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Foreword 

The erstwhile Royal Education Council (REC) developed an Adapted and Prioritized curricula for schools so that 

students can continue learning during the disruptions caused by the COVID 19 pandemic since March 2020. With 

the commencement of the 2021 academic session, the new normal curriculum, later renamed as the National 

School Curriculum (NSC), was embraced as a paradigm shift of education from the conventional knowledge-based 

learning to competency based, open source and experiential learning leveraged on digital technologies. In order to 

facilitate the effective implementation of the curriculum change, Instructional Guides were developed in all 

subjects, and the teachers were oriented through virtual and short contact modes due to the prevailing pandemic 

situations. The curricula were aimed at minimizing the learning loss for learners as it was designed for 

implementation in different situations - during school closure or during regular contact instructional hours. 

While these measures served as a solution to problems brought about by the pandemic and the global changing 

trends in education, a resilient and more dynamic curricula and instructions remain the current priority of the 

Government. In cognizance of some shortfalls in the provisional edition of Instructional Guides (IG), the Department 

of Curriculum and Professional Development reviewed and revised the existing Instructional Guides across all 

subjects with the aim of enforcing the competency-based learning, and making teaching-learning happen ‘anytime 

anywhere’ commensurate to an inclusive education, so that all learners are provided the opportunity to learn at 

their own pace and situation. 

The revised Instructional Guides have drawn ideas and inspiration from various educational philosophies and 

principles, particularly the Delors Report, Learning: The Treasure Within (1996). The report prioritizes the 

development of the whole person and not just academic knowledge through the four pillars: “learning to know”, 

“learning to do”, “learning to be”, and “learning to live together”. Therefore, the New Curriculum and the 

Instructional Guide is an attempt to transform education from the teaching of “what” to learning of “how” and 

“why” towards empowering learners with the transversal competencies and the 21st century skills, and preparing 

them to be lifelong learners. 

It must be noted that the New Curriculum and the Instructional Guide are not just a response to the pandemic, but 

a culmination of the curriculum reform work for the last four years by the erstwhile Royal Education Council. The 

school curricula are to be perceived as integrated, and based on themes and problems that inspire learners to learn 

and to live in peace with our common humanity and our common planet. This has the potential in the development 

of a strong base of knowledge about one’s self and about the world, find purpose of learning, and be better able to 

participate in social and political milieu. Thus, this initiative is envisaged to orient our educational process towards 

nurturing ‘nationally rooted and globally competent’ citizens. 

Wish all our learners and teachers a life-enriching teaching and learning. 

Tashi Delek 

 
 

 
Tashi Namgyal 

Director 
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Introduction 
The conventional education, which is predominantly knowledge based and examination centred teaching and 

learning has been the time old practises. This model stress on the learning of textual information and grade as 

perceived by educators. On the other hand, with the advancement in ICT, the world is flooded with such 

information, which is widely read by all at their leisure. What learners cannot acquire from the multiple sources are 

the skills, values and change of behaviour, which are crucial in facilitating learners realise their potential to be 

socially responsible and productive individuals, and optimise their contribution in the nation building processes – 

economic, social, and political development. In the contemporary world, textbook based and knowledge-based 

education compromises the development of psychomotor and affective domains of learning, affecting the holistic 

development and psychosocial wellbeing of learners. 

The pandemic situation also explicated that the old ways of working, teaching and learning, and lifestyle have 

limitations. Consequently, new ways of how we work and live, teach and learn, stay connected are the 

contemporary traditions. In this context, an overhaul of how we think and do are imperative, not a choice. The 

transformation of classroom instruction from the teacher centred to that of learner centred learning however calls 

for the following adjustment, or even the overhaul of some of the practises. 

i. Reduction of learning content to facilitate deep learning as opposed to the width of the teaching and 

learning through active engagement of learners. 

ii. Integration of ICT as tools and ends of the learner’s education. The multimedia and ICT software are 

commonly used in the teaching and learning as innovation to sustain learner’s interest and zeal in learning. 

iii. Adoption of theme-based learning content facilitates in broadening the horizon of learning beyond the four 

walls, and stimulates the transfer of the learnt concepts to the learner's immediate environment. This 

arrangement makes learners aware of the realities of the social, political, economic and cultural practises 

and ethos of the society. Being aware of the immediate environment of the scopes and challenges, learners 

are sensitised to the opportunities and issues. 

iv. Consideration to ground the curriculum design and instruction approaches on the epistemological theories 

is imperative to facilitate deep learning as opposed to factual learning. The selection and use of them, 

however, is subject to the nature of the subject. For instance, constructivism is more apt for science, while 

connectivism may be relevant for languages and ICT curricula to facilitate deep learning and inspire the 

generation of new knowledge and ideas. 

v. Active engagement of learners is imperative for competency-based education and learning. Inevitably, 

summative assessment has limitations in gauging the progressive development of the learner. This is 

achieved objectively by the use of the continuous formative assessment (CFA). However, if summative 

assessment evidence is used to provide feedback to help learners in learning, it can serve as one of the 

techniques of CFA. 

The curriculum is grounded on the wisdom and principles of competency-based learning, built on reality of the 

immediate environment, and the belief system of the society, promotes the personalised learning; fosters life 

enriching experiences, which inspires youth to generate new knowledge and create new ideas. 

Towards this, learning is facilitated through the “Instructional Guide” with learners taking responsibility for their 

learning. The roles of teachers are to facilitate, guide, or evaluate learners in the process of learners’ active 

engagement to support their learning. Therefore, the NSC Environmental Science Instructional Guide (ES IG) is an 
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attempt to transform education from the teaching of “what” to learning of “how” and “why” towards empowering 

learners with the transversal competencies and the 21st century skills, and preparing them to be lifelong learners. 

Purposes of the Instructional Guide 

 
In the National School Curriculum, deep learning synonymous to “less is more” is facilitated with the use of 

Instructional Guide for each subject and specific class. The content of the instruction in the guide for respective 

subjects are aligned with the subject’s curriculum framework. Therefore, the ES IG is purported to achieve the 

following objectives towards facilitating uninterrupted teaching and learning: 

i. Strengthen competency based learning and experiential learning to foster sensitivity to realities of life and 

environment. 

ii. Strengthen blended learning and flip classroom with multimedia, digital pedagogies and ICT devices and 

websites as tools and ends of the learning. 

iii. Prioritise learning content with emphasis on creating time and space for deep learning and raise sensitivity 

of the realities of the world around them through active engagement of learners. 

iv. Facilitate the use of CFA for learning using diverse appropriate assessment techniques and tools 

commensurate with individual differences in learning, and gather evidence to guide planning of educational 

programs and activities for learners. 

v. Promote inclusive learning through the blended learning which facilitates learning anywhere, any time with 

the learner being responsible for the learning. 

vi. Inspire teachers to assume the roles of facilitation, guide, motivator and evaluator. 

vii. Guide both teachers and parents in facilitating learning of their children. 

 
The experiential and personalised learning practises are widely used around the world and are grounded on 

different models. One of such models that suits the current situation and expectation of education for the 21st 

century is the ADDIE model (Analyse, Design, Develop, Implement and Evaluate). 

The National School Curriculum (NSC) is inspired by the ideologies of competency-based education and the 

experiential learning ethos of educational practises. Therefore, the function of the NSC Instructional Guide (IG) is 

to facilitate deep learning and foster the learning of how to learn through active engagement and provisioning of 

diverse learning experiences. They include, but not limited to, real time interaction with the life realities, designing 

and modelling of artefacts, knowledge hunt through diverse sources – books and digital, and the epistemological 

processes of investigation and analysis to generate knowledge and create ideas of doing things differently to suit 

the situation and the problems. 

The NSC IG is arranged and aligned with the NSCF in a progressive manner, encompassing all the aspects of 

competency-based learning and assessment. The content of Instructional Guide for Environmental Science is 

organised as follows: 

1. Theme 

Each Theme is introduced with a broad overview of the bigger ideas, issues and concerns setting context of the 

learning and sensitises learners of what learning experiences they are to engage in. The context is also to raise 

curiosity and be concerned with issues and challenges related to the content, society and the environment. 
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The teacher presents the theme with brief explanations, sensitization, or questions to stimulate the learner's 

thinking and curiosity. Learner also reads the overview and formulates expectations he or she aspires to gain from 

the theme. 

2. Topic 

Each theme contains two to five topics in order to cover the desired fundamental concepts and principles, which 

serve as the platform to facilitate the development of intellectual, social, physical and emotional competencies 

including digital skills through their unique epistemological processes. Each topic begins with an overview of the 

fundamental concepts, ideas, laws and principles, issues and concerns to set context of the learning and sensitise 

learners of what learning experiences they are to engage in. 

The teacher presents the topic with brief explanations, sensitization, or questions to stimulate the learner's thinking 

and curiosity. Learner also reads the overview and formulates questions and hypothesises answers to the 

questions, and validates during the course of learning. 

3. Competency 

Based on the topic, a set of competency statements are outlined as the expected outcome of the chapter. 

Competency per se is the ability to analyse and synthesise information and apply the knowledge, skills and abilities 

required to successfully perform the tasks in diverse situations. It is generally framed based on three domains of 

learning; cognitive/intellectual, performance, social and emotional, and behavioural competencies. 

These competencies are the basis for identification and selection of competencies that the learner is expected to 

achieve as the desired outcome. Teachers must develop a clear understanding of the expected competencies. 

4. Scope 

Scope in each topic informs of the expected key concepts, ideas, laws, laws, principles and issues that the topic is 

expected to emphasise. This serves as the basis for formulating learning objectives both for the formal instruction 

and the informal setting. 

5. Learning objectives 

The learning objectives are statements of what learners will know, be able to do, and be able to display by the end 

of every lesson of experiential learning. Every learning objective contains action words relevant to the domain of 

competency-based learning, which includes cognitive, psycho-motor and affective. 

The learning objectives under every topic are aligned with the competency identified. The learning objectives 

inform the design and selection of learning experiences that the learner is envisaged to engage with. It also informs 

teachers, learners and parents of the target or purpose of their teaching and learning. 

6. Learning experiences 

This section is crucial in the NSC IG. Learning experiences are a wide variety of experiences across different contexts 

and settings which transform the perceptions of the learner, facilitate conceptual understanding, yield emotional 

qualities, and nurture the acquisition of knowledge, skills and attitudes. In educational settings, learning 

experiences are ideally challenging, interesting, rich, engaging, meaningful, and appropriate to learner needs. 

Previous learning experiences are considered to be key factors predicting further learning. As such, learning 

experiences in ES IG are based on specific content knowledge and skills that facilitates experiential and deep 
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learning. Such experiences foster the development of critical thinking and problem solving, creativity and 

innovation, communication, collaboration, citizenship and sensitivity to social and cultural values and practises. 

The epistemology of NSC informs that teachers assume the roles of facilitation, guide, motivator and evaluator. 

Learners are the active players in the competency-based learning paradigm. In order to facilitate uninterrupted 

learning as influenced by the situation, the design of the ES IG and selection of learning experiences are based on 

the Blended Learning and Flip Classroom modes of instruction delivery. Therefore, cognizant of the ideology of 

experiential learning, need for uninterrupted learning, and helping learners learn how to learn, the NSC IG provides 

only the suggestive pedagogical strategies and approaches arranged based on spiral curriculum for progressive 

learning, with digital technologies as one of the main drivers. Therefore, teachers have the freedom to deploy 

diverse teaching methods, mechanism of classroom management, and implementation of the continuous 

formative assessment. 

By this token, learners are expected to participate in every learning activity, choose a wide range of forms and 

means of recording their experiences and communicating to others, and reflect on the learning. Further, teachers 

need to inform learners that based on the progressive step-by-step organisation of the learning experiences, 

learners can continue learning anytime, anywhere. 

The blended learning and flip classroom modes of lesson delivery mandate that teachers develop their own tutorial 

audio visual materials and use them to inspire learners. They also upload any audio visual in the Google classroom 

or in any of the recommended social media to support learning. One crucial role of a teacher is to guide learners 

using various sources of information and ideas by using websites and library resources as stipulated by learning 

experiences. The teacher also digitises assessment. Owing to heavy reliance of pedagogies on digital technologies, 

particularly the use of apps and online tools, teachers need to develop digital competencies. At the same time, 

teachers and schools need to ensure that accessibility and connectivity is not the learning barrier. 

Based on the subject nature, the ES IG envisages that the learner participates in real time research studies, 

interaction with the environment and stakeholders, and investigations. During field visits and trips, school 

administration, local authorities and parents support and facilitate the conduct of studies in the community setting. 

Teachers and learners must plan and get all necessary approvals and consensus by taking all the safety measures 

and protocols into consideration. Teacher also conducts reflection sessions by asking a few questions and follow 

up lessons based on the topic. 

7. Questions 

Learning experiences, whether visual viewing or reading, classroom task completion, investigations or field 

observations, are concluded with a set of questions. These questions are fundamental to facilitate learners to 

construct knowledge and create ideas. Teachers are to use these questions to evaluate the learner’s actual 

participation in the learning processes, and hence assess their learning. They can serve as the means of assessment 

as an integral part of CFA, or learners can use them to stimulate reflection to strengthen their metacognition of 

learning. 

8. Assessment and Reporting 

In the context of competency-based learning, assessment of intellectual, psychomotor, social and emotional 

competencies are imperatives; unfortunately, they cannot be assessed at the end of the lesson or year, rather must 

be assessed on the real time basis when learners are displaying their competencies and dispositions. The 

continuous formative assessment (CFA) is conducted throughout the educational process with a view to enhancing 
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student learning. It implies: eliciting evidence about learning to close the gap between current and desired 

performance; providing feedback to students; and involving students in the assessment and learning process 

(CCSSO 2008). 

Uncertain of diversity of learners and purpose and context of assessment, the IG does not provide specific 

assessment techniques and tools, rather the teacher can use appropriate assessment tools and techniques of CFA 

based on the topics and lessons. The assessment must happen in a continuous mode in accordance with the 

assessment section in the NSCF for Science (REC 2021). Teachers use any appropriate techniques and tools 

leveraging on digitised assessment, both for gauging learning progress on quarterly basis, recording and reporting. 

9. Resources 

This section provides an overview of resources, digital - online and offline, and physical materials. It must be noted 

that in the NSC, textbooks are to be used as one of the resources. This discourages textbook teaching, but promotes 

facilitation of learners in learning. 

10. Challenge Your Thinking 

This section provides suggestive questions covering all the topics to assess learners’ intellectual, psychomotor, 

social and emotional competencies. It has a mix of knowledge based and competency based and intellectually 

challenging questions. Challenging your Thinking can help learners understand and be aware of their performance, 

and of the areas for improvement. The diversity of questions is to stimulate learners to use critical thinking, 

creativity, analytical, making connections and draw conclusions as the means to generate knowledge and ideas. 

11. Annexure / Appendix 

In helping the teacher and learners in effective teaching and learning, there is a need for pertinent information, 

ideas and clues which cannot be covered in the main text. Such resources are generally annexed for ready reference 

and information. The teacher and learners refer to sample assessment techniques and tools in using CFA during the 

teaching and learning process, clarify their misconception by referring the assessment scheme and modes with the 

assessment matrix, and plan lessons based on the topic-wise weighting and instructional time for each topic. 
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1.1 Biomes and Ecosystems  
(350 minutes) 

Competency: 
● Explain the characteristic features of biomes and ecosystems of the Earth, and relate them to 

Bhutan's biomes and ecosystem. 

Scope: 
● This topic elaborates the characteristics of terrestrial biomes of the world and emphasises on the 

factors (climate & vegetation) determining the distribution of biomes. It also explains the 
characteristics of ecosystems of Bhutan (forest, aquatic and agricultural ecosystem) and relates 
to the biomes of the world. 

Learning Objectives: 
● Discuss the characteristics of biomes and factors that determine the distribution of biomes on 

the Earth. 
● Analyse the characteristics of ecosystems in Bhutan. 
● Explore the significance of biomes in the locality. 

Learning Experiences 
 

The Earth is made up of many large, self-regulating systems called biomes. Biomes are classified into 
different types based on similar climatic conditions and predominant flora and fauna. Each biome has a 
unique set of plants and animals that have adapted to those conditions. Adaptation enables organisms to 
fit and survive in their ecological niches and evolve with changes in the environmental conditions. 

The elements such as carbon, nitrogen, hydrogen, oxygen, phosphorus and sulphur play a vital role in 
the survival of organisms. These elements are continuously recycled through biogeochemical cycles in 
order to maintain balance in nature. Therefore, disruption to these cycles by some anthropogenic or 
natural activities affect the survival of organisms in the ecosystem. 

The environment provides resources that ensure the wellbeing of species in an ecosystem. But the factors 
like changing lifestyles of humans, industrialization and urbanisation have reduced the availability of 
resources, thereby affecting the carrying capacity of the Earth. 

Systems in Nature 

Many places on the Earth have similar climatic conditions, vegetation types and growth patterns of flora 
and fauna, though they are located in different geographical areas. The large geographical areas with 
similar climatic conditions and vegetation are usually classified based on the dominant flora and fauna 
found in the area, and are termed as biomes. Biomes form the largest divisions of the biosphere, which 
consist of broad types of biological communities. The large regions within biomes have similar biotic 
and abiotic components. The interaction of these components determines the characteristics of the 
biomes. The Earth’s biomes can be grouped into two broad categories – terrestrial biomes and aquatic 
biomes. 
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Learners visit the website https://rb.gy/wbd2bo for a virtual tour of biomes of the world, or visits links 
https://rb.gy/wdihvf, https://rb.gy/jyuihj and https://rb.gy/9wvc7r or other resources to explore the 
characteristics of the biomes. 

Prepare a presentation on the major biomes of the world, and share the presentation with the class or 
upload in the Google Classroom. 

To explore more about characteristics of biomes, visit an area in the locality and complete the sample 
worksheet and take photographs of important features of the area. 

Table 1.1. Worksheet of biome 
 

Biome Climate Description of typical organisms Examples of adaptation 
    

Browse the link https://rb.gy/syuznq in order to get information on how to develop a Biome Travel 
Brochure. Then, develop a biome travel brochure for your locality using the information gathered in the 
worksheet and other details as mentioned below: 

● Interesting facts about the biome. 
● Activities available in the biome. 
● Any ecological/environmental concerns and conservation efforts. 

Share the brochure with the class or upload in the Google Classroom. 

 
In order to gain a deeper understanding of different types of ecosystems in Bhutan, browse links 
https://rb.gy/tpdabh, https://rb.gy/0j7vih, https://rb.gy/rgicam, and other relevant resources. 

Compile the information about ecosystems in Bhutan as per the table given below. Learners may modify 
the sample table, if needed. 

Table 1.2 Worksheet guide to compile information gathered 

Type of ecosystem Characteristic features Flora Fauna 

    

    

    

Questions 

1. Explain biomes with their characteristic features. 
2. Analyse biomes in Bhutan with reference to their characteristic features and significance. 

Bhutan being a country with rich biodiversity, it is a home for a variety of flora and fauna, resulting in 
the formation of different ecosystems. Ecosystems in Bhutan are classified into forest ecosystems, 
aquatic ecosystems and agricultural ecosystems. How do interactions between biotic and abiotic 
components help in sustaining an ecosystem? 

https://rb.gy/wbd2bo
https://rb.gy/wdihvf
https://rb.gy/jyuihj
https://rb.gy/9wvc7r
https://rb.gy/syuznq
https://rb.gy/tpdabh
https://rb.gy/0j7vih
https://rb.gy/rgicam
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3. How has the developmental activities affected the different ecosystems in Bhutan? 

Based on the understanding, analyse the significance of biomes in your locality and challenges in 
conserving the biomes. 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Characteristic features of 
biomes of the world, 
biomes of Bhutan. 

● Ability to analyse, 
communicate, and 
design brochures. 

● Recognise the salient features of 
biomes and relate to biomes of 
one’s own local ecosystem. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Virtual biomes - https://rb.gy/wbd2bo 
4. Characteristics of different biomes - https://rb.gy/wdihvf, https://rb.gy/jyuihj and 

https://rb.gy/9wvc7r 
5. How to develop a Biome Travel Brochure? - https://rb.gy/syuznq 
6. Ecosystems in Bhutan - https://rb.gy/tpdabh, https://rb.gy/0j7vih and https://rb.gy/rgicam 

 
1.2 Adaptations in Plants and Animals  

(250 minutes) 

Competency: 
● Explain adaptation and adaptive features of living things as a means of survival in the changing 

environment, and explore ways to protect the ecosystem and its functions. 

Scope: 
● This topic describes adaptation of plants and animals to different conditions of the ecosystem 

including drought, water abundance, moderate water, saline water. 

Learning Objectives: 
● Describe adaptation of plants and animals. 
● Classify various types of adaptation in plants and animals. 
● Justify adaptive features of plants and animals as a means of survival in the changing 

environment. 

Learning Experiences 
 

Adaptation is the ability of living organisms to adjust to different conditions in their environment. It 
enhances the fitness of organisms and helps them survive in their ecological niche or habitat. 

https://rb.gy/wbd2bo
https://rb.gy/wdihvf
https://rb.gy/jyuihj
https://rb.gy/9wvc7r
https://rb.gy/syuznq
https://rb.gy/tpdabh
https://rb.gy/0j7vih
https://rb.gy/rgicam
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Learners watch the video about the adaptive features of some organisms from the link 
https://bit.ly/3HQQw3k and reinforces the understanding by visiting the web link 
https://bit.ly/3GjuCpm or other relevant sources. Make a summary of your understanding. 

 

Explore for more information on adaptations of different organisms in their particular habitat from the 
internet or any relevant sources, and complete the sample Table 1.3. 

Table 1.3. Exploring adaptive features and their benefits for the organism 

Group of organisms Name of organism Adaptive features Purpose 

Hydrophytes    

Mesophytes    

Xerophytes    

Halophytes    

Hydrocoles    

Mesocoles    

Xerocoles    

Produce a podcast about animals or plants adaptations that are unique to their locality, or write a story 
about what kind of adaptations they would want to have if they lived in different ecosystems like ocean, 
desert, tundra, rainforest, in the Environmental Profile. 

In teams, discuss why adaptive features of plants and animals are the means for survival in the changing 
environment, and present in the class. 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Adaptation, types of 
adaptation in plants and 
animals. 

● Classifying, analysing, 
creating and communicating 
information. 

● Value the unique adaptive 
features of organisms for 
their survival. 

Adaptations can be physical, biological and chemical. Most adaptations have emerged through 
evolution, while a few adaptations are learnt. Have you ever wondered how cactus can grow well in the 
desert, and how polar bears can live in the polar region? 

Adaptation is classified into structural, behavioural and physiological based on the genetic expression 
and into physical, chemical and biological based on the purpose of adaptation. Similarly, organisms are 
classified into different types based on the type of habitat they are adapted to. 

https://bit.ly/3HQQw3k
https://bit.ly/3GjuCpm
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For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Adaptive features of organisms - https://bit.ly/3HQQw3k 
4. Types of adaptation-https://bit.ly/3GjuCpm 

 
1.3 Biogeochemical Cycles  

(250 minutes) 

Competency: 
● Analyse the types and roles of biogeochemical cycles in regulating the nutrient flow, and 

understand how the anthropogenic activities alter the nutrient flow in the ecosystem. 

Scope: 
● This topic explains how biogeochemical cycles (carbon, nitrogen, phosphorus and potassium) 

regulate the nutrient flow in the environment. It also evaluates the disruption of these cycles by 
anthropogenic activities. 

Learning Objectives: 
● Explain biogeochemical cycles based on atmospheric and edaphic nutrient cycles. 
● Illustrate the process of biogeochemical cycles. 
● Evaluate how biogeochemical cycles are altered by anthropogenic activities. 

Learning Experiences 
 

To understand the process of the biogeochemical cycle, watch videos at the suggested links: 
https://bit.ly/3HVo9Bo, Carbon cycle: https://bit.ly/31GbUJg, https://bit.ly/3JToYfD, Nitrogen cycle: 
https://bit.ly/3JYnYaf, https://bit.ly/3FbohdW, Phosphorus cycle: https://bit.ly/34CJ5OZ, 
https://bit.ly/3HXZtIh, Potassium cycle: https://bit.ly/3zFcCmC, https://bit.ly/3HGA85A or explore 
other books. 

Use any ICT tools to illustrate the biogeochemical cycle: Carbon, Nitrogen, Phosphorus and Potassium 
and present them in the class or upload in Google Classroom. 

Biogeochemical cycles involve the fluxes of chemical elements among different parts of the Earth; from 
living to non-living, from atmosphere to land to sea, and from soil to plants. They are called “cycles” 
because matter is always conserved, and elements move to and from major pools via a variety of two- 
way fluxes. 

Human activities alter these cycles, which directly or indirectly affect our climate and nutrient flow. The 
altered biogeochemical cycles increase the vulnerability of biodiversity, food security, human health, 
and the water quality, etc. 

https://bit.ly/3HQQw3k
https://bit.ly/3GjuCpm
https://bit.ly/3HVo9Bo
https://bit.ly/31GbUJg
https://bit.ly/3JToYfD
https://bit.ly/3JYnYaf
https://bit.ly/3FbohdW
https://bit.ly/34CJ5OZ
https://bit.ly/3HXZtIh
https://bit.ly/3zFcCmC
https://bit.ly/3HGA85A
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Questions 

1. How does the cyclic movement of nutrients elements (C, N, P and K) benefit the farmer in the 
field? 

2. Analyse how the biogeochemical cycle affects the climate. 
 

Watch the videos from the web links https://bit.ly/3Fdmi8W and https://bit.ly/3f58J11 or explore other 
relevant books/online sources on how biogeochemical cycles are disrupted by anthropogenic activities. 

Refer https://climateactiontracker.org/countries/bhutan/ or other online sources to find out the status of 
Bhutan in terms of carbon emission. 

Questions 

1. What are some possible negative impacts foreseen in your locality due to disturbance of the 
natural biogeochemical cycle? 

2. Critique how developmental activities in our country affect the carbon cycle, and discuss some 
of its environmental impacts. 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Atmospheric and edaphic 
biogeochemical cycles. 

● Analyse, evaluate and 
illustrate biogeochemical 
cycles. 

● Recognise the significance of 
biogeochemical cycles, and 
concerns of anthropogenic 
impacts. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Real World: The Carbon Cycle - Essential for Life on Earth - https://bit.ly/31GbUJg 
4. Environmental Science Key Stage 5: Biogeochemical Cycle - https://bit.ly/3HVo9Bo 
5. Carbon Cycle - https://bit.ly/3JToYfD 
6. Nitrogen cycle - https://bit.ly/3JYnYaf 
7. Nitrogen Fixation, Nitrogen Cycle, Microorganism - https://bit.ly/3FbohdW 
8. Phosphorus cycle - https://bit.ly/34CJ5OZ, https://bit.ly/3HXZtIh 
9. Potassium cycle - https://bit.ly/3zFcCmC 
10. The potassium cycle in soils - https://bit.ly/3HGA85A 

Human activities like the burning of fossil fuels and the application of chemical fertilisers alter the 
natural biogeochemical cycle. For example, the release of carbon dioxide from the burning of fuels, 
forest fires, and other sources contributes to enhancing greenhouse gases. 

https://bit.ly/3Fdmi8W
https://bit.ly/3f58J11
https://climateactiontracker.org/countries/bhutan/
https://bit.ly/31GbUJg
https://bit.ly/3HVo9Bo
https://bit.ly/3JToYfD
https://bit.ly/3JYnYaf
https://bit.ly/3FbohdW
https://bit.ly/34CJ5OZ
https://bit.ly/3HXZtIh
https://bit.ly/3zFcCmC
https://bit.ly/3HGA85A
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11. Human Impacts on Biogeochemical cycle - https://bit.ly/3Fdmi8W 
12. How humans disrupted a cycle essential to all life - https://bit.ly/3f58J11 
13. Bhutan Climate Action trackers - https://climateactiontracker.org/countries/bhutan/ 

 
1.4 Carrying Capacity  

(350 minutes) 

Competency: 
● Evaluate the carrying capacity of the Earth in relation to resources availability and symbiotic 

relationship, and understand the need for behavioural change in consumption and the lifestyle of 
people. 

Scope: 
● This topic explains the relationship between carrying capacity and available resources and how 

the limiting factors - water and energy; predation; competition; space, affect the carrying 
capacity. It also includes how the symbiotic relationships among human and domesticated crops 
and animals, contributes in increasing the carrying capacity. 

Learning Objectives: 
● Explain carrying capacity in relation to the availability of resources. 
● Relate carrying capacity to population growth curve. 
● Explain the influence of symbiotic relationships among the species on the carrying capacity. 

Learning Experiences 
 

Learners browse the suggested web links https://bit.ly/3et8ygG, and https://bit.ly/30w14l4 or relevant 
books to deduce the relationship between population, production and consumption. 

Visit web links https://bit.ly/3vaP0ni, https://bit.ly/3HSqg8H and https://bit.ly/3tdsXxx, other relevant 
sources on factors affecting the carrying capacity, exponential and logistic population growth curves. 

Use the data from the given Table 1.4. to plot the population growth curve. Use Microsoft Excel to plot 
two separate line graphs for bacteria and paramecium with X-axis for time, and Y-axis for population 
and, use MS Word to write answers. Upload the work file in Google Classroom. 

Every ecosystem can support a different size of population depending on the availability of resources 
and services. This relationship can be understood as the carrying capacity. The population of organisms 
can go on increasing, however, the resources in the environment do not have the capacity to match the 
increasing population. Hence, no additional individuals can be supported beyond this carrying capacity 
for long. 

https://bit.ly/3Fdmi8W
https://bit.ly/3f58J11
https://climateactiontracker.org/countries/bhutan/
https://bit.ly/3et8ygG
https://bit.ly/30w14l4
https://bit.ly/3vaP0ni
https://bit.ly/3HSqg8H
https://bit.ly/3tdsXxx
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Table 1.4. Data showing population growth 
 

Questions 

1. Identify and interpret the shape of graphs of carrying capacity. 
2. Which graph represents a stable ecosystem? Why? 

Play a simulation in the given suggested link: https://bit.ly/3Gfctsv to investigate how various factors 
influence the population. Then, answer the following questions: 

Questions 

1. How is the carrying capacity of prey affected if predators are removed from the ecosystem? 
2. How do changes in seasons affect the carrying capacity of an ecosystem? 
3. Discuss the impact of any pollution on the carrying capacity of an ecosystem. 

 

Browse or watch video in the suggested links https://bit.ly/3tgqrH1, https://bit.ly/3qcOXqr or explore 
other sources on how carrying capacity of an ecosystem is influenced by various ecological interactions. 
Read the case study suggested, https://bit.ly/3JXpXvo or explore other relevant case studies to answer 
the following questions. 

Questions 

1. How will the removal of bees from the ecosystem impact the carrying capacity of the Earth? 
2. Zebra has a good sense of smell and hearing but have poor eyesight, while the ostrich has good 

vision with less hearing and smell. They often travel together. How does this symbiotic relationship 
influence their carrying capacities? 

3. How do you relate and justify Bhutanese farmers preferring hybrid cattle for the local breed with 
reference to the carrying capacity? 

A symbiotic relationship exists when there is a close, long-term relationship between two organisms of 
different species. Interactions among different species influence the carrying capacity of the ecosystem. 
Carrying capacity increases when species derive a mutual benefit, or decreases when their interactions 
are antagonistic. These interrelationships and interdependencies of organisms generate stable 
ecosystems within its carrying capacity. 

https://bit.ly/3Gfctsv
https://bit.ly/3tgqrH1
https://bit.ly/3qcOXqr
https://bit.ly/3JXpXvo
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Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Carrying capacity, 
symbiotic relationship. 

● Ability to construct graphs, 
analyse and evaluate 
through case study. 

● Recognise the significance of 
symbiotic relationships in 
determining carrying capacity 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Carrying Capacity - https://bit.ly/3et8ygG 
4. Ecological Carrying Capacity - https://bit.ly/30w14l4 
5. What factors affecting carrying capacity - https://bit.ly/3vaP0ni, 
6. Exponential growth vs Logistic Growth - https://bit.ly/3HSqg8H, https://bit.ly/3tdsXxx, 
7. Avril GulfTuna Population Simulation - https://bit.ly/3Gfctsv. 
8. Symbiosis: The Art of Living Together - https://bit.ly/3tgqrH1 
9. Why are bees important? - https://bit.ly/3qcOXqr 
10. Why do bees’ matter? - https://bit.ly/3JXpXvo 

 
Challenge Your Thinking 

1. Which terrestrial biome do you think is more vulnerable to human exploitation? Why? 
2. Ecologists discovered that trout were dying in a stream that ran through some farmland where 

nitrogen fertiliser was used in the field. Explain what might happen? Formulate a hypothesis in 
order to test your idea. 

3. How do human activities affect the carrying capacity? Give one example each in which it can 
increase or decrease the carrying capacity? 

4. Evaluate what life would be like for a specific animal if it did not have physical adaptations to help 
it survive in its environment. 

5. All humans should be vegetarians. Justify the statement. 
6. Why do ecologists need to consider the principle of carrying capacity in biodiversity conservation 

practises? 
7. Analyse the significance of the biogeochemical cycle to farmers in your community. 

https://bit.ly/3et8ygG
https://bit.ly/30w14l4
https://bit.ly/3vaP0ni
https://bit.ly/3HSqg8H
https://bit.ly/3tdsXxx
https://bit.ly/3Gfctsv
https://bit.ly/3tgqrH1
https://bit.ly/3qcOXqr
https://bit.ly/3JXpXvo
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2.1 Human-Ecosystem Dynamics  
(350 minutes) 

Competency: 
● Analyse coevolution and coadaptation of humans and ecosystems, and deduce appropriate 

strategies to reduce human activities that modify the ecosystems. 

Scope: 
● This topic introduces the concept of coadaptation and coevolution of organisms and humans in 

the ecosystems. It covers the factors - human migration; new technologies; production and 
industrialisation; urbanisation and alienation from nature, leading to changing relations between 
human societies and ecosystems. It also emphasises on how human interactions modify 
ecosystems and the environment. 

Learning Objectives: 
● Explain coevolution and coadaptation in the ecosystem with examples. 
● Evaluate the interaction of coevolution and coadaptation among organisms in the ecosystem and 

humans in the social system. 
● Evaluate the factors that lead to changing relationships between the human and ecosystems. 
● Justify the changing relationship of humans with the environment for survival on the Earth. 

Learning Experiences 
 

Learners visit the links https://bit.ly/3zPyeg8 and https://rb.gy/pkg47y or other resources to understand 
about coadaptation and coevolution. 

Select any two species in your locality that exhibit the relationship of coadaptation and coevolution for 
their survival. Study the morphology of the organisms to justify the relationship of coadaptation and 
coevolution. Use “Environmental Profile” to record the observation, including photographs or pictures. 

The environment provides resources that ensure the wellbeing of each species in an ecosystem. The 
factors like changing lifestyles of humans, industrialization and urbanisation have increased pressure on 
the environment. The discharge of pollutants into the environment accumulates to toxic levels resulting 
in reduction of wildlife numbers, degradation of ecosystem and threats to humans. Further, sudden and 
unforeseen events of hazards have impacted human life causing loss of properties, injuries and even the 
loss of lives, disruption of transport and network communication, destruction of social service facilities 
and the environment. Therefore, it is necessary to understand how humans depend on and interact with 
the environment, and adopt various control measures to reduce the impacts. 

Environmental Issues and Concerns 

Coadaptation and coevolution are integral parts of an ecosystem. Organisms adapt to the changing 
environment, or if coadaptation is sustained for a long period, organisms evolve by changing their 
physical features and behaviour with the changing environment. Species that have lived together in the 
same ecosystem for thousands of years have coadapted to each other through biological evolution. 

https://bit.ly/3zPyeg8
https://rb.gy/pkg47y


IG-NSC  

12 Environmental Science – Class XI 

 

 

Questions 
1. Describe the physical characteristics of the organisms that have evolved for their survival? 
2. Explain how coadaptation and coevolution of organisms contribute to the maintenance of a healthy 

ecosystem. 
 

Visit links https://bit.ly/3FdAS0o, https://rb.gy/3bawxo, https://rb.gy/veriyt, https://bit.ly/3nEKATJ or 
other resources and books to understand more about the changing relationship between the human and 
the environment through coadaptation and coevolution. 

Based on the information gathered from the above sources, complete the Table 2.1. 
 

Table 2.1. Worksheet to be completed by the learner 

Factor How does it lead to change in human- 
environment relationship? 

i. Human migration  

ii. New technologies  

iii. Production and industrialisation  

iv. Urbanisation and alienation from nature  

Read the case study on ‘Coadaptation of people and mosquito’ at the link https://rb.gy/nnhvmp and 
answer the following questions. 

Questions 

1. Culture has an important role in survival of humans through coadaptation. Explain in the context 
of people and mosquitoes in the extract. 

2. What were the reason(s) for farmers to shift from polyculture to monoculture farming? 
3. Explain coadaptation and coevolution based on the two cases given in the extract. 

Humans continuously modify the physical environment by clearing land for agriculture, damming to 
store and divert water, and polluting air. These modifications directly impact the environment, 
stimulating coadaptation and coevolution between humans and the environment. 

Human-ecosystem interaction is sustainable when the social system and ecosystem are coadapted. 
Sudden changes in the social system or ecosystem can disrupt the coadaptative relationships, thereby, 
reducing the ecosystem's resilience and its ability to provide essential services. 

https://bit.ly/3FdAS0o
https://rb.gy/3bawxo
https://rb.gy/veriyt
https://bit.ly/3nEKATJ
https://rb.gy/nnhvmp
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Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Coadaptation and 
coevolution. 

● Factors leading to changing 
relationships between 
humans and the 
environment. 

● Ability to communicate, 
analyse and evaluate 
through case study. 

● Appreciate the significance 
of coadaptation and 
coevolution for continuity of 
life on the Earth. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. What is coadaptation and coevolution? - https://bit.ly/3zPyeg8 & https://rb.gy/pkg47y 
4. Linking people and ecosystems - https://bit.ly/3FdAS0o 
5. Human Adaptation and Environmental Modification - https://rb.gy/3bawxo 
6. Human-Environment Systems at Boise State - https://rb.gy/veriyt 
7. Human-Environment Systems - https://bit.ly/3nEKATJ 
8. Case study on ‘Coadaptation of people and mosquito’- https://rb.gy/nnhvmp 

 
2.2 Natural Resources Degradation  

(300 minutes) 

Competency: 
● Analyse the causes and impacts of overexploitation, and generate innovative ideas for the 

sustainable use of natural resources. 

Scope: 
● Deals with the causes of overexploitation due to population growth, poverty, inefficient 

resources extraction, over-consumption, of natural resources and analyses its impacts on the 
carrying capacity of the ecosystem. 

Learning Objectives: 
● Explain the causes of natural resources degradation. 
● Evaluate the causes and impacts of over-exploitation of natural resources on the carrying 

capacity of an ecosystem. 

https://bit.ly/3zPyeg8
https://rb.gy/pkg47y
https://bit.ly/3FdAS0o
https://rb.gy/3bawxo
https://rb.gy/veriyt
https://bit.ly/3nEKATJ
https://rb.gy/nnhvmp
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Learning Experiences 
 

Learners carry out a survey and interview in their locality and enumerates data on the benefits derived 
from the forest. Then, categorises the benefits into three areas as economic, environment and society. 

Questions 
1. Discuss the economic benefits derived from the forest by the people in your locality? 
2. Explain the risk of over-exploitation of forest resources that you foresee in the locality? 
3. Suggest measures to sustain the availability of forest resources for future generations. 

 

Explore the causes and impacts of overexploitation of natural resources from the link 
https://bit.ly/3zYke3W and https://bit.ly/3FscPep or other relevant sources. 

Visit an area in the locality or locate a place in Bhutan using Google Earth link 
https://www.google.com/earth/ that shows over-exploitation of natural resources. Use the Problem Tree 
model to analyse the causes and impacts of over-exploitation in that area. 

Questions 

1. Analyse the causes and impacts of over-exploitation in the area. 
2. How has the over-exploitation of resources in that area affected the carrying capacity of the 

ecosystem? 
3. Suggest some practical solutions that could be implemented to regenerate or restore the ecosystem 

in that area. 

A forest is a natural self-sustaining biotic community, predominantly of trees, shrubs and other woody 
vegetation, which provides invaluable renewable natural resources. Forest plays a crucial role for the 
survival of all living organisms in many ways. Forest provides food, shelter and space for all living 
things, and it is the source of various kinds of wood and non-wood products that contribute to the 
economy of the country. How can a country benefit from its forest resources? What are the associated 
implications? 

Natural resources on which organisms depend are provided by various spheres of the Earth: atmosphere, 
hydrosphere, lithosphere and biosphere. These spheres provide land, forest, water, food, minerals and 
energy resources. The available natural resource begins to shrink when the rate of its exploitation 
exceeds the rate at which it is replenished. The deterioration in the quantity and quality of resources is 
known as natural resource degradation. The natural resources are continuously exploited and at times, 
over-exploited to the point that the resource is completely degraded. What do you think are the causes 
and impacts of over-exploitation of natural resources? 

https://bit.ly/3zYke3W
https://bit.ly/3FscPep
https://www.google.com/earth/


IG-NSC  

15 Environmental Science – Class XI 

 

 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Causes and impacts of 
natural resource 
exploitation. 

● Evaluating and 
communicating impacts of 
natural resources. 

● Recognise the significance of 
sustainable management of 
natural resources. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Causes of overexploitation of natural resources - https://bit.ly/3zYke3W 
4. Consequences of overexploitation of natural resources - https://bit.ly/3FscPep 
5. Google Earth - https://www.google.com/earth/ 

 
2.3 Ecological Footprint  

(350 minutes) 

Competency: 
● Evaluate one’s own ecological footprint and how lifestyle influences resource consumption and 

waste generation, and infer their impact on the state of carrying capacity of the Earth. 

Scope: 
● This topic deals with the elements of Ecological Footprint (bioproductive area, biocapacity, yield 

factor, national average yield and equivalence factor), and calculation of Ecological Footprint of 
a country in Global Hectares. It also relates the value of Ecological footprint to population and 
lifestyle to generate ideas for sustainable lifestyle. 

Learning Objectives: 
● Explain the elements of Ecological Footprint. 
● Estimate the ecological footprint and relate it with the ecological footprint of a country. 
● Corroborate the correlation between the ecological footprint, increasing population and the 

changing lifestyle. 
Learning Experiences 

 

The word ‘footprint’ generically refers to human impact on the Earth. The Ecological Footprint 
measures the area of biologically productive land and water required to produce the resources for the 
consumption and to absorb the waste produced by people. 

Biologically productive areas include land and water that support human demands for food, fibre, 
timber, energy and space for infrastructure and to absorb the waste produced. The ability of this 

https://bit.ly/3zYke3W
https://bit.ly/3FscPep
https://www.google.com/earth/


IG-NSC  

16 Environmental Science – Class XI 

 

 

 

 
Learners visit the link https://bit.ly/3toEJWc https://bit.ly/3ebKXRx and https://bit.ly/3HRVo8k 
understand the element of Ecological Footprint. 

Visit the web link https://www.footprintcalculator.org or refer to other relevant books or online 
resources to estimate how much of the Earth’s biologically productive land and water is needed to 
support their own lifestyles. Graph the class’s ecological footprints and extrapolate to larger 
communities. 

Table 2.2. Sample activity guide 

Size of Ecological Footprint 

 2-4 Global hectares 4-6 gha 6-8 gha 8-10 gha 10-12 gha 12-14 gha 

No. of students       

● Prepare a chart in advance (sample given above). 
● Have learners indicate which category their calculated Ecological Footprint falls into. 
● Create a bar graph (# students vs. size of Ecological Footprint) to show the class distribution. 
● Calculate the total Footprint for all the students. 
● Extrapolate to calculate a total Footprint for all students in the school, or for all of Bhutan. 

Questions 

1. Analyse the relationships of elements of ecological footprint to generate its meaning. 
2. Look at your class range of Ecological Footprints and identify why some differences may exist 

between students. 
3. Discuss the main resource uses or activities that contribute to a higher Ecological footprint. 
4. Calculate the average ecological footprint of the class and compare it to the averages of other 

countries. 
5. Discuss ways in which students, schools, and families can lower their Ecological Footprint. 

Study the Ecological footprint statistics from the web link https://bit.ly/3zVKb4c to analyse the 
ecological footprint of about five countries of the world. Predict possible reasons for their ecological 
footprint status. Then make a graphical representation by using the data of the countries, focusing on 
biocapacity and ecological footprint per person. 

Questions 

1. Compare the ecological footprint and biocapacity per person of Bhutan with the average world 
data. 

2. Hypothesise plausible reasons for the differences. 
3. What must every Bhutanese do to reduce the ecological footprint and increase the biocapacity? 
4. Design a poster and share your findings through social media. 

biologically productive land and water to generate resources required and absorb waste produced is 
called biocapacity. Ecological footprint is measured in terms of global hectares (gha) at the global level. 
A global hectare is the average biological productivity of one hectare of land and water in a year. 

https://bit.ly/3toEJWc
https://bit.ly/3ebKXRx
https://bit.ly/3HRVo8k
https://www.footprintcalculator.org/
https://bit.ly/3zVKb4c
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Have students complete a “Ten Point Challenge” coming up with 10 ways they will work toward 
reducing their ecological footprint. Have students rank their Ten Point list items according to what they 
think will have the most potential for positive impacts. 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Element of ecological 
footprint (bioproductive area, 
biocapacity, yield factor, 
national average yield and 
equivalence factor). 

● Calculating, analysing 
and interpreting data. 

● Realise the need to reduce 
one’s ecological footprint and 
lead a sustainable lifestyle. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Ecological Footprint - https://bit.ly/3toEJWc 
4. Element of Ecological Footprint - https://bit.ly/3ebKXRx 
5. Ecological Footprint and -Biocapacity - https://bit.ly/3HRVo8k 
6. Online calculator - https://www.footprintcalculator.org 
7. Global Footprint Data - https://bit.ly/3zVKb4c 

 
2.4 Pollution and its Types  

(350 minutes) 

Competency: 
● Investigate the types, causes, and effects of pollution on health and the environment taking 

pollution along the river as a sample, and recommend effective solutions to curb the issues. 

Scope: 
● This topic explores the types of pollution, causes of pollution and effects of pollution. It further 

discusses the water quality standards of Bhutan. 

Learning Objectives: 
● Explain pollution with its types. 
● Investigate the types of pollution, its causes, and effects on health and environment. 
● Recognize that humans are the cause of pollution affecting their wellbeing. 

https://bit.ly/3toEJWc
https://bit.ly/3ebKXRx
https://bit.ly/3HRVo8k
https://www.footprintcalculator.org/
https://bit.ly/3zVKb4c
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Learner Experiences 
 

Learners explore information on pollution and its types from https://youtu.be/vP3pbh_-pu8 or from 
other online resources and books. Design a poster to inform others about the pollutant types and their 
causes. 

Conduct a survey to identify pollution that is most prevalent in the community. On the basis of the 
findings, develop both strategies and prototype models including animated media in preventing the 
specific pollutant. Exhibit the prototype model in the class. Share strategies and survey results in the 
class and answer the questions using online resources (G-suites). 

Questions 

1. What type of pollution is most prevalent in your community? What could be the possible reason 
for this? 

2. Identify the possible sources which would increase the level of nitrates in the drinking water? 
3. Describe the feasibility to commercialise your prototype model. 

The National Environment Commission of Bhutan has published the ‘Drinking Water Quality Standards 
of Bhutan 2016’ which is available at https://bit.ly/3r5Nul2. Read the document and identify the water 
quality standards. Maintain notes or prepare PPT slides and present them in the class. 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Types of pollution, 
causes and their effects 
on health, and water 
quality standards 

● Designing prototype 
models and 
communicating. 

● Appreciate the importance of 
collaboration to carry out tasks, 
respecting others’ views and 
value mitigation strategies to 
control pollution. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Our planet in its natural state is balanced and suitable for growth, development and reproduction of all 
living organisms. But due to rapid urbanisation and industrialization, the environment is polluted to an 
extent that it has become a cause of concern to all forms of life on the Earth. The contamination of water 
bodies such as lakes, rivers, seas, groundwater, and streams bring adverse effects on the living 
organisms living in or consuming it. There are several causes that lead to contamination of water, which 
include industrial activities, agriculture practises, poor waste management, decay and decomposition of 
organic matters, oil leakages, and sedimentation due to erosion. Who is responsible for the problem? 

The standard parameters for water quality testing helps in preventing water pollution from different 
sources. There are different types of pollutants that cause pollutants. Identification of pollutants is 
important in minimising the pollution. 

https://youtu.be/vP3pbh_-pu8
https://bit.ly/3r5Nul2
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Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science,2020 
3. Pollution and its type - https://youtu.be/vP3pbh_-pu8 
4. Environmental Standards, NEC Publications - https://bit.ly/3r5Nul2 

 
2.5 Chemical Pollutants and Toxicity  

(250 minutes) 

Competency: 
● Analyse causes and effects of toxicity of any chemical pollutants in the environment through an 

experiment, and suggest ways to reduce the source of pollutants. 

Scope: 
● This topic deals with the concepts of toxicity, toxicity of any chemical pollutants, movement of 

toxin (biomagnification) and its impacts on human’s health and the environment. 

Learning Objectives: 
● Explain the toxicity of any chemical pollutants. 
● Design an experiment to test toxicity in the environment. 
● Evaluate the impacts of biomagnification on human health and the environment. 
● Suggest ways to reduce the impacts of toxicity. 

Learning Experiences 
 

Learners explore information on chemical pollutants and its toxicity by watching a video available at 
https://bit.ly/3FgjasV or from other relevant books. Prepare PPT slides and present in the class 
presentations, and come up with whole class suggestions to reduce the pollution. 

Watch the video from the web link https://bit.ly/3naUpbo to gather information on how to measure 
toxicity, or from other available online resources. Discuss and design an experiment to test the effects 
of chemicals pollutants. An example of the experiment is available at https://bit.ly/3naTvM8. 

Questions 

1. What is the controlled variable in this experiment? 
2. What conclusions can you draw from this experiment? 
3. What is the difference between toxicity and hazardous substances? 
4. The Royal Government of Bhutan has banned the import of some vegetable items like chilli and 

beans. Explain the reasons. 

For each of us, life is a series of ongoing chemical reactions which allow our bodies to function. The 
food we consume, the air we breathe, along with the water we drink provides the raw materials for the 
chemical reactions in our bodies. Within the past century, concern has risen about the possibility of toxic 
substances contaminating the necessities of life. Are these concerns valid? What is a toxic chemical and 
what type of risk may it pose to human health? Can our bodies cope with exposure to toxic chemicals? 
Are all toxic chemicals the same, if not, how do they differ? 

https://youtu.be/vP3pbh_-pu8
https://bit.ly/3r5Nul2
https://bit.ly/3FgjasV
https://bit.ly/3naUpbo
https://bit.ly/3naTvM8
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5. Suggest ways to reduce pollutants and harmful effects on living organisms. 

Watch the video from the link https://youtu.be/TZk6vcmLcKw to gather information on 
biomagnification. Visit the web link https://bit.ly/3q9SjdM to explore for additional information. 
Discuss the impact of biomagnification on human health and the environment and present it in the class. 

Carry out a study in the backyard and identify the food chains. Make an illustration to indicate the 
movement of chemicals across the different trophic levels of the food chain if the backyard is polluted 
due to any chemical wastes. For example, lead, mercury, arsenic and cadmium. Create a short video clip 
or a photo story on the study. Use mobile apps, which are freely available for both Android and IOS 
phones. Share on social media platforms to advocate on impacts of pollution. 

Questions 

1. Describe the impacts of biomagnification on the food chain. 
2. Explore some means to carry out the bioremediation of the polluted backyard. 
3. The disturbance of the food chain by chemicals has an impact on human society. Justify. 

Finally, based on the understanding, discuss ways to reduce the impacts of toxicity in your locality. 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Conceptual knowledge of 
toxicity, hazardous 
substances and types of 
toxicity. 

● Toxicity and solutions to 
control pollution. 

● Ability to design and carry 
out experiments 

● Ability to create video 
clips or photo stories. 

● Realise the significance of 
individual actions in 
reducing pollution through 
advocacy programs. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Pollutants - https://bit.ly/3FgjasV 
4. Measuring toxicity - https://bit.ly/3naUpbo 
5. Experiment on seed germination - https://bit.ly/3naTvM8 
6. Biomagnification - https://youtu.be/TZk6vcmLcKw 
7. Bioremediation - https://bit.ly/3q9SjdM 

https://youtu.be/TZk6vcmLcKw
https://bit.ly/3q9SjdM
https://bit.ly/3FgjasV
https://bit.ly/3naUpbo
https://bit.ly/3naTvM8
https://youtu.be/TZk6vcmLcKw
https://bit.ly/3q9SjdM
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2.6 Climate Change  
(350 minutes) 

Competency: 
● Illustrate the factors responsible for climate change using a digital tool and analyse the past data 

to infer the changes in climate and communicate the results to the community. 

Scope: 
● The topic deals with the concepts of the greenhouse effect and climate change. It discusses the 

factors that affect climate change: forcings, feedback and tipping points. It also discusses the 
impact of climate change on biodiversity, agriculture, water, human lives etc. 

Learning Objectives: 
● Explain the factors that affect climate change. 
● Evaluate the impacts of climate change on human life and the environment. 
● Analyse the data available to predict the future climate system to suggest ways to mitigate the 

causes. 

Learning Experiences 
 

Learners play a simulation exercise available at https://bit.ly/3c23v3Y to study the greenhouse effect. 
Explore by increasing the cloud coverage and glass layers of simulation to understand the changes in 
the average temperature of the place in the simulation exercise. Deliberate on your observations. 

Watch the video from ttps://youtu.be/ScX29WBJI3w to understand the causes of climate change and 
how it affects the environment and human beings. You may visit the web link https://bit.ly/3zS9MdX 
to explore more on climate change. 

Questions 

1. How does the Greenhouse Effect of the place change with the change in cloud coverage and glass 
layers? 

2. If you introduce the methane and oxygen gases respectively, what will be the shift in temperature 
of the place? 

3. Is there a direct relationship between climate change and human activities? Justify. 
4. List down how individuals and society at large can take steps to reduce the effects of climate 

change. 
 

Visit the web link like https://go.nasa.gov/3rfVBu5, https://bit.ly/3kHucyM and https://bit.ly/3nabCBO 
to explore factors affecting climate change. Selects one of the factors. For example: ice albedo feedback, 
cloud feedbacks, carbon cycle feedbacks. Design illustration, preferably animated, to exhibit the 

The enhanced greenhouse effect is increasing the average temperature of the earth and affecting the 
global climate. Any change in climate affects the survival of plants and animals, including humans. 

The climatic conditions can be either amplified or diminished through the feedback mechanisms in the 
climate system. The feedback mechanism determines the climate sensitivity and future climate state. 
Climate scientists separate factors that affect climate change into three categories. 

https://bit.ly/3c23v3Y
https://youtu.be/ScX29WBJI3w
https://bit.ly/3zS9MdX
https://go.nasa.gov/3rfVBu5
https://bit.ly/3kHucyM
https://bit.ly/3nabCBO
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feedback mechanism. Use python programs or scratch or other available software from online resources 
that are available at https://bit.ly/3zVvxdf. Share the work through Google Classroom. 

Questions 

1. Describe any two factors that affect climate change. 
2. What roles can humans play in abating the feedback mechanism of climate change? 
3. Analyse the roles of forests in maintaining the Greenhouse effect. 

Gather information on the impacts of climate change by visiting the web link https://bit.ly/3qgOvUQ. 
Carry a survey or conduct interviews with local people to gather information on the issues posed by 
climate change. Write a report of the survey and share it in the class. 

Use the web link https://bit.ly/3qb133B to study trends of the average annual temperature of Bhutan for 
the past 100 years. Make an analysis of the annual temperature using graphical representations to predict 
the future climate system of the earth. 

Questions 

1. What would you recommend to the government towards mitigating climate change? 
2. Make an analysis to find out the warmest year Bhutan has experienced so far? Explain some 

possible reasons for the event. 
3. Identify some impacts on agriculture, environment and human health that may result from global 

warming. 
4. As a global citizen of the Earth, suggest five ways in which you can contribute towards minimising 

global warming. 
5. Design the climate adaptation strategies for the community to have a minimal impact due to 

climate change. 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Conceptual knowledge of 
greenhouse effects, global 
warming 

● Factors affecting climate 
change 

● Impacts of climate change 

● Ability to play 
simulations 

● Interpret data and 
synthesise results. 

● Use software 

● Collaborate to share work, 
willing to explore information 

● Realise the importance of 
individual action to combat 
climate change 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science 

https://bit.ly/3zVvxdf
https://bit.ly/3qgOvUQ
https://bit.ly/3qb133B
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3. Climate change - https://youtu.be/ScX29WBJI3w 
4. What is climate change? - https://bit.ly/3zS9MdX 
5. PhET simulation on greenhouse effect - https://bit.ly/3c23v3Y 
6. The Study of Earth as an Integrated System - https://go.nasa.gov/3rfVBu5 
7. How feedback loops are making the climate crisis worse - https://bit.ly/3kHucyM 
8. Feedback Mechanism - https://bit.ly/3nabCBO 
9. Suggested software - https://bit.ly/3zVvxdf 
10. Causes of climate change - https://bit.ly/3qaZcIR 
11. Climate change knowledge portal - https://bit.ly/3qb133B 
12. Climate change impacts - https://bit.ly/3qgOvUQ 

 
2.7 Phenology and Climate Change  

(350 minutes) 

Competency: 
● Analyse the relationship between climate change and phenophases, and interpret the change in 

behaviour of living things based on phenophases. 

Scope: 
● This topic discusses how climate change influences the phenophases of plants and animals, and 

phenophases as the biological indicator of climate change. 

Learning Objectives: 
● Explain phenophases as the indicator of climate change. 
● Investigate the impact of climate change on the phenophases of plants and animals. 
● Recognise that the knowledge of phenophases as the indigenous practises to predict the time for 

growing crops. 

Learning Experiences 
 

Learners prepare PPT slides on phenology and climate change by watching the videos from the web link 
https://bit.ly/3F9GOax and https://bit.ly/3K2v25M. You may visit the school library to collect additional 
information. Present the findings in the class. 

Visit the school backyard or the backyard of their home to select any plant species like fruit trees. Carry 
out a study on the phenophases of selected plants or animals - birds diversity, for a few months. The 
data gathered is uploaded in Epicollect5 data collection App https://five.epicollect.net/projects 
maintained by the school. Carry out the journaling for every observation that repeats for a few months. 

Phenology is the study of the recurring seasonal life cycle of plants and animals and its relationship with 
the environment. It is increasingly being used as a tool to study the impact of climate change on plants 
and animals. Across the globe, phenology has been used as an indicator of climate change. Phenology, 
as an indicator, shows the state of environmental conditions at a given period of time for a specific area. 
Changes in phenological events of plants and animals are among the most sensitive ecological responses 
to climate change. Can you think of some phenophases in plants and animals that are useful indicators 
of climate change? Do you think the study of phenology is important to understand changes in climate? 

https://youtu.be/ScX29WBJI3w
https://bit.ly/3zS9MdX
https://bit.ly/3c23v3Y
https://go.nasa.gov/3rfVBu5
https://bit.ly/3kHucyM
https://bit.ly/3nabCBO
https://bit.ly/3zVvxdf
https://bit.ly/3qaZcIR
https://bit.ly/3qb133B
https://bit.ly/3qgOvUQ
https://bit.ly/3F9GOax
https://bit.ly/3K2v25M
https://five.epicollect.net/projects
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Prepare presentations and share them in the classroom. Learner may also make videos or photo stories 
and share with friends for peer review. 

Questions 

1. Analyse the factors that bring changes in the phenophases of the selected plant over the period. 
2. Explain the bird diversity change in the backyard over the period. Give your hypothesis on how 

the weather is influencing this change. 
3. Relate the importance of phenology to understand climate change with a few examples. 
4. What do you conclude from your findings? 

Visit a community to understand how people use the knowledge of phenophases in their life. Make a 
presentation of your finding to the class. 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Relationship between 
phenophases and climate 
change, impacts of 
climate change on 
phenophases. 

● Ability to conduct field 
study, interpret data, and 
create video clips or photo 
story 

● Realise the importance of 
phenophases for farmers in 
their daily sustenance 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Phenology and climate change - https://bit.ly/3F9GOax 
4. Phenology and climate change - https://bit.ly/3K2v25M 
5. Epicollect5 data collection App - https://five.epicollect.net/project 

https://bit.ly/3F9GOax
https://bit.ly/3K2v25M
https://five.epicollect.net/projects
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2.8 Hazards and Disasters  
(250 minutes) 

Competency: 
● Analyse various types and causes of hazards with relevance to our country, and explain how the 

occurrence of the hazards affect the lives of our Bhutanese people. 

Scope: 
● This topic identifies types of hazards, occurrences, their causes and impacts. 

Learning Objectives: 
● Explain various types of hazards. 
● Explain the impacts of disaster with relevance to Bhutan and forecast future catastrophes. 
● Explain how the occurrence of hazards affect the lives of Bhutanese people has. 

 
Learning Experiences 

 

Learners identify the relationship between hazards, vulnerability, coping capacity, risk and disaster by 
gathering information from the web link https://bit.ly/3fcHEbW. 

Hazards may be natural, anthropogenic or socio-natural in origin. Visit https://bit.ly/3r86PSN, 
https://bit.ly/3qiKgeT and https://bit.ly/3GlKHe2 or explore books in the school library to gather 
information and complete the table provided below. 

Table 2.3 Types of Hazards 

Type of hazard Causes Impacts Examples 

Geophysical    

Hydro-meteorological    

Climatological    

Biological    

Extra-terrestrial    

Man-made    

We live in a world where there are sources of potential harm, or situations with a potential to cause loss 
all around us. We could be living close to a river that is prone to floods or the mountainous regions 
vulnerable to earthquakes. On the other hand, we may be living close to an industry which could be 
dangerous, or there may be communal tension prevailing in the area. 

Disasters have been mankind’s constant threats since time immemorial. They strike unabated and leave 
a profound trail of deaths, injuries, damage to infrastructure and development, and cause immense 
trauma to the affected community. The combination of hazards, vulnerability and the capacity to reduce 
the potential negative consequence of disaster determines the risk. 

https://bit.ly/3fcHEbW
https://bit.ly/3r86PSN
https://bit.ly/3r86PSN
https://bit.ly/3qiKgeT
https://bit.ly/3GlKHe2
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Questions 
1. Discuss the hazards to which Bhutan is vulnerable. 
2. How do environmental impacts lead to social and economic impacts? 
3. Disaster is not always due to natural causes. Justify the statement. 
4. How would vulnerability, hazard and coping capacity determine the risk of the disaster? 

Watch the video from the link https://youtu.be/O9UJnL_D9Lk of some major landslides that have 
occurred in Bhutan. Analyse and make a note to account for causes, events and impacts on the lives of 
people and the environment. 

Questions 

1. Which category of hazard does it belong to? 
2. Mention the causes of this hazard. 
3. Differentiate risk, hazards and disaster with examples. 
4. Discuss the measures that could be taken to prevent such hazards in the country. 
5. Analyse the geographical location of our country and predict the potential hazards and its 

mitigation measures. 

Assessment and Reporting 

The teacher may use rubrics or checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Types of hazards, 
occurrence, causes, 
and impacts. 

● Ability to identify the types 
of hazards. 

● Draw relationship between 
hazards, vulnerability, 
coping capacity and risk 

● Recognize the threat posed by 
hazards and identify measures 
to reduce the risk 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Hazard, risk, vulnerability and capacity analysis - https://bit.ly/3fcHEbW 
4. The top six landslides in Bhutan - https://youtu.be/O9UJnL_D9Lk 
5. Understanding disaster risk - https://bit.ly/3r86PSN 
6. Hazards, disaster and risk - https://bit.ly/3qiKgeT 
7. Hazards and disaster in India - https://bit.ly/3GlKHe2 

https://youtu.be/O9UJnL_D9Lk
https://bit.ly/3fcHEbW
https://youtu.be/O9UJnL_D9Lk
https://bit.ly/3r86PSN
https://bit.ly/3qiKgeT
https://bit.ly/3GlKHe2
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2.9 Disaster Risk Reduction  
(250 minutes) 

Competency: 
● Explore recent advancements in science and technology in the field of hazard and disaster 

monitoring of glacial hazards, and suggest strategies with tools for GLOF mitigation in Bhutan. 

Scope: 
● This topic describes effective disaster monitoring tools for earthquake, volcano, tsunami and 

GLOF 

Learning Objectives: 
● Explain the importance of technology in monitoring and mitigating a disaster. 
● Evaluate different types of disaster monitoring tools and develop mitigation strategies to prevent 

disaster. 

Learning Experiences 
 

Learners gather information on the role of technology in monitoring and mitigating disaster using the 
link https://bit.ly/3K7mdHU, https://bit.ly/3ncCfGj and https://bit.ly/3FwQbl7 or any other relevant 
sources. 

Identify any disaster that has relevance to your community. For example, earthquakes, GLOF, tsunamis, 
etc. Use the Design Thinking method to design and construct a prototype model that can be used to 
predict and monitor the disaster. Present your model in the classroom or share it on relevant social media. 

In Bhutan, the hazard from GLOF has become a pressing environmental issue with economic 
consequences. Since the 1960s, a number of GLOFs had been recorded concurrently with shrinkage of 
glaciers and expansion of glacial lakes. Therefore, mitigation of GLOF risk has become one of the prime 
priorities for climate change adaptation in Bhutan. 

Visit a flood area to carry out a scientific study of the area, or interview elders in the locality to account 
for the incidence. Based on the information gathered, prepare a mitigation strategy to minimise the 
impact of GLOF or flood. 

Questions 

1. List all the disaster monitoring tools which are relevant for Bhutan. 
2. Monitoring disasters is important. Justify. 

The impending natural disaster cannot be prevented, but measures can be taken to minimise the possible 
risks by adopting disaster mitigation strategies with early warning systems, first aid services, and 
rehabilitation after a disaster. 

The application of technologies, research and development, promotion of innovative approaches and 
local knowledge to combat complex issues posed by hazards are important components of managing 
disaster risks and guiding informed decision-making. Hence, commitments to support and enhance 
access to technologies and to foster innovative approaches to risk reduction, preparedness and resilient 
recovery are essential requirements for the management of current and future disasters. 

https://bit.ly/3K7mdHU
https://bit.ly/3K7mdHU
https://bit.ly/3ncCfGj
https://bit.ly/3FwQbl7
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3. Is it necessary to install a Creep metre in Bhutan? Justify your stand. 
4. Reflect on the roles of communities towards mitigating the occurrence of the flood or GLOF. 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Disaster monitoring tools 
for earthquakes, 
volcanoes, tsunami and 
GLOF 

● Roles of ICT tools to 
monitor disaster 

● Ability to design a 
prototype model to 
monitor disaster 

● Recognize the importance of 
disaster monitoring tools for 
earthquakes, volcanoes, 
tsunamis and GLOF and ICT 
tools in disaster monitoring to 
reduce the impact of disaster. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Technology and Disaster - https://bit.ly/3ncCfGj 
4. Disaster Risk Management in Bhutan 2019-2023 - https://bit.ly/31G9GcP 
5. 10 Roles of Information Technology in Emergency Preparedness and prevention - 

https://bit.ly/3K7mdHU 
6. Emergency Technology Trends that can Transform Disaster Management in India - 

https://bit.ly/3FwQbl7 

Challenge Your Thinking 

1. With development, the relationship between humans and the environment changes. How would 
you justify this statement? 

2. How is poverty related to environmental degradation? 
3. Childhood contact with nature seems to be important for the knowledge and judgement that 

people need for sustainable interaction with ecosystems as adults. Justify the statement with 
appropriate examples. 

4. Discuss the relationship between ecological footprint and biocapacity. 
5. Why are children more susceptible to environmental pollutants? 
6. Justify Bhutan’s policy on “organic farming” using the knowledge of toxicology. 
7. People in urban areas generally use chemical insecticides to keep mosquitoes away and other 

insects from home. Explain the ill effects of the use of insecticides and suggest safer substitutes 
for them. 

8. What are some regulations in Bhutan towards controlling environmental pollution? 

https://bit.ly/3ncCfGj
https://bit.ly/31G9GcP
https://bit.ly/3K7mdHU
https://bit.ly/3FwQbl7
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9. Addressing the pollution issue in the community is an individual's responsibility. How can 
people individually contribute to solving the pollution issues? 

 

10. The figure above is a group of Bhutanese youth participated in cleaning competition titled 
‘Tendrel for Environment – An attempt towards Zero Waste Society’ organised by Dzongkhai 
Rigtsel, Songyala Trotoen, and Bumrip Creations Productions launched on December 25, 2021. 
According to the Kuensel report of January 7th, 2022, it is claimed that the winners will be 
awarded Nu 1 million, Nu 700,000, and 500,000. Now, as a responsible Bhutanese citizen, do 
you think it is necessary to reinforce our people with incentives in order to keep places with zero 
wastes? Write your opinions. 

11. How would you apply the phenology observation skills in climate change study? 
12. Analyse the Carbon Neutral Policy strategies of Bhutan for the benefit of abating climate change. 
13. Suggest some environmental-friendly lifestyles Bhutanese people can adopt in minimising the 

emission of greenhouse gases. 
14. Interpret the message ‘clean your brain not drain’ from the perspectives of climate change related 

issues. 
15. Identify two hazards that have the potential to cause disasters in Bhutan. Justify your choice. 
16. One of the most vulnerable disasters in Bhutan is GLOF. Discuss the mitigation strategies 

initiated for prevention of GLOF in our country 
17. The poor construction techniques can exacerbate the impact of disaster. Justify. 
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3. Natural Resource Management 
Natural resources are materials of the Earth that are used to support life and meet people’s needs. Natural 
resources such as oil, coal, natural gas, metals, stone and sand, air, sunlight, soil and water are used by 
people for their economic and social values. 

With increasing human population and exponential development activities the natural resources are 
consumed at a rapid rate. The rate at which natural resources are consumed threatens the availability of 
the resources for the future generations. Further, the production of waste by the increasing human 
population is deteriorating the quality and quantity of resources such as land, water, air, and biodiversity. 

Natural resources are widely used to generate energy for various activities. The demand for energy is 
increasing every day resulting in depletion of resources. Energy conservation and harnessing energy 
from alternative sources provides options and reliable energy. 

The limited natural resources need to be used in a sustainable manner through the implementation of 
effective resources management strategies, and adopt innovative ideas to harness energy from alternate 
sources including wastes. These management strategies if implemented effectively would not only 
provide sufficient resources to the present generation, but also save resources for the generations to 
come. 

 

3.1 Biodiversity and Ecosystem Services  
(250 minutes) 

Competency: 
● Explain the different levels of biodiversity, and analyse their benefits to recognize the 

importance of diverse forms of life. 

Scope: 
● This topic explains the different levels of biodiversity - genetic, species, ecosystem diversity. It 

also discusses the direct and indirect benefits of biodiversity. 

Learning Objectives: 
● Explain three levels of biodiversity. 
● List the benefits of biodiversity. 
● Justify the importance of biodiversity for the wellbeing of all life forms. 

Learning Experiences 
 

Learners explore the web link https://bit.ly/3c0hesg or any other relevant sources to understand different 
levels of biodiversity. Discuss and share your findings with the class. 

Develop a report presenting genetic diversity of flora and fauna, species diversity of flora and fauna and 

Do you agree that an ecosystem which has a greater biodiversity is more stable and healthier than the 
one with lesser biodiversity? What could be the possible reason? When a variety of animals and plants 
live in an area, the supply of food increases, and competition decreases. This increases the survival of 
plants and animals. Some places on the Earth have rich biodiversity with variations within the species, 
among species and ecosystems. 

https://bit.ly/3c0hesg
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ecosystem diversity of Bhutan by exploring available resources from the web pages such as Ministry 
of Agriculture and Forest (http://www.moaf.gov.bt/), WWF Bhutan (https://www.wwfbhutan.org.bt/), 
and Royal Society for Protection of Nature (http://www.rspnbhutan.org/). Evaluate the direct and 
indirect benefits of biodiversity. Prepare PPT slides to present the report to the class. 

Questions 

1. Critique on biodiversity of Bhutan. 
2. Which level of biodiversity is more prevalent in Bhutan? Why? 
3. How does the Bhutanese community benefit from the diverse biodiversity? 
4. Analyse the relationship between biodiversity and Bhutanese culture. 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Levels of biodiversity 
and benefits of 
biodiversity. 

● Ability to conduct 
comprehensive literature 
review. 

● Recognize the benefits of 
biodiversity and its relevance 
to Bhutanese belief system. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. What is biodiversity? - https://bit.ly/3c0hesg 
4. Ministry of Agriculture and Forest - http://www.moaf.gov.bt/ 
5. WWF Bhutan - https://www.wwfbhutan.org.bt/ 
6. Royal Society for Protection of nature - http://www.rspnbhutan.org/ 

http://www.moaf.gov.bt/
http://www.moaf.gov.bt/
https://www.wwfbhutan.org.bt/
http://www.rspnbhutan.org/
http://www.rspnbhutan.org/
https://bit.ly/3c0hesg
http://www.moaf.gov.bt/
https://www.wwfbhutan.org.bt/
http://www.rspnbhutan.org/
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3.2 Measuring Biodiversity  
(300 minutes) 

Competency: 
● Evaluate the status of biodiversity with the knowledge and understanding of the measurement of 

species diversity in the community using different indices, and recognize the importance of 
biodiversity conservation. 

Scope: 
● This topic explores methods and indices to measure species diversity - species richness, Shannon 

and Simpson Index. 

Learning Objectives: 
● Identify different methods of measuring species diversity. 
● Calculate the species diversity of the community using different indices to evaluate the status of 

the ecosystem. 
● Assess the significance of measuring biodiversity. 

Learning Experiences 
 

Learners gather information on measuring species diversity in a community using Shannon Diversity 
Index, https://bit.ly/3JXi9K7 or other relevant internet sources or books. 

Plan a field trip to measure species diversity, either flora or fauna, of an area at your school or locality. 
The learner may use the latest data collection tools by browsing the web link http://brunalab.org/apps/ 

Questions 

1. Which animal/plant species is predominant in your locality? What could be the possible reason 
for this? 

2. Based on your finding, which animal/plant species has the probability to become more abundant 
in the near future in your locality? Support with valid reasons. 

3. Describe some of the challenges an ecologist faces while conducting the survey. 
4. Narrate some of the benefits that your present survey will have on the community. 

Biodiversity measurement is used to quantify and explain the diversity of life forms and the 
characteristics of an ecosystem. The measurement of biodiversity helps to determine the composition of 
a particular ecosystem and its stability, and comparison of two or more ecosystems. Biodiversity is 
measured at different levels in terms of genes, species and ecosystem. How do biologists measure 
biodiversity? 

https://bit.ly/3JXi9K7
http://brunalab.org/apps/
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Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Methods of measuring 
biodiversity, species 
richness, Shannon and 
Simpson Index. 

● Ability to observe and 
measure species 
diversity. 

● Recognize the importance of 
the measurement of 
biodiversity for conservation. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. The data collection method, The Bruna Lab - http://brunalab.org/apps/ 
4. Shannon Diversity index - https://bit.ly/3JXi9K7 

 
3.3 Conservation of Biodiversity  

(250 minutes) 

Competency: 
● Recognize the different conservation methods to prevent the loss of biodiversity, and analyse 

the importance of conservation of biodiversity. 

Scope: 
● This topic discusses the causes of biodiversity loss. It also explores threatened and endangered 

species of plants and animals in Bhutan. It explores In-situ conservation and Ex-situ 
conservation. 

Learning Objectives: 
● Explain species loss as a threat to biodiversity. 
● Explain in-situ and ex-situ as the means of conserving biodiversity. 
● Develop a species recovery plan for the threatened species of flora and fauna found in Bhutan. 

Learning Experiences 
 

With the ever-increasing human population and changing lifestyle of people, more and more land is 
being used for agriculture, housing, transport, industries, dams, bridges and other developmental 
activities. Enormous quantities of unmanaged waste are also discharged into the environment. The 
deterioration of environmental conditions, pollution, the disappearance of the forest, over-exploitation 
of natural resources and loss of natural habitats are endangering the species. 

In a few cases, species of plants and animals have become extinct, decreasing the biodiversity of an 
ecosystem. The loss of species in terms of variety and abundance due to several causes is a threat to 

http://brunalab.org/apps/
https://bit.ly/3JXi9K7
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Learners explore web links https://bit.ly/31FwxVU, https://bit.ly/3r7rDKh and list down the potential 
threats to biodiversity. 

Visit the link https://bit.ly/3kL3xBr and gather the information on the threatened and endangered species 
of plants and animals in Bhutan as per IUCN Red List (2019). Tabulate the number of species under 
seven categories - endangered, least concerned, vulnerable, extinct, near threatened, critically 
endangered species, and data deficient species, and represent the result graphically. 

Questions 

1. From your lists, which organism do you think Bhutan should preserve? Why? 
2. Why are some organisms critically endangered? 
3. Suggest some strategies to prevent organisms from becoming extinct. 
4. What is the Red List? What is its role in the conservation of biodiversity? 

 

Explore https://bit.ly/3sXoa09 and https://youtu.be/RmiBj8jL7cc to understand the in-situ and ex-situ 
conservation methods. Learners may refer to books or other relevant sources. 

Mark the biological corridors in Bhutan using the link https://www.google.com/earth/ and calculate the 
estimated area. 

Questions 

1. Enumerate differences between in situ and ex situ conservation methods. 
2. Analyse the limitations of in-situ and ex-situ conservations. 
3. Outline the advantages and disadvantages of protected areas for the people living nearby. 
4. What is the significance of biological corridors in the conservation of biodiversity? 
5. Does it make a difference if a biological corridor is either 1 km or 5 km wide? Explain. 

 
Identify a threatened species of plant or animal. Use https://bit.ly/2NVdOz1 to find the list of threatened 
species, and design a plan for recovering the threatened species that you have identified. 

Further, develop a project proposal mentioning to conserve the threatened or endangered species. The 
project proposal must be written following a standard format, which can be obtained by researching 
through various sources. 

Questions 

1. Why have you chosen the particular species in your proposal for conservation? 
2. What are the causes that have made the species of your choice threatened or endangered? 

biodiversity. What are some of the most prevalent threats to our biodiversity? Do you know about the 
threatened and endangered species of plants and animals in our country? 

Biodiversity loss has various consequences on the environment and humans. It is critical to ensure the 
sustainability of the ecosystem and the overall ecological health of the Earth. Conservation of 
biodiversity is a process of protection of biodiversity through scientific management methods. Globally, 
conservation efforts for biodiversity include in-situ and ex-situ conservation approaches. How do we 
carry out in-situ and ex-situ conservation? Why is it important for a country to conserve its biodiversity? 

https://bit.ly/31FwxVU
https://bit.ly/3r7rDKh
https://bit.ly/3kL3xBr
https://bit.ly/3sXoa09
https://youtu.be/RmiBj8jL7cc
https://www.google.com/earth/
https://bit.ly/2NVdOz1
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3. Suppose the species that you have chosen becomes extinct in a few years’ time, how is it going 
to affect the ecosystem and the locality? 

Assessment and Reporting 

The teacher may use rubrics or checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Conservation of biodiversity. 
threatened and endangered 
species of plants and animals, 
In-situ conservation and Ex- 
situ conservation 

● Ability to prepare a 
species conservation 
plan. 

● Recognize the importance of 
conservation of biodiversity 
for all life forms. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. 5 main threats to Biodiversity - https://bit.ly/31FwxVU 
4. 6 main threats to biodiversity - https://bit.ly/3r7rDKh 
5. Bhutan Biodiversity information - https://bit.ly/3kL3xBr 
6. In-situ and Ex-situ conservation methods - https://youtu.be/RmiBj8jL7cc 
7. Conservation of biodiversity - https://bit.ly/3JXZRrY 

 
3.4 Water Conservation  

(400 minutes) 

Competency: 
● Demonstrate the understanding of water quality, its testing and conservation strategies, and 

analyse challenges and tools and techniques needed to reduce the waste of water so that everyone 
has access to adequate, safe and affordable water. 

Scope: 
● This topic entails exploring water conservation initiatives including watershed management and 

other relevant strategies practised in Bhutan and monitoring water quality based on physical, 
biological, and chemical content. 

Learning Objectives: 
● Design an appropriate watershed management strategy that addresses the challenges and 

enhances the quality and quantity of water in the community. 
● Determine water quality based on the physical, biological and chemical content of water to ensure 

that the water available is safe for consumption. 
● Evaluate various water conservation strategies, tools and techniques used to reduce the wastage 

https://bit.ly/31FwxVU
https://bit.ly/3r7rDKh
https://bit.ly/3kL3xBr
https://youtu.be/RmiBj8jL7cc
https://youtu.be/RmiBj8jL7cc
https://bit.ly/3JXZRrY
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of water so that everyone has access to adequate, safe and affordable water. 

Learning Experiences 
 

Learners carry out literature reviews on the uses of water and conservation efforts in Bhutan by visiting 
libraries, browsing the internet, interviewing professionals and conducting field surveys. Some 
suggested links for the literature review are: 
1. Bhutan Water Vision and Water Policy- https://bit.ly/3n7OQKQ 
2. Watershed management plan - https://bit.ly/3HLFX1B 
3. Taking a sustainable and holistic approach to water resource management - https://bit.ly/3n8fCCW 

With the information collected on the uses of water and conservation efforts, segregate the information 
based on the category, uses, and water conservation strategies or initiatives in the form of a table. Make 
a presentation to the class. 

Visit the concerned agencies to collect information on the challenges in implementing water 
conservation strategies and develop strategies to address the issues. 

Questions 

1. Identify the areas where maximum water is used in Bhutan. Justify the areas that you have chosen. 
2. What are the challenges faced by our country in implementing water conservation strategies? 
3. Comment on the success of water conservation strategies implemented in Bhutan. 
4. Despite Bhutan being rich in water resources, many places in the country are facing a lack of water 

for drinking and irrigation. Explain. 

Explore information on watershed management, key features of watershed and principles of watershed 
management. Find out some of the watershed management strategies implemented in Bhutan, and 
suggest some additional strategies that can be implemented by the community to protect watersheds. 
Access the web link at https://bit.ly/31Io0BM and https://bit.ly/33iSryU on watersheds. 

Questions 

1. What are some of the factors that would degrade the watersheds? 
2. What are the different strategies/measures that the people in the locality can adopt for the 

conservation of the watershed? 
3. It is important to protect watersheds. Explain. 

With the increase in population and developmental activities, there is increased pressure on water 
resources resulting in water crises around the world. With the widening gap between the demand and 
supply of water, countries around the world are emphasising conservation efforts by focusing on the 
principles, policies, strategies, and activities to manage water as a sustainable resource. 

Although Bhutan has abundant water sources, accessibility is hindered by the location of water sources, 
and the quality of the water required for specific purposes. As such, the implementation of appropriate 
water conservation strategies and improvement of water quality is more relevant than before. 

https://bit.ly/3n7OQKQ
https://bit.ly/3HLFX1B
https://bit.ly/3n8fCCW
https://bit.ly/31Io0BM
https://bit.ly/33iSryU
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Gather information on water quality and different ways of testing water quality and its parameters. 
Design and carry out water quality tests of the water supplied in the school. Collect the data, interpret 
and share the finding with school administration. Use the water test kits available in the school. 

Explore the internet or refer to relevant books for the information on water quality based on biological 
content of water. Design and conduct an experiment, collect data, interpret and determine the quality of 
nearby stream water. 

Questions 

1. Identify the common parameters used in water quality tests. How do these parameters help in 
monitoring the water quality? 

2. What are the common pollutants that affect the quality of water in Bhutan? Mention any three 
pollutants that deteriorate the quality of water. 

3. How does poor quality of water affect farming and the health of people? 
4. List down the roles of the community in maintaining the quality of water? 

Assessment and Reporting 

The teacher may use rubrics or checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Concepts of water 
management strategies, 
watersheds and their 
management strategies, 
and water quality testing 
procedure and models. 

● Ability to design, carry 
out, and water quality 
testing procedures and 
models. 

● Appreciate the significance of 
water conservation and the 
need to adopt strategies to 
conserve it so that people have 
access to quality water in the 
community. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Bhutan Water Vision and Water Policy - https://bit.ly/3n7OQKQ 
4. Watershed management plan - https://bit.ly/3HLFX1B 
5. Holistic approach to water resource management - https://bit.ly/3n8fCCW 
6. Watersheds - https://bit.ly/31Io0BM 
7. Principles of watersheds - https://bit.ly/33iSryU 
8. Water quality parameters - https://www.ysi.com/parameters 

https://bit.ly/3n7OQKQ
https://bit.ly/3HLFX1B
https://bit.ly/3n8fCCW
https://bit.ly/31Io0BM
https://bit.ly/33iSryU
https://www.ysi.com/parameters
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3.5 Entrepreneurship and Land Waste Management  
(350 minutes) 

Competency: 
● Demonstrate the understanding of land pollution as an emerging social problem, and land 

management to prevent environmental pollution, and transform the wastes to entrepreneurship 
ideas towards reducing the land pollution. 

Scope: 
● This topic introduces the concept of land wastes - solid, liquid, and E-wastes, hazardous and 

non-hazardous wastes, waste treatment and disposal, entrepreneurship and land waste 
management, waste management hierarchy, waste management in Bhutan. 

Learning Objectives: 
● Identify the solid and liquid wastes in the community and classify them for appropriate waste 

management strategies. 
● Practice waste management hierarchy in the school or at home. 
● Evaluate the value of waste in providing entrepreneurship opportunities to reduce the solid 

wastes in school or at home. 

Learning Experiences 
 

Learners explore information on land waste, types of land waste and land waste management. The 
learners carry out a survey in the community to learn about land wastes. Identify wastes, classify them 
based on degradable and non-degradable, and hazardous, non-hazardous. Tabulate the findings and 
develop appropriate waste management strategies to address waste issues in the community. Carry out 
an awareness program on waste management hierarchy to the community. 

Explore information on entrepreneurship related to solid waste management from web links 
https://bit.ly/3GdUumq, https://bit.ly/3HQLxj8, or other relevant textbooks. 

Prepare a plan to transform the solid waste management to entrepreneurship opportunities. The plan 
should have the aims, objectives, strategies, and procedures to operate. Share the plan through class 
presentation and social media. 

The efficient and effective management of land wastes is essential in maintaining the health and hygiene 
of people and the environment. Inappropriate treatment of wastes causes major environmental 
degradation, while recycling contributes significantly to environmental sustainability and economic 
gain. 

For instance, many entrepreneurs around the world have built substantial businesses from the wastes. 
Some of these entrepreneurs have strikingly modern views on environmental challenges, and their 
scientific and engineering knowledge have contributed in managing wastes across the globe. 

https://bit.ly/3GdUumq
https://bit.ly/3HQLxj8
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Questions 

1. There are several policies in place towards managing solid wastes in the country. However, the 
waste issue is increasing over the years. As an environmental science student, deduce ways to 
address the challenges faced in managing solid waste in Bhutan? 

2. What alternative waste management strategies would you suggest to replace the landfilling and 
incineration which are commonly practised in Bhutan? 

3. Bhutan procures a huge number of second-hand electronic goods from different donor agencies. 
However, critics argue that such practice is not healthy in the long run. Justify. 

Assessment and Reporting 

The teacher may use rubrics or checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Types of land wastes, 
waste management and 
entrepreneurship, waste 
management hierarchy, 
and waste management 
in Bhutan. 

● Ability to deduce plans and 
carry out solid waste 
management. Develop an 
entrepreneurship plan to 
manage solid waste 
including E-waste in the 
community. 

● Realise the consequences of 
increasing waste in the 
community. Recognise that 
wastes can be transformed 
to opportunities. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. The first Bhutan waste inventory report - https://bit.ly/3GftuTr 
4. An Introduction to Entrepreneurship in Solid Waste Management - https://bit.ly/3HQLxj8 
5. Entrepreneurial Opportunities in Solid Waste Management - https://bit.ly/3GdUumq 

 
3.6 Energy Conservation  

(350 minutes) 

Competency: 
● Explain energy management systems and national energy security, and explore ways to improve 

energy efficiency at home and community, which results in sustainability of energy. 

Scope: 
● This topic allows us to learn energy management systems, national energy security, and energy 

auditing, which are essential in developing strategies to improve energy efficiency. 

https://bit.ly/3GftuTr
https://bit.ly/3HQLxj8
https://bit.ly/3GdUumq
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Learning Objectives: 
● Explain the basic energy management system that can be implemented in Bhutan for sustainable 

use of energy. 
● Carry out energy auditing at home and design appropriate energy efficient strategies. 
● Recognise the importance of sustainable energy to attain national energy security. 

Learning Experiences 
 

Learners explore web resources and relevant books to carry out literature reviews on the energy sources, 
advantages and disadvantages of different types of energy sources used in the country. Visit web link 
https://bit.ly/3tdnkQi to learn on energy sources. Assess and identify the most reliable energy sources 
that Bhutan should opt for with reasons. 

Explore information on energy efficiency, energy management systems, energy management model and 
the challenges faced by Bhutan in implementing the energy management strategies. Access the links 
https://bit.ly/3tcPpXV on energy efficiency and https://bit.ly/3fcLd1O on an energy management 
system. Design an energy management strategy that promotes energy efficiency in the community. 

Gather information on the energy auditing process, types of energy auditing, and its benefits from the 
web link https://bit.ly/338rdLo or any other relevant sources. Use survey questionnaires under activity 
‘Assessing home energy consumption (Activity 11.5)’ provided in the Environmental Science Textbook 
for class XI and carry out energy consumption at home. Collect and tabulate data, interpret and design 
mechanisms to enhance energy efficiency at home. 

Questions 

1. The abundant volume and high speed of water in Bhutan’s river is an opportunity to generate 
electricity. However, it is not advisable for Bhutan to depend only on one type of energy source. 
Justify. 

2. What will be the potential alternate future energy source for Bhutan? Suggest some 
recommendations you would make to the government for the investment. 

3. Our personal choices on energy consumption can also help in conservation of energy. Do you 
agree with the statement? Justify. 

Energy is the fundamental force that drives the survival of all living organisms and functioning of the 
universe. All human activities relate to the use of energy in one form or the other. In ancient times, 
energy for cooking, lighting, and warming was derived primarily from burning of fuels. With the 
advancement in technology, today people can harness energy from diverse sources such as water, sun, 
wind and biomass for use in industry as well as for domestic activities. Energy demand is directly linked 
to the well-being and prosperity of a country. The ability of the nations to meet the growing demand for 
energy is a growing priority worldwide. 

https://bit.ly/3tdnkQi
https://bit.ly/3tcPpXV
https://bit.ly/3fcLd1O
https://bit.ly/338rdLo
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Assessment and Reporting 

The teacher may use rubrics or checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Sources of energy, advantages 
and disadvantages of different 
energy sources, energy 
security, energy management 
system and energy auditing. 

● Ability to deduce 
energy management 
strategies, and conduct 
energy auditing 
surveys. 

● Value the need to adopt 
energy conservation 
initiatives at home. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Energy sources - https://bit.ly/3tdnkQi 
4. Energy efficiency - https://bit.ly/3tcPpXV 
5. Energy management model - https://bit.ly/3fcLd1O 
6. Energy Auditing and Reporting - https://bit.ly/338rdLo 

https://bit.ly/3tdnkQi
https://bit.ly/3tcPpXV
https://bit.ly/3fcLd1O
https://bit.ly/338rdLo
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Challenge Your Thinking 

1. Species diversity is important in an ecosystem. Justify. 
2. Evaluate some of the ecological values provided by biodiversity, and justify its relevance to 

poverty reduction in communities. 
3. Describe in what ways the government can use the finding of biodiversity measurement. 
4. Overharvesting of medicinal plants or any species for domestication may cause biodiversity loss. 

Justify. 
5. It is often reported in Kuensel that the Punatsangchhu Hydropower Project is one of the factors 

responsible for the decline in the number of White-bellied Herons. What is your stand on this? 
6. Isolated populations of wildlife or plants are less genetically viable and at greater risk than the 

connected populations. Justify this statement. 
7. Conservation of the environment is one of the Bhutan’s national priorities. How does this constrain 

the developmental activities in the country? 
8. ‘Every household in Bhutan should have a water metering device to conserve water’. Analyse the 

pros and cons of this initiative. 
9. How does the change in lifestyles contribute towards minimising waste generation? Relate this to 

the ecological footprint of an individual and explain. 
10. Segregation of waste at source and recycling of waste are preferred methods as it offers a chance 

of recovering valuable materials from the waste stream. How can Bhutan adopt these methods to 
minimise waste production? 

11. Explain the rationale for the preference of renewable sources of energy over the non-renewable 
sources? 

12. What information can we draw from an energy audit report for enhancing energy efficiency in the 
industries? 

13. A farmer in Sarpang has installed a biogas electricity generator in his farm. This device generates 
electricity by burning methane gas produced from the decaying animal waste. Methane is a 
greenhouse gas. When the methane burns, carbon dioxide and water are produced. The animal 
waste used in the anaerobic digester is a renewable energy source. 

a) What is meant by an energy source being renewable? 
b) Suggest one reason why farmers are encouraged to install their own biogas generators? 
c) How does the installation of a biogas plant contribute in slowing the climate change? 
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4.1 Development and Environment  
(450 minutes) 

Competency: 
● Evaluate the impact of development on the environment through the assessment of dimensions, 

indicators and models of development, and recognise the need to transit towards a holistic 
developmental approach. 

Scope: 
● This topic covers the concept of development by defining the term development, dimensions of 

development (economic, social, political, human, cultural and technology) and indicators of 
development (GDP, GNI, and HDI) of development. Discuss the limitations of the indicators of 
development in achieving holistic development. 

Learning Objectives: 
● Analyse the dimensions and indicators of development. 
● Assess limitations of the dimensions and indicators of development from the environmental 

perspective. 
● Deduce the level of impact of development on the environment based on Kuznets Environmental 

Curve, Mehboobul Haq’s Model and Five Stage Development Model of development. 
 

Learning Experiences 
 

The notion that holds economic growth as the country’s pillar of prosperity and security is the 
conventional tenet. Country’s prosperity is now interpreted as a multidimensional approach because 
development not only depends on the production of goods and services, but also on other factors. 
Development is viewed as holistic when it is defined by taking into consideration the components such 
as material, social, environmental, political, and cultural components. In other words, sustainability in 
development can be achieved through understanding of the relationship between economic growth and 
environment in the context of the social setting. However, there is a rise in income inequality within and 
among the countries. At the same time, change in lifestyle has led to an exponential rise in consumption 
and production that has resulted in huge economic and social costs. 

The environmental health of the Earth is also deteriorating, endangering lives on the planet. These 
challenges can only be addressed through sustainable development that includes economic, social and 
environmental dimensions of development. Bhutan’s development policy is guided by the philosophy 
of Gross National Happiness (GNH). This ensures secure, ecologically balanced, equitable economic 
and social development. 

Sustainable Development 

Country’s development is generally regarded as the heart of development by some, but others perceive 
development as the achievement of happiness. The developmental progress of the country is measured 
in six dimensions, referring to the three indicators. 
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Learners refer to the Environmental Science Text Book of class XI or any other sources for information 
on various dimensions (economic, social, political, human, cultural and technology) and indicators 
(GDP, GNI, and HDI) of development. Discuss how the three indicators can assess the developmental 
status of a country in relation to the six dimensions. Analyse some of the limitations of development 
indicators in providing comprehensive developmental status of a country. Share the findings through the 
PowerPoint presentation. 

Access web links https://bit.ly/34Dkee0 on Kuznets curve model, https://bit.ly/3HLbmB6 on Mahbub 
Ul Haq’s developmental model and https://bit.ly/3ffIuEQ on the five-stage economic development 
model or refer to any other relevant books. 

Compare the three models of development and draw similarities and differences in explaining the 
relationship between environment and development. 

Questions 

1. Draw interrelationship between the six dimensions of development. 
2. Explain the developmental model that best fits the concept of sustainable development. 
3. Choose one of the developmental indicators that you feel is the most appropriate for Bhutan. 

Support your answer with justifications. 
4. Economic growth alone is not an indicator of the overall development of a country. Justify. 
5. Evaluate some of the negative impacts of development activities to the environment. List down 

at least three measures which can reduce the impact and promote sustainability. 

Based on your understanding of the models of development, assess the level of impact of development 
on the environment in your locality by using any of the Kuznets Environmental Curve, Mehboobul 
Haq’s Model or the Five Stage Development Model of development. 

Assessment and Reporting 

The teacher may use rubrics or checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Dimensions and 
indicators of 
development, various 
development model 
including Kuznet’s 
Curve 

● Ability to design economic 
development models, use 
simulation models to explain 
Kuznet’s Curve in relation to 
Mehboobul Haq’s Model and 
Five Stage Development 
Model of development. 

● Realise that economic 
development must be in the 
context of human and 
environmental development. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

The development of any country is dependent on natural resources, and human dependency on the 
environment affects the condition of the natural world. These negative impacts of development need to 
be checked using appropriate strategies to reduce the destruction to the natural environment. 

https://bit.ly/34Dkee0
https://bit.ly/3HLbmB6
https://bit.ly/3ffIuEQ
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Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Environmental development - https://bit.ly/3r3k8UD 
4. Kuznets curve model - https://bit.ly/34Dkee0 
5. Mahbub Ul Haq’s developmental model - https://bit.ly/3HLbmB6 
6. Five stage economic development model - https://bit.ly/3ffIuEQ 

 
4.2 Sustainable Developmental and Environment  

(400 minutes) 

Competency: 
● Evaluate the developmental activities of Bhutan using economic instruments, and analyse 

whether developmental activities are in line with the sustainable development approach. 
 

Scope: 
● This topic introduces the concept of sustainable development, dimensions of sustainable 

development, the key objectives of sustainable development to examine developmental 
activities using economic instruments such as, Price based, Property right, and, Legal, voluntary 
and Information based instruments 

Learning Objectives: 
● Create a short documentary video on “Future of My Community” considering the three 

dimensions of sustainable development. 
● Evaluate the importance of economic instruments in curbing environmental issues against the 

force of development. 
● Analyse whether the economic development activities in Bhutan consider human and 

environmental development. 

Learning Experiences 
 

Learners explore information on the concept of sustainable development and its dimensions, and 
sustainable development goals. You may access web links https://bit.ly/33rc484 on sustainable 
development, https://bit.ly/3zIrYqF on dimensions and https://bit.ly/3zHp8Cc on the sustainable 
development goals. 

Based on the idea of sustainable development, create a short documentary video on the theme ‘My 
Community after 50 Years from now’, and share it through social media. The video must cover the 

Sustainability means the ability of a system to endure or maintain itself at a certain rate or level for an 
indefinite period against the force of development. Sustainable development is a developmental 
approach, which maintains, manages and does justice to the change people seek without compromising 
the well-being of the future generations. The concept of sustainable development is guided by the three 
dimensions, and the social, private and external costs of dimensions are being checked using economic 
instruments. How do legal instruments check the negative impact of development on the environment? 

https://bit.ly/3r3k8UD
https://bit.ly/34Dkee0
https://bit.ly/3HLbmB6
https://bit.ly/3ffIuEQ
https://bit.ly/33rc484
https://bit.ly/3zIrYqF
https://bit.ly/3zHp8Cc
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three dimensions of sustainable development. 

Explore information on economic instruments of sustainable development on the web, such as 
https://bit.ly/3GhJaWe, https://bit.ly/3zMgWAo or other resources on economic instruments. Explain 
how these economic instruments are used to assess the private, external, and social costs incurred due 
to the development activities. 

Questions 

1. Why is sustainable development a global priority? 
2. As a citizen, if you want to gauge development from a social point of view, what are some of the 

indicators to assess development in the community? 
3. What would be the challenges to achieve the goals of sustainable development in your community? 
4. Evaluate with examples how legal instruments curb environmental degradation in Bhutan. 

Based on your understanding, analyse the level of compliance of economic development activities in 
Bhutan with the sustainable development principles. Make presentation to the class or upload on social 
media. 

Assessment and Reporting 

The teacher may use rubrics or checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Concept of sustainable 
development, dimensions 
of SD, and economic 
instruments to check the 
development. 

● Ability to design 
development indicators 
from the dimensions and 
evaluate the development 
activities. Frame 
economic instruments. 

● Realise how economic 
instruments are used to 
check the social, private, 
and external costs in the 
development. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Sustainable development - https://bit.ly/33rc484 
4. dimensions of sustainable development - https://bit.ly/3zIrYqF 
5. Sustainable development goals - https://bit.ly/3zHp8Cc 
6. Economic instruments - https://bit.ly/3GhJaWe 

https://bit.ly/3GhJaWe
https://bit.ly/3zMgWAo
https://bit.ly/33rc484
https://bit.ly/3zIrYqF
https://bit.ly/3zHp8Cc
https://bit.ly/3GhJaWe
https://bit.ly/3GhJaWe
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4.3 Gross National Happiness for Sustainable Development  
(250 minutes) 

 

Competency: 
● Review Bhutan’s Environmental Policies and Strategies to recognise its contribution towards 

achieving sustainable development goals. 

Scope: 
● This topic deals with the philosophy of Gross National Happiness, its pillars and domains. 

Review Bhutan’s environmental policies and strategies to meet the sustainable development 
goals (MDG). 

Learning Objectives: 
● Analyse the meaning of the philosophy of Gross National Happiness, its pillars and domains as 

means for holistic development. 
● Review Bhutan’s environmental policies and strategies to meet the sustainable development 

goals. 
● Justify the relevancy of GNH and SDGs for Bhutan. 

Learning Experiences 
 

Learners explore information on the concept of GNH, its four pillars and nine domains of GNH by 
accessing web links https://bit.ly/3Fg5Mp1 on GNH, https://bit.ly/3r4kHgM on four pillars of GNH, 
and https://bit.ly/3f7zSQS on nine domains, or refer any relevant books on GNH. Make a PowerPoint 
presentation on the areas covered by each domain, and evaluate whether these areas are being 
considered while planning developmental activities. 

Explore national environmental policies, acts and by-laws of Bhutan using web resources and relevant 
books. Review them to evaluate how these environmental policies, acts and by-laws contribute to the 
sustainable development in Bhutan. The following questions may be used as guide while carrying out 
the review work. 

1. What is the rationale behind the enactment of the environmental policies, acts and by-laws? 
2. List down the provisions of the selected policy, act or by-laws that ensure sustainable 

development. 
3. How does the policy, act or by-laws mitigate the challenges of sustainable development? 
4. What are some clauses that you would like to include to strengthen the policy, act or by-law? 

Bhutan has adopted the national policies and developmental plans based on the philosophy of Gross 
National Happiness (GNH), in line with the sustainable development goals. The Gross National 
Happiness promotes economic development by ensuring minimal cost on the environment. 
Environmental safety is ensured in order to provide economic and social justice through the adoption 
of various tools and indicators. How does the philosophy of GNH ensure social and economic prosperity 
of the Bhutanese people? 

https://bit.ly/3Fg5Mp1
https://bit.ly/3r4kHgM
https://bit.ly/3f7zSQS
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Questions 
1. Analyse SDGs in relation to the nine domains of GNH. 
2. Evaluate how these environmental policies, acts and by-laws contribute to sustainable 

development in Bhutan, and how it affects the life of people. 
3. What is the role of good governance in conserving our environment? 
4. Time use is one of the nine domains of GNH. How would this domain contribute towards the 

happiness of the people? 

In the team, discuss the advantages and disadvantages of GNH and SDGs for Bhutan. What stand do 
you take? Present the views to the class. 

Assessment and Reporting. 

The teacher may use rubrics or checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Concept on GNH, four 
pillars, nine domains and 
SDGs. 

● Ability to analyse 
and carry out reviews 
of policy documents 

● Realise the importance of culture, 
good governance, and 
environment for economic 
development and happiness of the 
people. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Gross National Happiness - https://bit.ly/3Fg5Mp1 
4. Four Pillars of Gross National Happiness - https://bit.ly/3r4kHgM 
5. Nine domains of GNH - https://bit.ly/3f7zSQS 

https://bit.ly/3Fg5Mp1
https://bit.ly/3r4kHgM
https://bit.ly/3f7zSQS
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Challenge Your Thinking 

1. Do you need to be rich to be sustainable? Justify. 
2. How is sustainable development important in combating the climate change? 
3. One of the signs of economic growth is the invention of technologies, which has led to mass 

production of goods. Is the invention and the use of technologies a sustainable activity? Justify 
your statement. 

4. Justify Bhutan's stand on GNH as the sustainable development philosophy. 
5. “Rethinking sustainable development” is a common call in most of the discussions on sustainable 

development. What is your interpretation of the phrase, and why do you think there is a need for 
rethinking sustainable development approaches and practises in the 21st century era? 

6. Narrate how corruption practises impact the equitable socio-economic development around the 
world? Suggest measures to correct such behaviour of people. 

7. Study the illustration provided. Fill the boxes with appropriate word(s) in promoting a 
harmonious society. 

Harmonious 

society 
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1.1 Earth Community Ecology  
(500 minutes) 

Competency: 
● Apply the knowledge and understanding of community characteristics and ecosystem services 

to carry out ecosystem service valuation vital in making informed decisions in carrying out 
ecosystem conservation, preservation and restoration. 

Scope: 
● This topic explains the two types of community, major and minor, and its characteristics which 

include structure, dominance, diversity, periodicity, stratification, ecotone and edge effect, 
ecological niche, competition, productivity and bio-stability. It also explains the types of 
ecosystem services such as provisioning, regulating, cultural and supporting, and analysis of the 
importance of its valuation through market price, productivity, hedonic pricing and benefit 
transfer methods. 

Learning Objectives: 
● Differentiate between major and minor communities with examples. 
● Explain characteristics of a community. 
● Evaluate the ecosystem services with its importance for the wellbeing of Bhutanese people. 
● Carry out ecosystem service valuation that can be used while developing cost-effective strategies 

for nature restoration and management. 

Learning Experiences 
 

An ecosystem is a dynamic and complex system in which plants, animals, microorganisms and non- 
living elements interact as a functional unit. Within an ecosystem, organisms cooperate and compete 
with one another. Such interrelationships and interdependencies of these individual organisms maintain 
the stability of the ecosystem. Ecosystems are multifunctional systems which provide humanity with 
many vital ecosystem services. Thus, the valuation of ecosystem services informs decision-making and 
ensures policy appraisals by taking into account the costs and benefits of the natural environment. 

Nature has an inherent ability to sustain various life forms and processes. After any disturbance, an 
ecosystem undergoes a series of ecological changes till it creates a stable ecosystem. These stages of 
changes are referred to as ecological succession. Succession exhibits the important perspectives of 
ecological resilience and brings balance between nature and the disturbing processes. The knowledge of 
ecological succession is globally used for the management and restoration of ecosystems. 

Systems in Nature 1. 

A community is the assemblage of organisms of different species that live in the same area at the same 
time. They interact forming a distinctive living system with its composition, structure and function, 
environmental relationship, growth and development. Organisms in a community are bound together by 
a shared environment and the network of influence that each species has on the other. A community 
ecology is the study of interactions among the populations in the community in relation to the 
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Learners explore for information on community ecology from web links https://bit.ly/3HUPVxS, 
https://bit.ly/3nf9RDM, https://bit.ly/3HO8DqA and https://bit.ly/3fcHm54 or from other relevant 
books/ online resources. For more information, watch the video from the link https://bit.ly/3I9ZDN1. 

Use the Predict Observe Explain (POE) model to study community ecology and present the work to the 
class. 

Visit or select any ecosystem available in your locality to study the community and its characteristics. 
The study may focus on structure, dominance, diversity, periodicity, niche, interspecific association and 
stratification. Prepare the presentation from the collected data and information. The presentation may 
be supported by photographs, pictures, images or videos. Present the findings in the class or upload in 
Google Classroom. 

Use “Environmental Profile” to record any interesting observations including notes, drawing or 
photographs while carrying out the field study. 

Questions 

1. Why is diversity important in the ecological community? 
2. Discuss the impact of removing a dominant species from a community? 
3. Analyse the influence of individual variation on population, community and ecosystem? 
4. Evaluate the anthropogenic threats to the stability of the community? 

 

Visit the web links https://bit.ly/3tA32AH, https://bit.ly/3rb7dQr, https://bit.ly/3qi4fdv, 

https://bit.ly/3K3ZL2b and https://bit.ly/3nkffWb to obtain information on ecosystem services such as 
provisioning, regulating, cultural and supporting services or explore other relevant books/online 
resources. 

Use the 5E model - Engage, Explore, Explain, Elaborate and Evaluate, to study the ecosystem services 
in the local community. 

environment. Through this, students explore to answer, what are the types of ecological communities? 
How do they evolve? Why are these communities significant? 

A population of a single species cannot survive by itself because there is interdependence of one form 
of life on another. The features within communities are highly variable, and there are a number of 
characteristics that can be used as descriptors to distinguish them. Descriptors include structure, 
dominance, diversity, periodicity, stratification, ecotone and edge effect, ecological niche, interspecific 
association, community productivity, and biotic stability. Through this study, students explore to answer 
what are the characteristics of a community? How does it influence the stability of an ecosystem? 

We cannot put a value on all the ways the natural world enriches our lives. There are many tangible 
benefits to living in a world with strong and healthy ecosystems. We have a stronger economy, diverse 
food products, and advancements in medical research as a result of wildlife and natural ecosystems. 
Such positive benefits that wildlife or ecosystems provide to people are called ecosystem services. 
Bhutan’s rich biodiversity provides a number of natural services which are essential for people’s health, 
prosperity and quality of life. 

https://bit.ly/3HUPVxS
https://bit.ly/3nf9RDM
https://bit.ly/3HO8DqA
https://bit.ly/3fcHm54
https://bit.ly/3I9ZDN1
https://bit.ly/3tA32AH
https://bit.ly/3rb7dQr
https://bit.ly/3qi4fdv
https://bit.ly/3qi4fdv
https://bit.ly/3K3ZL2b
https://bit.ly/3nkffWb
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Prepare a questionnaire to interview people in the community to find out: 
● Various services availed by the community from the ecosystem. 
● Perceived threats to the ecosystem due to the services availed. 
● Some strategies practised to sustain the continued supply of services by the ecosystem. 

Record, analyse and interpret the data collected from interview questionnaires and field observation. 

Prepare a presentation of the findings and present to the class or upload in Google Classroom. The 
presentation may include photographs, pictures and videos. 

Questions 

1. Discuss the relationship between biodiversity and ecosystem services. 
2. If you are elected official at the local or national level, what action would you take to ensure that 

ecosystem services remain available in the locality? 
 

Visit the web links https://bit.ly/3fgeKHY, https://bit.ly/3JZLzaB, https://bit.ly/3HYvKyX, 

https://bit.ly/3zPGKM6, https://bit.ly/34LwSYs, https://bit.ly/335uLOR, https://bit.ly/3njQ5Ha, 
https://bit.ly/3njQ5Ha and https://bit.ly/3nksq9g to understand the benefits of ecosystem and methods 
on “Ecosystem Service Valuation” or explore other relevant books/online resources. 

Questions 
1. Identify some projects in Bhutan where ESV has been applied. 
2. How is the knowledge of ecosystem service valuation useful for policymakers and project 

planners? 
3. Explain ecological services valuation in the context of spiritual and cultural values of the 

community. 

Browse the case study from the web link, https://bit.ly/3I1JxoA or explore other relevant books and 
online sources to answer the following questions. 

1. How does the scheme benefit the communities? 
2. What are the activities carried out by the community for making the scheme effective? 
3. Suggest some areas near your community where PES can be applied. 
4. Select any ecosystem services from your local community. Explain your willingness to pay for 

the ecosystem services. 

The well-being of the people depends largely on the ecosystem. As the demand for the ecosystem 
services is increasing rapidly with the population, the ecosystem services are becoming scarce. It has 
now become important to quantify the value of the ecosystem through various approaches. Thus, 
understanding the role of ecosystem services in the context of human wellbeing is necessary for 
conservation and sustainable use of ecosystem services. 

Ecosystem services valuation determines the economic value, also known as Total Economic Value, of 
ecosystem services in terms of sustainable use, fair distribution and efficient allocation of ecosystem 
services. The valuation ranges from market price to the replacement cost values. The market price value 
is the current economic value of ecosystem services such as water, wood and food resources, while the 
replacement cost value is the cost of replacing a functional ecosystem with a human-made system 

https://bit.ly/3fgeKHY
https://bit.ly/3JZLzaB
https://bit.ly/3HYvKyX
https://bit.ly/3zPGKM6
https://bit.ly/34LwSYs
https://bit.ly/335uLOR
https://bit.ly/3njQ5Ha
https://bit.ly/3njQ5Ha
https://bit.ly/3nksq9g
https://bit.ly/3I1JxoA
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Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Community Ecology 
● Ecosystem services and 

its valuation 

● Ability to use the (POE) 
model & 5E model to study 
community ecology and 
ecosystem services. 

● Realise the value of ecosystem 
services in sustaining healthy 
and stable communities. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XII, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Community Ecology - https://bit.ly/3HUPVxS, https://bit.ly/3nf9RDM, https://bit.ly/3HO8DqA 

and https://bit.ly/3fcHm54 
4. Factors affecting community structure - https://bit.ly/3I9ZDN1 
5. Ecosystem services and biodiversity - https://bit.ly/3tA32AH 
6. What are ecosystem services? - https://bit.ly/3rb7dQr, https://bit.ly/3K3ZL2b 
7. Ecosystem Services - https://bit.ly/3qi4fdv 
8. An introductory guide to valuing ecosystem services - https://bit.ly/3nkffWb 
9. Introduction to valuation of ecosystem services - https://bit.ly/3fgeKHY 
10. Valuation of ecosystem services: classes of values - https://bit.ly/3JZLzaB 
11. Valuing ecosystem services in Bhutan - https://bit.ly/3nksq9g 
12. How to value and account for ecosystems - https://bit.ly/3HYvKyX 
13. Market based valuation method - https://bit.ly/3zPGKM6 
14. Replacement cost method - https://bit.ly/34LwSYs 
15. Hedonic pricing method - https://bit.ly/335uLOR 
16. Benefit transfer method - https://bit.ly/3njQ5Ha 
17. An Initial Estimate of the value of ecosystem services in Bhutan - https://bit.ly/3qkb12s 
18. How to Save Our Planet - https://bit.ly/3qoRhuS 

https://bit.ly/3HUPVxS
https://bit.ly/3nf9RDM
https://bit.ly/3HO8DqA
https://bit.ly/3fcHm54
https://bit.ly/3I9ZDN1
https://bit.ly/3tA32AH
https://bit.ly/3rb7dQr
https://bit.ly/3K3ZL2b
https://bit.ly/3qi4fdv
https://bit.ly/3nkffWb
https://bit.ly/3fgeKHY
https://bit.ly/3JZLzaB
https://bit.ly/3nksq9g
https://bit.ly/3HYvKyX
https://bit.ly/3zPGKM6
https://bit.ly/34LwSYs
https://bit.ly/335uLOR
https://bit.ly/3njQ5Ha
https://bit.ly/3qkb12s
https://bit.ly/3qoRhuS
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1.2 Ecological Succession and Restoration  
(400 minutes) 

Competency: 
● Demonstrate an understanding of ecological succession, cause and factors of ecological 

succession, and explore ways for succession for a desired ecosystem. 

Scope: 
● This topic explains ecological succession and its classification based on inhabitation (primary 

and secondary succession). It discusses natural and anthropogenic disturbances of ecological 
succession and describes the factors - biotic, topographic and climatic, affecting ecological 
succession. It also covers classification of organisms into different communities; pioneer 
communities, seral communities, climax community, and the basic steps of ecological succession 
such as nudation, migration, ecesis, aggregation, competition, invasion, reaction and stabilisation 
or climax. It also includes application of the knowledge of ecological succession in restoration 
and management of degraded ecosystems to desired ecosystems. 

Learning Objectives: 
● Explain ecological succession and its types. 
● Analyse the factors affecting ecological succession. 
● Explain the evolution of a plant community based on the steps of ecological succession. 
● Apply the knowledge of ecological succession in the management and restoration of degraded 

ecosystems to desired ecosystems. 

Learning Experiences 
 

Learners visit the link https://bit.ly/3HRtxFw, https://bit.ly/3zRzFuu, https://bit.ly/337ohPu and 
https://youtu.be/d7xbyNSxxrI or other sources to understand the concept of ecological succession. 
Based on the understanding of ecological succession from the different sources, answer the following 
questions. 

Questions 

1. Explain ecological succession based on your understanding from different sources? 
2. Analyse the factors that cause ecological succession. 
3. What are the differences in the severity of ecological disturbances caused by natural and 

anthropogenic events? 
4. Besides the negative impacts of ecological disturbances, they have positive impacts on the 

environment. Explain. 
5. Explain the process, how a flooded area returns to its original state of ecosystem. 

Natural calamities such as flood, volcano, soil erosion, landslides, forest fires and other anthropogenic 
activities bring huge changes leading to ecological disturbance. The ecosystems have the ability to 
establish stability after the disturbances through the process of ecological succession. The formation of 
a stable ecosystem occurs as a slow process influenced by a variety of natural and anthropogenic factors. 
It is regulated by a number of factors from its onset and even after the formation of a climax community. 

https://bit.ly/3HRtxFw
https://bit.ly/3zRzFuu
https://bit.ly/337ohPu
https://youtu.be/d7xbyNSxxrI
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Visit the links provided https://bit.ly/3nlo166, https://bit.ly/3zQrKxG, https://bit.ly/3I6FEPf, and 
https://bit.ly/33ux2Te or other resources to understand about the steps of ecological succession. Draw a 
flowchart to represent the steps of ecological succession and share through Google Classroom. 

Choose an area of approximately 1 m x 1 m, preferably the one which is not being disturbed or used 
much for other purposes. Dig the area uniformly all around 15-20 cm deep and remove the layer of soil 
dug. Fence the area to protect it from disturbances. Observe the area at a regular interval and record in 
the table below. You may need to observe the spot on a monthly basis for a year. 

Table 1.1 Sample recording format 
 

Date 
 

Description of observation Names of organisms 
(Both plants and animals) 

 
Name the seral stage 

    

Read the extract title ‘Mount St. Helen- A Story of Succession’ provided in the link https://bit.ly/3tmfIuF 
and answer the following questions. 

Questions 

1. Did any plant survive the eruption? If so, how did they survive? 
2. Identify the types of ecological succession described in the story. 
3. How has the red alder tree influenced the succession? 
4. What are the roles of survivors in regenerating the disturbed area? 
5. What roles did factors such as wind, moisture, landforms, plants and animals play in succession 

after the eruption? 
6. What conclusion can you draw from this experience? 

 

Follow the links https://bit.ly/31SzS46, https://bit.ly/3I5groh, https://bit.ly/3qlUyuI, and 
https://bit.ly/3qlSnHu or other resources to gather information on ecosystem restoration. Based on the 
understanding of ecological restoration from different sources, answer the following question. 

Questions 

1. What are the factors that need to be considered when restoring an ecosystem? 
2. Design a flowchart illustrating the process of ecosystem restoration? 

Ecological succession continues, and successive communities develop one after another in the same area 
until a highly stable community is formed. In general, ecological succession describes the process of 
development of pioneer communities, seral communities and stabilisation towards the climax 
community. The basic steps identified in the process of succession are nudation, migration, ecesis, 
aggregation, competition, invasion, reaction, stabilisation or climax. 

The knowledge of ecological succession is globally used for the management and restoration of 
ecosystems. Ecological succession can be managed through strategies such as restoration, rehabilitation, 
reclamation, remediation, replacement and stabilisation. The management of succession is carried out 
focussing on the structure, functions, diversity and dynamics of an ecosystem. It involves intentional 
modification of a site to attain a defined set of objectives. 

https://bit.ly/3nlo166
https://bit.ly/3zQrKxG
https://bit.ly/3I6FEPf
https://bit.ly/33ux2Te
https://bit.ly/3tmfIuF
https://bit.ly/31SzS46
https://bit.ly/3I5groh
https://bit.ly/3qlUyuI
https://bit.ly/3qlSnHu
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3. Evaluate the importance of ecological restoration in ensuring a sustainable life? 

Explore ecological restoration initiatives evident in Bhutan by interviewing the people in the locality or 
relevant stakeholders. Write a report and present in the class or share through Google Classroom. 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Ecological succession, 
types, steps of succession 
and ecosystem restoration. 

● Ability to communicate, 
analyse, evaluate, draw 
flowchart and carry out 
practical work. 

● Recognise the significance 
of ecological succession for 
ecosystem restoration. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 
1. Environmental Science Textbook of Classes XII, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. What is ecological succession? - https://bit.ly/3HRtxFw, https://bit.ly/3zRzFuu, 

https://bit.ly/337ohPu and https://youtu.be/d7xbyNSxxrI 
4. Steps of ecological succession - https://bit.ly/3nlo166, https://bit.ly/3zQrKxG, 

https://bit.ly/3I6FEPf, and https://bit.ly/33ux2Te 
5. ‘Mount St. Helen- A Story of Succession’- https://bit.ly/3tmfIuF 
6. What is ecological restoration?- https://bit.ly/31SzS46, https://bit.ly/3I5groh, 

https://bit.ly/3qlUyuI, and https://bit.ly/3qlSnHu 
7. 50 Years Ago, This Was a Wasteland. He Changed Everything | Short Film Showcase- 

https://bit.ly/3npaXN0 

https://bit.ly/3HRtxFw
https://bit.ly/3zRzFuu
https://bit.ly/337ohPu
https://youtu.be/d7xbyNSxxrI
https://bit.ly/3nlo166
https://bit.ly/3zQrKxG
https://bit.ly/3I6FEPf
https://bit.ly/33ux2Te
https://bit.ly/3tmfIuF
https://bit.ly/31SzS46
https://bit.ly/3I5groh
https://bit.ly/3qlUyuI
https://bit.ly/3qlSnHu
https://bit.ly/3npaXN0
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Challenge Your Thinking 

1. Most pioneer species are autotrophic in nature. Relate its significance to succession. 
2. How do farmers in Bhutan apply the concept of ecological succession in their fields? 
3. How can cultural provisions contribute towards biodiversity conservation? 
4. Evaluate how the canopy of the trees affect the abiotic factors and other species present in the 

forest? 
5. How does ecological succession maintain balance in nature? 
6. Bhutan being a terrain country, how do you relate the importance of ecological succession for 

the sustainable lifestyle of its people? 
7. In the Bhutanese rural communities, environmental degradation and ecological succession are 

common features. Explain some of the farming practices that accelerate the ecological 
succession and the ecological restoration. 

8. Use Figure 1.1 to answer the question that follows: 
 

Figure 1.1 (Picture Courtesy: Emily Natzel, 2019) 

a. Identify the possible ecosystem services that the figure represents. 
b. Which ecosystem service valuation method is most appropriate for the valuation study 

of this place? 

https://kiplingandclark.com/latest-from-k-c/author/emily-natzel/
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2.1 Carbon Footprint and Development  
(300 minutes) 

Competency: 
● Analyse carbon footprint and how its increase leads to unsustainable development, and recognise 

the need for change in the lifestyle and suggest innovative ways to reduce pressure on the natural 
resources. 

Scope: 
● This topic explains about carbon footprint and its calculation using online tools. It also relates 

the carbon footprint to ecological footprint to innovate ways to reduce pressure on our natural 
resources. 

Learning Objectives: 
● Explain carbon footprint in the context of development. 
● Calculate carbon footprint. 
● Analyse the carbon footprint to suggest innovative ways to reduce human ecological footprint. 

Learning Experiences 
 

Learners browse the web link https://bit.ly/3twgQw3 and https://bit.ly/33crtJv for the information on 
Carbon Footprint. In addition, the learner can gain more insight on Carbon footprint by visiting the 
provided web link https://bit.ly/3npaKJN . 

The planet Earth is under increased pressure, which upsets the ecological stability. With the human 
population explosion, change in economic production, changing lifestyles and advancement in modern 
technology have increased demand on the natural resources exceeding the Earth’s supply capacity, and 
leads to pollution of different spheres of the Earth. The emission of greenhouse gases (GHG) through 
various anthropogenic activities is accelerating climate change and has become a global concern. 

To analyse the relationship and interaction of humans with the environment, it is important to be aware 
of the characteristics of human attitudes, behaviour and their impact on the environment, and adopt 
courses of action to mitigate the issues and concerns. 

Environmental Issues and Concerns 2. 

Human activities significantly contribute to emission of greenhouse gases (GHGs), which result in 
global warming. In most cases, development is accompanied by a noticeable increase in the use of 
natural resources which causes resource depletion leading to increased ecological footprint and produce 
more carbon dioxide. The measure of the amount of greenhouse gases emissions which mainly consists 
of carbon dioxide by an organisation, event, production of goods and services or individuals directly or 
indirectly is referred to as Carbon Footprint. If the ecological footprint exceeds the biocapacity, and the 
carbon footprint increases resulting in change in climate, the sustainability of development is affected. 

For sustainable development, all nations must significantly reduce their overall footprints from over- 
consumption of resources. They must also reduce pollution and greenhouse gas emissions, which 
contribute to a high carbon footprint. 

https://bit.ly/3twgQw3
https://bit.ly/33crtJv
https://bit.ly/3npaKJN
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Visit the web link https://bit.ly/3GvFl00 or https://bit.ly/3IqifZa, https://bit.ly/3fqbXvT (worksheet to 
do manually) to calculate their carbon footprint. Record your carbon footprint and based on the result 
of the carbon footprint, design a poster or video clip to advocate the need to reduce one’s own Carbon 
Footprint. 

Refer https://bit.ly/3IlsJc3 or other online sources to find out the status of Bhutan in terms of carbon 
emission. 

Questions 

1. Compare your carbon footprint with that of your friend. Hypothesise plausible reasons for the 
difference. 

2. Evaluate the carbon footprint of urban residents with that of the rural community, and justify 
your findings based on the lifestyle led by the people. 

3. Suggest ways to minimise our carbon footprint and, at the same time, maintain our standard of 
living? 

4. In what ways can the recycling of waste lower the ecological footprint? 

Gather information on the reduction of carbon footprint from the web links https://bit.ly/3zSEaoP and 
https://bit.ly/3IoL9bQ 

Develop awareness on ‘Carbon footprint and development’ from the links https://brook.gs/3FkkSJX, 
https://bit.ly/3noyIox and measures to reduce and offset carbon emission in the links 
https://bit.ly/3zV6KWt and https://bit.ly/3qkWIuH.. 

Planting trees remains one of the cheapest, most effective means of drawing excess carbon dioxide from 
the atmosphere. According to the European Environmental Agency, a mature tree will take up about 22 
kilograms of carbon dioxide from the atmosphere over one year. 

● As a class, count the number of trees on your school campus 
● How much CO2 do all the trees on your school ground absorb each year? 
● Based on your calculations, how do these trees off-set your carbon footprint? 
● How many trees as a class would you need to plant to neutralise your class footprint? 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Explain Carbon 
footprint in context of 
development. 

● Calculating, analysing 
and interpreting 
information. 

● Recognise the significance to 
reduce one’s carbon footprint 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

https://bit.ly/3GvFl00
https://bit.ly/3IqifZa
https://bit.ly/3IqifZa
https://bit.ly/3fqbXvT
https://bit.ly/3IlsJc3
https://bit.ly/3zSEaoP
https://bit.ly/3IoL9bQ
https://brook.gs/3FkkSJX
https://bit.ly/3noyIox
https://bit.ly/3zV6KWt
https://bit.ly/3qkWIuH
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Resources: 

1. Environmental Science Textbook of Classes XII, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Carbon Footprint- https://bit.ly/3twgQw3 
4. Carbon footprint -https://bit.ly/33crtJv 
5. More information on Carbon Footprint-https://bit.ly/3npaKJN 
6. Online Carbon Footprint calculator-https://bit.ly/3GvFl00, https://bit.ly/3IqifZa 
7. Open Data platform - https://bit.ly/3zVQ69q 
8. The status of Bhutan in terms of carbon emission - https://bit.ly/3IlsJc3 
9. Reducing Our Carbon Footprint - https://bit.ly/3zSEaoP 
10. The Best Way to Reduce Your Carbon Footprint - https://bit.ly/3IoL9bQ 
11. GHGs emission and development - https://brook.gs/3FkkSJX 
12. Carbon emissions and development - https://bit.ly/3noyIox 
13. Carbon neutral - https://bit.ly/3zV6KWt 
14. Carbon credit - https://bit.ly/3qkWIuH 
15. Sustainable Development: An Introduction - https://bit.ly/3ApDuat 

 
2.2 Urbanisation, Industrialisation and Environmental Changes  

(300 minutes) 

Competency: 
● Corroborate the relationship between the urbanisation, industrialisation and environmental 

changes, and justify how increase in these causes would assert more pressure on our limited 
natural resources. 

Scope: 
● This topic relates the impacts of urbanisation and industrialisation to the community and 

environment. It also covers the measures to address negative impacts to the environment. 

Learning Objectives: 
● Investigate the impact of urbanisation and industrialisation to the community and the 

environment. 
● Suggest measures to address negative impacts on the environment. 

Learning Experiences 
 

Urbanisation is a social process whereby the cities grow and the societies become more urban. As rural 
people move to the urbanised areas for better opportunities, pressure on the environment increases. This 
pressure indirectly influences the process of industrialisation. Urbanisation and industrialisation, 
therefore, share a positive correlation with growth and development. Both processes are important for 
human welfare, yet their impacts have brought huge and often undesirable changes in the social, 
economic and environmental domains. 

https://bit.ly/3twgQw3
https://bit.ly/33crtJv
https://bit.ly/3npaKJN
https://bit.ly/3GvFl00
https://bit.ly/3GvFl00
https://bit.ly/3IqifZa
https://bit.ly/3zVQ69q
https://bit.ly/3IlsJc3
https://bit.ly/3zSEaoP
https://bit.ly/3IoL9bQ
https://brook.gs/3FkkSJX
https://bit.ly/3noyIox
https://bit.ly/3qkWIuH
https://bit.ly/3ApDuat
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Learners read information on ‘urbanisation, industrialisation and environmental change’ from the web 
links https://bit.ly/3GqIApo and https://bit.ly/3nlcsM8. Make a PowerPoint presentation and present to 
the class. 

Read the information available in the blog posts by National Geographic on ‘Urban Threats’ from the 
link https://on.natgeo.com/3K7Eepu or any other resources which discusses the causes, threats and 
solutions about urbanisation. Based on the understanding, design a problem tree to identify pertinent 
issues, causes and its solutions. 

Questions 

1. Identify two factors that can be both the causes and impacts of urbanisation? Justify. 
2. Which threats of urbanisation mentioned in the resource material are also a concern for Bhutan? 
3. Do you think that the solutions mentioned in the material are relevant to Bhutan? Evaluate your 

choice. 
4. Suggest some mitigation strategies to reduce the negative impacts of urbanisation on the 

environment. 

Examine the article ‘Environmental Concerns Amidst Industrialization’ in the web link provided 
https://bit.ly/3zSSaPp. Use Design Thinking to create a technological innovation that reduces 
environmental deterioration caused by industrialization. Present the work to the class. 

Questions 

1. Analyse the causes and impacts of urbanisation in Bhutan. 
2. Make a diagrammatic representation of causes, effects and interventions of urbanisation for the 

affected community. 
3. Write FIVE investigative questions on issues and challenges of urbanisation. 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Causes and impact of 
natural resources 
degradation 

● Analysing and evaluating 
information. 

● Recognises the pros and cons 
of urbanisation and 
industrialisation. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XII, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Causes and impacts of urbanisation - https://bit.ly/3nlcsM8 
4. Cities Changing their Environment - https://bit.ly/3AidVIz 
5. Environmental Concern Amidst Industrialization - https://bit.ly/3zSSaPp 

https://bit.ly/3GqIApo
https://bit.ly/3nlcsM8
https://on.natgeo.com/3K7Eepu
https://bit.ly/3zSSaPp
https://bit.ly/3nlcsM8
https://bit.ly/3AidVIz
https://bit.ly/3zSSaPp
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6. Environmental Impacts of Industrial Developments in the North (MIKON) - 
https://bit.ly/3fEBwtp 

7. Urban Threats - https://on.natgeo.com/3K7Eepu 
 

2.3 Degradation of Land and Water Resources  
(350 minutes) 

Competency: 
● Evaluate the causes and impacts of the land and water degradation by using ICT and field visits 

within the community, and suggest means of minimising land and water degradation. 

Scope: 
● This topic elaborates on the causes including desertification, alkanisation, acidification, 

salinization, soil erosion, of land degradation, and its impact on environment, economy and 
society. It also focuses on accessibility and equitable distribution of freshwater, it’s over- 
utilization and contamination, and analyses sustainable use of water resources through 
community surveys. 

Learning Objectives: 
● Evaluate the causes and impacts of land degradation on social, economic and wellbeing of living 

organisms. 
● Suggest ways to minimise land degradation. 
● Conduct situational analysis of the water resources in the local community and make evidence- 

based recommendations for the sustainable use of water resources. 

Learning Experiences 
 

Learners browse the web links https://bit.ly/3FotjDW, https://bit.ly/33942Rt, https://bit.ly/34M2DRc, 
https://bit.ly/3qkEI3C and https://bit.ly/3Gqu0ya or explore other relevant books/online sources to 
gather information on causes, process and impacts of land degradation. Make a summary note of your 
understanding. 

Read information on ‘land degradation scenario in Bhutan and impacts of land degradation’ from the 
web links https://bit.ly/3K0YWY1, https://bit.ly/3GnAtK4 and https://bit.ly/33xzmc4 or explore other 
relevant books/online resources. 

Questions 

1. Elucidate the process of land degradation. 
2. Why is land degradation a global concern? Justify. 

Land is an important substrate on which all the living organisms thrive and the biogeochemical cycles 
take place. The productivity of many sections of land is decreasing due to desertification, alkalinisation, 
acidification, salinisation, and soil erosion. Land degradation has an adverse impact on the environment, 
the economy of the nation and the society as a whole. Such activities not only affect the lives of humans, 
but also of other organisms and the environment in general. Understanding its causes and impacts is 
important to prevent land degradation. 

https://bit.ly/3fEBwtp
https://on.natgeo.com/3K7Eepu
https://bit.ly/3FotjDW
https://bit.ly/33942Rt
https://bit.ly/34M2DRc
https://bit.ly/3qkEI3C
https://bit.ly/3Gqu0ya
https://bit.ly/3K0YWY1
https://bit.ly/3GnAtK4
https://bit.ly/33xzmc4
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3. Analyse the major causes and impacts of land degradation in Bhutan. List down some of the 
measures taken by the government to prevent and restore land degradation. 

Visit the degraded land area in your local community or use a computer with pre-installed Google Earth 
Pro connected to the internet to find area with land degradation in Bhutan, or use suggested coordinates 
(26°50’14.38” N 89°14’45.82” E) to get into the area. 

Study the area and prepare a presentation with the following information: 

● Causes of land degradation 
● Impact of land degradation on social, environmental and economic domains of the community. 
● Initiatives of local communities and relevant authorities to combat land degradation in the area. 
● Predict the area coverage after five years if the same trend continues in the area. 
● Individual roles and responsibilities to prevent, minimise or restore land degradation in the area. 

Make a presentation to the class or upload in the Google class. 

 
Visit the links https://bit.ly/3GqEq0L https://bit.ly/31WAu8Y, https://on.doi.gov/3fpd2UI or explore 
other relevant books, or online resources to understand the Global Distribution of Earth’s Water 
Resources and analyses the status of freshwater resources. 

Identify the various sources of freshwater in Bhutan. Refer to the National Environment Report or 
explore other relevant books/journals/online resources to design a pie chart on distribution of water 
resources in Bhutan. Learners are free to use any ICT tools to design the pie chart. Present the Pie Chart 
to the class or upload in the Google Classroom. 

Watch the videos from https://bit.ly/3qmEw3N, https://bit.ly/3HROlg6 on the importance of managing 
natural resources, or explore other relevant books/online resources. For additional information on water 
pollution and its impacts, visit the links https://bit.ly/3nlMZCw, https://bit.ly/3qnQvyf or other relevant 
books/online resources. 

Designs a questionnaire to carry out a detailed survey on water resources, e.g., freshwater, in the locality 
under the following areas: 

● Availability 
● Accessibility 
● Equitable distribution 
● Over-utilization and contamination 
● Challenges in management of freshwater 

Water is an indispensable resource for all forms of life on the Earth. All the human activities are centred 
around the water. Industrialization and many other developmental activities have limited the organisms' 
access to safe drinking water. Expansion of agriculture, damming, diversion, overuse and pollution have 
threatened water resources in many parts of the world. 

Providing safe drinking water has become one of the greatest challenges today. Water contamination is 
a concern even for the developed countries with all the advanced technology and resources at their 
disposal. Therefore, the study of how human activities affect the quality as well as the quantity of 
freshwater resources, and the ways to manage them have gained a new dimension. 

https://bit.ly/3GqEq0L
https://bit.ly/31WAu8Y
https://on.doi.gov/3fpd2UI
https://bit.ly/3qmEw3N
https://bit.ly/3HROlg6
https://bit.ly/3nlMZCw
https://bit.ly/3qnQvyf
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● Recommendation or strategies to conserve water resources at present and for future generation. 

Write a report on the finding of the study. Include pictures and photographs in the reports. Present the 
report in the class or upload it in Google Classroom. 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Causes and impacts of land 
and water degradation 

● Ability to obtain and analyse 
the information to carry out 
field study. 

● Realise the impacts of land 
and water degradation and 
importance of its 
management. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XII, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Land Degradation - https://bit.ly/3FotjDW, https://bit.ly/3qkEI3C 
4. What drives land degradation - https://bit.ly/33942Rt 
5. Land Degradation Neutrality. Why it matters, how it’s done - https://bit.ly/34M2DRc 
6. Why soil matters - https://bit.ly/3Gqu0ya 
7. Land Degradation in Bhutan: An Overview - https://bit.ly/3K0YWY1 
8. Types of Land degradation in Bhutan - https://bit.ly/3GnAtK4 
9. National Action Program to Combat Land Degradation - https://bit.ly/33xzmc4 
10. Show me the water - https://bit.ly/3GqEq0L 
11. Global Distribution of water - https://bit.ly/31WAu8Y 
12. Where is Earth’s Water - https://on.doi.gov/3fpd2UI 
13. Water resources in Bhutan: Challenges and Hopes - https://bit.ly/3qmEw3N 
14. Water in Bhutan’s Economy: Importance to Government - https://bit.ly/3HROlg6 
15. What is water pollution - https://bit.ly/3nlMZCw, https://bit.ly/3qnQvyf 

https://bit.ly/3FotjDW
https://bit.ly/3qkEI3C
https://bit.ly/33942Rt
https://bit.ly/34M2DRc
https://bit.ly/3Gqu0ya
https://bit.ly/3K0YWY1
https://bit.ly/3GnAtK4
https://bit.ly/33xzmc4
https://bit.ly/3GqEq0L
https://bit.ly/31WAu8Y
https://on.doi.gov/3fpd2UI
https://bit.ly/3qmEw3N
https://bit.ly/3HROlg6
https://bit.ly/3nlMZCw
https://bit.ly/3qnQvyf
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2.4 Air Quality Index  
(350 minutes) 

Competency: 
● Investigate the air quality using AQI and indices by using different technologies, and understand 

the causes of air pollution and measures to reduce air pollution. 

Scope: 
● This topic explains the determination of the air quality index. It also discusses the health hazards 

based on AQI range and levels. 

Learning Objectives: 
● Explain the ways of determining the air quality. 
● Assess the air quality using the air quality index. 
● Justify the need to improve the quality of air. 

Learning Experiences 
 

Learners explore information on ‘Air Quality Index (AQI) and its working’ by watching the video from 
the web link https://bit.ly/3JWTTHT and https://bit.ly/34UjfWQ. Gather additional information on AQI 
from internet or relevant books. Make a mind map to record your understanding. 

Watch videos https://bit.ly/3f7QAj7 and https://bit.ly/3GKBYSG to gather information on the level of 
AQI and health related concerns. Visit https://bit.ly/3ruFcmX or the school library to collect additional 
information. Discuss and prepare a presentation on AQI, its indicators and health hazards. Present the 
work in the class. 

Explore Ambient Air Quality in Bhutan either visiting libraries or from the available online resources. 
Visit suggested web link https://bit.ly/3qdIqvK. Explore the place’s AQI. Based on the data, evaluate 
the AQI and make interpretations on the air condition of the place. 

Visit https://bit.ly/3qPYqEN to find out World’s Air Pollution - a real time air quality index. Evaluate 
the air quality of your dreamland. How safe is the place? 

Visit the links like https://bit.ly/33s4N8m or https://bit.ly/3fAvjie to learn more about calculating the 
AQI. 

Different kinds of contaminants are discharged into the environment due to various human activities. 
Pollutants from different sources and other chemicals enter different spheres of the Earth. They bring 
undesirable changes in the physical, chemical and biological components of the environment impacting 
all life forms. The change in the conditions of the environment is monitored by using various monitoring 
tools to quantify the amount of pollutants entering the environment. Whether these exhausts contribute 
to air pollution is understood through the study of Air Quality Index (AQI). 

This method helps us explain the levels of pollutants and their trends of potential problems. However, 
do you know how this study is carried out? To understand more, let us explore together. 

https://bit.ly/3JWTTHT
https://bit.ly/34UjfWQ
https://bit.ly/3f7QAj7
https://bit.ly/3GKBYSG
https://bit.ly/3ruFcmX
https://bit.ly/3qdIqvK
https://bit.ly/3qPYqEN
https://bit.ly/33s4N8m
https://bit.ly/3fAvjie
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Watch the video on ‘New Technology to Minimise Air Pollution’ from the web link 
https://bit.ly/31SAarO. Gather additional information from other resources and strategies to reduce air 
pollution and share with your friends. 

Questions 

1. Apply the knowledge of AQI and complete the table given below. 

Pollutant Level AQI 

PM 2   

PM 10 70 μg/m3 .......................... 

Carbon monoxide   

Ozone ........................................ 35 

Sulphur dioxide 0.68 ppm ........................ 

2. List down some of the possible health and environmental impacts caused by increase in the 
following air pollutants in the atmosphere. 

i. Particulate matter (PM) 
ii. Ground level ozone 

iii. SO2 

iv. CO 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Concept of AQI, cause, 
impacts and indicators 

● Ability to synthesise 
information and interpret 
AQI data. 

● Recognise the causes and 
impacts of air pollution and be 
responsible for one’s action. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XII, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. What is the Air Quality Index and how does it work - https://bit.ly/3JWTTHT 
4. Air Quality Index (AQI)-What it Means for You - https://bit.ly/3f7QAj7 
5. Air Quality Index - https://bit.ly/34UjfWQ 
6. How we measure air quality - https://bit.ly/3r3qa7C 
7. World’s Air Pollution - a real time air quality index - https://bit.ly/3qPYqEN 

https://bit.ly/31SAarO
https://bit.ly/3JWTTHT
https://bit.ly/3f7QAj7
https://bit.ly/34UjfWQ
https://bit.ly/3r3qa7C
https://bit.ly/3qPYqEN
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8. Air quality index scale and colour legend - https://bit.ly/3ruFcmX 
9. AQI Calculator - https://bit.ly/33s4N8m 
10. AQI Calculator - US EPA Scale Converter - https://bit.ly/3fAvjie 
11. How air quality affects our health - https://bit.ly/3GKBYSG 
12. New Technology to Minimise Air Pollution Developed by the Government Institute-. 

https://bit.ly/31SAarO 
 

2.5 Pollution Reduction  
(300 minutes) 

Competency: 
● Investigate the air quality using AQI and its effects on environment, human’s health and the 

wellbeing of communities, and suggest ways to minimise the air pollution. 

Scope: 
● This topic explains environmentally-friendly technologies to reduce air pollution - carbon 

capture and storage technologies, flue-gas desulphurisation and thermal oxidiser. 

Learning Objectives: 
● Discuss the emerging causes of air pollution. 
● Explore modern technologies used in the reduction of air pollution. 
● Justify the need to use modern technologies in the reduction of air pollution. 

Learning Experiences 
 

Learners explore information on different technologies used to reduce pollution from the books or 
available online resources and maintain notes. Further, watch videos on ‘the best practises of reducing 
waste’ on web link https://bit.ly/3nhsAOI, and how Sweden is turning its wastes into gold 
https://bit.ly/3ficwI9. Furthermore, explore related information on ways to reduce pollution from 
available resources. Prepare presentation to share your understanding with the class. 

Carry out field study in the locality and identify the various sources of pollution. Discuss their impacts 
on the environment and health of organisms. Design a simple model to test the air quality. Then, design 
ways to reduce pollution identified from the locality and share the work to the class. 

Questions 
1. Analyse other ways that can help to reduce environmental pollution. 
2. Evaluate different technologies used to reduce environmental pollution and justify which one do 

you think is the best one to reduce pollution? Support your answer with valid reasons. 

Waste is created by all life forms. However, the human population, modernisation and its lifestyles have 
created more wastes than nature can cope with. In a few cases, humans have completely devastated the 
whole ecosystems. Studies claim that solid, gaseous and liquid wastes can cause serious problems for 
humans and the environment if they are not treated, transported and managed safely. To solve these 
problems, developed countries have implemented various measures by using environmentally-friendly 
infrastructure and technologies. Can you name a few innovative technologies used for reducing 
pollution? 

https://bit.ly/3ruFcmX
https://bit.ly/33s4N8m
https://bit.ly/3fAvjie
https://bit.ly/3GKBYSG
https://bit.ly/31SAarO
https://bit.ly/3nhsAOI
https://bit.ly/3ficwI9
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3. How can carbon offsetting help mitigate negative environmental impact? 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Knowledge of different 
technologies and measures 
to reduce pollution. 

● Ability to gather 
information on the topic 
and analyse to design 
solutions to pollution 
reduction. 

● Realise that humans are the 
cause of pollution, and the 
need to change the behaviour. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XII, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Best Practices in Waste Reduction; Chapter 1 of 12 - https://bit.ly/3nhsAOI 
4. How Sweden is turning its waste into gold - https://bit.ly/3ficwI9 

 
2.6 Biological Pollutants  

(350 minutes) 

Competency: 
● Explain the effects of biological pollutants and GMOs to human health and environment, and 

sensitise the local community on preventive measures backed by scientific evidence as strategies 
to mitigate the impending biological disaster. 

Scope: 
● This topic entails the concept of biological pollution including GMOs and genetic pollutants, its 

impact on human health and environment. It also explores preventive measures. 

Learning Objectives: 
● Explain biological pollution with examples. 
● Investigate the effects of biological pollutants and GMOs on human health and the environment 

Learning Experiences 
 

Biological pollutants are substances in our environment which come from living organisms and can 
affect our health. They include things such as pollen from trees and plants, insects or insect parts, certain 
fungi, some bacteria and viruses, and even animal hair, animal skin scales, saliva, and urine. Like other 
forms of pollutants, biological pollutants also contribute to pollution in various forms including 
promotion of poor indoor air quality. The effects of biological pollutants on our health depend on the 
type and amount of biological pollution and the person. Some people do not experience health reactions 
from certain biological pollutants, while others may experience one or more of reactions such as allergy, 

https://bit.ly/3nhsAOI
https://bit.ly/3ficwI9
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Learners explore the information on biological pollutants, GMO and Genetic pollution from the online 
resources or gather information. Visit suggested web link https://bit.ly/3fhiaub about concept, causes, 
health effects, and ways to prevent ‘Biological Pollution’. Prepare a presentation to share with others. 

Further, gather information on effects of GMO in the web links https://bit.ly/3fi810a and 
https://bit.ly/338YN4f or explore information from the available books. Discuss the pros and cons of 
GMO for humans. 

Develop a set of hypotheses on biological pollution (e.g., causes and impacts) to be tested or verified 
through reading articles related to genetic pollution. Discuss information gathered from the articles, 
analyse the data and interpret findings in the form of posters using digital tools. Uploaded the work in 
the google classroom or in other learning forums for evaluation. 

Explore the potential risk of GMO and its uses in Bhutan on human health and biodiversity from online 
resources or from the books. In addition, gather information on policies and acts related to GMO. 
Analyse and discuss the potential risks on human health and biodiversity biological pollution. 

Carry out community awareness programs to advocate about issues, risks and preventive measures of 
biological pollution. Learner may create posters or make videos and share through social media. 

Questions 

1. How is genetic pollution a threat to human beings? 
2. Is there any threat from genetic pollution in Bhutan? Explain. 
3. Evaluate ways to reduce genetic pollution. 
4. List some of the biological pollutants you have encountered in your place and explain how they 

affect your health. 

Assessment and Reporting 

The teacher may use rubrics or checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Concept of biological 
pollutants, potential risks 
and preventive 
measures. 

● Ability to synthesise 
information, design preventive 
measures against pollutants 
and create videos to advocate 
for the community. 

● Appreciate different policies 
and acts are framed and 
regularised as preventive 
measures for biological 
pollutants. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XII, REC - 2019 Edition 
2. National School Curriculum Framework in Science 

infection or toxicity. Currently, owing to advancement in biotechnology, GMOs production has attracted 
the world. However, environmentalists raised concern of its impact on the surroundings. 

https://bit.ly/3fhiaub
https://bit.ly/3fi810a
https://bit.ly/338YN4f
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3. Biological pollution - https://bit.ly/3fhiaub 
4. Let’s Discuss GMO Effects on the Environment: GMO Answers - https://bit.ly/3fi810a 
5. The real problem with GMO food - https://bit.ly/338YN4f 

 
2.7 Mitigation and Adaptation to Climate Change  

(300 minutes) 

Competency: 
● Analyse the vulnerabilities and impacts of climate change, and design mitigation and adaptation 

measures for communities in Bhutan. 
Scope: 

● This topic evaluates the vulnerabilities and impacts of climate change. It also covers the 
development of climate change mitigation measures. It discusses the steps of the adaptation 
process to address the impacts of climate change. 

Learning Objectives: 
● Explain mitigation and adaptation to climate change. 
● Design climate change mitigation measures for a locality. 
● Design an adaptation plan and implement at local level to combat climate change. 

Learning Experiences 
 

Learners explore information on mitigation of climate change and significant measures taken by Bhutan 
to mitigate climate change from relevant sources (textbooks, internet, etc.). Make a summary of the 
understanding. 

Analyse the vulnerabilities and impacts of climate change using the web link https://bit.ly/3K7K1v1 The 
web link provides the overview of vulnerabilities and impacts of climate change. 

Visit the link https://bit.ly/3FnUFKv to understand the climate change mitigation strategies. In a group, 
develop climate change mitigation measures for Bhutan. Present your group work using digital tools to 
the class. Upload the presentation on climate change mitigation measures on any relevant learning 
forums. 

Divide into groups and explore the roles and responsibilities of the agencies, such as schools and 
institutions, National Environment Commission, Local community, Royal Society for Protection of 
Nature and Forestry Department towards climate change mitigation and adaptation. Present your 
findings to the class or share in Google Classroom for peer review. 

The two fundamental response options to the risks posed by climate change are mitigation and adaptation 
to climate change. In recent years, the world has made efforts to mitigate climate change through 
reducing and stabilising greenhouse gas concentration in the atmosphere. Since the progress in reduction 
of the GHG is very slow, adaptation is now viewed as a possible option to reduce the vulnerability to 
the anticipated negative impacts of climate change. It is important that mitigation and adaptation 
measures complement each other to reduce the risk of climate change. 

https://bit.ly/3fhiaub
https://bit.ly/3fi810a
https://bit.ly/338YN4f
https://bit.ly/3K7K1v1
https://bit.ly/3FnUFKv
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Questions 

1. Explain specific roles of each agency towards the mitigation of climate change. 
2. Why is it important to include the local community in implementing climate mitigation plans? 
3. How can schools and institutions play a key role in conserving the natural environment towards 

mitigating climate change? 
 

Explore information on adaptation to climate change including adaptation measures and steps of the 
adaptation process by browsing internet or any other relevant sources. Make a mind map to record your 
understanding. 

Select a particular place in the locality. Discuss and frame adaptive measures of the place by considering 
the given situation: “Assume that the climate in our place is changing, which is resulting in an increase 
in temperature and occurrence of drought.” Complete Table 2.1. Share your findings to create awareness 
within the locality. 

Table 2.1 Sample Worksheet 

Name of 
the Place 

 
Observation Assessment 

(Vulnerability) 

 
Planning 

 
Implementation Monitoring and 

evaluation 
      

Questions 
1. While doing the vulnerability assessment of your chosen place, what components did you 

consider? 
2. State the stakeholders you included while formulating the adaptation measures. 
3. Why are monitoring and evaluation stages important in the adaptation process? 
4. Suggest some other adaptation measures you anticipate to implement in your locality. 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Conceptual understanding 
of climate change 
mitigation and adaptation. 

● Ability to plan mitigation 
and adaptation measures 
against climate change. 

● Appreciate the significance of 
mitigation and adaptation strategies of 
climate change for the environmental 
and humans’ wellbeing. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Adaptation is an essential measure to address the impacts and opportunities created by changing climate. 
The Intergovernmental Panel on Climate Change (IPCC) defines adaptation as “Adjustments in natural 
or human systems in response to actual or expected climatic stimuli or their effects, which moderate 
harm or exploit beneficial opportunities”. Adaptation addresses the impacts of climate change, thereby 
increasing the adaptive capacity of the system. 
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Resources: 
1. Environmental Science Textbook of Classes XII, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Overview of Impacts, Adaptation, and Vulnerability to Climate Change - 

https://bit.ly/3K7K1v1 
4. Strategies for mitigation of climate change: a review - https://bit.ly/3FnUFKv 

 
2.8 Phenology and Climate Change  

(300 minutes) 

Competency: 
● Demonstrate an understanding of phenology and climate change by conducting scientific 

investigation, and write a manuscript to communicate the results to a larger audience. 

Scope: 
● This topic discusses phenology. It explains the steps of scientific investigation on phenology - 

observing and formulating, developing hypotheses, gathering evidence, drawing conclusions and 
sharing results. 

Learning Objectives: 
● Conduct scientific research on phenology and climate change by following a standard scientific 

method. 
● Communicate the findings in the form of an article/short communication/review paper etc. 

Learning Experiences 
 

Learners explore information on the scientific process of conducting the study on the phenology from 
the recommended web links https://bit.ly/3GpApcS, https://bit.ly/3totaOv, https://bit.ly/31RNbSi and 
https://bit.ly/337Cw6U. Further, explore information on the scientific process of carrying out study on 
phenology from the book resources. 

Discuss the scientific process of carrying out study methods (observing and formulating questions, 
developing hypotheses, gathering evidence, and drawing conclusions and sharing results), prepare PPT 
presentations and share in the class. 

As learned in class XI, phenology is the study of the recurring seasonal life cycle of plants and animals, 
and its relationship with the environment. It is the simplest process to track changes in the ecology of 
species in response to climate change. The phenophases of living things are sensitive to climatic 
conditions, and the trends in phenology serve as natural indicators of climate change. 

The study of phenology involves observing and keeping a record of changes in phenophases of living 
things over long periods of time. It is also deemed as investigative science, in which it involves scientific 
processes. Phenology investigation is one of the ways to understand climate changes and its impact on 
biodiversity. The phenophases are predominantly affected by climatic components such as temperature, 
rainfall, and day length. To learn more about it, let us explore together. 

https://bit.ly/3K7K1v1
https://bit.ly/3FnUFKv
https://bit.ly/3GpApcS
https://bit.ly/3totaOv
https://bit.ly/31RNbSi
https://bit.ly/337Cw6U
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Walk around the school campus, preferably to a place of natural setting where one can visit regularly. 
The learner then selects and identifies the plant of one’s interest in observing or investigating. Spend 
15-30 minutes every day observing the selected plants. 

Develop a hypothesis that relates the phenophases of a plant and the climate, you may record the 
observation of phenological events of the selected plant in Table 2.2 or use other best data recording 
formats available on the internet. 

Table 2.2 Sample phenology data table 

Sl. No. Date and Time Phenophases of plants and animals observed 

1.   

2   

Questions 

1. Why is careful observation important for developing questions in phenology study? 
2. What all things did you consider while formulating the question? 
3. Why are the formulated questions important? Justify. 

Based on the research questions, the learner makes hypotheses of the question. Then carries out a 
phenology study on the same plant identified to gather evidence by observation method, and records the 
observations as ecological notes. Explore the internet for the appropriate format. 

Present the report using digital tools and share it on the google classroom for evaluation. After the final 
edition, share the report on any relevant learning forums or conduct panel presentations in the class. 

Questions 

1. Which method of gathering evidence is easy to carry out the phenology study? Support your 
answer with reason. 

2. Why do you think phenology study is generally carried out for a long duration? 
3. Relate the significance of phenology to agricultural practises and climatic prediction. 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Concept on scientific 
process (formulating 
questions and hypotheses, 
gathering data and 
drawing findings / 
conclusion) of the study. 

● Ability to develop scientific 
processes (hypothesis, 
questions, observation and 
drawing conclusions / 
findings) and report 
writings. 

● Recognise significance of study 
in understanding the impacts of 
climate change on phenology. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 
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Resources: 

1. Environmental Science Textbook of Classes XII, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. The Scientific Method: Steps, Terms and Examples - https://bit.ly/3GpApcS 
4. The scientific method - https://bit.ly/3totaOv 
5. Example of a controlled experiment using the scientific method - https://bit.ly/31RNbSi 
6. Independent and dependent variable - https://bit.ly/337Cw6U 

 
2.9 Disaster Risk Reduction  

(300 minutes) 

Competency: 
● Analyse the disaster management cycle and roles and responsibilities of relevant stakeholders to 

formulate a mitigation plan to reduce severity of the risk associated with the hazards. 

Scope: 
● This topic describes the phases of disaster management - preparedness, response, recovery and 

mitigation. It explores disaster risk assessment and formulating mitigation plans. 

Learning Objectives: 
● Explain mitigation using the disaster management cycle and ways by which it reduces the risk. 
● Plan and carry out disaster mitigation activities at school and community level. 
● Recognise the need for DRR at all levels. 

Learning Experiences 
 

Learners watch the video available at https://bit.ly/3zRoaTM or explore other relevant resources to 
understand the relationship between disaster, risk, hazard and vulnerability. Make a PPT presentation 
based on the understanding. 

Explore information on disaster management cycles from https://bit.ly/3Kgd1Rw and from relevant 
books or other relevant sources. Based on the information gathered, make a summary of the disaster 
management cycle. Share with friends for peer review and comments. 

Watch the video at https://bit.ly/33v9Gx2 and https://bit.ly/3tmCd2D to understand the need for a 
proper disaster mitigation plan by taking GLOF as an example. 

Use Google Earth to locate the Thorthormi and Raphstreng or other lakes in Bhutan and measure the 
area of the water mass covered by the lakes, soil types and the physical features around them. Predict 
the future of Moraine dam if breached by the receding Thorthormi and Raphstreng lakes, and its 
consequences on the livelihood of people downstream? 

Disaster is a sudden, calamitous event that severely disrupts the functioning of a community or a society, 
and causes human, material and economic or environmental losses that exceed the community’s and 
society’s ability to cope using its resources. Alarmed with the unprecedented impacts, one may wonder, 
what are the causes of disaster? What are the impacts of disaster on society? Are there ways we can 
prevent the occurrence of disaster? Is Bhutan prone to disaster? If so, from what type of hazards? 

https://bit.ly/3GpApcS
https://bit.ly/3totaOv
https://bit.ly/31RNbSi
https://bit.ly/337Cw6U
https://bit.ly/3zRoaTM
https://bit.ly/3Kgd1Rw
https://bit.ly/33v9Gx2
https://bit.ly/3tmCd2D
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Questions 

1. How is GLOF a hazard to the life and economy of people downstream? 
2. Based on the perception formed from the above, explain the significance of disaster management 

plans. 
3. Enumerate perceived diverse impacts of GLOF disaster for Bhutan with examples. 

To understand the process of disaster risk assessment using the disaster management steps, visit your 
school or locality to design and construct a model (diagram) of the mitigation phase using digital tools. 
Share your work to the class or upload it in the Google Classroom. 

Discuss the significance of Disaster Risk Reduction for a community o schools. Share the work to the 
class. 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Conceptual 
understanding of disaster 
management. 

● Ability to design a conceptual 
model of mitigation of GLOF 
disaster using digital tools. 

● Recognize the threat posed by 
GLOF and advocate the 
mitigation measures against it. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XII, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. A GLOF threatens Bhutan right now - https://www.thethirdpole.net/en/energy/glof-bhutan/ 
4. The Google Earth - https://www.google.com/earth/ 
5. Relationship between disaster, risk, hazard and vulnerability - https://bit.ly/3zRoaTM 
6. Disaster management cycle from internet - https://bit.ly/3Kgd1Rw 
7. Glacier lake outburst flood - https://bit.ly/33v9Gx2, https://bit.ly/3tmCd2D 

https://www.thethirdpole.net/en/energy/glof-bhutan/
https://www.google.com/earth/
https://bit.ly/3zRoaTM
https://bit.ly/3Kgd1Rw
https://bit.ly/33v9Gx2
https://bit.ly/3tmCd2D
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2.10 Disaster Management Practises in Bhutan  
(300 minutes) 

Competency: 
● Analyse disaster management practices in the country, region and the world, and recommend 

improvements for a resilient community. 

Scope: 
● This topic explores characteristics of a resilient community and standard process involved to 

assess the resilience. It also discusses disaster management practices of Bhutan in the area such 
as the flood, earthquake, fire, windstorm and landslide, and national biosafety framework. 

Learning Objectives: 
● Explain the standard process involved to assess the resilience. 
● Evaluate the disaster resilience of a school or a community. 
● Evaluate disaster management practices in Bhutan and provide necessary recommendations. 

Learning Experiences 
 

Learners explore books or other relevant sources to gather information on community disaster resilience. 

Explore an appropriate tool such as survey questionnaires to assess or measure community disaster 
resilience at a suggested link https://bit.ly/3HQlokG. Adopt or adapt the survey questionnaire based on 
your school’s situation and administer it to gather vital information about their community disaster 
resilience. Share your findings to the class to raise awareness and sensitise on the importance of 
community disaster resilience. 

Questions 

1. Is your school, as a community, disaster resilient? 
2. What kind of disaster is your school prone to? 
3. List some preparedness activities that are carried out by your school to prevent disasters. 
4. What are the key elements used to assess the disaster resilience of a community? 

By using scrap materials around, design and construct a model that is disaster resistant. 

 

The Department of Disaster Management (DDM) under the Ministry of Home and Cultural Affairs 
facilitates disaster management systems in the country. It is the responsibility of DDM to develop 
guidelines and legislation on disaster management, coordinate awareness-raising and building capacities 
on disaster mitigation, preparedness and response. In general, disaster management acts of Bhutan 
ensure the safety of the people, and security of the public assets and services by reducing and managing 
disaster risk. 

Resilience is the ability of a system, community or society to resist, absorb, adapt and quickly recover 
from the effects of a hazard efficiently without compromising their long-term prospects. Since no 
community can be completely safe from natural and anthropogenic hazards, it may be helpful to think 
of a disaster-resilient community as the safest possible means for a community. Achievement of disaster- 
resilient communities necessitates knowledge to design and apply Disaster Risk Reduction measures. 
Why is disaster resilience important? How can you be resilient in times of calamities? 

https://bit.ly/3HQlokG
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Explore disaster management policies from books or other relevant sources. Make note and use it when 
reviewing the disaster management plan for your school. 

Review any resources - audio-visual or print, on disaster management plans and practices for the nation. 
Then, review the Disaster Management plan and practices at the school level. Analyse information to 
deduce the salient features of disaster management in the school. With the use of ICT tools, make a 
presentation on how the national Disaster Management plans are synchronised with the school level 
plans. 

Questions 

1. Why are disaster management policies important for the nation and the school? 
2. Why is community participation important in disaster management? 
3. What are the central generic ideas in disaster management? 

In the light of building structure, location, architectural design and materials used in the construction of 
houses, comment on the safety to life of inhabitants. 

Then, use the Designing Thinking method to design a model of a safe house. Prepare a report supported 
with appropriate pictures to justify your innovation, and present to the class or share in relevant social 
media. 

Explore and analyse the National Biosafety Framework of Bhutan, or of any other country, in terms of 
intent, benefits and disadvantages, including the commitment from the people. Then, make a mind map 
to articulate your understanding. 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Conceptual understanding of 
disaster management, disaster 
resilient community and national 
and international policies on 
disaster management. 

● Ability to design safe 
houses through 
understanding of 
disaster management 
strategies and policies. 

● Recognize the significance of 
disaster management in 
reducing the impact of 
disasters. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 
● Environmental Science Textbook of Classes XII, REC - 2019 Edition 
● National School Curriculum Framework in Science 
● Measuring disaster-resilient communities: a case study of coastal communities in Indonesia - 

https://bit.ly/3K4D2mA 
● Measurement of community disaster resilience - https://bit.ly/3HQlokG 
● Acts, Rules and Publications - https://bit.ly/3rgqksr 
● Climate change fuelling glaciers to retreat at an alarming pace - https://bit.ly/3K4hTJk 

https://bit.ly/3K4D2mA
https://bit.ly/3HQlokG
https://bit.ly/3rgqksr
https://bit.ly/3K4hTJk
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Challenge Your Thinking 

1. ‘The Mining sector is considered one of the 5 economic jewels of the country. But it is also 
perceived as one major activity contributing to land degradation.’ What measures do you think 
can be taken to ensure that mining contributes to minimum land degradation? 

2. According to Eswaran. H et al. (2001), 2.99% of the land in Bhutan is vulnerable to 
desertification. Which type of landforms could be more vulnerable? Why? 

3. How can practising sustainable development contribute to the reduction of human ecological 
footprint? 

4. Discuss how the knowledge of Ecological Footprint and carbon footprint is important for the 
policymakers? 

8. Design an action plan to create awareness on the impact of land degradation in your community. 
Upload the action plan in your Google classrooms or learning forums. 

9. If the annual average level of PM 2.5 in Gomtu is 0.02 ppm, what is the AQ based on PM 2.5? 
Evaluate the purpose of AQI? 

10. ‘Wastes and pollution are major concerns in Bhutan.’ Analyse the statement and develop a way 
forward on how you as Bhutanese can contribute in fulfilling the national goals of zero waste, 
and pollution free country in the world. 

11. ‘Genetic Pollution is more dangerous than the other types of pollution.’ Justify. 
12. Study the picture provided. Explain why are they termed as biological pollutants? 

 

(Image Source: https://www.google.com/search?q=biological+pollutants &rlz) 

13. Explain the significance of Bhutan Agriculture and Food Regulatory Authority (BAFRA) in 
Bhutan. 

14. Why does Bhutan implement a low GHG emission development plan, though it is a carbon 
negative country? 

15. Study the figure given below and answer the following questions: 
a. Name the phenomenon shown by the picture below. 
b. Explain the possible causes of the phenomenon. 
c. What are your recommendations to prevent such catastrophes? 

https://www.google.com/search?q=biological%2Bpollutants%20&rlz
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(Left hand view; Gangu La in 2014, and Gangu La in 2019 - Picture Courtesy: NCHM) 

16. Watch the video on GLOF in Bhutan at https://bit.ly/3FpinGq and https://bit.ly/3zQCH2h. 
Prepare a commentary note of how the GLOF is a disaster. 

https://bit.ly/3FpinGq
https://bit.ly/3zQCH2h
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3. Natural Resource Management 
The natural world is composed of biotic and abiotic constituents. The variety of life forms on the Earth 
is called biodiversity. The health of the natural world largely depends on the existence of varieties of 
flora and fauna and their interactions amongst themselves and with their physical environment. 
Biodiversity can be studied at three main levels as species diversity, genetic diversity, and ecosystem 
diversity. 

Biodiversity has tangible and intangible significance. However, despite a good number of initiatives of 
the Government, biodiversity is in decline. Why is biodiversity always under serious threats? What 
would be consequences if biodiversity is erased from the phase of the Earth? 

Natural resources and biodiversity offer huge potential for livelihood, food security, eco-tourism, 
hydropower and many more. However, they are increasingly threatened to destruction by unsustainable 
practices such as deforestation, land fragmentation, land use change, mining, construction of 
infrastructures and many other anthropogenic activities. Without well-planned biodiversity 
management, many endangered species will soon become extinct, upsetting the balance in the 
ecosystem. Therefore, management of biodiversity is regarded as an important activity to maintain the 
equilibrium in nature. How is scientific research critical in making evidence-based management 
recommendations for the biodiversity managers and officers? 

Energy is one of the key factors in determining the economic development of a country. Urbanisation 
and industrialization would not have taken place without the utilisation of energy. Fossil fuel in the past 
few centuries has generated tremendous wealth and made our life easier. However, the continuous 
overuse of fossil fuels results in its depletion and increases its cost. The effect of using fossil fuels on 
the environment and climate is becoming a major concern worldwide. Therefore, it is important that we 
widen the energy mix through harnessing other forms of clean and renewable energy. How does 
alternative energy answer the global and national energy issue? Predict the future trend in the field of 
alternative energy sources in our country. 

 

3.1 Benefits of Biodiversity Conservation  
(300 minutes) 

Competency: 
● Demonstrate the understanding of biodiversity benefits for supporting the organisms on the 

Earth and the socio-economic development of the country to explain the importance of 
biodiversity conservation. 

Scope: 
● This topic entails cultural, economic, and ecological benefits of biodiversity conservation against 

natural disaster, recreation and tourism, agriculture and food security, genetic resources, source 
of food and raw materials and balance in the ecosystem. 

Learning Objectives: 
● Explain biodiversity conservation in terms of cultural, economic and environmental wellbeing. 
● Investigate how the biodiversity contributes to the livelihood and wellbeing of community in the 

locality. 



IG-NSC  

82 Environmental Science – Class XII 

 

 

Learning Experiences 
 

Learners watch a video to gather information on the importance of biodiversity from 
https://bit.ly/3zThTah and https://bit.ly/3fg0m2H. Visit weblink https://bit.ly/3I0gba4 and 
https://bit.ly/3fipSnV or relevant books for additional information. Identify the benefits and record the 
findings in sample Table 3.1. 

Table 3.1. To record findings 

Area How does conservation benefit it? 

Mitigation of natural hazards  

Recreation and tourism  

Agriculture and food security  

Genetic resources  

Source of food and raw materials  

Balance in the ecosystem  

Explore in the nearby community to analyse how people depend on biodiversity, directly or indirectly, 
for their sustenance, social and cultural practices, economy and others. Prepare a short video clip or 
photo story using digital tools and upload in social media platforms to advocate the importance of 
biodiversity. 

Watch the video from https://bit.ly/3FmcOIN to better understand the value of biodiversity. The video 
gives examples of individuals who can get active and help conserve biodiversity. 

Watch the TED talk on “This country isn’t just carbon-neutral it’s carbon negative” by Dasho Tshering 
Tobgay available at https://bit.ly/3njzlQ4, and answer the following questions. 

Questions 

1. Whose visionary leadership has led to maintaining a rich biodiversity? 
2. Why do you think our protected areas are core to our carbon-neutral strategy? 
3. Why is conservation of our biodiversity critical to the mission of Bhutan for Life and Earth for 

Life? 
4. Analyse the roles of spiritual and cultural belief systems that support the conservation of 

biodiversity in Bhutan. 

Biodiversity conservation is an essential part of Bhutan’s rich heritage. As an agrarian society, 
biodiversity holds great economic, social, ecological, cultural and spiritual importance and has always 
been a source of sustenance. The distinct customary practises and traditions associated with biodiversity 
are evidence of a harmonious and vibrant relationship that exists between nature and the culture. 

https://bit.ly/3zThTah
https://bit.ly/3fg0m2H
https://bit.ly/3I0gba4
https://bit.ly/3fipSnV
https://bit.ly/3FmcOIN
https://bit.ly/3njzlQ4
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Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Benefits of 
biodiversity 
conservation 

● Ability to conduct study and 
interview people 

● Create videos and photo story 

● Recognise the benefits of 
biodiversity conservation 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

● Environmental Science Textbook of Classes XII, REC - 2019 Edition 
● National School Curriculum Framework in Science 
● What is biodiversity and why is it important? - https://bit.ly/3zThTah 
● Biodiversity loss - https://bit.ly/3fg0m2H 
● Economic benefits of biodiversity - https://bit.ly/3I0gba4 
● Biodiversity Conservation: Types, Importance and Methods - https://bit.ly/3fipSnV 
● This country isn’t just carbon neutral- it’s carbon negative - https://bit.ly/3njzlQ4 
● Learning to protect biodiversity - https://bit.ly/3FmcOIN 
● Camera for field recording 

 
3.2 Efforts to Manage Biodiversity  

(300 minutes) 

Competency: 
● Examine the roles of national policies and legislations, international treaties and conventions 

for the conservation of biodiversity, and recognise the importance of those policies in 
management of the biodiversity. 

Scope: 
● This topic covers national policies and legislations, and international treaties and conventions 

adopted to conserve biodiversity. 

Learning Objectives: 
● Explain the significance of policies, legislation and international convention in biodiversity 

conservation. 
● Analyse national policies and legislations, and international treaties adopted by Bhutan for the 

conservation of biodiversity. 

Learning Experiences 
 

Considering the continued threat and loss of biodiversity, it is important to safeguard biodiversity at a 
wider scale. Conservation action is carried out within policy frameworks and legal systems established 
by governments and international unions. A wide range of national policies and legal measures for the 

https://bit.ly/3zThTah
https://bit.ly/3fg0m2H
https://bit.ly/3I0gba4
https://bit.ly/3fipSnV
https://bit.ly/3njzlQ4
https://bit.ly/3FmcOIN
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Learners gather information on national policies and legislation such as, Assessment Act 2000, The 
Biodiversity Act of Bhutan 2003, National Environment Protection Act 2007, Biosecurity Policy of the 
Kingdom of Bhutan 2010, The National Forest Policy, 201. Visit the publication column in the websites 
of National Environment Commission of Bhutan at http://www.nec.gov.bt, National Assembly of 
Bhutan https://www.nab.gov.bt/en/, Department of Forest and Park Services https://www.dofps.gov.bt 
to get the copy of national policies and legislations. Make a summary focusing on the purpose, benefits 
and impacts on the communities. 

Carry out literature research on the following international treaties and conventions - CBD, CITES, 
Convention on Wetlands, World Heritage Convention, Convention on Migratory Species (Bonn 
Convention) from internet and relevant books. Base your literature review to answer the following 
questions: 

● Write the purpose or objective of initiating the treaties and conventions mentioned above. 
● How do these treaties and conventions contribute to conservation of biodiversity of the countries? 
● What are the strengths and weaknesses of the existing Strategic Plan of the Convention on 

Biological Diversity? 
● What are the commitments of parties joining the Ramsar Convention? 
● What are the criteria used by the World Heritage Committee to select World Heritage Sites? 
● What are some of the challenges faced by countries in the implementation of the strategic plan 

of the conventions and treaties at the local, national, regional or global levels? 
● In your opinion, which one of the treaties or conventions would be very useful for biodiversity 

conservation in our country? Why? 

Make a summary of the findings and do a peer review. 

Questions 

1. What are the big ideas of the enactment of national policies and legislation on biodiversity 
conservation? 

2. Describe some of the significant benefits that Bhutan derives from the international treaties and 
conventions? 

3. What are some “trade-offs” when Bhutan makes a commitment to the international treaties and 
conventions and the associated impact on citizens? 

4. What are the strengths and weaknesses of the existing Strategic Plan of the Convention on 
Biological Diversity? 

5. What are some of the impacts on farmers due to national policies and acts on Biodiversity? 

conservation of biodiversity exist that vary from country to country depending on the social, political 
and economic scenarios. The policy includes national policies and acts, international treaties, legislation 
and convention where individual countries agree to abide by and adopt measures to safeguard 
biodiversity. 

http://www.nec.gov.bt/
https://www.nab.gov.bt/en/
https://www.dofps.gov.bt/
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Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Benefits of national and 
international policies and 
legislations in 
conservation of 
biodiversity in Bhutan. 

● Ability to do literature 
review, and make 
summary report. 

● Recognise the significance of 
policies, legislations, treaties 
and conventions in managing 
biodiversity. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XII, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. National Environment Commission of Bhutan - http://www.nec.gov.bt 
4. National Assembly of Bhutan - https://www.nab.gov.bt/en/ 
5. Department of Forest and Park Services - https://www.dofps.gov.bt 

 
3.3 Measures to Promote Biodiversity Management  

(300 minutes) 

Competency: 
● Analyse and describe the measures of biodiversity management at community and national level 

in Bhutan, and demonstrate the understanding on one’s own roles towards the conservation of 
biodiversity. 

Scope: 
● This topic includes measures to promote biodiversity management at community and national 

level. 

Learning Objectives: 
● Explain the importance of indigenous methods in biodiversity management. 
● Explain National Biodiversity Strategies and Action Plan (NBSAP). 
● Interpret the application of Biodiversity Management System (BMS) in the biodiversity 

conservation. 

Learning Experiences 
 

Community level biodiversity management is important to make it sustainable since community is 
directly involved in the use of natural resources. There is little chance of protecting biodiversity without 
community participation. As part of the process, local organisations engage with local people in 
strengthening the capabilities and decision-making process for biodiversity management 

http://www.nec.gov.bt/
https://www.nab.gov.bt/en/
https://www.dofps.gov.bt/
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Learners may work in groups and prepare a set of questions to gather information on indigenous 
practises for biodiversity conservation. Use all the available sources of information, such as the internet, 
interviews, library books, etc. Discuss in two groups and debate on pros and cons of indigenous practises 
of biodiversity conservation. 

Questions 

1. Which of the indigenous practises you learned through the debate can be considered the most 
suitable for the locality? Justify. 

2. How can these practises be relevant to biodiversity management at the national level? 
3. What are some of the challenges that the community faces in its effort to conserve biodiversity 

through indigenous biodiversity management practises? 
 

Review the National Biodiversity Strategies and Action Plan (NBSAP) document available at 
https://bit.ly/33fy2Ld. Identify and evaluate the strategies and actions committed towards conservation 
and sustainable utilisation of the biodiversity. Provide suggestions and recommendations to be 
incorporated in the NBSAP. 

 

Based on the above understanding, draw a framework of biodiversity management measures to promote 
biodiversity. Present to others in the class. 

Questions 

1. Justify the significance of field trips in environmental studies. 
2. What are the purposes of Biodiversity management purposes? 
3. Analyse the Biodiversity management practices in Bhutan. 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Conceptual understanding 
of the measures to 
promote biodiversity 
management. 

● Ability to design a 
framework of biodiversity 
management measures to 
promote its management. 

● Recognize the need to promote 
biodiversity management for the 
wellbeing of people. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Biodiversity management at national level involves the establishment of specific biodiversity 
organisations and legal frameworks to manage biodiversity conservation efficiently. In Bhutan, National 
Biodiversity Centre (NBC), Royal Society for Protection of Nature (RSPN), and Bhutan Trust Fund for 
Environmental Conservation (BTFEC) play important roles in the biodiversity management. Bhutan 
has adopted the National Biodiversity Strategies and Action Plan (NBSAP) which is the principal 
guiding document that consists of specific strategies for biodiversity planning and management. 

Some organisations or projects which have the impact on biodiversity adopt Biodiversity Management 
System (BMS) to systematically guide the organisation in its approach to conserve biodiversity. 

https://bit.ly/33fy2Ld
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Resources: 

1. Environmental Science Textbook of Classes XII, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. National Biodiversity Strategies and Action Plan (NBSAP) - https://bit.ly/33fy2Ld 
4. Biodiversity management system - https://bit.ly/337yhIw 
5. Learning to protect biodiversity - https://bit.ly/33jDpJk 

 
3.4 Challenges in Biodiversity Management  

(300 minutes) 

Competency: 
● Explain some of the factors and challenges affecting the biodiversity management in Bhutan, 

and suggest ways to address those challenges at the individual and community levels and inform 
the policy makers. 

Scope: 
● This topic covers the challenges faced in biodiversity management including human-wildlife 

conflicts. 

Learning Objectives: 
● Identify some of the challenges in biodiversity management in Bhutan. 
● Design innovative ways to mitigate the challenges of biodiversity management. 
● Analyse the causes of human wildlife conflicts with examples of threats to human life. 

Learning Experiences 
 

Learners read more about challenges in biodiversity conservation from the web link 
https://bit.ly/3I023NV and https://bit.ly/3qmr4ga or other sources like books, magazines, etc. Construct 
a mind map to record your understanding. 

Adopt or adapt a questionnaire to collect information for the human-wildlife conflict from the suggested 
research article available at https://bit.ly/3Kjdsur. Then, conduct a survey to identify human-wildlife 
conflict in your locality and analyse the data using excel, SPSS, or other statistical software. 

Read and review the related published papers and technical reports from various research databases such 
as Web of Science, Scopus, PubMed, ProQuest, etc., and write a recommendation and interventions for 
human-wildlife conflict mitigation for the local community. 

Design a conceptual framework for innovative ways to mitigate the challenges of biodiversity 
management and share your recommendation to the class or any other relevant social media platforms. 

There are numerous organisations working at different levels with specific protocols and mandates to 
manage and conserve biodiversity. Management protocols are deployed to mitigate the loss of 
biodiversity. Despite extensive planning, organisation and implementation, there is a rise in the loss of 
biodiversity. This is because there are numerous factors and challenges that affect the biodiversity 
management in Bhutan and across the world. 

https://bit.ly/33fy2Ld
https://bit.ly/337yhIw
https://bit.ly/33jDpJk
https://bit.ly/3I023NV
https://bit.ly/3qmr4ga
https://bit.ly/3Kjdsur
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Questions 

1. Explain some of the world-wide challenges in biodiversity management. 
2. Construct a Problem Tree (Refer: https://bit.ly/3GrgZnR) to identify and understand the multitude 

of challenges on biodiversity conservation. 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Conceptual understanding 
of the challenges in 
management of 
biodiversity. 

● Ability to design conceptual 
framework to mitigate 
biodiversity management 
challenges creatively. 

● Recognise the need to address 
the challenges of biodiversity 
management through use of 
innovative ideas. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XII, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. People’s perceptions of elephant conservation and the human-elephant conflict in Aceh Jaya, 

Sumatra, Indonesia. European Journal of Wildlife Research - https://bit.ly/3Kjdsur 
4. Biodiversity conservation in Bhutan: opportunities and challenges - https://bit.ly/3qmr4ga 
5. Challenges in conservation of biodiversity - https://bit.ly/3K7sNhy 
6. Constructing problem tree - https://bit.ly/3GrgZnR 

 
3.5 Water Management and Conservation  

(350 minutes) 

Competency: 
● Design and practice water management and conservation strategies to raise awareness on 

improving the quality of water and sustainable use of water. 

Scope: 
● This topic involves water management and conservation strategies, designing and practice of 

strategies. 

Learning Objectives: 
● Explain water conservations with its benefits. 
● Identify and explain water conservation techniques/methods practiced in the community or in 

the country. 

Learning Experiences 
 

Water is one of the most important resources for the survival of living organisms. Three fourths of the 
Earth’s surface is covered with water, and it exists in different forms. However, only 0.3 percent is 

https://bit.ly/3GrgZnR
https://bit.ly/3Kjdsur
https://bit.ly/3qmr4ga
https://bit.ly/3K7sNhy
https://bit.ly/3GrgZnR
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Learners explore the various types of water resources available on the Earth from the internet and 
relevant books. Compare the Earth’s water resources to that of Bhutan. Share the findings to the class. 

Gather information on water management systems in agriculture using web resources or through a field 
visit. Evaluate the findings and design suitable water management plans to be used in the community. 
Share it on social media platforms. 

Collect information on the water conservation approaches and conservation strategies in Bhutan. 
Evaluate the findings and deduce suitable conservation strategies to be used in the community for 
agricultural purposes. 

Questions 

1. List some of the water conservation methods that you think are appropriate for your village. 
2. Harvesting rain and run-off water have many advantages. List three advantages. 
3. Relate the significance of water conservation to the wellbeing of all living things. 
4. Water is an emerging source of social conflicts in the country and the larger world. Explain. 

Assessment and Reporting 

The teacher may use rubrics or checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Understand the 
definition of water 
resources, water 
management, and 
conservation strategies 
applicable to Bhutan. 

● Ability to design water 
management and 
conservation strategies. 
Deduce water management 
plan for agriculture in the 
community. 

● Value water conservation 
resources. Realise that water 
is essential for sustaining 
life and practice 
management strategies. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XII, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Waters of Bhutan - https://bit.ly/3f9bpuo 
4. Review on Water resource management - https://bit.ly/3nh3M9H 

freshwater available for consumption. Of the 3%, 2.6% of it is locked in the form of glaciers and polar 
ice caps. In Bhutan, freshwater sources are drastically declining over the years. Perennial streams have 
become seasonal, and springs and lakes are drying up. Therefore, the decline in quality and quantity of 
freshwater can be revived through research and proper strategies. What are some reasons for the decline 
in the quality and quantity of fresh water resources in the country? 

https://bit.ly/3f9bpuo
https://bit.ly/3nh3M9H
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3.6 Land Use and Land Conservation  
(350 minutes) 

Competency: 
● Study land use land cover change by exploring appropriate tools, and assess the impact to 

strategize proper measures for sustainable land use practices. 
● Explore strategies for land management and land conservation, and suggest ways to ensure 

efficient and sustainable use of land resources. 

Scope: 
● This topic encompasses the idea of land use land cover change, design mitigation measures for 

land use change, and carrying out soil tests, exploring management approaches through 
agriculture, mining land reclamation, and ethnoecology, provides hands-on experience to 
determine soil quality based on its properties, chemical content, and biological content. 

Learning Objectives: 

● Explain land use and land cover change with causes of land cover change. 
● Explain a sustainable land management approach to develop land management strategies for 

efficient use of the land. 
● Determine the soil quality through appropriate tests to ascertain the suitability of soil for specific 

purposes. 
● Design innovative land conservation strategies for the local community through the evaluation 

of land conservation strategies practised in Bhutan to promote sustainable use of land. 

Learning Experiences 
 

Learners explore information regarding land use and land cover change (LULCC) using web resources 
and referring relevant books. Refer the web link https://bit.ly/3fdfm1l on LULCC in Bhutan. Use Google 
Earth application to explore LULCC of Paro town between 2003 till now. List down some of the LULCC 
that you see and explain the factors responsible for the change. 

Guided by the teacher, the learner creates a map of the area using QGIS and make a presentation to the 
class. 

Carry out a field visit in the selected area and investigate the LULCC over any conceivable time, 
evaluate factors responsible for the change. List down some of the positive and negative impacts of the 
change found in the selected area. 

Land is one of the most essential natural resources for the survival of all living organisms. It is the 
resource on which humans carry out various land use practices by taking the advantages of other 
resources available on the land. Human activities are causing the land cover to change and are the 
greatest environmental concern because they trigger biodiversity loss. Therefore, in order to promote 
sustainable land use, appropriate land management and conservation measures need to be put in place. 

Soil test provides results on the land use land cover change by analysing the biological, chemical, and 
physical composition of the soil. How do you know that the soil in your garden is suitable for growing 
crops? 

https://bit.ly/3fdfm1l
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Gather information on Bhutan’s land management approaches by exploring the web link 
https://bit.ly/3rtsVPZ, https://bit.ly/3qgQhsC, https://bit.ly/3HWiDy9, and https://bit.ly/3FnsQSy or 
from relevant books. 

Carry out research to find out the sustainable land management and conservation practices initiated by 
the concerned agencies in different parts of the country. Explain how the sustainable land management 
practices improves the economic, social, and environmental wellbeing. 

Explore information on soil quality and its parameters using relevant resources. Design an experiment 
to test soil based on soil texture, chemical content and biological content. Collect soil samples from the 
school garden and investigate its feasibility for gardening. 

Questions 

1. We could see different rates of LULCC in different places of Bhutan. What could be the reasons 
for the difference in the rate of LULCC. 

2. How do legal instruments help in conserving land resources? 
3. If you were a farmer, which methods would you adopt to conserve your farmland? Why? 
4. It is important to carry out soil quality tests before carrying out farming activities. Justify. 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

Scientific knowledge Working scientifically Scientific values and attitudes 

● The concept of land use 
and land cover change, 
soil quality tests, land 
management and 
conservation practices. 

● Use appropriate tools to 
evaluate land use and land 
cover change. Use soil kits to 
carry out soil quality tests. 
Deduce land management and 
conservation strategies. 

● Realise the impact of land use 
land cover change. Appreciate 
the land management 
practices. 
Realise soil as an integral part 
of life. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XII, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. QGIS - https://www.qgis.org/en/site/ 
4. Land conservations - Conserving and protecting water - https://bit.ly/3HWiDy9 
5. Conservation practices - https://bit.ly/3FnsQSy 
6. Land management - https://bit.ly/3rtsVPZ 

https://bit.ly/3rtsVPZ
https://bit.ly/3qgQhsC
https://bit.ly/3HWiDy9
https://bit.ly/3FnsQSy
https://www.qgis.org/en/site/
https://bit.ly/3HWiDy9
https://bit.ly/3FnsQSy
https://bit.ly/3rtsVPZ
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3.7 Alternative Energy Sources and Green Technology  
(300 minutes) 

Competency: 
● Demonstrate the understanding of alternative energy sources and green technology, and relate 

the idea in creating innovative ways of using alternative sources of energy to promote green 
energy. 

Scope: 
● This topic allows us to explore alternative energy sources, green energy initiatives (hydro and 

wind generated electricity, biogas, and solar energy), and advantages and challenges in adopting 
alternative energy sources, green technology and alternative energy devices. 

Learning Objectives: 
● Assess the best alternative energy source and devices suitable for the community. 
● Design an energy efficient building plan that can be used as a model for the community. 
● Evaluate the benefits of green technology for the environment and wellbeing of humans. 

Learning Experiences 
 

Learners explore information on alternative sources of energy using a web link https://bit.ly/3qkaRbF 
and https://bit.ly/3I1IfcS, and by referring to relevant books. Assess and identify the alternative energy 
sources feasible for our country. Make a class presentation of your findings with justification. 

Gather information on alternative energy devices, its advantages and alternative energy devices used in 
Bhutan. Complete Table 3.2 

Table 3.2. Worksheet to be used by the learner 

Sl. No. Alternative energy device Advantages Disadvantages 

    

    

    

Design a model of an alternative energy device, and show how it can generate electricity from any of 
the alternative energy sources. 

The increasing human population and development has resulted in depletion of fossil fuel. As such many 
countries around the world explore alternative sources of energy to meet the energy demands and also 
to ensure national energy security. Efforts are made to generate clean and eco-friendly energy from 
renewable sources of energy such as wind, water, sun and biomass by designing innovative devices. 
Advanced methods and technologies have also become necessary to conserve and use energy efficiently 
and reduce energy consumption in buildings, vehicles, and industries. 

https://bit.ly/3qkaRbF
https://bit.ly/3I1IfcS
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Explore information regarding green technology, green initiatives and its policies using web resources 
and relevant books. Discuss how green technology and green initiatives would help in sustainable use 
of energy and also in preventing climate change. Share your findings with your friends. 

Carry out an outdoor field excursion to visit any nearby building construction site and identify the raw 
materials used for the construction. Evaluate the green technology components practised and develop 
the plan to build a house incorporating green technology components. Analyse the benefits of green 
technology for the people and the environment. 

Questions 

1. The government is taking initiatives to augment the wind and solar energy harnessing capacity 
in the country. Make an analysis of the two alternative sources of energy and explain in detail 
about one of the sources that you feel is most feasible. 

2. Explain some ethical issues associated with the generation and use of biofuel. 
3. Do you agree that modern technology is the best way for energy conservation? Justify. 
4. How can green technology contribute to the national energy security? 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Concepts of alternative 
energy sources, green 
energy initiatives, 
advantages and challenges 
in adopting alternative 
energy sources, green 
technology and alternative 
energy devices. 

● Ability to search 
information and materials 
on alternative energy 
sources green technology. 

● Design an alternative 
energy device which can 
harness energy from any 
sources. 

● Realise the importance of 
harnessing alternative energy. 

● Appreciate that natural 
resources provide energy. 

● Deduce innovative ideas for 
harnessing alternative energy. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XII, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Energy source - https://bit.ly/3qkaRbF 
4. Alternative energy source - https://bit.ly/3I1IfcS 
5. Green technology - https://bit.ly/3fykPQx 

https://bit.ly/3qkaRbF
https://bit.ly/3I1IfcS
https://bit.ly/3fykPQx
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Challenge Your Thinking 

1. Explain the roles of biodiversity in the functioning of the ecosystem. 
2. Translocation of wild animals is one of the alternatives to reduce human-wildlife conflict. Does 

this measure guarantee complete eradication of human-wildlife conflict? Justify. 
3. Study the illustration given and interpret it in terms of challenges to biodiversity conservation in 

Bhutan. 
 
 
 
 
 
 
 
 
 

(Source: https://bit.ly/3zTMnc6 ) 

4. What is the significance of legal instruments for water and land management? 
5. Study the figure given below and answer the following questions 

 

a. Describe land cover dynamics depicted in the figure. 
b. Explain one of the land conservation techniques practised in the figure. 
c. Why is it important to raise the contour bunds to the same elevation? 

6. What are the advantages of green technology used for energy efficiency? 
7. The cost of energy consumption is a cause for concern. To increase the energy efficiency and 

reduce the cost, people are adopting green technology while constructing buildings. Explain the 
components of green buildings for efficient lighting and heating? 

8. Study the energy consumption pattern of Bhutan. Compare it with other four countries following 
the link https://ourworldindata.org/explorers/energy, and answer the following questions: 

a. How has the energy consumption trend changed over the last 30 years in Bhutan? 
b. Which country has the highest energy consumption trend for the last 30 years? 
c. Suggest reasons or justifications for the change in energy consumption trend. 

https://bit.ly/3zTMnc6
https://ourworldindata.org/explorers/energy
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4. Sustainable Development 
The green economy encompasses economic practises which promote low carbon, resource efficient, and 
socially inclusive economic activities. In the past, since there were not many development activities, the 
consumption of resources was also limited. As such, environmental policies and laws were not of much 
importance. However, ever since the industrial revolutions began, the haunt for natural resources 
expanded leading to scarcity of resources. The exponential increase in demand for natural resources 
leads to the tragedy of commons which triggers debate among many schools of thoughts. This resulted 
in the promulgation of national and international environmental policies and laws to curb the 
environmental problems. The new dimension of development emphasises on the co-relationship among 
environmental, social, and economic development. Among other policies, the sustainable development 
concept emerged in the late 1980’s in order to reduce environmental degradation due to development 
activities. Despite challenges faced in implementing the sustainable development policies, some 
countries were able to achieve targets using the goals and indicators as measures. 

Bhutan as a member country of the United Nations (UN) has been in the forefront in pursuit of 
sustainable development. The sustainable development concept and principles are entrenched in the 
development philosophy of Gross National Happiness (GNH). Bhutan aligns its Five-Year Plans for 
development with the philosophy of GNH and the SDGs. The dimensions and indicators of sustainable 
development and GNH are used as measures during the planning process, implementation of the 
developmental activities, and post completion to check whether the intended objectives are achieved or 
not. Thus, targets of prioritised SDGs are fully or partially achieved in every five-year developmental 
plans. 

 

4.1 Environmental Management  
(350 minutes) 

Competency: 
● Analyse the diverse developmental initiatives of the government towards minimising the 

environmental degradation, and recognize the significance of the green economy towards the 
sustainable use of natural resources. 

Scope: 

● This topic begins by discussing the concept of green economy, green economy practices across 
different sectors such as; agriculture, transportation, manufacturing, waste management, 
tourism, water management and energy buildings. Identify the benefits, challenges and 
alternatives to address the challenges. It also introduces Environmental Management tools such 
as Environmental Impact Assessment (EIA), Strategic Environmental Assessment (SEA), Life 
Cycle Assessment (LCA), Environmental Audit, International Organisation for Standardisation 
(ISO) Certification) and the Environmental Management System Model. 

Learning Objectives: 

● Examine Green Economy initiatives across different sectors in Bhutan to identify the benefits 
and challenges and suggest alternatives to address the challenges. 
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● Evaluate how Environmental Management Tools and Environmental Management System 
models contribute in increasing the resource efficiency, and reducing the environmental 
degradation. 

● Suggest an Environmental Management Plan for your school using the key elements of the 
Environmental Management System. 

Learning Experiences 
 

Learners gather information on the green economy and sectors that contribute to the development of the 
green economy from internet or relevant books. Identify green economy initiatives in Bhutan and the 
responsible sector for implementation of green initiatives. In groups, explore one sector of the green 
economy. Complete the Table 4.1. Consider the elements while filling up the first column. Prepare a 
Power Point presentation to share the findings. Identify the alternatives to address the challenges. 

Table 4.1. Sample worksheet 

Green Sector:   

Green Practises 
(Consider: design, construction, 
operation, maintenance, methods, 

policy, regulation, monitoring, 
materials, technology, etc.) 

 
 
 

Benefits 

 
 
 

Challenges 

 
Alternatives to 

address the 
challenges 

    

    

Explore information on environmental management system (EMS), environmental management system 
model (EMSM) and environmental management system tools (EMST) using web resources and relevant 
books. Discuss to find out how an environmental management system and environmental management 
system tools contribute to increasing resource efficiency and reducing environmental degradation. 

In groups, carry out impact assessment of developmental activities by visiting developmental activity 
sites such as, construction of farm road, house, an irrigation channel, river retention walls or industrial 

Sustainable development has been the common goal of the global community since the Rio Conference 
on Environment and Development in 1992. Economic development continues to take place at the cost 
of our environment and poverty remains an issue in many countries. In addition, the current economic 
behaviour is straining natural resources and waste assimilation capacities beyond the limits of 
renewability. This results in social inequity and environmental degradation. 

The concept of green economy has been adopted as an alternate pathway to achieve sustainable 
development through proper use of natural resources. Environmental Management Tools and 
Environmental Management System models were also initiated to check the developmental impact on 
the environment. For Bhutan, all the development activities are aligned to the GNH, and indicators are 
used as screening tools to check whether the proposed project, process, and product are aligned to the 
sustainable development goals. 
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area. Observe the chosen site and complete the checklist given in Table 4.2. Write a report on your 
findings. 

Table 4.2. Sample guide to assess field site 
 
 

Potential Impact 
areas 

 
Construction phase (period where 
construction activities take place) 

Operation phase (period where 
construction is completed and 

facilities are being utilised) 

Adverse 
effect 

NO 
effect 

Beneficial 
effect 

Adverse 
effect 

 
NO effect Beneficial 

effect 

A. Land transformation and construction 

1.  Erosion       

2.  Deposition       

3.  Stability       

4.  Floods       

5.  Waste 
control 

      

B. Land Use 

1.  Open space       

2.  Recreational       

3.  Agricultural       

4.  Residential       

5.  Commercial       

6.  Industry       

C. Water resources 

1.  Odour       

2. Particulate 
matter 

      

3.  Chemicals       

D. Public service system 

1.  Schools       

2.  Police       
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station       

3.  Fire station       

4. Water and 
Power 

      

5.  Sewerage       

6. Solid waste 
disposal 

      

E. Biological conditions 

1.  Wildlife       

2. Trees and 
shrubs 

      

3.  Grasses       

F. Transportation 

1.  Automobile       

2.  Safety       

3.  Movement       

G. Aesthetics 

1.  Scenery       

2.  Structures       

H. Community structure 

1.  Relocation       

2.  Recreation       

3.  Employment       

4.  Housing       

In groups, using the knowledge of EMSM and EMST, design an environmental management plan for 
your school to enhance resource efficiency and reduce the negative impact of school activities on the 
environment. Share your plan with school management. 
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Questions 

1. What are some of the key elements of EMS? 
2. Why is it important for an organisation to have EMS? Design EMS for your house. 
3. What are some of the environmental management system tools that Bhutan adopts to reduce the 

impact of development activities on the environment? Which tool do you think would be more 
important? Why? 

4. The Green economy concept is significant in today’s context. Explain. 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Environmental Management 
system model and tools, 
green technology and green 
initiatives 

● Ability to assess 
developmental impact and 
plan measures to reduce 
impact. 

● Realise the importance of green 
technology initiatives in 
maintaining a clean and healthy 
environment. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Environmental Management System - https://bit.ly/3nkQKrC 
4. Environmental Management tools - https://bit.ly/3zRUNRk 
5. Developing management strategies - https://bit.ly/3GoPw6t 

 
4.2 Sustainable Development Goals and Indicators  

(300 minutes) 

Competency: 
● Discuss the sustainable development goals and the strategies to address the challenges of 

implementing sustainable development goals, and formulate indicators to measure sustainable 
development goals for your community. 

Scope: 
● Topic deals with the sustainable development concept, three dimensions, Sustainable 

Development Goals (SDG’s), targets and indicators of sustainable development. Evaluate 
Bhutan’s five-year development plan and the challenges in achieving SDG goals. 

Learning Objectives: 
● Evaluate and prioritise the sustainable development goals for your community. 
● Design a development activity for your school or community considering the GNH indicators. 

https://bit.ly/3nkQKrC
https://bit.ly/3zRUNRk
https://bit.ly/3GoPw6t
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● Evaluate how the SDGs are incorporated in the local government development plan and identify 
the challenges in achieving those goals. 

Learning Experiences 
 

Learners visit any one of these web links https://sdgs.un.org/goals, https://www.globalgoals.org, 
https://bit.ly/3I3ZlXY, https://bit.ly/3qm26xu or any other resources to gather information on 
sustainable development goals (SDG). Use cooperative learning strategies where topics (SD Goals) are 
divided amongst individuals or groups and become expert in the topic. Then the experts from each topic 
present to other members. The sharing may be done through presentation in the class or through social 
media, Google classroom, zoom etc. 

Watch videos that explain SD Goals at https://bit.ly/3GpJ8vE or any other video to understand the goals 
clearly. In the class, list down the SDGs and deliberate to prioritise the goals for your community based 
on the need of the community. Provide justification for at least top five SDGs that is prioritised for your 
community. 

Achievement of SDGs relies on the fulfilment of targets. The achievement of the target is measured by 
the indicators. Explore https://bit.ly/3Fqb1lX or other resources to examine the SDG targets and 
indicators for Bhutan. In groups or the whole class, design a project for your school or community 
considering your capacity and time available. Base your project on SD goals. Set ‘SMART’ targets and 
indicators for your project. Carry out the project as per your project design. 

Evaluate how the SDGs are incorporated in the Bhutan’s current Five-Year Plan which is available at 
https://bit.ly/3to8Exz. Seek help from Gup, Gewog Administrative Officer or any relevant person to find 
SDGs prioritised in the Local Government Key Result Areas (LGKRA) for your community. Inquire on 
the challenges faced in implementing the SDG activities. 

Questions 

1. Explain sustainable development goals as a global goal. 
2. Categorise the SDGs under the four pillars of GNH and three dimensions of sustainable 

development. 
3. Why are targets and indicators important to achieve the SGDs? 
4. The last SDG is ‘Partnership for the goals’. What is the significance of this goal? 
5. How are SDGs implemented in Bhutan? 
6. What is the role of the local government in achieving sustainable goals? 

Developmental activities, such as infrastructure construction, industrial expansion, urbanisation, 
technological innovations and change in consumption patterns have increased pressure on natural 
resources. These activities pollute the environment, degrade biodiversity, increase deforestation, change 
land use patterns and generate waste. Therefore, it is widely recognised that the environment must be 
managed wisely and equitably. 

https://sdgs.un.org/goals
https://www.globalgoals.org/
https://bit.ly/3I3ZlXY
https://bit.ly/3I3ZlXY
https://bit.ly/3qm26xu
https://bit.ly/3GpJ8vE
https://bit.ly/3Fqb1lX
https://bit.ly/3to8Exz
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Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

Scientific knowledge Working scientifically Scientific values and attitudes 

● Explain Sustainable 
development goals. 

● Review, evaluate and 
prioritise the sustainable 
development goals for your 
community. 

● Reviewing and evaluating 
policy documents. 

● Exploring the internet and 
books for resources. 

● Formulate targets and 
indicators for development 
activity. 

● Recognise international and 
international efforts in 
sustainable development. 

● Realise the value of partnership. 
● Realise individuals’ values and 

roles in achieving holistic 
development. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. Sustainable development goals (SDG) - https://sdgs.un.org/goals 
4. Sustainable development goals (SDG) - https://www.globalgoals.org 
5. Sustainable development goals, Bhutan - https://bit.ly/3I3ZlXY 
6. Sustainable development goals video - https://bit.ly/3GpJ8vE 
7. SDG targets and indicators for Bhutan - https://bit.ly/3Fqb1lX 
8. Bhutan’s Five-Year Plan - https://bit.ly/3to8Exz 

 
4.3 GNH and Sustainable Development  

(350 minutes) 

Competency: 
● Analyse Bhutan’s Economic Developmental Policy from the point of GNH to recognise its 

contribution towards achieving sustainable development goals. 

Scope: 

● This topic deals with the Economic Development Policy of Bhutan, assesses how it helps in 
achieving SDGs, and how United Nations Development Group’s support in addressing 
challenges through the Mainstreaming Acceleration and Policy Support approach. 

Learning Objectives: 

● Analyse the Economic Development Policy of Bhutan to measure its contribution towards 
achieving sustainable development goals. 

● Evaluate how the Mainstreaming Acceleration and Policy Support (MAPS) approach helps in 
addressing the challenges of implementing SDGs in Bhutan. 

https://sdgs.un.org/goals
https://www.globalgoals.org/
https://bit.ly/3I3ZlXY
https://bit.ly/3GpJ8vE
https://bit.ly/3Fqb1lX
https://bit.ly/3to8Exz
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Learning Experiences 
 

Learners explore information on SDG and GNH development policies using a web link 
https://bit.ly/3fkvPke. Review how GNH and sustainable development goals are aligned in planning 
developmental activities such as 12th Five Year Plan [2018 – 2023] Volume III: Local Government 
Plans with reference to information available at the web link https://www.gnhc.gov.bt/en/volume-iii/. 

Write a brief report on the inclusion of indicators and dimensions of SDG and GNH in 12th five-year 
activities. Prepare a presentation and share their findings for assessment. 

Explore information on Mainstreaming, Acceleration and Policy Support (MAPS) provided by 
international agencies such as the United Nations Development Group (UNDG) using web links 
https://bit.ly/3I1zz6t and https://bit.ly/3r7Xuu0. Evaluate and find out how these agencies provide 
support to the member countries to address the challenges faced in fulling sustainable development 
goals. 

Questions 

1. How does the achievement of SDG consolidate the Bhutan’s developmental philosophy of Gross 
National Happiness? 

2. The 17 sustainable development goals are supposed to be achieved by the year 2030. Evaluate the 
status of the SDGs in Bhutan and provide critical analysis on why some goals are still not achieved. 

3. How are the following components of MAPS being carried out by the Rural Economy 
Advancement Program (REAP) in Bhutan? 

a) Mainstreaming 
b) Acceleration 
c) Policy Support 

Assessment and Reporting 

The teacher may use rubrics, checklists or any other relevant assessment tools to assess the learner in 
the following three domains. 

Scientific knowledge Working scientifically Scientific values and attitudes 

● SDGs and GNH policies, 
and Mainstreaming, 
Acceleration and Policy 
Support. 

● Ability to review policies 
and plans. 

● Provide feedback on the 
policy documents 

● Realise the significance of 
GDG’s and GNH. 

● Appreciate the dimensions and 
indicators used to measure 
development. 

For recording and reporting, refer to the National School Curriculum Framework in Science. 

Countries implement SDGs according to their priority and challenges. They align the SDGs with their 
national development plans. For example, Bhutan aligns its Five-Year Plans for development with the 
philosophy of GNH and the SDGs. Thus, targets of prioritised SDGs are fully or partially achieved in 
every five-year term. 

https://bit.ly/3fkvPke
https://www.gnhc.gov.bt/en/volume-iii/
https://bit.ly/3I1zz6t
https://bit.ly/3r7Xuu0
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Resources: 

1. Environmental Science Textbook of Classes XI, REC - 2019 Edition 
2. National School Curriculum Framework in Science 
3. SDGs and GNH - https://bit.ly/3fkvPke 
4. GNH commission, Volume - https://www.gnhc.gov.bt/en/volume-iii/ 
5. SDGs - An update on implementation - https://bit.ly/3I1zz6t 
6. Mainstreaming, Acceleration and Policy Support - https://bit.ly/3r7Xuu0 

 

Challenge Your Thinking 

1. What is the purpose of the Environment Monitoring System in the context of sustainable 
development? 

2. Analyse GNH and sustainable development goals as a universal entity. 
3. How does Bhutan translate the philosophy of GNH into actions to achieve happiness for its 

citizens? 
4. COVID-19 pandemic has disrupted developmental processes and threatened the survival of 

human existence. How can the development paradigm such as sustainable development and 
GNH minimise its impact? 

5. Study the post on SDGs and NKRAs and answer the questions that follow. 
 

a. What are NKRAs? 
b. What is the message contained in the post? 
c. Suggest indicators for each of the NKRAs. 
d. What is the status of Bhutan in pursuit of the SDGs? 

https://bit.ly/3fkvPke
https://www.gnhc.gov.bt/en/volume-iii/
https://bit.ly/3I1zz6t
https://bit.ly/3r7Xuu0
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Appendices I: Checklist and Rubrics 

Sample Checklist for Continuous Formative Assessment (CFA) on three assessment domains in environmental science 

Sample Checklists: Scientific Knowledge (SK) 
 

 
 
 
 

No. 

Class: Scientific Knowledge (CK) 
Topic: Ecosystem - Organisation and types 

Key: 
√ - Yes / X - No 

Learning objectives 
Name: 

 
Explains 

ecosystem 

 
Describes biome, 
niche and ecology 

Describes 
levels of 
ecosystem 

Explains the role 
of components and 
interactions in an 

ecosystem 

Recognizes 
habitats, 

dominant plants 
and animals 

 

Comments 

1 Tshering       

2 Wangmo       

Sample Checklists: Working Scientifically (WS) 
 

 
 
 
 
 
 
 
No. 

Class: Working Scientifically (WS) 
Topic: Ecosystem - Organisation and types 

 

Key: 
√ - Yes / X - No 

Learning 
objectives 

Name: 

 
 
Follow the 

activity 
instruction 
s correctly. 

 
 

Participates 
actively in 

group 
activities. 

 
 

Records the 
observation 
appropriately. 

Identifies 
the raw 

materials 
needed for 
exploring 

the 
ecosystem 

 

Records all the 
biotic and 

abiotic 
components of 
the ecosystem 

Generalize 
s the ideas 
and answer 

the 
questions 

in the 
learning 
activities 

 

Displays 
ability to 

gather 
suitable 

evidences 

 
 
 

Comments 

1 Choeki         

2 Jigme         
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Sample Checklists: Scientific Values and Attitudes (SVA) 
 

 
 
 
 
 

No. 

Class: Scientific Values and Attitudes (SVA) 
Topic: Ecosystem - Organisation and types 

Key: 
√ - Yes / X - No 

Learning 
objectives 

Name: 

 
Respects 

others' views 
in the group 
discussion. 

Shares 
responsibiliti 

es in 
carrying out 

activity. 

Shows 
cooperation in 

group 
discussion and 

activities. 

 
Demonstrates 
willingness to 
learn and try 
new things. 

Exhibits 
concerns for 
self, others 

and 
environment 

. 

 

Demonstrates 
curiosity to 

learn. 

 
 

Comments 

1 Tashi        

2 Zomba        
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Sample Rubrics for Continuous Formative Assessment (CFA) on three assessment domains in Environmental Science 
 

D 
o 
m 
a 
i 
n 

 
 

Criteria 

Performance Rating  
 

Remarks/ 
Feedbacks 

 
 

Exceeding (4) 

 
 

Advancing (3) 

 
 

Meeting (2) 

 
 

Approaching (1) 

 
 

Beginning (0) 

 
 
 
 
 

S 
K 

 
 

Content 
Explanation 

● Accuracy 
● Relevance 
● Organisation 

Explanation is 
precise, 
comprehensive, 
customised and 
appropriate. The 
sequence and 
organisation of 
ideas are logical 
in constructing 
the bigger idea. 

Explanation is 
accurate, 
complete and 
relevant. The 
ideas are well 
sequenced and 
relationships 
among ideas are 
clear. 

 
 
Explanation is 
accurate and 
complete. Most 
ideas are well 
sequenced. 

 
 
Explanation is 
inaccurate or 
incomplete. Few 
ideas are 
explained. 

 
Explanation is 
inaccurate or 
incomplete or 
not relevant. 
The sequence 
of ideas is 
confusing. 

 

 
 
 

Relevancy of 
examples 

Examples are 
meaningful and 
specific. 
All the concepts 
are clearly 
supported with 
relevant 
examples. 

Examples are 
meaningful and 
specific. 
All the concepts 
are supported 
with examples 
that are 
appropriate. 

Examples are 
meaningful but 
vague. Most of 
the concepts 
are supported 
with 
appropriate 
examples. 

 
Examples are 
neither specific 
nor meaningful. 
Only a few 
concepts are 
supported with 
examples. 

Examples are 
neither specific 
nor meaningful 
and do not 
support the 
concepts. 

 

 
 

Analysis 
● Accuracy 
● Relevancy 

Evidence is 
organised, 
insightful, 
interwoven and 
supports the 
analysis 
effectively. 

 
Evidence is 
organised and 
interwoven to 
support the 
analysis 
effectively. 

 
Evidence is 
organised and 
supports the 
analysis 
effectively. 

 
Evidence is 
organised but not 
effective in 
supporting the 
analysis. 

 
Evidence is 
neither 
organised nor 
related to the 
concept. 
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W 
S 

 
 
 

Experimental 
design / 

materials / 
procedure 

 
All steps of 
procedure are 
identified, listed 
and logically 
sequenced. 
All materials are 
listed and safety 
issues have been 
clearly addressed. 

 
All steps of 
procedure are 
listed in detail 
and sequential. 
All materials are 
listed and safety 
issues have been 
clearly 
addressed. 

Most steps of 
procedure are 
listed in detail 
but not 
sequential. 
Most materials 
are listed. Most 
of the safety 
issues have 
been 
addressed. 

 
Few steps of 
procedure are 
listed but not 
sequential. Few 
materials are 
listed. Few safety 
issues have been 
addressed. 

 
 
Steps of 
procedure and 
materials are 
listed. Safety 
issues were not 
addressed. 

 

 
 
 
 
 
 

Investigation 

All pertinent 
variables and 
controls have 
been identified, 
appropriate and 
explained. 
Sample size is 
appropriate and 
explained. Data 
collected from 
relevant and 
maximum 
sources. 

Majority of the 
variables and 
controls have 
been identified 
and are 
appropriate but 
explained. 
Sample size is 
appropriate and 
explained. Data 
collected from 
enough sources. 

Most of the 
variables and 
controls have 
been identified 
and are 
appropriate but 
not explained. 
Sample size is 
appropriate. 
Data collected 
from enough 
sources. 

 
Few variables 
have been 
identified; 
controls are 
somewhat known. 
Sample size is not 
appropriate. Data 
collected from a 
few sources. 

 
 
Inappropriate 
variables or 
controls used. 
Sample size is 
not considered. 
Data collected 
from one 
source. 

 

 
 
 
 
Analysis and 
Reporting 

Conclusions are 
precise and 
appropriate. 
Data analysis 
technique is 
appropriate and 
correctly 
computed. 
Analysis is 
rigorous and 
findings are 

Conclusions are 
appropriate. 
Data analysis 
technique is 
appropriate and 
correctly 
computed. 
Analysis is 
interpreted and 
well-connected 

Conclusions 
are 
appropriate. 
Data analysis 
technique is 
appropriate 
and correctly 
computed to 
interpret. 
Alternative 
interpretations 

Conclusions are 
appropriate. Data 
analysis 
technique is 
appropriate and 
correctly 
computed to 
interpret. 
Obvious 
alternative 

Conclusions are 
inappropriate. 
Data analysis 
technique is 
inappropriate 
and/or 
incorrectly 
computed to 
interpret. 
Obvious 
alternative 

 



IG-NSC 

108 Environmental Science – Class XI 

 

 

 

  interpreted with 
clear connection 
to the research 
question being 
studied. 
Alternative 
interpretations 
are developed 
into follow-on 
experiments to 
further limit 
conclusions. 

to research 
questions. 
Alternative 
interpretations 
are developed to 
suggest further 
study. 

are considered 
but no 
suggestion for 
further study. 

interpretations are 
omitted. 

interpretations 
are omitted. 

 

 
 
 
 
 
 
 
 
 

S 
V 
A 

 
 
 

Inquiry and 
creativity 

Demonstrates 
inquisitiveness 
and creativity in 
all the works 
clearly. 
Exhibit positive 
values and 
attitudes in 
carrying out 
tasks. 

Demonstrates 
inquisitiveness 
and creativity in 
the majority of 
the works. 
Exhibit values 
and attitudes in 
carrying out the 
tasks. 

Demonstrates 
inquisitiveness 
and creativity 
in most of the 
works. 
Exhibit values 
and attitudes in 
carrying out 
tasks. 

Demonstrates 
inquisitiveness 
and creativity in a 
few works. 
Exhibit less 
values and 
attitudes in 
carrying out the 
tasks. 

No 
demonstration 
of 
inquisitiveness 
and creativity in 
works. 
Lack values and 
attitudes in 
carrying out 
tasks 

 

 
 
 
Personal 
Development and 
Responsibility 

Demonstrates 
educational 
growth and habits 
of scientific 
exploration 
through 
maintenance of 
progressive and 
comprehensive 
portfolios. 

Demonstrates 
educational 
growth and 
habits of 
scientific 
exploration 
through 
maintenance of 
comprehensive 
portfolios. 

Demonstrates 
educational 
growth and 
habits of 
scientific 
exploration 
through casual 
maintenance of 
portfolio. 

 
Demonstrates 
educational 
growth and habits 
of scientific 
exploration with a 
portfolio rarely 
maintained. 

 
 
Educational 
growth and 
habits of 
scientific 
exploration are 
not recorded. 
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Appendices II: Assessment Matrix 
Assessment Matrix for Environmental Science (Key Stage V: Class XI-XII) 

CFA 
(In all the lessons for feedback 

and support) 

CSA 
(Scheduled performance level assessment) 

20% 

SA 
(Examination) 

80% 

CA + 
SA 

Technique Technique 
Domain 

Total 

Term I 40 50 

SK WS SVA 

Assignment, Class activity, ES 
Profile, Project work, Test, etc. 

Assignment  0.5 1 0.5 

10 
Class activity  1 2 1 

Project work  0.5 1 0.5 

ES Profile 0.5 0.5 1 

Assignment, Class activity, ES 
Profile, Project work, Test, etc. 

Assignment 0.5 1 0.5 

 
 

10 

Term 
II 40 50 

Class activity 1 2 1 

Project work 0.5 1 0.5 

ES Profile 0.5 0.5 1 

Grand Total 5 9 6 20  80 100 
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Appendices III: Disciplinary Core Idea Wise Weighting and 
Instructional Time for Class XI 

Disciplinary core idea wise weighting and instruction time 
 

Sl. No Disciplinary and Sub-disciplinary Core 
Ideas 

Instructional 
Time (mins) 

Weighting 
(%) 

1. Systems in Nature 
1.1. Biomes and Ecosystem 350 5% 
1.2. Adaptations in Plants and Animals 250 4% 
1.3. Biogeochemical Cycles 250 4% 
1.4. Carrying Capacity 350 5% 

2. Environmental Issues and Concerns 
2.1 Human-Ecosystem Dynamics 350 5% 
2.2. Natural Resource Degradation 300 4% 
2.3. Ecological Footprint 350 4% 
2.4. Pollution and its Types 350 4% 
2.5. Chemical Pollutants and Toxicity 250 4% 
2.6. Climate Change 350 5% 
2.7. Phenology and Climate Change 350 5% 
2.8. Hazards and Disaster 250 4% 
2.9. Disaster Risk Reduction 250 4% 

3. Natural Resource Management 
3.1. Biodiversity and Ecosystem Services 250 3% 
3.2. Measuring Biodiversity 300 4% 
3.3. Conservation of Biodiversity 250 4% 
3.4. Water Conservation 400 5% 
3.5. Entrepreneurship and Land Waste Management 350 5% 
3.6. Energy Conservation 350 5% 

4. Sustainable Development 
4.1. Development and Environment 450 7% 
4.2. Sustainable Development and Environment 400 6% 
4.3. Gross National Happiness (GNH) for 

Sustainable Development 
250 4% 

Total 7000 100% 

The total time required to complete the topic is 7000 minutes or 140 periods of 50 minutes in a period. 
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Appendices IV: Disciplinary Core Idea Wise Weighting and Instructional 
Time for Class XII 
Disciplinary core idea wise weighting and instruction time 

 

Sl. No Disciplinary and Sub-disciplinary Core Ideas Instructional Time 
(mins) Weighting (%) 

1.  Systems in Nature 
1.1. Earth Community Ecology 500 6% 
1.2. Ecology Succession and Restoration 500 6% 
2. Environmental Issues and Concerns 

2.1 Carbon Footprint and Development 250 4% 
2.2. Urbanisation and Environmental Changes 200 3% 
2.3. Degradation of Land and Water Resources 350 5% 
2.4. Air Quality Index 200 3% 
2.5. Pollution Reduction 200 3% 
2.6. Biological Pollutants 250 4% 
2.7. Mitigation and Adaptation to Climate Change 300 5% 
2.8. Phenology and Climate Change 350 5% 
2.9. Disaster Risk Reduction 200 3% 

2.10. Disaster Management Practices in Bhutan 350 5% 
3. Natural Resource Management 

3.1. Benefits of Biodiversity Conservation 250 3% 
3.2. Efforts to Manage Biodiversity 300 4% 
3.3. Measures to Promote Biodiversity Management 200 3% 
3.4. Challenges in Biodiversity Management 200 2% 
3.5. Water Management and Conservation 350 6% 
3.6. Land Use and Land Conservation 500 7% 
3.7 Alternative Energy Sources and Green 

Technology 
450 7% 

4.  Sustainable Development 
4.1. Environmental Management 500 7% 
4.2. Sustainable Development Goals and Indicators 350 5% 
4.3. GNH and Sustainable Development 250 4% 

Total 7000 100% 

The total time required to complete the topic is 7000 minutes or140 periods of 50 minutes in a period. 


