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        PREFACE

      This book Environment Science, Grade X as an optional subject has been written according to the curriculum prescribed by the Curriculum Development Centre (CDC). It is mainly designed for class X students of the English medium and private schools. It contains topics on Physical, Chemical, Biological, Natural, Socio-Economic and Health & Sanitary aspects.

      In today's world, there has been a growing concern about the environment and its conservation at all levels-local, national and international. There is no doubt that the human activities have been the prime factors for environmental degradation. Hence, it has been realised that the development activities should be carried out in sustainable ways so as to maintain this planet, the Earth, and make it appropriately for our future generations to live in.

      The main purpose of this book is to provide a modern and up-to-date account of various areas of environment science, as mentioned in the curriculum, in an appropriate way. In this book, each unit contains properly sequenced presentation of the contents in simple language, effective illustrations, summary of the contents and a number of questions under Exercises. While writing questions, the recent specification grid for the SEE examination has also been properly taken into consideration so as to prepare students for the SEE examination.

      We believe that students as well as teachers will find this book very useful. We also believe that this book could be useful for those who intend to acquire basic knowledge on environment science and wish to continue higher education in this field. We are happy to mention that this book Environment Science Grade X written on the basis of National Curriculum is the first one (in English medium) in the country.

      We express our thanks to our wives, Mrs. Rajju Shrestha and Mrs. Anju Maharjan Suwal, for their untiring support while writing this book. We also sincerely thank Mr. Ram Chandra Timothy, Managing Director of Ekta Books, for his encouragement to write this book.

      Any suggestions for the improvement of the book are most welcome.
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      Chapter 1 Environmental Science

    
  
    
      1.1 Introduction of Environment

      The term 'environment' etymologically means 'surrounding'. But in the context of living beings it means much more. In our everyday life, we observe that every organism lives in the midst of various living and non-living objects, happenings and influences of natural as well as human-made environment. The sum of these entire living and non- living beings together makes the environment of an organism. Thus, the environment denotes the sum total of physical and biological factors that directly influence the survival, growth, development and reproduction of organisms.

      All organisms depend upon the environment to sustain their life. Their activities affect surroundings in many ways, which in turn may affect the organisms themselves. Thus, there is an intimate relationship between organisms and the environment. A careful observation of the environment reveals that there has been close interaction between the organisms and the environment. Healthy environment is essential to satisfy the bare necessities of the organisms such as food, shelter, water, oxygen, temperature, etc. The main focus of this chapter will be the study of the relationship between environment and human beings.

      Environmental science is defined as a branch of Biology that focuses on the study of the relationships of the natural world (includes living and nonliving things) and the relationships between organisms and their environment. It is an interdisciplinary academic field that integrates physical, biological and information sciences to the study of the environment, and the solution of environmental problems.

      Environmental science came alive as a substantive and active field of scientific investigation in the 1960s and 1970s driven by (a) the need for a multi-disciplinary approach to analyze complex environmental problems, (b) the arrival of substantive environmental laws requiring specific environmental protocols of investigation, and (c) the growing public awareness of a need for action in addressing environmental problems.

      Environment may be divided in two parts:

      
        
      

      1.1.1 Natural Environment

      The Sum total of physical and biotic conditions influencing the activities of the organisms is known as environment (S.C. Kendeigh, 1974). The life activities or growth · of organisms are centered around the thin surface zone of the earth. This life supporting component is known as Biosphere, which is the biological world or biotic world. Air, soil and water are the most important abiotic components of the environment. Biosphere is closely interrelated with these three ingredients which have specific names: Lithosphere (land), Hydrosphere (water) and Atmosphere (air).

      All forms of life depend on many types of elements for their existence. The solid lithosphere having upper surface or crust of the earth is made up of soil or deposit of matter and energy resources. The hydrosphere contains water, ice and vapour found in the atmosphere and occupies four fifth of the earth surface. Similarly, the gaseous atmosphere spreads hundreds of miles above the earth surface. The biosphere consists of atmosphere, lithosphere and hydrosphere as the natural environment where living organisms exist and grow.

      1.1.2 Anthropogenic Environment

      The term 'anthropogenic environment' refers to an environment that is created by humans. The anthropogenic impact on the environment includes changes to biophysical

      environments and ecosystems, biodiversity and natural resources caused directly or indirectly. In such areas where humans have fundamentally transformed landscapes, such as urban settings and agricultural land conversion, the natural environment is greatly modified into a simplified human environment. Even acts which seem less extreme, such as building a mud hut or a photovoltaic system in the desert, the modified environment becomes an artificial one.

    
  
    
      
        
      

      1.2 Environmental Problems

      Environmental problems are the imbalances in the structure of environmental components. An imbalance in one or both of the organic and inorganic elements lead to environmental problems. Environmental problems affect all animals, including humans. Pollution, climate change, acid rain, deforestation and depletion of biodiversity are major global environmental problems. These environmental issues are discussed below.

      (a) Pollution: Pollution is the negative change in the physical, chemical and biological elements of the environmental elements like air, water, soil and sound. Pollution can generally be divided into four categories, namely air pollution, water pollution, land pollution and noise pollution. Pollution in air, water and land has increased due to excessive use of pesticides as well as the waste produced by industries and factories. Similarly, the increased use of machines and cars has increased the noise pollution.

      (b) Climate Change: Climate change is the average change in various weather indicators such as temperature, rainfall, etc., over a long period of time. Greenhouse gases from industries and factories, such as carbon dioxide (CO2), methane (CH2) and nitrous oxide (N2O), work to increase the earth's temperature. Climate is becoming abnormal due to the increasing proportion of such gases in the atmosphere. This has led to problems such as rising temperatures, uncertainty in rainfall, melting of snow from mountain ranges, floods and landslides, drying up of conventional water sources or depletion of water, and outbreaks of pests and diseases.

      (c) Acid Rain: Oxides of sulfur and nitrogen released from factories reach the atmosphere through the air. Such elements react chemically with water vapor in the atmosphere and form acidic water. The rain of such acidic water (pH < 5.6) on the surface of the earth is called acid rain. Acid rain has a negative impact on human health, as well as animals, forests, insects, rivers and lakes.

      (d) Ozone Layer Depletion: There is a continuous process of formation and destruction of ozone (O2) layer in the atmosphere. However, the chlorine and bromine molecules released into the atmosphere by human activities destroy the ozone layer by destroying the ozone molecules. Other gases emitted by human activities such as nitrous oxide, carbon dioxide and methane are also active in destroying the ozone layer.

      (e) Forest Degradation and Loss of Biodiversity: Forests and biodiversity are the cornerstone of all living things, including humans. Forests and biodiversity are also the

      
        Mainstay of ecosystem operation.however,deforestation and biodiversity are declining due to overuse and over exploitation of resources overgrazing and improper human activities (fires poaching and trade unscientific farming systems.)

      Biosphere 2

      In Arizona, USA, in 1991, a group of scientists created man-made biospheres. The main purpose of this structure was to show that even man-made ecosystems can keep the cycle of biodiversity and nutrients alive. Even though it was built with a huge budget, this board could not run automatically from the beginning. This project has taught us that no matter how much money we spend, the benefits of the natural ecosystem cannot be achieved.

    
  
    
      1.3 Causes of Environmental Problems

      Due to increasing population, over exploitation of natural resources, waste, industrialization, unmanaged development and excessive use of chemical fertilizers, pesticides, various environmental problems have appeared on the earth. The causes of these environmental problems are discussed below.

      (a) Population Growth: Population continues to grow worldwide (Table 1.1). As the population grows, so does the demand for goods and services, such as bamboo and cotton, which people need for their livelihood. Excessive amount of natural resources have been exploited to meet these needs. Industrial factories are also growing due to which problems such as increase in garbage, deforestation, increase in greenhouse gas emissions have appeared.

      Table 1.1: World Population Statistics

      
        
          
          
          
          
        
        
          
            	Year(July 1)
            	Population
            	Year(July 1)
            	Population
          

        
        
          
            	1955
            	2773019936
            	1995
            	5744212979
          

          
            	1960
            	3034949748
            	2000
            	6143493823
          

          
            	1965
            	3339583597
            	2005
            	6541907027
          

          
            	1970
            	3700437046
            	2010
            	6956823603
          

          
            	1975
            	4079480606
            	2015
            	7379797139
          

          
            	1980
            	4458003514
            	2020
            	7794798739
          

          
            	1985
            	4870921740
            	2025
            	8184437460
          

          
            	1990
            	5327231061
            	2050
            	9735033990
          

        
      

      Worldometer(www.Worldometers.info) 2019

      
        
      

      (b) Overuse of Natural Resources: Due to the growing population, more natural resources are being exploited for livelihood. Forests have been destroyed and converted into arable land for food production. There is also a practice of clearing forests for settlement.

      (c) Industrialization: Industry should be organized and environment friendly. Irregularly built industries are a major factor in creating environmental problems. Natural resources including forest, agriculture and mining have been exploited to supply raw materials required for the industry. In addition, pollution in air, water and land has increased due to fuel used in industries.

      (d) Urbanization: In case of Nepal, due to unmanaged urbanization population pressure has increased only in certain places or in the urban areas. According to the data from the Central Bureau of Statistics (2014), 17 percent of Nepal's population live in the urban areas and this trend is on the rise, due to which difficult problems have arisen in the management of pollution and garbage.

      (e) Unmanaged Development: Managed development is the development of the facility provided by the proper mobilization of local resources keeping in view the wishes and needs of the people. Excessive uses of natural resources in the name of development and unmanaged construction have negatively affected the environment.

      (f) Unmanaged Agricultural Practices: Cultivation on slopes can lead to problems such as soil erosion. At the same time, the use of pesticides and chemical fertilizers in large quantities in arable lands has polluted the water and soil. As a result, the fertility of the soil is reduced and the food produced in this way is detrimental to the health of human beings and animals.

    
  
    
      1.4 Development of Concept on Environment

      The environment is created and operated by nature itself. In this, the quantity, operation, construction process and power of nature-based commodities are governed by natural laws. Changes in the environment can be both natural and anthropogenic.

      
        
      

      In addition to the development of human history, environmental development is also underway (Fig. 1.1). Changes have been observed in social, economic, physical and biological environment of human activities. Over time, people have entered the industrial era through the stone age of agricultural era. Environmental problems have also been shown to vary with age (see Table 1.2). In the Stone Age, people relied more on bullying and victimization for survival.

      With the increase in population, people entered the agricultural era. They started livestock farming and other farming. With the expansion of livestock and farming, negative effects on the environment gradually began to appear. This period marked the encroachment over forest heritage due to increasing population of humans. Likewise, in the nineteenth century there began the industrialization. With the expansion of industrialization, many industries based on natural resources such as forest, minerals, water, agriculture, etc. increased.

      Gradually, urbanization along with industrialization and various industrial trades continued to grow. These types of activities have direct and indirect effects on the environment. With the beginning of this age, negative impacts of the human activities have been growing in environmental elements and components.

      With the development of technology, there has been growing human control over nature. Accordingly, different types of changes have occurred in the environment along with variability at different times (Miller, 2002).

      In the twenty-first century, the development of science and technology has changed the course of human life. The human population growth required more space for the settlement as well as for agricultural land. Similarly, the growing population also expanded their several development activities such as construction of roads, buildings, dams, factories, etc. But due to this kind of development activities, the environment has been degrading due to the excessive exploitation of nature and its resources.

      In Nepal, increased urbanization, degradation of natural habitat, deforestation, degradation of biodiversity, uncontrolled use of chemical fertilizers and pesticides, etc. have negatively impacted the environment. Pollution rate of air, water and noise is continuing to increase in the urban areas of Nepal. The phenomena such as soil erosion, floods and siltation are considered as environmental problems in Terai region, whereas they are mostly soil erosion and floods in the Mountainous region. Likewise, in the Himalayan region, snow avalanches, and glacier lakes outburst flow (GLOF) are major problems.

      
        
      

      More importantly, the disposal of wastes has also been an emerging challenge in Nepal. This is growing as a serious problem particularly in urban areas and its surrounding places. In these areas, people are not able to manage the wastes (solid, liquid, gaseous, chemical, etc.) properly. The improper disposal of waste causes serious effects on the lives of other creatures too. This gives rise to environmental imbalance, which, in turn, brings complex problems in the lives of people.

      Table 1.2: Development of Human Activities and their Impact on Environment
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                    	Major environmental impacts
                  

                  
                    	stone era
                    	Travelling hunting fishing collecting dependent on the forest fruits
                    	Lesser environmental problems due to small human population and use of few natural resources
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                    	Khoriya fadani livelihood depends on agriculture
                    	Pressure on natural resources forest destruction loss of soil fertility
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                    	Green revolution business oriented agriculture factories and industrial businesses
                    	Increasing pollution of water land and sound increasing urbanization unplanned habitat use of chemicals on agriculture changes in soil nutrient ratio deforestation loss of biodiversity
                  

                
              

            
            	
            	
          

        
        
          
            	
            	
            	
          

          
            	
            	
            	
          

          
            	
            	
            	
          

        
      

      Change is inevitable for life. But change should not negatively impact the environment. Negative impacts are detrimental to the health and quality of life of every living creature on the planet. Therefore, these types of activities must be conducted in a balanced way or within the capacity of nature. If natural balance is not maintained, it invites various disasters. It is the responsibility of every human being to conserve the natural environment.

    
  
    
      1.5 Importance of the Study of Environment

      Since the pre-historic period, humans have been interfering with nature. With the growth of their population, humans started exploiting all available natural resources without caring its adverse impact on the environment.

      
        
      

      Modifications in landscape through agriculture and roads have disturbed the ecological balance. Similarly, the industrialization and modernization in other aspects, including some socio-cultural practices, have been degrading the natural environment.

      Whenever there is a slight disturbance in any part of the environment, the environment as a whole gets disturbed. Such problems are not new for us, however, only recently, we have begun to face their consequences. Today, our main concern is to maintain the ecological balance for the survival of our species and to uplift the degraded environment. In relation to these concerns, different national and international organizations have been established and they are functional in conserving the environment globally.

      The study of environment helps us to:

      · Understand the relationship between different kinds of physical and natural environment.

      · Understand about human beings and their surrounding biophysical situation.

      · Identify the environmental problems due to industrial pollution and undertake the measures to solve them.

      · Make a list of endangered animals and plants and help in preserving them.

      . Find out the alternative food sources and to solve the hunger problems of over growing population.

      · Control the illegal trade of wild animals and plants.

      · Implement the principle of the sustainable development and helps to reduce or control the environmental problems caused by the developmental activities.

      · Prepare the action plan for the sustainable use of natural resources and development activities in the field of biodiversity.

      · Control different kinds of environmental pollution and create healthy environment for all living beings.

      MAIN POINTS TO REMEMBER

      1. The term 'environment' etymologically means 'surrounding.' It denotes the sum total of physical and biological factors that directly influence the survival, growth, development and reproduction of organisms.

      2. Healthy environment is essential to satisfy the bare necessities of the organisms, such as food, shelter, water, oxygen, temperature, etc. The main focus of this chapter is the study of the relationship between environment and human beings.

      
        
      

      
        
          
          
        
        
          
            	3.
            	Environmental science is defined as a branch of Biology that focuses on the study of the relationships of the natural world (includes living and nonliving things) and the relationships between organisms and their environment.
          

        
        
          
            	4.
            	Environment may be divided in two parts: Natural Environment and Anthropogenic Environment.
          

          
            	5.
            	The natural environment is the environment that consists of all living and non- living things occurring naturally. The term 'anthropogenic environment" refers to an environment that is created by humans. The anthropogenic impact on the environment includes changes to biophysical environments and ecosystems, biodiversity and natural resources.
          

          
            	6.
            	With the increase in population, people entered the agricultural era from the stone age. They started livestock farming and agricultural farming. With the expansion of livestock and farming, negative effects on the environment gradually began to appear. Likewise, in nineteenth century there began the industrialization.
          

          
            	7.
            	With the expansion of industrialization, many industries based on natural resources such as forest, minerals, water, agriculture, etc. have been increasing.
          

          
            	8.
            	Gradually, urbanization along with industrialization and various industrial trades continued to grow. These types of activities have direct and indirect effects on the environment. With the beginning of this age, negative impacts of the human activities have been growing in environmental elements and components.
          

          
            	9.
            	In the twenty-first century, the development of science and technology has changed the course of human life. The human population growth also gave rise to the need of more space for the settlement as well as for agricultural land.
          

          
            	10.
            	In Nepal also, increased urbanization, degradation of natural habitat, deforestation, degradation of biodiversity, uncontrolled use of chemical fertilizers and pesticides, etc. have negatively impacted the environment.
          

          
            	11.
            	The phenomena such as soil erosion, floods and siltation are considered as environmental problems in the Terai region, whereas they are mostly soil erosion and floods in the Mountainous region. Likewise, in the Himalayan region, snow avalanches, and glacier lake outburst flow (GLOF) are the major problems.
          

          
            	12.
            	The disposal of wastes has also been an emerging challenge in Nepal. This is growing as a serious problem particularly in the urban areas and nearby places.
          

          
            	13.
            	The study of environment helps us to:
          

          
            	· Understand the relationship between different kinds of physical and natural environment;
          

          
            	· Understand about human beings and their surrounding biophysical situation; · Identify the environmental problems due to industrial pollution and undertake the measures to solve them;
          

        
      

      
        
      

      · Make a list of endangered animals and plants and help in preserving them;

      · Find out the alternative food sources and to solve the hunger problems of over- growing population;

      · Control the illegal trade of wild animals and plants;

      · Implement the principle of the sustainable development and help to reduce or control the environmental problems caused by the developmental activities;

      · Prepare the action plan for the sustainable use of natural resources and development activities in the field of biodiversity;

      · Control different kinds of environmental pollution and create the healthy environment for all living beings.

      EXERCISES

      A. Write very short answers for the following:

      1. Define Environmental Science.

      2. What is a natural environment?

      3. What is an anthropogenic environment?

      4. What is a biodiversity?

      5. Why is the study of environment important? Give three reasons.

      B. Write short answers for the following:

      1. What is an environment? Describe the physical environment.

      2. Describe the components of biological environment.

      3. Describe the anthropogenic aspects of environment.

      4. Write differences between natural environment and anthropogenic environment.

      5. Describe in what way the urbanization affects the environment.

      C. Write long answers for the following:

      1. Justify the statement: "With the development of technology, there has been growing human control over nature."

      2. How does the growing number of industries affect the environment? Also give the examples from your surroundings or nearby.

      PROJECT WORK

      Observe and make a list of the activities that are conducted in maintaining a clean environment in your community. In your report, also describe how these activities contribute in maintaining the environment clean. Share your report in the class.

    
  
    
      
        
      

      Chapter 2 Ecology and Ecosystem

      Ecology is a branch of Science that deals with the study of interactions between living organisms and their physical environment. Any change in the environment has an effect on the living organisms and vice versa. Any unit of bio-system that includes all the organisms which function together in a given area where they interact with the physical environment is known as ecosystem. In this unit, we will study terrestrial ecosystem, aquatic ecosystem and food chain.

    
  
    
      2.1 Terrestrial Ecosystem

      Important features of terrestrial ecosystem are:

      1. Moisture is the major limiting factor of the terrestrial ecosystem, hence the biotic components may have to face the problem of dehydration.

      2. Evapo-transpiration is an energy dissipating process unique to terrestrial environment.

      3. Extremes of temperature are more pronounced.

      4. Rapid circulation of air equalizes oxygen and carbon dioxide contents throughout the globe.

      5. Strong skeletal systems are present in terrestrial plants and animals.

      6. Important geographical and topographical elements constitute discontinuity.

      7. Soil acts as highly developed ecological subsystem.

      2.1.1 Grassland Ecosystem

      There are different types of terrestrial ecosystem. The Grassland Ecosystem is one of them. The grassland occupies about 12% of area of Nepal. It is characterized by the occurrence of tall and short grasses and herbs. Natural grasslands occur in both

      
        
      

      temperate area and tropical area. The various components of a grassland ecosystem are explained below:

      Abiotic Components

      The inorganic as well as organic substances present in the soil are called abiotic components. Elements like carbon, hydrogen, oxygen, nitrogen, phosphorus and sulphur are supplied by carbon dioxide, nitrates, phosphates and sulphates. They are present in air and soil of the area. In addition to these, some trace elements are also present in the soil.

      Biotic Components

      The living organisms present in the food chain occur in the following order:

      (i) Producers: These are grasses, herbs, shrubs and ground vegetation.

      (ii) Consumers: These are animals. They can be divided into three types:

      (a) Primary Consumers: These are herbivores. They include the animals feeding on grasses such as deer, sheep, rabbits, mice, cows, buffaloes, insects, termites and millipedes.

      (b) Secondary Consumers: These are carnivores that feed on herbivores. They include snakes, lizards, foxes, wolves, jackals and birds.

      (c) Tertiary Consumers: These are carnivores of the top level. They feed on secondary consumers. They include hawks, foxes, jackals, lions and tigers.

      (iii) Decomposers: These are micro-organisms like fungi, algae, bacteria and actinomycetes. They decompose the dead organic matter and help to bring minerals back to the soil, thus, making them available to the producers.

      2.1.2 Forest Ecosystem

      In this ecosystem, trees are predominant vegetation, spread with a large number of species of herbs, shrubs, climbers, lichens, algae and a wide variety of animals. Forest is composed of trees, shrubs or any other woody vegetation. Forest occupies roughly 40% of the land. The forest ecosystem is of great concern from the environmental point of view. The different components of this ecosystem are as follows:

      
        
      

      Abiotic Components: These are the inorganic as well as organic substances present in the soil. In addition to the minerals, some dead organic materials are also present in the soil.

      Biotic Components: The living organisms present in the food chain occur in the following order:

      (i) Producers: They include trees, climbers, epiphytes, shrubs and ground vegetation.

      (ii) Consumers:

      (a) Primary Consumers: These are herbivores. They include tree leaves feeding small animals such as ants, flies, beetles, leaf hoppers, bugs, spiders, and other insects. Similarly, they also include larger grazing animals such as deer, neelgai, elephants, rabbits, monkeys, moles, squirrels, shrews, flying foxes, fruit bats and mongooses.

      (b) Secondary Consumers: These are carnivores that feed on the herbivores. They include animals such as snakes, lizards, foxes, wolves, jackals and birds.

      (c) Tertiary Consumers: These are the top level carnivores that feed on the secondary consumers. They include animals such as lions, tigers and leopards.

      (iii) Decomposers: These are also living components of the community. They mostly include micro-organisms such as bacteria and fungi. These act on the dead bodies of producers and consumers and are responsible for breaking up complex materials into simpler substances.

      
        
      

      2.1.3 Types of Forests in Nepal

      According to Dobremez (1976), the classification of vegetation is based primarily on altitude, however, it should not be regarded as the only basis of classification. Many species of trees occur over a wide range of altitude. They may be predominant in a particular zone but they may also occur in other zones.

      1. Tropical Forest: This type of forest is abundant at the altitude of about 1000m. This includes Sal forest, Sisau forest, Rain forest and Deciduous Hill forest.

      2. Subtropical Forest: This extends at an altitude of approximately 1000m to 2000m in the west and 1000m to 1700m in the east. This includes Khote Salla forest, Chilaune- Katus forest, Utis forest and Rain forest.

      3. Lower Temperate Forest: This extends from an altitude of 2000m to 2700m in the west and 1700m to 2400m in the east. Different types of forests do not always strictly adhere to these limits. However, this includes Banjh Forest, Mixed Broad-leaved (Chauda Paate) forest, Patle Salla forest, etc.

      4. Upper Temperate Forest: It occurs at an altitude of 2700m to 3100m in the western and central parts and at 2400m to 2800m altitudes in the eastern part of the country. This includes Chilaune/Katus forest, Mixed Broad-leaved (Chauda Paate) forest, Gurans forest, Salla forest, etc.

      2.1.4 Mountain Ecosystem

      High elevation of land forms the mountain. It is normally covered with snow. There also exists a typical terrestrial ecosystem. A mountain region exists at high altitude and can be called an alpine biome. The alpine zone refers to the region of a mountain above the tree line and this zone contains certain plants and animals. The alpine zone includes a sub-snow zone, a meadow zone and a shrub zone. The high altitude environment is characterized by low air density and low levels of oxygen and carbon dioxide. The snow cover increases the rate of desiccation and high wind velocity. The

      
        
      

      alpine zone of the mountains is characterized by a sparseness of animal groups. The mountain ecosystem refers to the ecosystem at high elevations on mountains, above the forest line (tree line) altitude of 3500m.

      The disappearance of forests is the chain effect of altitude since it is too cold for the growth of trees. The high altitude is a region of progressively semi-attenuated air. All other environmental conditions which characterize mountain systems are the secondary effects of low atmospheric pressure compared to all other environment.

      The mountain ecosystem also includes various components which are as follows:

      Abiotic Components: These include aerial environment consisting of gases like CO, and O., temperature, light and water. There are also organic and inorganic constituents of the soil which are included in the abiotic components. Similarly, inorganic compounds such as water, nitrates, carbonates and phosphates are also found there.

      Biotic Components: The living organisms present in the food chain occur in the following order:

      (i) Producers: Plants are ecologically highly specialized. They may be dwarf and branched. Perennial herbs include Acoinitum, Amemone, etc. Cushion plants include Arenalia, Gypsophila, etc. There are also shrubs, some kinds of grasses and a few trees in the coniferous forests which adjoin the southern part of the alpine zone (hemlock, pine, fir, etc.).

      (ii) Consumers:

      (a) Primary Consumers: The most common animals are the Tibetan sheep (Ovis liodgsoni), punir sheep (Ovis poli), Tibetan yak (Bos grunnius) and Persian wild goat (Capra aegagrus) which live in high altitudes. The biotic component also includes a wide range of lower animal species such as protozoa, helminthes, molluscs and arthropods (insects and spiders).

      (b) Secondary Consumers: This includes some migrant birds from the lowlands, such as the snow partridge (Lerwa nivicola). Some of the vertebrates are crow (Corvus corax). snow leopard (Felis unica), etc.

      
        
      

      (iii) Decomposers: There are some fungi and bacteria found in the forest and desert of the Mountain region.

      Trophic Levels

      The trophic levels of the mountain ecosystem are as follows:

      First trophic level: It includes producers. They are small grasses and other small plants.

      Second trophic level: It includes primary consumers or herbivores. They are sheep, yak, wild goat, etc.

      Third trophic level: It includes secondary consumers or carnivores. They are eagle, panther, etc.

      Fourth trophic level: It includes tertiary consumers or omnivores, for example - human beings.

      Fifth trophic level: It includes decomposers or micro-organisms.

    
  
    
      2.2 Aquatic Ecosystem

      Aquatic ecosystem deals with the biotic community present in water bodies. Water covers about three quarters of the surface of the earth. The ecosystem in water bodies which maintains the relationship between living (biotic) and non-living (abiotic) factors is called an aquatic ecosystem. An aquatic ecosystem is simpler than a terrestrial ecosystem.

      2.2.1 Freshwater Ecosystem

      Although freshwater ecosystem occupies a small portion of the earth's surface, it is very important to human beings because it provides drinking water as well as water for domestic and industrial needs. The ecosystems in ponds, lakes and rivers are freshwater ecosystems. Freshwater ecosystem consists of various zones:

      
        
      

      (a) Littoral Zone: In freshwater ecosystem, the littoral zone is the nearshore habitat where photosynthetically active radiation penetrates to the lake bottom in sufficient quantities to support photosynthesis. The littoral zone may form a narrow or broad fringing wetland, with extensive areas of aquatic plants sorted by their tolerance to different water depths. Typically, four zones are recognized, from higher to lower on the shore: wooded wetland, wet meadow, marsh and aquatic vegetation. Littoral zones are at particular risk for two reasons which are human settlement and infrastructure development in these zones.

      (b) Limnetic Zone: The limnetic zone is the open and well-lit area of a freestanding body of freshwater, such as a lake or pond. Not included in this area is the littoral zone, which is the shallow, near-shore area of the water body. The key difference between the littoral zone and the limnetic zone is the presence of rooted plant growth. The floor under the limnetic zone cannot sustain plant growth due to a lack of sunlight for photosynthesis. In extremely shallow bodies of water, light may penetrate all the way to floor even in the deepest center parts of the lake. In this situation, there is an absence of a limnetic zone and the littoral zone spans the entire lake.

      (c) Profundal Zone: The profundal zone is a deep zone of an inland body of freestanding water, such as a lake or pond, located below the range of effective light penetration. This is typically below the thermocline, the vertical zone in the water through which temperature drops rapidly. The temperature difference may be large enough to hamper mixing with the littoral zone in some seasons which causes a decrease in oxygen concentrations. The profundal is often defined as the deepest, vegetation-free and muddy zone of the lacustrine benthal.

      (d) Benthic Zone: The benthic zone is the ecological region at the lowest level of a body of water such as an ocean, lake or stream, including the sediment surface and some sub-surface layers. Organisms living in this zone are called benthos and include micro- organisms (e.g., bacteria and fungi) as well as larger invertebrates, such as Crustaceans and Polychaetes. Organisms in this zone generally live in close relationship with the substrate and many are permanently attached to the bottom.

      The freshwater ecosystem can also be divided into two types:

      (a) Lotic or running-water habitats (rivers, streams, etc.)

      (b) Lentic or still-water habitats (ponds, swamps and marshes, etc.)

      
        
      

      2.2.2 Lotic Ecosystem

      The lotic ecosystem includes rivers, streams and other related environments. Running water differs from still water in three aspects. They are:

      (i) Current of water is a controlling and limiting factor;

      (ii) Land-water interchange is great; and

      (iii) Oxygen is almost always abundant in running water.

      The water current cuts the channels, shapes the character of the stream and influences the living pattern of organisms in the running waters. The erosive power of the stream is reduced in slow flowing water. Thus, decaying organic debris is deposited on the bottom and also has a higher temperature. Zooplanktons, especially protozoa, are found in large number in this ecosystem. The rate of flow and depth may still vary and be exceptionally great in rainy seasons.

      Abiotic Components: They consist of certain factors which have a limiting role. These are temperature, light, oxygen concentration, carbon dioxide, pH and dissolved materials in the water. The variation of temperature greatly influences living organisms. Metabolic activity is low at low temperature. The pH value and dissolved materials, in terms of organic and inorganic substances, greatly affect the growth and development of both aquatic plants and animals.

      Biotic Components:

      (i) Producers: These include diatoms and other small forms of algae found in swift running streams. These also include rooted vascular plants such as pond weeds and grasses, firmly attached, aquatic mosses and large multi-filamentous algae.

      (ii) Consumers:

      (a) Primary Consumers: The zooplanktons include protozoans and rotifers. They also include smaller crustaceans such as cladocera (water fleas) and copepods.

      (b) Secondary Consumers: This group includes snails, clamps, bryozoans, amphipods (freshwater shrimps), leeches, crayfish and small fish. It also includes many insects, larvae and adults such as water striders, water boatmen and predaceous diving beetles. The detritus feeding benthos includes isopods

      
        
      

      (sowbugs), molluscs (Sphaenius, Pisidium and Anodonta dominata). Fish such as carp and catfish are also present since they are tolerant of low O2 level.

      (c) Tertiary Consumers: These include larger fish and the tadpoles of tree frogs. River dolphins (Platanista gangetica) are also present in large rivers. Reptiles include snakes, crocodiles and turtles.

      (iii) Decomposers: These include organisms, such as bacteria and fungi, found in the mud at the bottom of the river.

      Trophic Level

      Each successive level of nourishment in the food chain of an ecosystem is known as a trophic level. The plant producers within an ecosystem constitute the first trophic level, the herbivores form the second trophic level, the primary carnivores represent the third trophic level and the secondary carnivores (or omnivores) represent the forth trophic level. In each trophic level, there is a certain loss of energy and materials as the processes of assimilation and the growth is not 100 percent. It means when a tiger eats 10 kg of meat, its weight is not increased by 10 kg. There should be some loss. Thus, at the producers' level, the total energy availability is relatively more than at the higher levels.

      2.2.4 Lentic Ecosystem

      This is also a kind of freshwater ecosystem. This ecosystem includes all standing water habitats such as lakes, ponds and swamps. A pond is a good example of standing freshwater ecosystem, which exhibits a self-sufficient and self-regulating system. A freshwater pond includes abundant vegetation with thousands of micro-organisms, larger plants and animals.

      
        A pond is a body of water where living organisms not only live but also interact with abiotic and biotic components, thus forming an ecosystem which is different from other systems. However, the ponds are often exposed to tremendous anthropogenic pressure that significantly affects the components of this ecosystem.

      Lakes are usually big standing freshwater bodies. They have a shallow-water zone called littoral zone, an open-water zone called limnetic zone and a deep-water zone called profundal zone. There is an effective penetration of solar light in the littoral zone whereas there is negligible penetration of light in the profundal zone.

      The different components of these ecosystems are as follows:

      Abiotic Components: There are inorganic as well as organic substances present in the bottom soil. There are some substances in dissolved form in water, such as CO, O, Ca, N, and P salts, and their compounds. These are only found in small amounts in a dissolved state in pond water.

      Biotic Components:

      (i) Producers: Producers of an ecosystem include all those living organisms, which can produce complex food material from simple inorganic substances. They produce their own food in the presence of sunlight with the help of chlorophyll by utilizing water, carbon dioxide and minerals. Hence, it includes all green plants. In a pond, there are producers such as microscopic plants, free-floating and amphibious macrophytes (Cratophyllum, Hydrilla, Utricularia, Wolfia, Spirodella, Eichhornia, Azolla, Typha, etc.), and minute floating and suspended lower phytoplanktons (Ulothirx, Spirogyra, Oedogonium, etc.).

      (ii) Consumers: Consumers are also living members of an ecosystem which consume or utilize already prepared food m.aterials because they are not capable of synthesizing their food like producers. The consumers are distinguished as follows:

      
        
      

      (a) Primary Consumers: They are herbivores feeding directly on living plants (producers) or plant remains. These are zooplanktons (ciliates, flagellates, other protozoans, small crustaceans, etc.) and benthos.

      (b) Secondary Consumers: These are carnivores that feed on primary consumers (herbivores). They are chiefly insects and fishes.

      (c) Tertiary Consumers: These are carnivores that feed on other consumers. These are some large fish as game fish that feed on the smaller fish, and thus become the tertiary consumers.

      (iii) Decomposers: This is also a part of the biotic component which consists of micro- organisms like bacteria, fungi and actinomycetes. They are responsible for the change of complex organic materials of dead bodies of producers and consumers into simpler inorganic compounds.

      2.2.5 Marine Ecosystem

      Oceans are gigantic reservoirs of water covering nearly 70% of the earth's surface. This ecosystem is shore but different from freshwater ecosystem mainly because of its salty water. An ocean is very deep, and the ocean water is in continuous circulation. The trophic structure of the marine ecosystem starts from the smallest autotrophs, and ends with larger animals like giant fish, squids and whales. Microscopic phytoplanktons and associated bacteria create a complex food web that can extend long distances and extreme depths. In an ocean ecosystem, the ecology of shallow and deep waters varies at different depths. The components of an ocean ecosystem are:

      Abiotic Components: The high concentration of metal salts (salts of sodium, calcium, magnesium and potassium), dissolved oxygen content, light and temperature make a unique physicochemical condition in marine water. The concentration of dissolved nutrients remains low, which constitutes an important limiting factor to determine the size of marine population.

      Biotic Components:

      (i) Producers: They include phytoplanktons (diatom, dinoflagillates), large seaweeds (mainly algae-like chlorophyceae, phaeophyceae and rhodophyceae; angiosperms like Ruppia, Zostera, Posidonia, Enhaffic, etc.) and mangrove vegetations (Rhizophora, Avicennia, Carapa, Aegiceros, etc.).

      
        
      

      (ii) Consumers:

      (a) Primary Consumers: These are herbivorous fish and feed directly on producers (crustaceans, mollusks, fish, etc.).

      (b) Secondary Consumers: These are carnivorous fish (Herring, Sand, and Mackerel).

      (c) Tertiary Consumers: These are big carnivorous fish feeding on small fish (Cod, Haddock, etc.).

      (iii) Decomposers: These are micro-organisms such as bacteria and fungi.

    
  
    
      2.3 Food Chain

      In the ecosystem, different kinds of animals are closely linked with each other by their nutritional requirements. Individual animals closely related in this manner constitute a food chain. The transfer of food energy from the producers, through a series of organisms (herbivores to carnivores to decomposers) with repeated eating and being eaten is known as a food chain. Producers utilize solar energy for the process of photosynthesis. All types of green plants occupy the first trophic level and they are called primary producers. The next trophic level is occupied by primary consumers; these are herbivores. These consumers utilize the energy stored in the food matter synthesized by green plants. The primary consumers are eaten by the carnivores, which constitute the third trophic level and are called secondary consumers. Again these may be eaten by other carnivores at the top level of the food chain; they are known as tertiary consumers. Some organisms are omnivores which depend upon producers as well as the carnivores at the lower level in the food chain. The dead bodies of the animals are decomposed by micro-organisms which are bacteria, fungi, virus, etc. as shown in the following diagram:

      Sun (Solar Energy)

      Producers (Green Plants)

      Primary Consumers (Herbivores)

      Dead Bodies

      Primary Carnivores

      Organic and Inorganic salts

      Decomposers (Bacteria, Fungi, Virus)

      Secondary Carnivores (Omnivores)

      
        
      

      ACTIVITIES

      Observe any lake, pond, etc. located in or around your home or school. Prepare a list of biotic and abiotic components of the ecosystem in your observation. Discuss their relation and present your report in class.

    
  
    
      2.4 Wetland Ecosystem

      2.4.1 Introduction

      Nepal lies between 26°20' and 30°10'N latitude and 80°15' and 88°10' E longitude. It is bordered by China in the north and by India in the east, south and west. The altitude ranges from 60 m in the south to 8,848 m in the north. Consequently, the country has a wide range of climatic zones ranging from humid sub-tropical to alpine, within a distance of 80 km- 150 km.

      Nepal can be divided into three major ecological zones, namely Terai and siwaliks, Mountains, and Himalayas. Because of the unique topography of the country, several types of wetlands are scattered throughout the country in all the ecological zones.

      Rivers are probably the most extensive and visible wetlands in Nepal. The country has approximately 6,000 rivers and rivulets, including permanent and seasonal rivers, streams and creeks. The major river systems of Nepal include Mahakali, Karnali, Gandaki and Koshi. Many rivers originate in the high altitude, snow-covered mountains and are permanent in nature. Wetlands cover about 7,435 sq km or approximately 5 percent of the total area of the country. In addition, it has been estimated that 80,000 ha of surface water area will be added as reservoirs if the hydroelectric power potential of the water resources of the three river systems (Gandaki, Bagmati and Karnali) is utilized.

      
        
      

      2.4.2 Distribution of Wetlands in Nepal

      
        
          
          
          
        
        
          
            	Types of wetlands
            	Estimated area (ha)
            	Percentage
          

        
        
          
            	Rivers
            	395000
            	47.77
          

          
            	Lakes
            	5000
            	0.60
          

          
            	Reservoirs
            	1500
            	0.18
          

          
            	Ponds
            	11396
            	1.37
          

          
            	Marshy land
            	12500
            	1.51
          

          
            	Paddy fields
            	398000
            	48.13
          

          
            	Irrigation canal
            	3160
            	0.38
          

          
            	Pits around the highway
            	262
            	0.03
          

          
            	total
            	826818
            	100.0
          

        
      

      Source: Directorate of Fisheries Development 2073/74

      Wetlands possess a number of functional, economic and aesthetic values. They are rich in bio-diversity, which is reflected in the great variety of flora and fauna. They include 172 species of fish, 190 species of birds, two endangered species of crocodile and a number of reptiles and mammals.

      In Nepal, wetlands provide a number of services and goods for consumptive and non-consumptive uses. However, they have been destroyed by a number of factors, particularly anthropogenic activities, which are closely associated with the socio-economic conditions of the people. Although wetlands throughout the country are under pressure, the most threatened wetlands are located in the lowlands, and in the valleys surrounded by the Siwaliks and Middle Mountains.

      A wetland is the geographic area with characteristics of both dry land and bodies of water. Wetlands typically occur in low-lying areas that receive fresh water at the edges of lakes, ponds, streams, and rivers or salt water from tides in coastal areas protected from waves. In wetlands, the surface of the water is usually above or just below the land surface. It promotes the development of soil's characteristic of a wet environment.

      Wetlands provide habitat for a wide variety of plants, invertebrates, fish and larger animals, including many rare and endangered species. Plants and animals found in wetlands include both types that are able to live on dry land or in water and those that can live only in the wet environment. Some examples of wetlands are Shey Phoksundo lake of Dolpa, Rara lake of Mugu, Phewa lake of Pokhara, Tau Daha of Kathmandu, Bis-hazari lake of Chitwan and Ghodaghodi lake of Kailali.

      
        A broader concept developed by the Ramsar Conservation Bureau (1987) defines wetlands as: 'areas of marsh, fen, peat land or water, whether natural or artificial, permanent or temporary, with water that is static or flowing, fresh, brackish or salt, including areas of marine water, the depth of which at low tide does not exceed six meters.'

      Nepal's National Wetlands Policy (2003) defines wetlands as "natural or artificially created areas, such as swamp, marsh, riverine floodplain, lake, water storage area and agricultural land containing water from underground water resource or atmospheric precipitation that may be permanent or temporary, static or flowing and freshwater or saline". This definition clearly differs from Ramsar definition in that it does not consider any marine or coastal wetlands.

    
  
    
      2.5 Types of Wetland

      Wetland can be classified into three general categories: marshes, swamps, and peat-land. Within each of these categories, wetlands can vary widely. Since wetlands depend on water sources, their boundaries can change. The characteristics that describe each category include vegetation, soil type, water supply, and water chemistry.

      (a) Marshes: Marshes are periodically or continually flooded wetlands characterized by non-woody emergent plants, plants that are adapted to living in shallow water or in moisture-saturated soils.

      (b) Swamps: Swamps are dominated by trees or shrubs and occur in a variety of flooding conditions. Standing water can be present in swamps during all or just a small part of the year.

      
        
      

      (c) Peat-lands: In peat-lands, plants are produced more quickly than they can decay and there is accumulation of partially decomposed plant material, which is called peat. Peat provides an organic soil that influences the plant growth.

      Marshes Wetland Ecosystem

      Marshes are wetlands in which vegetation is grassy. Marshes vary in depth, from deep water to shallow. These areas are treeless swamps. The maximum tolerable depth for emergent vegetation is approximately 1.5m. Freshwater marshes are soil, water-logged or submerged under as much as 25cm of water. The optimal temperature for swampy fish is 15°℃ to 20°C and a pH is 5 to 8. The wetland ecosystem may vary with the physical environment.

      Abiotic Components: This includes the aerial environment consisting of different elements such as C, H, N and O and dissolved materials.

      Biotic Components:

      (a) Producers: These include green vegetation such as grass, khar, elephant grass in swamps, the jelly-like algae Nostoc and other weeds in marshes. These weeds are of various types:

      (i) Floating weeds: These include Azolla, Eichhornia, Pistia, Polygoizutn, Wotffia, etc.

      (ii) Emergent weeds: These weeds are surface-dwelling plants rooted in the bottom of swamps and marshy areas. Such weeds include Nymphaea, Lotus, Sagittaria, Juncies (Rush) and Nelumbiuni.

      (iii) Submerged weeds: These grow under the water surface and include Hydrilla, Najas, Vallisticria, etc.

      (iv) Marginal weeds: These grow along the margins (shore) of wetlands. They include Ipomea, Typha, etc.

      (v) Microscopic plants: Algae that are scattered in the water body, e.g., Anahacna, Mycrogstis, Oscillatoria are microscopic plants.

      (b) Consumers:

      (i) Primary consumers: The marsh wetlands are inhabited by bottom dwellers

      
        
      

      like snails and annelids (tubeworms like Tubifex). They also include deer and squirrels from the adjoining terrestrial biome.

      (ii) Secondary consumers: These include aquatic insects, swamp fish, ducks, turtles and aquatic birds as well as tigers from adjoining biome.

      (iii) Tertiary consumers: These include crocodiles and bears.

      (c) Decomposers: These include bacteria and fungi in both the swampy and marshy areas.

    
  
    
      2.6 Importance of Wetland

      Wetland is an important area for the aquatic systems of lives. The wetland helps to sustain many species of plants and animals. Biodiversity, balancing the ecosystem, cultural value, recreation value, etc. are the benefits of wetland. Wetland ecosystem is an indispensable part of the earth. To balance such ecosystem, the conservation of ecosystem is compulsory.

      1. Food Crops for Humans: Wetland is a source of food crops for humans. Foods are produced from paddy farm, moist land, naturally formed pond, fisheries pond, etc. Paddy is a main crop of the country. Planting paddy crops and harvesting is traditional work of our society. There is a great celebration in planting, harvesting, transporting and taking in rice. This shows the importance of agriculture in wetlands. During winter, some of the wetlands do not have water, however, the soil remains moist. The crops may also be produced in such wetlands.

      The wetland is also an appropriate habitat of fish. Fish are good sources of nutritious food to humans. People have begun fishing since ancient times. The oldest known painting of an angler using a rod or staff comes from Egypt and is dated about 2000 B.C. The wetlands can also be used for vegetable farming. The employment as well as economic development can be promoted by using wetlands as agricultural lands.

      2. Food Crops for Wild Animals: Wetlands are some of the most diverse ecosystems on earth because they have both land and aquatic characteristics. A wetland also provides

      
        habitat for various animal communities. Common animals found in wetlands include micro-organisms, several invertebrates and vertebrates. Reptiles such as turtles, snakes, and alligators are also common animals found in wetlands. Many amphibians such as frogs, salamanders, and toads live in wetlands for certain parts of their life cycle. A large number of fish species require wetland habitat for spawning, feeding or protection from predation. Birds are attracted to wetlands because of abundant food resources and sites for nesting, resting, and feeding. Several migratory birds, including waterfowl, are associated with wetlands. Similarly, several mammals such as muskrats, nutria, mink, raccoons and beavers are also associated with wetlands. Many pasture lands are found along the banks of the rivers found in Nepal. The wetland of the Koshi River provides shelter and pasture for wild buffaloes, gaur and many birds.

      3. Recreational Activities: Wetlands provide opportunities for recreational activities such as bird-watching, hunting, fishing, trapping and hiking. They also provide educational opportunities for nature studies and scientific research. Some of the wetlands of Nepal are of archaeological interest because of Tharu settlements in Chitwan and Majhi settlements in Indrawati. Wetlands are also valuable for food and timber.

      4. Religious and Cultural Values: The wetland sites have significant recreational, cultural and spiritual values. In recent years, the cultural and historical importance of wetlands has been better recognized globally. The theme of the eighth Conference of Parties of the Ramsay Convention in 2002 was "Wetlands: Water, Life and Culture."

      Wetlands have special historical and cultural importance in Nepal. For instance, the river floodplains of Nepal are important sites of culture and history. The ancient cities of the Kathmandu Valley owed their prosperity to the fertile floodplains of Bagmati and Bishnumati rivers, and the Valley's geological history as a lake. The floodplains of Lumbini supported the Kingdom of the Shakyas, where Lord Buddha was born. The Hindu tradition of cremating the dead human bodies on the river bank is of particular religious importance.

      Lakes and rivers are important for many festivals such as the Chhat festival in the eastern terai, and the Godavari Mela in Lalitpur district, where people bathe in holy streams/ponds. People travel to the holy lake of

      
        
      

      Gosaikunda each monsoon. The International Union for Conservation of Nature - IUCN (1998) lists over twenty lakes and ponds and several rivers of Nepal that are considered very holy places for Hindus, Buddhists and animists. Some of the holy lakes include Barun Sagar, Ganga Sagar, Dhanusha Sagar, Satyawati Tal, Jalpa Khagar Tal, Kali Baraha, Phoksundo Lake, Ghodaghodi Tal, Sapsu Dhap, Bhutarchho Tal, Dauti Pokhari, Gosainkunda, Jatapokhari, Kubhinde Daha, Rinmokshya Daha, Annapurneswor Daha, Papkunda, Dharmakunda, Shiddha Baba tal, Rambha Pani and Bhabishya Bhakta Pokhari.

      5. Economic Values: Wetlands in Nepal are important tourist destinations and contribute significantly to the national and local economy. The lakes of Pokhara and Koshi are major sites for local and foreign visitors. According to the Koshi Tappu Wildlife Reserve Management Plan-2001, Koshi Tappu Wildlife Reserve received over 8,379 Indian and Nepali visitors and 1,831 visitors from other countries between 1995 and 1999 and raised 13,68,505 Nepali Rupees in the form of entrance fees and other activities inside the reserve. River rafting is a popular adventure sport in Nepal that attracts many domestic and international tourists. There are currently 60 private river rafting agencies in Nepal that employ several Nepalese people and generate significant revenues. Similarly, the river rafting on the Bhote Koshi River alone generates USD 1.7 million per year and employs about 1600 persons directly.

      6. Environmental Balance: Wetland is an important ecosystem. Inland wetlands help control floods by storing water and slowly releasing it to downstream areas after the flood peak. Wetlands can reduce wave action and slow down the flow of water, lessening erosion and causing sediments to settle out of the water. This improves water quality with the removal of minerals and contaminants from water by growing wetland plants and by chemical processes in wetland sediments. Wetlands may also serve as sites where surface water can seep into the ground and replenish the groundwater. At present, Nepal has begun to conserve the wetlands around Shivapuri National Park, Rara National Park, Annapurna Conservation Area and Koshi Tappu Conservation Area. This conserves the land ecosystem around the area. The wetlands help to conserve the rare animals such as deer, wild buffalo, wild boar, ghadiyal, etc.

      The existence of all types of wetlands as well as their biological characteristics is determined by water. For example, in freshwater marshes, large emergent plants such as cattails can form dense stands that shade out other plant species. If periodic high-water years occur, the large, dominant plants are killed, providing openings where seeds from other plants can germinate and grow during low-water years. When water levels remain

      
        
      

      low, the dominant plants also grow, eventually shading out the smaller plants again. This cycle maintains diversity, both in the species of the plant community and in the habitat provided by mixed stands of large and small plants.

      Diverse habitats benefit fish that require different conditions for spawning, feeding or seeking shelter from predators. These habitats provide the combinations of open water and protective emergent plants that are preferred by waterfowl, and they provide a variety of food and cover for the smaller organisms that are also eaten by many birds and larger animals.

      ACTIVITIES

      Observe any wetland located in or around your surroundings. Prepare a report of your observation. Also include in the report the importance of that wetland. Present the report in your class.

    
  
    
      2.7 Main Wetlands of Nepal

      The wetlands of the country can be classified in two major groups. They are natural wetlands and artificial wetlands. Lake, pond, inland marsh, marsh, meadows, etc. are natural wetlands, whereas marsh agricultural land and space collected water are artificial wetlands.

      1. River: Antecedent River belongs to the period of the rise of the Himalayas. These rivers added their tributaries during or after the Himalayan origin along with the development of monsoon climate. After the formation of Mahabharata hills, the antecedent rivers changed their courses as Mahabharata hills stood as a barrier. As a result, most of the rivers changed their courses either to the east or to the west. These rivers were responsible for depositing the sediments in Churia basin.

      The major river system, namely, the Koshi, the Karnali and the Gandaki, belong to the antecedent group. Rivers originating from the Mahabharata range and cutting through Churia hills come under the second group; these include Kankai, Bagmati, Kamala, etc. The third group of rivers originate from the southern face of the Churia hills.

      
        
      

      The floods in the river sometimes erode the soil and deposit it. The deposited sand forms a plain area on the bank of the river. After some time, the land becomes sloppy. This may form some marsh land, temporary ponds and small lakes at the bank of the river where water exists most of the time. About 53 percent of the water sources are rivers. The clean water containing lakes, water collected areas, ponds, inland marsh, wet meadows, marsh paddy land, etc. are river-based wetlands.

      There are more than 36 river-based wetlands in Nepal. They help in conserving the endangered species of Nepal, such as one-horned rhinoceros, Gangetic dolphin, tiger, swamp deer (barha-singe), wild elephant, gharial, etc. They are also important for the conservation of biodiversity. Such types of wetland are found in the bank of the big rivers, i.e. Gandaki, Koshi, Karnali and Mahakali rivers. The wetlands based on the Narayani river help in conserving the flora and fauna of the Chitwan National Park. This National Park conserves various animals including one-horned rhinoceros and gharial. The Karnali river helps to conserve the Gangetic dolphin. The wetlands based on the Koshi river help to conserve the species of wild buffalo (arna) in Koshi Tappu Wildlife Reserve. The wetlands based on the rivers are useful for fisheries to humans. Thus, humans have been using these wetlands in various ways.

      2. Lake: Water storage areas, which have more than 8 hectares in area are known as lakes. Lakes are found in mountains, hills and terai regions of Nepal. Lakes cover about 0.6 percent of the total surface water in Nepal. The sources of lakes are mountainous rivers, water storage areas, etc. There are a number of lakes of glacial and tectonic origin in Nepal. The mountain lakes like Rara, Phoksundo and Phewa are majestic in extent and beauty.

      Based on the nutrients contained in the lakes, the lakes are classified into three types. They are oligotrophic lake, mesotrophic lake and eutrophic lake.

      (a) Oligotrophic lake: An oligotrophic lake contains less amount of nutrients. The Khumbu glacier and the Gauri Shankar mountain range include 17 small lakes. These lakes lie on the southern side of Mount Everest and upper region of the Dudhkoshi River. Similarly, the Panchapokhari lake includes 10 small lakes. These lakes do not have any trees. Lichen, moss and dense shrubs are found grown on the moist part of these lakes. The largest lake of the country is Rara lake of Mugu district. Similarly, Phoksundo of Dolpa

      
        
      

      district is another big lake. Some other examples of oligotrophic lakes are Tilichotal of Manang district, and Gosainkunda Lake of Rasuwa district.

      (b) Mesotrophic lake: A mesotrophic lake contains medium amount of nutrients. Such lakes lie in the mid-hills. Some examples of mesotrophic lake are Phewatal, Rupatal and Begnastal of Kaski district, Baraha lake of Tanahu district, Belkot of Makawanpur district, etc.

      (c) Eutrophic lake: A eutrophic lake contains high amount of nutrients. Most of the lakes in the terai region are of this type. Some examples of eutrophic lake are Banda lake and Tara lake of Kanchanpur district, Puraini lake and Ghódaghodi lake of Kailali district, etc. Eutrophic lakes are much more productive than other types of lakes.

      3. Pond: Generally, water storage area, which has less than 8 hectares in area is known as a pond. Ponds are distributed in mountains, mid-hills and terai regions. Some examples of ponds are Mai Pokhari of Ilam, Kamal Pokhari of Kathamandu, Siddha Pokhari of Bhaktapur, etc. In some ponds, the nutrition is higher than required and such ponds are called hypereutrophic ponds. Such ponds are found in urban areas. Ponds also conserve the aquatic animals of various species.

      4. Marsh: Marshland is the land in which the water table is at, above or just below the surface of the ground. It contains grasses, weeds, sedges and cattails, but no trees. The water flows from the source and, if increased, it forms flood. The land around this area is shallow. Such wetlands are found in many parts of the country. They may be freshwater or salt. Freshwater marshes develop along the shallow margins of lakes and slow-moving rivers. They are formed when ponds and lakes become filled with sediment. Salt marshes occur on coastal tidal flats. Inland salt marshes occupy the edges of saline lakes. The nature of a marsh depends on its plant composition, species richness and productivity, which is strongly influenced by its relationship to the surrounding ecosystem.

      Wetlands provide shelter and food for animals. Koshi Tappu Wildlife Reserve, Chitwan National Park and Bardia National Park contain marshes of various capacities. The marshes are also found around the lakes in Kailali, Kanchanpur, Rupandehi and Kapilvastu districts. They are rich in biodiversity. Marshes are important for birds, amphibians, fish and mammals. They are important for fisheries too. Due to the destruction of vegetation and the land degradation, the condition of the marshes deteriorated. The destruction of the marshes also impacts the wetland ecosystem. The marshes inside national parks conserve the ecosystem and lives of animals.

      
        
      

      5. Water Collected Place: Dams constructed for electricity generation give rise to water collected places. Humans also collect water at some places. The storage water is used to generate electricity, for irrigation or drinking and other purposes. It is estimated that the area of such places is about 1380 hectares. Bagnang of Jagdishpur in Kapilvastu district, Marsyangdi in Tanahu district, Panauti in Kabhre district, Gandak dam in Gandaki district, Tanakpur dam in Mahakali district, Koshi dam in Koshi district and Kulekhani in Makawanpur district are some examples of such places.

      6. Marsh Agricultural Land: Marsh agriculture land is a type of human-made wetland. It includes lowlands of wetland, arable land, seasonal arable land, etc. It also includes paddy land, fisheries pond, dam and lowlands. Paddy lands are found mostly in terai region. Seasonal paddy lands contain water around four months in a year. During this period the land is covered by water. After harvesting the paddy (rice), it becomes moist for further two or three months.

    
  
    
      2.8 Causes of Degradation of Wetlands

      1. Population Growth: The rapid population growth, which is 1.35% per annum, is the most important factor for polluting wetlands. It is found that 81% of the people are actively participating in agriculture production and depend on the wetlands.

      2. Deforestation: For the conservation of wetlands, forest area is the essential component. It is found that wetlands are more where the forest area is more. In Kailali district of Nepal, the forest area is around 50%, so there are more lakes as well as wetlands. When the forest area is more, the quality of soil is better and it can retain more water, which provides regular supply of water to the wetlands. The rural population still depends on firewood to meet their energy demand for cooking and heating purposes due to the lack of alternative sources of energy at affordable prices. So, they cut down trees for firewood. Such deforestation reduces the retention capacity of soil and affects the wetlands.

      3. Urbanization: Urbanization is a major cause of impairment of wetlands. Urbanization has resulted in direct loss of wetland acreage as well as degradation of wetlands. Degradation is due to changes in water quality, quantity, and flow rates; increase in pollutant inputs; and changes in species composition as a result of introduction of non-native species and disturbance. The major pollutants associated with urbanization are sediment, nutrients, oxygen-demanding substances, road salts, heavy metals, hydrocarbons, bacteria and viruses.

      4. Roads and Bridges: Roads and bridges are frequently constructed across wetlands since wetlands have low land value. It is often considered to be more cost effective

      
        
      

      to build roads or bridges across wetlands than around them. Roads can impound a wetland, even if culverts are used.

      5. Sanitary Landfills: Landfills can pose an ecological risk to wetlands. Landfill construction may alter the hydrology of nearby wetlands. Leachate from solid waste landfills often has high biological oxygen demand (BOD), and ammonium, iron, and manganese in concentrations that are toxic to plant and animal life. Sanitary landfills may receive household hazardous waste and some hazardous waste from small quantity operators, as well as sewage sludge and industrial waste.

      6. Marinas/Boats: Marina construction and dredging activities add suspended sediments into waters adjacent to wetlands. Intense boating activity can also increase turbidity and degradation of wetlands.

      7. Industry: Adverse effects of industry on wetlands can include the reduction of wetland acreage, alteration of wetland hydrology due to industrial water intake and discharge, water temperature increase, point and nonpoint source pollutant inputs, pH changes as a result of discharges and atmospheric deposition.

      8. Illegal Hunting and Poaching: Wildlife poaching is also increasingly noticed both within and outside the forest areas. Poaching of rhino horn and bone is a common practice. Similarly, tigers are poached for bones and skin, sloth bear and Himalayan bear for gall bladders, musk deer for musk, and birds for meat which also affects the wetlands.

      9. Hydrologic Alterations of Wetlands: Wetlands form as a result of certain hydrologic conditions which cause the water table to saturate or inundate the soil for a certain amount of time each year. The frequent or prolonged presence of water at or near the soil (hydrology) is the dominant factor determining the nature of soil development and the types of plant and animal communities living in the soil and on its surface. Wetland loss and degradation through hydrologic alteration by humans has occurred through such actions as: drainage, dredging, stream channelization, ditching, deposition of fill material, stream diversion, ground water withdrawal and impoundment.

      10. Agriculture: Excessive amount of fertilizers and animal waste reaching wetlands in runoff from agricultural operations, including confined animal facilities, can cause eutrophication.

      11. Toxic Compounds: Irrigation ditching can increase contamination of wetlands receiving irrigation drainage water, particularly where soil is alkaline or contains selenium or other heavy metals. Untreated runoff containing extremely high concentrations of selenium led to mortality and deformities in bird, amphibian and fish embryos and the disappearance of species from wetlands.

      
        
      

      12. Grazing: Grazing livestock can degrade wetlands since they are used as food and water source. Urea and manure can result in high nutrient inputs. Cattle traffic may cause dens and tunnels to collapse. Overgrazing of riparian areas by livestock reduces streamside vegetation, preventing runoff filtration, increasing stream temperatures, and eliminating food and cover for fish and wildlife.

      13. Mining: Acid drainage from active and abandoned mines causes extensive ecological damage. Acid mine drainage introduces high levels of acidity and heavy metals into the wetland environment through runoff and through direct drainage from mines into wetlands.

      14. Apathy of the People: Due to the rapid growth of the population, the waste production from the household also increases. People throw their waste around the sources of water. Most of the people think just for a short period. The waste thrown to the wetlands plays a vital role in the degradation of the wetlands.

    
  
    
      2.9 Conservation of Wetlands

      Wetland loss results in greater flooding and erosion, reduced water quality, and reduced populations of many plants and animals. By 1991, over 60 countries had joined the Convention on Wetlands of International Importance especially known as the Ramsar Convention. Member countries are required to designate at least one wetland as a conservation project to add to the list of wetlands of international importance.

      Wetland is an indispensable part of the natural resources. This helps to conserve the ecosystem. Similarly, it helps to conserve various species of plants and animals on that ecosystem. Humans have crucial role in the conservation of the wetlands, hence they should take the responsibility of the conservation and management of wetlands.

      Table 2.2: Overview of Wetlands of International Importance in Nepal till 2019

      
        
          
          
          
          
          
        
        
          
            	Ramsar sites
            	Area (in hectares)
            	Location (district)
            	Designation
            	Key conservative value
          

        
        
          
            	Koshi tappu
            	17500
            	Sunsari saptari and udayapur
            	1987/12/17
            	Endangered water birds and bubalus arnee (wild water buffalo)
          

          
            	Beeshazari and associated lakes
            	3200
            	Chitwan
            	2003/08/13
            	Excellent habitat as a water hole and corridor for endangered wildlife species like rhinoceros unicornis panthera tigris etc
          

          
            	Ghodaghodi lake area
            	2563
            	Kailali
            	2003/08/13
            	Wildlife corridor between lowland and Siwalik support critically endangered species of turtle vulnerable lutrogale perspicillata etc
          

        
      

      
        
      

      
        
          
          
          
          
          
        
        
          
            	Jagdishpur reservoir
            	225
            	Kapilbastu
            	2003/08/13
            	Serves as buffer zone for movement of birds presence of endangered species of flora
          

        
        
          
            	Gosainkunda and associated lakes
            	1030
            	Rasuwa
            	2007/09/23
            	Presence of considerable number of IUCN red listed endangered and vulnerable species of flora and fauna
          

          
            	Gokyo and associated lakes
            	7770
            	solukhumbu
            	2007/09/23
            	Supports numerous IUCN red listed rare and vulnerable species of flora and fauna
          

          
            	Phoksundo lake
            	494
            	Dolpa
            	2007/09/23
            	Habitat for rare and vulnerable plants and animals like including panthera uncia
          

          
            	Rara lake
            	1583
            	Mugu
            	2007/09/23
            	Habitat for endemic species of plants and amphibians such as frog rara paha
          

          
            	Mai pokhari
            	90
            	Illam
            	2008/10/20
            	Provides habitat for significant epiphytic orchids and endangered fauna
          

          
            	Lake clusters of Pokhara valley
            	26106
            	kaski
            	2016/02/02
            	Hosts site for globally threatened species of migratory birds
          

          
            	total
            	60561 hectares
            	
            	
            	
          

        
      

      Source ;Mofe 2018

      
        
          
          
          
          
          
          
        
        
          
            	
            	
            	
            	
            	
            	
          

          
            	
            	
            	
            	
            	
            	
          

          
            	
            	
            	
            	
            	
            	
          

          
            	
            	
            	
            	
            	
            	
          

          
            	
            	
            	
            	
            	
            	
          

          
            	
            	
            	
            	
            	
            	
          

          
            	
            	
            	
            	
            	
            	
          

        
      

      2.9.1 Importance of Conservation

      the importance of wetland conservation is given below:

      Wetland is a transitional zone of land ecosystem and aquatic ecosystem. Wetland provides shelter and food for living things. It helps to sustain various ecosystems.The quality of wetlands has been degrading due to the lack of management in forestry, urbanization, industrialization, and awareness of the people.Wetlands include water retention, replenishment (particularly of underground aquifers) and water quality improvement by removing or retaining nutrients, processing organic wastes, and reducing sediments before they reach open water. Wetlands are crucial for food production such as rice, vegetables, fish, etc. The wetlands can be used for fish farming. Wetlands in Nepal are also important tourist destinations. They contribute significantly to the national and local economy. Wetlands helps in conserving the biodiversity as different plant species of a wetland provide habitat for varied animal communities. In addition to micro-organisms and vertebrates, reptiles such as turtle, snake, and alligator are common in wetlands.many amphibians such as frog, salamander, and toad live in wetlands during a part of their life cycle.

      
        
      

      · Wetlands provide many opportunities for recreational activities such as bird-watching, hunting, fishing, trapping and hiking. They also provide educational opportunities for nature studies and scientific research.

      · Wetlands have a special historical and cultural importance in Nepal. For instance, the river floodplains of Nepal are important sites of culture and history. In order to maintain such history and culture, people have to conserve wetlands.

      · Wetland is an important ecosystem. It absorbs water from the surrounding areas. Inland wetlands help in controlling floods by storing water and slowly releasing it to downstream areas after the flood peak.

      2.9.2 Policy and Conservation Measures

      The conservation measures of the wetlands may vary on different levels. The measures should be the joint coordination among local level, state level and national level governments. The technical and financial cooperation of the international agencies is needed to conserve and promote the wetlands. There should be various measures for the conservation programmes.

      Nepal's commitment for the environmental conservation is enshrined in the Constitution of Nepal 2047 B.S. (1990 A.D.). According to it, "Nepal would give priority to raising public awareness on environmental issues, to mitigating the adverse effects that the development works have on the environment, and to the conservation of rare fauna and flora.

      Nepal is also a signatory to several Multilateral Environment Agreements of which three can be considered the most important ones for wetland biodiversity conservation. They are "Convention on Wetlands" (Ramsar, 1971), "Convention on Biodiversity Conservation" (CBD, 1992), and "Convention on International Trade in Endangered Species of Wild Fauna and Flora" (CITES, 1973). As a contracting party to the Ramsar Convention (1971), Nepal undertakes responsibility to prepare policy and enact specific laws for the conservation and management of wetlands in Nepal.

      Ratification of the Convention on Biological Diversity (CBD) on 23rd November 1993 led to the creation of the National Biodiversity Unit (NBU) in 1997 to facilitate the implementation of the country's obligations as a Contracting Party to the CBD. It acts as a national focal point for guiding CBD implementation and monitoring. The Nepal Biodiversity Strategy (NBS), 2002 lays down Nepal's strategy for biodiversity conservation and has clearly identified the need for the conservation and sustainable use of wetlands and specifically the need for the following key actions:

      · Formulation of comprehensive national wetland policy and wetland legislation;

      · Review of institutional arrangements to ensure clarity in tenure-wise use and conservation;

      
        
      

      Research on wetland resources to provide scientific data and information; Identification of critical wetland habitats and their protection, and directory and database on wetlands;

      Promotion of collaborative management of wetland resources;

      Implementation of demonstration projects to apply and promote the wise use of wetlands and their resources; and

      Promotion of awareness and capacity programmes on the importance, use, function and management of wetlands and their resources.

      Nepal became a signatory to the Convention of Wetlands of International mportance especially as Waterfowl Habitat (Ramsar, 1971) in 1987. A National Wetland olicy (2003) was formulated as per the recommendation of the Conference of the Parties 1996) in order to manage wetlands in participation with local people and communities. The policy addresses the need for a coordinated approach to wetland management. It ncludes the following objectives:

      a) To conserve, manage and promote the wise use of national wetlands particularly through the collaboration with the communities;

      b) To recognize the importance of the knowledge, innovations and practices of indigenous people and local communities in relation to wetlands and to promote the wider use of such for conservation and sustainable use of wetlands;

      c) To manage wetlands in an ecologically sustainable way;

      d) To achieve community participation in the management and decision-making processes of wetlands;

      e) To raise public awareness, especially of women, about the conservation values and benefits and the wise use of wetlands; and

      f) To ensure a sound scientific and technological basis for conservation management and wise use.

      ACTIVITIES

      Make a list of wetlands located in or around your surroundings and also identify whether each of them is natural or human-made. Study any one of them in detail. Prepare a report on the basis of the following points and present it in your class.

      Include the name of the wetland, its introduction, its advantages, measures undertaken for its conservation, further measures needed for its conservation and your role in its conservation.

      
        Main points to remember

      · Ecology is a branch of Science that deals with the study of interactions between living organisms and their physical environments.

      · There are different types of terrestrial ecosystem such as grassland ecosystem, forest ecosystem and mountain ecosystem.

      . The grassland occupies about 12% area of Nepal. It is characterized by the occurrence of tall and short grasses and herbs. Natural grasslands occur in both temperate area and tropical area.

      · In forest ecosystem, trees are predominant vegetation, spread with a large number of species of herbs, shrubs, climbers, lichens, algae and a wide variety of animals. Forest occupies roughly 40% of the land. The forest ecosystem is of great concern from the environmental point of view.

      · The mountain ecosystem refers to the ecosystem at high elevations on mountains, above the forest line (tree line) altitude of 3500m.

      · This ecosystem includes a sub-snow zone, a meadow zone and a shrub zone. The high altitude environment is characterized by low air density and low levels of oxygen and carbon dioxide. All other environmental conditions which characterize mountain systems are the secondary effects of low atmospheric pressure compared to all other environments.

      · Wetland is the geographic area with characteristics of both dry land and bodies of water. Wetlands typically occur in low-lying areas that receive fresh water at the edges of lakes, ponds, streams and rivers, or salt water from tides in coastal areas protected from waves.

      · A broader concept developed by the Ramsar Conservation Bureau (1987) defines wetlands as: "areas of marsh, fen, peat land or water, whether natural or artificial, permanent or temporary, with water that is static or flowing, fresh, brackish or salt, including areas of marine water, the depth of which at low tide does not exceed six meters."

      · Nepal's National Wetlands Policy (2003) defines wetlands as "natural or artificially created areas, such as swamp, marsh, riverine floodplain, lake, water storage area and agricultural land containing water from underground water resource or atmospheric precipitation that may be permanent or temporary, static or flowing and freshwater or saline".

      
        
      

      · Wetlands can be classified into three general categories: marshes, swamps and peat land.

      · Marshes are periodically or continually flooded wetlands characterized by non- woody emergent plants.

      . Swamps are dominated by trees or shrubs and occur in a variety of flooding conditions. Standing water can be present in swamps during all or just a small part of the year.

      · In peatlands, plants are produced more quickly than they can decay. There is accumulation of partially decomposed plant material, which is called peat.

      · Wetland is an important ecosystem too. It is a source of food crops for humans and other animals. It is also an appropriate habitat of different plants and animals.

      · Several lakes and rivers are also important because of many festivals. In Nepal, some wetlands are important tourist destinations and contribute significantly to the national and local economy.

      
        · Wetlands also help to conserve the rare animals such as deer, wild buffalo, wild boar and ghadiyal.

      . The wetlands of the country can be classified into two major groups. They are natural wetland and artificial wetland.

      · Lake, pond, inland marsh, marsh, meadows, etc. are natural wetlands whereas marsh agricultural land and space collected water are artificial wetlands.

      · Antecedent rivers belong to the period of the rise of the Himalayas. Rivers like Koshi, Karnali and Gandaki belong to this group. Rivers originating from the Mahabharata range and cutting through Churia hills come under the second group which includes Kankai, Bagmati and Kamala. The third group of rivers originates from the southern face of the Churia hills.

      · The river-based wetlands are lakes containing clean water, water collected areas, ponds, inland marsh, wet meadows, marsh paddy land, etc. There are more than 36 river-based wetlands in Nepal. The river-based wetlands help in conserving the endangered species of animals.

      · Water storage areas, which have more than 8 hectares in area are known as lakes. Lakes are found in mountains, hills and terai regions of Nepal.

      . Based on the nutrients contained in the lakes, the lakes are classified into three types. They are oligotrophic lake, mesotrophic lake, and eutrophic lake.

      . An oligotrophic lake contains low amount of nutrients. Some examples of oligotrophic lake are Tilichotal, Gosain Kunda, Panchapokhari lake, Rara lake and Phoksundo.

      A mesotrophic lake contains medium amount of nutrients. Such lakes lie in the mid-

      
        
      

      hills. Some examples of mesotrophic lake are Phewatal, Baraha lake and Belkot.

      · A eutrophic lake contains high amount of nutrients. Most of the lakes in the terai region are of this type. Some examples of eutrophic lake are Tara lake, Puraini lake and Ghodaghodi lake. Eutrophic lakes are much more productive than other types.

      · Generally, water storage area, which has less than 8 hectares is known as a pond. Some examples of pond are Maina Pokhari, Kamal Pokhari and Siddha Pokhari. Ponds where the nutrition is higher than required are called hypereutrophic ponds.

      · Marshland is the land in which the water table is at, above, or just below the surface of the ground. It may be freshwater or salt.

      · Freshwater marshes develop along the shallow margins of lakes and slow-moving rivers. They are formed when ponds and lakes become filled with sediment. Salt marshes occur on coastal tidal flats.

      · Dams constructed for electricity generation give rise to water collected places. Humans also collect water at some places. The storage water is used to generate electricity, for irrigation or drinking and for other purposes.

      · Marsh agriculture land is a type of human-made wetland. It includes lowlands of wetland, arable land, seasonal arable land, etc.

      · By 1991, over 60 countries had joined the Convention on Wetlands of International Importance especially known as the Ramsar Convention.

      · Nepal's commitment for the environmental conservation is enshrined in the Constitution of Nepal 2047 B.S. (1990 A.D.). According to it, "Nepal would give priority to raising public awareness on environmental issues, to mitigating the adverse effects development works have on the environment, and to the conservation of rare fauna and flora."

      · The conservation measures should be the joint coordination among local level, state level and national level governments. The technical and financial cooperation of the international agencies is needed to conserve and promote the wetlands.

      EXERCISES

      A. Write very short answers for the following:

      1. Define ecology and ecosystem.

      2. List out the abiotic components of the forest ecosystem.

      3. Write the important features of terrestrial ecosystem.

      4. What are the ecosystems established in streams and rivers?

      
        
      

      5. Mention the components of an ecosystem.

      6. What is meant by macrophyte. Give an example.

      7. What types of animals exist in the third trophic level of an aquatic ecosystem.

      8. Which type of place is rich in biodiversity?

      9. What are the difference between lotic and lentic ecosystems?

      10. What is trophic level?

      B. Write short answers for the following:

      1. Describe the forest ecosystem with an example.

      2. What is a trophic level? Describe the energy flow in the forest ecosystem.

      3. Describe the mountain ecosystem with an example.

      4. Mention any five points of importance of wetlands in our country.

      5. What are the two major groups of wetland of our country? Give three examples of each group.

      6. Mention any three reasons why the wetlands have been destroyed in Nepal.

      7. Mention any three measures that should be undertaken for the conservation of wetlands.

      8. Mention any four reasons why the wetlands should be conserved.

      9. "A wetland is a suitable habitat for different living beings." Clarify this statement giving examples.

      10. Write short notes on:

      (a) Human-made wetlands

      (b) Swamps

      (c) Wetland ecosystem

      (d) An oligotrophic lake

      (e) Marsh agricultural land

      (f) Energy flow

      (g) Terrestrial ecosystem

      C. Write long answers for the following:

      1. What is meant by wetland? Explain, in brief, how it contributes to maintain balance in environment.

      2. Describe in brief the importance of wetlands from religious and cultural viewpoints. Also give examples.

      3. Describe any one natural wetland of our country. Make your description based on the following points:

      . Introduction of the wetland

      · Its importance

      · Measures undertaken for its conservation

      · Further measures necessary for its conservation.

      4. Describe any one of the human-made wetlands of our country. Make your description based on the following points:

      · Introduction of the wetland

      · Its importance

      · Measures undertaken for its conservation

      · Further measures necessary for its conservation.

      
        Project work

      Visit any ecosystem around your community. Observe if there are any problems/challenges caused by human activities. Discussing with the local people or experts, mention in your project report what measures are necessary for addressing the problems/challenges. Share your report to the local authority.

    
  
    
      
        
      

      CHAPTER 3

    
  
    
      Natural Resources and Biodiversity

    
  
    
      3.1 Introduction

      Soil, water, minerals, sun, air, fossil fuels, forest, grass, land and wildlife are the natural resources, which are the natural gifts. Every resource has some utility. All other organisms also depend on natural resources for their survival, reproduction, growth and development. Each natural resources play a vital role to create a proper ecosystem to maintain the life of all living organisms. Natural resources also provide the habitat for most of the living creatures.

      The resources that exist on the earth independent of human actions are called natural resources. They are developed without the intervention of humans. Air, water, sunlight, soil, plants, animals and natural gas are some examples of natural resources.

      Types of Natural Resources

      People get different things from the natural environment. Some resources available in natural environment can be easily and directly used. Solar energy, water, fruits from plants, etc. can be directly used without any processing. Some of the natural resources cannot be used so easily. They need to be processed and refined. For example, oil, iron, underground water, fish, birds, etc. can be used only after processing. There are three types of natural resources. These are perpetual resources, renewable resources and non- renewable resources.

      Natural resources that will not change or degrade when used regularly are called perpetual natural resources. The resources which do not get exhausted after large exploitation are called perpetual natural resources. Solar energy, biomass energy, wind energy and tidal energy are perpetual natural resources. Resources that can be renewed along with their exploitation and are always available for use are known as renewable natural resources. Some resources such as plants and animals are replaced from time to time because they have a lifecycle and so a continuous harvest is possible. Fresh water, fresh air, fertile soil, animal and plants are some examples of renewable natural resources. Resources, which once used up will be exhausted forever are known as non-renewable natural resources. Once they are used in an unlimited way, they cannot be easily replaced. Therefore, if exploited at large scale they will deplete fast. They cannot regenerate because

      
        they do not have a life cycle. Fossil fuels, nuclear energy, metallic minerals, non-metallic minerals are examples of non-renewable natural resources.

      Perpetual

      · Solar energy

      · Biomass energy

      · Wind energy

      · Tidal energy

      Renewable

      · Fresh water

      · Fresh air

      · Fertile soil · Animal and plants

      Non-renewable

      · Fossil fuels

      · Nuclear energy

      · Metallic minerals

      · Non-metallic minerals

    
  
    
      3.2 Biodiversity

      3.2.1 Introduction

      Natural Resources

      The biosphere constitutes the vital life support for the survival of human race. Biological Diversity is defined as the variability among living organisms from all sources including terrestrial, marine and other aquatic ecosystems and the ecological complexes of which they are part (as defined in the convention on Biological Diversity signed by 154 countries at Rio de Janeiro, Brazil in 1992). This includes diversity within species and between species of different ecosystems. Biological diversity abbreviated as Biodiversity represents the sum total of various life forms such as unicellular protozoa, bacteria, fungi and multi- cellular organisms at various levels. There has been a complex spectrum of life forms on the Earth. However, only about 1.5 million species have been assessed and enlisted so far.

      The existence of human race depends on the well-being of the other life forms present in the biosphere. We have been losing this accumulated heritage of millions of years at an alarmingly fast rate over the past 400 years by our own activities, thereby undermining the very basis of our own existence on this planet. Our biological systems are constantly impoverished by human activities. All over the world, human beings have been mostly

      
        
      

      responsible for the destruction of habitats through intensive agricultural development, over- exploitation of resources, urbanization, industrialization, overpopulation, deforestation, pollution, environmental degradation and ethical degradation.

      3.2.2 Types of Biodiversity

      Biodiversity in a particular habitat is the sum total of all the living organisms in a particular area, of all their individual variations and all the interactions between them (Bhattarai and Croucher, 1994). It is usually analyzed at three levels: (1) Species diversity, (2) Genetic diversity, and (3) Ecosystem diversity.

      1. Species Diversity: A species is a group of organisms which has evolved with distinct inheritable features and occupies a unique geographical area. A species is a population of organisms which are able to interbreed freely under natural conditions. Species usually do not freely interbreed with other species. Biologists have so far described 1.7 million species of plants, animals and micro-organisms. Such variation in living organisms is referred to as species diversity.

      2. Genetic Diversity: The characteristics of all species are determined by different types of genes. For example, a person might have a gene for brown eyes or dark hair. A potato may have a gene for resistance to a certain pest or for a particularly large or nutritious tuber. The number of genes ranges from 1000 in certain bacteria to 4,000,000 in flowering plants and certain animals. In this way, different varieties of plants and animals contain different types of genes. Genetic diversity is the genetic variation within living organisms.

      3. Ecosystem Diversity: This means the variety and frequency of different ecosystems. For example, the ecosystems of the Terai, mountains, rivers, lakes, and ponds constitute the ecosystem diversity in Nepal.

      3.2.3 Biodiversity of Nepal

      Nepal occupies the central Himalayas between the Palaeoarctic (Holarctic) and Palacotropical (Indo-Malayan) regions. The country is located between the latitude of 26° 22' and 30° 27' N, and longitudes of 80° 40' and 88º 12' E. The average length of the country is 885 km from east to west; the width varies from 145 km to 241 km, with a mean of 193 km north to south. Hills and high mountains cover about 86% of the total land area; the remaining 14% is composed of flatlands of the Terai which are less than 300m in elevation. Altitude within the country varies from 67m above sea level at Kechana Kalan of Jhapa in the south-eastern Terai to Mount Everest at 8,848m, the highest point in the world.

      
        Nepal comprises only 0.1% of land area on a global scale but possesses a disproportionately rich diversity of flora and fauna at genetic, species and ecosystem levels. The species are found in the dense tropical monsoon forests of the Terai, in the deciduous and coniferous forests of the country's subtropical and temperate regions, and in the sub-alpine and alpine pastures and snow-covered Himalayan peaks. Comprehensive summaries of species diversity are presented in the following tables:

      Table 3.1: Comparative Total of Plant Species of the World and Nepal

      
        
          
          
          
          
        
        
          
            	
              
                
                  
                  
                  
                  
                
                
                  
                    	Group life form
                    	World number
                    	number
                    	percentage
                  

                  
                    	Flowering plants
                    	231638
                    	6793
                    	2.93
                  

                  
                    	Pteridophytes
                    	10369
                    	534
                    	5.15
                  

                  
                    	Lichens
                    	17000
                    	465
                    	2.74
                  

                  
                    	Bryophytes
                    	14000
                    	1150
                    	8.21
                  

                  
                    	Fungi
                    	70000
                    	1822
                    	2.60
                  

                  
                    	Algae
                    	40000
                    	1001
                    	2.50
                  

                  
                    	total
                    	403000
                    	10633
                    	2.64
                  

                
              

            
            	
            	
          

          
            	
            	
          

        
        
          
            	
            	
            	
            	
          

          
            	
            	
            	
            	
          

          
            	
            	
            	
            	
          

          
            	
            	
            	
            	
          

          
            	
            	
            	
            	
          

          
            	
            	
            	
            	
          

          
            	
            	
            	
            	
          

        
      

      Source: NTNC 2014: Nepal's biodiversity profile

      
        3.2 : Comparative total of animal species of the world and nepal

      
        
          
          
          
          
        
        
          
            	
              
                
                  
                  
                  
                  
                
                
                  
                    	Group life form
                    	World number
                    	number
                    	Percentage
                  

                  
                    	Mammals
                    	4675
                    	208
                    	4.45
                  

                  
                    	Birds
                    	9799
                    	867
                    	8.85
                  

                  
                    	Amphibians
                    	4780
                    	55
                    	1.15
                  

                  
                    	Reptiles
                    	7870
                    	123
                    	1.56
                  

                  
                    	Fish
                    	10000
                    	230
                    	2.30
                  

                  
                    	Butterflies
                    	17500
                    	651
                    	3.72
                  

                  
                    	moths
                    	160000
                    	3958
                    	2.47
                  

                
              

            
            	
            	
          

          
            	
            	
          

        
        
          
            	
            	
            	
            	
          

          
            	
            	
            	
            	
          

          
            	
            	
            	
            	
          

          
            	
            	
            	
            	
          

          
            	
            	
            	
            	
          

          
            	
            	
            	
            	
          

          
            	
            	
            	
            	
          

        
      

      Source: NTNC 2014: Nepal's biodiversity profile

      3.2.4 Importance of Biodiversity

      At the ecosystem level, biodiversity provides the conditions and drives the processes that sustain the global economy. The benefits and services provided by ecosystems include:

      1.Generation of soil and maintenance of soil quality: The activities of microbial and animal species including bacteria, algae, fungi, mites, millipedes and worms condition soils, break down organic matter and release essential nutrients to plants. These processes play a key role in the cycling of such crucial elements as nitrogen, carbon and phosphorous between the living and non-living parts of the biosphere.

      2.Maintenance of air quality: Plant species purify the air and regulate the composition he atmosphere, recycling vital oxygen and filtering harmful particles resulting from industrial activities.

      3.Maintenance of water quality: Wetland ecosystems absorb and recycle essential nutrients, treat sewage and cleanse wastes. In estuaries, molluscs remove nutrients from water, helping to prevent nutrient over-enrichment and its attendant problems such as eutrophication arising from fertilizer run-off. Trees and forest soils purify water as it s through forest ecosystems. Forests prevent soils from being washed away and also prevent the harmful siltation of rivers and reservoirs that may arise from erosion and slide.

      
        4.Pest control: Around 99 percent of potential crop pests are controlled by a variety of r organisms, including insects, birds and fungi. These natural pesticides are in many s superior to their artificial equivalents since pests can often develop resistance to chemical control.

      5. Detoxification and decomposition of wastes: Some 130 billion metric tons of organic waste is processed every year by earth's decomposing organisms. Many industrial wastes, including detergents, oils, acids and paper are also detoxified and decomposed by the activities of living things. In soils, the end product of these processes, a range of simple inorganic chemicals is returned to plants as nutrients. Higher (vascular) plants can themselves serve to remove harmful substances from groundwater.

      6. Pollination and crop production: Many flowering plants rely on the activities of various animal species (bees, butterflies, bats, birds, etc.) to help them reproduce through the transportation of pollen. More than one-third of the food crops depend on this process of natural pollination. Many animal species have evolved to perform an additional function in plant reproduction through the dispersal of seeds.

      7. Climate stabilization: Plant tissues and other organic materials within land ecosystem and ocean ecosystem act as repositories of carbon, helping to slow the build-up of atmospheric carbon dioxide and thus, contributing to climate stabilization. Ecosystems also exert direct influences on regional and local weather patterns. Moisture is constantly released into the atmosphere by rainforests. In cold climates, meanwhile, forests act as insulators and as windbreaks, helping to mitigate the impacts of freezing temperatures.

      8. Prevention and mitigation of natural disasters: Forests and grasslands protect landscapes against erosion, nutrient loss and landslides through the binding action of roots. Ecosystems bordering regularly flooding rivers help to absorb excess water and thus reduce the damage caused by floods. Certain coastal ecosystems prevent the erosion of coastlines.

      9. Provision of food security: Biodiversity provides the vast majority of our foodstuff. The annual world fish catch represents humanity's most important source of wild animal protein, with over 20 percent of the population in Africa and Asia dependent on fish as their primary source of protein. Terrestrial animals, meanwhile, supply an array of food products: eggs, milk, meat, etc. Wild biodiversity provides a wide variety of important foodstuff including fruits, game meats, nuts, mushrooms, honey, spices and flavourings. These wild foods are especially important when agricultural supplies fail. Indeed, wild biodiversity guards against the failure of even the most advanced agricultural systems. For example, the productivity of many of the developed world's agricultural crops is maintained through the regular assimilation of new genes from wild relatives of these crops. These wild genes offer resistance to the pests and diseases that pose an ever- evolving threat to harvests.
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      10. Provision of healthcare: The World Health Organization estimates that 80 percent of people in the developing world rely on traditional medicines derived mainly from plants. In Southeast Asia, for example, traditional healers use some 6,500 different plant species to treat malaria, stomach ulcers, syphilis and other diseases. Biodiversity is also critical to the 'formal' health sector of the developed world. A recent survey showed that of the top 150 prescription drugs used in the United States, 118 are based on natural sources. Of these, 74 percent are derived from plants. Microbes and animal species have also contributed a range of medicines including Penicillin (derived from the fungus Pencillium notatum) and several drugs - including anaesthetics derived from the skin secretions of tree-frog species. The medicinal importance of biodiversity is particularly impressive considering that only a tiny fraction of earth's species have been thoroughly investigated for medicinal properties. The investigative process is continually turning up new pharmaceuticals of great promise. A recent study of cone snails, for example, has identified a painkiller that is up to a thousand times more effective than morphine but without morphine's addictive properties.

      11. Income generation: Needless to say, the above services are all essential to the functioning of the global economy. Yet biodiversity also has great importance as a direct source of income and economic development. One example is 'bioprospecting' (the search for previously unknown biotic products of specific utility such as natural pesticides, anti-fungal toxins and 'oil-eating' enzymes). Such discoveries join an impressive list of miscellaneous goods provided by biodiversity, including many of our most important building materials, fibres, fuels, waxes, resins, aromatics, dyes and gums. Even in its wholly untapped state, biodiversity does great service to economies through ecotourism. People taking nature-related holidays contribute at least $500 billion per year to the national incomes of the countries they visit. Florida's coral reefs, for example, earn around $1.6 billion per year through tourism alone.

      12. Spiritual / cultural value: It's no mystery why people are prepared to spend so much to get close to nature. Human beings instinctively derive aesthetic and spiritual satisfaction from biodiversity. Recent studies have confirmed what has always been known: our emotional wellbeing is enhanced by the proximity of natural beauty. The

      
        umbilical bond between humanity and biodiversity is reflected in the art, religions and traditions of diverse human cultures: a spiritual heritage that will be lost for all time if its basis, nature itself, continues to be destroyed.

      3.2.5 Causes of Loss of Biodiversity

      The natural and semi-natural forest habitats are mostly divided into two management systems, i.e. national forests and protected areas. About 70% of the forests of Terai and Siwalik hill zones are national forests and the rest are within protected areas. The mid-hill forest ecosystems are poorly represented in protected areas and are considered threatened. Felling of trees of Sal, Khair, Simal, Satisal and Bijayasal in the Terai, collection of biomass such as fuel wood, leaf litter, fodder in the hills, collection of Lokta and medicinal and aromatic plants, heavy lopping of Oak trees for fodder, cutting of blue pine tree in high altitude for roof shingles and timber for house construction have negative impact on the forest biodiversity.

      Threats to endangered plants and animals are increasing due to high commercial values in local and international markets for specific plant and animal parts. The threat of loss of agro-biodiversity and the genetic resources of Nepal is primarily due to the destruction of natural habitat, overgrazing, land fragmentation, commercialization of agriculture and the extension of high-yielding crop varieties, indiscriminate use of pesticides, population growth and urbanization, changes in farmers' priorities and lack of awareness among policy makers and planners about the importance of biodiversity.

      Causes of the Loss of Biodiversity in Nepal are given below:

      (a) Poverty

      (b) Fragmented land system

      (c) Landslides

      (d) Deforestation

      (e) Grassland fire: Both natural and the one caused by people

      (f) Poaching, hunting and other illegal activities

      (g) Pollution and other environmental degradation including soil erosion

      (h) Over collection of non-timber forest products

      (i) Replacement of indigenous species with exotic varieties; alien species promoted over indigenous species

      (j) Hybridization of local varieties with alien species

      (k) Predation, competition and other impacts of alien species

      (1) Lack of environmental awareness and public participation

      (m) Weak administrative planning and management capacity

      (n) Inadequate implementation of legislation.

      
        
      

      3.2.6 Impacts of Biodiversity Depletion

      The impacts of depletion of biodiversity are as follows:

      (a) Decrease in the number of species

      (b) Imbalances in the ecosystem

      (e) Lack of water resources

      (d) Decrease in availability of natural resources (e) Changes in climate and climatic pattern

      (f) Decrease in forest production

      (g) Pollution

      (h) Impact on tourism (i) Increase in disease and its impact on livelihood

      (j) Loss in the overall financial system

      3.2.7 Endemic Species of Nepal

      Endemism is the ecological state of being unique to a particular geographic location such as a specific island, habitat type, nation or other defined zone. To be endemic to a place or area means that it is found only in that part of the world and nowhere else. Analysis on the distribution of flowering plants in Nepal reveals that 246 species out of about 5100 species are endemic to Nepal. In other words, those 246 species are not known to occur outside the political boundary of Nepal which encompasses 147,181 sq.km. A considerable number of plants will have to be added to this list if mountain ranges or valleys common to neighbouring countries are included in the natural range of endemism. Thirty-two species from this list have been reported to have originated elsewhere. In spite of these deductions, 185 species including infra-specific taxa have been added to the checklist of endemic plants, bringing the total count of endemic plant species to 399.

      In Nepal, there are four species of butterflies, six species of fishes, nine species of amphibians, one species of lizard, one species of snake, two species of birds and one species of mammals that are considered as endemic species,

      
        Table 3.3 butterfly species

      
        
          
          
          
          
        
        
          
            	SN
            	Scientific name
            	Common name
            	occurrence
          

        
        
          
            	1
            	Polymmatus nepalensis
            	Nepal meadow blue
            	Central highlands mustang
          

          
            	2
            	Crebeta nepalica
            	
            	Central highlands mustang manang
          

          
            	3
            	Paralassa nepalaca
            	Nepal argus
            	Western highlands dolpa
          

          
            	4
            	Pyrgus nepalensis
            	Nepal skipper
            	Western central and eastern highlands humla jumla mustang rasuwa solukhumbu
          

        
      

      Table 3.4 fish species

      
        
          
          
          
          
        
        
          
            	
            	Scientific name
            	Common name
            	Occurrence in physiographic zone
          

        
        
          
            	1
            	Schizothorax inacrophihalmus
            	Asala
            	Western high himal
          

          
            	2
            	Schizothorax nepalensis
            	Asala
            	Western high himal
          

          
            	3
            	Schizothorax raraensis
            	Asala
            	Western high himal
          

          
            	4
            	Schizothorax annandalei
            	Chuche Asala
            	Centre midhills
          

          
            	5
            	Psilorlrynchus pseudecheneis
            	The macha
            	East and central midhills
          

          
            	6
            	Bairilius jalkapoorei
            	Jalkapoor
            	Midhills
          

          
            	7
            	Lepidocephalichthys nepalensis
            	Latani
            	East terai
          

          
            	8
            	Pseudeutropis murius hairaensu
            	Jalkapur
            	West siwaliks
          

        
      

      Table 3.5 herpetofauna species

      
        
          
          
          
        
        
          
            	
            	Scientific name
            	Distribution according to region and physiographic zones
          

        
        
          
            	
            	Amphibians
            	
          

          
            	1
            	Scutiger nepalensis
            	Western and central midhills
          

          
            	2
            	Rana ercepea
            	Western midhills
          

          
            	3
            	r.rninica
            	Western midhills
          

          
            	4
            	r.nepalensis
            	Western and eastern midhills
          

          
            	5
            	r.pierrei
            	Central and eastern terai and siwaliks
          

          
            	6
            	r.rara
            	Central midhills and western high himal
          

          
            	7
            	r.rostandi
            	Central midhills and central/eastern high himal
          

          
            	8
            	r.teraiensis
            	Eastern terai and siwaliks
          

          
            	9
            	Tomopterna swan
            	Eastern siwaliks
          

          
            	
            	Lizard
            	
          

          
            	1
            	Scincella capitanea
            	Central midhills
          

          
            	
            	snake
            	
          

          
            	1
            	Xenochrophis flaviprunctatus schnurenbergerii
            	Western terai and siwaliks
          

        
      

      
         Table 3.6 bird and mammal species

      
        
          
          
          
          
        
        
          
            	SN
            	Scientific Name
            	Common name
            	Distribution
          

        
        
          
            	
            	Birds
            	
            	
          

          
            	1
            	Pnoepyma immaculata
            	Nepal wren babbler
            	Central and eastern midhills
          

          
            	2
            	Turdoides nipalensis
            	Spiny babbler
            	All regions of terai/siwaliks and midhills
          

          
            	
            	mammals
            	
            	
          

          
            	1
            	Apodemus gurkha
            	Himalayan field mouse
            	Central midhills and high mountains/high himal
          

        
      

      3.2.8 Importance of Endemic Species

      The endemic species are important from the following viewpoints:

      1. Supply of food resources

      2. Medicinal value

      3. Commercial value

      4. Ecological value

      5. Aesthetic value

      6. Supply of firewood

      7. Maintain the soil fertility

      8. Maintain the air quality

      9. Maintain the water quality

    
  
    
      3.3 Conservation of Biodiversity

      3.3.1 Approaches of Conserving Biodiversity

      Biodiversity and ecological survival are indispensable. People are getting various benefits from these both. However, human activities continue to push biodiversity to the brink of extinction. Negative changes in it have a great impact on human beings and other living beings. Various measures can be taken to prevent it from disappearing.

      (a) Policy Development and Implementation: With the help of law, illegal development activities in natural habitats, unauthorized exploitation of natural resources and other man-made disasters can be stopped. Controlling such destructive activities will go a long way in conserving biodiversity. Acts and laws play an effective role in protecting our natural environment.

      
        (b) Nature Conservation: The government can take a powerful step in committing to conserve nature. This is commonly known as the protected area. Under the protected area, the flora and fauna found in any given area are under surveillance and protection. Development work in the area, including other humanitarian interventions, is prohibited. As a result, the destruction of natural resources is prevented and natural habitats are saved.

      (c) Removal of Invasive Species: Invasive species are non-native species that have entered any environment knowingly or unknowingly and have spread in the natural environment. These have a negative impact on our environment, health and economy. Such invasive species are imported through various means. Experts should be consulted before bringing such species into the country.

      
        
          
          
        
        
          
            	Eichhornia crassipes
          

        
        
          
            	
            	
          

          
            	
            	
          

          
            	The water Eichhornia crassipes (Jalkumbhi) is a weed that grows in the wetland and floats on the surface. Its roots have feather-like fibers. The flowers range from purple to pale blue and the fruit contains many seeds. This weed thrives in very slippery wetlands and floats on the surface, preventing air and light from reaching underwater flora and fauna. This plant can spread naturally without human help.
          

        
      

      (d) Habitat Restoration: If any area has been damaged by human impact or due to other natural reason, efforts should be made to restore that area. Restoring a natural state or habitat means restoring the animals or plants found there. This measure has been shown to be important in restoring biodiversity.

      
        
      

      (e) In-vitro Reproduction and Seed Bank: Artificial insemination is the act of capturing and preserving an endangered species of animal or plant. This will increase the number of endangered species or plants and restore them to their natural habitat. Seeds of many species of plants are collected and stored in the seed bank. If any species becomes extinct the stored seeds can be brought back to the natural environment.

      (f) Minimizing Activities that Cause Climate Change: Climate change is having devastating consequences for all living things on earth. High human consumption of fossil fuels is a major cause of climate change. We must discourage such activities and adopt alternatives.

      (g) Use of Sustainable Products: The use of sustainable products helps to preserve the natural originality while maintaining the existing economic, cultural and environmental condition. Therefore, biodiversity can be conserved by making full use of such products.

      (h) Conservation Education: Through conservation education, people are made aware of biodiversity, its complexities and the problems posed by its depletion. This develops the awareness of the need to use biodiversity responsibly, which in turn contributes to conservation.

      (i) Involvement of Community: Nature can be conserved and utilized in a sustainable manner only with the active participation of stakeholders working at all levels. It is especially difficult to conserve nature without the participation of local people who make a living based on natural resources. Local participation can be effective for sustainable nature conservation only when livelihoods are secure.

      (j) Research: To protect any species, it is important to understand how they interact with the environment. Research is the only way to understand that process. Take, for example, wildlife corridor conservation. The corridor helps to increase the number of wildlife by reducing the link between humans and wildlife.

      3.3.2 In-situ Conservation

      In-situ conservation means "on-site conservation". It is the process of protecting an endangered plant or animal species in its natural habitat, either by protecting or cleaning up the habitat itself, or by defending the species from predators. This term refers

      
        
      

      also to the conservation of genetic resources in natural populations of plant or animal species, such as forest genetic resources in natural populations of tree species. This is increasingly being applied to conservation of agricultural biodiversity in agro-ecosystems by farmers, especially those using unconventional farming practices. One benefit of in- situ conservation is that it maintains recovering populations in the surroundings where they have developed their distinctive properties. Another benefit is that this strategy helps ensure the ongoing processes of evolution and adaptation within the environment.

      This involves setting aside large portions of earth's surface for wildlife. However, many protected habitats are used for logging, tourism and other profitable activities, thereby pushing wildlife conservation to a less important objective. Many protected habitats are not large enough, although they are not maintained properly nor they are properly protected from environmental pollution. These factors reduce the laudable advantages of "In-situ" conservation to some extent. Large pockets of protected zones are essential for not only conserving vast number of species of living organisms but also provide opportunities to evolve.

      Monitoring the effects of land management and conservation programmes is also very important. The National Parks and Conservation Areas in Nepal are as follows:

      Table 3.7: National Park (NP)

      
        
          
          
          
          
        
        
          
            	SN
            	Name
            	Year of Establishment
            	Area (km2)
          

        
        
          
            	1
            	Chitwan NP
            	1973 (2030 BS)
            	932
          

          
            	2
            	Langtang NP
            	1976 (2032 BS)
            	1,710
          

          
            	3
            	Rara NP
            	1976 (2032 BS)
            	106
          

          
            	4
            	Sagarmatha NP
            	1976 (2032 BS)
            	1,148
          

          
            	5
            	Khaptad NP
            	1984 (2042 BS)
            	225
          

          
            	6
            	Shey Phoksundo NP
            	1984 (2042 BS)
            	3.555
          

          
            	7
            	Bardia NP
            	1988 (2044 BS)
            	968
          

          
            	8
            	Makalu Barun NP
            	1991 (2048 BS)
            	1,500
          

          
            	9
            	Shivapuri Nagarjun NP
            	2002 (2058 BS)
            	159
          

          
            	10
            	Banke NP
            	2010 (2066 BS)
            	550
          

          
            	11
            	Parsa NP
            	2017 (2073 BS)
            	637
          

          
            	12
            	Suklaphanta NP
            	2017 (2073 BS)
            	305
          

        
      

      Table 3.8: Wildlife Reserve (WR)

      
        
          
          
          
          
        
        
          
            	SN
            	name
            	Year of establishment
            	Area (km2)
          

        
        
          
            	1
            	Koshi tappu wr
            	1976(2032BS)
            	175
          

        
      

      
        Table 3.9: Hunting Reserve (HR)

      
        
          
          
          
          
        
        
          
            	SN
            	Name
            	Year of Establishment
            	Area (km2)
          

        
        
          
            	1
            	Dhorpatan HR
            	1987 (2044 BS)
            	1.325
          

        
      

      Table 3.10: Conservation Areas (CA)

      
        
          
          
          
          
        
        
          
            	SN
            	Name
            	(CA) Year of Establishment
            	Area (km2)
          

        
        
          
            	1
            	Annapurna CA
            	1992 (2049 BS)
            	7,629
          

          
            	2
            	Kanchanjunga. CA
            	1997 (2054 BS)
            	2,035
          

          
            	3
            	Manaslu CA
            	1998 (2055 BS)
            	1,663
          

          
            	4
            	Blackbuck CA
            	2009 (2066 BS)
            	15.95
          

          
            	5
            	Api Nampa CA
            	2010 (2067 BS)
            	1,903
          

          
            	6
            	Gaurishankar CA
            	2010 (2067 BS)
            	2,179
          

        
      

      
        
          
          
          
        
        
          
            	Ramsar Sites
            	Disignation
            	Area (in hectares)
          

        
        
          
            	Koshi Tappu
            	1987/12/17
            	17,500
          

          
            	Beeshazari & Associated Lakes
            	2003/08/13
            	3,200
          

          
            	Ghodaghodi Lake Area
            	2003/08/13
            	2,563
          

          
            	Jagadishpur Reservoir
            	2003/08/13
            	225
          

          
            	Gosainkunda & Associated Lakes
            	2007/09/23
            	1,030
          

          
            	Gokyo & Associated Lakes
            	2007/09/23
            	7,770
          

          
            	Phoksundo Lake
            	2007/09/23
            	494
          

          
            	Rara Lake
            	2007/09/23
            	1,583
          

          
            	Mai Pokhari
            	2008/10/20
            	90
          

          
            	Lake Clusters of Pokhara Valley
            	2016/02/02
            	26,106
          

          
            	TOTAL
            	60,561 hectares
            	
          

        
      

      Table 3.11: Overview of Wetlands of International Importance in Nepal till 2019

      Source: MoFE, 2018

      3.3.3 Ex-Situ Conservation

      Apart from the conservation of species in the wild, efforts have been made towards ex-situ conservation for specimen preservation. It means the wildlife conservation in captivity under human care. The endangered plants and animals are collected and bred under controlled conditions in gardens, zoos, sanctuaries, etc. The wildlife management in captivity has the following advantages:

      (a) The organisms are assured of food, water, shelter and security for their longer life. The people should be educated properly regarding ecological issues so that they could conserve resources and avoid extravagance as well.

      
        (b) The chances of survival of endangered species increase because of human care under secure conditions.

      (c) This offers the possibility of using genetic techniques to improve the species concerned.

      However, there are some disadvantages and limitations of wild-life management in captivity:

      (i) Since maintenance and breeding of plants and animals under captivity is very expensive, it can be adopted only for a few selected species.

      (ii) Wildlife captivity only under a set of favourable environmental conditions deprives the organisms of the opportunity to adapt to ever-changing natural environment. Therefore, new life forms cannot evolve, and thus, the gene-pool gets stagnant.

      Botanical Gardens and Herbarium

      Botanical gardens are established and managed under the Department of Plant Resources in various ecological locations of the country. The botanical gardens conduct landscape development, ex-situ and in-situ conservation, as well as conservation with educational programmes and pilot productions.

      The Central Botanical Garden (82 ha) is located at Godavari (1515m altitude) of the Kathmandu Valley, at the base of the Phulchoki Hill (2715m altitude).

      Since their establishment in October 1962, much of the activities in the botanical gardens has been focused on enriching the gardens with indigenous plants so as to integrate the collection with scientific investigation, conservation, demonstration and education.

      There are 89 species of trees, 26 species of shrubs, 50 species of herbs, and 12 species of climbers conserved in the Central Botanical Garden. Special features of the garden include the Japanese cherry garden, flowering peaches, plantations by very important persons (VIPs), usually prominent visitors to the gardens and representation of the Fagaceae and Magnoliaceae gardens. A number of exotic species such as 31 trees and shrubs including Sequoia sempervirens, Metasequoia glyptostroboides, Platanus

      
        orientalies, Liriodendron tulipifera, Ginkgo biloba, and Acer truncatum have also been recorded.

      Other botanical gardens in the country by location, altitude, and year of establishment are as follows:

      
        
          
          
          
          
          
        
        
          
            	SN
            	Name 3.12: Botanical Gardens
            	Location Nepal
            	Altitude
            	Year of Establishment
          

        
        
          
            	1
            	Maipokhari Botanical Garden
            	Ilam
            	2200m
            	1992
          

          
            	2
            	Dhanusha Botanical Garden
            	Dhanusha
            	100m
            	1998
          

          
            	3
            	Vrindaban Botanical Garden
            	Hetauda, Makawanpur
            	500m
            	1962
          

          
            	4
            	Daman Botanical Garden
            	Daman, Makawanpur
            	2140m
            	1962
          

          
            	5
            	Tistung Botanical Garden
            	Tistung, Makawanpur
            	1700m
            	1962
          

          
            	6
            	Mulpani Botanical Garden
            	Kapurkot, Salyan
            	2000m
            	1990
          

          
            	7
            	Dhitachor Botanical Garden
            	Jumla
            	2500m
            	1990
          

          
            	8
            	Deoria Botanical Garden
            	Dhangadhi, Kailali
            	100m
            	1998
          

        
      

      Table 3.12: Botanical Gardens in Nepal

      Central Zoo - National Trust for Nature Conservation

      The Central Zoo, the only zoo of Nepal, was established by late Rana Prime Minister Juddha Shumser in 1932 as a private zoo. With the political change in 1950, the ownership of the private zoo came under the Government of Nepal. Over the years, the management of the zoo remained under various departments of the government. In December 1995, the Government of Nepal formally entrusted overall management responsibility of the Central Zoo to the National Trust for Nature Conservation (NTNC) for 30 years. The Central Zoo at present aims at developing it as a centre for recreation, conservation, education and wildlife research within the given ideology of modern zoo philosophy.

      
        The central zoo covers an area of six hectares. It has the collection of some 957 animals and 119 other species, of which there are 33 species of mammals, 61 species of birds and 8 species of reptiles and 17 species of fish. The central zoo exhibits 15 out of 38 endangered animal species of Nepal. They are exhibited in spacious enclosures, which simulate their habitats. The central zoo has initiated an animal exchange program with some zoos abroad and has brought some exotic wildlife species such as Siamang, Ostrich, Hippopotamus and some bird species.

      Hetauda Municipality maintains a mini zoo (0.3ha) integrated with a public park and a picnic spot. The zoo was established in 1991. It includes animals such as the spotted deer, barking deer, hares, birds, tortoises, etc.

      Captive Breeding and Translocation

      Captive breeding of crocodiles has been carried out successfully in the Gharial Farm in Chitwan. Although the population of gharial crocodiles was close to extinction, the breeding effort has revived its population. The Gharial Breeding Centre was established in 1978 at Kasara in Chitwan. By 2005, 661 captive bred gharials have been released into the various rivers of Nepal. Crocodile breeding has also been initiated in Bardia National Park. The elongated tortoise (Indotestudo eleongata) has also been successfully hatched at the Gharial Breeding Centre from seed animals brought from the Hetauda Mini Zoo.

      Natural History Museum

      The Natural History Museum is located at Swayambhu, Kathmandu. This museum is under the management of Tribhuvan University. The main objective of this museum is to nurture Nepal's natural history and serve as a research and educational facility in Nepal for scientists, teachers, students, and other scholars. The Museum maintains a well- managed scientific record of Nepalese flora and fauna. A large number of floral and faunal specimens are exhibited at the Museum's exhibition hall.

      
        
      

      The Museum manages the Swayambhu Environment Garden representing the medicinal plants of Nepal. The garden consists of three primary components: the public park, an experimental park and a nursery. The Museum serves as the scientific authority of fauna for CITES implementation in Nepal.

      Indigenous Knowledge in Conservation

      Indigenous people with a historical continuity of resource-use practices often possess a broad knowledge base of the behaviour of complex ecological systems in their own localities. This knowledge has accumulated through a long series of observations transmitted from generation to generation. Such "diachronic" observations can be of great value and complement the "synchronic" observations on which western science is based The indigenous people depended, for long periods of time, on local environment for the variety of resources, but they also developed a stake in conserving, thus enhancing the biodiversity. They seem aware that biological diversity is a crucial factor in generating the ecological services and natural resources on which they depend. Some indigenous groups manipulate the local landscape to augment its heterogeneity, and some have been found restoring the biodiversity in degraded landscapes. Their practices for the conservation of biodiversity were grounded in a series of rules of thumb which are apparently arrived at through a trial and error process over a long historical time period. This implies that their knowledge base is indefinite and their implementation involves an intimate relationship with the belief system. Conserving such knowledge would be most appropriately accomplished through promoting the community-based resource-management systems of indigenous peoples.

      A film 'CARAVAN' is based on the society of Dolpa District of Nepal. In this film, a teacher (a Buddhist monk) answers a child's question on an art of a tree on the wall. "This is an art of the picture of a tree. I have not seen the real tree yet. I have known from my teacher that it is a tree." In this film, it is shown that when a man dies, his dead body is cut into small pieces and provided to vultures to feed upon. Such practice may be quite surprising for the people living outside the Dolpa District. However, it may not be suitable to ask people of Dolpa that the dead body should be burned where there is not any tree. In the film, it is explained that it is right or wrong based on the local culture.

      The following practices are used in the local knowledge and ship community: (a) Religious and Cultural Practices: Nepal has its own religious and cultural values and beliefs. Here, people of almost all religions consider animals and plants as equals in one form or another and worship them as gods and goddesses. Animals like mole, duck,

      
        
      

      horse, crocodile, bull, lion, elephant, owl, tortoise, etc. are revered as vehicles of various gods and goddesses. Similarly, we worship the cow as the incarnation of Lakshmi. Plants like Tulsi, Chiuri, Amla, Kadam, Neem, Rudraksha, Sisau, Mango, Pipal, etc. are also worshiped as deities.

      (b) Conservation of Medicinal Plants: The local community has a good knowledge of the resources found in nature. Using the same knowledge, thousands of medicinal plants in the environment seem to have been used to treat various diseases. For example, plants like Nirmasi, Panchaule, Jatamasi, Ghee Kumari, Bojo, Harro, etc. are used as medicine for various diseases or wounds. Knowing the importance of such medicinal plants, they are now being conserved locally. Medicines made using such plants have also found a good market.

      (c) Rotational Cropping: The practice of planting crops according to the season is called revolving crop. The practice of planting paddy in summer and wheat in winter has been going on for a long time. This type of practice enriches the soil and protects the crop from pests and weeds. Not only this, it also plays a big role in the nutritional cycle of the environment. This practice is helping to create a diverse and balanced environment.

      (d) Traditional Irrigation Facility: Earlier, farmers used to irrigate their crops using traditional system. Irrigation canal is used to irrigate the fields from water sources. It penetrates into the soil during the period from the source to the field and this process maintains the capacity of the resource by recharging the aquifer. But now in many places new irrigation technology has been adopted. Various concrete structures have been constructed in the new system. There is no natural penetration from the structure. As more water is consumed from the source, the source dries up, so nowadays some water sources can be seen drying up.

      (e) Traditional Water Mill: Water mill (Pani ghatta) is considered to be a suitable technique for grinding food grains at the local level. In some rural areas, people still depend on water to grind food grains like rice, wheat, pulses, and spices. This technology is driven by gravitational force which is renewable energy. It also eliminates air pollution and noise pollution, so this traditional technology is suitable from an environmental point of view.

      (f) Use of Bio-Pesticides: In rural areas, different methods have been used to control crop pests. Cucumber leaves are spread to remove insects from wheat. The smell of the leaves

      
        
      

      spread in a way that repels insects and increases crop production. Similarly, it is customary to water the field with a stick to remove insects from the paddy. This is practiced only o sunny days to ensure decomposition of fallen insects. This type of natural pesticide does not reduce soil fertility like chemical pesticides and does not contribute to the formation of lethal compounds in the atmosphere. Consumption of this type of crop does not adversely affect human health as well.

      (g) Traditional Soil Productivity Management: Various local exercises have been done to manage soil fertility. The practice of using compost for home-grown livestock thinning the raised land and burning plant residues is common. But now, with the advent of chemical fertilizers and declining commodities, the local appeal to such practices is declining. It is important to draw everyone's attention to the proper use of such knowledge and practices in an environment-friendly manner.

      (h) Traditional Forest Management: In Nepal, the forest management system is not the same everywhere but the diversity of nature and community is special. In the hilly and mountainous regions, the forest resources are being protected by the locals through traditional technology. In this type of forest management system, forest management documents are prepared subject to the relevant laws, policies and regulations and conservation works are carried out accordingly.

      Traditional Forest Management

      Sing nawa can be taken as an example of local traditional forest conservation. Sing nawa is a local knowledge, which is used to conserve forests and wildlife. In the Sherpa language, 'sing' means firewood or tree and 'nava' means to ask. So, Sing nawa is to ask for permission when cutting down a tree. This practice has been going on in the Sherpa community for a long time. In this management system, people choose an intellectual leader among them. The leader promotes the whole community. He prepares a calendar, which tells them which day to cut the tree and which day not to cut. People follow the same calendar when using forest resources. This prevents arbitrary deforestation and promotes forest conservation.

      3.3.4 Contribution of Local Beliefs in Conservation

      From a long time, the local people have their own cultural beliefs. They regard some plants and animals closely associated with their Gods and Goddesses. With such beliefs, people protect the plants and the animals they respect.

      
        
      

      Table 3.13: Some animals associated with particular God/Goddess are given in the table:

      
        
          
          
          
          
          
          
        
        
          
            	S.N
            	Animal
            	God/Goddess
            	S.N
            	Animal
            	God/Goddess
          

        
        
          
            	1.
            	Wild Duck
            	Brahma
            	12.
            	Elephant
            	Indra/ Ganesh
          

          
            	2.
            	Lion
            	Katyayani
            	13.
            	Rat
            	Ganesh
          

          
            	3.
            	Bull
            	Shiva
            	14.
            	Snake
            	Shiva
          

          
            	4
            	Duck
            	Saraswati
            	15.
            	Parrot
            	Kamdev
          

          
            	5.
            	Horse
            	Surya
            	16.
            	Crow
            	Sani
          

          
            	6.
            	Tiger
            	Durga
            	17.
            	Alligator
            	Ganga
          

          
            	7.
            	Deer
            	Baayu
            	18.
            	Makar
            	Barun
          

          
            	8.
            	Peacock
            	Kumar
            	19.
            	Garudh
            	Bishnu
          

          
            	9
            	Monkey
            	Ram
            	20.
            	Fish
            	Kamdev
          

          
            	10.
            	Tortoise
            	Yamuna
            	21.
            	Dog
            	Bhairav
          

          
            	11.
            	Donkey
            	Shital
            	22.
            	Owl
            	Laxmi
          

        
      

      Table 3.14: Some plants associated with particular God/Goddess are as follows:

      
        
          
          
          
          
          
          
        
        
          
            	S.N
            	Plant
            	God/Goddess
            	S.N
            	Plant
            	God/Goddess
          

        
        
          
            	1.
            	Tulsi
            	Bishnu/Lakmi
            	9.
            	Amala
            	Laxmi
          

          
            	2.
            	Bel
            	Maheshwor/Shiva
            	10.
            	Kadam
            	Krishna
          

          
            	3.
            	Pipal
            	Bishnu
            	11.
            	Sissau
            	Krishna
          

          
            	4.
            	Som
            	Chandrama
            	12.
            	Mauwa
            	Archana
          

          
            	5.
            	Aank
            	Archana
            	13.
            	Sissau
            	Ganesh
          

          
            	6.
            	Bar
            	Bishnu/Rudra/ Buddha
            	14.
            	Nim
            	Shitala
          

          
            	7.
            	Rudraksha
            	Shiva
            	15.
            	Karbir
            	Surya
          

          
            	8.
            	Supari
            	Favourite fruit of God/Goddess
            	16.
            	Simal
            	Archana
          

        
      

      3.3.5 Attempts for the Conservation of Biodiversity

      Nepal has made significant attempts to conserve the biodiversity. Some of them are listed below:

      (a) National Constitution (2015)

      (b) National Parks and Wildlife Conservation Act (1973)

      (c) Land Conservation and Watershed Management Act (1982)

      (d) Forest Act (1993)

      (e) Environmental Protection Act (1996)

      (f) Act to Regulate and Control International Trade in Endangered Species of Wild Fauna and Flora (2017)

      (g) Forest Rules (1995)

      
        (h) National Parks and Wildlife Conservation Rules (1974)

      (1) Wildlife Conservation Rules (1978)

      Environmental Protection Regulations (1997)

      (k) Buffer Zone Management Rules and Regulations (1996)

      (1) Conservation Area Management Rules (2001)

      (m)National Biodiversity Strategy and Action Plan (2014-2020)

      (n) National Wetland Policy (2013)

      (o) Agroforestry Policy (2004)

      (p) REDD+ Strategy (2018)

      (q) Agriculture Development Strategy (2017)

      (r) Non-timber Forest Products and Herbal Development Policy (2004)

      (s) Climate Change Policy (2011)

      ACTIVITIES

      1. Prepare a list of the plants and animals found in your surroundings. Write what plans and programmes are there for the conservation of these plants and animals.

      2. Prepare a list of the endemic plants and animals found in and around your place.

      MAIN POINTS TO REMEMBER

      . Biological Diversity is defined as the variability among living organisms from all sources including terrestrial, marine and other aquatic ecosystems and the ecological complexes.

      · Biological diversity is abbreviated as Biodiversity. It represents the sum total of various life forms such as unicellular fungi, protozoa, bacteria and multi-cellular organisms at various levels.

      . Human beings have been mostly responsible for the destruction of habitats through intensive agricultural development, over-exploitation of resources, urbanization, industrialization, overpopulation, deforestation, pollution, environmental degradation and ethical degradation.

      . Biodiversity is usually analysed at three levels, namely, Species Diversity, Genetic

      
        
      

      Diversity, and Ecosystem Diversity.

      · A species is a population of organisms which is able to interbreed freely under natural conditions. Species usually do not freely interbreed with other species.

      · The characteristics of all species are determined by different types of genes. Different varieties of plants and animals contain different types of genes.

      . Nepal comprises only 0.1% of land area on a global scale but possesses a disproportionately rich diversity of flora and fauna at genetic, species and ecosystem levels.

      · The benefits and services provided by ecosystems include: Generation of soil and maintenance of soil quality

      Maintenance of air quality

      Maintenance of water quality

      Pest control

      Detoxification and decomposition of wastes

      Pollination and crop production

      - Climate stabilization

      Prevention and mitigation of natural disasters

      - Provision of food security

      - Provision of healthcare

      - Income generation

      Spiritual / cultural value

      · The natural and semi-natural forest habitats are mostly divided into two management systems, namely, national forests and protected areas. About 70% of the forests of Terai and Siwalik hill zones are national forests and the rest are within protected areas.

      · Threats to endangered plants and animals are increasing due to high commercial values in local and international markets for specific plant and animal parts.

      . The threat of loss of agro-biodiversity and the genetic resources of Nepal is primarily due to the destruction of natural habitat, overgrazing, land fragmentation, commercialization of agriculture and the extension of high-yielding crop varieties, indiscriminate use of pesticides, population growth and urbanization, changes in farmers' priorities and lack of awareness among policy makers and planners about the importance of biodiversity.

      · Causes of the loss of biodiversity in Nepal are:

      - Poverty

      - Fragmented land system

      - Landslides

      Deforestation

      
        
      

      -Grassland fire: Both natural and the one caused by people

      -Poaching, hunting and other illegal activities

      - Pollution and other environmental degradation including soil erosion

      - Over collection of non-timber forest products

      Replacement of indigenous species with exotic varieties; alien species promoted over indigenous species

      - Hybridization of local varieties with alien species

      - Predation, competition and other impacts of alien species

      - Lack of environmental awareness and public participation

      - Weak administrative planning and management capacity

      - Inadequate implementation of legislation

      · In-situ (on-site) conservation is the process of protecting an endangered plant or animal species in its natural habitat, either by protecting or cleaning up the habitat itself or by defending the species from predators. It maintains recovering populations in the surroundings where they have developed their distinctive properties. Another benefit is that this strategy helps ensure the ongoing processes of evolution and adaptation within their environment.

      · Ex-situ conservation means the wildlife conservation in captivity under human care. The endangered plants and animals are collected and bred under controlled conditions in gardens, zoos, sanctuaries, etc.

      · The botanical gardens conduct landscape development, ex-situ and in-situ conservation, as well as conservation with educational programmes and pilot productions.

      · The Central Botanical Garden is at Godavari of the Kathmandu Valley. Its activities have been focused more on enriching the gardens with indigenous plants so as to integrate the collection with scientific investigation, conservation, demonstration and education.

      . There are 89 species of trees, 26 species of shrubs, 50 species of herbs and 12 species of climbers conserved in the Central Botanical Garden.

      · Other botanical gardens in our country are as follows:

      - Maipokhari Botanical Garden

      - Dhanusha Botanical Garden

      - Vrindaban Botanical Garden

      - Daman Botanical Garden

      - Tistung Botanical Garden

      Mulpani Botanical Garden

      Dhitachor Botanical Garden

      
        
      

      EXERCISES

      A. Write very short answers for the following:

      1. What is meant by endemic species?

      2. How many endemic species of flowering plants are found in Nepal?

      3. Plants are also conserved in a botanical garden. What kind of conservation is this?

      4. How many types of ferns are found in Nepal?

      5. Nepal is rich in biodiversity, how many percent of species of birds are there in comparison to world's bird species?

      6. What is meant by biodiversity?

      7. What is conservation of biodiversity?

      8. What is species diversity?

      9. What is genetic diversity?

      10. What is ecosystem diversity?

      B. Write short answers for the following:

      1. Describe in brief the biodiversity of Nepal.

      2. Explain any five points of importance of biodiversity.

      3. Explain why poverty causes degradation of biodiversity in Nepal.

      4. Write names of any five botanical gardens of Nepal along with the locations of each.

      5. What is the main objective of the Natural History Museum, Swayambhu, Kathmandu?

      6. Mention any five attempts made by our country in order to conserve the biodiversity.

      7. What is the difference between in-situ conservation and ex-situ conservation?

      8. Write short notes on:

      (a) Natural History Museum

      (b) Endemic species

      (c) Ex-situ conservation

      (d) National park

      (e) Hunting reserve

      C. Write long answers for the following:

      1. Explain why deforestation causes degradation of biodiversity in Nepal.

      2. Explain in what way the in-situ conservation has been playing an important role in conserving the biodiversity in Nepal?

      3. Describe what activities have been more focused by the botanical gardens in Nepal?

      
        
      

      Visit a Conservation Area nearby your community. With support of the conservation area officials, make a list of plants and animals found there. Make a report including the following points:

      1. Name and address of the conservation area:

      2. Date of the visit:

      3. Plants available there:

      4. Animals available there:

      5. Remarks: (If there are no conservation areas nearby, collect the necessary information on plants and animals of the nearest conservation area from different sources such as library, internet, etc.)

    
  
    
      
        
      

      CHAPTER 4

    
  
    
      Environmental Pollution

    
  
    
      4.1 Radiation Pollution

      Radiation pollution is the pollution caused by radioactive materials. It causes problems in humans and in ecosystems.

      4.1.1 What is Radiation?

      Radiation is the process by which radiant energy is transferred from one place to another in the form of electro-magnetic waves. The various types of radiation differ from one another by their frequency or wavelength. Higher the frequency or lower the wavelength of a radiation, higher will be its energy. Again, higher the energy of the radiation, the more will be the damage caused to the living organisms.

      The radiation induces the ionization of atoms and molecules. An atom is ionized when energy supplied to it separates one or more of its electrons. Ionization of a molecule produces two fragments.

      Non-ionizing radiation is relatively long-wavelength electromagnetic radiation. Examples are: radio-waves, microwaves, visible radiation, ultraviolet radiation and they have very low-energy electromagnetic fields. Non-ionizing radiation is generally considered less dangerous than ionizing radiation. However, some forms of non-ionizing radiation, such as ultraviolet rays, can damage biological molecules and cause health problems.

      Ionizing radiation is the short wavelength radiation or particulate radiation emitted by certain unstable isotopes during radioactive decay. There are about 70 radioactive isotopes, all of which emit some form of ionizing radiation as they decay from one isotope to another. A radioactive isotope typically decays through a series of other isotopes until it reaches a stable one.

      
        Alpha , beta (B) and gamma (Y) radiations are mainly responsible for radiation pollution. Alpha radiation contains energetic a-particles. Each alpha particle care two units of positive charges and interacts strongly with living tissues. Beta radiation is made up of energetic electrons. Each beta particle carries one unit of negative charm and interacts strongly with matter. Gamma radiation is made up of high energy photons. Photons bring about strong electro-magnetic interaction with matter.

      4.1.2 Sources of Environmental Radiation

      Sources of environmental radiation are both natural and human-made.

      (i) Natural Radiation: The natural sources of radiation are:

      1. Radioactive minerals

      2. Cosmic rays

      3. Radionuclides

      1. Radioactive Minerals: The radioactive elements such as radium 224, uranium 235, uranium 238, thorium 232, radon 222, potassium 40 and carbon 14 occur in rock, soil and water. They are capable of emitting energetic radiations causing pollution.

      2. Cosmic Rays: The cosmic rays contain highly energetic particles. They originate from the sun and from the distant galaxies. Upon reaching the surface of the earth, they cause pollution. The intensity of cosmic rays depends on latitudes and altitude of the place. The intensity is maximum at the poles and minimum at the equator.

      3. Radionuclides: The unstable radionuclides in the atmosphere split up into smaller parts emitting energetic radiation. The smaller radionuclides enter the body of and organism along with air during respiration.

      (ii) Human-made Sources of Radiation: This includes mining and refining of plutonium and thorium, production and explosion of nuclear weapons, nuclear power plants, nuclear fuels and preparation of radioactive isotopes. The various sources of human-made radiation pollutions are as follows:

      1. Atomic reactors and nuclear fuels

      2. Radioactive wastes

      
        3. Nuclear explosions

      4. Radio-isotopes

      5. X-rays and radiation therapy

      6. Television set

      7. Mobile set

      1. Atomic Reactors and Nuclear Fuels: The operation of a nuclear power plant releases large amount of energy. This energy is used in large turbines, which produce electricity. Both the fuel elements and coolants contribute to radiation pollution. Wastes from atomic reactors also contain radioactive materials. The biggest problem is the disposal of these radioactive wastes.

      2. Radioactive Wastes: The nuclear power plants produce a lot of nuclear radioactive wastes. The disposal of these wastes has become a global problem. Some countries produce large quantity of nuclear wastes and they dump those wastes in the ocean nearer to the territory of other countries.

      3. Nuclear Explosion: During nuclear explosion, a large number of radionuclides are generated in the atmosphere. The radionuclides settle down with rain contaminating the soil and water bodies. Finally, these enter into food chain causing serious problem to the living organisms.

      4. Radio-isotopes: Radio-isotopes are also prepared artificially either by nuclear fusion or by nuclear fission. Waste water containing such radioactive materials reaches the water sources through the sewers. From water, they enter the human body through food chain. If these radio-isotopes are not properly handled, these emit radiations causing pollution.

      5. X-rays and Radiation Therapy: Human beings also receive radiation from diagnostic X-rays and radiation therapy for cancers.

      6. Television Set: Television sets produce radiations which can also cause cancer.

      7. Mobile Phone Set: Mobile phone sets produce radiation which affects our body. It affects our brain when we take it near to ear while talking. Similarly, it affects our other body parts when we keep it nearer to them.

      4.1.3 Effects of Radiation Pollution

      The effects of radiation were first noted in 1909 when it was found that uranium miners suffer from skin burn and cancer due to radiations from the radio-active mineral. Different organisms show different sensitivity to ionizing radiations. For example, tests have shown that pine trees die when they are exposed to radiations but the oak trees continue to thrive comfortably.

      
        
      

      Radiation causes various disorders living organisms. Some of the disorders are as follows:

      1. Radiation effects occur in several months or even years after getting exposed to it. The effects are caused by development of genetic changes, mutations, shortening of life span, formation of tumor, cancer, etc. The effect of mutations can persist in the human race.

      2. The effects also include loss of hair, nails, subcutaneous bleeding, change in number and proportion of blood cells, changed metabolism, and proportion of blood cells, etc.

      3. Radiation in bone marrow may cause leukemia.

      4. Radiation may cause skin burns which may lead to skin cancer.

      5. Radiation may also damage the fetus if pregnant women get exposed to it.

      6. It has also been reported that high altitude plants have developed polyploidy (increase in the number of chromosome sets) as a protective mechanism against radiations.

      4.1.4 Controlling Measures of Radiation Pollution

      The following preventive measures should be followed to control radioactive pollution:

      1. Leakage of radioactive materials from nuclear reactors, industries and laboratories should be totally stopped and proper care should be taken to check the radiation pollution at source.

      2. Nuclear reactors should be perfectly maintained to avoid accidental leakage.

      3. The disposal of radioactive wastes must be safe. They should be changed into

      harmers for or stored in safe places so that they can decay in the harmless manner. Radioactive wastes that emit very low radiation only should be discharged in sewerage.

      4. Nuclear tests should be banned.

      5. Preventive measures should be taken so that natural radiation level does not rise above the permissible limits.

      
        
      

      6. Safety measures should be taken against possible accidents in nuclear power plants. Similarly, workers using radioactive materials should wear protective equipment.

    
  
    
      4.2 Hazardous Waste and Its Management

      4.2.1 Introduction

      Hazardous wastes are solid, liquid, or gas wastes that may be deadly or harmful to people or the environment and tend to be persistent or non-degradable in nature. Such wastes include toxic chemicals and flammable or radioactive substances, including industrial wastes from chemical plants or nuclear reactors, agricultural wastes such as pesticides and fertilizers, medical wastes and household hazardous wastes such as toxic paints and solvents.

      Substances are considered hazardous wastes if they are ignitable, corrosive, reactive or toxic. Mixtures, residues or materials containing hazardous wastes are also considered hazardous wastes. Hazardous wastes have been defined by the US Federal Environmental Protection Agency as the wastes that cause a potential hazard to humans or other living organisms for one or more of the following reasons:

      (a) Such wastes are non-degradable or persistent in nature;

      (b) Their effects can be magnified by organisms in the environment;

      (c) They can be lethal; or

      (d) They may cause detrimental cumulative effects.

      
        General categories of hazardous wastes include toxic chemicals and flammable radioactive or biological substances. These wastes can be in the form of sludge, liquid, gas, and solid.

      Many dangerous substances can be used with special precautions in order to reduce their risks. When discarded, these substances are no longer under the direct control of the user and may pose hazards to people and other organisms that come in contact with them. Because of such potential risks, hazardous wastes are processed separately from ordinary wastes.

      4.2.2 Characteristics of Hazardous Wastes

      Ahazardous waste characteristic is a property which, when present in waste, indicates that the waste poses a sufficient threat to merit regulation as hazardous. Environmental Protection Agency (EPA) established four hazardous waste characteristics: ignitability. corrosivity, reactivity and toxicity.

      (a) Ignitability: Wastes are labeled hazardous due to the ignitability characteristic which includes liquids with flash points below 60 ℃, non-liquids that cause fire through specific conditions, ignitable compressed gases and oxidizers.

      b) Corrosivity: Wastes are labeled hazardous due to the corrosivity characteristic which includes aqueous wastes with a pH of less than or equal to 2 ( ≤ 2), a pH greater than or equal to 12.5 (≥ 12.5) or based on the liquids ability to corrode steel.

      (c) Reactivity: Wastes are labeled hazardous due to the reactivity characteristic in which the waste may be unstable under normal conditions, may react with water, may give off toxic gases and may be capable of detonation or explosion under normal conditions or when heated.

      (d) Toxicity: Wastes are labeled hazardous due to the toxicity characteristic which makes the waste harmful when ingested or absorbed. Toxic wastes present a concern as they may be able to leach from waste and pollute groundwater.

      4.2.3 Sources of Hazardous Wastes

      Hazardous wastes are produced mainly from industries, business centres agriculture and household areas.

      
        Industrial Wastes: Hazardous wastes are generated by almost all industries. Industries such as electroplating industry, galvanizing industry, photograph industry, textile industry, tanning industry, ghee industry, oil refining industry, etc. produce important goods as well as hazardous wastes. These industries produce hazardous wastes in the form of residues such as acids, heavy metals, different solutions, chromium, various types of paints, cadmium, oily goods, mercury, etc. For example, in a computer software industry, the production of computer chips involves the use of acids, caustic chemicals and solvents, thereby giving rise to different wastes. Similarly, the process of manufacturing of fibre optics, copper wire, magnetic disks, paper, photographs and transportation of the finished products also generate different hazardous wastes.

      Medical Wastes: Hospitals as well as different health treatment centres give rise to various hazardous wastages such as outdated and unused medicines, different chemicals, sharp objects, etc. Special care should be given while disposing wastes such as unused medicines, chemicals, needles, scalpels and glassware, including the wastes contaminated with patients' blood and tissue, primarily separating these hazardous wastes from ordinary wastes. Diagnosis and treatment of some diseases needs the use of significant amounts of radioactive isotopes, which must be tracked and disposed of carefully.

      
        
      

      Household Wastes: Some common household hazardous wastes are toxic pain flammable solvents, caustic cleaners, toxic batteries, pesticides, drugs and mercury from broken thermometers. While disposing such wastes, we should be careful enough not contaminate the soil or the groundwater. The householder should be asked to recycle dispose of these items separately.

      Renovations of old buildings may also cause toxic lead-paint to flake off from walls. Insulation material on furnace pipes may contain asbestos particles, which can break off and hang suspended in air. When we inhale these particles along with air, they can cause lung diseases.

      Agricultural Wastes: We use different pesticides and herbicides in agriculture. The production and use of such materials also gives rise to several wastes. For example while producing phosphate fertilizer, the fluoride wastes are also produced in the form of by-products. Even soluble nitrates from manure may dissolve into groundwater and contaminate drinking-water wells. A high level of nitrates may cause health problems.

      Research Centres: Nowadays, different types of research centres such as industrial testing laboratory, hospital's laboratory, food testing laboratory, etc. are in operation. Various types of chemicals are used in such laboratories. The disposed liquid or chemicals from such places are injurious to health. Hence, there should be proper waste management system in such organizations.

      4.2.4 Types of Hazardous Wastes

      It is already mentioned that the hazardous wastes may be in solid, liquid or gas forms. Some of the hazardous wastes are as follows:

      Compounds of Mercury: There are some industries which are particularly associated with mercury hazards. They are industries which manufacture fluorescent lamps, electrical switches, mercury batteries, caustic soda, acetic acid, etc. Agro-industries also use a large number of fungicides that contain mercury compounds. Similarly, the miners are also exposed to mercury dust and vapour.

      Occupational workers who are exposed to mercury dust, mercury vapour and inorganic salts of mercury show physical weakness, fatigue, anorexia, loss of body weight and gastro-intestinal disorders. The mercury poisoning also results from either ingestion or therapeutic application of mercury containing substances. This leads to acute gastric pain, nausea, blood vomiting, convulsions and in severe cases, unconsciousness and death.

      
        
      

      Mercury is found as a bright liquid in its element form. When it reacts with various elements, it forms hazardous compounds such as methyl mercury, alkyl mercury, etc.

      Acids: Acids are normally used in laboratories and various industries. They are corrosive in nature. These are injurious to health. Hydrochloric acid, sulphuric acid, chromic acid and nitric acid are some hazardous acids. Along with some industrial production (e.g. production of metals from metallic ores), acids are also formed in the form of wastes.

      Cyanide: Cyanide is a chemical that is found in various forms such as sodium cyanide, potassium cyanide and metal-cyanides. Cyanide is poisonous. Even a very small quantity of it could be fatal.

      Compounds of Lead: There are various forms of lead compounds such as lead sulphide, lead carbonate, lead chloride, etc. Metallic lead is used in dry cells. It is also used in the preparation of various kinds of paints, pigments, etc.

      4.2.5 Effects of Hazardous Wastes

      Hazardous wastes pollute soil, air and water. Pollution of soil may also affect plants and animals, including human beings.

      Land Pollution: Sludge from municipal sewage disposal may contain toxic elements if industrial waste is mixed with domestic sewage. If the sludge is used as a fertilizer, it may contaminate fields. Plants take up toxic substances that do not break down or bind tightly to the soil. Humans and other animals that feed on those plants then consume the toxic substances too.

      Air Pollution: Air may become contaminated by direct emission of hazardous wastes. Evaporation of toxic solvents from paints and cleaning agents is a common problem. The air above hazardous waste may become dangerously contaminated by escaping gas from old dumping sites too.

      Water Pollution: River and lake pollution, if it is toxic enough, may affect animal life and plant life. For example, too much fluoride in water may increase the concentration of fluoride in teeth and bones and may cause dental and bone problems.

      Underground pollutants can be carried by underground water flow. These wastes may reach the earth surface through springs or wells. Especially dangerous are solvents that may have leaked from the underground storage tanks or that may have been carelessly poured on the ground. Toxic metal ions may also be present in these waste plumes.

      
        
      

      Destruction of Ecosystem: The contaminated water resource affects the organisms living in and around it. In the contaminated water, the amount of oxygen needed by living thing will not be sufficient for breathing, which ultimately results in the destruction of aquatic life

      Even non-toxic pollutants present in water may destroy aquatic life. For example phosphates and nitrates, which are usually harmless, can promote the growth of algae in lakes or rivers. If algae grow rapidly in big number, they consume great amount of oxygen. Lack of oxygen eventually suffocates other organisms' life. This process of algal overgrowth, called eutrophication, can kill life in lakes and rivers. In some cases particular algae can also poison the drinking water of people and livestock.

      Effects on Health: In a developing country like Nepal, the hazardous wastes are also thrown at dumping sites. Sometimes in such cases, the chemical reaction among them may cause explosion and burn the local area. The unmanaged disposal of the hazardous substances is also harmful to human health. For example, drinking water which contains cadmium, affects the health badly.

      Similarly, compounds such as dichlorodiphenyltrichloroethane (DDT), PCBs and dioxins are more soluble in fats than in water and therefore tend to build up in the fats within plants and animals. These substances may be present in very low concentrations in water but accumulate to higher concentrations within algae and insects and build up to even higher levels in fish. Birds, humans and other animals that feed on these fish are then exposed to very high levels of hazardous substances.

      Leakage of Radiation and its Hazardous Effect

      The leakage of radiation pollutes the environment. Ionizing radiation, ultra-violet radiation and infrared radiation are more hazardous kinds of radiation. Ionizing x-ray and radioactive isotopes are used in medical treatment as well as industries. These radiations are used to examine the characters of the metals.

      While using radioactive rays, much more precautions should be taken. Cellular functions may be temporarily or permanently impaired due to radiation. It may also destroy the living cells. The severity of the injury depends on the type of radiation, the absorbed dose, the rate at which the dose is absorbed and the radio-sensitivity of the tissues involved.

      The ultraviolet rays evolve in the process of welding in the industries. They affect skin and eyes. Exposure to such rays for long time may also cause the cancer of the skin. The infrared radiation evolves from metal melting industries. These rays also affect the human eyesight.

      
        4.2.6 Preventive Measures of Hazardous Wastes

      Following are some main preventive measures of the hazardous wastes:

      Establishment of Industries: Hazardous wastes destroy the systems of land as well as water. They have chronic effects on living beings. The industries, which produce hazardous wastes, should be established in areas far from water resources and residential area.

      Less Use, Treatment and Control of Hazardous Wastes: Hazardous wastes should be used at minimum as far as possible. However, the users must undertake preventive measures which reduce their negative effects. There should be proper management system so that the leakage of hazardous wastes could be controlled primarily in the source.

      Public Awareness: People should be aware of the possible effects of hazardous wastes. The operator must follow the preventive measures of using hazardous wastes. The training programme should be launched for sellers and users of such things. The public awareness programmes help in reducing the negative impact of hazardous wastes.

      4.2.7 Management of Hazardous Wastes

      (a) Burying in the Ground: Garbage has been a problem in our country too. The recycling programmes may reduce a good amount of wastes going into landfills; however, these alone cannot solve the problem of garbage disposal. The hazardous wastes should be managed by burying them into the free ground. However, it should be far from water resources otherwise it might contaminate them.

      (b) Reduction of Sources of Wastes: The best way to eliminate hazardous wastes is checking their production in the first place. Once they are produced, it is difficult to decompose them. Similarly, the producers should have enough ideas on the consumption pattern. It is also equally important for them to follow the proper management techniques of hazardous chemicals.

      (c) Proper Use: The hazardous wastes should be used at minimum as far as possible. The containers or contaminated things should be cleaned properly. The preservative measures should be adopted while using these hazardous wastes.

      (d) Recycling: Recycling is the recovery or reuse of usable materials from the wastes. In developed countries, about 5 percent of the hazardous wastes is recycled as solvents, and a similar amount is recovered as metals.

      
        
      

      In the United States, the practice of using industrial wastes as ingredients commercial fertilizers is encouraged as a means of recycling hazardous waste However, the safety of this practice is still questionable.

      (e) Reuse: The hazardous wastes should be collected and managed in such a way that they could be reused as far as possible. The metallic containers should be used after washing or necessary treatment. For example, some of the waste acids may be used for cleaning certain machines or weapons. Similarly, the waste dust of pesticides and insecticides may be used in manufacturing other forms of pesticides or insecticides This helps to reduce the hazardous wastes.

      Wastes may be made less hazardous by physical, chemical or biological treatment. For example, sodium hydroxide has been used to treat acid wastes at integrated- circuit plants. Nowadays, some newer plants treat hydrofluoric acid wastes with lime, producing relatively harmless calcium fluoride. Similarly, sulphuric acid wastes can be treated with ammonia wastes to form ammonium sulphate, which is a kind of fertilizer.

      (f) Disposal: The burning of hazardous waste is not an environmentally sound method of disposing waste. But due to lack of a huge budget required for disposing wastes, burning the wastes is still a common practice.

      A recent method has been developed for the treatment of shallow plumes of chlorinated solvents. At first, a trench is dug around the leaking waste site, then it is filled with a mixture of soil and powdered iron. The iron then reacts with the chlorinated solvents turning them into simple hydrocarbons, which are less hazardous.

      (g) Legislative Measure: Hazardous waste has a broad definition in common use but it has a quite narrow meaning as stated by the law of our nation. We still need a proper legislative measure in relation to solid waste management as well as a proper monitoring system.

      (h) International Issues: About 400 million metric tons of hazardous wastes are generated in the world each year. In 1989 A.D., the Basel Convention on the "Control of Transboundary Movements of Hazardous Wastes and Their Disposal" was adopted at a meeting convened by the United Nations Environmental Programme and it was attended by 116 countries. The convention intends to reduce from spreading hazardous wastes across borders between countries. The convention was ratified by 97 countries till 1996 A.D. but the United States was not yet among them. The import of hazardous wastes has been prohibited by about 90 countries.

      
        ACTIVITIES

      Visit a hospital/ health post/ health centre in or around your community. Prepare a list of the hazardous wastes produced there. Also, prepare a report on how it manages the wastes properly.

    
  
    
      4.3 Electronic Waste (E-Waste)

      4.3.1 Introduction

      Electronic waste or e-waste describes discarded electrical or electronic devices. Used electronics which are ordained for restoration, reuse, resale, salvage recycling through material recovery or disposal are also considered e-waste. Again, electronic waste is created when an electronic product is discarded after the end of its useful life. The rapid expansion of technology results in the creation of a very large amount of e-waste also in every minute. Informal processing of e-waste in developing countries can lead to adverse human health effects and environmental pollution.

      Electronic scrap components, such as CPUs, contain potentially harmful materials such as lead, cadmium, beryllium or brominated flame retardants. Recycling and disposal of e-waste may involve significant risk to the health of workers and their communities.

      4.3.2 Classification of Electronic Waste

      The market provides a lot of different types of electrical products. To categorize these products, it is necessary to group them into sensible and practical categories. Classification of the products may even help to determine the process to be used for disposal of the products. Making the classification, in general, is helping to describe e-waste. It may be classified as:

      
        Electronic Waste Substances

      There are several sizes of button-sized and coin-shaped cells available in the market. They are all recycled in many countries since they contain lead, mercury and cadmium.

      Some computer components can be reused in assembling new computer products while others are reduced to metals that can be reused in applications as varied construction, flatware and jewellery. Substances found in large quantities include epoxy resins, fiberglass, PCBs, PVC (polyvinyl chlorides), thermosetting plastics, lead, tin copper, silicon, beryllium, carbon, iron and aluminium. Elements found in small amounts include cadmium, mercury, and thallium.

      Hazardous Substances

      E-waste component, source and its effect on health are given:

      
        
          
          
          
        
        
          
            	E-Waste Component
            	Electric Appliances in which they are found
            	Adverse Health Effects
          

        
        
          
            	Americium
            	The radioactive source in smoke alarms.
            	It is known to be carcinogenic.
          

          
            	Lead
            	Solder, CRT monitor glass, lead-acid batteries, some formulations of PVC.
            	Adverse effects of lead exposure include impaired cognitive function, behavioural disturbances, attention deficits, hyperactivity, conduct problems and lower IQ. These effects are most damaging to children whose developing nervous systems are very susceptible to damage caused by lead, cadmium, and mercury.
          

          
            	Mercury
            	Found in fluorescent tubes, tilt switches (mechanical doorbells, thermostats), and ccfl backlights in flat screen monitors.
            	Health effects include sensory impairment, dermatitis, memory loss, and muscle weakness. Exposure in- utero causes foetal deficits in motor function, attention, and verbal domains. Environmental effects in animals include death, reduced fertility, and slower growth and development.
          

          
            	Cadmium
            	Found in light-sensitive resistors, corrosion-resistant alloys for marine and aviation environments, and nickel- cadmium batteries. Exposure is caused by proximity to hazardous waste sites and factories and workers in the metal refining industry
            	The inhalation of cadmium can cause severe damage to the lungs and is also known to cause kidney damage Cadmium is also associated with deficits in cognition, learning, behaviour, and neuro-motor skills in children.
          

          
            	Hexavalent chromium
            	Used in metal coatings to protect from corrosion.
            	A known carcinogen after occupational inhalation exposure. There is also evidence of cytotoxic and geno- toxic effects of some chemicals, which have been shown to inhibit cell proliferation, cause cell membrane lesion, cause DNA single-strand breaks, and elevate Reactive Oxygen Species (ROS) levels.[113]
          

          
            	Sulphur
            	Found in lead-acid batteries.
            	Health effects include liver damage, kidney damage, heart damage, eye and throat irritation. When released into the environment, it can create sulphuric acid through sulphur dioxide
          

          
            	Brominated flame retardants
            	Used as flame retardants in plastics in most electronics.
            	Health effects include impaired development of the nervous system, thyroid problems, liver problems. Environmental effects: similar effects in animals as in humans.
          

          
            	Perfluorooctanoic acid
            	Used as an antistatic additive in industrial applications and found in electronics, also found in non-stick cookware (PTFE). PFOAs are formed synthetically through environmental degradation.
            	Studies in mice have found the following health effects: Hepatotoxicity, developmental toxicity, immunotoxicity, hormonal effects and carcinogenic effects. Studies have found increased maternal PFOA levels to be associated with an increased risk of spontaneous abortion (miscarriage) and stillbirth. Increased maternal levels of PFOA are also associated with decreases in mean gestational age (preterm birth), mean birth weight (low birth weight), mean birth length (small for gestational age).
          

          
            	Beryllium oxide
            	Filler in some thermal interface materials such as thermal grease used on heatsinks for CPUs and power transistors, magnetrons, X-ray-transparent ceramic windows, heat transfer fins in vacuum tubes, and gas lasers.
            	Occupational exposures associated with lung cancer, other common adverse health effects are beryllium sensitization, chronic beryllium disease, and acute beryllium disease.
          

          
            	Polyvinyl chloride
            	Commonly found in electronics and is typically used as insulation for electrical cables.
            	In the manufacturing phase, toxic and hazardous raw materials, including dioxins are released. PVC such as chlorine tend to bio-accumulate. Over time, the compounds that contain chlorine can become pollutants in the air, water, and soil. This poses a problem as humans and animals can ingest them. Additionally, exposure to toxins can result in reproductive and developmental health effects
          

        
      

      
        4.3.3 control of hazards

      For occupation health and safety of e-waste recycling workers both employers and workers should take actions as follows;

      
        
          
          
          
        
        
          
            	Hazards
            	What must employers do
            	What should workers do
          

        
        
          
            	General
            	
              Actions include

              1.determine the hazards in the workplace and take actions to control them

              2.check and make correction to the workplace condition regularly

              3.supply safe tools and personal protective equipment to workers

              4.provide training to workers about hazards and safe work practice

              5.a written document about injury and illness prevention

            
            	
              Suggestions include

              1.wear PPE when working

              2.talk with employers about ways to improve working conditions

              3.report anything unsafe in the workplace to employers

              4.share experience of how to work safely with new workers.

            
          

          
            	Dust
            	
              Actions include

              1.offer a clean eating area cleaning area and supplies uniforms and shoes and lockers for clean clothes to the workers

              2.provide tools to dismantle the e waste

              If the dust contains lead or cadmium

              1.measure the dust lead and cadmium level in the air

              2.provide cleaning facilities such as wet mops and vacuums

              3.provide exhaust ventilation if it is still not sufficient to reduce the dust provide workers with respirators

              4.provide workers with blood lead testing when lead level is not less than 30mg/m3

            
            	
              Protective measures include

              1.clean the workplace regularly and do not eat or smoke when dealing with e waste

              2.dont use brooms to clean the workplace since brooms can raise dust

              3.before going home take shower change the dirty clothes with clean clothes

              4.test the blood lead even if the employers don’t provide it

              5.use respirator check for leaks every time before use always keep it on your face in the respirator use area and clean it properly after use.

            
          

          
            	Cuts and lacerations
            	Protective equipment such as gloves masks and eye protection equipment should be provided to workers
            	When dealing with glass or shredding materials protect the hands and arms using special gloves and over sleeves.
          

          
            	noise
            	
              Action include

              1.meausre the noise in the workplace and use engineering controls when levels exceed the exposure limit

              2.reduce the vibration of the working desk by rubber matting

              3.provide workers with earmuffs when necessary.

            
            	Wear the hearing protection all the time when working ask for the employer about the noise monitoring results test the hearing ability
          

          
            	Lifting injuries
            	Provide facilities to lift or move the e waste and adjustable work tables
            	When handling e waste try to decrease the load per time try to get help from other workers when lifting heavy or big things.
          

        
      

      
        
      

      4.3.4 E-Waste Disposal Methods

      There are several practices or methods of e-waste disposal; however, some of the standard practices are Landfilling, Acid Bath and Incineration.

      (a) Landfilling: This is the most popular and easiest technique of e-waste disposal. Soil is unearthed and pits are dug for burying the e-waste in it. An impervious liner is created of clay or plastic with a leachate basin for assemblage and moving the e-waste to the treatment plant. However, the landfill is not an environmentally correct process for disposing of the e-waste as toxic substances like cadmium, lead and mercury are discharged inside the soil and groundwater, which in turn contaminate the water and soil.

      (b) Incineration: This is an organized procedure of predisposing off the e-waste and it involves the combustion of electronic waste at high temperatures in uniquely devised incinerators. This e-waste disposal approach is somewhat advantageous as the waste quantity is decreased remarkably much and the energy recovered is likewise exploited separately. Nevertheless, it may produce harmful gases, cadmium and mercury are emitted into the environment.

      (c) Acid Bath: Acid bath as a technique for e-waste disposal includes dousing of the electronic circuits in the incredible sulphuric, hydrochloric or nitric corrosive solutions that disengage the metals from the electronic pathways. The recouped metal is used in the assembling of different items, while the dangerous corrosive waste discovers its routes in the nearby water sources.

      (d) E-waste Recycling Techniques: Printed Circuit Sheets (PCBs) is one of the most noteworthy sections of electronic hardware. These PCBs envelop most of the essential metals and, again, the vast majority of the harmful parts in the e-waste. PCB waste recycling includes three significant procedures which are: pre-treatment, physical reusing and synthetic reusing. The pre-treatment level includes dismantling of the recyclable or reusable and poisonous parts joined by the physical reusing process. From that point, the material is re-shrouded by a synthetic reusing process that incorporates gasification and pyrolysis.

      (e) Pyrolysis Method: Pyrolysis is a substance recycling framework generally used for recycling engineered polymers, including polymers that are related to glass filaments. Pyrolysis of such polymers gives gases, oils and burns. These items can additionally

      
        be abused as synthetic feedstock or fuels. The printed circuit boards are heated to a condition, sufficiently able to dissolve or melt the solders applied to interface the electrical components to the circuit board.

      (f) Hydrometallurgical Method: This technique for reusing is significantly utilized for the productive recycling of the metallic part. In this methodology, metal structures are broken up into draining arrangements, for example, acids and soluble bases. This is joined by the electro-refining of required metals. Generally, utilized leachate is water regina, nitric corrosive, sulphuric corrosive and cyanide arrangements.

      (g) Mechanical Method: Mechanical recycling is a physical recycling technique which could be said to be more effective and efficient in the recycling of electronic waste. In this approach, the disassembled samples are first to cut into different sizes depending upon the milling needs. Then, the fragments are put through a milling process converting into finely pulverized PCB powder. This powder is subjected to eddy current separators. These powder samples are then exposed to the density separation process.

      MAIN POINTS TO REMEMBER

      · Substances are considered hazardous wastes if they are ignitable, corrosive, reactive or toxic.

      · Hazardous wastes can cause illness, injury or even death to people. They can destroy the environment if improperly treated, stored, transported or discarded.

      · Hazardous wastes are produced mainly from industries, business centres, agriculture and household areas.

      · Industries such as electroplating industry, galvanizing industry, photograph industry, textile industry, tanning industry, ghee industry, oil refining industry, etc. produce hazardous wastes in the form of residues such as acids, heavy metals, different solutions, chromium, various types of paints, cadmium, oily goods, mercury, etc.

      · Hospitals as well as different health treatment centres give rise to various hazardous wastages such as outdated and unused medicines, different chemicals, sharp objects such as needles, scalpels, glassware, etc.

      · Some common household hazardous wastes are toxic paints, flammable solvents, caustic cleaners, toxic batteries, pesticides, drugs and mercury.

      · The production and use of different pesticides and herbicides in agriculture also gives rise to several hazardous wastes such as fluoride wastes, nitrate wastes, etc.

      
        
      

      . Hazardous wastes can be properly managed by burying them into the ground, reducing their sources, using them at minimum, recycling, reusing, etc.

      . The leakage of radiation also pollutes the environment. Ionizing radiation, ultra-violet radiation and infrared radiation are the examples of more hazardous radiation.

      . Cellular functions may be temporarily or permanently impaired due to radiation. It may also destroy the living cells. The severity of the injury depends on the type of radiation, the absorbed dose, the rate at which the dose is absorbed and the radio- sensitivity of the tissues involved.

      · The ultra-violet rays affect skin and eyes. Exposure to such rays for long time may also cause the cancer of the skin. The infrared radiation also affects the human eyesight. · Hazardous wastes pollute soil, air and water. The polluted soil, air and water affect plants and animals including human beings.

      · Plants take up toxic substances contained in the soil. Humans and other animals that feed on those plants then take the toxic substances.

      · Air may become contaminated by direct emission of hazardous wastes, such as toxic solvents from paints, cleaning agents, etc.

      · River and lake pollution may affect animal life and plant life. Too much fluoride in water may increase the concentration of fluoride in teeth and bones and may cause dental and bone problems.

      · In the contaminated water, the amount of oxygen needed by living things will not be sufficient for breathing, which ultimately results in the destruction of aquatic life. Phosphates and nitrates promote the growth of algae in lakes or rivers. If algae grow rapidly in big number, they consume great amount of oxygen. Lack of oxygen eventually suffocates other life forms. In some cases, particular algae can also poison the drinking water of people and livestock.

      · Some main preventive measures of the hazardous wastes are the establishment of industries far from water resources and residential area, proper treatment and control of hazardous wastes, conducting public awareness programmes, etc.

      Some Important Terminologies:

      Pathogens - disease-causing organisms

      Cyanosis - blue babies due to bluish tint of skin

      Synthetic - Chemically prepared

      Effluents - Any fluid emanating from source

      Plasmic - a fourth matter other than solid, liquid and gas

      Leachate - liquid containing dissolved solids

      Refuse - all types of solid waste

      
        
      

      Sturdy - well-built

      Ignitable - flammable

      Isotopes - elements with same atomic number and different mass number Radio-nuclides - radioactive elements characterized by its number Sewers - a channel that carries wastewater

      EXERCISES

      A. Write very short answers for the following:

      1. What is soil pollution?

      2. What is radiation?

      3. Write a reason of soil pollution.

      4. What is solid waste?

      5. Elaborate 3R.

      6. What is hazardous waste?

      7. What is electrical waste?

      8. Mention any two preventive measures of the hazardous waste.

      9. What is meant by leakage of radiation?

      10. List out the sources of soil pollution.

      B. Write short answers for the following:

      1. What are the sources of soil pollution?

      2. Describe the effect of soil pollution.

      3. Describe in short the medical wastes. Mention any two ways of their disposal properly.

      4. What is recycling? How does it help in the management of hazardous wastes?

      5. 6. Describe how the hazardous waste pollutes the water resource.

      7. Describe how the hazardous waste pollutes air.

      Describe the controlling measures of soil pollution.

      8. Describe the solid waste management with its types.

      9. What is meant by hazardous waste? Mention any four examples of hazardous waste?

      10. Describe any four types of hazardous waste and its effect.

      11. Mention any three hazardous effects on living beings due to leakage of radiation.

      12. Describe the effect of radiation.

      13. Write short notes on:

      (a) Source of hazardous waste

      (b) Medical waste

      (c) Agricultural waste

      
        
      

      (d) Leakage of radiation (e) Liquid hazardous waste

      C. Write long answers for the following:

      "One of the important sources of hazardous waste is our house." Justify this statement giving examples. In what way is an industry also regarded as a source of hazardous wastes? Also give examples. Describe how hazardous wastes can be managed effectively.

      PROJECT WORK

      Visit a farm land in or around your community. Meet the farmer and collect information on the following aspects:

      . What chemical fertilizers are used in the farming?

      · What insecticides/pesticides are used there?

      . What are the advantages of using those chemicals according to the farmer?

      . What are the possible harmful effects of using those chemicals in his/her opinion?

      Share your report in the class. Also discuss the possible impacts of chemical fertilizers and insecticides/ pesticides on the environment and on human health.

    
  
    
      
        
      

      Chapter 5 Climate change and its effect

    
  
    
      5.1 Adaptation and Mitigation

      Mitigation addresses the root causes climate change, by reducing greenhouse gas emissions, while adaptation seeks to lower the risks posed by consequences. Both approaches are necessary because even if emissions are dramatically decreased in the next decade, adaptation will still be needed to deal with the global changes.

      Adaptation measures may be planned in advance or put in place spontaneously. They include large- scale infrastructure changes, such as building defences to protect against sea-level rise or improving the quality of road surfaces to withstand hotter climates, as well as behavioural shifts towards using less water, farmers planting different crops and more households and businesses buying flood insurance, etc.

      5.1.1 Adaptation

      People need to adapt themselves to the change in climate through technological solutions such as coastal defences and changes in consumption habits. Humans are already adapting to climate change, and further adaptation efforts are necessary in coming decades.

      Organisms inhabit different environments that may further change to become drier, hotter, colder, more acidic and darker. Organisms have certain genetic advantages such as mutation. This helps them survive in the new situation. The three basic types of adaptations based on how the genetic changes are expressed are structural, physiological and behavioural adaptations.

      
        
      

      (a) Structural Adaptation: An organism's environment shapes its appearance through structural adaptations. Desert foxes have large ears for heat radiation and arctic foxes have small cars to retain body heat. Seals have flippers to navigate water and raccoons have separate, flexible digits to manipulate food. White polar bears blend into ice floes and spotted jaguars into the speckled jungle shade. Trees may have corky bark to protect from wildfires. Structural modifications affect organisms at different levels from the way a knee is hinged to the presence of large flight muscles and sharp eyesight for predatory birds.

      (b) Physiological Adaptation: Based on body chemistry and metabolism, physiological adaptations usually are not seen from outside. They consist of things like more efficient kidneys for desert animals like kangaroo rats, compounds that prevent blood coagulation in mosquito saliva and the presence of toxins in plant leaves to repel herbivores. Laboratory studies on contents of blood, urine and other body fluids along with the microscopic studies of organisms' tissues are often necessary to identify the physiological adaptations.

      (c) Behavioural Adaptation: Adaptation that affects how an organism acts is called behavioural adaptation. Bears hibernate to escape cold; birds and whales migrate to warmer winter climates. Desert animals are active at night during hot summer weather. Lizards seek a sunny spot in the morning to warm up to operating temperatures more quickly. A nesting killdeer will pretend to be injured to lure a predator away from her young ones. Humans employ cultural adaptations as a subset of behavioural adaptations, where people learn ways of raising the food they need and coping with the particular given climate.

      5.1.2 Mitigation

      Climate change mitigation refers to efforts to reduce or prevent emission of greenhouse gases. Mitigation can mean using new technologies and renewable energies, making older equipment more energy efficient, or changing management practices or consumer behaviour.

      
        
      

      Climate change mitigation consists of actions to limit the magnitude of fa- of global warming and its related effects. It generally involves reductions in human (anthropogenic) emissions of greenhouse gases (GHGs). Mitigation may also be achieve by increasing the capacity of carbon sinks.

      Global warming and climate change is a worldwide problem. Combined efforts g the international level have been focused towards reducing the amount of gas emissions However, climate change has already begun and the impacts will increase considerably over coming decades.

      Climate resilience is related to climate change adaptation efforts. It aims to reduce climate change vulnerability and includes considerations of climate justice and equity. Practical implementations include climate resilient infrastructure, climate resilient infrastructure agriculture and climate resilient development. Most objective approaches to measuring climate resilience use fixed and transparent definitions of resilience, and allow for different groups of people to be compared through standardized metrics.

      Mitigation Measures of Greenhouse Gases

      Temperature increment is a symbiotic effect of greenhouse gases. Most of the greenhouse gases are evolved from industrial countries. In order to reduce such gases, the consumption of fossil fuel should be reduced. In addition to this, there should be a treatment plant in the industries. Importantly, the developed countries should also co operate with the developing countries to reduce such gases. Important measures for mitigating the greenhouse gases are as follows:

      (a) Expansion of Forest Area:

      Conservation of the existing forest resources as well as plantation on remaining land reduces the land erosion. Forest conserves the water resources. It also maintains the ecological balances and helps to reduce the over-evolved carbon dioxide by human activities and correspondingly reduces the rate of temperature growth.

      
        
      

      (b) Pollution Control: In order to minimize the global warming, there should be initiation of pollution control. Poor sanitation and degraded materials produce carbon dioxide, sulphur dioxide and ammonia gases. So there should be proper management of solid wastes as well as other pollutants at all levels, i.e., local level, national level and international level.

      (c) Conservation of Water Resources: Water resources play a vital role in balancing temperature. Oceans are huge resources of water. They absorb a significant amount of carbon dioxide. Water resources also reduce the desertification, which again reduces the rate of climate change. So, the conservation of water resources should be initiated from all sectors.

      (d) Development of Alternative Energy: The use of fossil fuel should be decreased because the fossil fuel produces greenhouse gases. In case of developing countries, most of the rural people use agriculture residues, cow dung, wood, coal, etc., which produce carbon monoxide gases. Instead of using such fuels, the people should begin to use alternative sources of energy such as electrical energy, solar energy, wind energy, etc.

      (e) Policy Formulation and Implementation: In order to reduce the production of greenhouse gases, there should be formulation of a policy against greenhouse gases and it should be properly implemented. The conservation of the resources is the most important factor in climate change. The implementation of international convention against climate change and global warming should be followed effectively.

      
        
      

      Again, the following is a list of steps we can take to reduce greenhouse gas emissions:

      1. Reduce, Reuse, Recycle: Buying products with minimal packaging will help to reduce waste. By recycling half of your household waste, you can save 2,400 pounds of carbon dioxide annually.

      2. Use Less Heat and Air Conditioning: Adding insulation to room walls and installing weather stripping or caulking around doors and windows can reduce the amount of energy needed to heat or cool the house, thus reducing the heating cost by more than 25 percent. We may turn down the heat while sleeping at night or away during the day and keep temperatures moderate at all times.

      3. Replace Your Light Bulbs: Wherever practical, replace regular light bulbs with Light Emitting Diode (LED) bulbs. Replacing just one 60-watt incandescent light bulb with a LED will save the energy over the life of the bulb. LEDs also last 10 times longer than incandescent bulbs and they use 10% - 15% of the energy only.

      4. Drive Less and Drive Smart: Less driving means fewer emissions. Besides saving gasoline, walking and biking are great forms of exercise. Explore the York Region Transit System and check out options for carpooling to work or school. When you do drive, make sure your car is running efficiently. For example, keeping your tires properly inflated can improve your gas mileage by more than 3 percent.

      5. Buy Energy-Efficient Products: Home appliances now come in a range of energy- efficient models, and compact florescent bulbs are designed to provide more natural- looking light while using far less energy than standard light bulbs.

      6. Use Less Hot Water: Set your water heater at mild degrees to save energy, and wrap it in an insulating blanket if it is more than 15 years old. Buy low-flow showerheads to save hot water. Wash your clothes in warm or cold water to reduce your use of hot water and the energy required to produce it.

      7. Use the "Off" Switch: Save electricity and reduce global warming by turning off lights when you leave a room and using only as much light as you need. And remember to

      
        
      

      turn off your television, stereo and computer when you're not using them. It's also a good idea to turn off the water when you're not using it. While brushing your teeth or washing your clothes, turn off the water until you actually need it for rinsing.

      8. Plant a Tree: If you have the means to plant a tree, start digging. Trees absorb carbon dioxide and give off oxygen. A single tree will absorb approximately one ton of carbon dioxide during its lifetime.

      9. Encourage Others to Conserve: Share information about recycling and energy conservation with your friends, neighbours and co-workers, and take opportunities to encourage public officials to establish programmes and policies that are good for the environment.

      5.1.3 Local Adaptation Plans of Action

      Local Adaptation Plans of Action (LAPAs) are community-based approaches that take a "vulnerability first" approach to climate change adaptation. LAPAs contrast with National Adaptation Programme of Action (NAPAs) in their bottom-up, local approach, but in some cases are funded under the similar development assistance schemes. LAPAs are often prepared at local government level, although community-based LAPAs are also in place. The practice was initiated in Nepal under the guidance of the Ministry of Population and Environment, the national focal point to the United Nations Framework Convention on Climate Change.

      The LAPA Framework was designed to support decision-makers at local-to- national levels to:

      · Identify the most climate vulnerable VDC's, wards and people and their adaptation needs;

      · Prioritize adaptation options in easy ways with local people setting priorities;

      · Prepare and integrate local adaptation plans for action into local-to-national planning in accordance with the Local Self Governance Act;

      · Identify appropriate service delivery agents and channels for funding to implement local adaptation plans for action;

      · Assess the progress of LAPA to ensure effective planning and delivery; and

      · Provide cost-effective options for scaling out local-to-national adaptation planning.

      
        
      

      LAPA Framework

      The LAPA framework consists of seven steps for its formulation and implementation:

      Step 1: Sensitization

      Sensitization is the first step of the process but is used throughout the formulation and implementation process (next 6 steps) whereby stakeholders at all levels (from community to national) are informed about the impacts of climate change, made aware about the identifiable adaptation options to adapt to those impacts, and also supported to identify the most appropriate institutions for implementation and monitoring of those adaptation options.

      Step 2: Vulnerability and adaptation assessment

      This step is carried out using a systematic approach of locating the most climate- vulnerable hotspots and communities, and identifying adaptation options that will lessen the impacts of climate change and help them tackle the future impacts as well.

      Step 3: Prioritization of adaptation options

      This step prioritizes the most urgent and cost-effective adaptation activities based on a ranking system devised through the involvement of local communities themselves. The process takes into consideration the needs of most vulnerable households while finalizing the list of possible adaptation options.

      Step 4: LAPA formulation

      The following 7 'Wh/H' approach is used to develop an adaptation plan based on the prioritized activities from the previous step: 1. What actions? 2. Where to implement? 3. What approach to use? 4. Who will implement? 5. When to implement? 6. What will it cost? 7. How to monitor progress?

      A detailed roadmap that systematically answers each of the above questions guides the final LAPA formulation.

      Step 5: LAPA integration into planning process

      The adaptation plan formed from the previous step is integrated into sectoral, local and national development planning processes so that the identified adaptation activities are effectively implemented leveraging the resources from government, non-government and private sectors alike. This also helps in institutionalizing the LAPA planning process.

      
        
      

      Step 6: LAPA implementation

      This step is the most crucial one. It involves the implementation of integrated LAPAs from the previous step by ensuring effective participation of all stakeholders (communities, local government bodies, local NGOs, private sector and other agencies).

      Step 7: LAPA progress assessment

      This step evaluates the progress and outcomes of LAPA by gathering evidence so that any learning, reflection and feedback from it guides the future trajectory of LAPA formulation and implementation. This step ensures the iterative and flexible approach of LAPA. For carrying out each of the steps, the framework has recommended formidable array of core tools developed mostly by various NGOs. The Results and Resources Framework (UNDP 2012, p. 37) is deployed to measure the LAPA outcomes and indicators.

      Expected Outcomes: The planned outcomes for the LAPAs are the enhanced capacity of the government and non-governmental institutions to implement climate change policy, and most urgent and immediate adaptation actions to increase the resilience of climate-vulnerable poor.

      5.1.4 Indigenous Knowledge and Promotion of Skills

      Indigenous knowledge includes culture- and society-specific knowledge on subsistence practices (e.g. agriculture, animal husbandry and slash-and-burn agriculture); traditional medicine (e.g. use and ethno-botanical knowledge of medicinal plants for human and animal usage); and celestial knowledge as it influences human living, weather forecasting and disaster prediction. Social Institutions have their roles in supporting the continuation of Indigenous and Local Knowledge Practices (ILKP).

      Climate Change Adaptation in Nepal attempts to develop an understanding of ILKPs assuming that specific characteristics of the knowledge stream make them relevant for local adaptation and resilience building efforts. It uses the following properties of ILK:

      (a) Knowledge found locally and specific to different situations and culture;

      (b) Tacit (unspoken or implicit) knowledge gathered through interaction among and observation of community members, which is easily disseminated;

      (c) Transmitted orally from generation to generation or self-learned, getting refined in the process of transference;

      (d) Practical knowledge that is applied rather than theoretical;

      (e) Experiential learning which is specific to a locale; and

      (f) Constantly changing as it is regularly improved upon. Indigenous knowledge has played an important role in solving local problems, including those related

      
        to climate variability, impacts and associated vulnerability. Since indigenous and local people live close to natural resources, they quickly observe the changes around them and adjust their activities to adapt to the changes, which is how ILKPs evolve.

      It identifies a number of indigenous, traditional and local knowledge, and practices and analyses their applications for climate change adaptation and resilience-building at the local level. Generally, it is based on five thematic sectors - water, forestry, rural transport, settlements and housing, and traditional social institutions - and draws on examples of ILKPs in Nepal.

      (a) Local Water Management: There are many more locally developed water use practices that are climate adaptive. These adaptive practices were specific to farmer-

      managed irrigation systems, community-managed drinking water systems and traditional water mills. These practices have highlighted how local knowledge needs to be incorporated into agency supported intervention programs in traditional water systems; the goal being to ensure local ownership and sustainability. Many successful indigenous and local water management practices do not receive due recognition from the government and development organizations when they are designing support programs and there is therefore a risk that these practices will get lost.

      Indigenous water practices follow the watershed boundaries. The success of these practices demonstrate that the national and local level water resources management plans also need to follow basin-wide management approach. This approach would ensure equitable water allocation that recognizes indigenous use rights, considers the demand and supply balance as well as establishes the need for conservation of water sources for sustained water production to support multiple uses in downstream areas.

      Rapid and unplanned urbanization has presented challenges to indigenous systems of drinking and irrigation water uses to the extent that these systems are no longer in a position to meet the community's water needs. Market forces emerging from urbanization weaken the traditional institutions. This situation requires new knowledge and practices to respond to the impending challenges. Options based on local knowledge and practices alone would be inadequate to respond to the challenges.

      
        
      

      (b) Forest and Pasture Management: Indigenous and local forest and pasture management practices have managed from cultural norms, traditional values, contextual demand, collective behaviour, community-based institutions and a good understanding of local ecosystems. Government agencies should, therefore, recognize and promote them as climate adaptive and resilient practices in climate change adaptation.

      Indigenous forestry practices have thrived in locations where access to resources is guaranteed and tenure security is in place under the principle of 'care and share'. The Government of Nepal (GoN) has not specified property rights to forest users. Rather it allows equitable sharing of benefits among local users to promote better adaptation of forest resources to climate change. Government agencies should also promote integration between contemporary and traditional community-based forest and pasture management practices by providing economic and policy incentives.

      c) Rural Transport Infrastructure: Traditional bridges, trails and tuins (cable river crossing) developed by communities provide essential transportation and communication inks at the local level and support local adaptation and disaster risk reduction efforts. Nepal's indigenous suspension bridge-building practices are effective climate resilient technologies as they are low-cost and locally built and their management and upkeep s possible without much external support. Promotion of these systems can help build community resilience and adaptive capacity.

      d) Settlements and Housing: Indigenous and marginalized communities who have nature-based livelihoods and who are settled on marginal and fragile lands face a disproportionate risk from climatic hazards and disasters. The resilience-building of settlements and housing must first focus on human safety and then on improved access to od, water and low carbon-energy options and the availability of social support networks.

      
        
      

      (e) Traditional Social Institutions: There is the critical role that traditional social institutions play in leading and guiding communities to preserving their cultural and natural environment as well as in ensuring effective Climate Change Adaptation. The credibility of traditional social institutions in the community enables local people to innovate and popularize new knowledge and practices. Climate Change Adaptation interventions that involve communities and development partners should aim to strengthen these traditional institutions. They are well placed to do this because of their strong roles in maintaining social order, promoting collective action and conflict resolution.

      The proven effectiveness of women's knowledge, skills and insights into local level water and forest management enable women groups to contribute to the household economy and ensure effective management of resources.

      5.1.5 National Adaptation Plan of Action (NAPA)

      Climate change adaptation is fundamental to safeguard the climate vulnerable communities and ecosystems. As climate change continued to affect people and resources adversely, Nepal prepared National Adaptation Programme of Action (NAPA) in September 2010 to address such impacts. Nepal also prepared National Framework on Local Adaptation Plans for Action (LAPA) to implement adaptation actions at the local level and ensure integration of climate change adaptation into local to national planning process. Furthermore, Nepal's Climate Change Policy (2011) ensures allocation of at least 80 percent of the total budget from climate change fund to programme implementation at the community level. The climate change budget code, introduced in 2013, opens avenues to channel climate finance to the field level activities.

      The number of climate vulnerable people is increasing over the years due to climate-induced disasters. Several scientific literatures reveal that with the business-as- usual scenario of greenhouse gas emission, the impacts are very likely to couple up in the coming decades. Thus, it is of utmost importance to prepare ourselves to medium and long- term impacts by building adaptive capacity and enhancing resilience to climate change. In addition, as NAPA also addresses only the most urgent and immediate adaptation needs, formulation of plans that addresses the medium and long term adaptation needs has become imperative.

      The prioritization process to select climate adaptation actions was carefully adopted and made as consultative as possible. A multi-criteria analysis was used in a step-wise process that culminated in identifying the most urgent and immediate climate adaptation actions according to national needs and interests. The NAPA carried out an integrated ranking of priority activities as follows:

      
        
      

      (a) Promoting community-based adaptation through integrated management of agriculture, water, forest and biodiversity sector;

      (b) Building and enhancing adaptive capacity of vulnerable communities through improved system and access to survive related to agricultural development;

      (c) Community-based disaster management for facilitating climate adaptation;

      (d) GLOF (Glacial lake outburst flood) monitoring and disaster risk reduction;

      (e) Forest and ecosystem management for supporting climate-led adaptation innovations;

      (f) Adapting to climate challenges in public health;

      (g) Ecosystem management for climate adaptation;

      (h) Empowering vulnerable communities through sustainable management of water resources and clean energy supply; and

      (i) Promoting climate smart urban settlement.

      5.1.6 NAPA Framework and Nepal's Development Goals

      NAPA mainly focuses on the following six areas:

      a) Agriculture and Food Security: Agriculture growth was a major priority in the tenth plan (2002 - 2007) and continued in the ensuing Three-Year Interim Plan (2007 - 2010). the Tenth Plan envisaged agricultural growth to increase by 4.1% and livestock by 4.9% per annum, as well as a reduction in food insecurity and malnutrition. Identified means to enable growth include: diversification and commercialization; enhance supply and access irrigation, fertilizers and rural electrification; and improving market linkages.

      The Agriculture Perspective Plan (1995) emphasized a stronger role for private sector involvement and increased role of communities, farmers' groups and cooperatives the management of infrastructure and assets.

      b) Water Resources and Energy: The Tenth Plan prioritized the power sector and med to expand electricity coverage in a sustainable and environmental-friendly manner; accelerated rural electrification; and developed hydro-power as an export item. It aimed so to develop alternative energy, reduce dependency on imported energy and also emphasized to strengthen the role of the private sector in developing and delivering these Priorities.

      Increased irrigation supply via new irrigation facilities and rehabilitation and strengthening of public and community-based irrigation system along with the use of and scaling up of non-conventional schemes using micro-irrigation technologies, which have been used by INGO's in a scattered nature - was also a major priority in the Tenth plan.

      
        
      

      The plan also attached high priority to drinking water and sanitation. Strategies aimed to further strengthen community-based approaches, especially in decision making. benefit sharing and cost recovery.

      The Three Year Interim Plan envisions that the hydropower sector is to develop based on optimal utilization of water resources to meet the domestic power demand and export the surplus while expanding the development and services in order to contribute to the livelihood improvement of Nepalese people.

      (c) Forests and Biodiversity: Forest management was prioritized in the Tenth Plan due to its role in promoting rural livelihoods and providing environmental services. The sector was prioritized also to ensure improved ecosystem services, rural economy and agriculture systems.

      The Three Year Interim Plan envisioned that in addition to providing the necessary goods and services to rural communities, the forestry sector has contributed to other sectors significantly. It is essential to make forest products available to general public through protection, conservation and use of forest resources. Similarly, it is necessary to support the livelihood of all Nepalese people, including the poor and deprived groups through the management and sustainable development of forests, watershed area, environment and biodiversity.

      (d) Public Health: The overarching national objective of the health sector in the Tenth Plan was to reduce the magnitude of poverty substantially and make it sustainable by developing and mobilizing healthy human resources. In order to achieve this objective, the plan aimed to (i) improve the quality of health services, and extend access to these services to poor people living in rural and remote areas; and (ii) manage the rising population, and extend the access of reproductive health and family planning services to rural areas in consideration of maternal health services.

      Nepal is implementing its health sector strategy as a sector-wide approach (SWAP) by linking the annual work plan with the strategy to the medium-term economic expenditure framework (MTEF). The latest strategy includes a chapter on climate change and health. A number of programmes under this strategy is relevant in terms of planning for and adapting to climate change. For instance, policies and programmes like the National Drinking Water Quality Standards (2006); early warning epidemic reporting systems in 28 districts; devolution of health services to local management community in the district and village council to ensure community oversight; and community health insurance scheme are likely to help address the impacts of climate change.

      
        
      

      The Three Year Interim Plan envisions establishing appropriate conditions of quality health service delivery, accessible to all citizens, with a particular focus on the low-income citizens and contribution to the improvement in the health of all Nepalese citizens. However, information on the interaction between climate change and health impacts is limited.

      (e) Urban Settlements and Infrastructure: The Tenth Plan focused on infrastructure development, especially on road networks, and expansion of electricity and national communication infrastructure. Previous Plans and Acts had also focused on land reform (Five Year Plan, 1965 - 70); planning codes; controlling urban pollution; water supply and management; and addressing rural-urban migration by supporting rural development. These plans, including the Tenth Plan, however didn't explicitly address climate induced risks and in their current form will only be able to provide post disaster emergency relief in the form of emergency shelters and housing for disaster-affected families.

      The proposed Disaster Risk Reduction Action Plan for Nepal (2010-2013) calls for the preparation of a risk-sensitive land use plan for the Kathmandu Valley that provides a framework for development, land allocations and related strategies, policies and regulatory tools and procedures for controlling future growth and safeguarding it from natural hazards.

      (f) Climate-induced Disaster: Disaster risk management was prioritized in the Tenth Plan. The government has approved the National Strategy for Disaster Risk Management (2009). The long term vision of the strategy is to establish disaster resilient communities. The strategy aims to mainstream disaster risk reduction into development through sector development and poverty alleviation planning and incorporates the principles of the Hyogo Framework for Action.

      The Three Year Interim Plan sets its objectives to promote security of life and property from disasters through sustainable, environment-friendly and result-oriented development by making disaster management practices efficient, competent, strengthened and effective.

      
        5.2 Worldwide Programmes on Reducing Greenhouse Gases
      

      . United Nations Environment Programme (UNEP) was established in 1972 by the United Nations General Assembly to promote international cooperation in

      
        
      

      environmental matters. Its tasks include constant surveillance of the environment through a programme known as Earth-watch, analysis of trends, the collection and dissemination of information, the adoption of environmentally sound policies, and the adaptation of environmental protection projects to fit the needs and priorities of developing countries. UNEP has initiated projects in the following areas: the ozone layer, climate, transport and disposal of waste, marine environment, water systems, soil degradation, deforestation, biodiversity, urban environment, sustainable development. energy conservation, human settlements and population issues, health, toxic chemicals, environmental law and education.

      · In 1983, the National Research Council of the United States of America published a report on worldwide increase of carbon dioxide. The report emphasized on the control of greenhouse gases including carbon dioxide in order to reduce global warming.

      · In 1985, a conference on carbon dioxide and the greenhouse effect was organized by UNEP, World Climate Organization and Scientists' Association. The conference emphasized on the control of carbon dioxide in order to reduce greenhouse effect.

      · In 1988, UNEP organized the first international conference on conservation of ozone layer. The conference emphasized to discourage the production of CFC and to find out its alternatives.

      · In 1992, the United Nations Organization organized an international conference (the World Summit Conference) on environment. The conference proposed a number of programmes related with environment and its promotion.

      · The Kyoto Protocol is an international agreement on climate change, developed under the United Nations Framework Convention on Climate Change (UNFCCC). The Protocol encourages 192 parties to reduce their greenhouse gas emissions, with many developed nations having binding emissions reduction targets. Under the UNFCCC and the Kyoto Protocol, meetings are held annually. At these Conferences of the Parties (COPs), decisions are made to promote the implementation of the UNFCCC and Protocol. Major meetings have included the disappointing COP15 in Copenhagen in 2009, as well as COP18 in Doha, Qatar in 2012, where the Kyoto Protocol was extended to 2020 with a second commitment period (the Doha amendment).

      · The Paris Agreement was agreed in 2015 by 175 parties. The aim of the agreement is to keep global warming to 'well below' 2 ℃, and strive to limit warming to 1.5 °C. The Paris Agreement also includes a global stock take every five years to assess international progress, a 'ratchet' mechanism to increase emission reduction targets over time and an aim to peak global emissions as soon as possible.

      
        
      

      . The Montreal Protocol on ozone-damaging gases does not directly address climate change, but ozone-damaging gases contribute to global warming. The 1987 Montreal Protocol binds 196 nations to reduce the emission of ozone-damaging gases, commonly used in fridges, foam and industrial applications. These gases thin the ozone layer, allowing more ultraviolet (UV) light to pass through the atmosphere. Increased exposure to UV light is linked to an increase in skin cancer. Australia was one of the first nations to ratify the Montreal Protocol and has met or exceeded all of its targets to date. In 2016, scientists reported the first signs of healing in the ozone hole over Antarctica. In April 2016, the Government responded to a review of Australia's actions on reducing the emission of ozone-damaging gases under the Montreal Protocol.

      ACTIVITIES

      List out the activities which produce greenhouse gases around your surroundings. Discuss the techniques to reduce the greenhouse gases in your classroom. Demonstrate the result on your noticeboard.

      MAIN POINTS TO REMEMBER

      · Mitigation addresses the reduction of greenhouse gas emissions, while adaptation seeks to lower the risks posed by the consequences of climatic changes.

      · Adaptation measures are planned in advance or put in place spontaneously. Humans are already adapting to climate change, and further adaptation efforts are necessary in coming decades.

      . The three basic types of adaptation, based on how the genetic changes are expressed, are structural, physiological and behavioural adaptations.

      An organism's environment shapes its appearance through structural adaptations. Structural modifications affect organisms at different levels.

      Physiological adaptations usually are not seen from outside. Laboratory studies on contents of blood, urine and other body fluids along with the microscopic studies of organisms' tissues are often necessary to identify the physiological adaptations.

      
        
      

      . Adaptation that affects how an organism acts is called behavioural adaptation. Humans employ cultural adaptations as a subset of behavioural adaptations, where people learn ways of raising the food they need and coping with the particular given climate.

      · Climate Change Mitigation refers to efforts to reduce or prevent emission of greenhouse gases. Climate change mitigation consists of actions to limit the magnitude or rate of global warming and its related effects. It generally involves reductions in human (anthropogenic) emissions of greenhouse gases (GHGs). Mitigation may also be achieved by increasing the capacity of carbon sinks.

      · Greenhouse gases give rise to increment of temperature. Important measures for mitigating the greenhouse gases are as follows:

      · Expansion of forest area

      · Pollution control

      · Conservation of water resources

      · Development of alternative energy

      · Policy formulation and implementation

      · We can take the following measures to reduce the greenhouse gas emission:

      · Reduce, reuse and recycle (3-R)

      · Use less heat and air conditioning.

      · Replace regular light bulbs with Light Emitting Diode (LED) bulbs.

      · Buy energy efficient home appliances.

      . Use the OFF switch, save electricity and reduce global warming by turning off lights when you leave a room, and using only as much light as you need. Turn off your television, stereo and computer when you're not using them.

      · Local Adaptation Plans of Action (LAPAs) are community-based approaches that take a "vulnerability first" approach to climate change adaptation. LAPAs are often prepared at local government level, although community-based LAPAs are also in place. The practice was initiated in Nepal under the guidance of the Ministry of Population and Environment, the national focal point to United Nations Framework Convention on Climate Change.

      The LAPA Framework was designed to support decision-makers at local-to- national levels to:

      · Identify the most climate vulnerable VDC's, wards, and people and their adaptation needs;

      · Prioritize adaptation options in easy ways with local people setting priorities;

      · Prepare and integrate local adaptation plans for action into local-to-national planning in accordance with the Local Self Governance Act;

      · Identify appropriate service delivery agents and channels for funding to implement

      
        
      

      local adaptation plans for action;

      . Assess the progress of LAPA to ensure effective planning and delivery; and

      . Provide cost-effective options for scaling out local-to-national adaptation planning.

      The LAPA framework consists of seven steps for its formulation and implementation:

      · Step 1 - Sensitization

      · Step 2 - Vulnerability and adaptation assessment

      · Step 3 - Prioritization of adaptation options

      · Step 4 - LAPA formulation

      · Step 5 - LAPA integration into planning process

      · Step 6 - LAPA implementation

      · Step 7 - LAPA progress assessment

      (Expected Outcomes): The planned outcomes for the LAPAs are enhanced capacity of the government and non-government institutions to implement climate change policy, and most urgent and immediate adaptation actions to increase the resilience of climate-vulnerable poor.

      . Indigenous knowledge includes culture-and-society-specific knowledge on subsistence practices (e.g. agriculture, animal husbandry, and slash and burn agriculture); traditional medicine (e.g. use and ethno-botanical knowledge of medicinal plants for human and animal usage); and celestial knowledge as it influences human living, weather forecasting and disaster prediction. Social Institutions have their roles in supporting continuation of Indigenous and Local Knowledge Practices (ILKP).

      · Climate Change Adaptation in Nepal attempts to develop an understanding of ILKPs assuming that specific characteristics of the knowledge stream make them relevant for local adaptation and resilience building efforts. It uses the following properties of ILK:

      Knowledge found locally and specific to different situations and culture;

      Tacit (unspoken or implicit) knowledge gathered through interaction among and observation of community members, which is easily disseminated;

      Transmitted orally from generation to generation or self-learned, getting refined in the process of transference;

      Practical knowledge that is applied rather than theoretical;

      Experiential learning which is specific to a locale; and

      Constantly changing as it is regularly improved upon. Indigenous knowledge has played an important role in solving local problems.

      It identifies a number of indigenous, traditional and local knowledge and practices and analyses their applications for climate change adaptation and resilience-building at the local level. Generally, it is based on five thematic sectors - water, forestry, rural

      
        
      

      transport, settlements and housing and traditional social institutions - and draws on examples of ILKP in Nepal.

      · Nepal prepared National Adaptation Programme of Action (NAPA) in September 2010 to address the impacts of climate change.

      · Nepal also prepared National Framework on Local Adaptation Plans for Action (LAPA) to implement adaptation actions at the local level and ensure integration of climate change adaptation into local to national planning process.

      · Nepal's Climate Change Policy (2011) ensures allocation of at least 80 percent of the total budget from climate change fund to programme implementation at the community level.

      · The NAPA carried out an integrated ranking of priority activities as follows:

      · Promoting community-based adaptation through integrated management of agriculture, water, forest and biodiversity sector;

      · Building and enhancing adaptive capacity of vulnerable communities through improved system and access to survival related to agricultural development;

      · Community-based disaster management for facilitating climate adaptation;

      · GLOF (Glacial lake outburst flood) monitoring and disaster risk reduction;

      · Forest and ecosystem management for supporting climate-led adaptation innovations;

      · Adapting to climate challenges in public health;

      · Ecosystem management for climate adaptation;

      · Empowering vulnerable communities through sustainable management of water resources and clean energy supply; and

      · Promoting climate smart urban settlement.

      · NAPA mainly focus on the following six areas:

      · Agriculture and food security

      · Water resources and energy

      · Forests and biodiversity

      · Public health

      · Urban settlements and infrastructure

      · Climate-induced Disaster

      
        
      

      EXERCISES

      A.Write very short answers of the following:

      1.What is adptation?

      2.What is mitigation?

      3.. What is structural adaptation?

      4.What is physiological adaptation?

      5. What does LAPA mean?

      6.What does NAPA mean?

      7.What does greenhouse gas mean?

      B.write short answers of the following:

      1.Describe behavioural adaptation with examples.

      2.Describe any two measures for mitigating the greenhouse gases.

      3.make a list of the measures that we can take to reduce the greenhouse gas emission.

      4. What are the objectives of designing the LAPA Framework in Nepal?

      5.What are the seven steps of the formulation and implementation of the LAPA framework in Nepal?

      6. What was the reason for formulation and implementing NAPA in Nepal?

      7.Make a list of the prioritized activities carried out by NAPA in Nepal.

      8.What are the six main areas of NAPA focus in Nepal?

      9.Write short notes on:

      (a) Greenhouse gas

      (b) LAPA formulation

      (c) Indigenous knowledge and practice

      (d) Climate induced disaster

      C.write long answers of the following:

      1.Explain in what way the energy-efficient products are helpful in reducing the greenhouse gas emission.

      2.Explain in what ways the practices of indigenous and local knowledge are beneficial for the climate change adaptation and resilience-building at the local level.

      PROJECT WORK

      Explore the indigenous and local technologies being used in your village/city, that are directly or directly helpful in environment protection. Organize a meeting with the experts and people who are practising these technologies. Discuss with them how these technologies could be further improved or the protection of environment.

      Share your report in the class.

    
  
    
      
        
      

      Chapter 6 Alternative Energy and its promotion in nepal

      Energy is essential to life and all living organisms. The sun, directly or indirectly, is the source of all energy available on the Earth. Our energy choices and decisions impact Earth's natural systems in many ways. So, it is very important what energy sources we choose. It is not wise enough to measure the cost of energy in Rupees or any currency. There are also social and economic factors as well as consequences to be considered.

      In Nepal, about 80% of the population lives in rural parts of the country. They mostly fulfill their energy demand (70 % of the energy demand) from the biomass fuel such as woods, animal dung, etc. For cooking and heating, most of them still use the traditional furnace (chulo) which produces much smoke. Each year, Nepal spends a huge amount of money in importing the fuels such as petroleum oil, LPG gas, etc. Hence, it is essential to develop the more alternative energy sources widely.

      Alternative energy is any energy source that specifically avoids fossil fuels such as oil, natural gas and coal. It does not add greenhouse gases that add to global warming. It does not harm the environment. Renewable energy comes from the source that is naturally occurring and replenishes naturally without human intervention.

      In this unit, we study the roles of government organizations as well as other organizations along with the good practices in the development of alternative energy in Nepal.

    
  
    
      6.1 Government Approach: Current Energy Policies

      Current energy sector policies are scattered in various documents and executive orders. These include policy statements of the government stated in periodic development plans, sub-sector policies, government orders and notices, and laws passed by the legislature.

      
        
      

      6.1.1 Periodic Development Plans

      The Fifth Plan (1975-1980) document of the government was the first sector specific policy statement in the energy sector. In the Plan, the government emphasized the need to reduce heavy dependence on traditional source of biomass and imported oil, and increase the supply of renewable energy sources including hydropower to meet the increasing demand for energy.

      Different ministries are mandated for development and management of different subsectors (Hydropower, fossil fuels, renewable energy) within energy sector. Realizing the need to establish an appropriate agency at the national level to coordinate and guide the development of energy sector, Water and Energy Commission (WEC) was established. The mandate of WEC was "to formulate and coordinate programs for the development and conservation of water and energy resources".

      6.1.2 Hydropower Development Policies 1992 and 2001, Water Resources Act 1992, and Electricity Act 1992

      The objectives of the policies in 1992 were to supply electricity as per the demands in urban and rural areas and meet the energy needs required for industrial development in the country. The laws passed by the legislature the same year made provisions to put the policies into practice encouraging the private sector through various fiscal and other incentives for development of hydropower in the country. The 2001 Policy in particular made policy announcements to utilize the hydropower potential to meet the domestic demands of electricity through transparent procedures to attract foreign and domestic investment, develop hydropower as an alternative to biomass and thermal energy, create rural electrification fund, control unauthorized uses of electricity and leakages, cover risks likely to occur in hydropower projects, demand side management and energy conservation.

      6.1.3 Water Resources Strategy 2002 and National Water Plan 2005

      The water resources strategy was guided by the principle of integrated water resources management. The strategy recognized that water resources development needs to be more closely integrated with sustainable social and economic development. In the hydropower sector, the strategy seeks to develop sufficient capacity to meet domestic needs at affordable prices and export of electricity. While putting into effect the targets set in the Strategy, the National Water Plan has fixed a target of hydropower generation of 700 MW by 2007 to meet the projected domestic demand at base case scenario without export. Similarly, a target of generation of 2,100 MW by 2017 and 4,000 MW by 2027 have been fixed to meet the projected domestic demand at base case scenario without export.

      
        
      

      6.1.4 Nepal Electricity Regulatory Commission Act 2074

      Under this Act, the Government of Nepal has established Electricity Regulatory Commission for facilitating electricity production, transmission, distribution, trading, and management in a transparent way. Its other objectives are to balance supply and demand to set electricity tariff, to develop competition in the electricity market and to protect consumer rights. With the establishment of this regulatory body, electricity market is expected to develop in a competitive environment where stakeholders' rights are protected and electricity is made accessible, affordable and acceptable.

      6.1.5 National Electricity Crisis Resolution Action Plan 2008

      The government brought out a 38-point Electricity Crisis Resolution Action Plan in Poush 2065 (2009). The Action Plan focused immediate, short-term and long- term programmes. The principal concessions under immediate programmes included determining a Power Purchase Agreement at flat rate for power plants up to 25 MW, 7 years income tax holiday and waiver of the provision for doing Environmental Impact Assessment (EIA) for power projects expected to go for implementation by Chaitra 2068 (2011). Such power projects would have to undergo Initial Environmental Examination (IEE). It included plans to import more power from India, build 200 MW thermal power plant and encourage the power generation through captive plants by subsidizing the additional cost involved in producing power from oil, and strengthen and add transmission capacity. It also encouraged solar and wind power generation through various concessions and facilities. Emphasis was given to encouraging efficiency through the use of low energy consumption bulbs, initiate a system of energy audit, implement a code of conduct to save energy, and raise public awareness for demand management. The concession included 80 percent subsidy for micro hydropower below 1 MW capacity.

      Short-term measures under the plan included building additional transmission lines to import power from India, increase power production through efficient operation of current generation facilities, control technical loss and controlling theft of electricity through cooperation of political parties, the public and the local administration.

      The long-term programmes included building high capacity transmission lines between India and Nepal and large multi-purpose projects. It also included the adoption of national integrated energy policy with short, medium and long-term energy development plan. It further included the financial restructuring of Nepal Electricity Authority (NEA).

      
        6.1.6 Task Force for Hydropower Development The Government of Nepal (GoN) formed a task force in December 2008 to formulate programmes for developing 10,000 W in 10 years for addressing the energy sis situation. The task force highlighted importance of developing hydropower d provided the list of storage and run-off jects with time-line for development. The ort also recommended for improvement in institutional aspects.

      The GoN again came up with the plan of development of 25,000 MW in 20 years in the plans and programs of the Government in July 2009. The 20-year plan ort has elaborated the suggestion provided by the 10 year development plan report. Government of Nepal (GON) formed a task force in December 2008 to formulate grams for developing 10,000 MW in 10 years for addressing the energy crisis situation. task force highlighted the importance of developing hydropower and provided list of storage and run-off projects with time-line for development. The report also recommended for improvement in the institutional aspects.

      Local Self-Governance Act, 2055 (1998)

      The law related to local bodies (Village and District Development Committees Municipalities) has empowered the local government to formulate, implement, distribute and maintain the mini and micro hydropower projects and other energy projects in their respective jurisdictions. The law requires the local bodies to prepare resource map as well as annual and periodic plans. It provides for a detailed institutional framework mechanisms for formulation and coordination of plans, including a structure for action of the plans. The District Development Committee (DDC) is required to form an integrated Plan Formulation Committee under the chairmanship of the DDC Chief with the representation of Parliamentarians representing the district, among others.

      6.1.8Rural Energy Policy 2006

      The overall goal of this policy was to contribute to rural poverty reduction and mental conservation by ensuring access to clean, reliable and appropriate energy rural areas.

      
        
      

      In order to achieve this goal, the "Rural Energy Policy" contained the follows objectives:

      1. To reduce dependency on traditional energy and conserve environment by increase access to clean and cost effective energy in the rural areas.

      2. To increase employment and productivity through the development of rural energy resources.

      3. To increase the living standards of the rural population by integrating rural energy with social and economic activities.

      In order to achieve the above objectives, glimpses of the policies (strategies) were as follows:

      1. Develop environment-friendly Rural Energy Technologies.

      2. Improve the capacity of the local bodies in rural energy project planning, implementation, monitoring and evaluation.

      3. Establish the Rural Energy Fund at the central level to mobilize financial resources.

      4. Support local bodies to develop its capacity to formulate and implement rural energy programmes through Alternative Energy Promotion Centre under Ministry of Environment, Science and Technology.

      5. Develop affordable and suitable rural energy resources.

      6. Increase human resource capacity of rural population for rural energy development.

      7. Implement economic activities at rural level by development of Micro and Mini Hydro, Biogas, Improved Cook Stove, Improved Water Mills, Solar Energy Systems, etc. and expansion of the central grid.

      8. Involve private sector and non-governmental organizations in the rural energy development for development and expansion of new technologies.

      9. Encourage economic and industrial activities based on rural energy technologies.

      10. Encourage community management through social mobilization in activities of rural energy development and dissemination.

      11. Increase private sector participation in manufacturing of equipment related to rural energy.

      12. Use economic instruments and mobilize the capital from banks and financial institutions, internal capital market, community capital for rural energy development

      13. Encourage the local body, cooperatives, private sector, user organization or commune management to purchase and distribute electricity from electricity production.

      14. Increase the efficiency of rural energy technology.

      15. Bring improvement in social, economic and environmental aspect by coordinating rural energy with local bodies.

      16. Emphasize Research and Development of rural energy technology.

      
        
      

      17.Implement promotional activities that emphasize on access to rural energy and role of rural energy in sustainable development, poverty reduction and positive impacts on women and children.

      18.Increase the capacity of Renewable Energy Test Station for quality standard tests and quality control.

      19.Integrate off-grid and small rural energy system with national grid.

      The Rural Energy Policy 2006 specifically targets to install improved biomass technologies to meet cooking and other heating energy needs, micro hydro installation for al electrification through off-grid power production and distribution that is capable to grid-connected when grid is extended, solar home systems (10 peak watt and above) d white-led and photovoltaic based solar lights replacing kerosene lamps. The policy recognizes solar home system as a mainstream electrification option for many rural areas ere grid and micro hydro is not an option for long time to come.

      6.1.9 Forest Sector Policies and Forest Act, 1992

      The forestry sector policy has evolved through distinct phases of privatization (pre- 50), nationalization (1957) and community orientation (1970). From review of forest policies the government as expressed in periodic plans, emphasis on protection in the initial days was placed by a phase of scientific management of e resource. Later in the post-1970s, management the resource was replaced by an approach popular participation of the community. The nth Plan (2002-2007) emphasizes promotion conservation and sustainable use of forest sources, development of forest product-based enterprises, adoption of participatory approaches and poverty reduction to be achieved by providing opportunities for income and employment for poor, women and disadvantaged people.

      The Master Plan for Forestry Sector implemented since 1988 aims to (i) meet e people's basic needs for forestry products (fuel-wood, fodder, etc.) on a sustainable basis, and (ii) protect and manage forests through people's participation. The Forest Act and Rules framed under the act are considered to be quite progressive instruments. These instruments have also laid down provisions related to private forestry. Programs like leasehold Forestry, Hills Leasehold Forestry and Forage Development Project that help

      
        Raise incomes of families in the hills below poverty line also aim to protect and conserve forests.these programs help towards managing forests for fuel-wood.the proposed forestry sector policy 2000 on the other hand is specific in addressing the problem of energy in the rural areas by focusing its emphasis on managing the sector for fuel-wood.

      The long-term objective of the 2000 policy is specific in meeting the peoples basic needs

      for fuel-wood, timber, fodder, and other forestry products on a sustainable basis. the forestry resources will be managed and utilized in a manner which gives priority to the basic needs of the people such as fuel-wood for cooking, timber for housing, fodder for domestic animals, and medicinal plants for health. The strategies for production will be to promote commercial plantations especially in the Terai.

      6.1.10 Petroleum, Coal and Natural Gas Sub-sector Policy

      Nepal Oil Corporation, registered under the Company Act 2021, has the monopoly to sell and distribute petroleum products (POL) in the country. It purchases oil from the world market and arranges to receive POL products from the Indian Oil Corporation in exchange for the imported oil. Currently, the arrangement is to import POL products from the Indian Oil on the basis of prevailing market price quoted on the 1st and 16th of each month

      The government with a notification in the Nepal Gazette required the NOC to distribute petrol with 10 percent of ethanol from Magh 1, 2060 (January 15, 2004) and is yet to be implemented.

      The national requirement of coal is being met through import due to virtual existence of coal mines with economic significance. Limited amount of low grade coal is locally mined in certain areas of Nepal. Coals extracted are distributed locally for use generally in brick kilns. Under the Mines and Minerals Act, 2042, coal mines are licensed and registered for their operation.

      A limited amount of natural gas has been found in some pockets of the Kathmandu Valley. Probable reserves identified so far need further confirmation in order to be of any use for commercial exploitation. If the proven reserves can be used economically even for a limited number of years, it is worth exploring in view of total dependence on imported gas. However, the policy on natural gas is yet to be formulated.

      6.1.11 National Transport Policy 2001

      With the objective to develop a transport system that is sustainable, dependable, less expensive, safe, comfortable and self-reliant, the National Transport Policy 2001 was adopted by the government in 2001. Detailed policies to realize the above objective

      
        
      

      include, among others, developing a transport system with renewable sources such as electric and solar energy. It also emphasizes development of a transport system that is pollution free. The 2001 sectoral policy on transport system includes sections on rail transport, cable car and ropeways all with renewable energy sources.

      6.2 Current Institutional Situation

      The prevailing institutional arrangement in energy sector is broadly based upon nature and type of energy resource, legal basis of the energy organization and scale of energy generation. Accordingly, a number of institutions exist in the energy sector. They perform energy planning, development and implementation functions. Government bodies, state-owned public utilities and private sector, local bodies and communities are involved in energy sub-sectors by resources - e.g. traditional, commercial and renewable. Different ministries such as Ministry of Energy, Water Resources and Irrigation; Ministry Forests and Environment; Ministry of Agriculture and Livestock Development; Ministry of Industry, Commerce and Supplies; and Ministry of Education, Science and technology play different roles in energy sub-sectors with several agencies connected with these ministries.

      National Planning Commission is responsible for bringing together the sub- sectoral energy development targets into the periodic development plan. Further, Water and Energy Commission/Water and Energy Commission Secretariat (WECS), the government's advisory agency in water and energy sectors are responsible to help prepare and facilitate implementation of necessary policy, plan and legislation pertaining to the development of water and energy, and establish coordination among national and sectoral policies on water and energy.

      The micro scale electricity and other alternate energies are planned, managed d facilitated by Alternative Energy Promotion Centre (AEPC) which comes under Ministry of Energy, Water Resources and Irrigation. In traditional and commercial energy b-sectors, there is dominance of public monopolies (in forests resource generation/ harvesting of Timber Corporation of Nepal; in procurement and marketing of petroleum products of Nepal Oil Corporation; and in transmission and distribution of electricity of nepal Electricity Authority.

    
  
    
      6.3 Institutional Approach

      6.3.1 Alternative Energy Promotion Centre (AEPC)

      Alternative Energy Promotion Centre (AEPC) was established on November 3, 96 by the Government of Nepal under the Ministry of Science and Technology with the

      
        
      

      objective of developing and promoting renewable energy technologies in Nepal. Currently, it is under the Ministry of Energy, Water Resources and Irrigation. AEPC is a semi-autonomous government body governed by the Alternative Energy Development Board (AEDB) represented by members from the government, private sector, non-governmental organizations and financial institutions.

      AEPC is mandatory for the promotion of micro/mini hydro-power up to 10 MW. solar energy, wind energy, biomass energy, biogenetic gas, sulfur spring including biogas. Its functions are further broadened specifying the implementation of energy efficiency development programmes at the provincial and local levels mobilizing national and international resources along with implementation of programmes and projects on climate change and carbon emission reduction.

      The mission of AEPC is to make renewable energy mainstream resource through increased access, knowledge and adaptability contributing to the improved living conditions of people in Nepal.

      The main objectives of the AEPC are:

      · To popularize and promote the use of alternative/renewable energy technology.

      · To raise the living standard of the rural people.

      · To protect the environment.

      · To develop the commercially viable alternative energy industries in the country.

      
        For the promotion of renewable energy, AEPC has been implementing different programs and projects such as Mini and Micro Hydropower; Improved Water Mill; Solar Photovoltaic and Solar Thermal; Biogas; Biomass and Bio-fuels; and Wind Energy.

      
        
          
          
          
        
        
          
            	Program
            	Unit
            	Acievements till fiscal year 2075/76
          

        
        
          
            	Mud improved cooking stoves
            	Number
            	1423242
          

          
            	Solar home system
            	Number
            	911097
          

          
            	Domestic biogas
            	Number
            	425511
          

          
            	Micro /mini hydro
            	KW
            	32159
          

          
            	Institutional solar PV system
            	Number
            	1993
          

          
            	Metallic improved cooking stoves
            	Number
            	85805
          

          
            	Improved water mill
            	Number
            	11018
          

          
            	Urban solar home system
            	Number
            	21114
          

          
            	Solar drinking water and irrigation pump
            	Number
            	1364
          

          
            	Solar wind min grid system
            	KW
            	563
          

          
            	Large biogas plant
            	number
            	247
          

        
      

      Source: AEPC, Progress at Glance: A Year in Review FY 2075/76 (2018/19)

      6.3.2 Renewable Energy for Rural Livelihood (RERL)

      The Renewable Energy for Rural Livelihood (RERL) is funded by Global Environmental Facility (GEF) and UNDP, and was developed as an integral part of Alternative Energy Promotion Centre's National Rural and Renewable Energy Programme (NRREP) to assist in fulfilling its ambitious targets. Since AEPC and donors have adopted a single programme framework, the NRREP represents the collective baseline activities in the country on renewable energy. The specific Renewable Energy (RE) related components of that programme, particularly on Mini/Micro Hydro and large solar PV systems are included in the RERL project's baseline activities.

      The main objective of RERL is to support AEPC to remove barriers for scaling up of interventions which promote less-disseminated larger renewable energy systems such as mini hydro, large micro hydro and large solar PV systems. RERL supports development of sustainable implementation modalities such as demonstration projects,

      
        
      

      private sector involvement for financing and attainment of financial sustainability through the promotion of productive energy uses.

      RERL is providing technical assistance to develop mini/micro hydropower projects with the total installed capacity of 10 MW and Large Solar PV Systems of 2.5 MW. Among this, RERL is directly supporting beneficiaries to develop 1 MW of mini hydro and 0.5 MW of solar PV as demonstration projects.

      6.3.3 Winrock International (WI)

      In Nepal, Winrock International has promoted and integrated renewable energy systems in rural communities. It made contributions W INTERNATIONAL in improving the policy framework and investment programs for renewable energy technologies (RETs). It also introduced renewable energy options for livelihood and poverty alleviation initiatives, WINROCK facilitated linkages between micro financing and RETs, and built the capacity of NGOs, industry associations, private project developers, and government agencies. Its activities in promoting the use of renewable forms of energy, including promotion of community based rural electrification have been closely aligned with government plans and policies. It has close working relationships with various government agencies, and non-government organizations across Nepal.

    
  
    
      6.4 Energy Organizations

      There are several organizations under the Ministry of Energy, Water Resources and Irrigation. They are as follows:

      6.4.1 Water and Energy Commission Secretariat

      The Water and Energy Commission (WEC) was established by the Government of Nepal in 1975 with the objective of developing water and energy resources in an integrated and accelerated manner. Consequently, a permanent secretariat of WEC was established in 1981 and was given the name, Water and Energy Commission Secretariat (WECS). The primary responsibility of WECS is to assist the GoN, different ministries relating to Water Resources and other related agencies in the formulation of policies and planning of projects in the water and energy resources sector.

      6.4.2 Nepal Electricity Authority

      Nepal Electricity Authority (NEA) was created on August 16, 1985 (Bhadra 1, 2042) under the Nepal Electricity Authority Act. 1984, through the merger of the

      
        Department of electricity of ministry of water resources ,Nepal electricity corporation and related development boards.

      6.4.3 Groundwater resources development board

      Groundwater resources exploration and identification activities in Nepal started as early as 1967 through a technical unit under the Department of Irrigation. To enhance groundwater study and investigation activities and to delineate potential area for groundwater irrigation development, the Government of Nepal (GON) has established Groundwater Resources Development Board (GWRDB) under the Former Ministry of Water Resources (MOWR) in 1976.

      6.4.4 Alternative Energy Promotion Centre

      Alternative Energy Promotion Centre (AEPC) is a Government institution established on November 3, 1996, under the Ministry of Science and Technology with the objective of developing and promoting renewable/alternative energy technologies in Nepal. Currently, it is under the Ministry of Energy, Water Resources and Irrigation.

      6.4.5 Water Resource Research and Development Centre

      This organization was established in 2015 AD (2072 BS). Its mandate is to organize trainings to government employees as well as others who have a direct link with water resources development and management. It has also laboratory and research facilities.

      6.4.6 Vidhyut Utpadan Company Limited

      The Government of Nepal took initiation to establish the company to develop the different projects with different investors of Nepal in the model of public-private partnership to develop, build, own and operate large scale hydropower projects. As a result, Vidhyut Utpadan Company Limited (VUCL) was established on 20 November 2016 under the Companies Act 2006 AD for developing the hydropower in an economically efficient and sustainable manner to meet the growing power demand in the country.

      6.4.7 Rastriya Prasaran Grid Company Limited

      The development of transmission line system is inevitable to develop the hydropower projects in order to address the energy crisis of Nepal. In this context, Rastriya Prasaran Grid Co. Ltd. (RPGCL) was established by the Government of Nepal on 12 July 2015 to transmit and evacuate the power for the development and operation of hydropower sector. The Company's corporate office is located in Kathmandu.

      
        
      

      6.4.8 Hydroelectricity Investment and Development Company Limited

      Following the Government of Nepal's decision, Hydroelectricity Investment and Development Company Ltd. (Jalvidhyut Lagani Tatha Bikas Company Limited) was established on 06 July 2011. It has been recognized as a financial institution by the Government of Nepal and Nepal Rastra Bank. It has the mandate to generate and invest financial resources in Hydroelectricity Generation, Transmission and Distribution Projects in Nepal.

      6.4.9 Nepal Renewable Energy Programme (NREP)

      This programme's mandate is to support the Government of Nepal (GoN) and the private sector plan and invest in a low-carbon development path resulting in economic growth, poverty reduction and climate-smart development. Its result is intended for the government institutions as well as the private sector to increase investments in the Renewable Energy sector in communities across Nepal. This programme is funded by the United Kingdom's Department for International Development (DFID). This programme started in February 2019.

    
  
    
      6.5 Success Examples of Energy

      6.5.1 Solar Water Pumping for Productive Uses in Nepal

      The market for solar pumps is rapidly increasing due to rapidly declining costs and technology improvements that are replacing traditional manual (hand) pumps, mechanical windmills, and diesel engines around the globe. They are also reducing the demands on local and national power grids. Solar pumping has become a significant and growing niche for the solar energy industry. Solar pumps are an important way for smallholder farmers to increase crop yields through irrigation; fish farmers can increase fish yields through reliable water and improved aeration; and livestock herders can increase income through a reliable water supply for their animals.

      (a) Commercial Rice Irrigation: A solar water pumping system was installed with Winrock International (WI) assistance in the village of Odaltal of Surkhet District by Ghampower Pvt. Ltd. in November, 2016. The farmer group installed the distribution pipes and water storage tank in mid-2017. The system is managed by Jagaran Krishak Samuha, which is part of a 30 farmer cooperative group.

      
        
      

      b.Rice and Vegetable Irrigation: A large solar water pump system was installed in November 2016 in Piparkoti, Valkachuha in Kailali District using a Trina Solar 3,120 Wp solar power array used for irrigation of rice and vegetables. The farmer group that es this system was formed by USAID-KISAN project and has 20 members. The solar Power system is owned and managed by Sirjana Krishak Samuha from the farmer group. The PV system is somewhat unique for solar water pumping in that it charges a battery bank to operate the solar pump and a crop grinder processing unit.

      6.5.2 Wind Energy for Productive Uses in Nepal

      Nepal is a mountainous country with a high potential for wind energy. The data base is poor and wind data are not sufficient to make a realistic assessment of the wind energy. The extreme wind speed is as high as 46.76 m/s, and 238 kW/ m' power density. The annual average energy potential is about 3.387 MWh/m2. The potential area of wind power in the country is about 6074 sq. km with wind power density greater than 300 watt/m2. More than 3,000 MW of electricity could be generated at 5 MW per sq km. The commercially viable wind potential of the country is estimated to be only about 448 MW.

      Wind Energy Projects in Nepal

      A 10 kw wind turbine generator was installed at Kagbeni in Mustang district, the trans Himalayan zone by Nepal Electricity Authority in 1985. But the turbine was broken by high wind after the installation and is now dismantled.

      Some of the completed micro wind energy projects in Nepal are:

      1. Two windmills with 400 watt capacity were established in Kavre district in 2007.

      2. Windmill for pumping groundwater in Biratnagar, Morang District.

      3. Mechanism for the measurement of wind speed and potential for electricity generation was established in 2008 in Bhimdhunga of Dhading Besi and Timal Danda of Kavre District.

      6.5.3 Biogas

      Biogas is produced by anaerobic digestion or fermentation or decomposition of organic wastes. We can use as a fuel for any heating purpose. A gas engine converts the energy in the gas into electricity. Biogas can be compressed, much like natural gas and can be used to power motor Vehicles.

      
        
      

      Biogas is the mostly used renewable energy in rural parts of Nepal. The cumulative data shows that 425,511 households have used biogas by the end of FY 2075/76. Use of biogas has also added some important advantages, which are as follows:

      · Conservation of the environment.

      · Conservation of forests.

      · Formation of fertilizers as a by-product.

      · Saving of household expenses, etc.

      The following Table gives us a glimpse of the success of biogas use in Nepal.

      
        
          
          
          
          
        
        
          
            	Serial number
            	Fiscal Year
            	Installation Type
            	Number of Installations
          

        
        
          
            	1
            	2061/ 62
            	Biogas Plant
            	17803
          

          
            	2
            	2062/ 63
            	Biogas Plant
            	16118
          

          
            	3
            	2063/ 64
            	Biogas Plant
            	17663
          

          
            	4
            	2064/ 65
            	Biogas Plant
            	14884
          

          
            	5
            	2065/ 66
            	Biogas Plant
            	19479
          

          
            	6
            	2066/ 67
            	Biogas Plant
            	19511
          

          
            	7
            	2067/ 68
            	Biogas Plant
            	17907
          

          
            	8
            	2068/ 69
            	Biogas Plant
            	18979
          

          
            	9
            	2069/ 70
            	Biogas Plant
            	17635
          

          
            	10
            	2070/ 71
            	Biogas Plant
            	31512
          

          
            	11
            	2071/ 72
            	Biogas Plant
            	30078
          

          
            	12
            	2072/ 73
            	Biogas Plant
            	16706
          

          
            	13
            	2073/ 74
            	Biogas Plant
            	20536
          

          
            	14
            	2074/75
            	Biogas Plant
            	15625
          

          
            	15
            	2075/76
            	Biogas Plant
            	9451
          

        
      

      Source: AEPC

      Study of Alternative Energy Technology (AET)

      Visit your neighbour(s) and observe what AET is in use there. Prepare a report (the report format is provided below) based on your observation.

      
        
      

      ACTIVITIES

      Present your report in the class.

      Report Format

      Name of the user:

      Address:

      Date of visit:

      Type of AET in use:

      Installation cost:

      Date of installation:

      Purpose of installation:

      Advantages obtained:

      Problems/challenges, if any:

      Observer's comment:

      MAIN POINTS TO REMEMBER

      -In Nepal, about 80% of the population lives in rural parts of the country. They mostly fulfill their energy demand (70 % of the energy demand) from the biomass fuel such as wood, animal dung, etc.

      -The Fifth Plan (1975-1980) document of the government was the first sector-specific policy statement in the energy sector. In the Plan, the government emphasized the need to reduce heavy dependence on traditional source of biomass and imported oil, and increase the supply of renewable energy sources including hydropower to meet the increasing demand for energy.

      -Water and Energy Commission (WEC) was established to formulate and coordinate programs for the development and conservation of water and energy resources in Nepal.

      -In order to develop the hydropower and supply electricity as per the demands in urban and rural areas and meet the energy needs required for industrial development

      
        in the country, Hydropower Development Policies 1992 and 2001, Water Resources Act 1992, and Electricity Act 1992 were developed.

      . The water resources strategy 2002 recognizes that water resources development needs closer integration with sustainable social and economic development. In the hydropower sector, the strategy's focus was to develop sufficient capacity to meet domestic needs at affordable prices and export of electricity.

      . Under Nepal Electricity Regulatory Commission Act 2074, the Government of Nepal established Electricity Regulatory Commission for facilitating electricity production, transmission, distribution, trading and management in a transparent way.

      . Local Self-Governance Act, 2055 focuses on the empowerment of the local government to formulate, implement, distribute and maintain the mini and micro hydropower projects and other energy projects in their respective jurisdictions.

      . Rural Energy Policy 2006 focus on rural poverty reduction and environmental conservation by ensuring access to clean, reliable and appropriate energy in the rural areas.

      . The Rural Energy Policy 2006 specifically targets to install improved biomass technologies to meet cooking and other heating energy needs, micro hydro installation for rural electrification through off-grid power production and distribution. The policy recognizes solar home system as a mainstream electrification option for many rural areas where grid and micro hydro are not an option for long time to come.

      · Alternative Energy Promotion Centre (AEPC) was established on November 3, 1996 by the Government of Nepal to develop and promote renewable energy technologies in Nepal.

      · The main objectives of the AEPC: to popularize and promote the use of alternative renewable energy technology, to raise the living standard of the rural people, to protect the environment and to develop the commercially viable alternative energy industries in the country.

      · The main objective of Renewable Energy for Rural Livelihood (RERL) is to support AEPC to remove barriers for scaling up of interventions which promote less-disseminated larger renewable energy systems such as mini hydro, large micro hydro and large solar PV systems. RERL supports development of sustainable implementation modalities such as demonstration projects, private sector involvement for financing and attainment of financial sustainability through promotion of productive energy uses.

      
        
      

      EXERCISES

      A.Write very short answers for the following:

      1.What is the main source of energy on the Earth?

      2.Mention the names of any two plans/strategies of the Government of Nepal in relation to energy sector.

      3.Write the names of any three ministries that are involved in energy sub-sector.

      4.Write the main purpose of establishing AEPC by the Government of Nepal.

      5.What is alternative energy?

      6.What is renewable energy?

      7.What is biogas?

      8.Write the main goal of Rural Energy Policy 2006.

      9.Mention the names of any three organizations (under the Ministry of Energy, Water Resources and Irrigation) that work for the promotion of renewable energy in Nepal.

      10.Write any two advantages of using biogas fuel.

      B.Write short answers for the following:

      1.What was the emphasis of the Fifth Plan (1975-1980) in the energy sector?

      2.What was the main purpose of establishing Electricity Regulatory Commission under Nepal Electricity Regulatory Commission Act 2074?

      3.Write any three main objectives of AEPC.

      4.What is the main objective of 'Renewable Energy for Rural Livelihood'?

      5.Write any two initiatives of Winrock International in renewable energy sector in Nepal.

      6.Describe why alternative energy is essential in our country.

      7.Describe the roles of government agencies in promoting alternative energy in Nepal.

      8.Describe the roles of non-government organizations in promoting alternative energy in Nepal.

      C.Write long answers for the following:

      1.Describe how the use of alternative energy contributes to the conservation of forest?

      2.Describe how APEC has been playing an important role in promoting the alternative energy sector in Nepal.

      3.Explain how alternative energy promotion helps the conservation of environment. Add with your suggestions on bringing more effectiveness in this regard.

      
        
      

      Project Work

      · Visit your community or nearby community.

      · Observe the alternative energy technology (AET) that is in use there.

      . Discuss with the user(s) concerning the use of AET. Some of the reference points for discussion are given below:

      - Implications of AET in their daily life

      - Implications of AET on environment

      - Ideas for using AET more effectively

      - Comparison of daily life situation before using AET and the present situation

      · Make a report based on your observation and discussion.

      · Share your report in the class and submit it to your teacher.

    
  
    
      
        
      

      CHAPTER 7

    
  
    
      Environment and Sustainable Development

    
  
    
      7.1 Sustainable Development and Agriculture

      Agriculture is an art, science and industry of managing the growth of plants and animals for human use. In a broad sense, agriculture includes cultivation, growing and harvesting crops, breeding and raising livestock, bee keeping, dairying, and forestry. Agriculture is related to production of food. Humans produce food to run their life. In most cases, they produce crops with animal husbandry, fisheries, tree crops, fruits, etc. The raw materials needed to produce cotton and silk are also produced from agriculture. Sagar, jute, flour and biscuit industries also depend upon agriculture for raw materials.

      Modern agriculture depends heavily on engineering and technology, and on the biological and physical sciences. Irrigation, drainage, conservation and sanitary engineering - each of which is important in successful farming - are some of the fields requiring the specialized knowledge of agricultural engineering.

      Agriculture chemistry deals with other vital farming concerns such as the application of fertilizer, insecticides and fungicides, soil make-up, analysis of agricultural products and nutritional needs of farm animals.

      Plant breeding and genetics contribute immeasurably to farm productivity. Genetics has also made a science of livestock breeding. Hydroponics, a method of soilless gardening in which plants are grown in chemical nutrient solutions, may help meet the need for greater food production as the world's population increases.

      Nepal is divided into Terai, Hill and Mountain geographical regions extending from east to west. The plain area ranges from 60 to 300 meters in height. It covers about 23 percent of total area of Nepal and accommodates about percent of the country's population. About 40 Percent of the land here is suitable for cultivation. is the most productive area of the country and the

      
        bulk of the country's food grain is produced in this region. This area supplies the surplus food products to the deficit areas of the Hills and Mountains of Nepal. Hill region exists between the altitude of 610 meters and 4,877 meters from the sea level. It covers about 42 percent of the total land area. About one-tenth of its area is suitable for cultivation. The people living in higher altitudes of this region have the occupation of animal grazing. cottage industry and cultivation of cereal crops. The people of lower altitudes cultivate cereals and cash crops. The farming system of this area is based on the terrace system.

      The mountain belt is the northernmost strip that ranges from 4,877 to 8,848 meters above the sea level. Its coverage is about 35 percent of the total area. Out of this, about 2 percent is agricultural land. It is hardly suitable for agricultural farming. The people of this area mostly farm sheep and yaks.

      The main economic source of Nepal is agricultural production. Due to harsh topography, limited land is available for agriculture. The cultivated land in Nepal is 20 percent. The pressure of population has been increasing and that has been affecting the use of land. Consequently, it has resulted in low productivity of the land. About 81 percent of the total population has been employed in agriculture. The agricultural sectors supply the raw materials to the other sectors as well. The contribution of agricultural production in the industries is about 75 percent.

      7.1.1 Sustainable Agricultural Development

      Environmental degradation and depletion of natural resources has been a process rather than an event. In the past, the natural resources were always considered as limitless free resources provided by the Earth. However, the concept of sustainable agricultural development is now seen as a process of development that could reconcile the conflicting interest of development and environmental security.

      Global change (climate change, land use change, land cover change and biodiversity loss, biological invasion) has directed a shift in the pattern of agricultural development towards sustainable resource management. Environmental issues such as global warming, acidification of soil and water, drastic decline in the quality of air, water and soil, exploitation of

      
        natural resources, desertification, etc. demand a variety of skilful methods for agricultural and economic development. Furthermore, the issues relevant to conservation of natural resources have to be addressed differently, depending upon the ecological, social, economic and cultural framework of the concerned society.

      Sustainability is a dynamic process. Various factors like topography, needs and expectations of people, markets and transportation facility, technology and innovations influence the sustainability of agriculture. The changes in these factors force change in the prevailing agricultural practices. Consequently, they affect the implementation process of sustainable principles of agriculture. Therefore, individual farmers should modify their production options with due considerations to the various aspects of their bio-physical and socio-economic phenomena. In this context, food insecurity, lack of employment opportunities and poverty are some of the challenges that affect the sustainable development of agriculture. The conservation of natural resources and protection of the environment are some of the main fields of action that are interrelated with the process of implementing the principles of sustainable agriculture. Farmers should be able to make a sustainable living from the agricultural resources that exist around them without causing environmental degradation of the resource base. Efforts should be made for the attainment of the following goals for sustainable agricultural development:

      (i) Food security should be ensured in the country. It can be done through ensuring an appropriate and sustainable balance between self-sufficiency and self- reliance.

      (ii) The human resource of the country should get opportunity to acquire the required training/skill and ultimately in getting employment. Income generation programmes should be expanded to the rural parts of the country along with the urban areas for poverty alleviation.

      (iii) Natural resources are the basic sources of the country that should be conserved. Various environmental programmes relevant to the local content should be implemented effectively with a view to protect the environment. In this process, public participation should be encouraged to carry out initiatives in environmental conservation.

    
  
    
      7.2 Innovative Eco-technology in Agriculture

      Environment friendly, eco-friendly, and nature-friendly are synonyms used to refer to goods and services considered to inflict minimal harm on the environment.

      
        Definition agriculture: "Organic agriculture is a production system that sustains the health of soils, ecosystems and people. It relies on ecological processes, biodiversity and cycles adapted to local conditions, rate than the use of inputs with adverse effects, Organic agriculture combines tradition, innovation and science to benefit the shared environment and promote fair relationships and a good quality of life for all involved International Federation of Organic Agriculture Movement (IFOAM)

      Eco-innovation is a term used to describe products and processes that contribute to sustainable development. Eco-innovation is the commercial application of knowledge to elicit direct or indirect ecological improvement,

      It is often used to describe a range of related ideas, from environment friendly technological advances to socially-acceptable innovative paths towards sustainability The most common use of the term "eco-innovation" is to refer to innovative products and processes that reduce environmental costs. It includes the conservation of natural resources by controlling soil erosion, landslides, flood, etc. This is often used in conjunction with eco-efficiency and eco-design. Many industries have developed innovative technology is order to work towards sustainability.

      (a) Permaculture: Permaculture is about designing sustainable human settlements. It is a philosophy and an approach to land use which weaves together the microclimate, annual and perennial plants, animals, soils, water management, and human needs into intricately connected and productive communities. It is a system designed for creating a sustainable human environment dealing with plants, animals, buildings and Infrastructures. The infrastructures include water, energy and communications, It deals with these elements and makes an effort to establish relationships when they are placed in the landscape.

      Permaculture is a philosophy of working with nature rather than against it. Under this philosophy, thoughtful observations are given to all the functions of plants and animals which are treated as a whole. It intends to use the diversity of the landscape as a strength to be used positively. Thus, the aim of permaculture is to create systems that are ecologically sound and economically viable. It helps to fulfil our needs but does not exploit or pollute the environment. This system is sustainable in the long-term.

      
        
      

      Permaculture takes care of the values related to the natural systems and considers the wisdom contained in traditional farming systems and modern scientific and technological knowledge. It is based on ecological models but creates a cultivated ecology. It designs the land system to produce more human and animal food than nature generally produces.

      Permaculture embraces a three-fold ethic:

      (i) Care of the Earth: Care of the Earth deals with the care of all the living and non-living things. They include soil, species and their varieties, the atmosphere, forests, micro-habitats, animals and water. It includes harmless and rehabilitative activities, active conservation, and ethical and frugal use of resources.

      (ii) Care of people: People make up a small part of the total living systems of the world. We should take care of our basic need for food, shelter, education, employment and friendly human contact. If we can provide our basic needs, we need not indulge in broad-scale destructive practices against the earth.

      (iii) Utilization of surplus time, money and materials: We can contribute together to generate surplus time, money and energy to achieve the aims of the earth and for the care of people. It also means that we can extend our influence and energies to helping others as well as taking care of our basic needs and designing our systems to the best of our ability.

      The permaculture system has a basic life ethic. It recognizes the intrinsic worth of every living thing. It pervades all aspects of environmental, community and economic systems. It stresses the idea of undertaking activities with a view to cooperation and not competition.

      SOCIAL COMPONENTS

      Legal Aid, People. Culture, Trade and Finance

      SITE COMPONENTS

      Water, Earth, Landscape, Climate, Plants

      ABSTRACT COMPONENTS

      Timing, Data, Ethics

      ENERGY COMPONENTS

      Technologies, Structures Sources, Connections

      
        
      

      The core of permaculture is a design which sets up the relationship between the different elements. The design component must be placed properly to enable them to function efficiently. The following are the principles of permaculture:

      (a) Relative location deals with every element such as houses, ponds and roads, which should be placed in relationship to another.

      (b) Each important function is supported by many elements.

      (c) Emphasis is placed on the use of biological resources over fossil fuel resources.

      (d) Energy recycling on site taking both fuel and human energy is taken into consideration.

      (e) Natural plant succession is used and accelerated to establish favourable sites and soils.

      (f) Poly-culture and diversity of beneficial species for a productive and interactive system is promoted.

      (g) Permaculture is used as a natural pattern for achieving the best effect.

      (b) Agroforestry: Agroforestry is an integrated approach of using the interactive benefits from combining trees and shrubs with crops and/or livestock. It combines agricultural and forestry technologies to create more diverse, productive, profitable, healthy and sustainable land- use systems.

      In agroforestry systems, trees or shrubs are intentionally used within agricultural systems, or non- timber forest products are cultured in forest settings. Knowledge, careful selection of species and good management of trees and crops are needed to optimize the production and positive effects within the system and to minimize negative competitive effects.

      (c) Analog Forestry: Analog forestry draws design input from traditional models as well as from the natural forest successional dynamics. When an ecosystem is designed to be analogous to the indigenous climax state, the efficiency and dynamics of the natural processes can be replicated. These quasi-natural forests are designed to mimic the structural and functional aspects of indigenous forests and are referred to as analog forests.

      (d) Forest Farming: Forest farming constitutes an ecological approach to forest through efforts to find a balance between conservation of native biodiversity and wildlife habitat

      
        
      

      within the forest and limited, judicious utilization of the forest's varied resources. The intentional introduction of native or native-related species for use as botanical, medicinal or food products is accomplished utilizing the existing forest ecosystem to aid in support of their growth.

      (e) Forest Gardening: Forest gardening is a food production and land management system based on woodland ecosystems, but substituting trees (such as fruit or nut trees), bushes, shrubs, herbs and vegetables which have yields directly useful to humans. Making use of companion planting, these can be intermixed to grow on multiple levels in the same area, as do the plants in a forest.

      (f) Home Gardens: Home gardens are found in humid areas. They use inter-cropping to cultivate trees, crops, and livestock on the same land. In mid-hills and terai of Nepal, they are the most common forms of land use (for example, combined farming of coconut, black pepper, cocoa and pineapple).

      (g) Vermi-compost: Vermi-compost is the product or process of composting utilizing various species of worms, usually red wigglers, white worms, and earthworms to create a heterogeneous mixture of decomposing vegetable or food waste, bedding materials, and vermicast. Vermicast, similarly known as worm casting, worm humus or worm manure, is the end-product of the breakdown of organic matter by a species of earthworm.

      Vermi-compost contains water-soluble nutrients. This is an excellent, nutrient-rich organic fertilizer and soil conditioner. The process of producing vermi-compost is called vermi-composting.

    
  
    
      7.3 Sustainable Development and Forestry

      Sustainable Development aims to "protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests, combat desertification, and halt and reverse land degradation and halt biodiversity loss". Forests have a significant

      
        
      

      role in reducing the risk of natural disasters, including floods, droughts, landslides and other extreme events. At global level, forests mitigate climate change through carbon sequestration, contribute to the balance of oxygen, carbon dioxide and humidity in the air and protect watersheds, which supply 75% of the freshwater worldwide.

      7.3.1 Sustainable Forest Management (SFM)

      Sustainable Forest Management (SFM) is the management of forests according to the principles of sustainable development. Sustainable forest management maintains the balance between three main pillars: ecological, economic and socio-cultural. SFM aims to provide integrated benefits to all, ranging from local livelihoods, providing biodiversity and ecosystem services, reducing rural poverty, to mitigating effects of climate change.

      The "Forest Principles" adopted at the United Nations Conference on Environment and Development (UNCED) in Rio de Janeiro in 1992 captured the general international understanding of SFM at that time. The stewardship and use of forests and forest lands in a way, and at a rate, that maintains their biodiversity, productivity, regeneration capacity, vitality and their potential to fulfil, now and in the future, relevant ecological, economic and social functions, at local, national, and global levels, and that does not cause damage to other ecosystems.

      More simply, SFM can be described as the attainment of a balance between the increasing demands of the forest products and benefits, and the preservation of forest health and diversity. This balance is critical to the survival of forests, and to the prosperity of forest-dependent communities. For forest managers, SFM means determining, in a tangible way, how to use the forest resources today to ensure similar benefits, health and productivity in the future. Forest managers must assess and integrate a wide array of sometimes conflicting factors, commercial and non-commercial values, environmental considerations, community needs, and even global impacts to produce sound forest plans.

      There appears to be growing international consensus on the key elements of SFM. The Seven Thematic Areas of SFM are as follows:

      1. Extent of forest resources

      2. Ecosystem health and biological diversity

      3. Forest health and vitality

      
        
      

      4. Productive functions of forest resources

      5. Protective functions of forest resources

      6. Socio-economic functions

      7. Legal, policy and institutional framework

      A number of sets of criteria and indicators have since been developed to evaluate e achievement of SFM at the global, regional, country and management unit level. Criteria and indicators are tools which can be used to conceptualize, evaluate and implement SFM. The criteria define and characterize the essential elements, as well as a t of conditions or processes, by which SFM may be assessed and periodically measured indicators reveal the direction of change with respect to each criterion.

      The Food and Agriculture Organization (FAO), International Tropical Timber organization (ITTO), Montreal Process and Forest Europe have developed sets of criteria d indicators for SFM. According to voluntary reporting (UN 2014), concerning the harvested timber from the forests sold into the national market, Nepal has not yet used sets of criteria and indicators for SFM. This is mainly due to the fact that Nepal's forestry has not been commercially managed yet and has not been able to explore the international timber market. Nepal's forestry has still been governed by the principle of conservation forestry.

      However, Nepal has developed sustainable forest management criteria and indicators based on the situation of the country. This has provided background information the forestry sector. Similarly, the impact of the Multi Stakeholder Forestry Programme SFP) on promoting sustainable forestry is also reviewed.

    
  
    
      7.4Sustainable Development and Industry

      Industry is the backbone of the country. Among the modern industries were large manufacturing plants, including many public tor operations. The major manufacturing industries produced jute, sugar, cigarettes, beer, matches, shoes, chemicals, cement and bricks. garment and carpet industries, targeted at ort production, have grown rapidly since mid-1980s whereas jute production has lined. Industrial estates were located in lalitpur, Balaju, Hetauda, Pokhara, Dharan,

      
        
      

      Butawal and Nepalganj. The government provided the land and buildings for the industrial estates, but the industries themselves were mostly privately owned. The concerned organizations are not conscious on the degradation of the environment along with the development of the industries. The pollution generated through the industries creates many problems. Due to the imbalance of the environment, the country is listed as a poor country. Most of the effluents generated from the industries, e.g., organic and inorganic chemicals, gasses, liquids, solid effluents are directly disposed to the rivers, streams, forests and barren lands. Various national and international organizations, consumers and journalists are forcing not to do so.

      7.4.1 Major Environmental Problems within Industrial Districts

      The studies showed that pollution has been causing a deterioration of environment, even though the industrial development of Nepal is occurring at a relatively slow rate and the average consumption of energy is very low compared with the usage pattern of most other countries in Asia. Many studies were done on the environmental issues in the industrial districts and the studies concluded that the following problems exist: air pollution, water pollution, land pollution, sound pollution, solid waste and effect on health of living beings.

      For the sustainable development of the industry, we should follow these key points:

      1. Use of renewable raw materials: Petroleum and natural gas reserves are getting smaller. It is, thus, a real waste to burn up these valuable resources for heat or transportation. We know that coal (black gold) is also the most important starting material for the chemical industry. The raw materials used in the industry should be clean, sustainable and natural. It should not destroy the beauty of natural environment. Due to the lack of consciousness on environment pollution, the customers are forced to face many problems. For example, the enzymatic extraction of cellulose from wood by-products produces sugar glucose, which is then fermented to form ethanol. This ethanol can then be used as a "biological" fuel for vehicles. Under different reaction conditions, the fermentation of glucose produces glycerol. Glycerol is also a highly promising starting material for the synthesis of fuels and other organic compounds.

      2. Industrial wastes: During the process of production and processing in industries, wastes like organic, inorganic, chemical gases, liquid and solid effluents are formed as by- products. In such process, the technology of reducing the effluents from sources should be used. The waste water produced from beverage production industry, leather industry and

      
        
      

      carpet dyeing industry should be managed by treating it in a waste water treatment plant. The pieces of leather may be reused in preparing various types of goods. After all, the wastes should be disposed in proper places. The solid wastes should be reused as far as possible. Biodegradable substances should be collected in a dumping site so that compost fertilizers could be made from them. It is also essential to make people aware of solid waste management. After all, 3-R (Reduce, Reuse and Recycle) methods should be used.

      3. Human resources: In order to develop the industry sustainably, the human resources should be developed, promoted and mobilized. The continuous use of knowledge and technique of skilled human resource makes the environmental consideration possible in industrial sector.

      4. Social welfare and environmental conservation: The continuous operation of the industry affects the human health directly or indirectly. So, a few percent of the income from the industry should contribute to the social development and environmental conservation. The contribution makes the people positive towards the industry that contributes to the able development of the industry.

      5.Use of renewable energy: The priority should be given to the renewable energy in sustainable development of industry. The general renewable energy includes wind power, hydropower, solar energy, biomass, biofuel, natural gas and geothermal energy. Clean energy should be used in sustainable development of industry and energy should be used minimally as far as possible. New and emerging renewable energy technologies are cellulosic ethanol, ocean energy, enhanced Geothermal Systems, experimental solar er and artificial photosynthesis.

      se of non-renewable energy: Natural resources such as coal, petroleum, oil and natural gas take thousands of years to form naturally and cannot be replaced as fast as they are being consumed. Eventually, natural resources will become too costly to harvest and humanity will need to find other sources of energy. So, these resources should be used minimum as far as possible to balance the environment.

      7.4.2 Application of Eco-friendly Techniques in Industry

      1. Environmental Management System (EMS): The environmental management system is the process used by an organization to manage, review, correct and improve the organization's approach to industry. Employees are asked to consider how they affect the environment every day. An EMS offers a structured way to incorporate environmental

      
        considerations into day-to-day operations; it promotes continual improvement of the environment and human health.

      Environmental management system is used to assure the continuous availability of quality environment by reducing the negative impact on environment. This minimizes the use of raw materials, general energy or alternative energy to increase industrial production of goods. It promotes the sustainable use of natural resources. It also reduces the effluents and toxic gases come out during the production of the industrial goods. After the implementation of the EMS in the industry, environmental monitoring and evaluation as well as environmental auditing is done on its progress.

      Bilbao of Spain is one of the finest and modern cities of the world. With a population of more than a million, Bilbao is a thriving metropolis. The city takes pride inits excellent network of transportation based on renewable energy. The roads and railway lines are superbly maintained with latest technologies and connect the city with other major cities of the country. Subway systems lessen the environmental impact of travel by carrying many people in large vehicles that generate very little direct pollution and require fewer disposable supplies than cars or buses. This causes the reduction of about 46,000 metric tons carbon dioxide (CO2) mixing in the atmosphere. It also supports in the environmental conservation as well as saves economy on purchasing fossil fuels like petrol, diesel and kerosene.

      2. Cleaner Production Method: Most of the industrial effluents spread either directly or through an aqueduct. Hence, the introduction of an effluent into any natural stream is only through laminar sub-layer, where the flow is practically longitudinal, which does not permit any axial mixing. This is the only reason why a large number of fish are found dead with the input of concentrated amount of effluents whether it is organic or inorganic. A suitable arrangement for disposal of effluents could be made away from the riverbank in order to check the possibility of killing of living beings. Hence, there should be proper disposal of industrial effluents at appropriate points in the receiving stream so that it can go a long way to fully utilize the assimilation capacity.

      The term 'Cleaner Production' was defined by UNEP in 1990 as: "The continuous application of an integrated environmental strategy to processes, products and service to increase efficiency and reduce risks to humans and the environment."

      Cleaner Production continuously applies integrated and preventive strategies to processes, products and services. This increases efficiency and reduces risks to humans and the environment. Cleaner production specifically works to advance:

      
        
      

      (a) Production Efficiency: Through optimization of productive use of natural resources (materials, energy, water) at all stages of the production cycle.

      (b) Environmental Management: Through minimization of the adverse impacts of industrial production systems on nature and the environment. ,

      (c) Human development: Through minimization of risks to people and communities, and support to their development.

      The cleaner production method includes the following points:

      . Reduction of pollution from the source during the production of materials;

      . Reuse and recycle of various wastes produced from the production of the materials through modern technology;

      · Minimum use of energy or use of alternative energy to reduce pollution;

      · Use of latest technology and machines to ensure quality and optimize production; and

      · Use of safety measures by workers while working.

      The Ministry of Environment is actively promoting waste minimization efforts like cleaner production techniques and energy efficiency in Nepalese industries with the cooperation of industry association as public private initiatives. This is an ongoing program and this is an excellent tool to minimize and prevent the wastes being produced the source itself. At the same time, it addresses the energy aspects of the operation through efficiency perspective and occupational health and safety issues of the organization and the resource consumption such as water consumption. This program started from 2012 for which four small scale industries were selected as demonstration projects. The demonstration project was launched with the cooperation of industry association such as Paper, Carpet, Pashmina and Wool dyeing industry association. Thus, in the context of the direct involvement of the industrial stakeholders in reducing the pollution, clean production method could be a ray of hope in the conservation of environment and management of eco-friendly technique in industry.

      . Biotechnology: Biotechnology is a field of applied biology that involves the use of living organisms and bioprocesses in engineering, technology, medicine and other fields requiring bio-products. Biotechnology also utilizes these products for manufacturing purpose. Modern use of similar terms includes genetic engineering as well as cell/tissue culture technology.

      The United Nations Convention on Biological Diversity defines biotechnology "any technological application that uses biological systems, living organisms, or

      
        derivatives thereof, to make or modify products, or processes for specific use.

      In the last decade of the 20th century, Nepal witnessed several biotechnology- derived products in the market as follows:

      . Seeds and plants of high yielding variety of agricultural and horticultural crops-

      · Human healthcare products;

      · Food products and drugs;

      · Improved livestock; and

      · Animal healthcare products.

      Tissue Culture

      Tissue culture is the growth of tissues and/or cells separate from the organism. This is typically facilitated through the use of a liquid, semi-solid or solid growth medium. such as broth or agar.

      In modern usage, tissue culture generally refers to the growth of cells from a tissue of a multi-cellular organism in vitro. These cells may be cells isolated from a donor organism or primary cells. The term 'tissue culture' is often used interchangeably with cell culture. This process is used to produce thousands of plants by the tissues/ cells of a single plant. In Nepal, tissue culture is introduced successfully in potatoes, bananas, fruits, crops and animals. By using genetic engineering, more productive as well as nutritious paddy crop could be produced.

      Similarly, waste water may be treated by using bio-chemical process. In Dhulikhel Hospital of Kavrepalanchok district, the bio-chemical process is used to treat waste water.

      
        During that interval of time (1997 - 2000), it was observed that the major pollutants, such as total suspended solids (TSS), biochemical oxygen demand (BOD), organic pollutants and ammonia-nitrogen had a removal percentage of more than 95%. Similar technology is used in other areas as biochemical treatment plant to treat waste water.

    
  
    
      7.5 Indicators of Sustainable Development in Nepal

      The indicators of sustainable development are as follows:

      Social or Human system components:

      a. Population below poverty level

      b. Adult literacy rate, c. Gross primary enrolment

      d. Unemployment rate

      e. Employment opportunities

      f. Life expectancy

      g. Infant & maternal mortality rate

      h. Population growth

      Security of Population

      Sustainable

      Development

      Economical or support system components:

      a. Gross Domestic Product

      b. Contribution of agriculture & forest, service sector and industrial sector c. Ratio of investment in GDP d. Per-capita income

      Social cohesion

      Economical cohesion &

      Environmental Cohesion

      Quality of Life

      Sustainability

      Environmental or natural system components:

      a. Sources of energy b. Degree of environmental degradation c. Deforestation d. Protected area e. Forest area Rate of urbanization Area occupied by industrial

    
  
    
      
        
      

      7.6 Practices of Sustainable Development in Nepal

      7.6.1 Emergence of Green Road Approach

      The construction of low cost and low volume rural road with participatory and labour based approach was started in Palpa district of Nepal with the technical and financial assistance of Swiss Agency for Development and Cooperation (SDC) and German Technical Cooperation (GTZ). The approach includes community participation. financing, technical support, management and provision for the operation and maintenance of the completed road. All of these are integrated to form a new road construction and management approach that was given a name of Green Road Concept (GRC). The concept focuses on conserving the delicate mountain ecology, in particular the protection of vegetation cover as means of soil conservation. But it also brings benefit to the local people by providing the off-farm employment opportunities during construction.

      7.6.2 Micro Hydro Power Project (a) Barpak Micro Hydro Power Project Village and Project Overview

      This plant is located in Chhara Village, ward No.5 of Barpak Village District Committee (VDC) in Gorkha District. The site is situated in the northern part of Gorkha District and is not accessible by road. The plant is located 3.2 km from the settlement area. The source, Ghatte Khola, is located 375 metre from the powerhouse. The annual income of the users is estimated at US$36-72.

      The project work was started in September 1990 and was completed in June 1992. There were no major problems other than difficulties in the transportation of construction materials and plant to the site. The plant has been able to provide services to 538 households, covering 3,362 people. The consumers and other local residents were involved in civil construction works.

      (b) Other Micro Hydro Plants

      A traditional water wheel is still working at Baluwa village, located at Bhalswara, about 4 km from Barpak village. It is mainly operated for agro-processing and the rates are some 14 percent higher than those fixed by the owner of Barpak. However, the rate for grinding is about 13 percent lower than the rate fixed by Barpak's owner. In addition, there is one peltric set of 1 KW capacity installed around 6 km outside of the Barpak village. The power is used for lighting the owner's own house only.

      Similarly, there are also Gorkha Micro Hydro Project (Rupatar), Ghandruk Micro Hydro Project (Ghandruk) and Gaura Rice Mill (Harichaur Micro Hydro Project, Harichaur).

      
        
      

      7.6.3 Indicators of Sustainable Development in Relation with the Environment Sustainable development indicators have also been developed to meet the stainable development goals. The following are the goals and indicators of sustainable development related to the environment.

      Sustainable development goals and indicators related to the environment

      
        
          
          
        
        
          
            	Sustainable development goals
            	Sustainable development indicators
          

        
        
          
            	Ensuring access to clean water and sanitation for all
            	
              Drinking water that is safe for everyone and affordable achieving accessibility and equitable access

              Achieve adequate and equitable sanitation and hygiene for all and end the practice of open defecation

              To improve water and sanitation management of local communities and make it stronger by supporting participation

            
          

          
            	To ensure access to affordable reliable sustainable and modern energy for all
            	
              To ensure the access to affordable reliable and modern energy services

              To significantly increase the share of renewable energy in global energy availability by 2030

              To facilitate access to clean energy research and technologies including renewable energy energy saving and its management state of the art and clean fossil fuel technologies and to increase international cooperation in promoting investment in energy infrastructure and clean energy technology .

            
          

          
            	Build strong infrastructure make sustainable industrialization and to encourage innovation
            	
              To develop sustainable and strong infrastructure to support economic development and human welfare.

              Promote inclusive and sustainable industrialization and significantly increase the share of industry in employment and gross domestic product according to national conditions and double its share in least developed countries .

              Increasing access to enterprises and its value chain by adjusting market in microfinance and other financial services including sustainable credit .

            
          

          
            	To make cities inclusive secure strong and sustainable
            	To have adequate safe and affordable housing and basic services also ensuring access for all while upgrading hut settlements.
          

        
      

      
        
          
          
        
        
          
            	
              
            
            	
              To provide access to the safe sustainable comfortable transportation by improving road safety.

              Significantly reduce the number of deaths disasters and economic losses caused by disasters.

            
          

        
        
          
            	To ensure sustainable consumption and production pattern
            	
              To achieve sustainable management and efficient use of natural resources by less production reduction and recycling of waste at source and significant reduction in waste production through reuse

              Ensuring that people everywhere have the necessary information and awareness about sustainable development and lifestyle.

            
          

          
            	Immediate action will be taken to combat climate change and its effects
            	
              Increase adaptability related to natural disasters and climate change in all countries

              Adjusting to plans in national policy strategy and measures related to climate change

              Improving education public awareness and institutional capacity on climate change mitigation adaptation mitigation and early warning.

            
          

          
            	Sustainable forest management fight against desertification reversing such process by stopping soil erosion and prevent loss of biodiversity
            	
              By 2030 the fight against desertification and the restoration of other lands and soils including those affected by drought and flood will return to normal.

              Providing essential benefits for sustainable development of the Himalayas and ensuring its protection with biological diversity to enhance the potential of ecosystems

              Immediate action to end poaching and illegal smuggling of protected animals and plants.

            
          

          
            	Ending hunger achieving food security and improved nutrition and promoting sustainable agriculture
            	
              Eliminate all forms of malnutrition and address the nutritional needs of adolescents pregnant and lactating women and others.

              To increase investment in establishment of rural infrastructure to increase agricultural productivity generate sufficient vegetation and livestock agricultural research technology development in developing countries .

              Measures to ensure proper operation of market and related transactions to adopt food items to limit the extreme volatility in food prices source.

            
          

        
      

      
        ACTIVITIES

      1. Visit an agricultural field in your surroundings. Discuss in your group and local people how the sustainable management system could be developed on the agricultural field. Prepare a report on it and present it in your class.

      2. Observe an industry in your surroundings. Find out if there is use of some kind of eco-friendly methods/techniques. Discuss in your group and the concerned authority what kind of method/technique could be suitable for sustainable development of the industry. Prepare a report on it and present it in your class.

      MAIN POINTS TO REMEMBER

      · Agriculture practices mainly depend on human activities, which are related to natural environment. Natural environment includes climate, land, water, living things, etc.

      · Farming system is a complex inter-related matrix of soil, plants, animals, implements, power, labour, capital and other inputs.

      · Agriculture is an art, science and industry of managing the growth of plants and animals for human use.

      · In a broad sense, agriculture includes cultivation, growing and harvesting crops, breeding and raising livestock, bee keeping, dairying and forestry.

      · Farming systems and crops vary widely depending upon altitude and climatic conditions.

      · As the climate is very cold in the Mountainous region, the agriculture production is very low. In mid hills, the soil structure and the climate is medium type, so the agriculture production is also medium. The Terai region is quite productive because of the structure of the soil. So the Terai region is also known as the store of food. Physically, the country is divided into four ecological strata: the southern Terai plain, the southern mountain ranges, the central hill complex, and the northern great Himalayas.

      · Agriculture business is an important source of national income. Agriculture production such as rice, sugarcane, jute, tobacco, potato, oilseeds, fruits and vegetables fulfil the needs of the country. These crops are produced usually in terai and inner valleys of the mid-hills. Slope lands of eastern hills are suitable for tea farming.

      
        
      

      . The modern agriculture system includes cereal crops, pulses, animal husbandry, fisheries, bee-keeping, vegetable farming, etc. Agriculture development is related to natural environment as well as human-made environment.

      . There is cold climate in the Mountain region and it is less useful for agriculture activity. The Hills include a huge part of agriculture land and they are extensively cultivated. Terai is the Nepal's richest economic region in terms of both farm and forest lands.

      · Fertilizer is a type of natural or synthetic chemical substance or mixture used to enrich soil so as to promote plant growth.

      · Vermi-compost is the product or process of composting by utilizing various species of worms to create a heterogeneous mixture of decomposing vegetable or food waste. bedding materials and vermi-cast.

      · An environmental management system is the process used by an organization to manage, review, correct and improve the organization's approach to industry.

      · Biotechnology is a field of applied biology that involves the use of living organisms and bioprocesses in engineering, technology, medicine and other fields requiring bio- products.

      . Tissue culture is the growth of tissues and/or cells separate from the organism. This is typically facilitated through the use of a liquid, semi-solid, or solid growth medium.

      EXERCISE

      a.write very short answers for the following.

      1.what is meant by agriculture?

      2.what are the different areas of agriculture?give examples also.

      3.what is the percentage of people who depend on the agriculture in Nepal?

      4.write an environmentally sound technology used in agriculture.

      5.mention any two changes in agriculture patterns in Nepal.

      6.what is called vermi-compost?

      7.write eco-friendly techniques in sustainable development of an industry.

      8.what is meant by eco-innovation?

      9.what is the environmental management system?

      10.mention any two points of importances of agriculture system to a nation.

      
        
      

      B. Write short answers for the following:

      1.Describe briefly in what way the agriculture development provides the opportunity of employment.

      2. Why should we reduce the use of pesticides in agriculture?

      3. Write any four key points necessary for the sustainable development of the industry?

      4. What is sustainable forest management? Write also its seven thematic areas.

      5. Discuss in brief how the environmental management system contributes the environmental safety from industrial pollution.

      6. Write short notes on:

      (a) Effect of technology on agriculture development

      (b) A complete fertilizer

      (c) Overuse of land

      (d) Livestock as an important component of our farming system.

      e) Biotechnology

      (f) Tissue culture

      C. Write long answers for the following:

      1. "Nepal's agricultural production is characterized by diversity in farming systems due to difference in agro-ecological topography". Clarify this statement giving examples also.

      2. "The development of agriculture system promotes the economic development of our country". Clarify this statement giving examples also.

      PROJECT WORK

      Choose any one sector (for the project work) among agriculture, industry and forest sectors in your community. Explore the programmes/activities conducted concerning the sustainable development of the sector (the one you selected) and their status. Make a report with your suggestions. Share your report in the class.

    
  
    
      
        
      

      Chapter 8 Environment Health

    
  
    
      8.1 Introduction to Environmental Health

      Human health is directly related to the environment. The nature of the soil, air. water, temperature, barometric pressure, wind, sunshine, cloud, rainfall, humidity and latitude determine the human health and welfare. The physical characteristics of the earth have determined the diet and hence the health of human beings. The relationship between human health and their environment are inseparable. Tremendous pressure on the urban infrastructure and the severe deterioration in the environment has increased the incidence of many diseases, leading to many kinds of stresses on human health. Temperature and humidity, the state of vegetation and animal life affect the vectors of disease. The environment affects output of work, our mental alertness, our desire for change and many other attitudes and responses.

      Environmental health as used by the WHO Regional Office, includes both the direct pathological effects of chemicals, radiation and some biological agents, and the effects (often indirect) on health and wellbeing of physical, psychological, social and cultural environment, which includes housing, urban development, land use and transport.

    
  
    
      8.2 Effects of Environmental Pollution on Human Health

      Pollution has dramatic effects on natural resources. Ecosystems such as fort wetland, coral reef and river perform many important services for Earth's environment. They enhance the quality of water and air, provide habitat for plants and animals and provide food and medicine. Pollution may destroy any of these ecosystem functions. Moreover, because of the complex relationships among many types of organisms and ecosystems, environmental contamination may have far-reaching consequences. For instance, scientists can only speculate on some of the potential impacts of the depletion of ozone layer, the protective layer in the atmosphere that shields Earth from the sun's harmful ultraviolet rays.

      Some of the human performances are environmentally sound, whereas some are not. The human activities impact physical, chemical and biological components of the

      
        
      

      land, air and water. An impact, which is not favourable to the environment, is known as pollution. Polluted environment consists of solid wastes, polluted water, disease germs, cased plants and animals, etc. The area covered by pollution is continuing to increase. the polluted environment has been degrading the healthy environment. Such places are suitable to live in and sometimes people are forced to migrate somewhere.

      The natural environment is polluted from haphazard residence, polluted air, water unmanaged solid waste, chemical, noise, etc. Hence, air pollution, water pollution, d waste pollution, chemical pollution and sound pollution are the main sources of pollution. The short description of this pollution is given below.

      1 Air Pollution

      Air pollution is one of the greatest evils. The air we breathe has not only life-supporting properties but also life damaging properties. Under al conditions, the air we inhale has a qualitative balance that maintains the well-being of humans. when the balance among air components is disturbed or in other words, if it is polluted, it affects an health adversely.

      On an average, a person breathes 22,000 times a day and takes in about 16 kg of each day. It far exceeds the consumption of food and water. It has been estimated that a person can live for five weeks without food, can live for five days without water, but can only for few minutes without breathing air.

      Generally, the susceptibility to the effect of air pollution is great among infants, elderly and the infirm. People with chronic diseases of the lungs or heart are, however, at great risk. Pre-school children and school children appear to be both sensitive and specifically reactive to effects of air pollution. Another point to be noted is that the effect air pollution on human health is worst during the winter season when the level of pollution reaches a climax. Following are some of the hazards due to air pollution:

      · Eye irritation;

      · Nose and throat irritation;

      · Irritation of the respiratory tract;

      · Increase in mortality rate and morbidity rate;

      · Chronic pulmonary diseases like bronchitis and asthma aggravated by a high concentration of SO,, NO, particulate matters and photochemical smog;

      
        
      

      · Increases in stress on those suffering from cardiovascular and pulmonary diseases due to the combination of carbon monoxide with the haemoglobin in the blood:

      · Cancer caused by carcinogenic agents;

      · Respiratory diseases such as silicosis, asbestosis, etc. caused by dust particles; and

      · Poisoning due to certain heavy metals like lead.

      8.2.2 Water Pollution

      Estimates suggest that nearly 1.5 billion people lack safe drinking water and that at least 5 million deaths per year can be attributed to waterborne diseases. Water pollution may come from point or nonpoint sources. Point sources discharge pollutants at specific locations from, for example, factories, sewage treatment plants and oil tankers. The technology exists for point sources of pollution to be monitored and regulated, although political factors may complicate the matter. Non-point sources that run off water containing pesticides and fertilizers from acres of agricultural land, for example, are much more difficult to control. Pollution arising from nonpoint sources accounts for the majority of the contaminants in streams and lakes.

      Raw sewage, garbage and oil spills have begun to overwhelm the diluting capabilities of lakes and oceans; so most coastal water is now polluted. Beaches around the world have been closed regularly, because of the presence of bacteria in big amounts. This has caused marine wildlife to suffer.

      The following are some major effects of water pollution:

      · Domestic wastes and sewage contain many micro-organisms or disease-causing agents which may cause typhoid, cholera, dysentery, jaundice, itching, etc. Such organisms also utilize dissolved oxygen in water, which directly affects other aquatic animals.

      · Inorganic compounds of nitrate and phosphate increase the rate of eutrophication.

      . Thermal pollution increases the temperature of water. Hot water holds less oxygen and it affects the life in water.

      
        
      

      . When oil spreads over the surface of water, it decreases its oxygenation such that aquatic animals are badly affected. It may also catch fire and harm all organisms in water.

      · Water containing cadmium causes hypertension, anaemia and damage to placenta and kidneys.

      · Water containing the compounds of lead and mercury is harmful. The compounds of lead and mercury are slow poisons, which cause skin diseases, anaemia, headache, loss of muscular power and irreversible brain damage.

      Solid Waste Pollution

      In a developing country Nepal, most of the hazardous wastes are also dumped at dumping Sometimes in such cases, chemical reaction among them cause explosions and burn local area. The unmanaged disposal of the wastes is also harmful to human health. These contaminate the source of water or surrounding environment. For example, drinking , which contains cadmium, affects the health badly.

      Similarly, compounds such as dichlorodiphenyltrichloroethane (DDT), PCBs and ns are more soluble in fats than in water and therefore tend to build up in the fats n plants and animals. These substances may be present in very low concentrations in water but accumulate to higher concentrations within algae and insects and build up to higher levels in fish. Birds, humans and other animals that feed on these fish are then exposed to very high levels of such substances.

      Chemical Pollution

      Different types of pollutants have their different effects. The following are some major effects of chemical pollution:

      · Pesticides and weedicides when sprayed on the crops badly affect the organisms. The chemicals used in these toxicants pass through food chain and show bad effects to the organisms of all levels. For example, DDT and all other chlorinated hydrocarbons affect the nervous system and also cause cirrhosis of liver, cancer and disorder in the functioning of sex hormones.

      
        
      

      · Industrial wastes containing lead, zinc, mercury, cadmium, copper, cyanides, acids, bases, etc. show toxic effects on the organisms.

      · Dust particles from the mine industries cause lung disorders.

      · Due to excessive use of fertilizers, water contains compounds of nitrate. This affects the functioning of digestive system. It also reduces oxygen carrying capacity of blood by combining with haemoglobin. Nitrates also cause breathlessness in human beings.

      · Acid rain and other chemicals reduce the fertility of the soil.

      · Salinity of the soil reduces fertility and degrades the quality of the soil.

      · It destroys the beauty of the environment. Importance of cultural heritage also gets decreased.

      8.2.5 Noise Pollution

      Noise pollution causes different effects on organisms. They are categorized as auditory and non-auditory effects.

      Auditory effects: These include auditory fatigue and deafness. Auditory fatigue appears at the noise level of 90 dB. It may be associated with side effects such as whistling and buzzing in ears. Continuous noise exposure causes deafness in humans. Permanent loss of hearing occurs at the noise level of 100 dB.

      Non-auditory effects:

      · Interference with speech communication: A noise of 50-60 dB commonly interferes with speech.

      · Annoyance: Annoyance occurs at even low levels of noise such as crowd, busy highway, radio etc. The effects are ill temper, bickering, etc.

      · Loss in working efficiency: The noise pollution causes tiredness. It also causes complete loss of ability to work.

      · Physiological disorders: The noise pollution causes a number of physiological disorders. They are neurosis, anxiety, insomnia, hypertension, hepatic disease, behavioural and emotional stress, increase in sweating, giddiness, nausea, fatigue, etc. Noise also causes visual disturbance and reduces depth and quality of sleep. thus affecting overall mental and physical health. Other effects are undesirable changes in respiration, circulation of blood in skin and gastrointestinal activity.

    
  
    
      
        
      

      8.3 Eco-friendly Workstations

      8.3.1 Environmental Study of a Working Area The environment of various working areas may be different. However, the environment of any industrial area or business organization should be healthy and safe. The working area includes office, business organization, construction area, industrial area, etc. Such places must have well-facilitated, healthy and safe environment.

      Environmental impact assessment has mostly been applied to individual projects and has led to various techniques such as health impact assessment, social impact assessment, cumulative effects assessment and strategic environmental assessment (environmental assessment of proposed plans, policies, and programmes). In some cases, social and economic impacts are assessed as part of the environmental impact assessment, while in other cases they are considered separate.

      Cottage Industry

      It includes industries of textile, carpet, pot, precious arts (thanka), bamboo products, domestic herbal drugs, etc. Such industries are distributed from the rural to urban area. Most of the industries are traditional and some are modern. They also have different production capacities.

      8.3.2 Environment of the Workplace

      Raw materials, energy and chemicals are the basic needs of industries. In spite of the availability of raw materials, energy and chemicals, an industry may not be able to produce goods, if there is lack of proper working environment. The general information of the working environment includes the observation of the following things, which help us to estimate the condition of the working environment of a particular industry.

      · Cleanliness

      · Light system

      Sufficient space for entry and exit

      · Arrangement of the instruments

      
        
      

      · Proper electric wiring and switches

      · Placement of the machine

      · Storage of the raw materials

      · Control measures of the noise

      · Surrounding environment of the industry

      · Condition of toilets and bathrooms

      · Management of the industrial wastes

      8.3.3 The Impact of Workplace Environment on Health

      The working environment includes the involvement of workers with tools and raw materials. Human power is involved in almost each activity in an industry So it is important to manage safety measures and healthcare in industrial works.

      In everyday use, the term 'environmental disease' is confined to non-infectious disease and to that caused largely by exposure beyond the immediate control of the individual. Occupational disease, a major category of the environmental disease,refers to illness resulting from job-related exposures.

      In order to reduce the health hazards, the environment of the workplace should be safe from various exposures. Some of the negative impacts on human heath act unmanaged workplace are as follows:

      · Accidents, minor or major, may occur due to unmanaged workplace However minor the cause of an accident is, its impact may be huge.

      · Various chemicals are used in industries Minerals, acids, bases, alcohols, pesticides, chlorine, benzene, etc. are considered as chemicals.the improper placing of these chemicals makes the working environment unhealthy be affect the skin, respiratory and nervous systems of people working there.

      · The most significant health problem caused by the noise pollution is the loss of hearing. Any noise can damage the delicate cells in the cochlea,which is part of the inner car that converts sound waves into auditory nerve signals.the initial damage to the cochlea may be temporary, but with repeated exposure the damage becomes permanent. Extremely loud sound such as gunshots at close range can cause immediate loss of hearing

      · Mostly hearing loss occurs in workplaces, where workers may be unable to avoid unhealthy noise and where exposure may continue for years.generally factory workers, construction workers, farmers, military personnel police officers fire fighters and musicians get exposure to noise.

      
        
      

      . Noise also makes conversation difficult, interferes with some kinds of work, and disturbs sleep. As a source of stress, it can promote high blood pressure and other cardiovascular problems as well as nervous disorders.

      8.3.4 Effect on Health due to Unhealthy Environment

      The workplace should be healthy. The working environment becomes unhealthy and unsafe due to lack of management of physical, chemical, biological and social components. Some of the reasons are given below:

      (a) Physical Component: The physical component includes air, water, land, light, radiation, instruments, raw materials, etc. Lack of management of these components contributes the environment to become unhealthy. Out of various components, we focus here on temperature, radiation, conduction and ventilation.

      (b) Temperature: The maintenance of body temperature in animals is a result of the process of metabolism, by which foodstuffs are converted into protein, carbohydrates and fat, with the release of heat energy. Because active muscles metabolize food faster than muscles at rest, giving off more heat in the process, physical activity increases body temperature. Physical activity activates certain muscles to increase metabolism and thereby warms the body.

      The temperature of a human body at normal condition is 98.6 degree Fahrenheit. The temperature of the working place should be maintained with the body temperature of the people working there. If the body temperature is too high, the functions of the cells may become impaired or the cells themselves may get damaged. Similarly, at very low body temperature, the rate of metabolism decreases. The body temperature is regulated by the rate at which heat is radiated from the skin and by the evaporation of water vapour. Perspiring (evaporation through pores in the skin) and panting (evaporation through pores in the mouth) are common temperature regulators in warm blooded animals. These processes are controlled involuntarily by the brain.

      The favourable temperature of the workplace is 25.5 degree to 26.6 degree Celsius. The temperature of the workplace having oven, furnace, boiler, etc. in operation is more. In such cases, the temperature of the working place is based on the factors such as air temperature, humidity, rate of heat produced or radiated, movement of air, work type,

      
        
      

      wearing dress, etc. The increase in temperature in a workplace may create the following problems:

      · Deficiency of oxygen

      · Increase in body temperature

      · Senselessness

      · Skin disease

      · Tiredness

      · Increase in the number of accidents

      · Low kidney function

      · Disease in liver

      · Deficiency of water in the body.

      (c) Radiation: Radiation is the process of transmitting energy through space. Such radiation can consist of waves or particles. Waves and particles have many characteristics in common; usually, however, the radiation is predominantly in one form or the other. Mechanical radiation consists of waves, such as sound waves, that are transmitted only through matter. Examples of particle radiation are cosmic rays, alpha rays and beta rays. Cosmic rays are streams of positively charged nuclei, mainly those of hydrogen. Alpha rays are streams of positively charged helium nuclei. Beta rays are streams of electrons.

      Ionizing radiation has different properties. Naturally occurring alpha rays are blocked by the thickness of a few sheets of paper or a rubber glove. Beta rays are blocked by a few centimetres of wood. Gamma rays and X-rays, depending on their energies, require thick shielding of a heavy material such as iron, lead, or concrete.

      The machines and energy used in an industry produce radiation. Radioactive materials produce more radiation on explosion. Television and computer also transmit radiation. The most dangerous radiations are of three categories, namely, ionizing human health adversely.

      radiation, ultraviolet radiation and infrared radiation. These radiations affect the

      Effects of Radiation are as follows:

      . It affects the skin, the treatment of which takes somewhat long time,

      · It may cause skin cancer.

      · It may affect the genes.

      · Exposure to radiation for a long time may cause death.

      
        
      

      a) Ventilation: Ventilation controls both the supply and exhaust of air within the given areas in order to provide sufficient oxygen to the occupants and to eliminate odours. Buildings in which people live and work must be well ventilated to replenish oxygen, flute the concentration of carbon dioxide and water vapour, and minimize unpleasant odours.

      Factory ventilation system must remove hazardous airborne contaminants from the workplace. Nearly all chemical processes generate hazardous waste gases and vapours, and these must be removed from the workplace environment in a cost-effective manner. Chemical engineers, in particular, are involved in ventilation design for factories and refineries.

      The circulation of air maintains the temperature of the workplace. In most cases, the process occurs naturally. The workplace should be specially designed in order to maintain the proper circulation of air.

      (e) Chemical Components: Chemical components include chemicals in all states: solid, liquid and gas. Various industries use different chemicals during production. The chemical used in industries is known as industrial chemical. Chemical matter is used during the production of toothpaste, cotton, paper, ink, medicine, etc. These forms of chemicals may also pollute the workplace and affect human health.

      Ammonia, chlorine, sulphur, phenol, pesticide, petroleum product, acid, etc. are used in industrial production. The chemical in gaseous form can have more effect than in liquid state. Similarly, the chemical in liquid form can have more effect than in solid form. Gaseous chemicals when in use may get mixed with air in the form of chemical fume. It mixes with air, dust and smoke and spreads in or around the workplace, thus polluting the surrounding environment. Effects of chemicals on human health depend on the state of the chemicals. They enter human body through respiration, skin, eye and food and affect the human body.

    
  
    
      8.4 Occupational Health and Safety

      8.4.1 Introduction

      International Labour Organization (ILO) estimates that 2.3 million people die every year from work-related accidents and diseases globally. More than 160 million people suffer from occupational and work-related diseases, and there are 313 million non- fatal accidents per year. The suffering caused by such accidents and illnesses to workers and their families is incalculable. It is unfortunate to know that many of these workplace tragedies are preventable through the implementation of sound prevention, reporting and inspection practices.

      
        
      

      Since Occupational Health & Safety (OHS) is a massive issue which involves many layers and offshoots around it, there cannot be a one-stop solution. In Nepal, there is still need of adequate government policies, laws, management initiative, corporate culture and eventually willingness of employees to work safely. With a top-down approach, the government should come up with strong OHS policies, enforcement of rules and regulating bodies whereas occupational safety awareness should be spread at the grass-root level to help businesses build a sustainable safety culture in factories and organizations.

      8.4.2 Historical Background

      In 1971 (2028 B.S.), the Department of Labour (DoL) was established in Nepal under the Ministry of Industry for the first time. Later when the Ministry of Labour was established in 1981 (2038 B.S.), it took the DoL under its wing. Once the Foreign Employment Act 1985 (2042 B.S.) was introduced, the DoL was renamed as the Department of Labour & Employment Promotion.

      To manage the growing challenges of implementing foreign employment regulations, a new Foreign Employment Act 2007 (2064 B.S.) was enacted. Following the new Act, the former Department of Labour & Employment Promotion was split into two separate organizational entities, namely the Department of Foreign Employment (DoFE), established in 2008 (2065 B.S.), and the Department of Labour (DoL), established in 2009 (2065 B.S.).

      After the advent of multiparty democracy in 1990 (2046 B.S.), the Government of Nepal started taking workers' health and safety relatively seriously. Labour Act 1992 (2048 B.S.) was introduced to secure the rights, interests and safety of workers and employees working in enterprises of various sectors. More specifically, Labour Act 1992 explains about Health and Safety Provisions for enterprises and workers or employees. Shortly after that followed the Labour Rules 1993 (2050 B.S.) which came in effect to exercise the powers conferred by the Labour Act 1992.

      8.4.3 Occupational Safety and Health Project

      One of the major objectives of the DoL is to provide the labour force with safe and healthy working environment in the industrial occupation and informal region. To align with the same, initially the "Occupation Safety and Health Project" was established in 1996 under the Ministry of Labour and Employment (MoLE). Later in 2009. the split of the DoFE and the DoL, the project was brought under the Dol organizational structure.

      
        
      

      The project has various ongoing OHS related programmes, including awareness, raining, monitoring, intervention as well as coordination of concerned stakeholders to promote safe, healthy and productive work environment. As effective as they may sound, successful implementations, milestone achievements and measurable impacts of such programmes need to be evaluated within the project framework and shared outside of it.

      8.4.4 National Planning Commission

      The Three Year Interim Plan (2007/08 - 2009/10) revealed its strategies to ensure OHS in workplaces through the setting of standards and regular monitoring of enterprises. Further, the plan assured that the policy would be formulated to make gradual progress towards safe, healthy and productive work environment by promoting and developing OHS as an integral part of enterprises as well as workplaces. The plan also emphasized on developing awareness, orientation, training, education, capacity building, inspection, monitoring and evaluation programmes targeting various stakeholders.

      Again in 2010, the Three Year Plan Approach Paper (2010/11 - 2012/13) set an objective to create healthy, safe and decent working environment through developing cordial labour relations, including labour inspection system and model labour offices throughout the country.

      ACTIVITIES

      Visit a factory or an industry situated in/around your community. Observe and prepare a report based on the following aspects. Present the report in your class.

      · Materials that are produced

      · Raw materials used

      · Energy and its fulfilment

      · Workers, their number, and work schedule

      . Physical and environment aspects of the work place - cleanliness, light system, sufficient space for entry and exit, arrangement of the instruments, electric wiring and the proper switches, placement of the machine, storage of the raw materials, control measures of the noise, condition of toilets and bathrooms, management of wastes, surrounding environment of the work place, etc.

      
        · Conclusions

      
        
      

      Main points to remember

      · Indicators that indicate the importance of healthy environment are healthy residence, clean air, clean drinking water, balanced diet, control of diseases, etc.

      . Healthy environment provides us fresh and healthy materials. So, the healthy environment is important in order to live a healthy life.

      · Ecosystems such as forest, wetland, coral reef and river perform many important services for the environment. They enhance the quality of water and air, provide habitat for plants and animals and provide food and medicines to humans.

      · Some of the human performances are environmentally sound, whereas some are not. The natural environment is polluted from haphazard residence; polluted air, water, and land; noise, unmanaged solid wastes, etc.

      · Polluted environment consists of solid wastes, polluted water, disease germs, diseased plants and animals, etc. They degrade the healthy environment. Such places are not suitable to live in.

      · Due to air pollution, the air we breathe contains not only life-supporting properties but also life damaging properties. The polluted air affects the human health adversely.

      · Some of the hazards due to air pollution are eye irritation, nose and throat irritation, irritation of the respiratory tract, increase in mortality rate and morbidity rate, chronic pulmonary diseases, increase in stress, respiratory diseases, poisoning, etc.

      . In the world, nearly 1.5 billion people lack safe drinking water and at least 5 million deaths per year are due to waterborne diseases.

      · Noise pollution causes different effects on organisms. They are categorized as auditory effects and non-auditory effects.

      · Continuous noise exposure causes deafness in humans. Permanent loss of hearing occurs at the noise level of 100 dB.

      · Effects such as interference with speech communication, annoyance, loss in working efficiency, physiological disorders, etc. are non-auditory effects of noise pollution.

      . The environment of any industrial area or business organization should be healthy and safe. Such places must have well-facilitated healthy and safe environment

      . There are certain aspects, which help us to estimate the condition se environment of a particular industry. They are cleanliness,light system sufficient

      
        
      

      space for entry and exit, arrangement of the instruments, electric wiring and the proper switches, placement of the machine, storage of the raw materials, control measures of the noise, surrounding environment of the industry, condition of toilets and bathrooms, management of the industrial wastes, etc.

      EXERCISES

      A. Write very short answers for the following:

      1. What does healthy environment mean?

      2. Mention any five factors that should be properly managed for making our habitat healthy.

      3. Write any three hazards caused by air pollution.

      4. What is radiation?

      5. Write any two main causes of water pollution.

      6. What is sound pollution?

      7. Write any two effects of sound pollution?

      8. What is chemical pollution?

      B. Write short answers for the following:

      1. Mention any five hazardous effects on living things due to environment pollution.

      2. Mention any five aspects that indicate whether the environment of a particular workplace is healthier or not.

      3. Describe any three major effects on the health of workers working in an unsafe industrial workplace.

      4. Do the chemicals have any roles in making an industrial workplace unhealthy? Give examples also.

      5. Mention any five major effects on the health of workers who usually work at the site having excessive room temperature.

      6. How could controlling the land pollution reduce the environment pollution?

      7. Write short notes on:

      (a) Importance of healthy environment

      (b) Healthy habitat

      (c) Effects of water pollution

      (d) Land pollution

      (e) Effects of radiation.

      
        C. Write long answers for the following:

      1. Describe in brief how the leakage of radioactive rays makes an industrial workplace unhealthy and unsafe. Suggest its safety measures also.

      2. "Ventilation helps to maintain the temperature of the workplace in a factory". Clarify this statement.

      PROJECT WORK

      Visit a factory or an industry in or around your community/village. With the permission of the organization management, observe and note how the work environment is there. such as sufficiency of light, air movement, temperature adjustment, seat arrangement. cleanliness, dryness or dampness, drinking water facility, toilet condition, safety instructions at visible place, safety equipment in case of emergency, etc. Is your report, also include your suggestions for further improvement if necessary. Share the report in the class.

    
  
    
      
        
      

      Chapter 9 Natural Hazards and disaster management

    
  
    
      9.1 Introduction

      Disasters happen when a community is "not appropriately resourced or organized withstand the impact of duasters, and whose population is vulnerable because of poverty, exclusion or socially disadvantaged in some way" (Mizutori, 2020).

      Natural disasters have been causing huge loss of wealth every year. The risk of disaster is high mainly due to earthquakes, rains, floods, landslides, winds, lightning, fire, ought, pestilences, cold waves and snowstorms.

      Six areas of the Kathmandu Valley have been designated as open areas for shelter ring times of disaster. In addition to this, the task of maintaining open areas in urban areas of all the districts has been taken forward. Construction work of Surkhet Regional emergency Operations Center has been underway. Also, a humanitarian aid room is being implemented at Tribhuvan International Airport for the management of materials received rough international assistance. National Emergency Operations Centre (NEOC) is in e national capital, 5 Regional Emergency Operations Centre (REOC) in regions and 49 districts Emergency Operations Centre (DEOC) in districts are established.

      Also, rubber boats and motor boats are being kept in readiness at security agencies. In the event of disaster, temporary bridges (Acrobridge) have been up at the site by the Nepalese Army so that it can be used immediately to facilitate immediate road traffic if river is blocked. Security agencies are in a difficult situation in search and rescue, with the necessary equipment and minimum relief materials. Relief work is being carried out through the Ministry of Home Affairs per the criteria relating to rescue and relief of disaster victims. In order to maintain uniformity in accounting after the disaster, the Disaster counting Directory has been issued, prepared and updated. The District Disaster

      
        
      

      Preparedness Resistance Plan in all the districts, local disaster risk management plan and district risk management plan have been formulated and implemented in the district.

      In case of emergency, Central, Provincial and District Disaster Committees are in active condition. Assistance has been made to various organizations working for humanitarian assistance in times of disaster. In order to minimize disaster risk, to manage search and rescue, to conduct immediate relief work, and to secure the development structure, it is important to ensure that the implementation of disaster management in all the development processes is effective and regionally sustainable.

      Natural Disaster

      Natural disaster is an event that is caused by the natural forces of the earth and results in great damage and possibly loss of lives. Each year, the earth experiences natural disasters. When natural disasters occur in heavily populated areas, many people may lose their lives.

      According to the Natural Disaster Relief Act (NDRA), 1982 A.D., the Natural Disasters are earthquake, fire, storm, flood, landslide, heavy rain, drought, famine, epidemic, etc. It also includes the industrial incident or accident caused by explosions of poisoning and any other kinds of disaster.

      Natural disaster has been a great problem in most part of the world. The surface of the earth erodes and is washed out by various natural calamities. The causes of the natural calamities are not the same in all the cases. The sliding down of a mass of earth or rock from the side or slope off a cliff hillside, road and sloppy village, etc. is called a landslide. Landslides occur most in Hilly and Mountainous areas where there are steep slopes.

    
  
    
      9.2 Types of Disasters 

      9.2.1 Earthquake

      The high Mountains and the Himalayan range of Nepal are the young mountain chains. They stretch almost 2500 km in the east - west direction and they fall under the seismically active zone. This is considered as the result of seduction of the Indian plate under the Tibetan plate. The seismic record of Nepal goes back to 1255 A.D. Since then a series of destructive earthquakes occurred in 1408 A.D., 1681

      
        
      

      A.D., 1810 A.D., 1833 A. D. and 1866 A.D. Among all these earthquakes, the event of 1833 A.D. was the major one. Exact data of that event are not available. After that, Nepal passed through a very big earthquake in 1934 A.D. with a tremor of 8.4 Richter scale magnitude. Kathmandu was the epicentre of the quake. The quake claimed the lives of 16,875 people and destroyed 318,139 houses. Nepal experienced two other major earthquakes one in 1980 A.D. and another in 1988 A.D. The earthquake of 1980 A.D. had a tremor of 6.5 Richter scale magnitude and the epicentre was Bajhang district. In the quake 178 people lost their lives and about 40 thousand houses were destroyed. The earthquake of 1988 A.D. had a tremor of 6.6 Richter scale with the epicentre in Udayapur district and it caused the deaths of 721 people as well as 1566 cattle. It also destroyed about 64,467 houses.

      On Saturday, 25 April 2015 (12 Baisakh 2072 B.S.), a 7.8 magnitude earthquake struck Barpak in Gorkha district. Nepal had not faced a natural shock of comparable magnitude for over 80 years. The catastrophic earthquake was followed by more than 450 aftershocks greater than magnitude 4.0 in Richter scale. Four aftershocks were greater than magnitude 6.0, including one measuring 6.8 which struck 17 days after the first big one with the epicenter near Mount Everest.

      9.2.2 Flood, Landslide and Debris Flow

      There are more than 6000 rivers and streams in Nepal. Most of them flow from the north towards the south, generally, with high velocity due to high river gradient. Most of the big rivers are snow-fed which originate from the Himalayan ranges that are covered by perpetual snow. As the topography of the country is steep (North - South), rugged and with high-angle slope with complex geology, the high intensity of rainfall during the monsoon season causes flood, landslide and debris flow.

      The landslide and flood are the most destructive types of disasters in Nepal. Three quarters of the total land area of Nepal is hilly and many villages are situated on or adjacent to the unstable hill slopes. As a result, landslide and flood with debris flow occur.

      
        Unplanned settlements and physical constructions without due consideration to the natural hazards are considerably aggravating the mountain environment. On the other hand, the landslides add enormous load to the streams and rivers causing flood and debris flow downstream. Each year such types of disasters cause the losses of human life and immense damages to agricultural land, crops, human settlements and other physical properties.

      In July 1993 A.D., Nepal experienced a devastating flood in the Tarai region of Nepal which took the lives of 1336 people and affected 487,534 people. In 1998 A.D., flood and landslide was severe which affected various parts of the country, mainly the Tarai and the middle Hill regions. This disaster claimed 273 human lives, injured 80 people and killed 982 cattle heads. Besides, 33,549 families were affected, 13,990 houses and 1244 cattle sheds were destroyed and 45 thousand hectares of land and agricultural crops were ruined. The disaster of 1998 A.D. caused the total loss of about NRs 2 billion. In the year 1999 A.D., flood and landslide also killed 193 people while 47 people were missing and 91 people were seriously injured. In this disaster, 8,844 families were affected, 3,507 houses and cattle sheds were destroyed and 177.32 hectares of land and agricultural crops were ruined. The disaster caused a total loss of about NRs 360.11 million (Dr. M. B. Chhetri: 1999).

      9.2.3 Fire

      Fire disaster occurs mainly in the dry season between April to June. During this season, the temperature in the Terai region rises above 35° C. Fire disaster takes place mostly in the rural areas of the Terai and the middle Hill region of Nepal. As 90.8 percent of the total population lives in the rural areas in a very poor housing condition, fire hazards are common. The houses of the rural areas of the Terai region are usually very close to each other and are made up of straw or reeds and timber which are easily caught by fire. In 1999 A.D., fire disaster claimed the lives of 39 people injuring another 10 persons. The number of affected families by this disaster reached 1,065 destroying 1,035 houses and 52 cattle sheds. The number of livestock loss was 148. The total loss was estimated to be about NRs 45.23 million due to the fire disaster of 1999 A.D.

      9.2.4 Epidemic

      An epidemic disease is one 'affecting many persons at the same time, and spreading from person to person in a locality where the disease is not permanently

      
        Prevalent. It occurs at the level of a community or region. But an epidemic disease is called pandemic disease if it has spread over a large area, that is, it is prevalent throughout an entire country, continent, or the whole world".

      In most cases, the epidemic of cholera, gastroenteritis, encephalitis, meningitis, typhoid, jundice, malaria and so on occur during the summer and rainy seasons. This type of disaster occurs mainly due to the lack of proper healthcare and sanitation. In 1999 A.D., 1,207 people tied of epidemics and 6,119 families were affected in various parts of the country.

      9.2.5 Avalanche

      As the northern part of the country is covered with snow peaks, avalanches is very common and sometimes it claims human lives as well. The avalanche November, 1995 killed 43 people including some foreign trekkers at Khumbu and Kanchanjunga areas. In 02 January 1999, five people were swept away by te avalanche that occurred in Chunchet Village Development Commence, Ward No. 8 of Gorkha district.

      9.2.6 Glacier Lake Outburst Flood (GLOF)

      In the Himalayan region of Nepal, glacier lakes are common. Atotal of 159 glacier lakes have been found in the Koshi basin and 229 the Tibetan Arun basin. Among them, 24 are potentially dangerous. ic areas such as Upper Barun, Lower Barun, Chamlangtsho, Tsho tilpa, Sabou, Dudh Kunda, Majang, Inja and Thulari have potentially Brugerous glacier lakes. These lakes contain huge volumes of water ad remain in unstable condition; as a result, they can burst at time and a natural catastrophe may cause loss of human lives physical property. About 14 such glacier-lake-outburst floods he already been experienced between 1935 A.D. to 1991 A.D.

      9.2.7 Windstorm. Thunderbolt and Hailstorm

      Windstorm occurs mainly during the dry season between March to May. thunderbolt occurs during the monsoon and hailstorm takes place during the beginning end of the monsoon. Hailstorm causes heavy losses of agricultural crops. Windstorm

      
        
      

      and thunderbolt cause the loss of human life as well as physical property. In 1999A.D .. Windstorm and thunderbolt killed 22 people and injured 37. The disaster killed 50 cattle heads, destroyed 85 houses and cattle sheds and affected 348 families causing a total loss of about NRs 7.2 million.

      9.2.8 Drought

      Some parts of the country face the problem of drought. Uneven and irregular monsoon rainfall is the main factor of drought. The Mountainous region (the northern belt) of Nepal is generally dry. The lack of irrigation facilities makes the problem even more serious as prolonged drought condition has adverse effect in crop production. The drought that occurred in 1994 affected 35 districts of the country destroying the agricultural crops cultivated in 157, 628 hectares of land.

    
  
    
      9.3 Causes of Disasters

      Some important causes of disasters are as follows:

      (a) Global Warming

      (b) Natural Activities in the Earth's Crust

      (c) Tectonic Movement

      (d) Moon Activity

      (e) Mining

      (f) Deforestation

      (g) Soil Erosion

      (h) Seismic Activity

      (i) Air Pressure

      (j) Ocean Currents

      (k) Pollution

      
        
      

      a.Global Warming: Global warming is a great use for natural disasters since it affects our planet several different ways. Global warming leads to an increase in temperature of oceans, which in turn leads more and stronger hurricanes and tropical storms since hurricanes get their energy from the sea water.

      Moreover, the probability of droughts creases with the increase in the planet's average temperature. It is quite difficult to prove the causal connection between climate change and natural disasters since there are many other variables. however, the increase of natural disasters over the last decades leads us to the conclusion at global warming is a major contributor to natural disasters.

      b.Natural Activities in the Earth' Crust: Natural disasters are also caused by natural activities in the crust of the earth. Natural processes can cause tension inside the earth's crust which is sometimes released through earthquakes.

      c.Tectonic Movement: Earth is not made up of one single surface. There are many plates ding on our planet's underlying mantle. A shift or collision of these plates can have ere adverse effects on the surface. This can lead to earthquakes, volcanic eruptions tsunamis.

      d.Moon Activity: The moon is known to have a strong influence on the natural processes the earth. According to latest studies, researchers found that the moon has the potential cause huge earthquakes which may cause huge amounts of destruction including loss lives.

      e.Mining: It is controversial whether mining activities can cause natural disasters. Some scientists blame mining for landslides and soil and mountain erosions. However, mining potentially contribute to the emergence of natural disasters, although it is not a main driver

      f.Deforestation: Deforestation can contribute to an increase in natural disasters. Forests ally prevents floods and droughts since they balance and hold back natural groundwater resources. Due to deforestation, the ground is no longer covered, and thus, the probability foods and droughts increases dramatically.

      
        
      

      (g) Soil Erosion: Soil erosion can lead to a high level of degradation of land, which in turn can lead to a loss in fertility of the soil. Soil erosion can also cause landslides which can cause serious damage to nature as well as to humans.

      (h) Seismic Activity: The seismic activities inside our earth can cause earthquakes. The earthquakes can cause deaths and injuries for many people as well as for animals and other life forms. They also lead to a loss of shelters and human-made constructions such as roads, bridges, communication towers, etc.

      (i) Air Pressure: There is a connection between air pressure and some natural disasters like hurricanes, heavy rains and thunderstorms. Thus, air pressure naturally contributes to natural disasters in a certain way.

      (j) Ocean Currents: Changing ocean currents can lead to a change in the ocean temperature which in turn can harm or even kill large populations of fish, other sea animals and plants. Moreover, the changing currents can also lead to a higher probability for hurricanes or tropical storms.

      (k) Pollution: All kinds of pollution may lead to an imbalance in the earth. This in turn may give rise to natural disasters.

    
  
    
      9.4 Effects of Disasters

      Major effects of disaster are as follows:

      (a) Environmental Issues

      (b) Humanitarian Disaster

      (c) Damages to Infrastructure

      (d) Public Health Issues and Diseases

      (e) Food Scarcity

      (f) Water Scarcity

      (g) Displaced Population

      (h) Injuries

      (i) Deaths

      (j) Emotional Shocks

      (k) Economic Impact

      (a) Environmental issues: There are severe effects of natural disasters on the whole environmental system. Hurricanes and other storms can destroy the lives and also the

      
        
      

      livelihood of many people, especially of those who live near the coast since they are also in danger of tsunamis.

      Moreover, droughts may lead to migration of many people who just will no longer be able to make their living in their home countries since there is not enough water left to cultivate the land as well as to raise the cattle. Natural disasters not only have dramatic effects on humans but they also destroy the habitat of many animals and plants which may in the worst case even become extinct.

      (b) Humanitarian Disaster: Natural crises lead to humanitarian catastrophes all over the world. This includes an increase of famine and also the spread of diseases, particularly in poor/developing countries. The poor countries cannot fight the consequences of natural disasters in an effective way due to shortage of resources as well as technological knowledge.

      Natural disasters may force many people to migrate to other places or other countries as a result of the destruction in their livelihood. They are thus compelled to migrate for a better life.

      (c) Damages to Infrastructure: Natural disasters usually imply great damage to the affected infrastructure. This includes the destruction of important constructions such as hospitals, roads, bridges, powerhouses, community buildings, railways, airports, etc.

      (d) Public Health Issues and Diseases: Natural disasters often destroy many important facilities including hospitals. If these facilities are destroyed, there will likely be an increase in diseases. Due to lower hygienic standards and cut in the supply of medicines, is more likely that people get it very difficult to recover from the diseases.

      Food Scarcity: Another effect of natural disasters can be a scarcity of resources, which especially severe concerning the supply of food. If large areas of land are destroyed natural disasters, farmers will no longer be able to harvest enough crops or to raise enough cattle in order to meet the demand. Thus, the local population is likely to suffer om starvation.

      Water Scarcity: Another related issue is the topic of water scarcity. Due to natural asters, natural water sources like rivers or lakes may be polluted and thus the water supply will be decreased dramatically. A scarcity of water supply will be especially severe when droughts hit areas for a long period of time.

      
        
      

      Farmers will no longer be able to raise enough crops. Moreover, even the drinking water will become a scarce resource which may eventually lead to migration since water is essential for all life forms on earth.

      (g) Displaced Population: Due to natural disasters, people often lose all their belongings. including their houses and their livelihood. If this happens, they have to decide if they will be able to rebuild all of it or if they instead see a better chance to move to other places in order to be able to find a better future there.

      The number of migrants may increase much in the future due to effects of global warming. The fertility of the soil reduces greatly resulting less production of crops. Moreover, there may also be scarcity of drinking water needed for humans and cattle. Thus, many people will be forced to migrate elsewhere.

      (h) Injuries: Many people will suffer from injuries caused by natural disasters. Making things worse, medical treatment in the affected areas will be quite limited since many medical facilities may have been destroyed as well. It may become hard to provide the proper treatment necessary for the injured ones. This may cause long-term adverse health effects.

      (i) Death: Many people lose their lives as a consequence of natural disaster. Natural forces are simply too strong. Moreover, particularly in developing countries, disaster warning system is often not good enough for saving the lives of people. In addition, medical facilities are often not advanced enough and will not be able to deal with a large number of heavily injured people at once, which may result in increased mortality.

      (j) Emotional Shocks: Apart from physical injuries, many people may also suffer from anxieties as they cannot handle the consequences of natural disasters appropriately. Many people may lose their other family members, which will shock them emotionally for quite a long time. It may take longer for many people to recover from these kinds of emotional horrible events.

      (k) Economic Impact: To make things worse, there are usually adverse economic effects from natural disasters. For example, an earthquake can lead to a devastation of large areas of land. People will no longer be able to make their living from farming in these areas. Thus, they will lose their livelihood.

    
  
    
      
        
      

      9.5 Disaster Management

      Disaster refers to unplanned events, both natural and unnatural, which cause harm to the society and lead to disturbanances and major unrest among the members of the society. Disaster gives rise to a feeling of fear and threat in the individuals who eventually lose interest and trust in their daily activities.

      Disaster management is the process of acquiring pre-preparedness, practice, skills and awareness to reduce the damage caused by disasters, to be safe during disasters and to develop the ability to cope with post-disaster situations. According to the definition of the international organization Red Cross, disaster management is the preparation, relief and rescue to reduce the impact of disasters by mobilizing resources and responsibilities in an organized and systematic manner in all types of humanitarian emergencies. Disaster damage can be minimized if a disaster management plan is prepared in a timely manner by compiling the data on the elements that could cause damage in any area and the damage that can be caused by them. For example, Nepal is at risk of earthquakes. Damage can be minimized if the houses are made earthquake resistant.

      Disaster management includes the following tasks:

      · To identify and forecast the causes of damage in any area.

      · Prepare strategies and action plans for the management of harmful elements by collecting data.

      · To take precaution in the event of disaster which may be caused by human activities.

      · To rescue, relieve and rehabilitate those affected by the disaster.

      · To formulate policy, take administrative decision and implement it in the context of post-disaster reconstruction.

      · To mobilize national and international assistance.

      The following actions are considered a prerequisite for disaster management:

      · To strengthen the institutional structure and develop the capacity.

      · To adopt risk reduction measures.

      · To increase the ability to cope with disaster.

      · To increase partnership and cooperation.

      · Emphasis on effective feedback and sustainable solutions.

      · To emphasize on capacity building of the community in risk reduction.

      · To include risk reduction in the priority of local development.

      · To make arrangements regarding prior information system.

      
        
      

      · To adopt risk reduction measures in infrastructure development.

      · To conduct risk assessment.

      · To provide adequate contingency fund.

      · Emphasis on effective rescue and assistance.

      · To adopt scientific land use policy.

      · To increase managerial capacity and emphasize on good governance.

      9.5.1 Disaster Management Plan

      Damage can be minimized by managing potential disasters. Therefore, the impact of disaster management can be minimized by taking precautionary measures, preparing in advance, anticipating and planning for disaster management as much as possible.

      Disaster Preparedness

      Pre-disaster preparedness can be done as follows:

      · Disaster assessment and projection.

      · Preparing pre-preparation plan.

      · Managing the storage of relief materials.

      · Managing the information system.

      The following precautionary measures can be taken to reduce the risk:

      · To take measures to reduce structural damage.

      · To adopt biotechnical methods such as: plantation, grass planting and soil conservation methods.

      · To make proper arrangements for wastage.

      · Erosion of river channels and landslide prevention through gabion wall, bio- engineering, etc.

      · To protect or relocate the human settlements from the risky areas.

      Actions to be taken in case of disaster are as follows:

      · Go to a safe place without delay. Carefully engage in the rescue of those affected.

      . Inform the family and concerned persons about their condition through communication equipment till the time of availability.

      Disaster Aid

      Deliverance work:

      · To carry out rescue operations immediately.

      . To manage the first aid as well as additional treatment of the injured found from the rescue.

      · To mobilize trained manpower in rescue work (volunteers, army, police, staff and local NGOs).

      
        
      

      Relief work:

      To distribute dry and packaged food and other food items. To provide clean drinking water.

      To make arrangements for medicine and medical services. To arrange and distribute clothes and utensils. To arrange safe housing.

      lowing is done for damage and need identification:

      To conduct damage analysis and need identification program in the disaster affected areas.

      · To prioritize needs, and plan and implement accordingly.

      · To prepare all the necessary infrastructures for systematic settlement (temporary).

      · Identify and use food, shelter and clean water sources.

      · To conduct sanitation education effectively in the disaster affected areas.

      · To run income generating programs.

      · To start the rehabilitation / reconstruction work.

      · Settle in the old place or other suitable new place depending on the situation of damage and future outbreak.

      · To develop and manage housing, drinking water, sewage, schools, health posts, roads, bridges, social security, etc.

      Disaster Management Challenges

      Disaster management is a difficult task. Disaster happens all of a sudden. Thus, the context of the suddenness of a disaster and its destruction, especially during a very various natural disaster, it becomes very difficult to cope with a normal administrative set p and limited funds and resources. In view of the above situation, Nepal has been facing number of severe problems like:

      · Poor public awareness

      · Low literacy rate

      · Mass poverty

      Difficult and undeveloped physical infrastructure

      Unplanned settlement

      · Lack of political commitment

      · Slow decision making process and so on.

      Apart from the above, the lack of cooperation and coordination among various disaster management related agencies and their behavior indifference, duplication of relief works, inadequate funds and resources and the lack of modern technology especially early warning system have made the disaster situation more complex.

      
        
      

      9.6.1 Mitigating Measures to the Natural Disasters

      (a) Emergency measures

      (b) Investments in risk reduction

      (c) Information sharing on newest research findings

      (d) Reforestation

      (e) Stable buildings

      (f) Education

      (g) Technology

      (h) Good governance

      (i) Economic support

      (a) Emergency measures: We cannot entirely stop the occurrence of natural disasters. However, we can adopt measures to mitigate their adverse effects. This means, having effective early warning systems could be helpful for people to search for the safe shelter before natural disasters hit. Moreover, the medical facilities have to be secured against natural disasters so that injured people could get the required medical support.

      In addition, governments in high-risk countries should make agreements to help each other in case one country is affected by a natural disaster. With these emergency measures, we could be able to mitigate the effects of natural disasters to a significant degree.

      (b) Investments in risk reduction: Investments in risk reduction may also protect people from the adverse effects of natural disasters. This could mean taking prevention measures even before natural disasters occur. For example, countries can build barriers which in case of a tsunami prevent it from hitting the coast.

      (c) Information sharing on newest research findings: It is crucial that countries all over the world share their newest findings and insights on measures for how to protect people from the effects of natural disasters. Since developed countries usually have larger budgets for research, they should supply developing countries with insights that help these countries to take actions against natural disasters.

      (d) Reforestation: Reforestation is an effective measure against some natural disasters, especially against landslides, droughts and floods. The roots of trees hold the soil together and also store large amounts of water. Moreover, reforestation is also a counter-measure to the issue of global warming.

      Global warming also contributes in giving rise to powerful storms. Reforestation can indirectly contribute to a decrease in the probability of hurricanes and other storms.

      
        
      

      e) Stable buildings: We have to make sure that our buildings are able to survive strong storms as well as earthquakes. This is possible with advanced technology in order to construct and maintain the strong buildings. The developed countries should provide necessary technical as well as financial support in this regard.

      f.Education: Education plays an important role in the context of natural disasters. On the one hand, it helps people to understand how their activities contribute to natural disasters in their daily life. For example, our consumption behavior accelerates the speed of global warming which in turn leads to more storms.

      In contrast, trainings and drills also help people to acquire behavioral skills in emergency situation so that they would be able to save their life as well as other's lives.

      g. Technology: Technology is an important part in the overall picture to deal with natural disasters. We cannot fully prevent the natural disasters, however, we can mitigate the verse consequences of these events with the help of advanced technology. For instance, proved early warning systems can save many lives from floods, tsunamis, hurricane, c.

      h.Good governance: Emergency plans on how to behave in case of natural disasters have be prepared and improved by the government in the affected areas over time. Through profound emergency plans, many people can survive natural disasters. Governments have make sure that these plans are up to date and also adjust them when they get new insights.

      i.Economic support: The rich and developed countries should provide different kinds support including financial support to poor and developing countries in order to over from the adverse consequences of the disasters. They could extend their support particularly in rebuilding the destroyed infrastructure, fighting against the pandemic cases and so on.

      9.6.2 Recent History of Natural Disasters in Nepal

      Nepal is highly susceptible to natural disasters such as earthquakes, floods, slides and droughts. The following is a list of the most recent history of natural disasters in Nepal.

      Floods and Landslides - August 2017

      Floods triggered by heavy rainfall affected up to 1.7 million people across 35 districts. The floods displaced approximately 461,000 people and destroyed 65,000

      
        
      

      houses. According to the Ministry of Home Affairs (MOHA) and the Nepal Red Cross Society (NRCS), 10 health clinics and 80 schools have also been destroyed. In addition, damaged roads and bridges continued to limit ground access to nearly 70 affected villages.

      Floods and Landslides - July 2016

      A flash flood swept away at least 38 houses in Tatopani, Nayabasti and Barabishe area of Sindhupalchok district. The Sindhupalchok branch of Nepal Red Cross Society, in support of the Sindhupalchok District Disaster Relief Committee (DDRC), dispatched food and nonfood items in the affected area via helicopter in the Tatopani area. Monsoon rains triggered floods and landslides across 25 districts. Almost 750 local Red Cross volunteers helped authorities with search and rescue.

      Earthquakes - April/May 2015

      On Saturday, 25 April 2015, a 7.8 magnitude earthquake struck Barpak in Gorkha district. Nepal had not faced a natural shock of comparable magnitude for over 80 years. The catastrophic earthquake was followed by more than 450 aftershocks greater than magnitude 4.0 in Richter scale. Four aftershocks were greater than magnitude 6.0, including one measuring 6.8 which struck 17 days after the first big one with the epicenter near Mount Everest.

      Almost one-third of the population of Nepal was affected by the earthquake. Over a million houses and heritages were destroyed or damaged. Altogether fourteen districts were declared 'disaster-hit' for the purpose of prioritizing rescue and relief operations and another seventeen districts were declared 'partially affected.' The destruction was widespread covering residential and government buildings, heritage sites, schools and health posts, rural roads, bridges, water supply systems, agricultural land, trekking routes, hydropower plants and sports facilities.

      Landslides and Floods - August 2014

      On 2 August 2014, heavy rain caused massive landslides in Jure, Mankhaa Village in Nepal's Central Region. The landslide created a high artificial dam across the Saptakoshi River, which blocked the flow of water completely. A total of 34,760 families (173,800 people) were affected and 53 people were confirmed dead. The floods and landslides damaged roads, bridges, markets, vehicles, livestock, and crops. More than 1,240 houses were destroyed and 435 houses damaged.

      
        
      

      Floods and Landslides - June 2013

      Monsoon rains caused massive flooding and landslides in 29 districts, with 59 people dead and over 12,000 people displaced.

      pods and Landslides - July 2012

      Monsoon rains triggered floods and landslides across the country. A total of 145 families were displaced and another estimated 2,200 households were affected by a flash d in Dang District.

      Flash Floods - May 2012

      A landslide near Machhapuchhre Mountain in Kaski district triggered a catastrophic flash flood in the Seti River on 5 May 2012, causing settlements to be washed away. proximately, 30 people died and 50 wert missing. Twenty houses, two temples, and community building were swept away by the flooding. In addition, two water supply systems were damaged.

      cold Wave - December 2011

      Nepal experienced a severe cold wave from December 2009 to January 2010. ty-five people died in the Terai region.

      himalayan Earthquake - September 2011

      Nepal was also affected by a 6.8-magnitude earthquake that hit northeast India on september 2011. The epicenter of the quake was 64 kilometer northwest of Gangtok. earthquake killed seven people, injured 88, caused 47,000 people to be displaced, destroyed almost 8,000 houses, and caused damage to more than 13,000 homes, several hundred schools and classrooms, as well as dozens of health posts and public lings.

      Coronavirus Disease 2019 (Covid-19)

      Centers for Disease Control and Prevention C) is responding to an outbreak of respiratory se caused by a novel (new) coronavirus that first detected in China on 17 November 2019 which has now been detected in 212 countries territories around the world. The virus has named "SARS-COV-2" and the disease d by it has been named "coronavirus disease (abbreviated "COVID-19")

      
        Source and spread of the virus

      Coronaviruses are a large family of viruses that are common in people and many different species of animals, including camels, cattle, cats and bats. Rarely, animal coronaviruses can infect people and then spread between people such as with MERS- CoV, SARS-COV and now with this new virus (named SARS-COV-2).

      Source and Spread of the Virus

      The SARS-COV-2 virus is a betacoronavirus, like MERS-COV and SARS- CoV. All three of these viruses have their origins in bats. Early on, many of the patients at the epicenter of the outbreak in Wuhan City of China had some link to a large seafood and live animal market, suggesting animal-to-person spread. Later, a growing number of patients reportedly did not have exposure to animal markets, indicating person-to- person spread. Person-to-person spread was subsequently reported outside Wuhan and in countries outside China.

      Some international destinations now have apparent community spread with the virus that causes COVID-19. Community spread means some people have been infected and it is not known how or where they became exposed.

      Activities

      Consult different sources of information (newspapers, electronic media, etc.) and prepare a report on:

      . What are the symptoms of COVID-19 and risks from it?

      · How does coronavirus spread?

      · How can we protect ourselves from it?

      . Make a list of the initiatives taken by the Government of Nepal for the prevention and cure of COVID-19.

      ACTIVITIES

      Consult different sources of information (newspapers, electronic media, etc.) and prepare a report on:

      · What are the symptoms of COVID-19 and risks from it?

      · How does coronavirus spread?

      · How can we protect ourselves from it?

      . Make a list of the initiatives taken by the Government of Nepal for the prevention and cure of COVID-19.

      MAIN POINTS TO REMEMBER

      · A disaster is any event that is going to lead to an unstable and dangerous situation affecting an individual, group, community or whole society.

      · Relief work is being carried out through the Ministry of Home Affairs as per the criteria relating to rescue and relief of disaster victims. In order to maintain uniformity

      
        
      

      in accounting after the disaster, the Disaster Accounting Directory has been issued, prepared and updated the District Disaster Preparedness Resistance Plan in all the districts, local disaster risk management plan and district risk management plan have been formulated and implemented in the district.

      . Natural disaster is an event that is caused by the natural forces of the earth and results in great damage and possibly loss of life. Each year, the earth experiences natural disasters. When natural disasters occur in heavily populated areas, a lot of people may lose their lives.

      . According to the Natural Disaster Relief Act (NDRA), 1982 A.D., the Natural Disasters are earthquake, fire, storm, flood, landslide, heavy rain, drought, famine, epidemic, etc.

      . Natural disaster has been a great problem in most part of the world. The causes of the natural calamities are not same in all the cases. The sliding sown of a mass of earth or rock from the side or slope off a cliff hillside, road and sloppy village etc. is called landslide. Landslides occur most in mountains where there are steep slopes.

      · Nepal passed through a very big earthquake in 1934 A.D. with a tremor of 8.4 Richter scale magnitude. Kathmandu was the epicentre of the quake. The quake claimed the life of 16,875 people and destroyed 318,139 houses.

      · Nepal experienced two other major earthquakes one in 1980 A.D. and another in 1988 A.D. The earthquake of 1980 A.D. had a tremor of 6.5 Richter scale magnitude and the epicentre was Bajhang district. In the quake 178 people lost their life and about 40 thousand houses were destroyed. The earthquake of 1988 A.D. had a tremor of 6.6 Richter scale with the epicentre in Udayapur district and it caused the death of 721 people as well as 1566 cattles. It also destroyed about 64,467 houses.

      On Saturday, 25 April 2015 (12 Baisakh 2072 B.S.), a 7.8 magnitude earthquake struck Barpak in Gorkha district. Nepal had not faced a natural shock of comparable magnitude for over 80 years. The catastrophic earthquake was followed by more than 450 aftershocks greater than magnitude 4.0 in Richter scale. Four aftershocks were greater than magnitude 6.0, including one measuring 6.8 which struck 17 days after the first big one with the epicenter near Mount Everest.

      . The landslide and flood are the most destructive types of disasters in Nepal. Three quarter of the total land area of Nepal is hilly and many villages are situated on or adjacent to the unstable hill slopes. As a result, landslide and flood with debris flow occurs.

      · Unplanned settlements and physical constructions without due consideration to the natural hazards are considerably aggravating the mountain environment. On the other hand, the landslide add enormous load to the streams and rivers causing flood and debris flow downstream. Each year such types of disasters cause the losses of

      
        
      

      a number of human life and immense damages to agricultural land, crops, human settlements and other physical properties,

      In July 1993 A.D. Nepal experienced a devastating flood in the Terai region of Niese which took the life of 1336 people and affected 487,534 people.

      . The flood and the landslide occurred in 1998 A.D. was severe, which affected various parts of the country, mainly the Terai and the middle Hill region. This disaster claimed 273 human lives, injured 80 people and killed 982 cattle heads. Besides 33,549 families were affected, 13,990 houses and 1244 cattle sheds were destroyed and 45 thousand hectares of land and agricultural crops were ruined. The disaster of 1998 A.D. caused the total loss of about NRs 2 billion.

      In the year 1999 A.D. flood and landslide killed 193 people while the corpse of 47 people could not be found and 91 people were seriously injured. In this disaster 8,844 families were affected, 3,507 houses and cattle sheds were destroyed and 177.32 hectors of land and agricultural crops were ruined. The disaster caused the total loss of about NRs 360.11 million.

      · The epidemic of cholera, gastro interitis, encephalitis, meningitis, typhoid, jaundice, malaria and so on occur during the summer and rainy season. This type of disaster occurs mainly due to the lack of proper health care and sanitation.

      . As the northern part of the country is covered with snow peaks, avalanche is very common and sometimes it claims the life of human being as well.

      · Glacier lakes are common in Himalayan region of Nepal. A total of 159 glacial lakes have been found in Koshi basin and 229 in Tibetan Arun basin. Among them 24 are potentially dangerous. These lakes contain huge volume of water and remain in unstable condition. As a result, they can burst any time and a natural catastrophe may cause loss of life and physical property. About 14 such glacier lake outburst floods have already been experienced in between 1935 A.D. to 1991 A.D.

      · The drought occurred in 1994 affected 35 districts of Nepal destroying the agricultural crops cultivated in 157, 628 hectares of land.

      · Some important causes of disaster are global warming, natural activities in the earth' disaster, tectonic movement, moon activity, mining, deforestation, soil erosion seismic activity, air pressure, ocean currents, pollution, etc.

      · The major effects of disaster are environmental issues, humanitarian disaster, damages to infrastructure, public health issues and diseases, food scarcity, water scarcity, displaced population, injuries, deaths, emotional shocks, economic impi etc.

      · Disaster management comprises various phases: preparedness before disaster response to limit damages during the disaster and feedback after the disaster.. · Risk assessment constitutes the fundamental first step in preparedness preparing

      
        
      

      For disaster requires identifying and analyzing major threats, hazards and related vulnerabilities.

      Early warning systems based on the detection of these threats serve to activate pre-defined emergency or contingency plans.

      stockpiling, maintaining equipment and supplies, training and exercising emergency response forces and related co-ordination mechanisms through regular drills all tribute toward preparedness.

      Appropriate institutional structures, clear mandates supported by comprehensive policies and legislation and the allocation of resources for all these capacities through regular budgets are also instrumental for thorough preparedness to disaster.

      Disaster management is somewhat a difficult task. Disaster occurs all of a sudden. us, in the context of the suddenness of a disaster and its destruction, especially ring a very serious natural disaster, it becomes very difficult to cope with a normal ministrative set up and limited funds and resources.

      the context of disaster management, Nepal has been facing a number of severe problems such as poor public awareness, low literacy rate, mass poverty, difficult d undeveloped physical infrastructure, unplanned settlement, lack of political commitment, slow decision making process and so on.

      Lack of cooperation and coordination among various disaster management related agencies and their behavior indifference, duplication of relief works, inadequate funds and resources and the lack of modern technology especially early warning stem have made the disaster situation more complex.

      some of the basic mitigation measures of the natural disasters are emergency measures, investments in risk reduction, information sharing on newest research dings, reforestation, stable buildings, education, technology, good governance, and economic support.

      there has been an outbreak of respiratory disease caused by a novel (new) coronavirus. is disease was first detected in China on 17 November 2019. This has now been detected in 212 countries and territories around the world. The virus has been named ARS-COV-2" and the disease caused by it has been named "coronavirus disease 19" (abbreviated "COVID-19").

      coronaviruses are a large family of viruses that are common in people and many different species of animals, including camels, cattle, cats, and bats. Rarely, animal coronaviruses can infect people and then spread between people such as with MERS- V, SARS-COV, and now with this new virus (named SARS-COV-2).

      
        Exercise

      A. Write very short answers for the following:

      1. What is natural disaster?

      2. What is a disaster?

      3. Write any four examples of disaster.

      4. What is soil erosion?

      5. Under what conditions does the soil erosion occur?

      6. What is meant by Glacier Lake Outburst Flood?

      7. What is avalanche?

      8. Give any four examples of potentially dangerous glacier lakes in Nepal.

      9. What is meant by global warming?

      10. Mention any four effects of disaster.

      11. What is meant by risk assessment of disaster?

      12. Mention any four points of mitigation measures to the natural disasters.

      13. What does COVID-19 mean?

      14. What is meant by tectonic movement?

      B. Write short answers for the following:

      1. Why is earthquake a natural disaster?

      2. What phenomena are categorized as natural disasters according to Natural Disaster Relief Act, 1982 A.D .?

      3. Describe in what way drought gives rise to disaster.

      4. Mention any five causes of disaster and describe any two of them.

      5. Describe in short the public health issues caused by the natural disasters.

      6. People in some places are displaced due to natural disasters. Give any three reasons for their displacement.

      7. Write any four points of challenges of disaster management in Nepal.

      8. Describe in what way reforestation can mitigate the natural disaster.

      9. What are coronaviruses? Which part of the human body do they affect mainly?

      10. Write the difference between:

      (a) Epidemic disease and pandemic disease

      (b) Avalanche and flood

      (c) Tectonic movement and earthquakes

      C. Write long answers for the following:

      1. Describe in what way the diseases give rise to disaster. Give examples of the current crises occurred in the world including Nepal.

      2. Earthquakes usually damage the buildings and other infrastructures in our country also. Describe the ways for mitigating the destructive effects of earthquake,

      3. What is disaster management? Describe any four challenges of the disaster management in Nepal.

      4. What is meant by coronavirus disease? Why is COVID-19 called a pandemic disease?

      5. Describe any four measures we should follow in order to protect ourselves from COVID-19 infection

      
        
      

      PROJECT WORK

      Identify which natural disaster(s) often occur in or around your community/village. Visit (in a group of 5 or 6 persons) the place of disaster occurred last time. Make your observation report incorporating the following points also:

      · Type of the disaster(s) occurred

      · Effects caused

      · Status of the mitigation measures undertaken

      · Arrangement of disaster management if occurred next time

      · Your suggestions for effective disaster management The report in the class.

    
  
    
      
        
      

      Chapter 10 Environmental Management

      Environmental management is the process of allocating natural and human-made resources so as to make optimum use of the environment towards fulfilling not only the current basic human needs but also the needs of the future generations. It is a field of study focused on human-environment interactions and the application of science for solving the problems. The characteristic features of the environmental management are:

      · It deals with the places which are affected by human activities.

      · It supports sustainable development.

      · It requires a multidisciplinary approach.

      · It integrates different development viewpoints.

      · It addresses short term and long term planning.

      · It includes the integration of policy making, planning, natural/social science.

    
  
    
      10.1 National Policy and Acts

      The Government of Nepal (the then His Majesty's Government) laid emphasis on the conservation of environment through various policies and programmes. During the 7th Five Year Plan, the policy of conservation of natural resources (such as forest, agriculture and land) was made. Similarly, the policy on the maintenance of the ecosystem as well as making minimum use of forest zone was adopted. Likewise, in the 8th Five Year Plan, the top priority was given to the control of landslides, soil erosion and flood; management of watersheds, conservation of wild animals and hereditary species; maintenance of biological diversity of national parks, reserves and wildlife conservation area; and the development of places of entertainment and promotion of tourism programmes. It was in the beginning of the 1980s that environmental issues and concerns introduced in the national policy documents. More importantly, the Constitution of Nepal-2015 mentioned specifically the need for environmental protection.

      Many policies have been formulated in relation to the environmental protection in Nepal. Some of these policies are as follows:

      (a) Private Forest Nationalization Act 1957

      
        (b) Forest Act 1961

      (c) National Park and Wildlife Conservation Act 1973

      (d) National Forest Policy 1976

      (e) Wildlife Reserve Rules, 2034 (1977)

      (f) Soil and Watershed Conservation Act 1982

      (g) National Conservation Strategy 1988

      (h) Nepal Environmental Policy and Action Plan 1993-1998

      (i) Environmental Impact Assessment Guidelines for Forestry Sector 1993

      (j) Forest Regulation 1995

      (k) Environment Protection Act, 2053 (1997)

      (1) Environment Protection Regulation, 2054 (1998)

      (m) National Biodiversity Strategy 2002

      (n) National Wetlands Policy, 2059 (2003)

      (o) Nepal Biodiversity Strategy Implementation Plan 2006

      (p) Eighth Five Year Plan (1992 - 1997)

      (q) Ninth Five Year Plan (1997 - 2002)

      (r) Tenth Five Year Plan (2002 - 2007)

      (s) Three Year Interim Plan (2007/08 - 2009/10)

      (t) Three Year Plan (2010/11 - 2012/13)

      (u) Thirteenth Three Year Plan (2013 - 2016)

      (v) Three Year Interim Plan (2017 - 2020)

      (w) Fifteenth Five Year Plan (2020 - 2025)

    
  
    
      10.2 International Conventions and Treaties on Environment

      10.2.1 Stockholm Conference

      A total of 133 nations, United Nations agencies and non-governmental organizations attended the conference on the Human Environment held in Stockholm, Sweden from 5 June 1972 to 16 June 1972. This conference was a major step towards starting environmental programmes. It emphasized the importance of holistic understanding of the environment. Moreover, it also stressed the environmental damage caused by the activities of human beings. The conference drew society's attention to the need of study on physical, biological and social environment.

      A positive relationship between human beings and nature should be developed hat contributes to the preservation of the environment. Human beings should improve their actions and adopt a sympathetic and respectful attitude towards the environment.

      
        
      

      The recommendations of the conference as an action plan were as follows: (a) Establishment of United Nations Environment Programme (UNEP);

      (b) Launching of Environment Fund;

      (c) Human Environment Declaration for adoption by the United Nations and national governments along the lines of the Human Rights Declaration;

      (d) Celebration of the fifth day of June every year as 'World Environment Day"; and

      (e) The establishment of a global programme with the cooperative efforts of all the United Nations bodies for promoting environmental education.

      10.2.2 The Earth Summit

      In 1992 (June 03-14), representatives from more than 170 nations converged on Rio de Janeiro, Brazil for the Earth Summit. Some 35,000 participants discussed a host of environmental issues, including global warming, deforestation, species preservation and environmentally beginning industrial development. The final round of talks was attended by 117 heads of state and government. It was the largest gathering ever of world leaders.

      Known as the Rio Declaration, it was approved at the Earth summit. The agreement also spoke of a "Global Partnership" to protect and restore the earth's environment. As the declaration started, industrialized nations bore extra relationship in this partnership because of "the pressures their societies place on the global environment."

      The Rio Declaration on Environment and Development includes 27 principles to guide activities in relation to the environment of nations and individuals. It introduces the mandate of sustainable development as the basis for global, national, and local actions. The Rio-Declaration recognizes the important roles of women, young, indigenous and local communities, the private sector and the non-government organizations in achieving sustainable development. Nepal is committed to promote the principles issued in the Rio Declarations.

      The Rio Earth Summit marked the 20th anniversary of the Stockholm Conference and the founding of the UNEP. The need for a scientific understanding of the phenomena like climate change (acid rain, global warming, and ozone layer depletion), biodiversity and conservation of natural ecosystems including forest was the main object of this summit, the first of its kind involving world leaders on

      
        
      

      environment and development. The heads of state and government assembled at Rio to have the last chance to draw up an action plan based on global partnership to "save" the Earth for future generations. The following four crucial documents were adopted at the summit:

      (a) Rio Declarations or Draft Earth Charter;

      (b) Convention on Climate Change and Biodiversity;

      (c) Convention on Forestry; and

      (d) Agenda - 21 of Action Plan.

      In 2012, the United Nations Conference on Sustainable Development (UNCSD) was also held in Rio, and is also commonly called Rio+20 or Rio Earth Summit 2012. It was held from June 20 to June 22.

      10.2.3 Convention on International Trade in Endangered Species (CITES)

      The Convention on International Trade in Endangered Species of Wild Fauna and Flora held in March 1973 reached international agreement to regulate worldwide commercial trade in wild animal and plant species. The goal of CITES is to ensure that international trade does not threaten the survival of any species. Since 1973 the number of state parties to the convention has grown to more than 170.

      The convention resulted from a resolution adopted at the meeting of member countries of the International Union for Conservation of Nature (IUCN) in 1963. The formal text of CITES was adopted at the meeting of 80 members of the IUCN in Washington, D.C., on March 3, 1973, and entered into force on July 1, 1975. CITES is legally binding on state parties to the convention, which are obliged to adopt their own domestic legislation to implement its goals.

      CITES classifies plants and animals according to three categories, or appendices, based on how threatened the species are. It also prohibits the commercial trade of these endangered plants and animals; however, some may be transported internationally in extraordinary situations for scientific or educational reasons. These species are not threatened with extinction but if trade is not restricted, there might be a serious decline in number. These species are protected in at least one country that is a CITES member and that has petitioned others for help in controlling international trade of that species.

      In addition to plants and animals and their parts, the agreement also restricts trade in items made from such plants and animals, such as clothing, food, medicine, and souvenirs. By 2009, more than 5,000 animal and 28,000 plant species had been classified.

      
        10.2.4 Montreal Protocol Treaty

      In 1987, the Montreal Protocol, a treaty for the protection of the ozone layer, was signed and later ratified by 36 nations, including the United States. A total ban on the use of CFCs during 1990s was proposed by the European Community in 1989, a move endorsed by the U.S. president. In December 1995, over 100 nations agreed to phase out by 2000, from the Developed Countries, the production of the pesticide, methyl bromide, which is predicted to cause about 15 percent of ozone layer depletion. Production of CFCs in developed countries had to be ceased by the end of 1995 and to be phased out in developing countries by 2010. Hydrochloroflurocarbons, which cause less damage to the ozone layer than CFCs do, are being used as substitutes for CFCs in developed countries. To monitor ozone depletion on a global level, in 1991, the National Aeronautics and Space Administration (NASA) launched the 7-ton upper Atmosphere Research Satellite.

      10.2.5 Convention on Wetlands of International Importance

      Wetlands are one of the key life support systems on the Earth and they cover about four percent of the planet. They provide critical habitat for many species of fauna and flora, play an important role in filtering and providing water, and are among the most productive ecosystems in the world. With almost 150 million hectares of wetlands, Canada is estimated to have about one-quarter of the world's total.

      The Convention on Wetlands of International Importance, especially as Waterfowl Habitat (the Ramsar Convention), was adopted in Ramsar, Iran in 1971. The convention came into force internationally in 1975, and Canada became a party to it in 1981. The convention's member countries total 138 as of May 2004 and represent all geographic regions of the planet.

      The objectives of the Ramsar Convention are to stem the progressive encroachment on and loss of wetlands and to ensure their conservation and sustainable use. Member countries have agreed to designate at least one site for inclusion in the List of Wetlands of International Importance (the Ramsar list) and to conserve and maintain the ecological character of designated wetland sites. There are currently over 2,300 Ramsar Sites around the world. They altogether cover over 2.1 million square kilometres.

      10.2.6 Kyoto Protocol

      The Kyoto Protocol is an international agreement linked to the United Nations Framework Convention on Climate Change, which commits its Parties by setting internationally binding emission reduction targets.

      Recognizing that developed countries are principally responsible for the current high levels of greenhouse gas (GHG) emissions in the atmosphere as a result of more than

      
        
      

      150 years of industrial activity, the Protocol places a heavier burden on developed nations under the principle of "common but differentiated responsibilities."

      The Kyoto Protocol was adopted in Kyoto, Japan, on 11 December 1997 and entered into force on 16 February 2005. The detailed rules for the implementation of the Protocol were adopted at seventh Conference of the Parties (COP 7) in Marrakesh, Morocco, in 2001, and are referred to as the "Marrakesh Accords." Its first commitment period started in 2008 and ended in 2012.

      10.2.7 Copenhagen Climate Change Conference

      The United Nations Climate Change Conference in Copenhagen, Denmark took place from 7-19 December 2009. It included the fifteenth Conference of the Parties (COP 15) to the United Nations Framework Convention on Climate Change (UNFCCC) and the fifth Conference of the Parties serving as the Meeting of the Parties to the Kyoto Protocol (COP/MOP 5). The Copenhagen Climate Change Conference raised climate change policy to the highest political level. Nearly 115 world leaders attended the high-level segment, making it one of the largest gatherings of world leaders ever outside the UN headquarters in New York. More than 40,000 people, representing governments, nongovernmental organizations, intergovernmental organizations, faith-based organization, the media, and UN agencies applied for accreditation.

      COP 15 / CMP 5 was a crucial event in the negotiating process.

      · It significantly advanced the negotiations on the infrastructure needed for effective global climate change cooperation, including improvements to the Clean Development Mechanism of the Kyoto Protocol.

      · Significant progress was made in narrowing down options and clarifying choices needed to be made on key issues later on in the negotiations.

      It produced the Copenhagen Accord, which expressed clearly a political intent to train carbon and respond to climate change, in both the short and long terms.

      10.2.8 Durban Climate Change Conference

      The United Nations Climate Change Conference (UNCCC), Durban, November/ December 2011, delivered a breakthrough on the international community's response to climate change. In the second largest meeting of its kind, the negotiations advanced, in a

      
        
      

      
        
      

      balanced fashion, the implementation of the Convention and the Kyoto Protocol, the Bali Action Plan, and the Cancun Agreements. The outcomes included a decision by Parties to adopt a universal legal agreement on climate change as soon as possible, not later than 2015. The President of COP17/CMP7, Maite Nkoana-Mashabane said, "What we have achieved in Durban will play a central role in saving tomorrow, today."

      10.2.9 World Future Energy Summit (WFES) 2014

      The World Future Energy Summit is the world's foremost event dedicated to renewable energies, energy efficiency and clean technologies. Held under the patronage of His Highness Sheikh Mohammed Bin Zayed Al Nahyan, Crown Prince of Abu Dhabi and Deputy Supreme Commander of the UAE Armed Forces, WFES included a world-class conference, an international exhibition, the Project & Finance Village, the Young Future Energy Leaders program, as well as a number of corporate meetings and concurrent social events.

      Hosted by Masdar, Abu Dhabi's multi-faceted renewable energy company, and staged at the Abu Dhabi National Exhibition Centre (ADNEC), during 20 - 22 January, 2014, the WFES Conference attracted world leaders, international policy makers, experts of industries, investors from the public and private sectors and media, who gathered in Abu Dhabi to discuss practical and sustainable solutions to future energy challenges.

      The WFES Exhibition is an international business platform that connects project owners and solution providers to investors and buyers from the public and private sectors.

      WFES 2014 presented energy sector stakeholders with a unique opportunity to meet with their peers, exchange technology, share best practice and form business partnerships that would further promote the global effort for a better future.

      10.2.10 Paris Agreement

      The Paris Agreement is an agreement within the United Nations Framework Convention on Climate Change (UNFCCC), dealing with greenhouse-gas-emissions mitigation, adaptation, and finance, signed in 2016. The agreement's language was negotiated by representatives of 196 state parties at the 21st Conference of the Parties of the UNFCCC in Le Bourget, near Paris, France, and adopted by consensus on 12 December 2015. As of February 2020, all UNFCCC members have signed the agreement, 189 of them have become party to it, and the only significant emitters which are not parties are Iran and Turkey.

      The Paris Agreement's long-term goal is to keep the increase in global average temperature to well below 2 ℃ above pre-industrial levels; and to pursue efforts to limit the increase to 1.5 °C, recognizing that this would substantially reduce the risks and

      
        Impacts of climate change. This should be done by peaking emissions as soon as possible, in order to "achieve a balance between anthropogenic emissions by sources and removals by sinks of greenhouse gases" in the second half of the 21st century. It also aims to increase the ability of parties to adapt to the adverse impacts of climate change, and make "finance flows consistent with a pathway towards low greenhouse gas emissions and climate-resilient development."

    
  
    
      10.3 National and International Organizations in Conservation of Environment

      10.3.1 National Trust for Nature Conservation (NTNC):

      The National Trust for Nature Conservation (NTNC), previously known as King Mahendra Trust for Nature Conservation (KMTNC), is a legal entity governed by the KMTNC Act, 2039, (1982) promulgated in the kingdom of Nepal by notification in the Nepal Gazette on Kartik 3, 2039 B.S. (October 1982), vol 32, No 30 (Law#12).

      The NTNC is an autonomous, non-profit making and non-governmental organization dedicated to conserving, managing and promoting nature. NTNC has taken e-orientated approach to promote nature conservation by concurrently meeting the economic and social needs of the community.

      The ongoing activities related to sustainable tourism are:

      Tourism infrastructure development;

      Education and awareness on nature and tourism; and

      · Developing new destinations.

      NTNC has been working in different protected areas of Nepal from plains of Terai High Himalayas. The projects/programmes include:

      · Annapurna Conservation Area Project (ACAP)

      · Manaslu Conservation Area Project (MCAP)

      · Gaurishankar Conservation Area Project (GCAP)

      · Biodiversity Conservation Centre, Chitwan (BCC)

      · Bardia Conservation Programme (BCP)

      · Suklaphanta Conservation Programme (SCP)

      · Parsa Conservation Programme (PCP)

      · Central Zoo

      
        
      

      10.3.2 Nepal Forum of Environmental Journalists (NEFEJ)

      The Nepal Forum of Environmental Journalists (NEFEJ) ne of the leading non-governmental organizations (NGOs) in promoting and raising public awareness through multimedia on issues relating to the environment, sustainable development and her social concerns.

      Since its inception in 1986, NEFEJ, popularly known as the Forum', has worked diligently through print, advocacy, television and radio. Its main objective is to bring environmental and developmental information to the masses, which in turn will raise awareness, promote understanding, deliver justice and equity, and encourage conservation on both local and national levels. It has various popular programmes, among which "Aankhi-Jhyaal", a television program is devoted to raise conservation issues. Another printed contribution from this organization is "Haki-Haki", an annual report mostly dedicated to natural resources.

      Forum's major activities have been categorized into four broad fields, such as Public Information, Advocacy and Lobbying, Promotion of Environmental Journalism, and Environmental Media Resource. NEFEJ seeks to reach its main objective by sensitizing journalists, government leaders, other policy and decision-makers, and the general public to the environmental and developmental issues affecting their lives.

      An organization of committed journalists, associate members and media persons from all media outlets, NEFEJ has also strived to promote and provide an example of a truly credible, democratic and professional organization that is serious about its promise to ultimately conserve Nepal's rich natural environment and biodiversity. As a result of the Forum's focused efforts, it has become successful in environmental journalism.

      10.3.3 Environmental Camps for Conservation Awareness (ECCA)

      ECCA was established in 1987 as a non-profit, non-political, non-government organization. It has been a leading organization in the sector of social mobilization and community development. It implements various programmes so as to raise the quality of life through the wise use of available local resources and application of alternate and renewable technologies.

      It now has a network of over 4,000 trained human resources in 46 districts of Nepal and few places of Bhutan and India. It pioneered the concept of children's Nature Club (in Nepal) in 1992. It was the first NGO to establish a paper-recycling unit (named Pap Again) in 1994 with the objective of producing recycled paper from the waste paper

      
        
      

      collected from offices, schools, press, etc.

      The objectives of ECCA are as follows:

      · To generate a sense of environmental awareness amongst children;

      · To provide an opportunity for young Nepalese people to study and gain new insights into issues such as environmental protection, resource management and sustainable agriculture;

      · To provide practical opportunities for learning through a field studies centre and environmental resource centre accessible to all;

      · To participate in integrated community development activities and organize programmes so as to secure a sound ecological future for Nepal and its people;

      · To train the young people (since its establishment in 1987, it has trained over 3000 young Nepalese people);

      · To provide new insights into environmental protection, resource management, alternate and efficient use of delectable energy resources, and deforestation;

      · To offer an opportunity to study the environment and people's interdependence with it, with ongoing efforts to protect it; and

      · To take an advocacy role on various issues of interest and participate in integrated community development activities.

      10.3.4 International Centre for Integrated Mountain Development (ICIMOD)

      ICIMOD is an international non-governmental organization established in 1983 with the aid of UNESCO. ICIMOD

      The major objective of this centre is to get substantial development of natural resources, development of the Hilly region and the community development and reformation through adopting essential modern development technology by building proper policy and programmes. ICIMOD has made Hindu Kush region its working field and it works to solve the environmental problems of Hindu Kush region through the experience and study of other hilly regions.

      The objectives of ICIMOD are as follows:

      · To exchange knowledge of policies, programmes and projects for integrated development of the hilly region and practical experience among nations;

      · To include technology and process of current knowledge, practical training programme and institutional development for integrated development of the Hilly region;

      · To increase research capacity to fight with major problems of hilly conditions and development; and

      
        
      

      · To strengthen the international exchange of specialists for the development and conservation of the hilly region.

      ICIMOD has completed various programmes of environmental conservation. This centre has studied and made a research work of district level energy project and management, management of mountainous watershed area, employment opportunity in the Hilly region, Hilly agriculture and heredity source, central point of soil erosion in Hind-Kush region, horticulture, bee farming and hill calamities, etc. This centre has arranged an information centre for the hilly development and environment. This Hilly Environment and Natural Resource Centre has arranged to provide training regarding geographical information system to related people of this region.

      10.3.5 International Union for Conservation of Nature and Natural Resources (IUCN)

      IUCN has been assisting conservation efforts in Nepal since late 1960s. With strong support from the civil society, the government and donors, IUCN has been able to contribute greatly in linking conservation with better livelihoods, mobilizing local communities and generating tangible results to promote biodiversity conservation, environmental justice and sustainable livelihoods in Nepal.

      As a union, IUCN exists to serve its members to represent their views on the world stage and to provide them with concept, strategies and technical support they need to achieve their goals. IUCN draws together over 5,000 expert volunteers in project teams and action groups. A central secretariat coordinates the IUCN programme and leads initiative on the conservation and sustainable use of the world's biological diversity and the management of habitats and natural resources as well as providing a range of services. The Union has helped many countries including Nepal to prepare the national conservation strategies. Nepal has got its membership in 1973.

      IUCN's contributions at the field level are as follows:

      · Improved conservation of important biodiversity;

      · Enhanced local natural resource management capacity;

      · Improved livelihood security for the natural resource dependent poor;

      · Greater awareness of conservation and sustainable livelihood strategies; and

      · Increased knowledge development and policy feedback.

      IUCN's contributions to important policy reforms in Nepal are as follows:

      . National Conservation Strategy 1988

      
        
      

      . National Environmental Policy and Action Plan I and II

      · Environmental Impact Assessment

      . Environmental Protection Act 1996

      · Environmental Protection Regulations 1997

      . National Wetlands Policy

      · Environmental education curricula and materials

      · Churia Area Programme Strategy

      . Draft Bill on Access to Genetic Resources and Benefit Sharing

      · Gender, Poverty and Social Equity (GPSE) monitoring indicators

      The main long-term objectives of IUCN are as follows:

      · Improved management of ecosystems by governments and local communities for biodiversity conservation and for promoting sustainable livelihoods.

      · Enabling governance framework that supports multi-stakeholder and decentralized conservation and management of natural resources and promotes the mainstreaming of environmental issues.

      · Enhanced knowledge, capacity and partnerships for a cleaner and healthier environment.

      · Enhanced abilities to facilitate the generation, sharing and use of knowledge and foster collaborative learning and action with our national and local partners.

      · Effective, efficient and financially robust IUCN Nepal that is strongly connected to IUCN constituency and regional expertise.

      10.3.6 World Wildlife Fund for Nature (WWF)

      The WWF is an international non-government organization involved in wildlife conservation. It is the world's leading independent conservation organization originated from Switzerland in 1961. The programme was started from conservation of wildlife to broader concept WWF of building future where humans can live in harmony with nature. It is currently running in more than 100 countries. It was called the "World Wildlife Fund" at its establishment but since 1986 it is called World Wildlife Fund for Nature (WWF). Its head office is in Switzerland. Fifty related organizations and national co-organizations of the world are working by using its name and stamp at present.

      WWF is an active international organization involved in conserving scarce creatures and natural resources of the Earth. It has a close relationship with the world conservation union. The programme of fund is not limited to the conservation of the special species only. It has emphasized the conservation of the environment and world as a natural habitat in totality.

      
        
      

      The major objectives of the WWF are:

      · To protect and conserve the different species of plants and wildlife and to conserve the diversity of geo-spatial system;

      · To work for sustainable use and development of renewable natural resources for present and for future generations; and

      · To work against environmental pollution and unplanned use of resources, and awareness generation.

      The priority of WWF's support for Nepal's conservation effort has changed with the shift in the Government of Nepal's policy for biodiversity conservation. In early years, the focus was on research and conservation of species under strict law enforcement practices. Over the years, support has been centred on integrating conservation and community development for addressing the issues of livelihoods of local people living in the vicinity of protected areas. It aims to win the support and stewardship of local people living in the fringe areas of wildlife conservation.

      WWF-Nepal's mission is to stop the degradation of natural environment of Nepal; and to build a future in which people live in harmony with nature by:

      · Conserving biological diversity;

      · Ensuring the sustainable use of renewable resources;

      · Reducing pollution and wasteful consumption; and

      · Addressing sustainable livelihoods.

      In Nepal, the WWF is currently working with the Department of National Parks and Wildlife Conservation under the Ministry of Forests and Environment in the buffer zones of Sagarmatha and Shey-Phoksundo and Royal Bardia National Park in the development of community forestry.

      10.3.7 United Nations Environment Program (UNEP)

      The United Nations Environment Program is a body established by the UN General Assembly on 05 June 1972 in Nairobi, Kenya as a result of Stockholm Conference on the Human Environment. It plays an important role in identifying and analysing global environmental problems, developing regional and international environmental programmes and conventions, and promoting environmental science and information.

      
        
      

      UNEP's activities include developing international conventions;promoting environmental development projects (such as reforestation and wetlands restoration); and formulating guidelines on issues (such as international trade in potentially harmful chemicals, trans-boundary air pollution, and contamination of international waterways).

      Its tasks include constant surveillance of the environment through a programme known as Earth Watch, analysis of trends, the collection and dissemination of information, the adaptation of environmentally sound policies and the adaptation of environmental protection projects to fit the needs and priorities of developing countries.

      UNEP has initiated projects in the areas like ozone layer, climate, transport and disposal of waste, the marine environment, water system, soil degradation, deforestation, biodiversity, urban environment, sustainable development, energy conservation, human settlements and population issues, health, toxic chemicals, environmental law and education.

    
  
    
      10.4 Approach of the Government of Nepal in Conservation of Environment

      Concerning the management of environment in Nepal, a programme called Rukh ropaun, ban jogaun (plant trees, save forest) can be considered as the first step of the government towards environmental protection.

      About a decade after this programme, the introduction of Community Forestry (first successful community based programme) helped in protecting the forest in many districts of Mid-hills. The objective of the community forest programme is not directly to protect the biodiversity; however, efforts are being made to address this issue as well. At the meantime, many policy documents were formulated to ease environmental management, but failed due to the lack of an implementing and monitoring body. Some policy documents include National Conservation Strategy 1988, and Nepal Environmental Policy and Action Plan (NEPAP) 1993. Besides, Nepal has also signed various international treaties and conventions and ratified them for implementation.

      The concern for environmental protection accelerated shortly after the establishment of Ministry of Population and Environment in December 1995 with the objectives of environmental conservation, pollution control, environmental standards

      
        
      

      enforcements and monitoring, and environmental impact assessment (EIA). With the aim of controlling pollution, the Ministry drafted several standards.

      Some effective interventions made by the government in the past that contributed to the air quality improvement of the Kathmandu Valley are:

      · Ban on import of new three-wheelers.

      · In-use vehicle emission standards.

      · Incentives to Safa Tempo (electric three wheelers).

      · Removal of 600 diesel three-wheelers.

      · EURO 1 standards.

      · Ban on import of two stroke two-wheelers.

      · Ambient Air Quality Standards.

      · Removal of two stroke three-wheelers.

      . Ban on Moving Bulls Trench Brick Kilns.

      · EURO 2 standards/Initiation.

      · Ban on burning of tyres.

      On 9 October 2013, the Government of Nepal endorsed a new initiative called the EFLG (Environment Friendly Local Governance) Framework. Its goal is to contribute towards overall poverty reduction, sustainable environment management and inclusive community development. The objective of the EFLG Framework is to mainstream pro- poor, inclusive and gender responsive environment; climate change; and disaster risk reduction criteria into local government policies, plans, systems, structures, mechanisms and working procedures.

      ACTIVITIES

      Observe and make a report with a list of the activities occurring in your school and community concerning the conservation of environment. Also mention activity-wise who (child club, Ward office, community people, any organization, etc.) are involved in those activities. Share your report in your class.

      Observe and make a report with a list of the activities occurring in your school and community concerning the conservation of environment. Also mention activity-wise who (child club, Ward office, community people, any organization, etc.) are involved in those activities. Share your report in your class.

      Some Glimpses of Nepal's Initiatives for the Conservation of Environment: (a) 1957: Wildlife Conservation Act is the first act to identify the importance of protecting wildlife in Nepal.

      (b) 1967: WWF starts working in Nepal when it launches a rhino conservation programme

      
        
      

      in the Chitwan Valley. First rhino conservation units are set up for protecting depleted rhino population.

      (c) 1973: Nepal establishes Chitwan National Park, the country's first national park. WWF grants $38,000 to the Smithsonian to study tigers in Chitwan, allowing scientists to successfully use radio tracking for the first time. National Parks and Wildlife Conservation Act provides for the conservation of natural areas and wildlife and sustains the welfare of the people. 27 mammal species, 9 bird species and 3 reptile species are given legal protection under the National Parks and Wildlife Conservation Act.

      (d) 1980: Department of National Parks and Wildlife Conservation was set up as a separate entity under the Ministry of Forest and Soil Conservation.

      (e) 1982: Royal Bardia National Reserve was officially formed.

      (f) 1985: WWF expands conservation programmes in Asia, showcasing the new Annapurna Conservation Area, the largest protected area in the country.

      (g) 1988: Royal Bardia National Reserve becomes Royal Bardia National Park, Nepal's largest national park. Nepal now has 10 national parks, 3 wildlife reserves, and 6 conservation areas, a system which covers more than 13,000 square miles.

      (h) 1991: WWF begins anti-poaching work with Nepal. WWF-Nepal and the Department of National Parks and Wildlife Conservation seek to identify deterrents to tiger and rhino poaching in the national parks. Anti-poaching units are formed in Chitwan and Bardia national parks. Community-based anti-poaching units were originally set up to reduce the level of poaching of tigers and rhinos, but quickly became involved in monitoring the trafficking of other wildlife species and their products. Today there are more than 400 units working throughout the country.

      (i) 1993: WWF-Nepal office has been established in Kathmandu. The Forest Act empowers the government to hand over forest areas to local communities for management as community forests. Rural communities play a huge role in protecting Nepal's forests. About 18,000 community forest user groups have been established throughout the country since 1980.

      () 1997: The Government of Nepal declares Kanchenjunga, the world's third-highest mountain ecosystem, as a special conservation area. The mountain landscape is home to more than 250 species of birds and animals, including snow leopards.

      (k) 2001: In the Terai Arc of the Eastern Himalayan lowlands, WWF spurs progress toward the ambitious goal of creating wildlife corridors linking 11 protected areas between India and Nepal.

    
  
    
      
        
      

      10.5 Initial Environmental Examination (IEE)

      Projects for which requirement of an Environment Impact Assessment (EIA) could not be easily ascertained, is subject to an Initial Environmental Examination (IEE). An IEE is carried out to determine if significant adverse environmental effects are likely to occur which require detailed study before mitigation measures can be determined. Therefore, an IEE requires:

      · Adequate in-depth analysis than screening;

      · Adequate technical input and advice from environmental specialists and experts; and

      · Adequate amount of more resources and time.

      If IEE provides solutions for potential environmental problems and the application for screening was not able to identify problems properly, then there is no need for conducting a full-scale EIA.

      In order to carry out an IEE, it is necessary to understand the following components of the project activities and the surrounding environment:

      · Project activities to be implemented;

      · Setting of projects, resources' demands and the waste produced;

      · Policies, regulations and guidelines to be known of IEE; and

      · Resources and environment are likely to be impacted.

      This information can easily be made available in the project proposal and some experts may visit the project area as an inventory survey, which may be called a preliminary analysis.

      10.6 Environmental Impact Assessment (EIA)

      There has been a remarkable increase in an adoption of EIA in the process of implementing development projects, in order to make them more sustainable and environmentally sound. Since 1970, the realisation of its importance has led many countries of the world to adopt this tool. In most of the cases, EIA legislation was enacted; national policies, emphasising the adoption of EIA were enunciated; and institutional and capacity building for strengthening EIA capacity in the government, NGOs and private sectors have been taking place. However, globally, the EIA process is still in the formative stage, and many developers, nationally and internationally, still consider this tool as a costly, time-consuming and superfluous effort.

      EIA has been defined in slightly different ways by many authors and institutions, both nationally and internationally. One of the most complete and clear definitions, given by Munn (1979), refers to the need "to identify and predict the impact on the environment

      
        
      

      and on man's health and well-being of legislative proposals, policies, programmes, projects and operational procedures and to interpret and communicate information about the impact".

      In Nepal, enforcement of the Environment Protection Act 1996, and the Environmental Protection Regulation 1997 formally implemented EIA system with participatory monitoring. EIA has been conducted for 100 development projects up to 2010 AD in Nepal. Among these, the highest (25%) was in the hydropower sector and the lowest (3%) was in each of the hotel and tourism development, irrigation and apartment buildings respectively.

      Enforcement of the Environmental Protection Act (EPA), 1996, and the Environmental Protection Regulation (EPR), 1997, formally implemented EIA system with participatory monitoring. In Nepal, EIA has been conducted for 100 development projects up to 2010. Among these, the highest (25%) is in the hydropower sector and the lowest (3%) is in each of the hotel and tourism development, irrigation and apartment buildings, respectively. Enforcement of the Environmental Protection Act (EPA), 1996, and the Environmental Protection Regulation (EPR), 1997, formally implemented EIA system with participatory monitoring. In Nepal, EIA has been conducted for 100 development projects up to 2010. Among these, the highest (25%) is in the hydropower sector and the lowest (3%) is in each of the hotel and tourism development, irrigation and apartment buildings, respectively. Enforcement of the Environmental Protection Act (EPA), 1996, and the Environmental Protection Regulation (EPR), 1997, formally implemented EIA system with participatory monitoring. In Nepal, EIA has been conducted for 100 development projects up to 2010. Among these, the highest (25%) is in the hydropower sector and the lowest (3%) is in each of the hotel and tourism development, irrigation and apartment buildings, respectively.

      The following table shows the main issues associated with the meaning of EIA.
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      EIA is considered as a project management tool for collecting and analysing information on the environmental effects of projects to aid planning and implementation of decisions. As such, it is used to:

      · Identify potential environmental impacts;

      · Examine the significance of environmental implications;

      · Assess whether impacts can be mitigated;

      · Recommend preventive and corrective mitigating measures;

      · Inform decision makers and concerned parties of environmental implications; and

      · Advise whether development should go ahead.

      Steps Involved in an Environmental Impact Assessment

      The ElA process involves a number of steps, some of which are as follows:

      1. Submission of Preliminary Information (Identifying and Defining the Project): The project proponent should submit information regarding the nature, location and impact of a proposed project that requires an EIA. The best time for a project proponent to submit the preliminary information on the proposed project is as soon as the project concept is finalized and the location of the project is decided. A brief summary of the project is extremely helpful at this stage. The existing laws and regulations that are applicable to the project should also be reviewed along with the regulating authorities. It is very important to identify the team that will carry out the EIA procedure along with a coordinator and the decision maker who will read the final report.

      2. Environmental Screening: The EIA process begins from the very start of a project. Once a developer has identified a need and assessed all the possible alternatives of project design and sites to select a preferred alternative, two important questions must be asked: "What will be the consequences of this development on the environment? Are those consequences significant?" If the answer to the second question is 'yes', an ELA may be required. Answering this question is a process known as screening and can be an essential first step into a formal EIA. Screening is done partly by the ELA regulations, operating in a country at the time of assessment.

      3. Environmental Scoping: Scoping is a stage, usually involving the public and other interested parties, that identifies the key environmental issues that should be addressed in an EIA. Scoping actually controls the cost and time of the assessment in deciding the scope of the ELA, and therefore, is a very important step both in identifying the impact and

      
        
      

      controlling the size of the EIA. The techniques used for scoping are Checklist technique, Matrix technique, Networks technique and Overlay technique.

      4. Consideration of Alternatives: This seeks to ensure that the proponent has considered other feasible approaches, including alternative project locations, scales, processes, layouts, operating condition and the no-action option.

      5. Description of the Environmental Baseline: Following on from scoping, it is essential to collect all relevant information on the current status of the environment. This study is referred to as a baseline study as it provides a baseline against which change due to a development can be measured. Baseline studies are based on the experience with respect to environmental aspects and cover everything important about the environmental impacts of the project. Baseline studies are rather easily carried out in the countries where the required technical expertise, long term database for environmental measures and relevant research papers/reports are available for the area concerned.

      6. Impact Prediction: Once the baseline study information is available, the important task of impact prediction can begin. Impact prediction involves forecasting the likely changes in the environment that will occur as a result of the development.

      7. Impact Assessment: The next phase involves the assessment of the identified impacts - impact assessment. This requires interpretation of the significance of the impacts to provide a conclusion, which can ultimately be used by decision-makers in determining the fate of the project application. This step is generally considered as the most technical in nature and therefore is the most difficult and controversial part of the EIA. It is difficult because not every impact, especially natural and social impacts, can be quantified. A well balanced final decision can be reached regarding the fate of the project.

      8. Mitigation Measures: These measures are taken to reduce the magnitude or intensity of the impacts affecting the environment. This, of course, will incur some costs, but it is expected that such measures will, in the long run, mitigate the impacts so as to make the project both economically and environmentally viable. The EIA team has to decide between two alternatives, either having a high cost and low pollution programme or having a low cost but a high pollution situation.

      9. Public Participation: Best EIA practice involves and engages the public at numerous points throughout the process with a two-way exchange of information and views. Public participation may consist of informational meetings, public hearings and opportunities

      
        
      

      to provide written comments about a proposed project. However, there are no consistent rules for public participation among current EIA systems.

      10. Producing the Environmental Impact Statement: The outcome of an EIA is usually a formal document, known as an environmental impact statement (EIS), which sets out factual information relating to the development, and all the information gathered relating to screening, scoping, baseline study, impact prediction and assessment, mitigation, and monitoring measures. It is quite common that a requirement of an EIS is that it also produces a non-technical summary. This is a summary of the information contained within the EIS, presented in a concise non-technical format, for those who do not wish to read the detailed documents. This is very important, as EISs are public documents intended to inform the public of the nature and likely consequences of a development in time to comment and/or participate in the final project design.

      11. EIS Review: Once the EIA is complete, the EIS is submitted to the competent authority. This is the body with the authority to permit or refuse development applications. The competent authorities are often in a position of having very little time to make a decision and have a detailed and lengthy EIS to read through which may contain errors, omissions, and developer bias. It is essential, therefore, that they review the document. Review can take a number of forms: it may be purely an ad hoc process whereby the document is read and commented on by decision-makers; it can be more formalised and expert opinion is sought; or it can be through the use of formal review methods designed specifically for the purpose. Basically, the review process should enable the decision- maker to decide whether the EIS is adequate (whether it is legally compliant), whether the information is correct, and whether it is unbiased. If it is, they are then in a position to use the EIS as information to be considered in determining whether the project should receive consent.

      12. Decision: A decision to approve or reject a project is generally based on the final EIA. Usually the decision is taken by a manager or a committee, or personnel from the concerned ministry who had not been associated with the EIA during its preparation. In general, a decision maker has three choices:

      (i) Accepting one of the project alternatives

      (ii) Returning the EIA with a request for further study in certain specific areas,

      (iii) Completely rejecting the proposed project along with alternative versions.

      13. Auditing: This follows monitoring and involves comparing actual outcomes with predicted outcomes, and can be used to assess the quality of predictions and the effectiveness of mitigation.

      
        
      

      MAIN POINTS TO REMEMBER

      · Environmental management is the process of allocating natural and human-made resources so as to make the optimum use of the environment towards fulfilling not only the current basic human needs but also of the future generations.

      · The characteristic features of the environmental management are:

      - It deals with the places which are affected by human activities.

      - It supports sustainable development.

      - It requires a multidisciplinary approach.

      - It integrates different development viewpoints.

      - It addresses short-term and long-term planning.

      - It includes the integration of policy making, planning, natural/social science.

      · Many policies have been formulated in relation to the environment protection in Nepal. Some of these are as follows:

      - Private Forest Nationalization Act 1957

      - Forest Act 1961

      - National Park and Wildlife Conservation Act 1973

      National Forest Policy 1976

      - Wildlife Reserve Rules, 2034 (1977)

      - Soil and Watershed Conservation Act 1982

      - National Conservation Strategy 1988

      - Nepal Environmental Policy and Action Plan 1993-1998

      - Environmental Impact Assessment Guidelines for Forestry Sector 1993

      - Forest Regulation 1995

      Environment Protection Act, 2053 (1997)

      - Environment Protection Regulation, 2054 (1998)

      - National Biodiversity Strategy 2002

      - National Wetlands Policy, 2059 (2003)

      - Nepal Biodiversity Strategy Implementation Plan 2006

      - Eighth Five Year Plan (1992 - 1997)

      - Ninth Five Year Plan (1997 - 2002)

      - Tenth Five Year Plan (2002 - 2007)

      - Three Year Interim Plan (2007/08 - 2009/10)

      - Three Year Plan (2010/11 - 2012/13)

      - Thirteenth Three Year Plan (2013 - 2016)

      
        
      

      Three Year Interim Plan (2017 - 2020) Fifteenth Five Year Plan (2020 - 2025)

      · International Conventions and Treaties on Environment: - Stockholm Conference

      - The Earth Summit

      - Convention on International Trade in Endangered Species (CITES)

      Montreal Protocol Treaty

      - Convention on Wetlands of International Importance

      - Kyoto Protocol

      - Copenhagen Climate Change Conference

      - Durban Climate Change Conference

      - World Future Energy Summit (WFES) 2014

      - Paris Agreement

      · National and International Organizations in Conservation of Environment:

      - National Trust for Nature Conservation (NTNC)

      - Nepal Forum of Environmental Journalists (NEFEJ)

      - Environmental Camps for Conservation Awareness (ECCA)

      - International Centre for Integrated Mountain Development (ICIMOD)

      - International Union for Conservation of Nature and Natural Resources (IUCN)

      - World Wildlife Fund for Nature (WWF)

      - United Nations Environment Program (UNEP)

      · Concerning the management of environment in Nepal, a programme called Rukh ropaun, ban jogaun (plant trees, save forest) can be considered as the first step of the government towards environmental protection.

      · An Initial Environmental Examination (IEE) is carried out to determine if significant adverse environmental effects are likely to occur which require detailed study before mitigation measures can be determined.

      · In order to carry out an IEE, it is necessary to understand the following components

      of the project activities and the surrounding environment: - Project activities to be implemented;

      - Setting of the project, resource demands and the waste produced;

      - Policies, regulations and guidelines to be known of IEE; and

      - Resources and environment are likely to be impacted.

      · An Environmental Impact Assessment (EIA) is carried out to identify and predict the impact on the environment and on man's health and well-being of legislative

      
        
      

      proposals, policies, programmes, projects and operational procedures and to interpret and communicate information about the impact.

      · ELA is considered as a project management tool for collecting and analysing information on the environmental effects of projects to aid planning and implementation of decisions. As such, it is used to:

      - Identify potential environmental impacts;

      - Examine the significance of environmental implications;

      - Assess whether impacts can be mitigated;

      - Recommend preventive and corrective mitigating measures;

      - Inform decision makers and concerned parties of environmental implications; and

      - Advise whether development should go ahead.

      · Steps involved in EIA are as follows:

      1. Submission of preliminary information

      2. Environmental screening

      3. Environmental scoping

      4. Consideration of alternatives

      5. Description of the environmental baseline

      6. Impact prediction

      7. Impact assessment

      8. Mitigation measures

      9. Public participation

      10. Producing the environmental impact statement (EIS)

      11. EIS review

      12. Decision

      13. Auditing

      EXERCISES

      A. Write very short answers for the following:

      1. What is meant by environmental management?

      2. Write any two characteristic features of environmental management.

      3. Write the names of any four Acts for environmental protection in Nepal. 4. Where and when was the Stockholm Conference held?

      5. When was the Earth Summit organized?

      6. What was the focus area of Ramsar Convention?

      
        
      

      7. Write the names of any two national organizations and any two international organizations for work on the sector of environmental conservation.

      8. What is the full form of ECCA? Write any one main objective of ECCA

      9. Write any two objectives of IUCN Nepal.

      10. What is the purpose of Initial Environmental Examination?

      B. Write short answers for the following:

      1. What area does Environment Management focus on? Write its any five characteristic features.

      3. Mention what recommendations were made by Stockholm Conference

      3. What does CITES mean? What is the goal of CITES?

      4. When did the Paris Agreement occur? Mention the long term goals of Paris Agreement.

      5. Describe the important initiatives taken in Nepal regarding the conservation of environment.

      6. Describe any three International Conferences organized for environment conservation.

      7. Write the long term objectives of IUCN.

      8. Write short notes on:

      (a) World Wildlife Fund for Nature (b) United Nations Environment Programme

      (e) Nepal Forum for Environmental Journalists (d) Kyoto Protocol

      C. Write long answers for the following:

      1. Mention the issues of environmental conservation in Nepal. Discuss the initiatives taken in this regard.

      2. What is Environmental Impact Assessment? Describe different steps of Environmental Impact Assessment.

      3. Explain what interventions were made by the government for the improvement of air quality of Kathmandu Valley,

      4. There are different international conventions on environmental conservation. Mention any four conventions along with their major recommendations.

      PROJECT WORK

      Visit in the group of 4 or 5 persons to an organization working on Environmental Conservation in or around your community. Collect information on activities it has been performing (some reference points are provided below) and prepare a report. Share the report in your class. Reference points:

      . Name and address of the organization

      · Year of establishment

      · Target arca/location

      · Activities

      · Result/effect of the activities

      · Future activities (if any). Your reflections
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