust India and the UK-based NGO World Land Trust began to explore the possibility 

to add forest carbon sequestration as an additional objective and source of income for the project. In 

the initial stages of development, a UK-based shipping company signed a (non-binding) contract to 

fund the project up to its validation and, once issued, buy the carbon credits, in line with the 

company’s corporate social responsibility goals (Vijge, 2016). 

Challenges with Ecosystem Management 

Lackey (1998) suggested that the problems facing ecosystem management have five general 

characteristics: 

 Fundamental public and private values and priorities are in dispute, resulting in partially or 

wholly mutually exclusive decision alternatives;  

 There is substantial and intense political pressure to make rapid and significant changes in 

public policy in spite of disputes over values and priorities and the presence of mutually 

exclusive decision alternatives;  

 Public and private stakes are high, with substantial costs and substantial risks of adverse effects 

to some groups regardless of which option is selected. 

 Technical facts, ecological and sociological, are highly uncertain. 
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 Ecosystem policy problems are meshed in a large framework assuring that policy decisions 

will have effects outside the scope of the problem. 

CONCLUSION  

Ecosystems supply the fundamental units of life support, by providing ecosystem services that enable 

us to produce or utilize food and water. They also provide clean air and climate regulation, shelter and 

medicines, cultural and aesthetic wellbeing, and can have a vital role in disaster risk reduction. These 

ecosystem services are however under increasing pressure and threat of further degradation. Hence 

emphasis should be on to protect, restore and improve ecosystems, particularly those that have been 

most degraded. Ecosystem management, as an experimental and adaptive process, requires that 

examples of various kinds of ecosystems to be protected as benchmarks or control areas for 

comparison to manipulated sites. Only then can effects of management practices be separated from 

natural processes. Ecosystem processes are often non-linear, and the outcome of such processes often 

shows time-lags. The result is discontinuities, leading to surprise and uncertainty. Management must 

be adaptive in order to be able to respond to such uncertainties and contain elements of "learning-by-

doing" or research feedback. Measures may need to be taken even when some cause-and-effect 

relationships are not yet fully established scientifically. An ecosystem based approach will serve as the 

foundation in developing a ‘Green Economy‘. Ecosystem management acknowledges the importance 

of human needs while at the same time confronting the reality that the capacity of our world to meet 

those needs in perpetuity has limits and depends on the functioning of ecosystems. The inadequacy of 

the traditional resource management paradigm, which primarily focused on site based management 

strategies, to deal with multiple scales and larger areas that encompass both public and private lands 

coupled with the growing concern over decreasing biodiversity and loss of ecosystems gave rise to the 

concept of ecosystem management. Ecosystem management remains an evolving force that must yet 

respond and adapt to numerous challenges. The greatest challenge for governments and global leaders 

is to adjust national and international economies in line with climate change mitigation and adaptation 

efforts whilst maintaining ecosystem health and financial stability. It is recommended that an 

ecosystems approach becomes centrally embedded within local, national, regional and international 
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level planning and policy making to ensure ecosystem health and in achieving the Millennium 

Development Goals.  

Summary 

We learnt about: 

1. The Concept of Ecosystem Management 

2. The Guiding Principles and Goals of Ecosystem Management 

3. International and National Case Studies 

4. The Challenges for Ecosystem Management 
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