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Message from the Mayor
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The Mayor's Research Fellowship (MRF) Program is our effort to promote and embed research-
based policymaking approach in our planning process. Such research-based policymaking effort
is probably the first of its kind being adopted by the local government in Nepal. We are quite
overwhelmed by the participation of the young scholars and their outputs in the first MRF
Program 2020/21. I am pleased to include some of the recommendations made by the studies
conducted under the MRF Program in our annual policy this year.

The objective of the MRF program is also to engage youth in the development process by
encouraging them in identifying the social, environmental, physical and institutional issues and
their causes through a rigorous methodological process and coming up with the potential
solutions to overcome them. We tend to view the issues from one dimension and build our
opinion based on the rumours or hearsay without making much efforts to substantiate them.
The MRF Program aims to let the researchers do research in the topic of urban interest and
explore evidence on the pre-conceived opinion. This process also allows researchers to review
our policies, plans and programs and see their effectiveness at the local level. Direct interactions
with the local people, community and the concerned stakeholders provide opportunity for the
researchers in seeking their opinion about KMC and in return help us refine our policies and the
programs.

Lastly, I would like to congratulate and thank all the research fellows, supervisors and CPC team
for making this program a success.

Bidya Sunder Shakya
Mayor
Kathmandu Metropolitan City
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Preface

Evidence-based policymaking (EBP) aims at linking research into various stages of
planning and implementation which includes formulation of policy, identification of
activities and exploration of modalities for the execution of various plans and programs.
Rather than an isolated activity, EBP is generally desired to be integrated with the project
cycle. It should, in fact, be the integral activity of the City Planning Department of the cities
and should work the way quality assurance unit of any business organization does. Census,
for example, is the most widely adopted and comprehensive mechanism for gathering
socio-economic information of the people that opens up avenues for different sectoral
agencies to analyze, interpret and understand the national situation. At the city level, many
municipalities gather GIS-based information to access land use, infrastructure and level of
services. Both Census and Municipal information are intended to gather evidence that could
help policy makers to formulate policies, plans and programs. Preparation of well-
structured questionnaire and employment of trained human resources for the collection
and analysis of information will be conducive in acquiring valid evidence that eventually
helps in identifying the needs of the community, policy gaps and the subsequent plans to
fulfill them. As the plans get implemented, it is desirable to know their effectiveness in
terms of service delivery, timely execution, accessibility to the target groups, cost
appropriateness and the level of governance while delivering the service. For this, the
organization may have to carry out extensive research that help explore the degree of
effectiveness and allow decision makers to make necessary improvements in the plans.

Such practice of continued research ought to be done on a regular basis by any dynamic
organization. In recent times with the advancement of technology, the EBP is being
automated through real time analytical tools - mostly by social media, banking, financial
organizations and countless other institutions including the city governments. This
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automated system provides even faster delivery of results and allows city managers to
respond quickly. Information like land use changes, building construction, vital
registration, traffic conditions, security situation etc. are tracked on real time basis and
practiced by many cities in the world. KMC, though being the capital city, still continues to
keep information manually which often calls for arduous engagement of staffs in getting
the desired output. Moreover, the accuracy of these outputs has always been suspicious.

However, the issues that relate to social and human behavior or climate change require
several contextual research works. Research fellowship programs could be one of such
tools which help city governments to identify the problem - their causes and potential
policies - to alleviate the problems. Such programs would not only encourage young
researchers to partner with local government in city development endeavors but also helps
develop the culture of evidence-based policy making.

We, the City Planning Commission, are immensely encouraged by the first Mayor Research
Fellowship Program. This publication is an output of the nine research projects that took
place during the period. I hope that this publication will be useful to researchers, students
and policy makers at the government level. We are now launching the second series of
MRFP with the aim of conducting studies on topics relevant to KMC. In this regard, [ would
like to thank the Mayor Bidya Sunder Shakya for owning the concept and extending full
support. [ would also like to extend my huge appreciation to Dr. Kirti Kusum Joshi, Member,
CPC, for coming up with this idea of evidence-based policymaking and taking entire
responsibility in managing the program. I am also indebted to the members and assistant
experts of CPC for their relentless support to this endeavor.

_ﬁ/zlg/g/ﬂ}//"\

Saroj Basnet
Vice Chairman
City Planning Commission, KMC
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About the Research Fellows

Kriti Pradhan is an urban planner. She received her bachelor's
degree in architecture and M. Sc. degree in urban planning from
Pulchowk Campus, Institute of Engineering, Tribhuvan
University, Nepal. She has worked in several government-
commissioned urban planning projects including Smart City
Master Planning of Palungtar Municipality.

Email: kritipradhan73@gmail.com.

Rajib Pokhrel is an Associate Professor at Pokhara University.
He received his Ph.D. degree from Department of Civil and
Environmental Engineering, Incheon National University, South
Korea. He is actively involved in the research on atmospheric
visibility, air pollution dispersion modeling, indoor air quality,
and climate change. He has published several journal papers.

Email: rajibpokhrel@gmail.com.

Nabin Raj Joshi is a forestry and climate change researcher. He
received his Ph.D. degree in forestry from Kumaun University,
Nainital, India, Indian Institute of Remote Sensing, Dehradun,
India and University of Tuscia, Italy in 2014 under a joint Ph.D.
program.

Email: nabin2001@gmail.com.

Pratik Khanal is a public health professional. He received his
Master's in Public Health from Institute of Medicine, Tribhuvan
University. He is currently working as a research specialist at
Population Service International (PSI) Nepal. He has worked in
National Health Support Project of KOICA as a project manager
and supported Nepal Health Research Council as a research
associate.

Email: pratikkhanal@iom.edu.np.

Manish Man Shrestha is an Assistant Professor at Cosmos
College of Management and Technology and CTO of Samadhan
Engineering Pvt. Ltd. He received his Master's degree in
Mechatronic Engineering from Chonbuk National University,
South Korea.

Email: mshrestha789@gmail.com.
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Kripa Sidgel is an academic and mental health counselor. She is
currently pursuing her Ph.D in Psychology from Central
Department of Psychology, Tribhuvan University and working as
a research project coordinator in the Suicide Prevention project
funded by Yale University, USA.

Email: kripasigdel@hotmail.com.

Samrat Basyal is an academic. He received his Master's Degree
in Educational Leadership and Societal Change from Soka
University of America, California. He is co-founder of Community
Inspired School in Ramgram Municipality, Nawalparasi.

Email: basyal.samrat@gmail.com.

Suraj Gautam is a youth activist, researcher, and disaster risk
reduction professional. He received his Master's degree in
Engineering in Disaster Risk Management from IOE Pulchowk
Campus, Tribhuvan University. He currently serves as Executive
Director at Institue of Himalayan Risk Reduction and National Co-
Lead for U-INSPIRE Nepal.

Email: ersurajgautam@gmail.com.

Gopi Krishna Dhungana is an editor at Annapurna Post daily. He
received his Master of Philosophy degree in Journalism and Mass
Communication from Tribhuvan University. He has authored
several books on different topics.

Email: gopiji2065@gmail.com.
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Overview

Mayor's Research Fellowship Program: An Initiative of
Kathmandu Metropolitan City for Evidence-based
Policymaking

Jayshree Rajbhandary, Kirti Kusum Joshi

City Planning Commission, Kathmandu Metropolitan City

1. Background

With the promulgation of the new Constitution of Nepal in 2015, Nepal became the
youngest federal country in the world. The federal structure of the country is based on a
system of three-tiered governments that function at federal, provincial, and local levels.
Among the three tiers of government, local governments, by nature, enjoy the closest
relationship with people. For two decades before the promulgation of the 2015
Constitution, local governments (then termed as 'local bodies") functioned without elected
representatives. But now, the Constitution has provided new hopes and opportunities for
the local governments to serve people through the exercise of powers bestowed upon them
through Schedule 8 (exclusive power of local governments) and Schedule 9 (concurrent
power of all three tiers of government).

There are, however, multitude of challenges in front of local governments. The multi-level
system of governance as envisaged by the 2015 Constitution (Article 232) relies on the
principles of cooperation, coordination and co-existence among these three tiers of
government (Government of Nepal, 2015), which is easier said than done. People expect
local governments to act on all matters of public concern although not all such matters fall
under the jurisdiction of local governments. As the federal capital city of the country where
people from across the country come, live, and work, Kathmandu Metropolitan City (KMC)
faces the biggest challenge among all 753 local governments in Nepal to deliver quality
services to the people including floating population although KMC has the same
constitutional powers as any other local governments.

KMC is committed to make the best use of available constitutional powers while
formulating plans, policies and programs within the scope of its jurisdiction. The Mayor's
Research Fellowship (MRF) Program, coordinated by the City Planning Commission (CPC)
of KMC, is an attempt to promote and institutionalize evidence-based policymaking in
KMC's planning approach such that its plans, policies and programs do not get guided by
biased opinions but are supported by best available evidence and are results-oriented.
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2. Whatis Evidence-Based Policymaking?

Evidence-based policymaking (EBP) is defined as a rational, rigorous, and systematic
approach that puts "the best available evidence from research at the heart of policy
development and implementation” (Davies, 1999) so that well-informed decisions could be
made about policies, programs, and projects. EBP emphasizes on informing the policy
process, rather than aiming to directly affect the eventual policy goals. EBP stands in
contrast to opinion-based policy, which "relies heavily on either the selective use of
evidence (e.g. on single studies irrespective of quality) or on the untested views of
individuals or groups, often inspired by ideological standpoints, prejudices, or speculative
conjecture” (Davies, 2004). EBP offers "a more rigorous approach that gathers, critically
appraises and uses high quality research evidence to inform policy making and
professional practice” (Gray, 1997).

Despite promises, EBP is not without challenges. Sutcliffe and Court (2005) highlight the
following three issues surrounding the use of EBP:

(1) Whatevidence used in the policymaking process: Policy needs to be informed
by a wide breadth of evidence. The quality, credibility, relevance, and the cost of
the policy matter.

(2) How evidence is incorporated into policymaking: Policy processes involve
different stages (e.g., from agenda-setting to formulation to implementation), and
thus different evidences and mechanisms may be required at each of the policy
stages.

(3) Evidence is not the only factor which influences policymaking: Policymaking
is an inherently political process. At each stage of the policy cycle, a number of
different factors other than evidence will affect policy, and this occurs both at an
individual level (e.g., a policymaker’s own experience, expertise, and judgement)
and at an institutional level (e.g., in terms of institutional capacity). Moreover, a
number of constraints may limit the extent to which evidence can affect policy
(e.g., urgency to process information quickly).

Despite these challenges to creating an EBP approach, studies show that an evidence-based
approach to policy and practice results into better outcomes (Sutcliffe and Court, 2005).
Accordingly, KMC has also seriously considered recommendations highlighted in the
research by the MRF research fellows and has used some of the recommendations to inform
KMC policies for the fiscal year 2021/22 as described in the next section.

3. The MRF Program 2021/22: Process, Research Synopsis, and Policy
Information

3.1 Process

The eligibility of candidates, evaluation criteria, and other administrative details are
described in the Mayor's Research Fellowship Program Directives. Accordingly, the MRF
program is open to Nepali researchers who have at least two years' experience in the
relevant fields after their Master's degree. The research period is six months. Proposals are
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invited through a public call. Proposals are accepted in any topic of relevance to KMC.
Priority areas of research are mentioned in the public notice. Topics related to the
Kathmandu Valley region can also be proposed provided that the role of KMC is clearly
defined.

The first cohort of the MRF Program 2020/21 included nine research fellows selected on
the basis of their research proposal, academic background, relevant experience, and
interview. A formal contract with the research fellows was signed in October 2020 in the
presence of KMC Mayor Bidya Sunder Shakya.

Interview round (left), contract signing ceremony (right)

The research topics included:
(1) Impact of Pedestrianization on Local Economy and Livability: A Case of Thamel

(2) Analysis of Air Quality and Air Pollution Dispersion Mechanism in the Kathmandu
Valley

(3) Mapping of Blue Infrastructure of Kathmandu Metropolitan City

(4) Assessment of Biomass and Carbon Stock Potential of Avenue Plantation around
the Ring Road of Kathmandu Valley for Mitigating the Impacts of Global Climate
Change

(5) Non-Communicable Disease Risk Factors Survey and Policy Research for
Suggesting Healthy Behavior in Schools in Kathmandu Metropolitan City

(6) The Urgency of STEAM Education for Driving KMC as an Innovation Hub

(7) Laws, Policies and Evidence on Quality of Life of Senior Citizens of Kathmandu
Metropolitan City

(8) A Qualitative Examination of the Experiences of Female Principals in Community
Schools of Kathmandu

(9) Role and Effectiveness of Communication System on the Urban Development
Management in Kathmandu Metropolitan City from Plan Formulation to
Implementation.




MRF Research 2020/21

The research fellows refined their research proposal based on the feedback from the CPC
officials and external research supervisors assigned to them. Several rounds of
presentations, including online presentations due to COVID-19 risks, were organized to
monitor the research progress and help the researchers if they were facing any obstacles
in their endeavors.
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Promo material for final dissemination of research findings (left), online presentation (right)

The research fellows made final presentation of their research findings along with policy
recommendations through a public discussion series titled 'Kathmandu Sambad' organized
virtually by CPC from June 1 to 9, 2021 with the number of participants ranging from 132
to 183 per episode. The research fellows also submitted final reports of their research, the
summarized version of which is presented in this book.

3.2 Research Synopsis

Under the MRF Program 2020/21, nine research fellows conducted studies in different
topics as mentioned above. The research synopsis is as follows:

(1) Impact of Pedestrianization on Local Economy and Livability: A Case of Thamel.
Using a mixed quantitative and qualitative method including perception survey, key
informant analysis and on-site observations, this study investigates the impact of
pedestrianization of the streets of Thamel on its local economy and changes in livability of
its residents. The survey results show that the pedestrianization project of Thamel had a
positive impact on the livability of its residents and economy when it started. But over time,
despite the pleasing environment of the pedestrianized street, the local economy did not
improve as expected because of the traffic in the adjoining streets. To facilitate better
mobility and habitation in the study area, the study recommends phase-wise development
of Pedestrian Priority Zone with slow easing into a larger pedestrianized area with
restriction on time for vehicles, improvement in drop off zones and parking management,
pass system for local residents, and regular awareness campaigns for the promotion of
pedestrian mobility as a sustainable mode of transport.

(2) Analysis of Air Quality and Air Pollution Dispersion Mechanism in the
Kathmandu Valley. Analysis of air quality data such as PM 10 and PM 2.5 shows that the
concentration of coarse particles reaches above 100 pg/ms3, whereas fine particle
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concentration reaches up to 80 pg/m3. Concentration of particulate matter is found to be
very low in the summer due to the washout effect of frequent rainfall in the monsoon
period. Numerical simulation shows the diurnal variation of mountain breeze (from
midnight to the early morning) and valley breeze (9 AM to 9 PM) during the study period.
Puff dispersion model reveals that the local wind flow significantly affects the pollution
transport and dispersion in the Valley. The puffs generated mostly in the northern part of
the KMC get dispersed throughout the Valley - mostly around the northern uphill. Similarly,
emissions generated from the central part of the Valley (i.e. southern part of KMC) get
dispersed throughout the Valley.

(3) Mapping of Blue Infrastructure of Kathmandu Metropolitan City. This study
explores, assesses and maps hitis and ponds in the KMC based on the available literature.
The study documents 99 hitis and 14 ponds. A total of 57 hitis and 17 ponds are found to
be either missing or unable to be located. About 64.65% of the existing hitis are found to
be either dry or non-operational. The study concludes that an increased understanding of
the hitis and ponds will not only contribute towards realization of the historical and
cultural importance but will also support urban ecosystem and integrated water resource
management practices in the long run.

(4) Assessment of Biomass and Carbon Stock Potential of Avenue Plantation around
the Ring Road of Kathmandu Valley for Mitigating the Impacts of Global Climate
Change. This study assesses biomass and carbon stock potential of the avenue plantation
around the Ring Road area of Kathmandu Valley considering a total of 9 different species
of seedlings, 19 species of saplings, and 25 different species of trees in 40 sample plots. The
total baseline tCOZ2e stock in the avenue plantation in Ring Road is found to be 28,573.60
tCO2e. The net emission due to the vehicle movements in the Ring Road is found to be
42,574.40 tCO2e, which means there is a deficit of carbon dioxide in terms of stock in the
avenue plantations by 14,000.80 tCOZ2e. This implies that the existing plantation in the Ring
Road area is unable to sequester/offset carbon dioxide that is emitted through the
transport sector. Thus, open spaces like riverbanks and public lands should be considered
for developing urban forests.

(5) Non-Communicable Disease Risk Factors Survey and Policy Research for
Suggesting Healthy Behavior in Schools in Kathmandu Metropolitan City. This study
is based on a survey of 415 students of four higher secondary schools in KMC along with
four focus group discussions with students, and seven in-depth interviews with different
stakeholders. The study finds that the proportion of current alcohol and tobacco users
stands at 8% and 7.2% respectively. Nearly three out of five students do not consume fruits
and vegetables as per the WHO recommendation. Only one in three students are physically
active. Overall, the prevalence of symptoms of depression, anxiety, insomnia, and internet
addiction is found to be 41%, 62.7%, 47.5% and 48.2% respectively. The study suggests
strict regulation of tobacco and alcohol controls, regulation of the price of fruits and
vegetables, restriction on the use of junk foods, establishment of parks for promoting
physical activities, creation of a support mechanism at the family, school, and community
level, increasing the availability of mental health services as well as reducing screen time
of teenagers and young adults.

(6) The Urgency of STEAM Education for Driving KMC as an Innovation Hub. This
research focuses on the readiness of KMC to implement STEAM (Science, Technology,
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Education, Art and Mathematics)-based education. The study focuses on the five key
stakeholders: schools, teachers, parents, students and STEAM service providers. The
survey results show that most schools and teachers acknowledge the importance of
STEAM-based education, but they lack the confidence to implement it. Most of the parents
do not fully understand the concept of STEAM-based education. Most of the STEAM
providers find it relatively harder to manage the necessary equipment for STEAM-based
education. Most of the students have shown enthusiasm towards STEAM-based education.
The results show that although KMC is taking steps to implement it, KMC needs more
preparations to fully implement it. Strong policies to increase participation and maintain
quality and standards are needed to implement a STEAM-based education system
successfully.

(7) Laws, Policies and Evidence on Quality of Life of Senior Citizens of Kathmandu
Metropolitan City. Based on the study of 206 samples collected from Ward no. 9 and 12 of
KMC, this study finds that the quality of life of most of the senior citizens is generally good.
Around 14-18% of the sample participants are found to have poor quality of life in physical
health, psychological, social relationship and environmental domains. Moreover, gender,
age, education status and health status are found to be the predictors of quality of life.
Significant positive correlations are found between and with all four domains of quality of
life, overall quality of life, and health satisfaction. Although the policy of KMC is
commendable in prioritizing the formulation of the plans, policies and programs
concerning senior citizens, some policy gaps exist. The study recommends KMC to focus on
the qualitative aspect following a ‘wellbeing approach’ while also enhancing the capacity
and competency of geriatric health care professionals.

(8) A Qualitative Examination of the Experiences of Female Principals in Community
Schools of Kathmandu. Out of 92 community schools in KMC, only 25 (or 27%) have
female principals. This study employs qualitative and quantitative methods to better
understand the experiences of female school principals in the community schools of KMC.
Based on the interviews with 24 female principals, the study identifies three major
interrelated factors that hinder women leadership: personal, socio-cultural and political.
The study recommends capacity building for female school leaders (including mentoring
and coaching programs), developing performance indicators, outreach programs for family
members, better incentives for school leaders, and nondiscriminatory implementation of
policies.

(9) Role and Effectiveness of Communication System on the Urban Development
Management in Kathmandu Metropolitan City from Plan Formulation to
Implementation. This research evaluates the role of mass media in the development
planning of KMC and the effectiveness of the public communication process among the
officials, people's representatives, employees, and ward residents of KMC. A total of 300
residents of different wards of KMC participated in the survey for this study. The study has
also reviewed the role of mass media in the reconstruction process of Ranipokhari and
Kashthamandap. The study findings show that the role of mass media in urban
development management of KMC is generally positive; however, KMC needs to be more
supportive in terms of providing information to the media. The study suggests formulation
of a mass media policy for KMC in consultation with communication experts and initiation
of public dialouges for ensuring timely dissemination of information that would also
support accountability, good governance, and transparency.
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3.3 Contribution to Policymaking

KMC has duly considered research findings and recommendations while formulating its
Annual Plan and Program for the Fiscal Year 2021/22. In particular, the MRF Program
2020/21 has helped inform or validate the following policy decisions made by KMC in its
Annual Plan and Program for the Fiscal Year 2021/22 (#T3HTST HeTHRRUTTHT, 2099):

Policy No. 44. Provide an additional monthly pay worth Rs. 1000 to the principals
of community schools for motivation.

Policy No. 48. Continue establishment of STEAM clubs in all community schools
along with different activities to promote STEAM education.

Policy No. 60. Establish a specialized 100-bed hospital for the treatment of senior
citizens.

Policy No. 63. Provide regular medical examination services to senior citizens,
including distant consultation services along with free medicines for high blood
pressure and diabetes and free vaccination against pneumonia, influenza, and
other communicable diseases under Manmohan Adhikari Senior Citizen Free
Vaccination Program.

Policy No. 65. Conduct programs to raise public awareness on non-communicable
diseases.

Policy No. 68. Conduct programs to raise public awareness on the adverse effects
of alcohol and tobacco use on human health.

Policy No. 69. Promote yoga and naturopathy and provide psychological
counselling for the promotion of physical and mental health.

Policy No. 80. Engage senior citizens in the implementation of community-based
programs through Silver Volunteer program.

Policy No. 137. Develop pedestrianization in Thamel and Basantapur area for the
promotion of domestic tourism.

Policy No. 139. Implement rainwater harvesting and groundwater recharge
program in at least one public place in every ward.

Policy No. 172. Establish a modern vehicle cleaning center at the Kathmandu
Valley entry points for the control of dust pollution from vehicles.

Policy No. 173. Gradually remove construction material depos located inside Ring
Road.

Policy No. 177. Promote urban greenery by planting ornamental plants, fruit
trees, herb plants and trees with high biomass and carbon stock potentials along
the sides of main roads and rivers, and on public lands, river plains, and public
institutional open spaces.

Policy No. 185. Make service delivery more transparent and managed through the
increased use of ICT tools.
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e Policy No. 192. Conduct Kathmandu Samvad program for intense discussions on
issues related to KMC.

e Policy No. 195. Increase accessibility of media outlets to news on KMC's activities.

Not all recommendations could be accommodated in a single year's plan. The research
findings will continue to inform future plans and programs.

4. Conclusion

Through the MRF Program, KMC is taking an initiative to promote and institutionalize
evidence-based policymaking in its planning approach such that its plans, policies, and
programs are supported by best available evidence. The MRF program also serves as a
platform for Nepali researchers to tackle real-world urban problems and to understand the
role and challenges of a local government in Nepal.

It is important to note that evidence-based policymaking alone is not enough to ensure
achievement of desired results - what matters more if how policies are implemented. But
even in that case, review of policies and investigation of policy implementation barriers
could be and should be a subject of interest to policymakers.

Although "various constraints (time, capacity, cost) will affect the mechanisms available for
mobilizing evidence for policy" (Sutcliffe and Court, 2006), particularly in a developing
country like Nepal, KMC's initiative is expected to encourage other local governments to
invest or collaborate in policy research. As for KMC, the experience of inaugural MRF
Program will be instrumental in improving the quality and effectiveness of similar future
programs.
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Impact of Pedestrianization on Local Economy and
Livability: A Case of Thamel

Kriti Pradhan

Abstract

The historic towns of Kathmandu Valley have traditionally been planned as compact
settlements with streets that serve pedestrian mobility. Pedestrian movement is a
sustainable mode of transport owing to its environmental benefits in reducing vehicular
emissions, economic benefits in improved business and social benefits in terms of
interaction and promotion of equality and social justice. However, rapid urbanization of
Kathmandu Valley has led to the replacement of traveling on foot by private vehicles
resulting in degradation of air quality, cleanliness, road safety, and levels of social
interaction. One feasible solution to upgrade mobility and create a better environment in
Kathmandu Valley is pedestrianization. Pedestrianization means to convert a street into an
area for the use of pedestrians only, by excluding all motor vehicles except emergency
vehicles like ambulances, police, fire fighting trucks, etc. Three street segments of Thamel,
Kathmandu were pedestrianised in 2017. However, whenever a street is about to get
pedestrianised, there is often a huge opposition from businesses on those streets. Using a
mixed quantitative and qualitative method including perception survey, key informant
analysis and on site observations, this research investigates the impact of pedestrianization
of the streets of Thamel on its local economy and changes in livability of its residents. The
survey results show that the pedestrianization project of Thamel had a positive impact on
the livability of its residents and economy when it started. But over time, despite the
pleasing environment of the pedestrianised street, the local economy did not improve as
expected because of the traffic in the adjoining streets. In order to facilitate better mobility
and habitation in the study area, the study recommends phase-wise development of
Pedestrian Priority Zone with slow easing into a larger pedestrianised area with restriction
on time for vehicles, improvement in drop off zones and parking management, pass system
for local residents and regular awareness campaigns for the promotion of pedestrian
mobility as a sustainable mode of transport.

Keywords: Pedestrianization, vehicle free, sustainable mobility.
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1. Introduction
1.1 Background

The historical towns of Kathmandu Valley have traditionally been built as compact
settlements that encouraged traveling on foot. In recent years, however, rapid and
unplanned growth has led to urban sprawl and an increasing number of vehicles on the
streets of Kathmandu Valley. According to the Department of Transport Management, by
the fiscal year 2017/18, 1,172,413 vehicles have been registered in Bagmati Zone out of
which 91.8% were private vehicles running on the streets of Kathmandu Valley. Car
friendly neighborhood design encourages people to drive more for a trip that could often
be fulfilled by a walk (Kumar & Ross, 2006).

Higher road traffic levels have a large impact on air quality, cleanliness, road safety, reliance
on imported petroleum products, levels of social interaction and community
connectedness. As a result, urban settlements like the core Central Business District (CBD)
and heritage towns of Kathmandu have degraded to the extent that people do not wish to
visit these areas anymore. It is thus necessary to implement a sustainable transportation
system in the core areas of Kathmandu.

One feasible solution to upgrade mobility and create a habitable ambience in such areas is
to pedestrianise them. Pedestrianization refers to the process of converting a street into an
area for the use of pedestrians only by excluding all motor vehicles except emergency
vehicles (Soni & Soni, 2016).

Pedestrianization has been implemented in many cities around the world including New
Delhi (India), Bangkok (Thailand), Istanbul (Turkey), New York (USA) among others. Nepal
has also adopted pedestrianization in Basantapur, Bhaktapur, Bandipur, and Thamel. But
whenever a street is about to get pedestrianised, there is often huge opposition from
businesses on those streets as they feel it might affect their profits (Kumar & Ross, 2006).

Thamel is the main tourist center of Kathmandu. Almost all of the commercial activities in
Thamel are related to tourism, directly or indirectly. Certain stretch of Thamel had been
pedestrianized in 2017 with the joint effort from the Metropolitan Traffic Police Division
and Thamel Tourism Development Council. Pedestrianization of Thamel was in effect from
October 2017 to March 2020.

1.2 Objective

The main objective of this research is to determine the impact of pedestrianization of the
streets of Thamel on its local economy and changes in habitation of its residents. Doing this
would help enhance the limited body of evidence within the context of Kathmandu.

Specific objectives of the research include determining :
i. Impact on local economy, which is analyzed through -
e Changes in volume and type of economic activities
e Changes in property/ rental value

ii. Impact on extent of habitation, which is analyzed through -

10



MRF Research 2020/21

e Changes in air quality
e Changes in environmental condition (cleanliness)

e Changes in the social life of the residents.
1.3 Limitations of the Study

As the study was conducted when pedestrianization was no longer in effect, the data
collection has been taken from past experiences of the respondents. The study was also
conducted during COVID- 19 pandemic, during a time when the movement of people, as a
result of which the businesses, were enormously affected. COVID-19 has also resulted in
massive reduction of tourists and visitors. Elderly and children were not seen on the streets
of Thamel. However, the experiences of diverse visitors have been taken for this study to
the maximum extent possible. Group discussions were not conducted as a precautionary
measure for the pandemic.

2. Methodology
2.1 Approach

A mixed method of quantitative and qualitative study has been adopted for this study. Since
planning and implementation requires extensive stakeholders’ involvement, it is important
to understand the perception of the local business owners as well as the local residents
concerning the observed changes in their businesses and situation of habitation in order to
address their level of satisfaction with pedestrianization.

For this study, 213 questionnaire surveys were carried out for various groups. Out of the
267 businesses, 90 located on the pedestrianised street and 31 located on the non-
pedestrianised street were surveyed. Similarly, 31 pedestrians/visitors, 31 local residents
and 30 transport service providers were surveyed (Figure 1). Kaiterra Laser eggs devices
were placed at a private street segment (Mandala Street) within the then pedestrianised
street and an adjacent non pedestrianised street for a comparative study for air quality
(Figure 2).

Key Informant Interview

11
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Key informant interviews were carried out with relevant stakeholders who have been
closely working for the pedestrianization of the streets of Thamel including President and
Vice President of Thamel Tourism Development Council, Program Officer of Resource
Center for Primary Health Care (RECPHEC), Ward Chairperson, Kathmandu Metropolitan
City Office, Metropolitan Traffic Police Division, social activists and local community
members.

2.2 Literature Review

According to previous studies, pedestrian movement has a positive impact on health and
safety. Fewer use of vehicles leads to lower consumption of fossil fuels and improved air
quality. The 1.7 km pedestrianised stretch of Ajmal Road of Karol Bagh in India, had 2.5
times more pedestrian flow than non-pedestrianised streets (Roychowdhury, 2019). The
average PMa2s concentration on non-pedestrian streets was 17.5ug/m3 more than on the
pedestrian streets during late afternoon/early evening (Roychowdhury, 2019). Similar
results were found in Istanbul. After the pedestrianization in Istanbul, NO2z levels in the area
have decreased by 42% and average SOz levels have reduced by 80% (EMBARQ Turkiye,
2015). Walkability has a major impact on community livability including cleanliness, air
quality, noise condition and community cohesion as perceived by residents and visitors.
Pedestrian movement causes more communication, spreads more equality, social justice,
and decreases social crimes.

A research that involved more than 100 pedestrianized cities found that the turnovers
increased in 49% of the cities and remained constant in 25%. Cities in Austria, Germany
and Scandinavia experienced an increase in turnover of more than 60% (OECD, 1978). The
1 km Khao San Road in Thailand, which is a famous tourist destination, is pedestrianised
during specific hours of the day. A study conducted by Kumar & Ross (2006) on Khao San
Road has found that the establishments that benefitted the most from pedestrianization
were food and souvenir shops. Sales volume had either remained the same or had
increased. Most of the shops (52%) had expressed no change in rental value, 22% of the
respondents were building owners themselves, and 26% expressed increase in rent
(Kumar & Ross, 2006). In New York’s Times Square, after pedestrianization, per square foot
rental rates had doubled in a single year (Khan & Solomonow, 2016) and economic activity
had gone up by 22% between 2007 and 2011 (Pere, n.d.). Since Times Square was
pedestrianised, pedestrian injuries have reduced by 40% and vehicular accidents by 15%
(Warekar, 2017). A study that reviewed data from 1.1 million taxi trips determined that
traffic overall moved 7% faster (Khan & Solomonow, 2016).

In Nepal, as a part of Bandipur Eco- Cultural Project (BECP), the Bandipur Bazaar area has
been made traffic free and has been described as one of the main tourist destinations for
international travelers. This has not only resulted in a higher number of inhabitants in
Bandipur but also in a steady flow of international and domestic tourists (Ruska, 2012).

0ld settlements of Kathmandu Valley, especially the core city of Kathmandu, Lalitpur and
Bhaktapur were intended for pedestrianization from studies and plans as early as 1969. A
study by CIUD in 2004 proposed to restrict vehicles in Thamel and operation of electric
vehicles to meet the mobility demand of elderly and people with disabilities (Clean Energy
Nepal, 2013).

13
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According to a survey carried out by CEN/CANN in 2012, 87% of tourists preferred walking
in Thamel, 85% of tourists preferred Thamel to be a vehicle-restricted area, and 72% of
tourists said that they would walk more often if there were improvements in pedestrian
infrastructures.

According to a perception study conducted in 2013, the majority of key stakeholders in
Thamel were positive towards making Thamel a pedestrian friendly zone. However, the
idea of making a complete pedestrian-only zone was not very popular among local
residents. Nevertheless, they appeared to find the vehicle entry permit system appealing.
Businesses, on the other hand, appeared to prioritize vehicular entry into Thamel only in
the afternoon (12 pm - 2 pm) and at night (10 pm - 6 am). Around 70% of businesses
believe that not having vehicles inside Thamel will have a positive effect on their businesses
(RECPHEC/NEAT, 2013).

A survey conducted in September 2018 (after pedestrianization was implemented) by
RECPHEC found that more than 50% of the respondents were comfortable to travel after
pedestrianization of Thamel and 97% liked the vehicle free environment. Around 83% of
the respondents said their businesses benefited from this (RECPHEC/NEAT, 2013). The
pedestrianization of Thamel was in effect until March 2020 (until first lockdown due to
COVID-19).

3. Results and Discussion
3.1 Mobility Status

When the streets of Thamel were pedestrianized, all vehicles except emergency vehicles
and vehicles carrying essential items like ambulances, water tankers were restricted. Local
residents who own vehicles were provided with passes. Businesses and hotels had to get
their supplies during the night, that is between 10 pm and 7:30 am. When the three street
segments of Thamel were pedestrianised, the other adjoining streets had one way traffic
(Figure 3).

While traffic congestion had greatly improved within the pedestrianised streets as
suggested by 67.7% of the pedestrians/visitors, the traffic condition of the adjoining streets
was very congested, especially at the entry points. The entry points to the pedestrianised
zone were self-converted to drop off zones for visitors. This created a traffic stop point at
those places interrupting smooth flow of traffic.

At present, when pedestrianization has been lifted, the one way system still continues
(Figure 4). The traffic flow of Thamel shows that there are more exits from Thamel than
entry. This has been done to discourage vehicles that use these streets as bypass roads. The
streets now only admit those vehicles specifically coming to Thamel.

Right after pedestrianization, many people had begun visiting the pedestrianised zone for
a better environment and a pleasant place for social gatherings and recreation. However,
visitors were unable to find parking spaces and hence were stuck in the traffic congestion.

This discouraged the visitors from coming back to Thamel.

14
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3.2 Impact on Habitation

A study conducted by Khadgi et al. (2018) on the effectiveness of vehicle-free zone in terms
of air quality with a case of vehicle free zone of Thamel has found that the particulate matter
at the vehicle free zone was lower than other non-pedestrianised reference stations. For
this study, a 12 hour comparative air quality data was taken on a private pedestrianised
street of Thamel (Mandala Street) and non-pedestrianised street (Narsingh Chowk). The
data showed that the pedestrianised street had lower values for PMz.5, PM1o and Overall
Index compared to the non-pedestrianised street from 5:00 PM to 11:00 PM whereas these
values were almost the same after 11:00 PM to 5:00 am (Figure 5, 6 and 7). This suggests
that the time when vehicle movement takes place has lesser amount of particulate matter

at the pedestrianised street.
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Perception survey also suggests better air quality on the pedestrianised street during the
pedestrianization phase as experienced by 71% of the pedestrians/visitors and 83% of the
transport service providers. Similar results were also found in Karol Bagh and Istanbul.

The result of the perception survey conducted during this study suggests that 96.7% of the
respondents felt that they had good health implication during the pedestrianization phase,
which has been retained to some extent as 80.6% of the respondents have continued to
have good health even after the pedestrianization has been lifted (Figure 8).

Local Residents: Health Implications

100%
90%
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70%
60%
50%
40%
30%
20%
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Before Pedestrianisation DuringPedestrianisation AfterPedestrianisationis
lifted

mVeryGood wGood — Moderate mBad

Figure 8: Perceived health implication on local residents

Almost 97% of the participants responded that the noise condition during the
pedestrianization phase was good or very good. However, since the pedestrianization has
been lifted, this percentage has reduced to 32.9%. Similarly, 100% of the local residents
agreed to an improvement in noise conditions after pedestrianization. All of the
respondents responded to having experienced improved cleanliness during
pedestrianization. The percentage of participants that experienced good cleanliness
dropped to 30% after pedestrianization was lifted.

Social interaction highly improved after pedestrianization, as mentioned by 100% of the
respondents. Pedestrianization seems to have had a continued impact on social interaction
as 72.4% of the respondents think they have good social interaction at present.
Pedestrianization creates inclusive public space for more interaction, communication and
social cohesion and helps promote equality and social justice in terms of space use.

From the primary survey, conducted among local residents, it was found that 100% of the
local residents and 58.06 % of the pedestrians/ visitors thought road safety had improved
after pedestrianization. Hence it was found that all aspects of habitation improved due to
pedestrianization.
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3.3 Impact on Local Economy

Average rent per sq. ft. in the pedestrianised street was found to be 1.51 times more than
that in the non-pedestrianised street of Thamel. All of the businesses in the pedestrianised
street stated that there was no change in rent after pedestrianization. Similarly, 58% of the
residents replied that there was no change in rental or property value whereas 42%
responded that there was an actual increase. Key informant interviews also suggest no
change in rental or property value due to pedestrianization. Pedestrianization had not
caused any decline in rental value. Similar results were found in Khao San Road. However,
rental rates at Times Square were found to have doubled in a single year.

According to a perception survey conducted by RECPHEC (2018), 83% had said that their
businesses had benefited due to pedestrianization. However, the primary survey
conducted in Thamel during this study found that overall 55% of the respondents felt that
there was a decrease in footfall and 43% stated decrease in average sales after
pedestrianization. However, compared to the non-pedestrianised street and while
pedestrianization was in place, the average footfall per day on the pedestrianised street
was perceived to be 1.52 times higher. The average sales per day on the pedestrianised
street was also perceived to be slightly higher (1.05 times) than that of the non-
pedestrianised street.

Much of the literature suggests more pedestrian flow in pedestrianised areas such as in
Karol Bagh. Cities in Austria, Germany and Scandinavia had more than 60% increase in
turnover after pedestrianization. Sales volume in Khao San Road of Bangkok was found to
have increased or remained the same after pedestrianization. Economic activity in Times
Square went up by 22% after pedestrianization. Yet, despite pedestrianization in Thamel,
the perceived footfall and average sales both dropped over time.

The vehicle free zone had created a chaotic traffic congestion for the streets adjoining the
pedestrianised zone especially at the entry points where drop off zones had been
organically created. The large number of visitors being dropped off at this area created
huge traffic congestion on that road. Unavailability of parking also discouraged people with
vehicles to visit Thamel. The pleasant and clean environment created in the pedestrianised
zone was overpowered by the unpleasant traffic chaos that was indirectly created at the
exteriors. The number of visitors hence may have decreased, thus creating a decrease in
footfall and economic activities within and around the pedestrianised area. The timing
could not have been worse as this was immediately followed by the global pandemic and
nationwide lockdown. The COVID- 19 pandemic and the economic crisis further alarmed
the people who did not want to risk losing more income. In a situation of such frustration,
the locals did not want further disruption to their economy that they perceived to have
resulted from the traffic congestion brought about by pedestrianization.

3.4 Inconveniences

Major inconveniences faced by businesses located on the pedestrianised street included
difficulty in visitor and customer movements (86.2%), transportation of goods (79.5%),
personal travelling (41.3%), and parking (24.1%). For the local residents, major
inconveniences included movement of visitors (86.2%), supply of essentials (31.03%),
personal travelling (20.68%), and parking (20.68%). Majority of the stakeholders including
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local residents had concerns regarding proper parking and pass system for those residing
inside the vehicle free zone. These inconveniences need to be addressed for
pedestrianization to be successful.

Additionally, it was suggested that the entire area of Thamel be pedestrianised rather than
a small stretch. This way all the businesses would benefit and one will not have an
advantage over the other. As the area of Thamel is quite large, an electric mode of transport
- tuk tuk was suggested for those that need assistance to travel from one part of Thamel to
the other.

Perceptions of other stakeholders collected during this study suggest that pedestrianizing
an area is a continuous process. There should be continuous effort in maintaining the area
with different street activities as well as awareness raising programs. Thamel had quickly
given up on the vehicle free status. There should have been more effort from all concerned
authorities and organizations in maintaining the vehicle free status of Thamel.

3.5 Opinion on Pedestrianization

The general opinion on pedestrianization on the pedestrianized street was found to be
good or very good as mentioned by 76% of the respondents. Likewise, 74% of respondents
on the non-pedestrianised street considered pedestrianization to be good or very good

(Figure 9).

Pedestrianised Street Non Pedestrianised Street

Good = Hindrance  Indifferent = Very Good Good mHindrance = Indifferent mVery Good

36%

N

23%, 1%

45%

Figure 9: Opinion on pedestrianization on pedestrianised street (left) and non-pedestrianised
street (right)

Local residents are also supportive of pedestrianization with 96% of them agreeing it to be
good or very good. In the case of pedestrians or visitors of Thamel, 78% feel that
pedestrianization is good or very good. Likewise, transport service providers also find
pedestrianization to be good (96%) (Figure 10).

According to literature review, some of the interventions that facilitated pedestrianization
include supply of public parking facilities, adequate supply of transport facilities, accessible
bus stops at walking distance (like in Khao San Road), pleasant environment and lighting,
sidewalk cafes, fountains, other street furniture, valet service to pick and drop from market
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to parking lots (in Karol Bagh), E- rickshaw services (in Karol Bagh), traffic calming (in
Khao San Road).

Local Residents Pedestrians/ Visitors Transport Service
Provider
m Good Indifferent m Good m Hindrace
H Very Good Indifferent mVery Good mVery Good 1 Good = Indifferent

4%

16%

v

Figure 10: Opinion on pedestrianization of local residents (left), pedestrians/ visitors
(center) and transport service provider (right)

65% . 54%

4%

4. Conclusion and Policy Recommendations

The pedestrianization project of Thamel had a positive impact on the habitation of its
residents and the local economy when it started. But over time, even with the pleasing
environment and ambience in the pedestrianised street, the economy did not improve as
expected because of the traffic congestion in the adjoining street. An alternative approach
to such an area would be a gradual phase-wise development. Instead of completely
restricting vehicles and calling it a vehicle free zone, a phase wise development is
recommended for a Pedestrian Priority Zone (Figure 11).

The main objective of the process would be to improve the mobility and living condition of
the people in Thamel. It would be easier for people to get adapted to a slow development
process where vehicles would initially share the street with pedestrians while giving
preference to pedestrians. After this, the vehicles would slowly be restricted for a few hours
a day. Gradually, the streets would be completely pedestrianised with vehicles allowed for
a certain period of time.

As transfer of essential goods during off hours was brought out by several of the
participants (79.5%) as a major hindrance, a transfer station should be established that
would store and deliver all essential items during the time frame of vehicle entry or via
some allowable means of transport (tuk tuk). As understood from the key informant
interviews, continuous awareness campaigns are absolutely essential in order to make this
strategy successful.

For planning and implementation of any kind of strategy, consultation should be held
among the relevant stakeholders for successful participatory planning. A management
committee could be formed including the stakeholders, which would oversee the planning
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and implementation. Monitoring and evaluation mechanisms may also be essential in this
regard. The stakeholders in the case of Thamel include Ward 26, 16, 27, 17, City Planning
Commission, KMC, Thamel Tourism Development Council, Kathmandu Metropolitan
Traffic Police, Building and Heritage Division, Kathmandu Metropolitan City, local

community members and social activists.
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Figure 11: Proposed pedestrian priority map for Thamel

Following activities are recommended for phasewise development over two years:

1.  First Phase (6 months):

o Identify and manage parking area using Smart Parking Mobile Apps from
which users can identify available parking areas.

e Demarcate Pedestrian Priority Zone (PPZ) in coordination with main
stakeholders and consultation with local residents and businesses.

°

Replace paving to coarse material as traffic calming measures with

differently coloured pavement so that road users identify PPZ.

e Limit vehicle speed to 20 kmph in PPZ.

items (water, cooking gas, etc.) within PPZ in off hours.

musical programmes, etc. once a month.

Identify and establish transfer station near PPZ for transport of essential

Implement vehicle free street with on-street events such as exhibitions,
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2. Second Phase (6-12 months)

Allow only two wheelers and restrict four wheelers to area to PPZ (10:30 am-
6:30 pm).

Limit vehicle speed to 15 kmph.
Design and construct drop off zones at entry points to PPZ for taxis.

Introduce valet parking to assist vehicles from drop off zone to and from
parking.

Initiate full-fledged management of smart parking.
Operate electric tuk tuk/Pedi cabs within PPZ.
Inform public about PPZ with alternative routes.

Implement vehicle free street with on-street events such as exhibitions,
musical programmes, etc. once in two weeks.

3. Third Phase (12-18 months)

Allow only two wheelers and restrict four wheelers to area to PPZ (from 10
am to 7 pm)

Limit vehicle speed to 10 kmph.
Introduce pass system for local residents.
Develop easy access to public transport.

Implement vehicle free street with on-street events such as exhibitions,
musical programs, etc. once in a week.

4. Fourth Phase (18-24 months)

e Enforce PPZ allowing emergency vehicles, essential services from 9:30 am to
7:30 pm.
e [mplement pass system for local residents.
e [|nitiate full-fledged tuk tuk operation within Thamel.
e Organize monthly awareness programs to support pedestrianization.
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Analysis of Air Quality and Air Pollution Dispersion
Mechanism in the Kathmandu Valley

Rajib Pokhrel

Abstract

Environmental quality management has been challenging to concerned authorities as a
result of the rapidly growing population in the Kathmandu Valley. In this paper,
meteorological, particulate concentration and the meso-scale numerical simulation studies
have been carried out in order to analyze the air quality of Kathmandu Valley where both
primary data and secondary data were examined. Meteorological data and air quality data
recorded at different stations located in the Kathmandu Valley were collected and analyzed
scientifically. The data from these sources show that the daily mean temperature varies
from 10°C to 24°C throughout the year when the highest temperature was recorded in June
and lowest temperature was recorded in January. Moderately strong wind speed
(approximately 6 m/s) was recorded during spring and summer season. Mostly, more than
50% calm wind (wind speed between 0.5 m/s to 2.1 m/s) was recorded during the autumn
and winter seasons. Analysis of air quality data such as PM 10 and PM 2.5 shows that the
concentration of coarse particles reached above 100 pg/m3 whereas fine particle
concentration reached up to 80 pg/m3. Concentration of particulate matter was very low in
the summer due to the washout effect of frequent rainfall in the monsoon period. Numerical
simulation shows the diurnal variation of Mountain/Valley breeze in the Kathmandu Valley
during the study period. Here, the mountain breeze was generated from midnight to the
early morning, while the Valley breeze occurred from 9 AM to 9 PM. The momentum of the
Valley breeze was double than that of the Mountain breeze, although a calm breeze is
observed in the winter season. Puff dispersion model revealed that the local wind flow
significantly affected the pollution transport and dispersion in the Valley. The puffs
generated mostly in the northern part of the KMC dispersed throughout the Valley although
a majority of the pollutants dispersed around the northern uphill. Similarly, emissions
generated from the central part of the Valley dispersed throughout the Valley as well.

Keywords: Meteorology, mountain/valley breeze, air pollution, dispersion model.
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1. Introduction
1.1 Background

In the last three decades, the population of Kathmandu valley has increased drastically and
the city has been expanded and densely urbanized. Kathmandu valley with its three
districts including Kathmandu district accounts for a population density of 97 person/km?
whereas Kathmandu Metropolitan City has a density of 13,225 person/kmZ2. Annual
population growth rate in the valley was above 4.5% while the nationwide population
growth rate was approximately 2.5% (Central Bureau of Statistics, Nepal, 2001). Therefore,
it has been a great challenge to maintain a clean environment, including and not limited to
air quality in the Kathmandu Valley. WHO reports show that Kathmandu is one of the most
polluted cities in Asia, where road dust, vehicle emission, brick kiln and other airborne
pollutants are severe throughout the year.

Cross-sectional view along X-X axis

Map of Kathmandu Valley
Cross-sectional view along Y-Y axis

Figure 1: Map of Kathmandu Valley and cross-sectional views

In 2003, the air quality of the Valley was seen to be improving, but it was not sustained as
the air quality worsened in 2005 again. There was a slight improvement in air quality in
2006 but it has been steadily worsening since 2007. Dust particles, oxides of nitrogen
(NOx), carbon monoxide (CO), sulfur oxides (SOx), hydrocarbons (HCs), benzenes, etc. are
the major pollutants in the valley air (Panday et al., 2009). The increased exposure of PM
10 is associated with various adverse health effects, such as respiratory diseases,
cardiovascular mortality, morbidity and probably malignant lung diseases (Goldberg et al.,
2006; Chang et al., 2005; Kan et al.,, 2003; Donaldson et al., 2001).

Fine particulate matter is mostly generated from vehicle emissions and secondary
pollution aggravates the atmospheric visibility by scattering or absorbing the visible light
(Pokhrel & Lee, 2011). Similarly, the gaseous pollutants in the air cause severe physical
environmental and health effects (Panday et al, 2009). In addition, the inversion height is
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below the surrounding mountains and it plays a role like a lid for the Valley air mostly in
the winter season when the air pollution is accumulated in the confined boundary and the
air quality is aggravated further (Pudasainee et al,, 2010; Sapkota & Dhaubadel, 2002;
Sharma, 1997).

A large number of vehicles, brick kiln factories, concrete grinding factories, etc. are the
major sources of air pollution in Kathmandu valley. Brick kiln industry contributes largely
to air pollution as brick is one of the most used construction materials in the valley and its
neighboring areas. The total production of 350 million bricks in turn leads to the
production of sulfur dioxide and suspended particulate matter in the valley, which
contributes to more than 60% of emissions and is responsible for 31% of TSP (Total
Suspended Particle) and 28 % of PM10 (Tuladhar et al., 2002; World Bank, 1997; Shrestha
etal, 1996). Although this industry has a significant contribution to the valley air pollution,
there is a lack of emission inventory data from each stage of brick production. Moreover, a
large number of construction works happening around the Valley has fueled increasing
emissions.

Recently, the government of Nepal has also started focusing on environmental quality and
public health, and thus a number of air quality monitoring stations have been established
at different locations, such as in Ratnapark, US Embassy, Pulchowk, Bhaisipati, Birendra
School, etc. (Figure 2). Real time air quality data covering PM10, PM2.5, Temperature,
Pressure, Relative Humidity and Wind speed have been recorded and published
simultaneously. Data published in 2017 by the Environmental Division shows that the air
quality in Kathmandu was much worse than the recommended standard. The data shows
that average PM 2.5 in Ratnapark area was about 42 pg/m?3 which is more than the national
standard value of 40 pg/m3 (KVAQMP, 2076).

There are many factors that need to be considered and restructured for the improvement
of air quality of Kathmandu Valley. One factor that plays a significant role for the transport
and dispersion of air pollution in the Valley is the locally generated wind. If we consider the
air flow pattern and thermodynamic boundary when establishing the large service
industries, brick kilns, material manufacturing industries and other pollutant emitting
sources, additional pollution in the valley can be minimized.

This study focuses on the study of air flow/air pollution dispersion mechanism using
Lagrangian approach in the Kathmandu Valley where the produced results will be helpful
for the policy maker of City Planning for planning the clean and sustainable city in further.

1.2 Objective

Atmospheric environment of Kathmandu Valley is different from the plain and the coastal
land where the local meteorology, especially inversion height and air flow patterns affect
the air pollution dispersion from its source into the surrounding. The general objective of
this study is to estimate the air pollution dispersion pattern and its effective zones in the
Kathmandu Valley, and suggest possible measures in order to improve the Valley’s air

quality.

26



MRF Research 2020/21

2. Methodology
2.1 Study Site

Kathmandu, located between 279237°30” N and 27°245’0” N Latitude and 85215’0” E and
85922’30” E Longitude, is about 1500 m above the sea level and covers about 340 kmz2. The
cross section of the Kathmandu Valley is about 20 km north-to-south and 30 km east-to-
west. Kathmandu Valley has a bowl-like shape surrounded by four major mountains
namely Shivapuri, Phulchowki, Nagarjun and Chandragiri at an elevation of approximately
1400 m from its base. Kathmandu Valley covers Kathmandu Metropolitan City and 17 other
municipalities.

Four distinct seasons viz. spring, summer, autumn and winter are observed in the
Kathmandu Valley. During the course of study, the temperature of the valley varied from
5°C to 32°C and dry air with low temperature was frequently observed during the winter
season whereas high humidity (more than 90%) and hot weather were observed in
summer seasons.

Madhyapur Thimil.-.
INGUIS 770 Sy,

st 0

Figure 2: Study domain which covers the downtown area in the central,
residential/agriculture area mostly outside of Chakrapath and the high hills

2.2 Data Collection

Meteorological data were collected from the existing monitoring stations at Tribhuvan
International Airport (TIA) and Babarmahal, Kathmandu. The station at TIA only records
wind speed without wind direction, therefore the data recorded at Babarmahal station are
used to aid the analysis of the wind flow pattern by plotting a windrose diagram in this
study. The air quality data (PM10, PM2.5) are collected from existing monitoring stations
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such as Ratnapark, Phora Durbar (US-Embassy), Pulchowk, Bhaisipati, US-Embassy
(Kathmandu), Shankapark and Birendra School (Bhaktapur).

The hourly average data for the whole year are collected to analyze the monthly as well as
seasonal variation of air quality in the Valley. Moreover, additional data are referred from
other published secondary sources for setting the boundary conditions and discussing the
meteorology and air quality situation of the valley. Big data (USGS 30”) of topography and
land use have been used for numerical simulation. Numerical simulation for the air flow
and air pollution dispersion has been carried out using the Lagrangian approach (A2C
flow/t&d).

2.3 Validation of the Modeling Tools
2.3.1 Breeze Modeling for Ideal Condition

The ideal case study has been designed to check the model performance with the required
boundary conditions even though the model has already been validated and results
discussed with the scientific community and then published in different scientific journals.
The modeling process has four major parts including selecting the study domain by
extracting the topographic and land use data, setting initial conditions for A2C
(Atmospheric to Computational fluid dynamics) flow and for the source information for
A2Ct&d (transport & diffusion), as well as presenting the simulation results.

USGS 30” resolution geographic data (about 800m resolution at mid latitude) was used for
extracting the geographic information to set the modeling domain. The modeling domain
covers the geographic location of Kathmandu Valley and its neighboring mountainous
areas. The topographic information was modified for the ideal modeling case. Figure 3
shows the modeling domain for ideal case study, wherein the modeling domain the land
surface is perfectly plain just above 1m from the water surface.
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Figure 3: Ideal modeling domain
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The modeling period was selected in late July (Julian day 101 - 103) which is the pre-
monsoon period and so, windblown dust events are frequently observed. In general, there
exists high chances of boundary effects at the beginning and at the end of the simulation
period, which is why the simulation has been carried out for Julian day 102. The average
potential temperature, 295 K and the reference pressure, 1000 hPa were set up by referring
to the published data as well as the manual guideline. The inversion height is approximately
the boundary layer height in the daytime. The inversion height was suggested between
1000 m to 2000 m in the software manual. It was used as 1000 m for this simulation. Initial
wind speed of 0 m/s was set by assuming the pure breeze case, i.e. without the effect of
external or synoptic wind. The wind flow at the beginning of the modeling period was set
0 m/s, therefore the initial wind direction is insignificant for this condition. In addition, the
nudging option was set active for maintaining boundary conditions similar to the initial
values and stable A2C flow computations. Earth rotation option was set active by
considering the Coriolis effect. The simulation was carried out after setting rest of the
parameters such as turbulence variables, radiation variables, etc. as the default values
based on the manual.

2.3.2 Validation of Modeling Data with Monitored Data

Results generated by any simulation tools need to be compared with observed data to
identify the sensitivity and reliability of the modeled data. Due to the lack of upper air data
of the modeling domain in this study, the modeling domain for the validation case was
selected in the west coast area of Incheon, South Korea where upper air data were
monitored using the SODAR system/Radio Sonde. Required meteorological data for setting
the boundary conditions and validations introduced in this study were referred from the
author’s previous publications (Pokhrel & Lee, 2011).

2.4 Air Flow and Air Dispersion Modeling

Kathmandu valley, located in the bowl type geography, has high levels of air pollution,
especially high concentration of PM in the ambient air throughout the year. Understanding
the pollutant types, sources and dispersion mechanisms are the basic criteria for
establishing an air quality management plan. Previous studies show that mobile sources
(vehicles) point sources (brick kilns, grinding industries, cement industry, commercial
buildings, etc.) and area sources (forest fire and agriculture sectors) in the nearby vicinity
are the major polluters in the Kathmandu valley. Local meteorology, especially air flow
mechanism, plays a significant role for the transportation and dispersion of air pollution in
the study area. In order to simulate the local air flow mechanism and puffs dispersion in
the study domain, the modeling tool - A2C flow and A2C t&d were introduced in this study,
where puffs are considered as non-reactive primary pollutants. The chemical reactions
occuring in the atmosphere during the transport and diffusion of pollutants by the local air
flow (mountain/valley breeze) was not considered for the mesoscale simulation study.

The modeling domain (84°35”E, 27°03”N to 86°10”E, 28°12”"N) was set using the USGS 30”
resolution topographic and land use data. It covers Kathmandu Valley and its nearby
mountains as in Figure 4. The outer domain covers 150 km x 129 km with grids resolution
of 3 km, interim domain covers 75 km x 75 km with grids resolution of 1.5 km and
innermost domain 33 km x 33 km with grids resolution of 500 m.
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Figure 4: Modeling domain covering the Kathmandu Valley as well as the inner domain, and
its vicinity

Modeling cases are designed by considering the local meteorology condition and avoiding
the external driving effect such as the monsoon seasons. Around 60-70 % of annual
rainfalls during the monsoon season when external wind (monsoon wind) dominates the
local wind. Therefore, the three modeling cases are designed during the (a) Spring - (pre-
monsoon period), (b) Winter (mid-winter), (c) and with the modification of land use
change. Corresponding meteorological information has been used for setting the initial and
boundary conditions.

Case Study of Spring Season

The modeling period selected for this study included mid spring, i.e. in April (Julian day 105
- 111) and before the monsoon season began when the effect of external wind was minimal
in the study region. The potential temperature (298 K), reference pressure (1013
mb) were based on the meteorology data monitored at the airport and the inversion height
(700 m) was referred from the literature (Regmi et al, 2003). The initial wind speed (0
m/s) was set by considering the pure breeze and rest of the parameters were set as default
suggested in the manual (HOTMAC® and RAPTAD® 7.8; Yamada Science & Art
Corporation). In addition, the puff sources (Sa0, Sal, Sa2, Sa3 and Sa4) were set at the
center, east, west, north and south part of the internal modeling domain (in the Kathmandu
Valley) where Sa0 is located in-between Ratnapark and Dillibazaar (27.709N, 85.326E),
Sal is located in Tahachal near to Chakrapath (27.702N, 85.282E), SaZ is located at
Bhaktapur area (27.6643N, 85.4460E), Sa3 is located at north part of the Valley (27.7469N,
85.335E) near to Narayan Gopal Chowk, and Sa4 is located near to Sunakothi Lalitpur
(27.632N, 85.3227E) as in Figure 5. Elevation of all the puff sources were set 10m above
the surface and the puff emission option was set continuous with the emission rate of 1g/s.
Moreover, the nudging option was activated to minimize the effect of initial and boundary
conditions and the earth rotation was activated to take into consideration the solar angle
and gravity effect on air flow.
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Figure 5: Position of puff sources in Google Map.

Case Study of Winter Season

The modeling period for the winter season has been selected in mid-winter, i.e. in January
(Julian day 1-7) as there is no possible monsoon effect as in the summers. The temperature
in the winter season is low in Kathmandu Valley. The potential temperature (285 K),
reference pressure (867 mb) were based on the meteorology data monitored at the airport
and the inversion height (400 m) was referred based on expert opinion. The temperature
inversion can be observed frequently below the height of the surrounding mountains in the
valley where the pollution is trapped inside the valley, mostly in the winter season. Other
parameters were set similar to the previous case study of the pre-monsoon period.
Moreover, the impact of land use change on local breeze flow has also been analyzed by
modifying the land use properties in the model.

3. Results and Discussion
3.1. Meteorology of the Kathmandu Valley

There are four distinct seasons in Kathmandu Valley where daily mean temperature varies
from 10°C to 24°C. Highest temperature was recorded towards the end of May till mid-June
and the lowest temperature was recorded in the month of January. Generally, the
temperature of the Valley varies from 2°C to 29°C, where winter is moderately cold and
rest of the seasons are cool. Approximately 1500mm rainfall has been recorded in the
Valley. Around 70% rain falls in the three months of the summer season, although there is
slight variation each year.

Moderately strong wind speed (approximately 6m/s) occurs during the spring and summer
seasons. Mostly, calm and moderately calm winds (wind speed of 0.5m/s to 2.1m/s) are
evidenced during the autumn and winter seasons. The lower temperature in the valley
caused the formation of temperature inversion in the surface level where the calm wind
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speed catalyzed the temperature inversion and caused accumulation of pollutants in a
confined region.
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Figure 6: Climate data for Kathmandu Valley for the year 2019

Source: www.weather-and-climate.com for Kathmandu Valley.
3.2 Air Quality of the Kathmandu Valley

Particulate matters such as PM10 and PM2.5 which have been monitored at Ratnapark, US-
Embassy (Phora Durbar), Pulchowk, Bhaisipati, US-Embassy (Kathmandu), Shankhapark
and Birendra School (Bhaktapur) were collected and analyzed to identify the monthly and
seasonal variation of particulate matter in the Kathmandu Valley as in Figure 7.
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Figure 7: Monthly variation of the particulate matter in the Kathmandu Valley for the year
2018-2020
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Due to technical errors, there was PM10 data missing for the spring season although the
PM2.5 was recorded successfully. The data shows that the air pollution level was more than
two times higher in the winter season (December, January and February) than the spring
season (March, April and May) and the autumn season (September, October and
November). Moreover, the concentration of particulate matter was very low (both PM10
and PM2.5 were less than 20 pg/m3). There was more than 70% rainfall in the summer
season only. The frequent rain may wash the dust out from the atmosphere as well as the
re-suspended dust from the surface.

3.3 Validation of the Modeling Tools
3.3.1 Breeze Modeling for Ideal Condition

The simulations were carried out with the initial and boundary conditions for the ideal
modeling domain as mentioned in previous sections. Solar radiation energy is one of the
major factors that controls the thermal environment of the study area. The solar radiation
energy changes with the diurnal time period, consequently the temperature of earth
surface is varied. Due to the different heat capacities of land use objects, the differential
temperature and pressure gradients are developed between the sea side and the land side
which subsequently generates the thermally induced wind.

Figure 8 shows the wind flow field in the early morning when the land breeze is observed
and Figure 9 shows the lake breeze flow field for the daytime. Data sampling points were
set at 3 km from the coastline in the offshore area. Wind speed, wind direction and
temperature profile data were retrieved during the mid-simulation period for a whole
diurnal cycle (24 hours) with an interval of an hour.

GAM

Figure 8: Air flow field in the early morning around 6 AM
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15PM

Figure 9: Air flow field in the daytime around 3 PM

Figure 10 demonstrates the diurnal variation of wind speed at 10m above the surface,
where the negative wind speed represents the land breeze and positive wind speed
represents the lake breeze. The maximum wind speed during the land breeze period was
around 5AM to 6AM in the morning and that during the lake breeze was during midday.
The speed of the lake breeze was nearly double of the land breeze, which can be seen from
Figure 10. In addition, the transition periods of the wind field were identified to be around
9 AM to 10 AM and 9 PM to 10 PM.

Wind flow during summer day

Wind Speed (m/s)
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Figure 10: Diurnal variation of the breeze flow in the study area
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The results from the ideal case study have followed the general principle of lake/land
breeze as suggested in various handbooks and existing publications, but the magnitude of
breeze speed has been found significantly different. The difference might be visible as a
result of the differences in topographic data, modeling period and boundary conditions.

3.3.2 Validation of Modeling Data with Monitoring Data

For this study, statistical analysis has been carried out to identify the accuracy of the
predicted data with the observed data. Figure 11 shows the correlation between the
predicted data and the observed data for the breezes where the correlation coefficients of
R2=0.85 and R?= 0.9 have been found between the predicted and the observed data for the
land breeze and the sea breeze periods respectively. It proves that the modeling tool
selected for this study is appropriate for carrying out the further study in the study area.
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Figure 11: Correlation between the modeled data and the observed data
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3.4 Airflow and Air Dispersion Modeling
3.4.1 Case study of Spring Season

Mesoscale air flow/dispersion modeling was carried out in the study area by setting the
initial and boundary conditions as described in the methodology. Local air flow is generally
produced due to the differential heating and cooling effect on the earth surface. In the
Mountain/Valley area, a thermal circulation often develops due to the diurnal heating and
cooling of the mountain slopes. Solar radiation warms the Mountain slopes or Valley walls,
which in turn warms the air in contact with it. The heated air (being less dense than the air
at the same elevation above the Valley floor) rises as an upslope wind and is called Valley
wind. Due to the outgoing radiation during the night, the mountain slopes cool quicker as
compared to the Valley floor. The air in contact with the slopes and up to certain depth
generally cools through conduction and turbulent mixing. This cooler air flows down the
slope and is called a slope or a mountain wind (Arya, 1999). In the study area, the Valley
wind is particularly strong in the south-facing slopes. However, the Valley is surrounded
by high mountains with most of the Mountain slopes facing the midday sun, and therefore,
a significant amount of Mountain and Valley winds are developed. The surface elevation in
the study domain varied widely, ranging from 78m to 6688m (maximum surface elevation
from the sea level). The internal modeling domain covered Kathmandu Valley with a base
elevation of approximately 1350m from sea level and an elevation of approximately 2825m
(Nagarjun) in its surrounding mountains.

Figure 12: Wind flow vectors 10 m above the surface in the study domain at 12 AM, 6 AM, 9
AM, 3 PM, 9 PM and 11 PM

36



MRF Research 2020/21

Figure 12 shows the diurnal variation of the air flow vectors at different time intervals.
Most of the Valley area is covered in urban structures and the mountain area is covered
with forests. After sunset, the mountain slopes released heat faster than the Valley surface,
which is characterized by its urbanization pattern and land use type/material and
consequently, influences the airflow. The timesat 12 AM, 6 AM and 11 PM - show the breeze
flow towards the Valley (Mountain breeze), while the times at 9 AM, 3 PM and 9 PM show
the breeze flow towards the mountain slopes (Valley breeze) (Figure 12). The momentum
of the breeze and its direction varied with time and geographical location. It is known that
the intensity of solar radiation as well as the surface emissivity is time-dependent;
however, surface elevation, land-use parameters, meteorological parameters, etc. also vary
with location.
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Figure 13: Diurnal variation of Mountain/Valley breeze at different sampling points; here the
symbols represent as Sa0 (Ratnapark), Sal (Tahachal near to Ringroad), Sa2 (Bhaktapur), Sa3
(Near to Narayan Gopal Chowk) and Sa4 (Sunakothi, Lalitpur)

Figure 13 shows the diurnal variation of breeze flow for the monitoring points Sa0, Sal,
Sa2, Sa3 and Sa4. The momentum of the Valley breeze (up to 4.5m/s) was more than double
that of the mountain breeze (up to 1.8m/s), despite the breeze’s momentum varying at
different locations. With the decline of solar radiation in the evening, the breeze’s
momentum reduced and it reached a calm condition around 9 PM. This could be referred
to as the transition period.

As the air pressure at the Valley surface became lower than the Mountain slopes, at around
11 PM, the Mountain breeze was generated. This mountain breeze continued till 7 AM
during the simulation period. The mountain breeze gained maximum momentum just
before the sunrise and it reached a transition stage between 7 and 8 AM. Due to the higher
solar intensity, mountain slopes generally heat faster and this in turn generates
significantly strong Valley breeze. The Valley breeze gained maximum momentum at
around 1-2 PM. The process repeats until the external air force or adverse climatological
changes do not occur.
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Puffs were emitted continuously with a constant emission rate from the point sources
located at the central, eastern, southern and northern part of the Valley. Transport and
dispersion mechanism of the puffs from the point sources at different locations varied with
the local air flow mechanism. The puffs emitted from the center of the Valley (southern part
of KMC) disperse throughout the Valley. However, from midnight to early morning, the
major portion of the puffs skewed towards the south-west direction following the local air
flow pattern. The puffs emitted from the eastern part of the Valley were transported and
dispersed in the eastern and south-eastern part of the Valley and its nearby mountain area.

Similarly, the puffs emitted from the southern part of the Valley dispersed in the southern
and south-eastern part of the Valley and its vicinity. Moreover, the puffs generated in the
northern part of KMC transported towards the valley area in the late night to the early
morning and it transported towards the uphill side in the daytime. The pollution transport
and dispersion pattern in the Valley was affected by the local air flow characteristics. The
smog generated in the eastern part of the mountainous area (touristic region) could be the
effect of the pollution transported from the central and the eastern part of the Kathmandu
Valley.

Figure 14: Puffs dispersion mechanism from the point source in the Valley wherein the puff
source is at the central part of the Valley

Figure 14 and 15 show puffs dispersion mechanism from the point source wherein the puff
source is at the central and eastern part of the Valley respectively. The red color represents
the younger puffs and the white color represents the aged puffs. As the puffs become older,
their size gradually expands and the color also transforms towards the aged puffs. Majority
of the puffs in the surface area of the Valley mostly follow the breeze path. The aged puffs
disperse at higher altitudes and wider areas where the breeze impact is the least.
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Moreover, a large number of puffs capped the Valley top. This was due to the fact that the
puff source - where most of the puffs were dispersed in the Valley area - was at the central
part of the Valley. This shows that understanding the air flow characteristics and air flow
corridor could be helpful for managing the air quality of Kathmandu Valley. This study also
suggests that north to south air flow is common in the study area and the air flow corridors
are mostly in the southern and south-eastern part of the Valley.

Puffs Age (H) ME

Figure 15: Puffs dispersion mechanism from the point source wherein the puff source is at the
eastern part of the Valley

3.4.2 Case Study of Winter Season

Figure 16 shows the surface wind flow vectors at different periods during the winter
seasons. Similar to the pre-monsoon period, distinct mountain/valley breeze events can be
observed, where valley breeze can be observed after sunrise around 8 AM and it continues
till 9 PM in the evening. Afterward, the valley breeze diminishes and mountain breeze starts
to flow around 11 PM and it continues till 7 AM in the morning.

Similarly, puff emissions from the central part of the valley (vicinity of Ratnapark and
Dillibazaar) are dispersed around the inland area and around the source by the mountain
breeze. The puffs are transported towards the uphill side by the valley breeze during
daytime. Majority of the pollutants generated at the central part of the Valley are
transported towards the north-east direction although the pollutants are not confined only
in one direction. Due to the shallow inversion height in the winter season, the pollutants
are trapped in the narrow boundary, and consequently the pollution concentration
becomes higher in the winters despite the emission being constant.
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Figure 17 shows the wind speed at different sampling locations where calm breeze events
can be observed at most of the sampling points. Strong breeze, especially valley breeze, can
be seen at the base of the high mountains as in sampling site Sa3. The valley breeze is
comparatively stronger than the mountain breeze as the temperature difference between
the valley base and the mountain is significantly higher during daytime than nighttime.

4. Policy Recommendations

Air quality management in Kathmandu Valley has been a highly challenging and focal issue
in recent years. There are many factors such as emission sources, types, topography,
transboundary effects, etc. that need to be considered while developing air quality
management plans. Soil-based dust and black soot from the combustion of fuel are the
major pollutants in the Valley. Soil-based dust disperses in the atmosphere from all the
constructions and demolitions, agriculture processes and the vehicle induced emission
from the earthen road (through windblown dust and tires of the vehicles). For the
sustainable management of the air quality in the Valley, KMC and its neighboring
municipalities should work on a mutual agenda to make their efforts more productive.
From this study covering a literature review, data analysis and dispersion modeling, some
suggestions are recommended to the policy makers of the KMC for their future plans
related to the city development.

The simulation results show that the calm wind blows in the central part of the Valley
where the emissions generated reside around the source which add up the pollution level
in the Valley in the long term. Moreover, the pollution generated from the south and south-
eastern part of the valley has less effect on the Valley air pollution. This leads to the
following recommendations:

e New development projects should be implemented in such locations which
contribute to the least pollution. Similarly, if such projects are to be limited within
the KMC, it is suggested to develop/locate such projects in the northern part of the
valley.

e Potential air pollution sources should be decentralized from the core Valley area
to safe surroundings and also limit the emission sources which help to mitigate the
air pollution impact in the Valley. Replacing the petrol/diesel-based public
transportation to electric energy-based transportation in the core valley area
could be one of the examples.

e Urban greenery, pervious parking, farmland preservation, etc. are helpful for
tackling the possible Urban Heat Island Effect in the core area of the Valley.

e Municipalities should include air pollution hazards in the multi-hazard assessment
while preparing risk-sensitive land use planning.

Literature covering Kathmandu Valley Air Quality Management Action Plan 2076 shows
that vehicle based, construction/demolition based, agriculture based emissions, etc. are the
major pollutants in the Valley. Therefore, it is recommended to study in such affected areas
in future. The additional recommendations for controlling the emission from these sources
are:
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e Strictly prohibiting the open construction and demolition in the Valley by
developing the national construction and demolition guidelines.

e Washing every construction/agriculture related vehicle before entering the
approach road from construction/agriculture sites.

e Designing the road in a way such that the soil from the bank of the road should not
enter the main road via the tyres of vehicles, or wind and rainwater, etc.

e Developing an integrated plan for facility development such that the maintenance
is sustainable. This is important because road maintenance is frequent in the
Valley due to the ineffective communication among different departments.

e Developing a reliable vehicle emission testing facility and a policy guideline
covering penalty provisions for polluted vehicles which should be made
compulsory for all vehicles entering and running inside the Valley.

e Developing awareness programs to control the open burning of municipal solid
waste as well as the forest fires in surrounding areas.

e Prioritizing emission less mass transportation and bicycling through inclusion of
green technologies could be helpful in improving the air quality in the long run.
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Mapping of Blue Infrastructure of Kathmandu Metropolitan
City

Suraj Gautam

Abstract

Kathmandu Metropolitan City is the hub of Nepal’s urbanization. With the increasing
urbanization and significant urban growth, there are several concerns regarding the status
and conservation of the blue infrastructures. This study on Mapping of Blue Infrastructure
of KMC has explored, assessed and mapped Hitis and ponds in the KMC based on the
available literature, published reports and previous studies. The spatial and attributal
information of 99 Hitis and 14 ponds were studied during the field visit. A total of 57 Hitis
and 17 ponds that were either missing or unable to be located were recommended for
further study. In the 32 wards, majority of the Hitis were found in Ward no. 15 and almost
64.65% of Hitis were found either dry or non-operational. The density of Hitis in the fringe
areas (outer wards) were less but had good water flow as compared to the Hitis in core
areas. The issues of conservation, drying up of the Hitis and ponds, encroachment issues
are very much pronounced in the modern context and thus needs planning and
implementation of conservation programs in the short-term. The strategic blue
infrastructure network zoning of the city can be made to mark the buffer zones, land
pooling and support urban expansion. With the participation from multiple stakeholders,
the Recharge Kathmandu campaign of KMC can be strengthened and thus promoted
towards restoration works. The increased understanding of the Hitis and ponds will not
only contribute towards the historical and cultural importance, but will also support the
urban ecosystem and integrated water resource management practices in the long run.

Keywords: Hiti, ponds, blue green infrastructure, mapping, conservation.
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1. Introduction
1.1 Background

The concept of blue infrastructure has gained a lot of attention in the last decade, especially
in the context of sustainable urban development in the planning process (Rusche et al.,
2019). The blue (water) and green (nature, plazas, and parks) components of Blue Green
Infrastructure (BGI) is associated with the urban hydrological functions and also serves as
a feature to protect against droughts, cloudbursts, flooding and several other hazards. The
multiple dimensions of these infrastructures serves as a valuable asset to the ecosystem
services (Maes et al, 2015). However, human activities and their interactions have
modified the existing urban areas, landscape heterogeneity, functions and the urban
environment. These interactions have made it complex to describe and characterize
changing landscapes, land use and land cover classification techniques (Foody, 1996; Ju et
al,, 2003). Understanding of the blue infrastructure contributes to the maximization of
physical and functional connectivity as well as to the optimization of multi-functionality in
terms of social, ecological and economic benefits through water sustainability. The effective
mapping of such attributes therefore necessitates the ability to identify and characterize
water storage units and ground recharge units.

Blue infrastructures refer to water elements like rivers, canals, ponds, wetlands,
floodplains, water treatment facilities, and so on. However, this study has focused on the
study of the traditional blue infrastructures like Hitis and Ponds in the Kathmandu
Metropolitan City (KMC). The Hiti system consists of components like Raajkulo (canals),
Pukhu (ponds), Hiti (spouts), Tub (the wells), and Dhown (the drains). The Hiti system
makes the utilization of ground water, rainwater and surface water to serve the water flow
throughout the year. This system is aided by the collection of rainwater in the aquifers
(layers of permeable rock, sand or gravel through which groundwater flows). For the
maintenance of water flow throughout the dry season, infrastructures like ponds are built,
which acts as a reservoir to recharge those aquifers. The ponds built nearby the Hiti were
also fed by the Rajkulos (the canal systems) for the daily use of water. With the help of stone
spouts, the Hiti system gets discharged which are generally constructed at manmade
depressions. Hitis, generally have one or a number of stone spouts carved in different
shapes like the shape of crocodile heads (crocodile or makara in Sanskrit is the vehicle of
Ganga, the Goddess of water) and so on. It is assumed that most of the Hitis and Rajkulos
were built during the Lichhavi period and King Mandev is believed to have built the first
Hiti in Handigaun in 550 AD. The Hitis in KMC exhibits the blending of the indigeneous and
traditional knowledge, socio-cultural practices, norms and values.

Traditional blue infrastructures like Hitis and ponds exhibit blending of the indigeneous
and traditional knowledge, socio-cultural practices, norms and values. Despite the cultural
and historical significance, the status of Hitis and ponds in KMC is not up to the mark. The
growing population, urbanization, and modern rapid development has neglected and even
encroached the traditional infrastructure like ponds, canals, and the stone spouts.
Similarly, there are cases of disruption of the flow of the traditional delivery mechanism
and issues of conservation of the traditional stone spouts and ponds in the city. The
integrated centralized inventory of water networks in KMC has been missing. This study of
mapping traditional blue infrastructures in the city involves the study of the status of the
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Hitis and the ponds. The distribution of Hitis in KMC is not uniform. This study also assesses
the status of the Hitis in the core areas (covering 11 wards which includes wards 12, 17,
18, 19, 20, 21, 22, 23, 24, 25, 27) and in the fringe areas (covering 7 wards which includes
ward 6, 7, 8,9, 10, 31, 32) as shown in Figure 1.

Map of Kathmandu Metropolitan City N

Fringe area of KMC

Core area of KMC N
1cm=1km R f

Figure 1: Study area (core and fringe area) of Hitis in KMC
1.2 Objective
The general objective of the study is to understand, assess and map the Hitis and ponds in

KMC. The specific objectives of this research are:

i.  Preparation of an inventory of traditional blue infrastructures (Hitis and ponds)
of KMC with their attributes.

ii. Development of a platform to visualize the information of Hitis and ponds in
KMC.

ili. Assessment of the operational, onservation and management status of the ponds
and Hiti in the core and fringe areas of the city

iv.  Suggesting ways to improve the status of the ponds and Hitis.
1.3 Study Limitation

The study of blue infrastructures was limited towards the study of traditional Hitis and
ponds. Similarly, the study was mainly based on the information obtained through the
available secondary datasets with ground validation at major locations. With the study
being done in winter months, the discharge data was obtained for the dry season. Similarly,
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due to the COVID-19 conditions, a thorough and extensive group discussion was not
possible. However, this research, in the long run, can keep in track with all the potential
resources. Further, the developed platform is also scalable onto several locations where
KMC can take a leading role and share the learnings and dynamic platform to its sister
and collaborating cities. The envisioned platform needs to be incorporated under the
server and system of KMC which will require additional resources from KMC.

2. Methodology

2.1 Desk Study

The desk study was carried out to explore the idea on the Hitis. Research on traditional
blue-infrastructure mapping and initiatives studied is listed in Table 1.

Table 1: Previous studies on the Hitis and Ponds

Year Works/Publication Individual /Institution

1982 Kathmandu Nagar Chhetra Inventory (Pati, Kathmandu Valley
Sattal, Stone water spouts and open spaces) Committee

1990 Dhunge dhara:A Case study of Three cities of Pradhan (1990)
Kathmandu Valley.

1994 Water Conduits of Kathmandu Valley Becker-Ritterspach

(1994)

1998 Restoration of traditional stone spouts in UNEP (1998)
Sourcebook of Alternative Technologies for
Freshwater Augmentation in some Asian
Countries

2002 The Pit Conduit Water Supply System of Prof. Sudarshan Raj
Kathmandu (VAASTU vol 4, May 2002), Tiwari

2002 Ancient Newari Water-Supply Systems in Spodek (2002)
Nepal's Kathmandu Valley

2008 Water Movements in Patan with Reference to UN-HABITAT
Traditional Stone Spouts in Nepal: UN-HABITAT
Water for Asian Cities Programme Nepal.

2008 Traditional Stonespouts Enumeration and NGOFUWS (2006)
Mapping

2013 Dhunge-Dharas in the Kathmandu Valley-An Becker-Ritterspach
Outline of their Architectural Development. (1994)

2016 A Comparative Evaluation of Stone Spout Tripathi (2016)
Management Systems in Heritage and non-
Heritage Areas of Kathmandu Valley, Nepal
(Ph.D Thesis). New Zealand: Lincoln University.

2018 “Kathmandu water spouts, lost and found cases”  Khatri (2019)

2019 Survey of Hitis in ten municipalities of the Kathmandu Valley
Kathmandu Valley. Supply Management

Board
2020 Study of Ponds in Kathmandu Valley and Adhikari, Parajuli, and

Analysis of their Present Situation.

Adhikari (2020)
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2.2 Inventory and Dataset Preparation

This phase involved the collection and exploration of the inventories regarding Hitis from
the different secondary sources. Open Street Map (OSM) platforms were used for the
digitization, reference for field visit and system development phases. The necessary
attribute data to characterize and describe the Hiti (e.g., availability of water, status of
infrastructure, locations, age, etc.) was also prepared. Reviews included:

e Digitization of Hitis and Ponds from Kathmandu Nagar Chetra Inventory (1982)
e Data from Kathmandu Valley Water Supply Management Board

e Status of Hitis, source, and the conservation activities.
2.3 Field Study

This phase focused on the collection of primary data through various field visits. A visual
inspection of sites and natural settings of the research contexts was carried out. Global
Positioning System (GPS) based surveys were performed by collecting information about
the physical status, water flow status, photographs and several attributes which gives both
the spatial and attribute data.

> Direct observation & stakeholder mapping: The observation and recording of
spatial attributes and elements of Hitis were carried out. Similarly, the potential
number of stakeholders were also identified along with their responsibilities and
contribution. The provisions made by the institution regarding the Hiti and Pond
mapping and conservation were also reviewed.

> Key informant interview with resource person and authorities: The
interviews were mainly focused on the arrangement of meetings with different
stakeholders, initiatives around preservation and protection of Hitis. The
respondents were identified and information about the Hitis and Ponds were
extracted. Necessary information relating to the status of the Hitis was collected in
the form of survey forms. Closed one-to-one conversation and consultations are
made to extract the information of the Hiti and its aspects. The exploration of the
existing indigeneous and cultural practices for conservation (eg: Indra Jatra,
Balachaturdashi, Naagpanchami) was also done.

2.4 Web-based Platform Development

The platform is capable of visualizing the spatial and attribute data in the map page under
the boundary of KMC. The first landing page of the platform gives the basic introduction of
the system as shown in Figure 2 and Figure 3.

The readable data can be fed into the system and various options of filters (like Select by
Ward, Select by Operation Status, Select by Spout/pond, and so on) can be applied to
visualize the system. Besides, this platform is also able to display the relevant images of the
stone spouts on the left side of the map page and analytics on the right side. It is also able
to cite and give acknowledgements to the important contributions and statements in the
testimonial section.
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Figure 3: Map visualization page of the platform

Coding and Development: This process involved the development of the backend system
and a map visualization system for the frontend user with Graphical User interface.
Similarly, it also incorporated the filter option to choose the relevant component in the
visualization. The admin/superuser can upload the “.csv” format file and upload images of
the respective components. This platform is able to distinguish and disaggregate ward-wise
data in the city and look at the status of respective Hitis as per the requirement. It is also
able to generate the status report of Hitis and ponds.

Incorporation of Feedback: The feedback received from different stakeholders was
incorporated in the system and subsequent changes were made.

System Testing & Debugging: This involved the testing of the system and applying
necessary debugging of problems in coding and other technicalities.
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Web App: The developed web-app system is hosted at: https://bgi.utilitymaps.org/ and
https://blueinfra.naxa.com.np/mappage.

2.5 Data-Processing and Analysis

This phase involved the processing of data that included data cleaning, categorization and
preparation of the data in a readable format. The processed data was then fed into the
system for the analysis. Besides, this part also involved the assessment of the capacity of
ponds and its linkage to disaster risk reduction. The number of Hitis in operational and
non-operational status was identified. Similarly, the status of the Hitis and ponds, its
physical status, drainage conditions and measures for the conservation were also studied.

3. Results and Discussion
3.1 Source of Water

Only 72% of the households in Kathmandu Valley have access to water (pipelines), while
10% of the households obtain water from different sources (MoUD, 2016). The households
in Kathmandu fetch water through different sources such as private wells, KUKL and/or
private tankers, stone spouts, public wells, bottled water dispensers, and public taps. Since
the Municipal water supply in Kathmandu Valley has been found inadequate, sources like
traditional stone spouts (natural springs) have also been important for poor urban
dwellers.

Moreover, the traditional stone spouts have their own aesthetic and traditional value and
act as sites of cultural heritage. However, due to urbanization, stone spouts seem to have
dried up and some of them have also been encroached.

3.2 Hitis

NGOFUWS had conducted the enumeration of traditional stone spouts in 2004 and
published a book entitled Traditional Stone Spouts: Enumeration and Mapping in the Five
Municipalities of the Kathmandu Valley in 2009. 115 water spouts were identified from the
inventory prepared by the Kathmandu Nagar Chetra Inventory (Pati, Sattal, stone water
spouts and open spaces) in 1982. The spatial distribution of Hitis studied in this study is
represented in Figure 4.

Out of 156 locations of Hitis visited during this study, only 99 (63.46%) of the spouts were
found, while 57 (36.54%) of them could not be located as shown in Figure 5. The Hitis
which could not be located during our field visit has been listed in Table 2.

Of the visited 99 Hitis, during the months of January to March, only 35 (35.35%) water
spouts were operational, while (64.65%) 64 spouts were dry and non-operational. As per
the KII, Hitis like Gairidhara Hiti, Dhungedhara Hiti, Naxa Dhara, Pakku Dhara, Chahari
Dhara, Dhobi Dhara, Suddhicharan Dhara, Macche Hiti, and so on have a good supply of
water during the summer season but poor supply during the winter.
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Figure 4: Spatial distribution of Hitis in KMC
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Figure 5: Existence of Hiti during the field survey
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Table 2: Missing Hitis in this study

S.N. Stone Spout Location
1 Dhara Airport
2 Jadibuti Airport Marga, Koteshwor
3 Arubari Dhara Arubari, Simaltar
4 Tanka Prasad Dhara Baburam Acarya Marga
5 Dhobi Dhara B Bagbazar
6 Bagbazar Hiti Bagbazar Bidhyut Pradhikaran
7 Balaju Dhara Balaju, Chakrapath
8 Tudal devi Baluwatar
9 Bijuli Dhara A Baneshwar
10 Banja Hiti C Banju Tole
11 Boudha Hiti Baudha Dhara Tole
12 Bhimsen Marga Hiti Bhimsen Marga
13 Bhindyo Hiti Bhimsenthan
14 Bag Durbar Hiti Bhotebahaal
15 Bhubaneshwori Hiti (Gyan Dhara) = Bhubaneswori Mandir Premises
16 Binayak Dhara Chahabil Ganesh Marga
17 Dhungedhara Chandol
18 Ha Hiti Chasan Tole
19 Kailash Dhara Daurbar marga
20 Dhungedhara Dhalku
21  YaraHiti Dhaungedhara
22 Gairi Dhara Gairidhara
23 Gairi Gaun Gairigau
24 Sinamangal Hiti Gandaki Marga, Sinamangal
25 Gyolisang Hiti Gyolisang marg
26 Pancha Dhara Handigaun Marga
27  Turture Dhara Hatisaar Sadak
28 Tin Dhara Hattisar
29 Jamal Hiti Jamal Nachghar
30 Jaybageswori Hiti Jayabageswori Mandir, Gausala
31 Dhungedhara Kamal Pokhari Naxal
32 Than Hiti Khuslechaur Marga
33 koteshwor Hiti Koteshwor, Chakrapath
34 Magargaon Dhara Lakhechaur Marga
35 Latibunga Hiti Lati Bung Galli, Paropakar
36 Mahadev Chau Hiti Mahadev Char Sadak, Sinamangal
37 Maitidevi Hiti Maitidevi
38 Kothanani Hiti Maru Dhoka
39 Putali Dhara Near Pancha Kumari marg
40 Paknajol Dhara Paknajol
41 Panna Hiti Panmahiti marga
42 Dhungedhara Pepsicola
43 Dillibazaaar Dhungedhara Pipalbot
44 Baburam Dhara Purano Baneshwor
45 Ramdarshan Marga Hiti Ramdarshan Marga Area
46 Gaucharan Dhara Sano Gaucharan
47 Simaltar Hiti shiromani Marg, Simaltar
48 Shreemarg Khursanitar Hiti Shree Marg, Khursanitar
49 Tilingtar Dhungdhara Shree Shiv Marg Tilingtar
50 Dhara Shubarna Shamsher Road
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S.N. Stone Spout Location
51 Sano Dhara Simaltar
52 Simal Dhara Simaltar
53 Subidha Nagar Hiti Subidha Nagar
54 Saraswoti Dhara Swaraswati Nagar
55 Tamsi pakha Ga -Hiti Tamsi pakha
56 Tridev Dhara Tridevi Marg
57  Yenga Hiti Yengal Tole

The Hitis have gone dry and non-operational mainly because of the construction of
buildings and roads in the vicinity, digging of boring, and so on. As per the KII with focal
persons, several Hitis like Dillibazar Hiti, Poon Hiti, Lainchaur Hiti, Siddhi Hiti, Dhalku Hiti,
Chwasapakha Hiti, Nyapacho Hiti, Kota Hiti, and so on went dry due to the construction of
buildings near to the Hiti. Similarly, from the field survey, it was found that 81.82% of the
Hitis were in their original condition, while 14.14% of them have been modified and
supplemented with water from the tank, and 4.04% of them have received water from the
existing pipeline.

There were several seasonal Hitis which have the flow during rainy seasons but look dry in
our survey period. During the rainy seasons, there is a significant flow of water due to the
infiltration of rainwater into the ground, while in other seasons, the infiltration is minimal.
Around (31.31%) 31 Hitis had the presence of inscription while 68 (68.69%) water spouts
did not have any inscription. Interestingly, from the KII carried out in the study area, it was
found that there were no records of the Hiti being stolen in the past. The majority of the
stone spouts had a single number of spouts. As per the field study, ward no. 15 of KMC had
the highest number of Hitis. The ward-wise distribution of the Hitis is shown in Figure 6.

Wardwise distribution of Hitis

14 12
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7 7 7
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Figure 6: Distribution of Hitis in different wards of KMC

The study findings suggest that the water from the stone spouts is used for drinking,
bathing, and washing. Besides these purposes, different kinds of festivals and cultural
practices are also celebrated in the Hitis. From the KII with the locals, it was found that the
people celebrate various festivals like Jatra, Nag Panchami, Shiva Ratri, Teej, etc by visiting
the Hitis. Hence, Hitis also serve religious importances as shown in Table 3.
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Table 3: Major cultural practices and festivals celebrated in the Hitis of KMC

S.N. Name Longitude Latitude Religious Value

1 Pinas Dhara 85.33739 27.69509  Bathing during Teej festival

2 Bang Ganga Dhara 85.33781 27.69558  Bathing during Teej festival

3 Savana Hiti 85.23423 27.68723  Celebrate Nag Panchami

4 Battisputali Hiti 86.29782 27.6936 Celebrate festival on 16 Shrawan,
establishment date of the Hiti

5 Nyapacho Hiti 85.30383 27.69762  Celebrated Shivaratri Nag
Panchami

6 Chahari Dhara 85.29958 27.71028  Daily Puja and Nag Puja during
Nag Panchami

7 DHobi Dhara 3 85.30622 27.71243  Daily Puja and Nag Puja during
Nag Panchami

8 Kumale Dhara 85.33212 27.69795  Daily Puja/Worshipping in
morning and evening

9 Lainchaur Hiti 85.31529 27.72039  Festival celebrated during (22
dhara purnima)

10 KapurdharaB 85.31555 27.72366  Funeral ceremony

11  Dhobidhara A 85.33324 27.69866  Funeral ceremony

12 Ganesh Hiti 85.34466 27.71834  Ganesh Jatra

13  Bhagwati Baha hiti 85.32812 27.71208  Ghode Jatra is celebrated

14  Siddhicharan Dhara 85.29472 27.71947  Local people celebrate
Nagppanchami and Shivaratri

15  Layakha Hiti 85.30518 27.70612  Maha shivaratri and Nagpanchami
celebrated

16  Gairidhara 85.30274 27.71923  Mahashivaratri and Nagpanchami
is celebrated

17  Pandhero Dhara 85.33451 27.68692  Nagpanchami celebrated

18  Rajarajyashwori Hiti 85.34805 27.70816  Nagpanchami, Funeral works

19  Bhatbhateni Dhara 85.33136 27.72026  Nagpuja

20  Pakku Dhara 85.30507 27.69775 Nagpuja during Nagpanchami

21  Thulo dhara 85.34037 27.67626  Nagpuja during Nagpanchami

22 Gaushala dhara 85.34513 27.70587  Nagpuja during Nagpanchami

23  DhobiDhara 2 85.30629 27.71219  Nagpuja during Nagpanchami

24  Ranibari Dhungedhara 85.32295 27.72904  Nagpuja is celebrated during Nag
Panchami

25 Ban Ganesh Dhara 85.34646 27.70835  People celebrate Nag Panchami
and daily prayers

26  Mahadev Dhara 85.3431 27.68021 Worshipping, Shivaratri

27  Sincha Dhara 85.33683 27.71862  Sapta and funeral ceremony

28  Balaju baaisdhara 85.30104 27.73372  Religious value and also as
recreational park

29  Dhalku Sincha hiti 85.30576 27.71244  Worshipping daily in morning and
evening

30 Kayeta Hiti 85.30927 27.70878  Worship purpose

31 Dhungedhara 85.3251 27.75604  Worshipping

32 Tulsi Dhara 85.29778 27.72711  Worshipping of Lord Krishna

33  Dhobi Hiti 85.31462 27.71926  Worshipping purpose

34 Chabahil Hiti 85.34682 27.71888  Worshipping purpose

35 Ram Hiti 85.36512 27.72719  Worshipping of Lord Ram

36 Dhapa Hiti 85.3467 27.71011  Worshipping purpose

37  Himtaj Dhungedhara 85.36669 27.69336  Worshipping purpose
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From the field study, a number of issues were heard from the KII regarding the status of
the Hitis: (i) drying up of the Hitis, (ii) encroachment (iii) extinction (iv) lack of
maintenance, and (iv) conservation practices. Besides these, the rapidly growing buildings,
roads and other infrastructures, constructing wells and borings without the due
consideration to the existing channels, water resources have resulted in the drying up of
the Hitis.

The high-rise buildings that require excavating larger foundations have also resulted in the
obstruction of the old water channels. With the amount of increasing built up areas, the
areas for recharge of the rainwater have also been sealing and decreasing. Different Hitis
are used for the purpose of bathing, washing clothes, etc. and has resulted in drainage
problems due to the use of soaps and shampoos.

3.3 Comparison of Hitis in Core and Fringe

The status of Hitis in the core and fringe areas of KMC was studied. The distribution of Hitis
in different wards of KMC is not uniform, thus the priority for Hiti conservation differs from
one ward to other. Hitis in the core area refers to the inventory of the Hitis from our study
in the wards 12,17,18,19,20,21,22,23,24,25,27 while the fringe area refers to the
inventories in wards 6,7,8,9,10,31,32.

From the study, it was found that in every 1sq.k.m. of area in the core areas of KMC, there
were almost 8 Hitis while in the fringe areas, there were under 2 Hitis. Hence, the
distribution of Hitis seems dense in the core areas. Referring to the dry season flow, Hitis
in fringe areas have good water flow as compared to the Hitis in core areas. This is mainly
because of the compact and dense infrastructures built in the core areas with less areas for
recharge. Regarding the cultural point of view, there was not much difference between the
Hitis in core and fringe areas, as people visit Hitis and celebrate festivals in both core and
fringe areas as per the KII. Since a significant number Hitis are operational in the fringe
areas as compared to the core areas, the households fetching water from it are also found
greater in the fringe areas. Interestingly, as per the KII, there are no records of the Hitis
being stolen. From the study, it was also found that there are no major strict rules enforced
in the Hiti premises in both the core and fringe areas shown in Table 4.

Table 4: Comparison of Hitis in Core and Fringe

Particulars Hitis in Core Areas  Hitis in Fringe Areas
Area (km?2) 2.51 18.75

Number 20 35

Number per sq.km 7.97 (8) 1.87 (2)

In operation (flow) (Dry season flow) 15% (3) 42.86% (15)

No flow (Dry season) 85% (17) 57.14% (20)
Celebrating festival / religious value 40% 40%

Inscription 20& (4) 25.71% (9)
Physical status (Original as it was) 90% (18) 85.71% (30)

No. of households fetching 315 2000+

RL 1218mto 1314m 1291m to 1332m
Stolen in the past None None

Provision of drainage 75% (15) 80% (28)

Any strict rules in the Hiti premises 10% 14.28%
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3.4 Ponds

In this study, the inventories prepared by Kathmandu Nagar Chhetra in 1982 and the
relevant literature were reviewed. Some of the ponds in our study area were dry and as per
the KII, such areas are filled only during the rainy seasons while it remains completely dry
in other seasons. According to the Kathmandu Nagar Chetra Inventory (1982), there were
16 ponds documented in Kathmandu as shown in Table 5.

Table 5: Documented Ponds in KMC

S.N. Name Length Breadth Depth Location Construction
(ft) (ft) (ft) Date
1 Gahana Pokhari 75 40 Hadigaun 16t Century
2 Ikha Pokhari 210 92 20 Nyhooka, 16t Century
Kanyamandir
Kamal Pokhari 350 175 35 Kamal Pokhari 19t Century
4 Naag Pokhari 72 Baagdurbar 19th Century
Naag Pokhari 125 65 Naag Pokhari, 1730 Sake
Naxal Sambat
6 Kamaladi Pokhari 79.10 39.7 4 Kamaladi, 18th Century
Ganeshthan
7 Pachali Bhairav Pokhari 200 25 Pachali 20th Century
Bhairav, Teku
8 Dayashwor Mahadev Pokhari 7 4 12 Lazimpat
Pokhari 125 50 Hadigaun 18th Century
10 Ghoilesang Pokhari 200 50 Bauddha 19th Century
11 Pokhari 250 40 Kutubabhil, 19th Century
Chahbil
12 Raj Rajeshwori Pokhari 50 20 6  Raj Rajeswori, 18th Century
Pashupati
13 Sorekhutte Pokhari 100 50 Sorrekhutte 1864 B.S
14 Nag Pokhari (Bhagwansthan) 80 50 Chahbil 18th Century
15 Pokhari 180 150 Haribhawan, 17t Century
Sundhara
16 (Nhu Pukhu) Rani Pokhari 590 460 3.7 Ratna Park 17th Century

Only 9 ponds out of 16 identified by Kathmandu Nagar Chetra Inventory (1982) were found
to be present, as shown in Figure 7.

Rani Pokhari (Nhu Pukhu) was built by the then King Pratap Malla in 1670 to mourn the
death of his youngest son and console his wife. The pond had a temple at its centre built in
the Granthakut (Shikar architecture) model. The earthquake of 1934 resulted in the
collapse of the temple. However, it was reconstructed by the then Prime Minister Juddha
Shamsher Rana in the Gumbaz style, a common architectural design during the Rana
regime. But then, Gorkha Earthquake 2015 also destroyed the Balgopaleshwor temple.

It took almost five and a half years to complete the reconstruction of the Rani Pokhari
restoration project. The reconstruction project, initially, was designed as a recreational
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space by merging Shanti Batika and Ratna Park. However, there were serious concerns and
protests on the proposed concept and the reconstruction was then halted. The problem was
later solved after adopting the suggestion of the reconstruction of Balgopaleswar temple in
Granthkut style from the Malla Era. The pond was initially provided with few underground
borings but it was soon closed after the activists demanded measures to conserve
underground water. The pond is now equipped with the rainwater harvesting system from
the roof of Tri-Chandra College in the east and Durbar High school in the west and
Biswojyoti complex in the north. The dimension of the ponds is 163 metres by 126 metres
which has been filled upto a height of 5.2 feet with a capacity of almost 30 million litres of
water since September 20, 2020.

Status of Ponds (N=16)

M Exists M Doesn't Exist

Figure 7: Existing status of ponds

Ikha Pokhari, which lies in the premises of Kanya Mandir School, is believed to have
evolved in the 13t century Lichhavi Period. It lies within the settlement area and mainly
serves as a rainwater reservoir in order to recharge the ground. It has its own historical,
social and cultural importance as the KII suggested that there is a belief that the water of
Ikha Pokhari once was used to cure eye problems. Besides, the pond currently has dried up
and looks like a playing ground or a field. Considering the school request and public
consent for its conservation, the Department of Urban Development and Building
Construction prepared a Final Report and Summary of cost estimate of about 3.26 crore for
the Conservation Plan of I[kha Pokhari in 2007. However, the implementation part has been
deemed to be very poor. The major reason for the drying of the pond has been due to the
heavy extractions of ground water and installment of a deep boring around the periphery
of the pond for the water supply in nearby communities. Besides the inventory of
Kathmandu Nagar Chetra Inventory (1982), following ponds were also identified during
the field survey, which are shown in Table 6.

Table 6: Identified ponds during the field survey

S.N. Name of Ponds Location Coordinates
1 Balaju Baishdhara Balaju Bypass  27.7339760, 85.302276
2 Machha pokhari Futung 27.7355340, 85.303736
3 Bhuikhel Pokhari (Thulo Pukhu)  Swoyambhu 27.713754,85.293547
4 Bahati Pokhari Sorakhutte 27.721119, 85.309731
5 Museum Marga Pokhari Swoyambhu 27.70414, 85.29473
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Several ponds have been identified in the past in the KMC. However, many of them have
already disappeared, and only a few of them still exist. One of the biggest ponds in
Kathmandu, Lainchaur Pokhari, is no longer available as the area has been now occupied
by the building of Nepal Scouts. Similarly, Sindhuwaal Pokhari in Naxal, is also no longer
available as the area has been inhabited by the Police Head Quarter Office. Bal Mandir
Pokhari in Naxal has now been transformed into Nepal Children’s Organization Office.
Interestingly, as per the KII with the locals, the place where BacchaPokhari pond was
located in the past has now got the Bacchapokhari lane in Naxal. Due to the excessive
extraction of ground water from the Puwa Pokhari of Hadigaun, the pond became dry
thereby resulting in its deterioration.

Lamh Pokhari in Chahabil, which was also known as Jumbu kunda, acted as a buffer for
protection from flooding. It started retaining and piling sediments, which later resulted in
filling up the pond (Adhikari et al., 2020). The problem of sedimentation has not only
deteriorated and reduced the size of the pond, but has also resulted in the degradation of
the aquatic environment.

Different ponds like Kaitahitimani Pokhari in Kalimati, Nag Pokhari in Sundhara, Matule
Pokhari and Pachali Bhairav Pokhari in Teku, Hattisar Pokhari in Hattisar, Nag Pokhari and
Lamh Pokhari in Chahabil, Kumari Ganesh Pokhari in Baneshwar, etc. have already
vanished. Some of the ponds like the pond in Bhairabsthan Margh were destroyed during
the Rana regime. Similarly, the ponds near Baluwatar, Ganesthan and Bishal Nagar were
granted to the locals as caretakers for their shelter by the then King, thus transferring the
ownership to the locals who later destroyed the pond.

When the ponds and Hitis were built in the past, the recharge of groundwater by rainfall
alone was not sufficient. The source of water on the ponds were Rajkulos (the canal
systems) for a long time. However, the traditional Rajkulos have either been damaged or
not well maintained, thereby blocking the water movement on the channel system. Because
of the Rajkulos not providing sufficient water and sufficient recharge, the number of ponds
has already deteriorated.

The study from our field survey, KII with focal persons and the study from Adhikari et al.
(2020) suggest the following missing ponds in the KMC (Table 7).

Table 7: Missing ponds in KMC

S.N. Name Location Modern Day Existence
1 Sindhuwaal Pokhari Naxal Police Headquarter
2 Bachha Pokhari Naxal Residential Buildings
3 Bal Mandir Pokhari Naxal Nepal Baal Sangathan Office
4 Hattisar Pokhari Hattisar
5 Matule Pokhari Teku Ambe Building
6 Pachali Bhairav Pokhari Teku
7 Kaitahiti Mani Pokhari Kalimati Market
8 Nag Pokhari (Bhagwansthan)  Chahbil Monastry
9 Lamh Pokhari Chahbil Lions Club
10 Sorekhutte Pokhari Sorekhutte Guthi
11 Puwa Pokhari Hadigaun Residential Buildings
12 Bhimsensthan Pokhari Hadigaun Residential Buildings
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S.N. Name Location Modern Day Existence
13 Lainchaur Pokhari Lainchaur Buildings
14 Khicha Pokhari Sundhara
15 Sundara (Nag Pokhari) Sundhara Buildings
16 Nagpokhari Pokhari Bagdurbar
17 Pokhari Haribhawa
n

The information from KII suggested that the number of irrational anthropogenic activities
like the construction of large buildings, hotels, drainages and pipelines across the path of
old channels resulted in the current status of the ponds in KMC. The haphazard
construction of wells, hand pumps, and deep borings has also resulted in the huge
extraction of ground water and deterioration of ponds. The KII also suggested that the
issues of land ownership, encroachment, sensitivity, political support, dedicated
institutional setup/mechanism, poor legislation and issues of implementation has also led
towards the improper management of ponds.

3.5 Budget Allocation

For the fiscal year 2020/21, the budget allocated for the heritage is 6.65% (excluding
conditional plan) as shown in Table 8. The heritage budget is allocated for the
reconstruction, repair and maintenance of Ponds, Hitis, temples, Bihars, Gumba, Guthi, Pati,

Sattal, Chautara, Kriyaputri building, entrance door, incinerator, funeral, etc.

Table 8: Yearly Budget and Program of KMC for 2020/21

S.N. Department/Branches Budget (in Rs. '000) Percentage
1 International Relation 44500 0.27
2 Internal Audit 1800 0.01
3 Law 24500 0.15
4 Agriculture 36500 0.22
5 Land Consolidation project 960826 5.85
6 Public Health 293100 1.78
7 City Police 26500 0.16
8 Animal Service 30900 0.19
9 Infrastructure Development 3781106 23.02

10 Infrastructure (Ongoing Plan) 1902914 11.58
11 Province and Grant (ongoing) 289850 1.76
12 Administration 172000 1.05
13 Administration expenses 1806240 11.00
14 Building Permit 11000 0.07
15 Revenue 56500 0.34
16 Environment 246000 1.50
17 Environment (ongoing Plan) 39267 0.24
18 Finance 6500 0.04
19 Disaster Management 179500 1.09
20 Education 166906 1.02
21 Federal and other Grants (ongoing) 1120755 6.82
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S.N. Department/Branches Budget (in Rs. '000) Percentage
22 Auditorium 17000 0.10
23 Heritage 1092934 6.65
24 Heritage (ongoing Plan) 159431 0.97
25 Conditional (Ongoing Plan) 99418 0.61
26 Conditional Province 125000 0.76
27 Conditional Federal 1159500 7.06
28 Cooperative 18500 0.11
29 PPP 6500 0.04
30 Social 1622400 9.88
31 CPC 179500 1.09
32 Order 63000 0.38
33 Information 284500 1.73
34 Information Metro 32500 0.20
35 Hanuman Dhoka Durbar Area Conservation 369979 2.25

Program
Total 16427326 100

Source: Yearly Budget and Program of KMC for 2020/21.

The budget for Ikha Pokhari Reconstruction, Rani Pokhari Area development, Rani Pokhari
Beautification, Kamalpokhari conservation, repairs and beautification works have been
allotted from the Infrastructure and Infrastructure (ongoing) headings. Besides, under the
Heritage Department, following budgets are allotted for the Hitis and ponds. However,
considering the budgets allotted for Heritage (Table 9) and Heritage (ongoing Plan), the
proportion of budget for Hiti and ponds is only 1.92%.

Table 9: Budget allocated for hitis and ponds

S.N. Name Ward Budget
(in Rs. '000)

1 Dhobichaur Dhungedhara 2 2000
2 Dhungedhara area construction and repair 3 2500
3 Pashupati Bankali Pond conservation, Dhungedhara and Park 8 10000
4 Baneshwar Battisputali Dhungedhara reconstruction 9 3000
5 Dhungedhara Conservation, Thapagaun 10 1500
6 Hiti Pokhari Pati Reconstruction 1 5000

Total 24000

Considering the four fiscal years, it is found that the budget allocation for the Heritage has
an increasing trend. However, the percentage of allocation of budget for Hitis and ponds
out of the Heritage Budget does not seem progressive.

Figure 8 shows the trends of budget allocation for Hitis and ponds. The amount of budget
allocated for Hitis and ponds by the local users, committees, local clubs, conservation
Guthis, cultural clubs, Tole development committees has not been included in the Hitis and
ponds budget.
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Budget allocation for Hitis and Ponds

1400000
1200000
1000000
800000
600000
400000
0
2074/75 2075/76 2076/77 2077/78
m % of Hitis and Ponds 2.77% 1.71% 1.26% 1.92%
H Hitis and Ponds Budget 10998 10000 12500 24000
m Sampada Budget 396867 583940 991750 1252365

m Sampada Budget m Hitis and Ponds Budget m % of Hitis and Ponds

Figure 8: Budget Allocation for Hitis and Ponds in 4 fiscal years
3.6 Legal Provisions for Conservation of Hitis and Ponds

A study by Dixit and Upadhya (2005) suggested several initiatives for augmenting
groundwater resources by artificial recharge (AGRAR). The study assessed the
groundwater aquifers of the Kathmandu Valley and segregated them into Northern
Groundwater district (NGD), Central Groundwater District (CGD), Southern Groundwater
District (SGD). Similarly, the study also gave prospects on the artificial recharge through
the following ways:

i. Rooftop water harvesting and injection methods,

ii. Constructing ponds,

iii. Recharging through Rajkulos,

iv. Using agricultural fields as natural recharge zones and
V. Injecting surface water into deep wells.

This study gave ways forward to contribute for the ground water recharge and water
harvesting as a way to supplement water supplies in Kathmandu. The overall idea was to
maintain and execute the entire Hiti system in a sustainable manner. Similarly, for the
conservation of stone spouts, “Declaration of the National Convention on Stone Spouts of
2007” was made which had the following provisions (UN-HABITAT, 2008):

e The ownership of traditional water sources, including stone spouts is given to local
authorities.

e The policy lacking in the field of stone spouts and source conservation will be
addressed by the Government of Nepal.

e Local authorities will take the responsibility of preparing maps of the stone spout
system from source to sink along with cadastral mapping.

e Historical stone spouts will be declared as national heritage.
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e For the conservation of watersheds and aquifers, the government will declare the
area as a watershed area.

e The annual budget will be allocated for stone spouts and source conservation.

e The municipalities will organize local communities, including women in formal
user groups and strengthen them for the conservation of stone spouts and sources.

e Sithi Nakha festival will be celebrated as the national festival of sanitation and
organize programmes of traditional water source conservation on that day.

e Acts will be promulgated to control unauthorized use of groundwater.

e Concrete programs will be set on stone spouts and source conservation by national
and international non-governmental organizations.

e Concrete policies, programs and resources will be adopted for the conservation of
stone spouts and their sources by local and central government.

The Declaration highlighted the need for the formulation and adoption of policies
governing stone spouts, promulgation of Acts regarding stone spouts, budget allocation,
formation of formal users’ group, ownership issues and so on. Similarly, it also made the
call for the celebration of Sithi Nakha, a national festival to promote traditional blue
infrastructures (UN-HABITAT, 2008). Sithi Nakha festival is one of the innovative ways of
celebration which gives continuity to the historical practice of thoroughly cleaning
traditional water supply systems such as spouts and wells. Besides, auspicious days were
selected to carry out cleaning and maintenance activities of stone spouts by Guthis. The
workshop identified some key actions for effective implementation which included:

e Publicizing traditional stone spouts as national heritage as per the Ancient
Monument Conservation Act, 2013.

e Sensitizing Department of Land Revenue and Department of Survey about the
declarations and working with them in conservation efforts while considering the
Ancient Monument Conservation Act, 2013 together with:

—  Traditional Stone spouts Enumeration and Mapping, NGOFUWS 2009
— Second Annual Report, KUKL 2009

— Situation of Traditional Water Spouts in Kathmandu Valley,
ICON/UNESCO.

For the purpose of Hiti conservation, several stakeholders like UNESCO, UN Habitat, Water
Aid, NGO Forums, must be involved. Several Tole Sudhar Samitis and local user committees
have been formed working with the municipalities. The projects like renovation of stone
spouts, rainwater harvesting for artificial groundwater recharge, constructing water
treatment and distribution systems, have also been initiated under the participation of
different stakeholders (UN-HABITAT, 2008). Nepal is committed to pursuing and achieving
the Sustainable Development Goals (SDGs) by 2030.

The right to drinking water in Nepal has been protected by the Constitution of Nepal, 2015
in Article 25, sub-article 4 of Part 3 - Fundamental rights and duties (Nepal Law
Commission, 2015). The water and sanitation related targets in SDG-6 are inherent in the
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country’s periodic development plan and guided by Nepal's WaSH Sector Development
Plan (SDP 2016-2030).

The Constitution of Nepal, 2015 has accorded a high priority to protect, promote and use
of water resources. Article 30 of the Constitution of Nepal, 2015 states the right regarding
clean environment protection of environment. It states that ‘Each person shall have the
right to live in a healthy and clean environment’. Similarly, the Constitution has also
suggested policy provisions to make multi-purpose development of water resources.

The conservation, management and the rational use of natural resources has been
envisioned by the Constitution and thus has suggested that the State shall pursue a policy
of prioritizing national investment in water resources based on people’s participation and
contribute to making it a multi-utility development of water resources. Similarly, the
Constitution also envisions building a sustainable and dependable irrigation system by
controlling water-related natural disasters with the management of the river systems.
Thus, these provisions make a clear view for the rational use of the water resources.

The Constitution has mandated the federal government to conserve water resources and
develop policies and standards for multi water uses. Similarly, it has mandated the
provincial government to manage water resources within their provincial jurisdiction
while the drinking water and watershed management is under the jurisdiction of the local
government. However, water resource management is also under the concurrent rights of
the state, province and local government. The jurisdiction of federal, provincial and local
government as summarized by Regmi & Shrestha (2018) is shown in Table 10.

Table 10: Central, provincial and local jurisdiction for water resource management

Jurisdiction Scope
Central International boundary rivers, policies relating to conservation and multiple
jurisdiction use of water resources, National and international environment

management, national parks, wildlife reserves, and wetland, national forest
policies, carbon services, land use policies, human settlement, development
policies, tourism policies, environment adaptation

Provincial State level electricity, irrigation, and water supply services and navigation,
jurisdiction use of forests and waters and management of environment within the state
Central and State boundary river, waterways, environment protection, biodiversity,
Provincial utilization of forests, mountains, and forest conservation

jurisdiction

Local jurisdiction = Local market management and environment protection, irrigation, water
supply, small hydro-power projects, alternative energy, protection of
watersheds, wildlife, mines and minerals

Central, Services such as electricity, water-supply and irrigation, Service fees,

Provincial and charges, penalties and royalties from natural resources, forests, wildlife,

Local jurisdiction  birds, water uses, environment, ecology and biodiversity, royalties from
natural resources.

In order to successfully implement the strategic actions for the conservation of traditional
blue infrastructures, there should be multisectoral collaboration and coordination among
municipalities, Ministry of Water Supply, Kathmandu Valley Water Supply Management
Board, Kathmandu Upatyaka Khanepani Limited, High Powered Committee for Integrated
Development of Bagmati Civilization, and Kathmandu Valley Development Authority,
among others. Additionally, Ministry of Urban Development in collaboration with Ministry
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of Water Supply, Ministry of Federal Affairs And General Administration, Ministry of Health
and population, KVDA, DUDBC, KVWSMB and metropolitan cities/municipalities should
prepare strategic action for the conservation of Hitis and Ponds in Kathmandu Valley.

4. Policy Recommendation

Despite the multisectoral engagements and efforts to identify, map, assess and preserve the
traditional blue infrastructures (Hitis and ponds), there are several issues in effective
implementation. The rapidly increasing urbanization and haphazard constructions have
not been adhering to the long term and sustainable approaches for the development of
infrastructures. Several case studies of ponds like Bal Mandir Pokhari, Bachha Pokhari
ponds, etc. from this study signifies that the urban infrastructures seem to receive higher
priority thereby leading to the encroachment and extinction of traditional blue
infrastructures.

The study from the KII also suggests that the construction of large buildings and other
infrastructures has also resulted in the reduction of percolation and the recharging of
aquifers, blockage of traditional channels, and deterioration of ponds. The increasing
population, urbanization and water demands, if not taken with due consideration in time,
will result in a crisis situation in the very near future.

The value of the contribution of blue infrastructure towards the natural ecosystem seems
to have been hardly recognized. The specific plans and policies are to be enacted and
implemented in every possible way for the sustainable management of traditional blue
infrastructure. Thus, in order to contribute to the preparation of inventory as well as the
management of Hitis and ponds, following recommendations are made:

Short Term Recommendations

A. Planning and implementing immediate conservation programs for ponds and
hitis: This study has recommended the conservation of missing and non-operational
traditional blue infrastructures in KMC. In order to assess and conserve the traditional blue
infrastructures like ponds and hitis, the local government should take the lead and plan for
the potential activities. For this, the following activities can be implemented in short term.

e Developing and installing Information boards regarding the importance and
significance of Hitis and Ponds.

e Prioritizing Hitis and ponds based on its operational status.
e  Allocating budget for regular cleaning and maintenance works.

e Preparing a study team to understand the dynamics of Hitis and ponds during the
rainy season.

e Enacting strict rules and regulations through inscriptions and local institutions
like Guthi and clubs.

e  Ensuring Multi-stakeholders’ participation and participatory approaches.

Different conservation activities should be planned and implemented as shown in Table 11.
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Table 11: Convervation activities that should be preserved

S.N. Activities Level Interval
1 Celebration of regional festivals like Sithi Nakha Municipal, Every Year
Local
2 Regular cleaning and maintenance activities Local and Every month
Participatory
3 Celebration of cultural practices like Indra Jatra, Ward and Major festivals
festivals like Nag Panchami, Shiva Ratri, and so on. ~ Municipal
4 Capacity building and preparing locals to update Municipal, Regular interval
the inventories and status of ponds and Hitis, Local

measuring flows (Preparing citizen scientist)

Medium-term Recommendations (2-3 years)

B. Treating root causes, not symptoms (Preparation of blue infrastructure network
zones and buffers for KMC): KMC should work on the identification of the root causes for
the existing status of the Hitis and ponds. This can be done through the preparation of a
network map of traditional blue infrastructures like Hitis, ponds, rivers, modern systems
like pipelines of the city, and so on. The urban expansion and development of the
infrastructures should be in accordance with the existing blue infrastructure network map
in the city and shouldn’t block the channels or affect the aquifer and groundwater recharge.
Similarly, following considerations should be made:

Buffer Zones: Preparing buffers and demarcation of critical zones from the
networks of blue infrastructures while constructing new infrastructures.

Land Pooling and Acquisition: Blue Infrastructure Network map of the city
should be properly assessed before going for the Land acquisition Process and
New Urban Expansion areas. The proposed infrastructures should not obstruct or
disturb the channel and its elements.

Maintaining Ground Coverage Ratio: As per the building byelaws, KMC has
made provisions for the 30-40% of the land allotted for open spaces. The new
houses seem to have been constructed with 60-70% of the occupancy of the total
land. This should be implemented in the commercial areas as well, as they seem to
have maximum ground coverage.

Foundation Depth: As per the field survey, the reduced level of stone spouts are
generally found 5-10 ft below the existing ground level. The mandatory rule of
thumb and even the building practices in KMC suggest the foundation depth to be
5-6 ft. Thus, in order to protect the water channels, blue infrastructure zoning has
to be taken into consideration.

Deep Borings: The haphazard digging of bore holes and extracting of excess
ground water should be strictly prohibited. Special considerations and restrictions
should be made for the blue infrastructures of heritage zones of KMC.

C. Effective implementation of “Recharge Kathmandu” campaign: The campaign
Recharge Kathmandu was launched in 2019 which envisions the provision of recharge
pits, recharge trenches, rain gardens, and so on. The existing deep borings in different areas
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of KMC has resulted in the huge extraction of water and depletion of aquifers. In order to
contribute to the percolation and recharge of the groundwater, KMC has been aiming for
wise implementation. However, the implementation part is not sound yet. Following
provisions can be opted for the effective implementation of this campaign:

o Identification of the areas like open spaces of school buildings, apartments, and
hospitals and making mandatory provisions to make a hole in an effort to increase
the underground water level of the city. The rainwater and extra water from
household activities will be collected and passed through the recharge wells and
pits to increase the underground water level.

e Subsidy policy in building taxation: A residential building having provisions for
Recharge Kathmandu campaign or contributing significantly to the artificial
recharge of ground water resources shall be provided with subsidies or a
reduction in municipal tax while obtaining building permit system.

e Guidelines for the allocation of spaces for recharge: Every public and private
building should allocate a minimum area for the provision of pits/trenches and
open spaces for the purpose of recharge.

D. Exploring multiple solutions and implementing the best alternatives: The issues
identified in this study can be a baseline to explore multiple solutions that can contribute
towards the conservation and restoration of blue water infrastructures. Some of the
possible approaches should be:

e Development of flagship program: Planning of the flagship program for the
restoration and revitalization of missing Hitis and ponds should be prepared.

e Launching of various participatory campaigns like Mero Hiti, Pokhari, Mero
Abhiyan in coordination with the locals and the municipal authorities,

e Augmenting modern piped system to the non-operational/dried hitis and
ponds: As per the KlIs with the locals, some water spouts are still the major source
of drinking water to many households in the city. Similarly, the ponds and stone
spouts which are non-operational or which have been staying dry for a long time
should be analyzed and studied for its restoration. It can also be augmented with
the existing modern pipelines so as to supplement the water supply in this city,
especially during winter seasons. This will also help in the promotion of aquatic
ecosystems and biodiversity. KVWSMB has also been investing in the
establishment of the Water ATM Service/Pani Padhero in the different areas of the
city to provide safe drinking water to the public at a low cost. However, the non-
operational stone spouts seem to have received less priority.

E. Establishment of monitoring, evaluation and reporting unit: There is a municipal
authority to allocate the budget and also keep in track with the status of the implementation
of planned activities. It is very much essential to establish a dedicated monitoring system
for the mapping and assessment of the blue infrastructures like Hiti, ponds, and so on. The
flagship programs, budgeted activities, conservation initiatives and implementation
prospects should be reviewed through the monitoring system in order to prepare a regular
progress report of the infrastructures. The regular monitoring, evaluation and reporting
should include the following:
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e Allocation of a core and dedicated Monitoring and Evaluation Unit for maintaining
and updating of the information related to the inventory of the water heritages,

e Provision of trained Human Resource for the regular monitoring and maintenance,

e Recording a daily discharge of Hiti throughout the year to get an idea about the dry
season and wet season flow,

e Assessment of the planned budget and implementation status of the activities,
e Assessment of the encroachment status,
e Regular Monitoring of the drainage and water logging problems,

e Documentation of the on-going initiatives, and progress update.

Long-Term Recommendations

F. Improving the understanding of blue infrastructure: The information regarding the
contribution of blue infrastructures like ponds and Hitis to maintain the ecosystem and
ground water conditions should be well disseminated at the household level. Blue
infrastructure can serve to develop a sponge city contributing to the reduction of urban
heat island effect and issues related to groundwater management, problems of water
logging and urban flood issues. It also promotes cultural practices and adds aesthetic value.
The water environment can also contribute to the management of the ecosystem and urban
biodiversity.

The proper understanding of the blue infrastructures can enhance the urban livability and
can even contribute to the various disaster risk reduction measures like fire fighting. It
requires a good understanding of the context, which can be improved by:

e Building up an internal stock of knowledge: The understanding of the
importance of blue infrastructures in the urban landscape is possible through the
improvement of general knowledge and capacity of the local government as well
as the local stakeholders. This can be done through a review of best practices,
examples and study of similar case studies and recommendations.

e Adpting participatory approaches integrated with water resource management
practices: The community level participation will support the immediate
implementing body like municipalities and other line agencies in the preparation
of the inventories and assessment of their status.

e Learning from the pilot initiatives and indigeneous knowledge:
Implementing the pilot initiative in a sound manner can set a benchmark for the
development of similar activities in the long run. Similarly, the traditional and
indigeneous knowledges on Hiti, channels, and the flow network can be a good
lesson for the establishment and conservation of a similar system. Also, the
indigeneous knowledge can be blended with the integrated water resource
management practices to explore the benefits of water heritages.

e Turning wastelands into wetlands: Traditional water heritages which have
already dried or been covered with waste can be converted into wetlands.
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Considering the cultural, historical values, range of benefits, and its contribution
to the ecosystem, the significance of the conservation of ponds and hitis should be
identified along with stakeholder mapping and their delineation of the roles.

Preparing plans for the sustainability of Hiti/Board/Guthi/user committee for

conservation.

Table 12 summarizes the long-term management of blue infrastructures.

Table 12: Framework for the long-term management of blue infrastructure

S.N. Function Related Activities Involvement
1 Planning and Collection, recording, and analysis of data, Municipal Authority,
Development status Community
2 Design and Sustainable management of the Hitis and Municipal Authority,
Engineering ponds. Preparation of blueprints, master plans  Conservationist
3 Application and  Preparing proposals and Applying for the Municipal Authority
Funding possible budget on conservation plan, Master
plan, sustainability of the heritage.
4 Participatory Implementation of the initiatives, Ownership All Stakeholders
Engagement and Management of the heritages, developing
sustainable solutions with integrated
approaches
5 Communication Improving Awareness of stakeholders, All Stakeholders
and information dissemination through
Networking publications, web apps, video documentaries,
features, policy dialogues
6 Construction Restoration and reconstruction of the Municipal Authority
and heritages
Restoration
7 Use, Operate Activities and knowledge for the operation Local Stakeholders,
and Govern and optimum performance of the Municipal Authority
infrastructure Execution and Management of
the resources
8 Monitoring, Regular monitoring and tracking of the Municipal Authority,
Evaluation and  information, dynamic inventory, mechanism Local Stakeholders
Reporting for reporting
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Assessment of Biomass and Carbon Stock Potential of
Avenue Plantation around the Ring Road of Kathmandu
Valley for Mitigating the Impacts of Global Climate Change

Nabin Raj Joshi

Abstract

This study presents a comprehensive baseline of carbon stock potential of avenue
plantation around the Ring Road. A total of 40 permanent sample plots were placed
randomly for the detailed biomass and carbon assessment. Mainly two carbon pools -
above ground (trees, saplings, and herbs and grasses) and below ground (root) - were
considered in the detailed assessment. The assessment recorded a total of 9 different
species of seedlings, 19 species of saplings and 25 different species of trees in the avenue
plantation sites. The distribution of trees based on their diameter class showed an
interesting pattern. Around 67% of trees had a bigger diameter class (10 -70 cm), while
around 33% of young trees had a lower diameter class (less than 10 cm). On average, the
mean seedlings, saplings and tree density were found to be 2149, 585 and 185 per hectare
respectively. The mean tree basal area and mean sapling basal area were calculated as 0.33
and 8.04 m2 halrespectively. The mean carbon stock per hectare in the avenue plantation
of Ring Road area was found to be 24.03 tCha-! and the total carbon stock was found to be
7,785.72 tC. Likewise, the total baseline tCOze stock in the avenue plantation was found to
be 28,573.60 tCO2e. The net carbon dioxide emission due to the vehicle movements in the
Ring Road was calculated to be 42,574.40 tCO2e. There was a deficit of carbon dioxide in
terms of stock in the avenue plantations by 14,000.80 tCOze (i.e., 3815 tC). This implies that
the existing plantation in the Ring Road area is unable to sequester/offset the carbon
dioxide that is emitted through the transportation sector. Thus, open spaces like riverbanks
and other public lands, in which urban forests could be developed have to be planned for
green infrastructure and plantation of multipurpose trees.

Keywords: Biomass and carbon, carbon emissions, climate change, avenue plantation
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1. Introduction
1.1 Background

Trees including green vegetation store about 80% of all aboveground and 40% of all
belowground terrestrial organic carbon, making forest ecosystems crucial to maintaining
the global carbon balance and mitigating climate change (IPCC, 2001). Forest carbon
sequestration is a measure that can be taken to mitigate climate change. But the amount of
carbon stored in forests differs according to spatial and temporal factors such as forest
type, size, age, stand structure, associated vegetation, ecological zones, management
regimes, among other things. Forest management and associated silviculture treatments
are key determinants of forest carbon dynamics. Vegetations, along with associated soil
types, are viable sinks and are making significant contributions to sequestering
atmospheric carbon, thus mitigating the impacts of climate change. To quantify the amount
of carbon sequestered, temporal stocks of carbon within various forest strata need to be
assessed.

Reducing emissions from deforestation and forest degradation along with conservation
and sustainable management of forests in developing countries (REDD+) is emerging as an
effective tool to mitigate and adopt the impacts of global climate change (Angelsen, 2008;
FAO, 2011). The fourth assessment report of the Intergovernmental Panel on Climate
Change (IPCC) has estimated that the forest sector contributes 17.4% of all greenhouse
gases from anthropogenic sources, most of which is due to deforestation and forest
degradation (IPCC, 2007). Stern (2007) observed that controlling deforestation and forest
degradation is a cost-effective way to reduce greenhouse gas emissions. Based on the
scientific evidences, the Conferences of the Parties to the United Nations Framework
Convention on Climate Change (UNFCCC COPs) after the 13th session (COP 13) in Balj,
Indonesia outlined a long-term cooperative action and called for enhanced national and
international actions for operationalizing REDD+ to reduce greenhouse emissions and
address climate change adaptation and mitigation in developing countries.

Uncertainty in the forest biomass and carbon sequestration rates in the region is largely
because average biomass values have been used in most calculations to estimate the carbon
flux till date. The possibility that deforestation, chronic disturbances and topography will
result in forest biomass that is significantly different from the average values, and linking
specific locations of disturbance and topography with geographically specific estimates of
biomass would improve estimates of carbon fluxes. Air pollution and greenhouse gas
emissions due to the diverse anthropogenic activities have been a crucial issue at the
present in mega cities like Kathmandu.

The transportation sector is one of the major energy consuming and global greenhouse gas
emitting sectors (Bajracharya and Bajracharya, 2013). Fuel consumption has been
increasing in the past few decades in Nepal, especially in Kathmandu Valley, due to rapid
modernization and increasing population that have been causing various emissions in our
surroundings and thus, creating various environmental problems. The principal emissions
from vehicles are greenhouse gas i.e. CO2, N20 and CHs. The main gas emitted is CO2 which
is directly associated with the volume of fuel consumed and the type of fuel used (petrol
and diesel). The major sources inviting the environmental pollutants can roughly be
divided into stationary and mobile sources. Stationary sources include installations for the
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industrial processes. Mobile sources include various means of transport such as city buses,
trucks (heavy and mini), passenger cars, vans, motorbikes (bike and scooter). This study
has focused on COz emissions in Ring Road area transportation in Kathmandu Valley (KV).

In this context, an assessment of the biomass and carbon stock/sequestration potential of
the road side avenue plantation in the Ring Road areas of Kathmandu Metropolitan City
(KMC) seems very crucial to know how much biomass and carbon is being stocked and
absorbed in these different types, aged, sized trees as well as how much carbon is being
emitted per day in the same area by the vehicles. This will give an idea on how much carbon
is emitted and how much is being sequestrated by the roadside trees/plants. This will
provide an idea to the policymakers on whether these available trees are sufficient or not
for balancing, neutralizing or offsetting the carbon emitted through different transport.

The roadside plantations are in the primitive phase and gradually increasing in Nepal, thus
if this can be included in the Kyoto Protocol and other climate change adaptation and
mitigation initiatives like REDD+, it will have great potential for development as a climate
change project and can generate millions of dollars annually by charging the industrialized
countries for the carbon they sequester in the plant biomass and soils. However, earning
such money is not easy. Community and private forestry, roadside plantations should have
scientific data on the amount of carbon sequestration and its systematic financial valuation.
Thus, for an assessment of potential carbon stock and sequestration, the estimation and
valuation of carbon content in forests, trees or any type of management regimes is very
important.

Carbon sequestration is the removal of COz from the atmosphere and its ultimate storage
in the biosphere. About two-thirds of terrestrial carbon is sequestered in the standing trees,
forest under canopy plants, leaf and forest debris, and in forest soils. Forests and wooded
areas are natural carbon sinks. This means trees store carbon by sequestering atmospheric
CO2 in the growth of wood biomass through the process of photosynthesis and thereby
increasing the soil organic carbon (SOC) (Brown and Pearce, 1994). Carbon sequestration
in soils represents the most promising option for CO2 mitigation. Carbon sequestration in
soils is a climate change mitigation strategy based on the assumption that the movement
or flux of carbon from the air to the soil can be increased while the release of carbon from
the soil back to the atmosphere can be decreased. This transformation has the potential to
reduce atmospheric COz, thereby slowing global warming and mitigating the impact of
global climate change.

Forest vegetation (trees) are possible victims of the planet’s figurative fever, and so without
a greater understanding about specific ecosystems of the world, remedial action will be, at
best, reliant on some guesswork. Site and vegetation mapping has shown that forests
respond with great sensitivity to even minute differences in temperature and moisture
regimes (Schoene, 1983). Modern technologies augment understanding of the globe’s
carbon cycle and the role of forests in it. However, forest inventories are indispensable to
complement or substantiate estimates and models for quantifying vast carbon stocks and
flows in forest ecosystems. Improved and more frequent inventories and forest
assessments have become essential with the advent of obligatory carbon stock changes by
countries (FAO, 2005). It is also not clear how much of the discrepancy is the result of
omissions of management practices, induced by natural and human disturbances or the
result of environmentally enhanced rates of tree growth.
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1.2 Objective

The general objective of this research is to assess the biomass and carbon stocks and
sequestration potential of the avenue plantation in the Ring Road area. The specific
objectives are as follows:

e To quantify the above and below-ground biomass and carbon stock potential of
the avenue plantation

¢ To quantify the amount of COz emissions from different types of vehicle

e To analyze the amount of carbon release (emissions) and sequestration by the
trees and vegetation

e To recommend the concerned authority for further improvements of roadside
plantations and management.

1.3 Limitation of the Study

The study on assessment of biomass and carbon stocks/sequestration potential of the
avenue plantation in the Ring Road areas of KMC was limited towards measuring the soil
carbon pools and other vegetation near or associated with the Ring Road. Furthermore, the
projections of tree carbon were based on the tree vegetation grown in a similar geographic
area but not exactly in the avenue plantation sites.

2. Methodology
2.1 Desk Study

Numerous ecological studies have been conducted worldwide to assess carbon stocks
based on carbon density of vegetation and soils (Atjay et. al., 1979; Olson et. al., 1983;
Saugier and Roy, 2001). The results of these studies are not uniform and have wide
variations and uncertainties probably due to the aggregation of spatial and temporal
heterogeneity and adaptation of different methodologies. IPCC (2000) estimated an
average carbon stock of 86 tons per hectare in the vegetation of the world’s forests for the
mid-1990s. The corresponding carbon in biomass and dead wood in forests reported in
Forest Resource Assessment (FRA) in 2005 amounts to 82 tons per hectare for the year
1990 and 81 tons per hectare for the year 2005.

In addition, the following secondary sources were reviewed thoroughly: Forest Act 2076 of
Government of Nepal, Emission Reduction Program Document (ERPD) documents of
Government of Nepal, Nepal’'s MRV document, Forest Reference Level Documents 2000-
2010 of Nepal, REDD+ strategy for Nepal, documents of the Department of Transport
Management, TAL and CHAL carbon report, analytical study on assessing the value of
forests, the political economy of land use and the carbon emissions from the drivers of
deforestation, approved VCS Module VMD0008 Version 1.0 REDD Methodological Module:
Estimation of baseline emission from forest degradation caused by extraction of wood for
fuel (BL-DFW) Sectoral Scope 14, National Population and Housing Census 2011, Statistical
Yearbook 2019, Environment Statistics of Nepal 2019, AFOLU Guidelines 2006, IPCC
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Guidelines for National Greenhouse Gas Inventories, and State of Nepal’s Forests- Ministry
of Forest and Soil Conservation, 2015.

2.2 Theoretical and Analytical Framework

To assess the total biomass and carbon stock potential in the avenue plantation of the ring-
road area of Kathmandu Valley and estimate the carbon dioxide emissions from various
types of vehicles, we collected primary and secondary data related to the study. The
detailed theoretical and methodological framework has been provided in Figure 1.

PRIMARY DATA

[0 Stakeholders
Consultation

0 Field visit

0 Focus group
Discussion

0 Kl and observation

Desk Study
| . Data Data
nception > . _s] Report
R rt Collection Analysis Writing
epo Status of Biomass
and Carbon stock
= potential by
Contract and Secondary data CBS avenue plantation
Briefing IPCC, 2006 /2019 MoFE and CO2e
Meeting FRA,2015,201S DoTM emission by
T T vehiclesin ring
road
Desk Review: Data Collection Data Analysis Reporting
Desk review, Data collection Information/data | Report
tools methods and analysis and finalization and
development tools report writing submission

Figure 1: Theoretical and analytical framework
2.3 Study Site

This study was carried out in the avenue plantations of the Ring Road area that belongs in
the Kathmandu and Lalitpur districts of the Kathmandu valley. The total length of the Ring
Road is 27 km (17 miles). It has a right of way of 62m (with 31m on either side of the center
line).

The Ring Road connects major places like Kalanki, Satdobato, Gwarko, Balkumari,
Koteshwor, Tinkune, Gaushala, Sukhedhara, Maharajganj, Shamakhushi, Gongobu, Balaju,
Swyambhunath, and Balkhu (Map 1).
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Map 1: Map of the study site
2.5 Sampling Design
2.5.1 Sampling Intensity

Firstly, the study team reviewed and identified the total roadside plantation area and then
developed a map through consultations with the concerned local stakeholders and
government staff. Secondly, based on the review and discussions, the roadside plantation
area map was divided proportionally into blocks, the total area was calculated, and
sampling was done following the Standard Forest Inventory Guideline, 2061 B.S.

After identifying the planted areas of different species in different blocks of the Ring Road,
the study team adopted the sampling intensity of 0.5% to 0.1% in the potential planted
areas. The nested sample plot method suggested by Ravindranath and Ostwald (2008) was
used in the sampling design because of its simplicity. The random sampling method was
adopted for this study, where the sample plots were established in both (left and right)
alignments in 500-1000 m distance alternatively. A total of 42 sample plots were
determined to capture the variance of different biophysical attributes (Map 2).

75



MRF Research 2020/21

Y

Chhatre Deurali © SRV RS
¥ % s Study site in Ring road area of Kathmandu Valley

‘{Bajambue &

¥

“SiSatlingal S R
- - *  Kathmandu
; 3 & Ring road 32 :It
G irthat Sample plots dubtfisr
Google E3fRH!Iha LS AN k35 P

434

Map 2: Sample plot map in the Ring Road area
2.5.2 Design of Nested Circular Plots

As shown in Figure 2, concentric nested circular plots were used for the tree biomass and
carbon assessment. This design also minimizes edge effects, which usually occur in
rectangular plots. A circular plot of 500 m? with a 12.62 m radius was set up to measure
the trees with a diameter greater than 5.1 cm, while an additional nested plot of 100 m?
with a 5.64 m radius and 0.1-5.0 cm diameter was established for sapling measurement. In
case of the smaller diameter class trees, the collar diameter and height were recorded.

N

12,62 m radius (or with radius
dependent on tree density) plot to
measure AGTB == 5cm DBH.

5.64 m radius plot for AGSB (0.1-
5 em DBH)

0.56 m radius plots for LHG

Figure 2: Shape and size of the concentric circular plot
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2.6 Measurement of Above-Ground Tree and Sapling Biomass
2.6.1 Measurement of the Saplings

Saplings are those that have a height of more than one meter and diameter breast height
(DBH) of less than 5 cm. The saplings were counted and measured in the nested plot with
a 5.64 m radius. The first sapling was measured in the North direction from the center of
the plot and gradually other saplings were recorded in a clockwise direction. The diameter
of each sapling was measured to be exactly 1.3 m (at breast height) from ground level. The
species of the individual sapling was also recorded.

2.6.2 Measurement of Trees

All the trees having a DBH equal or greater than 5 cm were considered for estimating
above-ground tree biomass. These trees were counted and measured within the nested plot
of 500 m2 with a radius of 12.62 m. The tree height was measured using Vertex IV and
transponder and the tree DBH was measured using a diameter tape. To collect height and
diameter variables accurately and precisely, the survey team followed the standard
principle of tree diameter and height measurements. Similarly, diameter and height of
irregular trees were measured according to the principles.

2.6.3 Measurement of Herbs and Grasses

The circular sub-plot with a 0.56 m radius was established at the center of the plot to collect
the sample of herbs and grasses. All the green grasses and herbs within the plots were
collected and weighed. Likewise, herbs and grasses (all non-woody herbaceous plants)
within the plots were collected by clipping all the vegetation down to the ground level in a
destructive manner, then weighed and placed in a sample weighing bag which was brought
to the laboratory to determine the oven-dry weight of the biomass.

2.6.4 Data Compilation, Entry and Analysis

After field measurement, all the data sheets were indexed and entered into a spreadsheet.
Excel and R programs were used for analyzing and producing desired outputs in the form
of tables and graphs. The above-ground biomass (sapling and trees) and below-ground
biomass (root) carbon was analyzed using equations given below.

All the biomass and carbon pools were added to get total biomass and carbon in a particular
plot, then in the stratum and finally in the area. The biomass value was converted into
carbon and carbon dioxide using the fraction of 0.47 by IPCC (2006) and 3.67 by (Pearson
et. al, 2007) respectively.

2.7 Data analysis of Above-Ground Biomass
2.7.1 Sapling Biomass

National allometric biomass equation (developed by the Department of Forest and
Department of Forest Research and Survey, Nepal 2000) was used to determine the sapling
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biomass (<5 cm DBH). In the case of tree species (other than the equations provided in the
biomass table), equations were applied according to the given associations of species.

The regression model below in eq. (i) will be applied to calculate sapling biomass:
log (AGSB) = a+blog(D) et eq. (i)
where,
AGSB = aboveground sapling biomass (kg)
a = intercept of allometric relationship for saplings (dimensionless)
b = slope allometric relationship for saplings (dimensionless) and
D = diameter at breast height at 1.3 m above ground (cm).

Slope (a) and intercept (b) for saplings have been developed by the Department of Forest
Research and Survey (DFRS) and the Department of Forest Tree improvement and
Silviculture Component (TISC), Nepal (Tamrakar, 2000).

2.7.2 Above-Ground Tree Biomass

According to the ecological condition of the forest, the above ground biomass calculations
were performed based on the appropriate equation eq. (ii) guided by the forest carbon
measurement guideline suggested by Chave et al. (2005, p. 93) (for moist forest stand).

AGTB = 0.0509 * p D?HAGTB = 0.0509 % pD?H ......... eq. (ii)
where,
AGTB = aboveground tree biomass (kg)
p = wood specific gravity (kg m-3);
D =tree diameter at breast height (DBH) (cm)
H = tree height (m)

Specific wood gravity (p), as mentioned in the Master Plan for Forestry Sector (MFSC), was
used in the calculation. For the tree species without wood specific gravity, a general value
was used according to associated forest types (MSFC, 1989).

2.7.3 Below-Ground Tree Biomass

Below ground biomass commonly known as root biomass will be estimated using the
default root-to-shoot ratio value. According to Geider et al, 2001, measurements of root
biomass are indeed highly uncertain, and the lack of empirical values for this type of
biomass has, for decades, been a major weakness in ecosystem models. In this study, below
ground biomass will be calculated with the root-to-shoot ratio value of 1:5 as suggested by
MacDicken (1997), which means that belowground biomass represents nearly (20%) of
aboveground tree biomass.
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2.7.4 Herbs and Grasses Biomass

For herb and grass, the amount of biomass per unit area was calculated by using the
following eq. (iii):

HG = Wfield . Wsubsample, dry x 10000

A Wsubsample, wet

where,
HG = biomass of leaf herb, and grass (t ha')
A = size of the area in which herb and grass were collected (m?)

Wreia = weight of the fresh field sample of herb, and grass, destructively sampled within
an area of size 4 (gm)

Wsubsample, dry = weight of the oven-dry sub-sample of herb, and grass taken to the
laboratory to determine moisture content (gm)

Wiubsample,wet = Weight of the fresh sub-sample of herb, and grass taken to the laboratory
to determine moisture content (gm).

2.7.5 Total Carbon Stock Calculation

The total biomass of each pool was converted into carbon by multiplying the default carbon
fraction by 0.47 as recommended by the IPCC (2006). Then, eq. (iv) was used to estimate
total carbon stock by summing up all carbon pools calculated to have total forest carbon
stock (in ton) per unit area.

TC(LU) = C(AGTB) + C(SB) + C(BB) .ceeeveverenne eq. (iv)
where,
TC (LU) = carbon stock for a land use category (tC ha1)
C(AGTB) = carbon stock in aboveground tree biomass (tC hat)
C (SB) = carbon in sapling biomass (tC ha'1)
C (BB)= carbon in belowground biomass (tC ha')

The carbon stock will finally be converted into tons of COz equivalent by multiplying it by
44 /12, or 3.67 (Pearson et al. 2007).

2.8 Estimation of Carbon Dioxide Emissions from Vehicles

The statistics of the vehicle data provided by the Department of Transport Management,
Nepal includes only the cumulative number of vehicles registered for the first time and
therefore, does not represent the actual vehicle fleet existing and plying on the road each
year. Every year, many vehicles are scrapped. The actual vehicle fleet plying on the road
can be estimated by subtracting the scrapped vehicles from the annually registered vehicle
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numbers. However, data for annual arguing rates do not exist in Nepal. So, the public
vehicles older than 20 years, which are not allowed to run in Kathmandu Valley, are not
included.

The choice of method depends on various factors such as the availability of data and the
importance of the source category. Since there are no country-specific emission factors for
emission assessment in Nepal, the default values provided by the IPCC (2006) guidelines
were used either in the calculation of the net calorific value or in the CO2 emission studies
or in the carbon oxidation fractions. Methodologies for estimating national inventories of
anthropogenic emissions by sources and removals by sinks of greenhouse gases are given
in the 2006 IPCC Guidelines for National Greenhouse Gas Inventories. The Tier 1 approach
as per IPCC Guidelines for National Greenhouse Gas Inventories, 2006 was used for
calculating CO2 emissions, which is represented by eq. (v).

E =Y, Fuel (@) X EF(@) ccoeevvnrrircnnneerissnsssnne e €41 (V)
where,
E = COze Emissions by road transport.
Fuel (a) = Total fuel consumed by vehicles by type.
EF(a) = Emissions Factor
a = Types of fuel (Petrol or Diesel)

Similarly, the energy demand and emission per mode of transportation can be calculated
using eq. (vi).

where,
ED = Energy Demand
N = Number of existing vehicles
F=Average fuel economy in liters per kilometer

Finally, the total emission from a vehicle is a function of energy consumed by it as given by
eq. (vii).

Emission COZe = ED * E.....coennnsssnnsssssisnssnns eq. (vii)
where,
Emission COze = Emission from a vehicle
ED= Energy demand

E= Emission by road transport.
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3. Results and Discussion

3.1 Avenues Plantation Area Carbon Baseline

3.1.1 Species of Seedlings, Saplings and Trees in Ring Road

Within the sampled plots in the Ring Road area, a total of 9 different species of seedlings,
19 species of saplings and 25 species of trees have been observed (Table 1).

Table 1: Different species of seedlings planted in Ring Road of Kathmandu valley

Types of plantation  Local name Scientific name
Seedlings Australian pine Araucaria heterophylla
Firfire Acer pictum
Gulmohar Delonix regia
Kapoor Cinnamomum camphora
Birendraphool Jacaranda oveliafolia
Living Fossil Ginkgo biloba
Mango Mengifera indica
Russian alne Elaeagnus angustifolia
Tejpat Cinnamomum tamala
Saplings Australian pine Araucaria heterophylla
Amba Psidium guajava
Asuro Justicia adhatoda
Kalki phul Callistemon citrinus
Rudrakshya Elaeocarpus ganitrus
Gulmohar Delonix regia
Hedgerow Boxus sempervirens
Ino Ricinus communis
Kaneur Cascabela thevetia
Firfire Acer pictum
Kapoor Cinnamomum camphora
Kimu Morus alba
Kuri Lantana camera
Laurus Nobilis Laurus Nobilis
Living Fossil Ginkgo biloba
Peepal Ficus religiosa
Morpankhi Thuja orientalis
Tejpat Cinnamomum tamala
Cupressus Cupressus torulosa
Trees Amba Psidium guajava
Apple Malus domestica
Bar Ficus benghalensis
Bhimal Grewia optiva
Kalki phul Callistemon citrinus.
Eucaluyptus Eucalyptus globulus
Kaiyo Grevillea robusta
Gulmohar Delonix regia
Ino Ricinus communis
Jacranda Jacaranda oveliafolia
Kaniur Cascabela thevetia
Kapoor Cinnamomum camphora
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Types of plantation  Local name

Scientific name

Kimbu Morus alba

Kutmero Litsea polyantha
Pyramid tree Lagunaria Patersonia
Lapsi Choerospondias axillaris
Firfire Acer pictum
Morpankhi Thuja orientalis
Gulab jamun Syzygium jambos
Paiyu Prunus cerasoides
Mango Mangifera indica
Rubber Plant Ficus elastica

Bains Salix alba

Surai Cupressu torulosa
Bhogate Citrus grandis

3.1.2 Tree Diameter and Height

In the scattered plot between tree height and diameter, a strong positive correlation was
observed with an R2 value of 0.6667, an adjusted R? value of 0.6628, an F-statistic of 159.3
on 1, degrees of freedom (DF) of 182 and a p-value < 0.001 (Figure 3).
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Figure 3: Scattered plot between tree diameter and height

3.1.3 Plot and Per Hectare Seedling, Sapling and Trees density

Based on the inventory of the avenue plantations in the Ring Road area of Kathmandu
Valley, the mean tree density was calculated. The mean seedlings, saplings and tree density
was found to be 9549, 585 and 194 trees per hectare respectively, as given in Table 2.

Table 2: Seedling, sapling, tree density per hectare basis

Variables Seedling density Sapling density Tree density
(m2 ha'1) (m2 ha'1) (m2 ha'1)

Mean 2,149 585 194

Std. dev 1962 536 165
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3.1.4 Tree Biomass, Carbon and Carbon Dioxide Stock in the Avenue Plantation

The inventory in the avenue plantation of Ring Road area has estimated that the mean tree
biomass, carbon and carbon dioxide in the above and below ground pool was found to be
49.0t ha't, 22.98tC ha't and 84.3tCO2e as given in Table 3. The box and whisker plot plotted
for tree carbon expressed that there is a huge potentiality of enhancing carbon upto 200
tChain the future with better silviculture and management practices (Figure 4).
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Figure 4: Box and whisker plot for tree carbon

Table 3: Tree biomass, carbon and carbon dioxide stock

Variables Biomass stock Carbon Carbon Dioxide
(tha?1) (tC hal) (tC02e)

Mean 49.0 22.98 84.3

Std. dev 34.6 15.3 66.2

3.1.5 Sapling Biomass, Carbon and Carbon Dioxide

The mean sapling biomass, carbon and carbon dioxide stock were found to be 1.75 tha-1,
0.82 tC ha-1 and 3.0tCO2e, respectively (Table 4). The box and whisker plot plotted for
sapling carbon expressed that there is huge potentiality of enhancing carbon upto 2.4 tCha-
Lin the future with better silviculture and management practices (Figure 5).

Table 4: Sapling biomass, carbon and carbon dioxide

Variables Biomass stock Carbon Carbon Dioxide
(tha1) (tC ha1) (tCO02e)

Mean 1.75 0.82 3.02

Std. dev 0.2 0.12 1.76
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Figure 5: Box and whisker plot for sapling carbon
3.1.6 Herb and Grasses Biomass, Carbon and Carbon Dioxide
The mean herb biomass, carbon and carbon dioxide was found to be 0.48tha-1, 0.22tCha-1
and 0.8tCOZ2e. as given in Table 5. The box and whisker plot plotted for sapling carbon
expressed that there is a huge potentiality of enhancing carbon upto 1.0tCha-1in the future

with better management practices (Figure 6).

Table 5: Herb biomass, carbon and carbondioxide

Variables Biomass stock Carbon Carbon dioxide
(tha-1) (tC ha-1) (tC02e)

Mean 0.48 0.22 0.8

Std. dev 0.2 0.12 0.60
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Figure 6: Box and whisker plot for herbs and grasses carbon pool
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3.1.7 Mean Carbon and Carbon Dioxide Stock in the Avenue Plantation

The total forest biomass of each pool was converted into carbon multiplying by the default
carbon fraction of 0.47 as recommended by the IPCC (2006). The carbon stock was then
converted to tons of CO2 equivalent by multiplying it by 44/12 or 3.67. Table 6 provides
the carbon in all three carbon pools measured in this study including above ground and
below ground tree, saplings and herbs and grasses carbon pools. The mean carbon in all
above and below ground pools was found to be 24.03tCha! and the mean tCO2e was found
to be 88.18 (Table 6).

Table 6: Total and mean carbon in all the pools in the plantation site

Variables Tree Sapling Herb Total Total
Carbon Carbon Carbon Carbon tC02e
Stock Stock Stock Stock
(tC hal) (tC hal) (tC hal) (tC hal)
Mean 22.98 0.82 0.22 24.03 88.18
Std. dev 45.2 1.0 0.2 45.2 165.9

Thus, based on Table 6, it can be concluded that avenue plantation in the Ring Road area of
Kathmandu Valley has immense potential to store and sequester carbon. The forest
resources assessment of Nepal has estimated that the total carbon stock in Nepal’s forest is
about 1,054.97 million tons with the mean carbon stock value of 176.95 tCha! (DFRS,
2015). Likewise, various studies in different physiographic regions and landscapes of Nepal
show different facts and figures, for instance that the mean forest carbon stock of Chitwan
Annapurna Landscapes (CHAL) was 197.80 tCha'! (Subedi et al.,, 2015).

Similarly, the forest carbon stock for the seven Central Himalayan Forests of Hindu Kush
Himalayan region was between 166.8 and 440tCha-1 (Rana et al., 1989), whereas the mean
forest carbon stock in the Central Himalayan Forest of India ranged between 250 and
300tCha! (Singh and Singh, 2006). The mean forest carbon stock in the world's tropical
forests was 285.82tCha! (Malhi et al., 2002). The forest carbon stock estimated for Terai
forests was 124.14tCha! and for Churia forests was 116.94tCha! (FRA, 2014) and the
forest carbon stock in the Terai Arc Landscape of Nepal was 237.74tCha! (WWF Nepal,
2011).

Compared to these above figures, the mean forest carbon stock in the avenue plantations
in the Ring Road area of Kathmandu valley is extremely lower than above forest types at
this stage, however forest carbon stock can be enhanced to that optimal level if the avenue
plantation area is managed in a sustainable manner with appropriate silvicultural
operation and treatment.

3.1.8 Carbon Sequestration Potential in the Ring Road Avenue Plantation

The box and whisker plots show the visual pattern of mean carbon stock of different pools
and their potentialities in the plantation sites where large datasets in terms of mean and
median values have been presented. In addition, the extreme values that the tree carbon
pool showed were also plotted, indicating potentiality of productivity of the particular pool
up to that optimum level if the plantation area is managed in a sustainable manner and due
protection has been done from the concerned departments and authorities.
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3.1.9 Total Carbon Stock in the Ring Road Avenue Plantation

The mean carbon stock per hectare in the avenue plantation of Ring Road area was found
to be 24.03tCha! and the total carbon stock was found to be 7785.72tC on a yearly basis.
Likewise, the total baseline tCO2e stock in the avenue plantation of the Ring Road was
found to be 28,573.60tC0Oze as given in Table 7.

Table 7: Total baseline carbon stock and CO2e in avenue plantation area of Ring Road

Total area of Baseline Mean Total carbon Total carbon
avenue plantation carbon stock stock dioxide equivalent
(ha) in Ring Road (tCha1) (tC Year) (tCO2e)
27 24.03 7,785.72 28,573.60

3.2 Carbon Emissions from Vehicles

This study assumed that the vehicles moving around the Ring Road area do not travel along
the entire 27km. Thus, we asked the key informants through a survey and based on that,
estimated that only 1% vehicles (all types-motorbike, scooter, car, van, bus, mini-truck and
heavy truck) traveled throughout the entire Ring Road.

Likewise, 2% of the vehicles (all types) traveled half-way of the Ring Road. A total of 3% of
vehicles (motor bike, scooter, car, van) and 5% of these vehicles - bus, mini-truck and heavy
truck - traveled along one-third of the Ring Road. Also, a total of 5% of vehicles (motor bike,
scooter, car, van) and 10% of the vehicles - bus, mini-truck and heavy truck - moved along
one fourth of the Ring Road.

Thus, the net emissions per year due to these vehicles on the Ring Road is about
42,547.4tCOze, the carbon dioxide emissions per month was found to be 3548tCOze, the
carbon dioxide emissions per day was 118.26 tCOze and the carbon dioxide emissions per
hour was 4.93tCOze (Table 8).

Table 8: Total carbon dioxide emissions in Ring Road per unit time

Vehicle type Total tCO2e Fullway Halfway One third One fourth
emissions in Ring (1%) vehicle (2%)-2 (3-5%)-3 (5-10%)-4
Road (Per year) movement-1

Bike 123,987 1240 2480 3,720 6,199
Scooter 50,076 501 1002 1,502 2,504
Car 22,280 223 446 668 1,114
Van 9,732 195 195 292 487

Bus 8,361 167 167 418 836

Mini-Truck 49,891 998 998 2,495 4,989
Heavy truck 48,561 486 971 2,428 4,856
Total 312,888 3,809 6,258 11,523 20,985

Grand total emissions (tCO2e/yr) (1+2+3+4) in the Ring Road=42,574.4*

*Per month: 3,547.86, per day: 118.26, per hour: 4.93, per minute: 0.08 tCOZ2e.
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The present study estimated a total of 312,888 tCOze carbon dioxide emissions from
vehicular movement only (in full movement scenario) in the Ring Road area of Kathmandu
Valley. A study conducted by Poudel et al. (2021) on comparison of vehicular fuel
consumption and CO2 emission before and during the Covid-19 pandemic in Kathmandu
Valley has found that the road transport for fiscal year 2019-2020 produced 914,352 tCOze
from the transportation sector by consuming 292,260 kiloliters of fuels (diesel and petrol).

The tCOze emissions value of our study can be compared with the study conducted by
Poudel et al. (2021) as the value of the emissions falls within the similar range. Our study
showed 312,888 tCOze covering maximum parts of the Ring Road area within the
Kathmandu district.

3.2.1 Carbon Dioxide Removals and Emissions in the Ring Road

Based on the inventory of above and below ground carbon pools (tree, saplings and herbs),
the baseline mean carbon stock per hectare in the avenue plantation of the Ring Road area
was found to be 24.03 tChal and the total carbon stock in the above and below ground
parts of the avenue plantations was found to be 7,785.72 tC.

Likewise, the total baseline tCO2e stock in the avenue plantation in the Valley’s Ring Road
area was found to be 28,573.60 tCOze. On the other hand, based on the sampling of the total
number of the vehicle movement in the Ring Road area per unit time (per minute, per day,
per month and per year), the total carbon dioxide emitted by the vehicles run in the area
has been estimated to be a total of 312,888 tCOze. Similarly, the net emissions due to these
vehicles in the Ring Road per year was found to be 42,547 tCOze (Table 9).

Also, from Table 10, it can be interpreted that the total carbon dioxide emission due to the
vehicles is higher than that of the total carbon dioxide stock by the avenue plantation in the
Ring Road area of Kathmandu Valley. The avenue plantation is not able to balance/cut the
total carbon dioxide emissions due to the large number of vehicles emitting the higher
carbon dioxide. The deficit of stock of carbon dioxide by avenue plantations is around
14,000.8 tCOze. This means the existing plantation in the Ring Road area is not able to
sequester/offset the carbon dioxide that is emitted through the vehicles or any other means
of the transportation in Kathmandu Valley.

Table 9: Total tCOze stocked by avenue plantations and emitted by vehicles in Ring Road

Carbon stock by avenues Carbon emission by Carbon stock-
plantation (tCOze) vehicles (tCOze) Carbon emission
Total Total carbon Total Total (tCOze)
carbon dioxide emission emission by
stock equivalent by vehicles vehicles
(annual tC)  (annual tCOze) (tCOze per (annual
month) tCOze)
7,785.72 28,573.60 3547.83 42,574.40 14,000.80 (Deficit)
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3.2.2 Carbon and CO2e Stock Projection for 30 years in the Avenue Plantation

Projection of the carbon and carbon dioxide in the avenue plantation area and emission
from vehicles has been provided in Table 10.

Table 10: Projection of the carbon and carbondioxide in the plantation area and emissions
from vehicles

Year Carbon stock Total carbon Total tCOze  Total tCOze emission  Deficit
in avenues (tC) in the stock by by transportation (tCOze)
plantation plantation area avenues sector (vehicles)

(tCha) plantations
1 24.0 7,786 28,574 42,574 14,000
2 26.7 8,644 31,725 48,961 17,236
3 29.3 9,503 34,876 55,347 20,471
4 32.0 10,362 38,027 61,733 23,706
5 34.6 11,220 41,178 68,119 26,941
6 37.3 14,316 52,538 74,505 21,967
7 39.9 15,333 56,273 80,891 24,618
8 42.6 16,351 60,007 87,277 27,270
9 45.2 17,368 63,742 93,664 29,922
10 47.9 18,386 67,476 100,050 32,574
11 50.5 22,435 82,338 106,436 24,098
12 53.2 23,612 86,656 112,822 26,166
13 55.8 24,789 90,974 119,208 28,234
14 58.5 25,965 95,292 125,594 30,302
15 61.1 27,142 99,610 131,981 32,371
16 63.8 32,145 117,973 138,367 20,394
17 66.4 33,481 122,874 144,753 21,879
18 69.1 34,816 127,776 151,139 23,363
19 71.7 36,152 132,678 157,525 24,847
20 74.4 37,488 137,579 163,911 26,332
21 77.0 43,445 159,443 170,298 10,855
22 79.7 44,940 164,928 176,684 11,756
23 82.3 46,434 170,413 183,070 12,657
24 85.0 47,929 175,898 189,456 13,558
25 87.6 49,423 181,384 195,842 14,458
26 90.3 56,335 206,748 202,228 -4,520
27 92.9 57,988 212,817 208,614 -4,203
28 95.6 59,642 218,886 215,001 -3,885
29 98.2 61,296 224,955 221,387 -3,568
30 100.9 62,949 231,023 227,773 -3,250

Note: (1) The mean carbon increment rate in the similar geography, vegetation types with assisted
strict conservation efforts in Nepal (ICIMOD’s Godavari Knowledge Park site of Nepal) has an annual
increment of 2.65 tC ha-1yr-1)-ICIMOD, 2014. (2) The plantation area will have increased from 27
hectares to 52 hectares-upto 30 years of projection. (3) The total carbon stock was converted into
tons of COz equivalent by multiplying it by 44/12, or 3.67.
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|
4. Policy Recommendations

Several efforts have been made to promote the urban and peri-urban forests (UPF) in
Nepal. However, we have not been able to achieve the expected results in UPF development
successfully because cities have been built haphazardly and in a piecemeal approach,
rather than through planned and holistic approaches. With rapidly growing land prices in
the urban areas, private interests have played a key role in city planning, and so, allotting
spaces for trees have rarely been considered. Second, the open spaces like riverbanks and
other public lands, in which urban forests could be developed, have been encroached for
gray infrastructure. Third, the distinct value of forests in and around urban areas has been
hardly recognized, i.e. no specific policies and plans have been in place for the management
of urban and peri-urban forests.

Based on the study findings, the following recommendations are made for KMC:
e  Safeguard urban plantations,
e  Promote multiple species for carbon benefits,

e  Conduct periodic monitoring, reporting and documentation of the carbon
measurement in the avenues plantation,

e  Carry out silviculture prescriptions,
e  Provide information display board,

e  Conduct public awareness campaigns for tree plantation and environmental
conservation,

e  Mobilize eco clubs/youth clubs to conserve plantations,
e  Manage/update data and information, and

e  Conduct periodic measurement and monitoring of the biomass and carbon in the
Ring Road area.
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Non-Communicable Disease Risk Factors Survey and Policy
Research for Suggesting Healthy Behavior in Schools in
Kathmandu Metropolitan City

Pratik Khanal

Abstract

Most of the non-communicable diseases (NCDs) have a causal link with behavioral and
metabolic risk factors. The objective of this study is to assess the prevalence of behavioral
risk factors (tobacco use, alcohol use, physical activity, and dietary habit), mental health
problems (depression, anxiety, insomnia) and internet addiction. The study also aims to
explore the perception, contributing factors and strategies to reduce the burden of NCD
risk factors and mental health problems. This study used mixed methods. Survey was
conducted among 415 students studying in four higher secondary schools of Kathmandu
Metropolitan City. Four focus group discussions with students and seven in-depth
interviews with different stakeholders comprising NCD and mental health experts, parents,
teachers, and education experts were conducted. As per the findings, the proportion of
current alcohol and tobacco users was 8% and 7.2% respectively. Nearly three out of five
students did not consume fruits and vegetables as per the WHO recommendation. One in
three students was physically active. The prevalence of symptoms of depression, anxiety,
insomnia, and internet addiction was 41%, 62.7%, 47.5% and 48.2% respectively. This
study found a considerable proportion of students with inadequate fruit/vegetable intake
and physical activity, and a higher proportion of students with mental health problems and
internet addiction symptoms. Interventions suggested for the reduction of NCD risk factors
and mental health problems focus largely on the change in the environmental factors.
These include strict regulation of tobacco and alcohol controls, regulation of the price of
fruits and vegetables, restriction on the use of junk foods, establishment of parks for
promoting physical activities, creation of a support mechanism at the family, school, and
community level, increasing availability of mental health services, and interventions for
reducing screen time of teenagers and young adults.

Keywords: Non-communicable disease, mental health, internet addiction.
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1. Introduction
1.1 Background

Non-communicable diseases (NCDs) refer to those conditions which are chronic, evolve
slowly, and progress relentlessly. The World Health Organization (WHO) defines NCDs as
chronic diseases which primarily include cardiovascular, chronic respiratory, mental
health diseases, diabetes, cancer, and injuries (World Health Organization, 2018). They are
commonly thought of as "disease of affluence”, but in reality, four fifths of deaths in low-
and middle income countries are from NCDs (Ghaffar et al, 2004). Ischemic heart disease,
chronic obstructive pulmonary disease (COPD) and stroke are the leading causes of NCD
related deaths, while the leading risk factors of NCDs are raised blood pressure, high blood
glucose levels, obesity, physical inactivity, indoor pollution, smoking, and alcohol use
(Vaidya, 2018).

The NCDs are the leading cause of mortality as they account for 71% deaths globally. Most
of these deaths - 31.5 out 0f 40.5 million - occur in low and middle income countries (World
Health Organization, 2016). In Nepal, the mortality rate due to NCDs is increasing. NCDs
were responsible for 60% deaths in 2014 and 66% deaths in 2016 (Nepal Health Research
Council & Nepal, 2017).

Health system of Nepal is traditionally capacitated to deal with communicable diseases.
Thus, there is a strong need to build the health system for prevention, diagnosis, treatment
and management of NCDs. The consequences of NCDs can be life threatening to individuals,
leading to impoverishment of households that would affect the entire national economy
(World Health Organization, 2011). In countries like Nepal where financial protection
against health expenditures is minimal, NCDs will contribute to an increase in poverty.
Kathmandu Metropolitan City (KMC) is the largest city of Nepal. It is densely populated
(above 1 million) and has a high influx of migrants from other districts.

The increasing population, urbanization, trade, limited open spaces, unhealthy foods, work
stress, limited physical activity, internet dependency, and air pollution in the city can
influence the burden of NCDs among the residents. The cost of managing consequences of
NCDs is huge and hence, prevention of NCD risk factors is required as they could be more
cost-effective than curative measures.

Evidence has shown that school based policies are beneficial for initiating healthy
behaviors among students (Singh et al.,, 2017). People spend a crucial phase of their life in
school and school experiences strongly influence the personality, and behavioral, social and
cognitive development of the young (Bay et al, 2017). The socio-demographic
characteristics of students and their families, the learning resources available in schools as
well as the environmental settings and policy environment at the macro context affect the
behaviors of students. Thus, this study is conducted in school settings with a specific focus
on students in higher secondary schools with the main aim to generate evidence on the
burden of NCD risk factors and to suggest policy interventions to KMC through the survey
and careful evaluation of the school and community environment.
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1.2 Objectives of the Study

The specific objectives of the study are to:

° Assess the prevalence of behavioral risk factors (tobacco use, alcohol use,
physical activity, and dietary habit)

. Measure the prevalence of mental health problems (depression, anxiety,
insomnia) and internet addiction.

. Explore the perception, contributing factors and strategies to reduce the
burden of NCD risk factors and mental health problems.

. Suggest policy recommendations for the reduction of NCD risk factors and
mental health problems in KMC.

1.3 Limitation of the Study

The study does not measure some risk factors of NCDs such as overweight/obesity status,
blood pressure, impaired blood glucose and cholesterol level. Similarly, it does not actively
develop an intervention package. However, the study findings will be conducive for the
development of important intervention packages.

2. Methodology
2.1 Sampling Method and Sampling Strategy

For the selection of participants for this study, a multi-stage random sampling was carried
out. The sample size was calculated using the following formula for cross-sectional survey
(n=2z2pq/d2) where n = sample size, z = reliability level (1.96), p = estimated proportion in
population = 0.41 (prevalence of at least one risk factor, taken from STEPS study 2013
(Nepal Health Research Council and World Health Organization, 2013), q=1-p=1-0.41
= 0.59 and d = maximum tolerable error (0.05). The calculated sample size was 372 and
considering the non-response rate of 10%, the minimum final sample size required for the
study was 410.

During the data collection process, we recruited 415 study participants. Two wards (ward
number 3 and 28) were randomly selected out of 32 administrative wards of KMC.
Thereafter, one public school and one private college was randomly selected from each
ward. In this way, four schools were selected which included Shivapuri secondary school
and Canvas international college of ward 3, and Padomodaya public school and Kathmandu
model college of ward number 28. After selecting the higher secondary schools, one of the
academic streams was randomly selected. From each of the randomly selected streams,
two sections were selected, again at random, and all the students available at the day of
data collection were recruited for the study.

This study used mixed-methods (explanatory sequential) study design. Firstly, a survey
was conducted among 415 students studying in four higher secondary schools of KMC.
Based on the preliminary survey findings, four focus group discussions (FGDs) with
students and seven in-depth interviews (IDIs) with different stakeholders comprising of
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NCD and mental health experts, parents, teachers, and education experts were conducted
to explore the perception, contributing factors and role of individuals, family, school, and
community/metropolitan for the prevention of NCD risk factors and promotion of mental
health status.

This study used NCD STEPS survey, Hospital Anxiety and Depression Scale, Insomnia
Severity Index and Young’s Internet Addiction Test as data collection tools to measure the
NCD risk factors, mental health, and internet addiction status. Data collection was done
between February-April 2021. For data analysis, both descriptive and inferential analysis
was conducted for quantitative data while thematic analysis using a deductive approach
was done for analyzing qualitative data. Ethical approval of the study was obtained from
Nepal Health Research Council (NHRC).

2.2 Interpretation of Psychometric Scores

The interpretation of psychometric tools related to depression (HADS-D), anxiety (HADS-
A), insomnia (ISI) and internet addiction test (IAT) is shown in Table 1.

Table 1: Interpretation of psychometric tools

Mental health and internet Interpretation
addiction status

Depression status (HADS-D)  Normal (0-7)
Borderline (8-10)
Abnormal (11-21)
There are 7 items, and the response options are on a four-point
scale (0-3). Greater than score of 7 is considered as the presence
of depression symptoms.

Anxiety status (HADS-A) Normal (0-7)
Borderline (8-10)
Abnormal (11-21)
There are 7 items, and the response options are on a four-point
scale (0-3). Greater than score of 7 is considered as the presence
of anxiety symptoms.

Insomnia status (ISI) Not clinically significant (0-7)
Subthreshold insomnia (8-14)
Moderate (clinical insomnia) (15-21)
Severe (clinical) (22-28)
There are 7 items, and the response options are on a five-point
scale (0-4). Greater than score of 7 is considered as the presence
of insomnia symptoms.

Internet addiction test (IAT)  Normal or average online users (0-39)
Problematic online users (40-100)
There are 20 items and response options are on a range of 1-5. A
score of 40 and above is considered as the presence of addiction
symptoms.
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3. Results and Discussion

3.1 Socio-Demographic Characteristics

Out of the 415 study participants, 53% are male, 41% belong to Brahmin/Chhetri ethnic
group and 53.7% are from public school. Most of the study participants (91%) have an
intact family as three out of four students are currently living with their family members.
The proportion of students whose father and mother had no schooling is 14.9% and 30.1%

respectively.

Table 2: Socio-demographic characteristics of the study participants

Characteristics Categories Frequency Percentage
Age group (in years) 14-16 86 20.7
17 and above 329 79.3
Mean +S.D.= 17.53+1.34 years
Gender Male 222 53.5
Female 193 46.5
Ethnicity Brahmin/Chhetri (hill) 168 40.5
Janajati (excluding Newar) 157 37.8
Newar 34 8.2
Madeshi 30 7.2
Dalit 26 6.3
Type of family Both parents 375 90.4
Only father or mother 38 9.2
No parents 2 0.5
Father’s occupation Agriculture 114 27.5
Business 84 20.2
Government service 65 15.7
Non-government service 42 10.1
Unemployed 25 6.0
Father not alive 22 5.3
Household works 22 53
Foreign employment 15 3.6
Self employed 15 3.6
Retired 4 1.0
Teacher 4 1.0
Mother’s occupation Household works 232 55.9
Agriculture 82 19.8
Business 29 7.0
Government service 18 4.3
Non-government service 17 4.1
Unemployed 17 4.1
mother not alive 10 2.4
Others 10 2.4
Father’s education No schooling 62 14.9
Less than primary 68 16.4
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Characteristics Categories Frequency Percentage
Primary 71 17.1
Secondary 125 30.1
Higher secondary 27 6.5
Bachelor and above 40 9.6
Father not alive 22 53
Mother’s education No schooling 125 30.1
Less than primary 88 21.2
Primary 58 14.0
Secondary 94 22.7
Higher secondary 15 3.6
Bachelor and above 21 5.1
Mother not alive 14 3.4
Current living arrangement ~ With family members 319 76.9
At hostel 20 4.8
With friends in rented place 47 11.3
Alone in rented place 29 7.0
Type of school Public 223 53.7
Private 192 46.3

3.2 Tobacco and Alcohol Use

The proportion of current alcohol users and tobacco users is 8% (10.8% among men and
4.7% among women) and 7.2% (11.7% among men and 2.1% among women) respectively
(Table 3). The mean age (SD) of initiation of tobacco use and alcohol use is 14.3 (3.0) and
14.9 (3.2) years respectively. Gender, ethnicity, current living arrangement and occupation
of mother are significantly associated with current tobacco use while gender is significantly
associated with current alcohol use.

Table 3: Tobacco and alcohol use among the study participants

Characteristics  Categories Total N (%) (n=415)

Tobacco use Never smoked 372 (89.6)
Ever use of cigarette smoking 43 (10.4)
Current use of cigarette smoking (in the past 30 days) 30 (7.2)
Daily use of cigarettes 13 (3.1)
Age of initiation of smoking among ever users 14.28+3.0
(meanzSD, years)

Alcohol use Ever use of alcohol 65 (15.7)
Current use of alcohol (in the past 30 days) 33(8.0)
Daily use of alcohol 1(0.2)
Age of initiation of alcohol among ever users 14.86+3.3
(mean=SD, years)

The proportion of current tobacco use is more in men than women, Dalit ethnic group,
those living without family members and students whose mother had no schooling.
Similarly, the proportion of alcohol use is more in men compared to women.
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3.3 Fruit and Vegetable Intake

Nearly three out five (56.5%) students do not consume fruits and vegetables as per the
WHO recommendation (5 servings per day). In total, 24.8% consume fruits daily while
31.1% consume vegetables daily. Mother’s occupation and type of school are significantly
associated with fruit and vegetable intake.

Inadequate fruit and vegetable intake is higher among students whose mothers are
involved in household works (61.5%), followed by agriculture (53.4%) and business
(32.1%). The proportion of inadequate fruit and vegetable intake is higher among students
studying in private schools (68.0%) as compared to those in public schools (46.2%).

Table 4: Frequency of fruit and vegetable consumption in last week

Number of days Fruitintake (n=415) Vegetable intake (n=415)
in past week Frequency Percentage Frequency Percentage
0 14 3.4 5 1.2

1 31 7.5 11 2.7

2 45 10.8 37 8.9

3 59 14.2 72 17.3

4 37 8.9 58 14.0

5 9 2.2 29 7.0

6 6 1.4 19 4.6

Daily 103 24.8 129 31.1

Do not remember 111 26.7 55 13.3

Table 5: Number of servings of fruit and vegetable intake

Number of servings Total fruit and vegetable intake*
Frequency Percentage

Less than 5 servings per day 213 56.5

5 or more servings per day 164 43.5

*Note: Those students whose response was missing or do not remember their fruit and vegetable intake are
excluded from the analysis. Similarly, if the response was missing as a result of a remembrance bias, then the fruit
or vegetable intake was counted as zero.

3.4 Physical Activity

One in three students (32.5%) are physically active, that is they spend at least 60 minutes
doing moderate to vigorous intensive exercise every day. Nearly one in five students
(17.6%) do not spend any day doing moderate to vigorous physical activity within the
duration of a week.

Type of family is significantly associated with physical activity. Students belonging to intact
families (69.9%) have a higher proportion of inadequate physical activity as compared to
those having a broken family (45.0%)
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Table 6: Number of days spent on moderate to vigorous intensity

Number of days spenton  Frequency
moderate to vigorous
intensive activities

Percentage

73
26
32
35
36
29
49
135

NOUlbs WN = O

17.6
6.3
7.7
8.4
8.7
7.0

11.8

32.5

3.5 Depression, Anxiety, and Insomnia Status

Overall, 41% of study participants have symptoms of depression, 62.7% have symptoms of
anxiety and 47.5% of the students have symptoms of insomnia. Parent’s education and type
of school are significantly associated with depression. Those students whose father and
mother had no schooling and who studied in public school have a higher proportion of

depression.

Gender is significantly associated with anxiety with women having a higher proportion. No
variables are significantly associated with insomnia.

Table 7: Depression, anxiety, insomnia, and internet addiction status among the study

participants (n=415)

Mental health and internet addiction status

Frequency Percentage

Depression:

Normal (0-7)

Borderline (8-10)

Abnormal (11-21)

Anxiety:

Normal (0-7)

Borderline (8-10)

Abnormal (11-21)

Insomnia:

No clinically significant (0-7)
Subthreshold insomnia (8-14)
Moderate (clinical insomnia) (15-21)
Severe (clinical) (22-28)

Internet addiction:

Normal users or users without problems (<40)
Problematic internet users (240)

245 59.0
119 28.7
51 12.3
155 37.3
138 333
122 29.4
218 52.5
161 38.8
32 7.7

4 1.0

215 51.8
200 48.2

3.6 Internet Addiction Status

In this study, 48.2% of the study participants have symptoms of internet addiction. Gender,
mother’s occupation, and tobacco use are significantly associated with internet addiction.
Internet addiction is also found higher in men, in students whose mother’s occupation is
related to business and those who are current smokers.

98



MRF Research 2020/21

3.7 Relationship between Depression, Anxiety, Insomnia and Internet Addiction

Pearson’s correlation coefficient test was done between depression (HADS-D), anxiety
(HADS-A), insomnia (ISI) and internet addiction (IAT). A significant relationship (positive
weak correlation) is observed between depression and anxiety (r=0.360, p<0.001),
depression and insomnia (r=0.170, p=0.001) as well as between depression and internet
addiction (r=0.174, p=0.001) (Table 8).

Similarly, a significant relationship (positive weak correlation) is observed between
anxiety and insomnia (r=0.306, p<0.001) as well as between anxiety and internet addiction
(r=0.230, p<0.001). There is, however, a positive moderate correlation between insomnia
and internet addiction (r=0.518, p<0.001).

Table 8: Correlation between different psychometric scales (n=415)

Scales Variables HADSA HADSD ISI IAT

HADS A Correlation coefficient 1 0.360** 0.306** 0.230**
p-value 0.000 0.000 0.000

HADS D Correlation coefficient  0.360** 1 0.170** 0.174**
p-value 0.000 0.001 0.000

ISI Correlation coefficient  0.306** 0.170** 1 0.518**
p-value 0.000 0.001 0.000

IAT Correlation coefficient  0.230** 0.174** 0.518** 1
p-value 0.000 0.000 0.000

Note: ** Correlation is significant at the 0.01 level (2-tailed). O=no correlation, <0.4: weak, 0.4-0.6: moderate
and >0.6: strong correlation

3.8 Barriers and Challenges for the Prevention of NCD Risk Factors
3.8.1 Tobacco and Alcohol Use

Contributing factors for tobacco and alcohol use encompassed both individual and
environmental factors. The individual factors were identified as curiosity to taste, thrill-
seeking behavior, adventure, peer pressure, imitation, perceived self-image, or personal
choice. The environmental factors included the attitude of family members towards
smoking and alcohol use, traditional social norms, cultural shift towards acceptance of
smoking and drinking habits, and equating use of tobacco and alcohol as a source of
recreation.

Similarly, aggressive advertisement and sponsorship of different events that cater to a
young audience by tobacco and alcohol companies, including sports and YouTube channels,
policies favoring tobacco and alcohol products as a source of revenue, an easy availability
of these products and their haphazard sale, the enhanced role of celebrities in films, and
parents asking children to buy cigarettes were also identified as barriers for the prevention
of tobacco and alcohol use.

Moreover, normalization of consumption of alcohol and tobacco during stress and family
problems as well as cultural values (especially on indigenous ethnic groups), provoke
higher consumption of these products among college students.
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“Ek sarko, tespachi duniya arko (One puff, and you are in a different world).” - Girl, Private
college, FGD 1V.

“My friends from village used to pressurize me to have cigarette. They even used to forcefully
keep in my mouth. I used to run away and later left their circles.” - Boy, public school, FGD L.

“Smoking is prohibited in public places as per our law. However, Police in duty is also not
responding to such actions in public places.” - Girl, public school, FGD I.

Teachers of both public and private colleges reported that there were no health guidelines
or policies at the school level that focused on the promotion of healthy behaviors. However,
health education classes and some relevant sessions from experts and the local police were
regularly conducted. School health nurse was available at the public college who was
recruited by Bagmati province. On observation, there was a restriction on sale of tobacco
and alcohol products inside the school premises.

Teachers also reported doing regular checks of students’ pockets and bags. School
authorities requested the nearby shops and police offices to ban the sale of tobacco and
alcohol products near school premises. However, not much support was received from
their end as there was little care regarding the consequences.

“All alcohols are bad to health regardless of the amount (latest evidence), same in tobacco use.
But in case of alcohol, there is no clear sanctions.” - NCD expert, IDI IV.

“We need to save youths and adolescents, as they may not be in a position of decision making,
overall system should be designed to enable the prevention of tobacco and alcohol use.” - NCD
expert, IDI'V.

"College students enjoy more freedom than those studying in school. They get exposure to new
friends from different backgrounds, share interests and college do not supervise students as
school, especially outside college hours." - Education expert, IDI VII.

NCD experts mentioned that alcohol and tobacco sale is haphazard and alcohol use is more
rampant than tobacco use. Furthermore, there is limited stakeholder’s involvement in
alcohol control advocacy compared to tobacco use.

There was a mixed response among the FGD participants regarding the legal restrictions
on tobacco and alcohol use. Few of the participants mentioned that they were not aware of
the existing legal measures, while most of them mentioned that although there are legal
measures, they are not implemented properly. Students particularly mentioned that
minors (less than 18 years) are not allowed to purchase cigarettes and alcohol as per the
law.

However, they are easily available in different brands. They also expressed that the use of
alcohol and tobacco is not illegal in Nepal, and thus their use is common in public places.
An education expert expressed that college students were more vulnerable to tobacco and
alcohol consumption than those studying in schools.
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3.8.2 Fruit and Vegetable Intake

The contributing factors for the low fruit and vegetable intake among college students were
- low purchasing capacity, high price of fruits and vegetables in the market (partly
explained by storage problems and the role of middle-men), low production of fruits and
vegetables in urban areas, limited choice in local markets for healthy foods, and junk foods
that are cheap, easily available, taste good and are ready to use. Additionally, parental
influence, aggressive promotion of junk foods by food industries and low literacy in the
family regarding the importance and constituents of healthy diet are also important
contributors.

“Students love fried food and junk foods as well as sugary drinks like Coke, Fanta, litchi juice.,
Taste matters more for children.” - Education expert, IDI VIL.

“As students love fried food and canteen is rented by outsider, selling of such food is highly
prevalent in our canteen.” — Teacher, private school, IDI II.

“What constitutes healthy diet is not clear: there is a feeling that expensive vegetables and
fruits are only good for health; any vegetables that is leafy and low-cost nutritious fruit is
beneficial.” - NCD expert, IDI V.

An education expert stressed that an attitude of only stomach-filling among students needs
to be replaced by an attitude of consuming a balanced healthy diet as students prefer
noodles to roti and fried potato chips to green leafy vegetables. Experts also stressed on the
inadequate monitoring of quality of fruits and vegetables, specifically whether they are
chemical free and consumable, as a barrier for consumption of adequate fruits and
vegetables.

Experts also expressed the need to change the opinion regarding the consumption of fruits
and vegetables.

3.8.3 Physical Activity

The contributing factors for inadequate physical activity among college students in their
academic institutions were lack of time due to academic pressure, over-emphasis on
classroom learning in school, decrease in active commuting, and limited or no playground
in school premises.

Similarly, some other general contributors to inadequate physical activity were lack of
adequate parks and exercise spaces, unsafe roads, fear of pollution, and mismanaged
concrete structures causing injury risks.

At the household level, change in occupation patterns of family, lack of promotion of
physical activity in the family and schools, lifestyle changes due to technology, and overuse
of gadgets and peer influence for playing mobile games were a few of the contributing
factors. Finally, failing to explain the importance of physical activity in schools and to
allocate sessions for physical activity, including the absence of physical education
curriculum in grades higher than the lower secondary levels and lack of community gyms
were also identified as barriers for the promotion of the physical activity. In the current
context, fear of COVID-19 was also perceived as a barrier to continuing physical activity.
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“There is a general opinion that talent students should not be involved in sports. We need to
move out of this concept and advocate that it is important for everyone.” - NCD expert, IDI IV.

“There is no enabling environment for physical activity in school due to limited space and lack
of grassy playgrounds. Education regulation is not much followed, structural changes are
required.” - Education expert, IDI VII.

3.9 Barriers and Challenges for the Promotion of Mental Health

The barriers and challenges for the promotion of positive mental health among students
were overthinking, personal insecurities, fear of physical punishments at school, academic
stress, results oriented teaching-learning environment that overexerts physical and mental
health of students, favoritism by teachers, and bullying.

Similarly, lack of interest in studies, lack of trust in sharing problems with school teachers,
high family expectations, fear of failure, lack of encouragement from parents and school
teachers, low cohesion among peers, and family and relationship problems were some of
the other challenges faced by students.

"Students do not get much support from both sides (family and school) which might contribute
to mental health problems." - Education expert, IDI VII.

"When a bus continues to travel without stopping at point, there will be heat, wear, and tear. It
is similar in the human body, due to lack of rest or sleep, our body cannot perform work and
there will be problems of eyes, headache, sprain on muscles stye on eye, chance of being
internet addict." - Mental health expert, IDI VI.

Mental health experts argued the need to focus on the bio-psycho model while describing
the contributing factors for mental health problems. Genetics, transition from childhood to
adolescence, hormonal changes, high family expectations, peer and family conflicts, and
harassment in the school and community, either because of ethnic groups or language fuel
mental health problems among college students. Mental health experts also stressed the
importance of sleep to having a stable mental health.

Education experts shared that there is limited discussion on mental health problems and
unavailability of mental health services at school and community level. They further added
that there is a practice of treating mental health problems with jharpukh (traditional
methods).

Coping strategies by students during stress were listening to music, dancing, sleeping,
engaging in hobbies, reading books, travelling, playing games, watching movies, not relying
on others for happiness, and spending time with family and friends while taking their
suggestions. One of the male students mentioned tobacco use and drinking as a common
coping strategy among his age group.
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“During the lockdown, I was suffering from depression, I overcame it by sharing problems with
my closed ones who motivated me and accepted my flaws as well as ups and downs.” - Girl,
private college, FGD IV.

“The major reason of mental issues among our students is because of unpeaceful relation with
parents. Even our 6 to 7 students had suicidal attempts due to reasons like parents’ divorce,
parents not fulfilling their desire etc. In such cases, we consult those students with
psychiatrist.” - Teacher, private college, IDI II.

Mental health experts expressed their dissatisfaction over the almost non-existence of
mental health services in Nepal. In the context of Kathmandu, there is only one mental
hospital. Provision of mental health services is lacking at the community level.

Regarding internet addiction, excessive social media use, availability of age-inappropriate
materials on the internet, new trends of being popular or viral, or searching for shortcut
ways of success, sleep problems and lack of personal interactions were identified as
contributing factors of internet addiction. Mental health experts opined that internet
addiction can harm students’ investment in long term goals, create difficulties with face-to-
face interactions, and lead to sleep problems, mental health problems, bullying and physical
fights.

4. Policy Recommendations

This study found a considerable proportion of students with inadequate fruit/vegetable
intake and physical activity, and a higher proportion of students with mental health issues
and symptoms of internet addiction. Based on the survey findings and qualitative research
findings, the following policy recommendations are provided:

1. Develop and implement an interactive school-based educational intervention
package incorporating contents on the prevention of NCD risk factors. The
educational intervention package should focus on the consequences of tobacco and alcohol
consumption, strategies for reducing tobacco and alcohol intake among peers and during
stress as well as in recreational/cultural events, decreasing the intake of junk foods and
replacing it with healthy food options, increasing consumption of fruits and vegetables as
a part of regular diet and encouraging ways to remain physically active at both indoor and
outdoor settings.

Similarly, the package should focus on the burden of chronic diseases and its effect on
people’s health and socio-economic potential. For the development of this package,
different departments of KMC, especially the health and education departments need to
take a leading role with support from experts in fields related to health and education
(dieticians, sports trainers, behavioral experts, etc.). The frequency and strategies for
implementation of this package should also be determined, possibly once a month and
through a peer-to-peer education approach.

2. Encourage schools for the promotion of healthy food options in school cafeteria.
Cafeteria interventions such as updating the food menus with healthy options, replacing
junk foods and soft/carbonated drinks with various low cost, highly nutritious meals,
increasing access to safe drinking water, and promoting the nutritional value of healthy
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foods through various mechanisms, such as the use of wall posters and through trained
canteen operators can encourage students to adapt to healthy food behavior. Thus, a
guideline on the proper operation of school cafeterias could be instrumental.

3. Promote interventions that encourage physical activity among students. Additional
interventions such as conducting sessions on the importance of physical activities, actually
organizing sports activities either before, during or after school hours, as well as directing
targeted interventions among overweight/obese students, installing low-cost physical
activity instruments, promoting yoga, dancing and martial arts, and regularly monitoring
the weight and height of students is recommended to improve physical activity among the
students.

4. Develop and implement a mental health promotion educational package in
schools. With the help of psychological and counseling experts, KMC in compliance with
the health and education departments needs to develop and implement an educational
package that can help in preventive and curative measures of mental health problems. This
should include identification of possible stressors at individual, family, and school settings,
steps on stress management, promotion of meditation, breathing and relaxation exercises,
as well as psychological and emotional support to the students through teacher and peer
networks, reduction of academic stress through proper teacher guidance, life skills
sessions that enhance positive thinking, reduction of self-destructive behaviors and
encouragement to seek help from professionals.

The package should also include interventions for the reduction of screen hours, reiterating
the importance of adequate sleep, creating a platform for fostering the creativity and
talents of students, and encouraging the involvement of students in physical activities and
social works.

5. Provide psychological counseling training to teachers and set up support
mechanism at the school level for addressing mental health problems. As the
availability of psychological counseling services at the school level is the most cost-effective
intervention to promote mental wellbeing among students, KMC needs to coordinate with
organizations working on mental health for providing training to school teachers on
psychological counseling. Regular screening of the mental health status of students with
the use of appropriate screening tools can help in the early identification of mental health
problems.

Similarly, activities that increase school-student-parent interaction for addressing
grievances related to personal, family life and studies, sessions related to stress
management and coping strategies, and setting up confidential helplines will also help to
reduce mental health problems among students. Linkage of school mental health services
with trained psychologists and psychiatrists will also help to better address the mental
health problems among students.

6. Seek options such as recruiting human resources, such as psychological
counselors and school health nurses, to introduce and implement health promoting
interventions at the school level. KMC needs to consider options such as recruiting
school health nurses and psychological counselors at the metropolitan or school level for
the improvement of the health and well-being of students. Such human resources can guide
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schools to implement intervention packages related to healthy behaviors and the
promotion of mental health.

7. Develop mid-term and long-term strategies to foster health and productivity of
adolescents and young people. As a local government, KMC should intervene in the social
health environment for which it needs to develop mid-term and long-term strategies and
build capacities for developing it as a health-promoting city. Departments of KMC related
to urban development, public infrastructure, environment, education, and health should
jointly initiate activities as follows:

Enforce strict implementation of Tobacco Products Control and Regulatory Act
2011 (2068 B.S.), Alcohol Control Policy and Regulations 2017, and Public Health
Service Act 2018 (2075 B.S.).

Discourage smoking and drinking in public places through appropriate
reinforcement measures, intensifying community awareness activities regarding
the harmful effects of tobacco and alcohol use through active media campaigning
(including social media) and community events, and promoting the involvement
of adolescents and youth-led groups in the social works.

Restrict easy availability of tobacco and alcohol products and limiting such
products to licensed shops that aren’t in close proximity to the school premises.

Regulate promotion, advertisement, and sponsorship of tobacco and alcohol
products as well as junk and health-harming foods.

Promote shops or providing subsidies for the sale and purchase of fruits and
vegetables, promoting commercial farming, and preparing geographically
appropriate food atlas considering the nutritional value and purchasing capacity
of the inhabitants.

Invest in the establishment and renovation of community parks and community
gyms, developing safe pavement for walking, installing cycle lanes, and creating
more open spaces in the city.

Support schools in the organization of sports activities and physical activity
sessions, encouraging schools to monitor the physical activity of students and
provide options for schools to recruit sports teachers.

Ensure basic minimum standards for schools, including the availability of proper
playgrounds, sports instruments, sports teachers, making sure that the school
infrastructure does not make the students vulnerable to physical injuries, and also
regularly monitor school environment to make it conducive to healthy behaviors.

Guide schools to improve teaching-learning environment, revising curriculum to
address physical and mental health needs of students, reforming education
practice that puts undue pressure on students, making learning resources for
improving health and mental well-being available, banning addictive apps, and
funding activities that promote the creativity and talent of students.

Ensure availability of mental health services at the community level and set up
helplines.
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The Urgency of STEAM Education for Driving KMC as an
Innovation Hub

Manish Man Shrestha

Abstract

STEAM (Science, Technology, Education, Art and Mathematics) education is based on
modern technologies. Solving problems and creating solutions are skills critical to all
businesses, and STEAM-based education tends to tackle these challenges. STEAM-based
education helps students understand the content of the syllabus more profoundly. This
research is focused on finding the readiness of Kathmandu Metropolitan City (KMC) to
implement STEAM-based education. We focused on the five significant stakeholders
regarding STEAM-based education: schools, teachers, parents, students and STEAM service
providers. Questionnaire was developed to find the understanding and readiness of these
stakeholders. The survey results showed that most schools and teachers acknowledge the
importance of STEAM-based education, but they lack the confidence to implement it. Most
of the parents do not fully understand the concept of STEAM-based education. Most of the
STEAM providers find it relatively harder to manage the necessary equipment for STEAM-
based education. Most of the students showed enthusiasm towards STEAM-based
education. Besides the survey, a literature review of the implementation of STEAM-based
education in countries like South Korea and China was done. We reviewed how they have
implemented STEAM-based education in their countries and the steps to implement it. We
also reviewed the education policies of the Government of Nepal and KMC. We conclude
that although KMC acknowledges the need for a STEAM-based education system and is
taking steps to implement it, more preparations are needed to fully implement it. Strong
policies to increase participation and maintain quality and standards need to be made to
implement STEAM-based education system successfully. Based on the findings,
appropriate policies have been proposed.

Keywords: STEAM-based education, education policy, technology in education.
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1. Introduction
1.1 Background

Innovation is the key to sustainable development of a city. Research culture is one of the
fundamentals that drive people towards innovation, creativity, and responsibility
awareness for humanity’s well-being. Today, the world stands on the brink of the Fourth
Industrial Revolution - “Industry 4.0”. Industry 4.0 will merge the physical, digital, and
biological worlds using devices that sense and interact with humans, machines, and
environments in new ways, making informed, rapid decisions autonomously.

Producing innovators, visionaries, creative thinkers, and dreamers for Industry 4.0 cannot
be imagined without a relevant education system. The major technological revolution
demands human resources equipped with Science, Technology, Engineering, Arts and
Mathematics (STEAM) knowledge, skills, and capabilities committed to producing technical
sophistication and interdisciplinary thinking.

Rather than teaching Science, Technology, Engineering, Arts and Mathematics as separate
and discrete subjects, STEAM integrates them into ‘interdependent’ learning units based
on real-world applications. The leaders of tomorrow are the children of today. Hence,
without equipping today’s children with STEAM knowledge, the growth of individuals and
consequently sustainable development of the city and country is impossible. Since 2010,
developed countries and city-states like the USA, Republic of Korea, China, Singapore,
Hongkong have rigorously implemented STEAM-based education systems to fulfill the need
and thirst for industrial evolution 4.0 and further. The impact of it is seen in every aspect
of life.

Nepal falls far behind Industry 4.0 despite abundant natural and human resources which is
a result of incoherence between education, engineering, technology, entrepreneurship,
policy-making, and development activities in Nepal. For scientific and technological
progress, it is imperative for developing countries like Nepal to generate STEAM-qualified
human resources and create STEAM-related jobs in the near future. To keep pace with the
world, the reformation of education system of Nepal is urgent.

As the capital of Nepal, Kathmandu, bears more responsibility towards its country and
citizens to be the leader in every aspect. Implementation of STEAM-based education plays
a vital role in developing the city through its regard to citizens’ welfare, economics,
innovation, and creativity to tackle future needs. With groundbreaking innovations and the
industrial revolution, the future we are shaping is challenging to project. Thus, a massive
challenge for the city lies in transforming its citizens to become competitive enough in such
an evolutionary environment. This challenge will be overcome if we address the following:

e Lack of innovation and entrepreneurial culture. Students completing formal
education are adept in theoretical knowledge. But, they are inept at dealing with
real-world problems. This has resulted in the lack of innovation and
entrepreneurial culture in Nepal, one instance of which has led to a shortage of
manufacturing industries, thus causing a huge trade deficit.

e Brain drain. When provided with opportunities abroad, Nepalese are excelling in
their respective fields, however they cannot reach similar heights within a nation.
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To fulfill the requirement, the technical workforce often has to be hired from other
countries.

e Broadening digital divide. Currently, only a limited number of skilled individuals
have access to some form of technical and computer knowledge. Individuals
without such skills are at a disadvantage, especially while competing in the job
market. In the future, these problems will be further compounded if this form of
digital divide is not curtailed. Other cities worldwide are seeking STEAM education
to bridge this divide.

e Traditional education system. The job market is quickly shifting as traditional
jobs like accountants and radiologists are threatened to be rendered obsolete by
Al and robots. Advances in automation technology will handle many tasks that
people currently do. The impact Al and robots will have on the job market is a hot
topic among every stakeholder. Discussions are being guided on both sides - on
one hand, Al and robots displace many jobs, and on the other, Al and robots create
as much as it displaces jobs. From the observed impacts, we can ascertain that the
future jobs will be vastly different from what we are doing today. Thus, the most
pressing problem for today is to make our education system compatible with
tomorrow’s world.

The STEAM-based education system tends to overcome the challenges mentioned above by
integrating technology into the education system.

1.2 Objective

The main objectives of this research can be summarized as below:

1. Explore and examine the willingness and readiness of the schools, teachers,
students, parents, and STEAM providers to implement STEAM education within
KMC.

2. ldentify the policy gaps in education by comparing developed and developing
cities where STEAM education is already promoted.

3. Provide recommendations on the implementation model for STEAM-based
education in schools of KMC.

1.3 Limitations of the Study

The limitation of this research can be summarized as below:

e Data could not be collected across all schools within KMC.

e The recommendation submitted for the implementation model will only be
replicable outside KMC after modifications.

Additionally, due to the ongoing COVID-19 pandemic, the following limitations were
further met:
e Access was limited to students, parents, schools and teachers.

e Frequent travel amidst the pandemic was challenging.
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e Online meetings were not possible for some potential respondents.

e Using an online platform resulted in limited interaction with the respondents.
2. Methodology

STEAM-based education can be successfully implemented within the Kathmandu valley
when all the stakeholders in STEAM education are willing and ready to accept it. This
research measures the willingness and readiness of the five key stakeholders (schools,
school teachers, school students, parents and STEAM providing institutes) that embrace
STEAM-based education in the schools of KMC.

To fulfill these objectives, we have conducted both quantitative and qualitative analyses
and provided recommendations which are detailed in the following steps (see Table 1):

a. Primary data collection from teachers, students, and principals from the
community and private schools within KMC.

b. Primary data collection from individuals and firms actively engaged in
providing education service regarding implementing STEAM education.

C. Analysis of primary data received from teachers, students, schools, parents, and
STEAM providing institutes.

d. Comparison with international findings and literature with the current
education policy of Nepal and making suggestions accordingly to minimize the
policy gaps in the education act.

e. Recommendation of the appropriate policies based on the findings.

Table 1: Methodology for the research

Data Analysis Type Outcome

From teachersin  Quantitative Teachers’ willingness and readiness to implement STEAM

school education

From school Quantitative Schools’ willingness and readiness to incorporate STEAM

administrations curriculum in the existing lesson plan

From studentsin ~ Quantitative Students’ willingness and readiness to learn STEAM

school education

From parents Quantitative Parents’ willingness and readiness to involve their
child/children in STEAM education

From STEAM Quantitative STEAM providing institutions’ readiness to implement

education STEAM education

provider

From literature Qualitative Overall, STEAM education in the education system around

review the globe and the policy gap of the education system of

Nepal with the global education system

From Nepal and Qualitative Global Trend and importance of STEAM in KTM; Policy
KMC education gap in implementing STEAM at national level
policy document
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3. STEAM Education in South Korea, Hong Kong, and Nepal: A Brief Review
3.1 STEAM in South Korea

The South Korean Government has continually driven STEAM education policy as a
solution for empowering their future workforce with the required set of skills. The Korean
Ministry of Education, Science, and Technology in 2011 included STEAM education as a
plan to foster and support their human resources in science and technology.

As the most representative national institute for STEAM education, the Korea Foundation
for the Advancement of Science and Creativity (KOFAC) has managed systematic STEAM
education programs at the national level. To help STEAM education become more well
established, KOFAC cultivates and supports leading groups, reinforces teachers'
capabilities, develops and distributes content, promotes interactive and exploratory
activities for students, and institutionalizes and builds infrastructure (Hong, 2017).

South Korea revised its national curriculum in 2015, intending to cultivate creative talents
with integrative thinking and problem-solving. STEAM education will thus continue to be
emphasized and promoted as an educational strategy to meet the requirements of the
future generation.

Similarly, teachers’ capabilities in promoting and implementing STEAM education across
the schools are of great importance. According to the research conducted in South Korea
by Park et al. (2016), out of the total 11,526 elementary, middle, and high schools in South
Korea, 6,743 were sampled. The research found that 56.8% were implementing STEAM
education in their institutes. This research also discovered that the most critical factor in
implementing STEAM education was the voluntary efforts of the teachers. And the main
reason for not implementing STEAM education in other schools was also because of
difficulty in drawing a consensus from teachers regarding STEAM education. This result
shows how important the role of teachers is for the implementation of STEAM education.
This research also provides a limelight on the fact that teachers’ willingness and readiness
to incorporate STEAM education in their teaching methods can have a considerable
influence in promoting STEAM education at the national level (Park et al,, 2016).

South Korea undertook three steps of teacher training programs to support STEAM
professional development for teachers. First, ‘Introductory Training’ focused on helping
teachers understand the concepts, policies, and representative content of STEAM
education. Second, ‘Basic Training’ involved a 15-hour online program focused on sharing
best practices, such as organizing STEAM educations suitable for the school curriculum and
implementing STEAM education for after-school programs. Third, ‘Intensive Training’
provided a mixture of online and offline programs focused on improving teacher’s
capabilities to develop and implement their educational materials for STEAM classes.

Despite these professional development programs aimed at teachers, many of them still
faced difficulty selecting appropriate topics, integrating two or more subjects, developing
educational materials, and evaluating classes (Noh & Paik, 2014). Considering these
difficulties, the teachers face, STEAM research groups of teachers in South Korea developed
and applied STEAM education materials that can be imitated at schools all over the country.
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According to international evaluation programs such as TIMSS (Trends in international
mathematics and science study) and PISA (Program for international student assessment),
Korean students demonstrated high performance but low interest in science and
mathematics. However, a study conducted by KOFAC showed students who participated in
STEAM classes showed higher ‘science preference’ than students who did not participate.
Students participating in STEAM classes also showed higher levels in terms of ‘ability to
perform self-directed learning,” composed of the ability to lead learning, cognitive strategy,
learning motivation, the will to solve problems, use tools, and cooperate (Park et al., 2016).

Continuing with these positive impacts of STEAM education, the authorities implemented
policies to promote interactive and exploratory activities for students, such as STEAM
Research and Education (R&E). STEAM R&E aims to enhance student’s research
capabilities and encourage an atmosphere of spontaneous inquiry by supporting student-
led research activities on integration-based themes. Students participating in STEAM R&E
come up with their problems from daily life, define research problems, design research
methods, and then submit their research proposals. Research projects are selected for
funding through expert reviews, and the results are published at R&E festivals.

As per a study conducted by Mun et al. (2017) on the effects of STEAM R&E, students’
creative leader competencies, consisting of cognitive, effective, and societal domains
improved after participating in STEAM R&E. In addition, STEAM R&E has positive impacts
on students’ creative thinking by providing students with experience related to research
field careers and collaborative research activities carried out with friends.

According to the analysis of 821 STEM/STEAM-related research papers published in South
Korea over the last ten years, the most frequently researched topic was “program/
instruction materials”, which accounted for 72% of the total topics. Kim & Kim (2017) show
that studies in STEAM education have been focused on developing diverse educational
materials and programs that promote STEAM education.

The Korean Ministry of Education and KOFAC are continuing to develop four types of
STEAM programs to be used in schools:

a. Integration-based programs for each theme of STEAM (e.g., biotechnology, global
environment, and appropriate technology)

b. Programs to utilize up-to-date products (e.g., up-to-date ICT, up-to-date medical
appliances, and up-to-date vehicles)

c. Integration-based programs in science and arts (e.g. topographical maps in science
and art, creative activities in manufacturing, and world-changing designs)

d. Design-based programs connected to promising future jobs (e.g. cognitive
engineers, robot engineers, and information system professionals)

3.2 STEAM Education in Hong Kong

The Hong Kong Education Development Board administered questionnaires to participants
in various symposia from November 2015 to January 2016 as well as all primary and
secondary schools to collect views on the promotion strategies (see Education Bureau,
2016). Through various consultation events, mass media, and written submissions, helpful
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feedback was extracted from stakeholders and the public. The schools’ response has
documented a general agreement for strengthening students’ capability to integrate and
apply their skills and knowledge across various subject disciplines. Regarding the renewal
of the school curriculum, the overwhelming majority of respondents (>90%) emphasized
STEAM education promotion.

Hong Kong Education Development recommended five-pronged guiding principles for
promoting STEAM education and adopting a holistic approach at the system and the school
levels for implementation. These principles are as follows:

a. Adopting a learner-centered approach focusing on facilitating learners to obtain
the skills on how to learn through STEAM-related activities, diversified learning,
education and evaluation strategies that suit the needs and interests of students.

b. Enhancing STEAM-related learning opportunities to form part of the essential
learning experiences, inclusive of learning opportunities beyond the classroom.

c. Balancing between students’ interests and needs, teachers’ views and
partnerships with other stakeholders.

d. Building on schools’ past experiences and other conducive factors for the
promotion of STEAM education.

e. Promoting STEAM education as a continuous and dynamic improvement process,
preferably starting from small-scale curriculum development projects, allowing
tolerance of ambiguity and room for further advancement.

3.3 STEAM Education in Nepal

In recent years, many institutes in Nepal, such as Karkhana, STEM foundation, RAN,
Samadhan Engineering, and Redshift, have collaborated successfully with schools to
provide STEAM-based education. However, each of them has used their own platform to
implement the program. The most common platform used is Arduino and Raspberry pi.
With these platforms, students were successfully able to grasp the idea of IoT and modern
technologies.

The common practice in Nepal regarding STEAM-based education is to provide the
platform to a specific number of students for the projects, making it difficult to blend the
curriculum to STEAM education. Hence presently, STEAM education is limited to project
works rather than providing the platform for understanding the basic knowledge and
complementarity of the curriculum. To tackle this, an institute like Samadhan Engineering
Pvt. Ltd. has developed a program to include all students and developed a curriculum for
every standard based on the understanding and interpretation of the subject matter. This
curriculum helps students to understand the concept and parents to be convinced and
accept STEAM education as necessary for children’s education.

Current government policy has several points that ensures that the STEAM-based
education is included in Nepal’s education system (9@ &R, 0%%). The strategy that
ensures the inclusion of STEAM education can be summarized as:

e To ensure sustainable investment in the participation and partnership of various
stakeholders in technical and vocational education and training.
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To provide relevant, quality and competitive technical and vocational education
and skill development opportunities according to the qualifications and
capabilities based on the needs and priorities of the labor market.

To make competency testing and training of teachers compulsory

To integrate information and communication technology as an integral part of the
teaching-learning process to make it technology-friendly, practical and result-
oriented

To make science, technology, engineering and mathematics education (STEM
education) an integral part of the curriculum in all levels of education.

The policies to include STEAM education in the education sector of Nepal can be
summarized as below:

A well- run and well-equipped national science school to expand the opportunities
of science and technology education.

Establishment of research laboratories, including thematic laboratories for
technical and vocational education and skill development.

Cooperation from the educational institutions, including sharing the cost with the
workplace and community, and among industry, trade, association and institutions
in order to make technical education practical and timely.

Development of direct and online teaching and training systems in technical and
vocational education programs using modern information technology in line with
international experience and national standards.

Increasing the use of technology.

Development of print, multimedia and online-based learning materials targeting
the students of open schools and universities.

In addition to developing school curriculum-based teaching and learning methods,
development of techniques and thinking with the direct participation of the
students, focusing on the creative aspects such as teaching, project work, and
experimental practice based on the educational curriculum.

Enhancement of teachers’ professional sKills to teach subjects related to science,
technology, engineering, and mathematics through teacher training and capacity-
building programs.

At the local level, organization of continuous professional development programs
of teachers (customized training, workshops, seminars, observation visits,
reflection, teacher network, collaborative research, mentoring, coaching, etc.) with
the schools as the focal point.

By integrating information and communication technology as an integral part of
the education system, the development of technology infrastructure to make the
teaching-learning process information technology-friendly in schools and
educational institutions.
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Development of digital technology (developing virtual teachers, professors,
trainers, monitors, inspectors and supervisors) at the federal and state level to
develop effective teaching, learning, training, monitoring, evaluation and
supervision systems.

Emphasizing ubiquitous learning and easy-to-use materials such as tablets,
smartphones, mobiles, etc. to effectively conduct learner-centered learning, as well
as the opportunity to learn closely with an experienced and skilled personnel.

Use of Information and communication technology to teach and learn from the
elementary level in school education.

Development and expansion of STEAM education as an integral part of the overall
education system by modernizing appropriate policies, investments, workforce
development, curriculum adjustment and teaching methods.

Improvement of the teaching and learning process by digitizing the curriculum and
incorporating STEAM as subjects during curriculum development.

Giving due space to STEAM subjects while modifying and updating the curriculum
and textbooks relative to the environment.

Promotion of STEAM, educational institutions in collaboration with the
community, organizations, industry and mass media in the organization of literacy
programs related to science and technology.

Development of children’s interest, participation, involvement, and ability in
subjects related to STEAM from the earliest levels, with the potential of increasing
its extent up to fifty percent in the curriculum depending on the class and level.

Integration of the concept of STEAM into school education (language, literature,
art, culture, history, geography, etc.).

Development of curriculum-based on STEAM by identifying the areas required for
the state at the undergraduate and postgraduate level.

Construction of Science and Technology Centers, Museums, Research and
Innovation Centers, and Planetariums at the federal and provincial levels to
promote STEAM education.

KMC has integrated many innovative plans to improve its education systems (FTsHTEt
HETTRATTAT, R0%%). One step taken by the KMC to elevate its education system is to plan in
the policy to start a STEAM club and introduce technical education to school students.
According to the policy, KMC has started conducting civil engineering classes in three of its
community schools targeting students from class 9 to 12 to implement the aspiration of
"expansion of technical and vocational education, basis for building a prosperous
metropolis." Under this, 514 students are studying. The education policy of KMC that
directly impact STEAM-based education can be summarized as below:

To improve the quality of schools in the metropolis and make it timely, an
education plan will be formulated by forming a committee consisting of
educationists to formulate an integrated education management plan. Child
education, primary level education, basic level education and secondary level
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education will be specialized.

e A child-friendly teaching method will be adopted by constructing the necessary
infrastructure to raise the morale of the students who dropout of school. Providing
guardianship to the local poor, destitute, Dalit and disabled children by providing
textbooks, textbooks and uniforms as per the need will be continued.

e Science and computer laboratories will be established and upgraded in all
community secondary schools. STEAM Club will be established in the selected
schools, and various innovation programs based on science, technology,
engineering, art and mathematics will be conducted. Students' creativity will be
encouraged by organizing annual invention competitions among schools.

e Students of the 9th to 12th classes of three community schools are being taught in
civil engineering. In 2077/78, computer, electrical and electronics subjects will
also be taught in 3 more community schools. Thus, the students studying
engineering will be mobilized in the programs run by KMC as per the need.

e The educational information system will be organized to implement one model
school program by establishing an electronic recording and reporting system of
teachers, staff and students of all community schools.

e Thematic teachers will be provided to make the community schools teaching
friendly, and infrastructure improvement will be emphasized.

e Cooperation will be made with the Nepal Academy of Science and Technology to
establish a science and technology-based innovation center and science park.

4. Results and Discussion

4.1 Factors Affecting Willingness to Implement STEAM Education

Figure 1 compares the four main factors that describe the willingness of the five key
stakeholders in implementing STEAM education. These four factors are as follows:

(1) STEAM helps in effective learning: Figure 1 shows that STEAM-providing institutions
firmly believe STEAM education will help students learn effectively. However, other
stakeholders - students, teachers, parents, and schools do not agree completely but still
believe that STEAM education can be effective in the learning process.

(2) STEAM makes student competitive: The figure shows that the STEAM providers
highly believe STEAM education can prepare students to become competitive once they
complete their schooling. Moreover, students, teachers and parents moderately believe
that STEAM education can help students become competitive. However, schools lack some
consensus in believing STEAM education to make students competitive.

(3) Availability of STEAM materials: Interestingly, all five stakeholders share a similar
view on this variable. They believe there is no proper availability of STEAM materials in the
Nepalese market. The existing materials that the teachers are using in schools are also not
appropriate or enough for STEAM education. STEAM providers also agree that they do not
have enough STEAM materials and resources to implement STEAM education effectively
within the Kathmandu Valley.
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(4) Need for professional development training: All asked stakeholders (teachers,
schools, and STEAM providers) responded almost to the same degree that the teachers
providing STEAM education require professional development training to implement
STEAM education effectively. All the questioned stakeholders agree that this area needs a
vast improvement to make the STEAM approach of learning effectively.

Radar Chart of willingness to implement STEAM education by 5

Key stakeholder
= Helps in effective learning = Makes students competitive
Availability of STEAM materials . »Need for professional development trainings
School
S

/
STEAM provider

1

Student

0

Parent “Teacher
Figure 1: Willingness of five key stakeholders to implement STEAM education
4.2 Analysis of School’s Readiness

Nineteen schools from Kathmandu were provided with the survey form. The established
years of surveyed schools range from 5 to more than 25 years, with students ranging from
less than 300 to more than 5000. The fee range for the grade 8 of the surveyed school
ranges from less than Rs. 1000 to Rs. 18000 per student. Figure 2 shows the responses from
these schools.

The findings from this survey with regards to schools’ readiness can be summarized as
below:

e Almost all the participating schools have recognized the necessity of the STEAM
program in the curriculum. However, not many schools are capable of promoting
the STEAM-based education system.

e Almost all schools need technical support to implement the STEAM-based
education.

e Most of the schools are inclined towards project-based activities to make students
understand the current curriculum.

e A small percentage of schools could not grab the concept of integrating STEAM-
based education into the subject’s curriculum.

117



MRF Research 2020/21

How imprtant do you believe STEAM subjects are for your students?
15

Count

Very Important Neutral Notso important  Other subjects more
important

Degree of importance

Count of rating the statement- "STEAM education should be project-based

and should integrate different subjects on project works"
12

€
3
[$)
Strongly agree Agree
Degree of acceptance
Count of rating the statement- "STEAM education should integrate various
learning activities in different subject's curriculum"
10
8
6
€
=3
(=
o 4
2
0
Strongly agree Agree Neutral
Degree of acceptance

Figure 2: Response from the schools
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Rate the following statement- "We do not have enough learning resources/materials

to promote STEAM education in our school"
10

Count

Agree Neutral Disagree

Degree of acceptance

Count of rating the statement- "It is highly necessary to review and renew our
existing curricula of different subjects like science, mathematics and computer"

12

10

Count

Strongly agree Agree Neutral

Degree of acceptance

Areas that schools require maximum support from the external sources

Count

Catering Teachi E i Delivering Fi Curri
from and ) supporton development
different training for  technical literacy ~ education infrastructure

backgrounds teachers

Areas of Support

Figure 2: Response from the schools (cont.)

119



MRF Research 2020/21

4.3 Analysis of Students’ Readiness

Twenty students were surveyed from the interviewed schools to find their perspective
regarding STEAM-based education. The responses of the students can be summarized
below (see Figure 3):

e Most of the students are excited about the STEAM-based education.

[ ]

Although many students do not want to pursue career in the STEAM field, they
acknowledge that STEAM-based education is helpful.

Which of the following learning or resources materials are you currently using in

your schools?
10
8
6
€
=3
Q
o 4
2
0
Catering Teaching Enhancing Delivering Financial c
students from  assistance and students ST pporton de' p
different training for  technical literacy  education infrastructure
Areas of Support

Which of the following learning or resources materials you feel should be used in

the schools?
15

13

Count
=

Paperbased Audio-video Presentations  Robots Sensors Computer Word
materials materials simulations  processors

Learning Materials

Figure 3: Response from students
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Student's willingness on STEAM based education

15
Il Strongly Disagree M Disagree [0 Neutral M Agree [ Strongly Agree

I would like to pursue my career in a field | would like to handle different tools and STEAM based learning approaches
that involves science, mathematics,  resources that can enhance my learning would make learning fun
technology, and/or engineering experience

Figure 3: Response from students (cont.)

4.4 Analysis of Teachers’ Readiness

Twenty-four teachers from the schools were surveyed to find out the readiness of the
teachers. The response of the teachers can be summarized as follows (see Figure 4):

Count

The teachers are not entirely ready to incorporate modern learning tools.
They frequently use different pedagogical approaches and technologies.
They are eager to implement a new methodology to the teaching methods.
They understand the need for STEAM-based education.

They need training programs to integrate STEAM education.

Which learning resources or materials are you currently using?

Paper based Audio-video Presentations Computer Word
materials materials simulations processors

Learning materials

Figure 4: Response from teachers
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Which learning resources or materials you feel should be used in schools?

€
>
o
(8]
Paperbased Audio-video Presentations Robots Sensors Computer Word
materials materials simulations  processors
Learning materials
How frequently are you using the following pedagogical approaches
B Teaching with experiments [l Projectbased approach [ Collaborative Learning
B PeerTeaching
12
10
8
s 6
o
O

Very Frequenlty Frequently Occasionally Rarely Very Rarely

Figure 4: Response from teachers (cont.)

4.5 Analysis of Parents’ Readiness

Twenty parents with their children in the schools mentioned above were surveyed. The
response from the teachers can be summarized as follows (see Figure 5):

e The majority of parents feel the need to implement STEAM-based education.

e Few are willing to spend extra money on STEAM-based education.
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How confident are you in helping your child/children with homework Math and
Science subjects?

@ Very confident @ Confident © Somewhat confident @ Not at all confident

Do you feel the current resources /materials are enough
for your child/children to learn in an effective manner?

@ No @ Maybe © Yes

Count on rating the statement- "STEAM-based education system places an emphasis
on deep understanding rather than comprehensive coverage

© Agree @ Neutral © Disagree @ Strongly Agree

Figure 5: Response from parents
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Count

Count

Count on rating the statement- "STEAM-based education system places an

emphasis on deep understanding rather than comprehensive coverage

°

© Agree @ Neutral © Disagree @ Strongly Agree

Which learning resources or materials are used on schools your

child/children go to?
20

15
10
5
0

Paper based Audio-video Presentations

Computer Word
materials malterials

simulations processors

Learning materials

If you decide to spend additional amount (such as Rs 500 to Rs 1000 per

month) on your child/children, how would you like to spend?

Dance,arts,and  Math or Science  Entertainmentor fun Sport trainings and
music lessions classes activities activities

Anticipated expenditure headings

Figure 5: Response from parents (cont.)
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If you decide to spend additional amount (such as Rs 500 to Rs 1000 per
month) on your child/children, how would you like to spend?

Count

Dance, arts, and Math or Science  Entertainmentor fun Sporttrainings and
music lessions classes activities activities

Anticipated expenditure headings

How willing are you to spend an additional amount (such as Rs 500 to Rs 1000 per
month) to provide STEAM education to your child/children?

15
10
€
>
=]
o
5
0

High Moderate

Degree of willingness

Figure 5: Response from parents (cont.)
4.6 Analysis of Readiness of the STEAM-providing Institutes

Five STEAM-providing institutes were surveyed to find the readiness of the institutes. The
response from the STEAM providers can be summarized below (see Figure 6):

e [tis hard to give service solely based on Nepal’s market.
o There is a need for more awareness programs in schools.

e [tis better to not use school teachers for STEAM-based education.
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Count of rating the statement- "STEAM education should be project
based and should integrate different subjects on such project works"
20

15 -

1.0

Count

05 -

0.0

Strongly agree Agree Neutral Disagree

Degree of acceptance

Count of rating the statement- "STEAM education should integrate various learning
activities in different subjects"

3

Count

Strongly agree Agree Neutral

Degree of acceptance

Count of rating the statement- "We do not have enough learning
materials to promote STEAM education at our institutes"

20 -
15 -
€ 10
o
o
05
0.0
Agree Neutral Disagree
Degree of acceptance

Figure 6: Response from the STEAM service providers (cont.)

126



MRF Research 2020/21

Count of rating the statement- "STEAM materials
are easily available on the Nepalese market"

@ No @ Maybe

Are schools willing to accept and promote STEAM education?
20

Count

Hesitate to acceptit No Willingness is Small and mediul
increasing schools are still
gradually reluctant

School's acceptance of STEAM education

What services do schools expect from STEAM education providers?
4 -

Count

Supply of materials Manpower/ Technical
and technology Teachers assisstance

Training to school
teacher

Expectation of support seeked by schools

Figure 6: Response from the STEAM service providers (cont.)
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4.7 Analysis of Readiness of the Schools funded by KMC for STEAM Education

The responses from nineteen government schools that introduced STEAM education in
collaboration with KMC were collected and analyzed. All schools conducted programs from
classes 6 to 8, whereas only twelve conducted programs for classes 5 and 9, and only three
schools conducted the programs for class 10. About 90% of the sampled schools were
collaborating with Karkhana to provide STEAM education in their institutes. The remaining
10% of the schools have worked with the STEAM foundation. Figure 7 shows the impact
and overall experience of the schools regarding the program.

In your view, how do you explain the impact
of STEAM education on the students?

@ Excited @ FeltGood () Content @ Not Satisfactory

How do you rate overall experience of conducting a STEAM

education program at your school?
8

Count

Highly effective Effective Neutral Not so effective Ineffective atall

Degree of effectiveness

Figure 7: Impact and overall experience of the schools
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The survey results from these schools can be summarized as follows:

e Thereisaneed for a higher level of collaboration between STEAM providers and
schools.

e There is also a need for more support and engagement from STEAM providers.

Furthermore, the school provided some recommendations that would be conducive in
implementing STEAM education, which are listed below:

e STEAM-providing institutes need to be in regular touch even after the
completion of their training. Regular follow-ups and technical support are
expected from the school administration of the STEAM providers.

e STEAM training or orientation programs need to match with the school
curriculum.

e Such training or orientation programs should not be limited to 3-4 days. It
should be extended to at least a week.

The STEAM education program did not help students regarding the school’s current
curriculum and is organized as an extra-curricular activity. Thus, the program should be
based on the school curriculum.

5. Conclusion and Policy Recommendations
5.1 Conclusion

In the surveyed schools, teachers, students and parents, most schools and teachers
recognize the importance of STEAM-based education. Still, they need training sessions as
well as technical support to implement it. Most of the parents, however, prefer other
activities to the STEAM-based education system. Students are attracted to the STEAM-
based education system.

Survey also showed that two of the most challenging hurdles in implementing and
promoting STEAM education are the unavailability of the modern and advanced tools or
the reluctant teachers in using those tools, and the outdated curriculum of subjects like
science and mathematics to meet the current requirements.

The school with the pilot program regarding STEAM education organized by KMC showed
that it needs more regulation, although the program positively impacted the students and
schools. The program should be embedded in the curriculum to make it more effective.
Based on the study of various developed and developing countries that have adopted
STEAM-based education, the following suggestions could be put forth for KMC:

e Provide a common platform where multiple stakeholders can meet and
integrate.

e Provide a platform for stakeholders to develop educational materials and allow
students to observe and solve real-world problems.

e Organize necessary and systematic training programs for teachers.
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KMC has adopted policy to implement STEAM education in its jurisdiction. Based on the
survey findings and literature review, following policy gaps have been identified and
recommendations proposed to promote a STEAM-based education system:

The education policy of KMC has many strategies to integrate STEAM education
into the curriculum. However, it does not have any strategy to create a common
platform to implement a STEAM-based education system. Thus, a platform
should be developed where multiple stakeholders like teachers, research
organizations, STEAM providing institutions, and industry experts can develop
educational materials, teach students, and collect and analyze data on students.

KMC also has the policy to implement a STEAM club. However, the policy should
be developed to make STEAM a part of the curriculum and should not be treated
as an extracurricular activity.

KMC policy includes training programs and opportunities for teachers. However,
systematic step-by-step educational opportunities should be provided so that
teachers can smoothly bridge the gap between education and our changing
world.

KMC policy does not provide a specific plan to involve students in STEAM-based
activities. KMC has started conducting civil engineering programs in schools and
has a plan to introduce other engineering fields. The number of schools and
students is limited, and the policy does not plan to involve students in any
activities.

The policy should be developed so that the students can have more experience
in participating in social problem-solving subjects to recognize or focus on social
problems and try to solve them through STEAM education as a part of their
curriculum.

The government policy has plans to make universities research-oriented and to
integrate technologies in education. However, it does not have any plan to
integrate a STEAM-based education system in the university. STEAM education
should not be limited to primary, secondary and higher schools and should be
extended to university education.

If STEAM education is implemented in university education, then realistic
projects dealing with problems in real industries and communities will be
pursued based on the ideas of university students and student-led research and
development activities.

Although the KMC policy has included a local curriculum, the overall curriculum
must be revised to integrate STEAM-based education to a higher degree.

The policy should be developed to develop a technology to help students
understand the current curriculum more profoundly.
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5.2 Policy Recommendations
5.2.1 Macro-level Policy Components and Practices to Support STEAM Education

By 2030, Institute for the Future estimates that 85 percent of the jobs that today’s K-12
learners will be doing have not been invented - demanding a creative and prepared
workforce to respond innovatively to real-world problems (Henriksen, 2017). The
STEAM-based education system can further enhance teaching and student achievement
and eventually encourages students to apply creativity to solving real-world problems. As
a response to changing workforce demands, policymakers from all over the globe have
turned their focus on STEAM education to believe that integration of science, mathematics,
technology, engineering, and arts can empower the future workforce with all the skills
required. Macro-level policy components that the policymakers need to consider
supporting STEAM education are as follows:

(1) Access and Participation: To accomplish the increase in access and participation in
STEAM-based programs, educational institutes need to provide STEAM certification for
the students who have completed the STEAM curriculum. Few considerations in the
application of STEAM certification can include:

e Goals for student participation, including access for traditional and non-
traditional students.

e Plans for public-private partnerships.

e Plans for teacher professional learning and training programs to ensure that the
teachers are well equipped to deliver STEAM education.

e Curriculum guidance.

(2) Quality and Relevance: Policymakers need to ensure that a certain standard of
STEAM education has been maintained throughout the country. Thus, the public sectors
need to work actively to develop a curriculum for STEAM education and then implement
the developed curriculum throughout the country. A STEAM-based education should be
applied by integrating both methods - developing a STEAM curriculum and organizing
various project-based learning activities.

(3) School Governance and Management: Leaders from local, provincial and central
levels should contribute to implementing STEAM-related policies across the country. A
central government should develop policies to govern STEAM education and a task force
should be initiated, which shall be responsible for improving students' educational
achievement through STEAM learning. Policymakers also should come up with an alliance
of representatives from education, business and industry, community-based groups, non-
profit organizations, funding agencies and government offices. For STEAM application, an
implementation continuum should be developed to provide province-wide guidance and
consistency for STEAM education in elementary, middle, and high schools.

(4) Sustainable Financing: Limited funding for STEAM education can create barriers that
hamper program offerings, student participation, and staffing, professional development,
access to resources or after-school programs. A sustainable source of funds will be
required to implement STEAM education at a national level.
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(5) Research and Innovation: A culture of research and innovation should be introduced
to students at all levels. With this objective, local, provincial, and central levels need to
allocate research funds that actively support and engage students in research activities.
Events, competitions, fairs and exhibitions, and other programs directed at encouraging
students on research and development activities can be facilitated. Students outshining
such programs and competitions should also be provided with career opportunities to
excel in this field.

These components and practices do not represent a complete set of policies but provide
examples of support that the local, provincial, and central Government can provide to
promote STEAM education. There is no universal or standard way of implementing STEAM
education. But, through these policies, public sectors can encourage private sectors to
provide and promote STEAM education.

5.2.2 Road Map to Implement STEAM-based Education

The roadmap can be mapped as follows:
1) Allocate budget to -
— Form a task force.
— Implement technologies.
— Organize training programs.
2) Form a task force of experts (teachers, STEAM providers, policymakers) and -

— Decide a common platform including technology.

Develop/use technology to help understand the current contents of the
curriculum.

— Integrate STEAM-based education into the curriculum.
—  Set the standard for STEAM-based education.
3) Select pilot schools to implement STEAM-based education.
4) Organize teacher training programs to provide -

— Introductory Training: Understanding the concepts, policies, and
representative content of STEAM education.

— Basic Training: Sharing best practices to implement STEAM education.

— Intensive Training: Improving teacher’s capabilities to develop and
implement their educational materials for STEAM classes.

5) Implement STEAM-based education in selected schools.
6) Regularly monitor and acquire feedback from schools and students.
7) Involve students in social problem-solving activities.

8) Organize exhibitions and competitions.
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Laws, Policies and Evidence on Quality of Life of Senior
Citizens of Kathmandu Metropolitan City

Kripa Sigdel

Abstract

The pace of aging around the world is faster than ever. Understanding the various aspects
of quality of life including physical, social, psychological and environmental is crucial in
today’s world where longevity is increasing more than ever. This study aims to assess the
quality of life of the elderly population and to evaluate the role of legal documents and
policy on quality of life. This study also contributes to the understanding of the correlation
between literacy, family structure and quality of life. In order to achieve that, this research
primarily adopts a quantitative and cross-sectional research design. It also includes a text
review of the laws, policies, directives and programs which have implications on the quality
of life of senior citizens. For this study, 206 samples are collected from Ward no. 9 and 12
of Kathmandu Metropolitan City (KMC). The research finds that the quality of life of the
majority of the senior citizens of KMC is good. Around 14-18% of the sample participants
are found to have poor quality of life in physical health, psychological, social relationship
and environmental domains. Moreover, gender, age, education status and health status are
found to be the predictors of quality of life. Significant positive correlations are found
between and with all four domains of quality of life, overall quality of life and health
satisfaction. Although the policy of KMC is commendable in prioritizing the formulation of
the plans, policies and programs concerning senior citizens, some gaps have been identified
which require KMC to focus on the qualitative aspect by being oriented in a ‘Wellbeing
approach’ and enhance the capacity and competency of geriatric health care professionals.

Keywords: Aging, senior citizens, quality of life.
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1. Introduction
1.1 Background

The World Health Organization’s Quality of Life Group (WHOQOL-Group) defines quality of
life (QOL) as “an individual’s perception of their position in life, in the context of the culture
and value systems in which they live in relation to their goals, expectations, standards and
concerns” (WHO, 1998). This concept has covered all aspects of a person’s physical,
psychological health, social interactions and their relationship with the corresponding
environment they live in.

The total number of people aged 65 years and above was 703 million in 2019 and this
number is projected to double to 1.5 billion in 2050 (United Nations, 2019). The global
population is aging, and so is the population in Nepal. The population of the elderly, defined
by the Nepali Senior Citizens Act as individuals aged 60 years and above, constituted 2.1
million people in 2011 (CBS, 2012). Understanding the various aspects of QOL including
physical, social, psychological and environmental is crucial in today’s world where
longevity is increasing more than ever.

QOL gives an idea about the perceived physical health and psychological conditions, and at
the same time reflects the social life and various environmental factors such as economics,
home environment, health care, etc. that impacts the life of senior citizens. It is stated in the
Constitution of Nepal to provide essential health care services free of cost to the ultra-poor,
vulnerable, poor, senior citizens, people living with physical and psychological disabilities,
and women. Nepal has developed various policies and programs to expand health care
services to its population. However, the government does not have enough resources to
address the issues concerning the psychosocial aspects of the elderly. In this context, it is
essential to evaluate the implications of national policies and laws on the QOL of senior
citizens in order to highlight the possible gaps in law and policies.

1.2 Objectives

The objectives of this study are:
e To assess the quality of life of senior citizens,

e To find out the correlation between physical, social, psychological and
environmental predictors of quality of life,

e To assess the effects of gender, age, education and health conditions on the quality
of life of senior citizens, and

e To evaluate and find gaps in policies, plans and programs of Kathmandu
Metropolitan City (KMC) in the quality of life of senior citizens.
1.3 Limitations of the Study

Very few studies have been initiated concerning the Nepali elderly population, despite the
increase in their number and in the pace of aging. This study aims to explore different
perspectives regarding the QOL of the elderly population in Nepal. The findings of the study
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will add knowledge and information about the livelihood status of the elderly as very
limited research has been conducted around this topic in the context of Nepal. However,
the measure used in this paper is based on self-reporting which reduces the possibility of
cross- checking. Thus, the data reported here can have a positivity bias. Although purposive
sampling was used as a sampling method, the study will not represent all senior citizens of
Nepal.

2. Methodology

The research primarily adopts a quantitative and cross-sectional research design. It also
adopts a text review of the laws, policies, directives and programs which have implications
on the quality of life of senior citizens. Purposive sampling was used as the main sampling
technique. The World Health Organization Quality of Life Bref ( WHOQOL - BREF) Manual
was used for the survey. This adaptive tool was used for collecting the data from 206
participants from Ward no. 9 and 12 of KMC. This study adopts a desk research method in
reviewing and analyzing the laws, policies, programs and directives in relation to the QOL
of senior citizens.

This research abides with and ensures the ethical standards and protocols such as
informed consent, confidentiality, right to withdraw and protection from any sorts of harm.
The scoring of the participants in WHOQOL Bref is done as per the scores obtained by the
participants in the five likert scale of 1 to 5 (World Health Organization, 1996). The raw
scores are added for each domain and transformed to the range of 0 to 100 as per the
instruction provided in WHOQOL Bref manual (World Health Organization, 1996). This is
done in order to make the scores of each domain standard and comparable.

The text review of the legal documents is analyzed to find their scope and limitations in
relation to the QOL of senior citizens. KMC’s policies and programs are also analyzed in the
context of national and international documents and provisions. At the same time, the
policies are matched with the qualifying indicator of QOL.

3. Results and Discussion
3.1 General Results

The research aims at studying the ways of improving the QOL of the senior citizens and to
evaluate the legal documents and policies on QOLof the senior citizens of KMC. This
research has found out that the majority of the senior citizens of KMC have a good QOL as
per their subjective experiences and evaluation. Around 14-18% of the participants were
found to have poor quality of life in the physical health, psychological, social relationship
and environmental domains. It was found out that the majority of the participants spent
most of their allowance money on food, medicine and treatment. Overall quality of life,
health satisfaction and all the four domains of QOL have been found to be significantly
positively correlated with each other. Comparatively, female, older and illiterate senior
citizens were found to have lower QoL.

The textual analysis of the legal documents and policies of KMC finds that KMC has made
efforts in improving the lives of senior citizens and has formulated important policies and
programs to address the issues of senior citizens. However, the analysis also finds that
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these policies and programs are rather distribution-oriented with more focus on quantity
over quality. At the same time, the policies are opting to manage the senior citizens rather
than engage them in the cultural, economic, political, and social facets of life. Similarly,
health services for the senior citizens were more intervention-focused with little emphasis
on promotion and preventative measures. The policies are found to be silent on geriatric
care capacity building among health professionals.

3.2 Insights from Demographic Characteristics

The demographic characteristics provide some important insights (Table 1). The gender
ratio of the participants is more or less similar. The age of the participants varied and
ranged from 60 to 94 years of age. The collectivistic value of the society has been reflected
in the living arrangement of the senior citizens. Majority of the participants were still found
to be living with family members up to three generations. This shares similarity to the
outcome of Chalise (2012). This shows that the care of the senior citizens has been
delegated primarily to other members of the family.

Table 1 : Demographic characteristics of the participants

Characteristics N %
Gender

Male 97 47.1
Female 109 52.9
Age

60 -74 116 56.3
75 and above 90 43.7
Marital Status

Unmarried 2 1
Married 141 68.4
Widow/widower 61 29.6
Divorced 2 1
Living Arrangement

With Children (3 generations) 130 63.4
With Children (2 generations) 38 18.5
Husband/wife only 24 11.7
Alone 5 2.4
0Old Age Home 8 39
Ethnicity

Dalit 11 5.4
Janajati 103 50.5
Brahmin / Kshetry 80 39.2
Others 8 3.9
Education Status

Literate 126 61.2
Illiterate 80 38.8
Educational Level

General Literacy 43 34.4

137



MRF Research 2020/21

Characteristics N %

Primary Education 22" 17.6
Secondary Education 14 11.2
Higher Secondary Education 13 10.4
University Education 33 26.4

Note: N denotes number of participants; % denotes the percentage of the participants.

Family, rather than the state, is the major reliable source of care and support for the senior
citizens. The government, both central and local, has to realize this demographic reality as
this can be a great burden-sharing opportunity for the government. Instead of focusing on
an individual, policies have to be made that recognizes family caregivers’ special role and
help them with enough information and support to take care of their older relatives and
also to maintain their own QOL (National Academies of Sciences, 2016).

Policies and programs that assess the family caregiver’s capacity to take care of the elderly
and guide them with information, incentives, facilities, training etc. is necessary. At the
same time, the family caregivers’ own wellbeing and QOL deserve a mention in the policies
and programs.

3.3 Expenditure Pattern

The nature of the expenditure by senior citizens gives us some important insights that can
have important policy implications. Majority of the participants spent most of their senior
citizens’ allowance money on procuring food, medicine and health care facilities. The
investment on health care facilities has been a major focus of KMC. This coupled with social
allowance schemes works effectively as both of them complement each other. The bigger
proportion of expenditure on health care also requires more subsidies and affordable
access to health care.

Table 2: The participants’ expenditure from the allowance provided by the central and local
government (Total valid response: 160)

Expenditure Head Level of Expenditure
Highest Second highest Third highest
Food 68 48 2
Medicine and Treatment 59 49 5
Family Expenses 3 11 24
Saving 12 0 1
Total 142 108 32

3.4 Quality of Life of Senior Citizens

As shown in Table 3, more than two thirds of the participants evaluated their overall QOL
to be good. Domain wise also, around 14.07-18.9% of the participants scored lower than
the cut off standard (i.e. one SD below the calculated mean) which indicates a relatively
poor score. The result is similar to that of Wong et al. (2018) and D'mello and Devraj (2019).
Among the domain scores, the environmental domain has the highest mean score of 70.82
(SD=12.63) and the lowest in the physical health domain with the mean score of 60.92 (SD=
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19.53). The results are quite contradictory to Onunkwor et al. (2016). Majority of the
participants have health problems which can be attributed to relatively lower QOLin the
physical health domain. The highest mean score in the environmental domain can be due
to the direct impact of collectivistic family values and the effects of different policies and
programs.

Approximately 18.9% of the participants reported poor physical health QOL followed by
18% of the participants who reported poor psychological QOL. These figures demand more
policies and programs from KMC to be dedicated to the enhancement of the physical and
psychological wellbeing of the senior citizens.

Table 3: Mean and SD in the four domains of Quality of Life and participants with poor scores
(N =206)

Domains Mean SD Number of participants with
poor scores (Mean< 1 SD)

Physical Health QOL 60.92 19.53 39(18.9%)

Psychological QOL 6737 17.01 37(18 %)

Social Relationship QOL  66.94  13.53 29 (14.07%)

Environmental QOL 70.82 12.63 30 (14.56%)

3.5 Association between the Four Domains of QOL, Overall QOL and Health
Satisfaction

As shown in Table 4, there are significant positive correlations between and with all the
domains of QOL, overall QOL and health satisfaction. The correlation strength varies from
moderate (r = 0.48) to strong (r= 0.78) (Ratner, 2009). The significant result signifies that
this relationship is strong. The positive correlation in all the areas and domains of QOL
suggest that the domains are interrelated with each other and that the subjective
experience in each domain has an influence in other domains of QOL.

The positive correlation between the domains of quality of life has greater implications on
policymaking for KMC. Notably, there is a strong association between physical health and
psychological QOL meaning that better physical health can possibly lead to greater
subjective experience of happiness and the people experiencing greater psychological
wellbeing can induce better physical health (Dale et al. 2014; De Neve et al. 2013). Other
empirical evidence has also strongly demonstrated that increased physical activity
improves the wellbeing of people, particularly the elderly (Craft & Perna, 2004;
Department of Health, 2014). This has a wider implication. For example, KMC can devise
policies and programs targeting the least active senior citizens to increase their physical
activity through exercise programs in public spaces such as parks and community centers.

From this study, there is strong evidence which documents the positive effect of
psychological wellbeing on physical health. Good psychological wellbeing predicates
reduced inflammation; improved cardiovascular health, immune and endocrine system;
and lowered risk of heart disease and stroke which ultimately increases survival and
longevity. KMC can bring programs that help in alleviating loneliness as well as increasing
interconnectivity and understanding the problems of the senior citizens. Access to geriatric
psychosocial counseling can be one such program which helps to decrease the distress of
senior citizens and increase psychological wellbeing. For example, a program called
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Silverline was initiated in the UK to provide 24 hr free and confidential helpline to the
ageing population. Around 70% of the service users reported that it increased their
happiness along with the feeling of interconnectedness (Trudel-Fitzgerald et al.,, 2019).

Similarly, there’s a strong positive correlation between environmental QOL and
psychological QOL. Housing improvements and refurbishment has been linked with
improved physical and mental health (Thomson et al, 2001; Guite et al, 2006) found the
association between physical environment (neighbor noise, sense of overcrowding in the
home, escape facilities such as green space and community facilities and fear of crime) and
mental health. Especially when planning for urban spaces, this research suggests that there
is a need to intervene on both design and social features of residential areas to improve
mental well-being.

Likewise, there is a moderate association between social relationship QOL and physical
health QOL as well as psychological QOL. Older people with strong attachment to local
areas and social networks are found to have higher resilience (Cooke et al,, 2011). Similarly,

access to proper health care facilities and controlling pollution enhances people’s mental
health.

Table 4: Correlation coefficient between the four domains of QOL, Overall QOL and Health
Satisfaction (N=206)

Domains Physical Psychological Social Environmental
Health QOL QOL Relationship QOL QOL

Physical Health QOL 1 783" 489 .623"

Psychological QOL .783" 1 579" 731"

Social Relationship QOL  .489™ 579" 1 .549™

Environmental QOL .623™ 731" .549" 1

Note: ** p <0.01.
3.6 Socio-demographic and Health Predictors of Quality of Life

Table 5 shows that male participants have significantly higher scores in health satisfaction,
physical health, psychological, social relationship, and environmental domains. These
findings are similar to Adhikari et al. (2018); Bilgili and Arpaci (2014); Lee et al. (2006);
and GC et al. (2017). This can be attributed to the lower status of women and the
patriarchal mindset of the Nepali society. Women senior citizens should be given more
attention and preference in framing policies and programs.

The elderly participants or specifically those participants aged 75 years and above have
significantly lower quality of life in physical health, psychological and social relationship
domains of QOL than the participants of lower ages, specifically the age group 60-74.
Similar findings are reported by Adhikari et al. (2018); GC et al. (2017); and Bhandari et al.
(2016). This could be a result of deteriorating health conditions due to increasing age. This
can also be justified with the finding that shows that participants reporting health problems
have significantly lower quality of life in all the domains of QOL, overall QOL and health
satisfaction compared to the participants with no health problems.

Furthermore, illiterate participants have significantly lower quality of life in all the four
domains of QOL and health satisfaction when compared to the literate participants. This
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demonstrates that education is an important predictor of QOL. Similar results have been
reported by Gobbens and Remmen (2019); Adhikari et al. (2018); and Joshi et al. (2018).
With education, one has more accessibility to information and higher awareness about the
issues as well as the facilities and opportunities provided by the government and different
agencies. Education would help the elderly to adapt to the changing conditions and uplift
their QOL by increasing the sense of agency in the areas of physical, psychological and social
relationships (Boulton, 2010).

Table 5: The mean differences in Overall QOL, Health Satisfaction and four domains of QOL on
the basis of demographic characteristics - gender, age and education level and health
problems

Variable Domains
Overall Health Physical Psychological Social Environmental
QOL Satisfaction Health Relationship
Gender:
Male 3.76 3.70 64.51 69.97 69.32 72.69
+0.70 £0.90 +19.8 +16.59 +13.29 +12.59
Female 3.72 3.39 57.72 64.81 64.81 69.16
+0.66 +0.89 +18.8 +13.44 +13.44 +12.50
p-value 0.690 0.015 0.012 0.038 0.016 0.045
Age:
60-74 3.73 3.58 63.88 69.5 69.62 71.30
+0.71 +0.90 +19.67 +17.44 +13.97 +13.13
75-94 3.76 3.49 57.1 64.63 63.48 70.21
+0.64 +091 +18.76 +16.11 +12.16 +12.01
P Value 0.813 0.488 0.013 0.041 0.001 0.540
Education Status:
Literate 3.81 3.70 64.81 70.8 69.65 73.51
+0.70 +0.88 +18.25 +16.04 +13.93 +12.31
[lliterate 3.64 3.29 54.78 £ 2 61.98 62.66 66.58
+0.64 +0.88 0.01 +17.18 +12.61 +12.03
p-value 0.078 0.001 0.000 0.000 0.000 0.000
Health Problems:
With Health 3.64 3.35 56.69 64.51 65.70 69.61
Problems +0.66 +0.87 +18.76 +16.56 +13.47 +1293
Without Health 411 4.23 76.5 77.93 71.47 75.27
Problems +0.61 +0.67 +13.6 +14.41 +12.88 +10.44
p-Value 0.000 0.000 0.031 0.000 0.012 0.008

Gender, age, health problems and education stand out as the predictors of QOL. KMC can
use this knowledge to bring special provision to female senior citizens, citizens aged 75
years and above, the chronically ill and the illiterate to compensate for and uplift the
relatively lower QOL and to make the services and programs equitable across all the
sections of population. These results also imply the need to bring plans and programs
focused on gender (female senior citizens), age (75 years and above), health (chronically ill
senior citizens), and education (illiterate senior citizens).
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3.7 Gaps in Laws and Policies

Here, we present the possible gaps in local level laws and policies in Nepal in order to align
them with the international conventions and best practices to achieve a higher level of QOL.
The gaps presented in the document do not carry a scope of evaluation in terms of
implementation and budgetary allocation. The following gaps are identified for stressing
on the shift on the focus and perspective:

e As recommended by Vienna International Plan of Action of Ageing (1982), the
policies and programmes should equally have the qualitative and quantitative
content so that senior citizens can lead a meaningful and dignified livelihood till
the end of their life. In this regard, the KMC'’s policies and programs are seen to be
more distribution-oriented. There is a heavy focus on free services and
distribution of social security and allowances. By no means should such policy be
discontinued, but a balance between formulation of policies that utilizes the
expertise and skills of the senior citizens and provides them with more
opportunities for community engagement and participation in cultural, economic,
political and social life is required. Examples of such programs can include the
opportunities for retreat and travel, learning through formal and informal
methods, community engagement works, part-time works, religious and spiritual
activities, etc.

e KMC’s health care policies and programs focus more on interventions than on the
promotion of good health. Future policies should be more oriented towards the
overall well-being of the elderly. For example, one such policy can focus on the
promotion of physical activity such as light exercise, walking, jogging, etc. The
other major determinant of well-being, as found in the earlier section, is
psychosocial well-being. The psychological and emotional well-being of the senior
citizens can be a major issue and a challenge due to many changes that occur
during ageing (World Health Organization, 2017). Psychosocial well-being can be
enhanced through programs such as mental health awareness programs,
resilience building programs, emotion management and expressions programs,
and so on. It is also possible to provide the elderly with the opportunities to
express their emotions and a platform for them to listen to their and others’
emotions empathetically.

e KMC’s policy lacks the provision of geriatric care capacity building among health
professionals. Thus, KMC can put this as a long term strategy or bring programs
that pull resources to equip health professionals with necessary skills and
expertise.

3.8 Implication of Policy Analysis

The policies of KMC regarding senior citizens have several important provisions that have
important effects on QOL. It is notable that senior citizens have been given emphasis and
their own space in the policy. However, the policy also has plenty of room for
improvements.
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The gaps found by the textual analysis of the several international, national and local legal
documents will have far reaching implications if incorporated in KMC'’s policy making. One
of the important implications will be the shift in the perception concerning the elderly. The
senior citizens are generally perceived as passive who demand lots of care and assistance
from others. This kind of perception devalues the contributions and individuality of the
elderly, and also creates the tendency to view them as societal burdens.

If we consider the senior citizens as productive people with the repository of knowledge
and wisdom which can be utilized and exploited, then the senior citizens and elderly will
not be left out from community engagement and participation in different social and
community activities. For this reason, senior citizens need to be included in policy
formulation and decision making processes.

At the same time, the policies and programmes should be balanced both in the qualitative
and quantitative content. The distribution-oriented programs should be balanced with the
formulation of policies that utilizes the expertise and skills of the senior citizens and
provides them with more opportunities for community engagement and participation in
cultural, economic, political and social life. The examples of such programs can be the
opportunities for retreat and travel, enhancing the learning through formal and informal
learning, community engagement works, part-time work, religious and spiritual activities
etc.

As evidenced by the findings of this study and various other studies, we can state that health
conditions are a great predictor of QOL. Through this study, we also find two major policy
gaps that need to be addressed. The current policy is almost singularly focused on
interventions and treatment of health conditions which is expensive and burdens the KMC.
Along with this, the KMC should focus on a policy that covers the ‘well-being’ aspect in
‘disease treatment’. Hence, the plans and programs that focus on overall well-being,
including the psychosocial aspect of well-being, should be introduced. The other gap is in
the manpower of geriatric care. It is in the best interest of the KMC to prepare and enhance
the capacity among the health professionals regarding geriatric care.

4. Policy Recommendations

Following recommendations are suggested to the concerned authority of KMC on the basis
of the empirical evidence found from this study:

e Since majority of the participants still live with family members upto three
generations, it is essential to plan out policies and programs that assess the family
caregiver’.s capacity to take care of the elderly and that facilitates them in taking
care of the elderly with proper information, incentives, facilities, training, etc. At
the same time, the family caregiver’s own well-being and QOL deserve proper
mention in the policies and programs.

e Alarge proportion of the senior citizens’ allowance is spent on health care. Thus,
KMC should focus on policies and programs that provide subsidies for health care
treatment and focus on affordable access to health care systems.

e Although the participants had good overall QOL, they had relatively poor scores in
the physical health and psychological domain. So, the policies and programs
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focusing on physical health and psychological well-being need to be charted out.
Such programs can be promotional, preventative and interventional.

e The strong association between physical health and psychological QOL has wider
policy implications. For example, KMC can come up with policies and programs
that target the least active senior citizens in order to increase their physical activity
through exercise programs in public spaces such as parks and community centres.
KMC can also bring programs that help in alleviating and increasing
interconnectivity between senior members and understanding their problems.
Access to geriatric psychosocial counseling can help to decrease the distress of
senior citizens and improve their psychological well-being.

e There is a strong positive correlation between environmental and psychological
QOL. In urban planning, it is important to consider both design and social features
of residential areas (e.g., neighbor noise, sense of overcrowding in the home,
escape facilities, green space and community facilities, and fear of crime) in order
to promote mental well-being.

e The presence of low QOL among women, older, chronically ill and illiterate senior
citizens gives a rise to the need to bring special provision to senior citizens
specifically those who are women, or aged 75 years and above, or are chronically
ill, and illiterate such that they are compensated for the relatively lower QOL by
making QOL-uplifting services and programs equitable across all the sections of
the population.

e The policies and programs should equally have both the qualitative and
quantitative content so that senior citizens can lead meaningful and dignified
livelihoods. The policy should acknowledge the productivity of senior citizens
rather than just perceiving them as the stagnant population. The formulation of
policies that utilizes the expertise and skills of senior citizens and provides them
with more opportunities for community engagement and participation in cultural,
economic, political and social life are required.

e The policy should also be more ‘well-being’ oriented. The policies should also focus
on health and well-being promotion, with special inclusion of psychosocial well-
being.

e The KMC should chart a long term strategy to prepare the necessary geriatric care
capacity building among the health professionals.
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A Qualitative Examination of the Experiences of Female
Principals in Community Schools of Kathmandu

Samrat Basyal

Abstract

Kathmandu’s data from District Education Office show that out of 92 community schools in
Kathmandu Metropolitan City, only 25 have female principals, making it only a 27%
representation. This study employed qualitative and quantitative methods to better
understand the experiences of female school principals in the community schools of KMC.
Out of 25 identified female principals, 24 were interviewed using the KII questionnaire. The
examination of the multiple case study method was added to generate answers for research
questions that required a detailed understanding of the process of women leadership in the
community schools of Nepal. The study found three major interrelated aspects within the
experiences of female principals - personal, socio-cultural and political. The personal
factors that hinder women leadership are; family and household responsibilities, lack of
self-esteem and biological challenges such as menstruation and child-birth. The socio-
cultural factors are patriarchal mindset/culture and language barrier, especially for Newar
women. The political factors are weak women’s social networks compared to men’s,
administrative burden as a principal and political influence against them. This study
concludes that there is a lack of critical discourse/research relating to how female school
principals in Nepal should lead effectively and bring forward a wide range of experiences
they endure in the course of their leadership journey. The study recommends capacity
building for female school leaders including mentoring and coaching programs. The study
also recommends developing performance indicators, outreach programs for family
members, better incentives for school leaders and nondiscriminatory implementation of
policies.

Keywords: Female principals, school leadership.
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1. Introduction
1.1 Background

This study explores the lived experiences of women in leadership positions in community
schools in Kathmandu Metropolitan City (KMC) to better understand how their perspective
informs the way they lead. The central research question guiding this study is: why are
there fewer women as school principals in community schools of Kathmandu? An equally
significant sub-question is: what kind of experiences do female principals in the community
schools of Kathmandu gather in the course of their leadership journey?

The knowledge base in educational leadership has mainly been developed in Anglo English
and American countries, as such it lacks context, specificity and relevance for educational
systems in developing countries (Walker & Dimmock, 2002). In particular, related
literature that does exist does not adequately represent women’s roles as educational
leaders in developing countries and even less is known about their experience of leadership
(Oplatka, 2006). In public education, it is established that there are fewer women high
school principals than there are men. As easy as the question ‘where are the women school
administrators’ sounds, the answer requires a lot of digging into what goes in the minds
and lives of these women educators who are in abundance in the classrooms but absent in
school leadership roles.

The lack of research on women in educational leadership is evident in the South Asian
region, mostly pertaining to a lack of statistical data on women and leadership, with most
countries failing to keep or report systematic staff data (Morley & Crossouard, 2015). A
British Council-commissioned research in 2015 revealed that gender as a category of
analysis was absent in most of the higher education policy documentation in the South
Asian region while existing gender studies concentrated mostly on students, and not on
staff.

The bulk of South Asia is driven by a patriarchal culture, one that has its due impact on
education and educational leadership. Although women are in classrooms and, thus, visible
in teaching, there are not as many women in school administration positions (Morley &
Crossouard, 2015). In the British Council-commissioned research (2015), which was based
on six countries across South Asia (Afghanistan, Bangladesh, India, Nepal, Pakistan and Sri
Lanka), it was discovered that many women academics in the region are reluctant to aim
for senior leadership and to perceive it as an attractive career option.

The report also highlighted that Nepal had no female Vice-Chancellors in universities until
2015 after the first Nepalese university was established in 1959. The findings of the
research cited in this study show complex barriers to women’s leadership in higher
education in the South Asian context. These barriers, range from social, cultural and
economical in each country, including the organizational culture in universities,
discrimination in recruitment and selection, and unequal power relations.

Looking at the number of female school principals in Kathmandu, the District Education
Office’s data shows that out of 92 community schools in KMC, only 24 have female
principals, making it a representation of only 27%.
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The situation is not very encouraging for the private schools either. According to
Kathmandu PABSON (Private and Boarding Schools Organization Nepal), only 101 out of
649 school principals in the private/institutionalized schools in Kathmandu Metropolitan
City are women. That is only about 15% of the total number of school principals in private
schools of Kathmandu.

Given the striking outnumbering of women from the community/private school leadership
in Kathmandu and lack of research on the topic of women and school leadership in Nepal,
the need for a study that delves deeper in to understanding the experiences of Nepali
women when it comes to undertaking the school leadership roles and the different factors
(such as socio-cultural, political, economic and others) within those experiences becomes
potent.

1.2 Objective

The purpose of this study is to explore the interrelated aspects of women'’s experiences of
serving as leaders (principals) in public schools of Kathmandu to better understand the
factors that influence their decisions about pursuing leadership positions.

1.3 Study Limitation

Due to the COVID-19 situation, in-person interviews were difficult to organize, so most of
the interviews were conducted via telephone.

2. Methodology

The study uses qualitative methods with limited quantitative methods to gather and
analyze the data. The quantitative data was collected and analyzed for the purpose of
interpretation and guidance to the analysis. Therefore, the primary focus of this study’s
research design remained within a qualitative paradigm. Certain findings were quantified
to correlate the data and obtain more reliable data. Qualitative research allows an
understanding of the experiences of participants from different perspectives.

The other specific characteristics of qualitative research include thinking, flexibility,
inquisitiveness, reflective listening and insight analysis. Qualitative research aims to
capture the experiences of people themselves, how they act, how they think about
themselves and the world surrounding them. More specifically, this research process
employed following process:

(1) Literature Review: This step involved a detailed literature review on women
leadership in schools and academia. In terms of secondary data, review of the existing
literature (national and global) relating to the research topic was conducted. Collection of
secondary information from published literature using Google search engines like google
scholars using keywords such as women leadership, women leadership in academics, was
also done.

(2) Semi-structured Interviews: The target population were interviewed using semi-
structured questions. The reason for selecting the interview method was to uncover a
subjective assessment of different aspects of leadership of the schools. The interviews were
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conducted mostly through telephonic conversations because of the prevailing COVID-19
pandemic situation. The interview process usually began with a briefing on the purpose of
this study and a short conversation about the research objectives. By listening carefully to
participants and allowing for questions, the researcher ensured that participants were
ready for the interview. Nepali language was used to communicate during the interviews.
These semi-structured interviews were used to fully understand the additional dynamic
that may emerge during the research period to fully understand the factors affecting the
women leading to leadership positions of principal and vice-principal.

KMC’s City Planning Commission (CPC)’s records suggest that 25 out of 91 school principals
in KMC are women. Almost 100% of the total population was taken as survey sample size
because of the small population size of the target groups. Out of 25, 24 identified female
principals were interviewed using the KII questionnaire. The length of the interviews
ranged from 30 minutes to 60 minutes.

(3) Case Study: A case study was also carried out for selected female school principals in
the public schools of Kathmandu. This multiple case study method was added to generate
answers for research questions that required a detailed understanding of the process of
women leading to leadership positions in the community schools in Nepal.

(4) Data Analysis: Data collection through interviews and case studies were first
documented and transcribed. The transcribed data was then cleaned to consider for data
processing and analysis. The data were then coded using manual coding processes.
Reference to literature was made during the coding process to find the leading results.

The coding process attempted to answer the following questions:

e Why are there fewer women as school principals in community schools of
Kathmandu?

e What kind of experiences do female principals in the community schools of
Kathmandu gather in the course of their leadership journey?

The first step in the data analysis process was to read through each participant’s interview
in its entirety and code keywords, phrases and ideas. A coding system was established in
which broad or general keywords and phrases were coded in red; specific or clarifying
statements were coded in purple; cause and effect statements and ideas were coded in
green; and direct responses to the research questions were coded in blue. The color coding
scheme allowed the researcher to better organize the data so that the themes as well as the
cause and effect relationships could be easily identified.

The data processing involved content analysis and identification of major themes and
areas. According to Papa (2018), content analysis identifies themes, patterns, and describes
situations, while open coding distinguishes concepts and categories in the data, breaking
down the data into level one primary headings and then second level sub-categories or
characteristics for deriving the final results. Therefore, the qualitative content analysis
involved identifying coherent data information by identifying similar quotes or similar
ideas across the organizations. By grouping the set of identified categories of ideas, the
thematic statements were derived.
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3. Result and Discussion

Under the qualitative findings, three major interrelated aspects within the experiences of
female school principals emerged during the interviews and these were influential in their
decision to take up the role of a principal. They are personal, socio-cultural and political.
The personal factors that hinder women leadership are family and household
responsibilities, lack of self-esteem and certain biological challenges such as menstruation
and child-birth. The socio-cultural factors are patriarchal mindset/culture and language
barrier especially for Newar women. The political factors are less social networks
compared to men, administrative burden as a principal and political influence. Some of
these barriers are explained in detail below:

(1) Personal barriers:

. Family/household responsibilities: Out of the female principals who were
interviewed, 21 mentioned that responsibilities in the family were a significant
barrier that prevented women from taking up leadership roles. Almost every
principal interviewed responded that they were responsible for all the household
chores such as cooking, cleaning, taking care of children and elderly while also
fulfilling their leadership duties in the school. A primary school principal said, “I
am not just the principal but the accountant, janitor and also the teacher whenever
needed. Not to forget I am also a full-time housewife.”

. Lack of self-esteem: Out of the female principals who were interviewed, 22
remarked that they never aimed at becoming a principal either because they didn’t
think they were capable enough to lead or their appointment happened mostly
either by chance or in need by the institution. A female principal said, “Women in
general don’t perceive themselves as leaders due to which they tend to shy away from
taking leadership roles in schools.”

(2) Socio-cultural barriers:

e  Patriarchal culture and mindset: Out of the 24 female principals interviewed, 19
(79%) mentioned that Nepalese society is male dominated and women as leaders
is not something that is accepted very easily. One of the interview respondents
stated, “If a man and women are vying for the same position, the first choice will most
likely be a man. I guess the works of a male principal are more visible to the society
and the higher authorities.” Another female principal spoke on the patriarchal
culture, “Men don'’t like being led by women. I have felt that a lot with the male
teachers at my school.” Another female principal, when asked on how she felt being
a female on the job, said, “I've felt a kind of domination because I am a woman. Some
people think that they can manipulate and dominate a woman very easily. “

(3) Political barriers:

e  Weak social networks: The 13 female principals interviewed agreed that they
have a very small social circle and that they participate in fewer social or
networking events outside of school hours compared to their male
contemporaries. One of the female principals mentioned, “Life of a woman
principal revolves only around her school and her family. The moment we are finished
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with school work, we have to run straight to our husband, kids and in-laws. We do
not have time for social gatherings.”

e  Administrative burden: Given the fact that becoming a principal meant more
administrative responsibilities without any additional benefits, most women don’t
want to bear that extra burden. Out of the 24, 13 principals mentioned the
administrative burden of being a principal as a significant barrier for female
leaders. On the issue of administrative burden, a secondary school principal said -
“The demands of the principal’s job can be intimidating to a lot of women. Not
everyone is ready to face that. So, the easy way out is to just stay away from the race.”

Dual roles and responsibilities towards family and family members were regarded as the
major reason for women deciding not to pursue leadership. Additionally, it is not always
easy for women to secure leadership as there are forces that restrict them despite them
being qualified. Patriarchy and power relations in the Gender and Development of
Bureaucracy Theory came to the fore as a lot of women admitted to the preference given to
male administrators over females, thus limiting them to teaching roles, which is clearly
visible in female teachers outnumbering the males by a huge margin. Therefore, it was very
important to maintain a fair and non-discriminatory implementation of the process of
choosing a principal.

Female principals agreed that patriarchy produces a range of socio-cultural practices and
a belief system that sees women transcending the domestic boundaries as a major threat
to the status quo and thus, women are not very easily accepted as leaders. This was the
second most cited reason that women thought was limiting their leadership goal.

While all the women principals interviewed were the rightful ambassadors of women
leadership, they also did not hesitate to mention that a big population of women educators
lack the self-belief that they can lead. That lack of self-belief is again a culmination of
different factors while also spiraling into some socio-cultural as well as political factors.
They further added that women are not being identified and prepared for leadership. Also,
the administrative workload that comes with the position was also considered to be a
deterring factor for the women educators who were already performing all the household
duties. Limited social networks outside of work and the inability of playing the so-called
‘political games’ were also named as factors that influence a woman'’s decision of pursuing
leadership.

Moreover, financial incentives do not match up to the effort put in by the women principals.
A principal has less authority at work, especially regarding hiring and dismissal of teachers
and staff. The absence of fear of losing their jobs tends to make some teachers and staff less
concerned about the job they do. This is an issue that women don’t want to undertake.
Majority of female principals were against reservation and thought that women were
capable enough to become principals on their own merit. Out of the 24 principals, 16 were
not in favor of having leadership quotas to support women in leadership, while 8 of them
said that there needed to be a reservation of some kind as it was not always easy for women
to secure leadership positions.

Under the quantitative findings, male principals outnumber females by a big margin in the
community and private/institutionalized schools of Kathmandu. The male to female ratio
among school principals in the community schools of Kathmandu is 25 to 67. In private
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schools, the ratio is even low as only 101 out of 548 private school principals are women.
This shows a disparity of almost 50% in the total composition of male to female school
principals by gender.

Out of 24 female principals, 12 were aged over 50 while 10 were between 41 and 50 years
of age. Only 2 of them were between ages 30 and 40. The maximum age among the female
principals interviewed is 59 while the youngest principal interviewed is 38. The mean age
of the participants is 49.91. The average time women have worked as a teacher is 24.6
years while the time they’ve worked as a principal is only 6.5 years, showing that female
teachers spend a lot of years teaching before they become a principal.

Around 83% of the principals interviewed said that they never inspired to become a
principal and interestingly, all of them considered themselves successful in that role. The
total number of teachers in the 24 schools led by female principals was 474. Out of the 474
teachers, 340 were women which is almost 72% of the total number.

A key finding from the interviews with the female principals was that a lot of community
schools (mostly primary) need help in terms of physical infrastructure as well as quality of
education. Those principals firmly believed that only by becoming success stories, they
could inspire more women to get into school leadership. Therefore, investment in the
capacity building of female leaders is essential. Establishing coaching, mentoring and
networking programs that are geared towards women’s unique needs not only provide
opportunities to broaden their professional exposure, but also to raise the profile of female
leaders.

According to the female principals, despite all the barriers they experience in educational
leadership or any other field for that matter, it is not all gloomy or hopeless for women.
Times have certainly changed and women are making their marks in climbing up the
leadership ladder slowly yet persistently as expressed by a female principal, “Times have
changed now. In the past, it was very difficult for girls to receive education. I consider myself
very fortunate to be one of those who did receive education. The current number of women
principals is way more than when we entered this profession. It is different now and with the
upcoming generation of women educators, the number will certainly go higher provided that
there is enough encouragement from our society and the government.”

4. Policy Recommendations

The following recommendations were formulated based on the feedback provided by the
female principals on educational leadership roles, their experiences and gender disparity
in community schools. These strategies can be useful in addressing gender equality and
assisting school boards in developing representations that reflect the composition of those
that are qualified to assume leadership positions.

In addition to policy implications, this study can be used as an opportunity by female school
leaders to reflect critically on their own experiences as well as the experiences of others to
promote a positive working environment. These can be useful in ensuring a greater
representation of women in educational leadership in community schools.

° Performance indicator to assess the performance of female leaders
compared to male leaders and link them to incentive provisions: Since female
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principals reaffirm that they are contributing meaningfully to the overall school
performance, it is recommended that some kind of school performance indicators
be put in place which would later be compared with male principals. Some of the
indicators are indicators concerning growth, status, academic gaps, family and
student engagement, post-secondary readiness, and more.

° Capacity development for female school leaders: Given that the majority of the
female principals never aspired to become a principal in their early working days
calls for more mentoring and coaching programs. Most of the principals reported
that they had participated in just one training related to leadership which
represents a serious dearth of capacity building programs for women. Establishing
coaching, mentoring, and networking programs that are geared towards women’s
unique needs not only give women opportunities to broaden their professional
exposure, but can also raise the profile of female leaders, thus contributing greatly
in leadership building. Also, these capacity development programs should be
designed keeping the principals of special schools in mind in order to make them
more inclusive. Society of Women Teachers that was founded by the female
principals in Kathmandu can be a good stakeholder for KMC to partner with for the
effective implementation of these capacity development programs.

e  Outreach programs for family members of female school principals: Dual
roles and responsibilities towards family and family members are identified as one
of the major reasons for women deciding to not pursue leadership. Therefore, at a
policy level, programs targeting the family members of school principals should be
included so that the members of the family are more equipped in supporting
women as principals.

e  Making the position of a principal more lucrative: While none of the female
principals interviewed considered financial benefits as a deterring factor in their
leadership journey, many of them suggested that a principal’s position was not
lucrative enough to attract women who already had the burden of their
household/family. Therefore, following recommendations are proposed:

— Financial Incentives: As per the existing provisions regarding financial
benefits for a community school principal, a higher secondary level
principal receives 500 Nepalese Rupees (NRs) in addition to their regular
teacher’s salary. Similarly, the same benefit was 300 NRS for a lower
secondary level principal and 200 NRs for a primary level principal. Given
that there were extra work responsibilities associated with a principal’s
job, the financial incentives do not match up to the effort put in. This
certainly turns women away from taking up extra responsibility that
provides no extra benefits. Therefore, financial incentives are
recommended to be included within the institutional system itself as a
basic package.

— Autonomy at work: Female principals interviewed stated that a principal
has less authority at work especially regarding hiring and dismissal of
teachers and staff. That absence of fear of losing their jobs tends to make
some teachers and staff less concerned about the job they do. Thus,
revisions can be considered to also incorporate the voices of principals in
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order to form a strong team of teachers and staff for the school they’re
leading.

° Reservations for women as principals: The current educational policy does not
provide reservations for women as principals. The viewpoint of the interviewees
remained divided as to whether the reservation policy in school leadership, and
for women in particular, should be in place or not. Although, majority of them were
against reservation and thought that women are capable enough to become
principals on their own merit, some quota for the disadvantaged groups can be
considered and recommended to be pilot tested if these policy changes can favor
bringing more women from different social groups to leadership positions.

° Nondiscriminatory implementation of policies: As mentioned in the literature
review, there are no policies that restrict women to assume leadership. It is very
clearly provisioned that the School Maagement Committee (SMC) selects
principals based on the educational qualification of the candidates and years of
experience as a teacher. Still, some of the female principals responded that it is not
always for women to secure leadership the easy way and there are forces that
restrict them in spite of their qualifications. There it was very important to
maintain a fair and nondiscriminatory implementation of choosing a principal.
Therefore, it is recommended that the recruitment follows a transparent process
to maintain belief in the system and encourage more women to come forward in
achieving leadership positions in various community schools.
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HTHG=ARETH] T¥F T AACRATHT FHT § TTH ITIHGH THTE T |

3R YahT (ASTHENITR Avdaral

"1|‘||r\<6b T HSlﬂ‘|<‘4|lr\('id>l®|an»| Hﬂ\i?l ATTAIQTH Tl—"rf SITHY =AY HIEQHC'HSr qrHT W
YT TUH] FaThTehl AHATS & | IA AAAThl FHDTH! [qugel ATHI=AR JIEAHAT IT3
TS YT TATTH B | FaebTe UPRATHT ATHASAR WA T GHRIHE T ATAT=AT g
ST AUH! Il U | TATERHT (Gl qEie] eTael ATHT==R HeaHel Hifeleh
FTI TUH TS HARA GHTARE ATIRAT (AT FATA THAUL FTH TTATHT {247 |
faeTer ATSIAT TSTATRT FHAT ATHISAR ATAHATE JATTEHT dRUT TeT 13+ ATHT=AR
HIAH THATIHRI T A0 FUH] Jachldl HATE 3 |

forepTarepT STV MTE=aR WTeAHeT ATHAT 8% EaETH SUANT TUHT THTS TAhIH o | Fel
AT A 97 B TRAH I A | ATHTAR. AHET GHMER T feoqoly Feqiass &aar
ATSAIA HATS TAHIH! B | FHGHSANT FT AT I AT a¥ AHUH FT T THATR
ATSA e I FATT | FHTAR A T GG G FTHHT AHAT ATSAIS, qX THT FTIATS
TR 9% Tad RU1E T Fg9 IR0 941 B | FaA<hId eTaelqdl Aiasd g1 Huhrd
HAATST TAFMATATS T @ FUHI afF FATT |

TR HIHHA el ATSTAT (HATURT TTHT AT epeTg G T STUHT TEART LT
JaThT TS G | ST TodRH TedRT IUF A TRRUTAH HH T i ARTREATS
97T g [a=R 9 QT B | ATHISARATE e [qhTHT PRIHE AR AT AU

ATHPTRT ATET Tl Jachiel HAIS B | I AT SATEH! AT ATHEAR  HITHD!
AT THRTHSE gl FdTT |

JaThTel ATAY=ATY AIFHHAT ATUHT el T IUUTH GhTaaTs AT AR ATSTATHT FHTLT
T Thl FATT | I ANMNEET TRER A=AEHAT T e [qhEa] =i IEhararg
TATFHT FATIH Fiebr TATT | HETANRATIADTS ToATAT TThT ATHISAR ATHST eI R
nfafafaar s€r sfacasTe THT Ta<hie! 9918 S |
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SAEAE, A ¥ TG e FXeh AR TATIY. HETARITAHH a8T TFR © T 95 &
FSTAETATS 4% FET Y99 TAR INT FITRT (93T | TILT0TATE YT RO THTHRR TEhl 3, |
ARTREHHT HHL FATE Tgrg T diedl TETAT U TSTAET STHTE T ATATATIHT HIFHATE
T HqH ASTHHT FUARHATDT FAAH G | ATHASAR HIATAT ATST ATHIATAT ARTRHT
HTATST FHICTRT TASTAT ASTAETH TS G | T AT ATHISAR HIAHHAT ATh A ST
T ¥ I BIETTEl AT ATHA TSN TR THTAR FEITIT & T | T ST ATHASATR
ATAAEEATS ATNRE T ATRAT FeeThl ATTAYETT T+ FTHT TIChHHE! THAT qTTH FTATT
A ofhrel ATt AT ATCRT TATTHT T | 9Tedl faehre UTRaTedl FFavadl ATHI=AR
HITHHT STAATHT GROMA SS qTUHT T AT BT I AT TF aSTeAeTh 918 3 |
AP ASTHEHA I STSHT TR ATHTIAR T TTATIRET HT TR STAT aATS Tl
EIECACR

HETATReRT el [qepraavadl el HITHEATHT ATHE=R WIAHe SAdTehl ST af T
TATIE A% T [ 97 Feqad 99 GIRUHTHT Thel © ¥ debiel g 9l 94 67 |
faera gFFamaT AR WEAHE T AT (e STl AUkl adrs+ Uk TSTedeTd
TEAT ATATAATHT JATITETRT TETHT AR FHT HHATT S ATZUHT Wb ¥ I (qoawr
TRECATEATE AT TG TATT | 3Rl ASTEHE ATATSAT TATATT o (AT B F=ATIA, T
ATHATS LT FHAT FhHFTIH, TATHFT ATITHT THTE & T FI TraHT TZeTeg, T+
THTHT FdTT |

FarepT=IehT ATSTAT TSTHTRT HHAT ATHASAR AIATATE ANKE AT JATITEreT gRu 9Tl 93+
TAITAHT, ST, AfARToTe, dHdTET THER Gdde® SUAMT AUH! Uk GESTedeTs aar o+
AhTel G AHUHT ST (87 | foebg ATISTAT AT d=Teh] HHAT AT HIHEBT AT
IYARTT AR T FATE FIHR TARTAR AZTEH! APl T3 G | AT TATSET ATHASAR
HIAHATE AT IR I TeoT TUHT TATIS Tehel ATHISHAR HTAHTET Tl ARAATE
T T bl ATSTATRIAH S AT | fobra ATl FEI=gH ATHESAR AIAHAE AT
QTR a1 faoqoll STem AT aEqiss g TXehl U aSTeaerel adit 9+ bl a&qass ¥
T 9% ST BT THERT THT 8% AT LT TATT |

TS TR 4 HT ASTHEA ARG A TTGe] THTER T AR adrsd d8 TEIh
THT=RHT IR foe edl qerraerT FHAT ATHA=ER HIHA TEIT TR FHHIA T
T @Y GHMER AAT TATUH] G | FST qHIY O &l GSTeAeld Ted dargal THl =1 Jare
Tl TR GEH (AN TRl HIHAT TS TLER T AAT ARG FHER J&dT
TP SAERT 97 | FHER FHYHAT &F ATAISAR AIFHEE g6 e g8 A
TIAHT TASTATS AAATET ¥ THSIAT arATTSIT i AHT S | Ueh ASTEAETA AT [qebTaaehl
MAATE ATHISATR HIAHA freT AT T bTel Ao RAT I ET fHFT ThaH 9% g4 Iy
| 8% &7 W 9T TR TERTER T TEebeh] SN HATE ) | Tedl [qehreehl AT Areg=a
HIAHATE AT FHEAREE SATGATHT [G79 U aSTHEA gAY 9 Abie] JATIRE
T I S 4 )

TH FSTHAT AT GATCH AT ATHEASAR AIAHT dSTe®HT @Td AHHT TG qrT
HETAVRATIAHToRT A2 | FEdTT IRl Gerehl Td1C 9 9eh{ ASTALT U I Jfeh!
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fafe Wl adg | AT qARNE FATEITaFAS] HelTRINAE T TS HATAdeH
AR ATHIAR. ATAHATE THATS ITHT T 997 RGN TR [Fahidars SRR T+
RN Uk ASTeHETRl § A AFIPl TARIIR F AT T TUH HTS B | HETARAT AT
ATHT ATHAAR AIAHE® AT, THUH, AAATe T AMTT ATHASAR  HITHEEATS
FAFHHEEHT AR Fel o1 [aqqr Tehehl T HPRTCHSE ol AT FTHH! HATSHA qdT
TARIER TAI oAbl ASTHEFH dRUT 3 |

3R.Y AT JRIBR (FHARNETRT sTerarat

AR RATAHTHT ATSTAT TATSH FHARIATE ANIUH TIATAAAE I TTSHb! [qequo
TEIPR T | 9% T2T JIAEEAT Jrbl gRUT T&T F |

AT FATSH  FHANA AR ATAAATS ARTRE T AETRANAFI =B T2
ATITAYGTAH] FTHRT TATHl TIAT IIUH S | A [Gh IHATH A ATHIAR
HTETHAT TAATHT IRUTS 313 ITUHT T TS GARDT HIHT YT STTHT G | ATEAF GAaTS,
ATATTTF &0 T AR FEAEEF FediTar anfe ¥ fafa=T soeea arasiae T
0T ¥ FEHACEAs HE AR a0 ATl qa7 FEAHH GAle &1 Jodl dEH

fAeTaATR T R a1 QURHT HIHT FTET ITTH S |

forepT YFRATAT ATHA=R HTeTH YaTITE! G&THT ITHTR TRUHT ATdr=-rers @R T7
T A AT HATSHAHT [aTH~ =RUEE GHTALT g AUHT FT JOhATAT RIS IR
I ATAESIR HIAHP qHH Fel 8 | HeWRIIAH &9, I eI, AR

SAAATART g, RTET AP g ¥ AGNTE ASRIGET AT 9TeT TTHT FRI
YATITETHT LRI ATET TS ATHESAR HIAHEE § THE g Tl T FIIH [aehTaehT aATHT

fTehT FETANT TASH 9UR G | [GHE AT FATEAITE HHAT ATHISAR AR
AT a9 IR FUH d@wg | ATSAT aATSal AN bS] gRUT g &l ATHT=AR
AIAHHT ITART T TRHN G | THHA] ATFSAE oAl T Fratagepl FANT T ATSTATHT @Ih
ARTREFEAH TATSH T GRUT ff TAT ATHANTR BT =Tar T (TATar g 9ell ¥ q=arnar
T ST GBRAT ATATIA bl TETH & |

el [IehTE ATSTATHT FIIHT ATAGSAR HIAHATH R GHTERAT [qUTaEH] HH A g
T ATAYF GAAT JAT TTSH AG+hebl AT FHTEAR 90 GIATT ATTHT S | el FHTEAR
AISTHATRATTET & I TEAT TEUHT B | Fal [Tl o1 GHERES A FATATTH ATTHT
T | ATHTAR ATAAA el BRATAl YagH, TARTS, ATHY T, JaT JaTedrs Frardeeor
RUET, FSF TEAR TR T AT ATAATTATNR!  FEHTTHT  FoANdad  FTalieh
JIAATATE ] FHAEREE AFd FHERG] SIHT [GUHT T TAd THEARESH &l i
At B | AGAR, ATATGH T AANTSTT FTSTAT FATTATAT STET THATART ANSA | HETAR
& Tag T & IS T (qTTHT ATHANIR ST GROT T AT GHT EGT ATHISAR HTATE
T g9 8T FRAFEITTHH IHH! MREET 99d 3tad FediT 98T IWHl § | ARTE T
HETRATS SIgH ATHISAR HIAH TUHTA THHl JIHF AT Heca ol WEhl & | 37
TN T IATAAHT FHA GTAHT ASTAESH] TATCHE HAAT FHAR TEITI T e
feam T AT AT o FEERT T |
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HETTRITIABTR (qehTE AT ATSTAT TSTHTHT ATHASHAR ATAHB! HIHPT T THTARIAT F¥aeal
HATAHT HHAI HERAFA] TAEARATS ATFT ATHISAR AAHAT & a0 GHu0
THES, AN T T97 a&Td ¥ [auoiTd qeves GoaR HITHE GrTahetedls AU
foar | wiftea e sr@awe g3, fafaser 3§ ¥ aFeTeE g% T & TAT GEEHars
fuer s=aardtare gre 9o HETar g o

FUTES JEAA T THT GHIAR T (=TT ATATTHT FTSHTST HETAIRIT AT THATHT
aiHTOT T gy W TIAHT R AT AEIEE AATdE, Thel Ha qi= Jqerd, ool 4007
YTATHT ¥ Tebel Q0 IaeTadwaT AT WUeh! TATT | HETARET [FehTqaraa] GRS 97T
grafaear faders a1 fedg~, @ wratwedr feqgms a1 ® wrafaear faqe= 9=
it fraT | THSAR STHRH ATATSART UATGehel HETARb] THTARATS (9T qrafaesdr
faet TTeepT FrATT | IifATEER SaHHET TEATTH Uk SET T GRHR TUHTA JTATHRAT
UTSH AT | THA SATHAHT J¥TEhd (qebra famoreawr afd Jremedr qu=rRdrg ae
At fad TRUHT ¥ HeTRE TR TF% FHGR AUHA TJqdTs A T &l
FATY | TIEAT SATHSTART THITERd A TAT qTafAear fad el T FeRdl RT3 ¥
HATSHT UhETdT THUH FATC | AT R TFIahd U Eeqdl AAATHT [
fTHTOTeRT ST R TITHI WP AU FHTEHT I ST T8l (999 qraiqehar arg=
TV AT | TASTETAT SFTeheb] TGl BISHTES! HETATRITITehT STkl TTSTHTAT WUl T Y
SAESEIT HUH Teihl (qehTd [MHIU HARH A AAbeedrs IcAd TH T TR
AR gy fa9e yrafaesar faq e aan |

TTHSARHT TFEHA AETTIRITARTR AAAAATT AT HHATNA FATRTATA HRIBT F=aT
e faU qfH HeTTeerT HHANT THT THTAR A AHTST T TATT | FHIHT TEITGHA
HETRATE AT q19A Fesl A9UH qaC | qfadraarsd] araedd ol sd e
TR T TTITehT FEATHAT THTHT HRT TATT | THTATAHT GFITGehe TT =T G T st
THTHT FATT | I GRIHT TEATTHS ATHATS FHA g ol [ad ATh JIFX g a¥
ot Afqataadr ¥ afafasr Gedes JHST YA el aang | TS Wiae qeTeT
Sifeus, afataaar ¥ afafasr gaes faq Teanwda a9 af= e s sl =2@m
T AERIT TEHT IR TS B | T TIAP IAH Tl JFITGehe] HETHIRETE gaaT e
T AT FEsT AR FHT TATTHT BA |

THER G RS ATH THE THH TG I bl ASTdHIHT GHIEHe adrg |
HATUTR] FFIEH TTSFawale ATATATAT T ATl FHTAR AT 8, HelARaTdeHe
T T TG ATCHT THT FEEEHT G Tl GARAT AT TR ATTHRT (6T | Tareeer
TAHEHA JATE [5H(5F TVl T HETATRe Thl Hel Ted HHe® q=AT3 aed AUH 3
THT FATT | IARTGERH! rTEhe FTHT EYHT Gl Tl | THS ATTAR] TG H
HETTR AUHT WAEd: T T a1 | HeTARel ThRIcHE qHER FehITa HUAT faver
gfafwar fav wu afq siqataaar ¥ afafqsr a9=mR IHmiTd 9T Jokd TeRTeHs Jiarhar
STATS TR TATT | e FHTEAR FFITT TN HETATII AT TR a1 SAAITrreres
YFRTHEF 9T ATE TG T THRIHE qT AR ek T T GaTG o av5 T Grovd BT
o qHITEehe Fal |
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A FFITEFS HETIRITARIENT qeafedd & gadT a1 fauadr uever dfeg § T T
AR T ISTHT TATT T (bl AT [0 IS T G Toirgl dldg A9 TR IaTg
| FETARERT TATE Gfe HETARITARI ol ATSTATHT AT Feairere T4 AT heaaed
Waﬁ%w%ﬁ%wﬁwlwwwm
FHIFT TS, AT TXHT TIAHT ATV THTEh AT TGRS e I T THTH
RAFR? X | TTTTHERT STEE et eI AdTIds THIH! TIGUHT T R TR
WWJHWW@WW?WWWTWHWWW
| ITTTRTE R THITEehel TATT TTHT THIH! T THTH! PTG aST deehl HIHHET ATHT
frfearer =mar faq FRET FATT | T AR EAEH T TSI (qTTAT 8Y qrafepar
fam AUt FATT A TR GTEd O @ GHER AEE AAET IdqTT | AT
THEIEHA AAAATATT T FHATRA FAR TAIT [qTIHT F[ATUR FGHER AT ARIE T TR

AT A Hel FHTEhd AThAHFRS ararg= Tl ATy |

HETRITARIH TATARE] T¥egHl Hebedl [0 FHER FATSH a1 heb&dl [auders
grafaarar qr 9= faoaar fafea ifg Tau oft gearedn SoEar a9 oo gaea
I T TWE T FEEFEES TANC | HETARP! [qRHAT AR ATAHPT fHH
FFRTHE el T AEITGFEER! ATAT TET | FETAR SIS I THTEHT FHHT TATGATS
ATEHTE TR B gad ¥ s 97 99 JeIashel FaTy | ‘ATHASAR ATeAHe HETAEH
faepraaaT qHER AEHETEE StAd T AT AT g e 9eTH e
FFATIR T T TBRTHE FT AT THTAR g7 T AT o Tl el ¥ fafee Heprarer
T faere (A F ¥ GFRICAE FREw I TGHERE (a0 g7 &1 Farg | SHeTH
FHTEARATE THITT T, T I AR Aredqad adrg |

RN ITHT qTAPTaeR e FFIEHh ATh ST deh @aR TAMHGATH FF0r 19 fafear
AUHT fepTareht HITHEATHT @eRarel, TeraT ¥ ATATSATE SATeeTHT &8 5 9 oan |
BEAEY T AAMEA] Tl FATARHT HETRUTARA [AET B F IAbl AA1S & |
A=A FHATEhel A [T THTER F HH HUX HEIRYARATS FEAT AT
EAAFg, A HYT AT | THETAHT G¥ITaehe] AHT HH TRA(G THER FHRICHE ST
THEEO Fg FATY | AR THTEHA HETR [qhTEHT SATS AT &l 9 ATHI=AR
HIETH FHTAR @Iog HeTMR I3 T | AU GFITashel HETARIReT [qepreane el
HEd e [qehrd AT FHe® qUHT T [oATIaiie TFeaaH T 93 aarg |
TSI THITEH Hecdqul (U qearaehd dfg" aau | TIrarael TFesdd 3red
T fad TR AT T GHST SATTAS] GFIahel Wl (qehraare & AT T
faq P! TATT | TATHARBT HTEhA FlEAFTel T TNABTGART HTIhd JAT LA
fe= TeeRr gaTT |

faeo T HATERTATATE HeTAVReT (AehTaaR el HEdl THTER ded A ars 9l T899 FIauH!
faar | TSR FFTEH HETARHT FAT T AT FTHEEHT dIHT 9T A0 GEhT
JETGH A ITHT T ARTYT G JeTelTs AHIX THTER JAT T T T FaTT | THTaTeeT
AFTTH HETAIRS AT AT ATSTAT T FHEH qICHT JAT ATAHGaRH qEehel qardr
faeprar,  STASITaRIRT AT, HETARHT AT (A T Favaa 9el, Aagfarafae

(aY hn

TAATI(qR] T ME ¥ TaTheedray FHER odEl d s adil | o RE] JrTadd
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HETARET AN [T HATGRTAT ARIH T FHSH FHTEhe ATALTHATHATIR FHR
ET TG Tl AT T |

HETTRF! [qhmaH TR IRaTdre ARREHTR da18 TATEHR] a9 & Taal 7 a9
JOTHT THWH TTGHA eI HAARFT ATHASAR HIAHBT [TURTT FaTaardrars
FTATTT SATIATHT FATHAT T, TIT AFATHT TR ¥ IR AT TEITT T FIAB
faepr T ITEENT g qRTd 9T | 39T FSARH! TEEHd (MAAd B H T d=shdr
I AT ANREHAT FTAHH A AGH ATHISAR HIAAATE ASAIT FaTT |

HIET TEAHT TSTATATR] FFATEhe HElTIRE] AR Aaias TR IR T FFElaT
TS HETARATAHS GoaR SRIGET HR TH= @l TSR] TarsaI=aT Sg f4u |
FTIUHT FFITEhS Fatedd HaTEararars § Ared 7 Tl gvavd a3 goar faqad
FATT | THATAHT TR HETARATTAehT dThAT qraefl g T orer faqae, safafafue
FASN HFR TR NS d@Aad T fesil e RPN A T Afged THT HHA
AHFSAR  HIAHATHT  FHU IRISAIT  adTY | ITiAh@eRdl qHEshd  ATHasR
HIAHATS AT HETIRATASTA FES Tae (e, (MAtHd =1 Ja18 T+, TAAIcHb
FERTAATE STEATHT T&T TEU THIT THHT T |

3.R % HATEQIAIe®dTel Jvarar

HETARATABTR] U [TpTE ATTITITHT G=oR GhaThl AT T TATAHRATE T Fel e
78X GATGRTATE®dTs Y9 TIaUe! Rl | ST@HT g2adT 3% J@aR, geadl AT, T3dT
TRFPRT THER T AT GHER GAIT (TEF) ¥ TIST FIGHTST HETARITAHE

oo

STAtASTT HEHH ETHT HISHTE! T & qaT ATHISHR AIHET Gareardl (9T | IHewars
AL T [T O Y9AeE FHIT JATEAl TR IRT FIigUal {4247 | A7 geamaeigsare
T gROTH JHIHR 3 |

9TE fAFTaTY AT ARG FATEATAFAE] FHIAR AT AN el AT TANT TS,
? IALHT Y ST TAFRS TAIAAT, FHATR T FSTATHETE FAAT YT T HLT qaTY, T
S AR () Adae 9HER . fad TWEl Farg | dider@aRdl  garaardrd
HETARITIHTaTE. TRTEEHT AT AT TS el &, TaThlel TAHRE! T faved IaTs,
TG FTer fead IR Ifva ¥ HOR, STHARATE e §9al AWl el g7 adT |
HETRE! AR HATERTAT A AT UT3H Feol HUH Ty |

HIGARH GG TERATIFIT HUHT [qehTael HHAT FALT T9CH aR Afeqol
ATSTAT/ ATATSTATA T FoAAT qT3A Hehel TS A el JART T T FATT | 747
AfeTeRT FATEATATl I oAl 919+ gasl AHUR Jiarhar fau | Fiiedoqear Haraardr
THTER 9139 TSl AHUS] | &ed, A1 AHS Jard Tehl aar |

TIET I TAHFT FATIITATA Ugeed] THT AT I T (e F{ST TUHT AT Jachrara
qf | gEAT Taree wfq s faenie gHEe @ e F agersT Wt gfatwar faw
THTER FHE0 TR AFH TATT Fiad! 99 TWHl B A~ [T dd garaarare
FEAPTEN T TRHT T To Bl el THTSARHT AT T LT TATY | TATHTAGEHT FATIITATA
q faeirr oo, FHARIHT Afqs AT=RT T a qEUARTSEl GHER THRTT qudig
HTETIR TEIANT AT ATANT T HETIET Y<TeThebl FIATATTET FALTA Heprael =TT
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@IUYTE, AT HETRUNARd hed ATAR] a@vs, 9 I 990 FUMER FHMTd qU qiq
HETAR Fq=T & bl FHT a1y |

THTAR] THE qATg, HETRAIARTA el ATSTATHT AT GEaee T (o feaed
TR G T TOTHT G5 ST FATIRTAT TN T Fo STl ANehT AT g5 SAATA Hlacplal
T T AT | ST (TR ATSTATEEAY Fiahl THATAR ACTgS, T ATSTATHT aSTATHTH
ARTATS FETARITAERT Fiae! THIH TTSTEs T TITHT e FATRTAT FHTER et
T 1Y |

TR AR TSTATHTRT HNTATS Flaeh] THIH! § AT TAF@eR ] HATRETATd TSTATHIH
AW AT i AT T G, HIEeRE HATEaTdrd AETAIRE! ST dStaT T
arore fafarse yormedt faebfraa ST amanfed sTuepTel aeTH IS B+ §aT FSTaTared
HITATS FEETEH TR MGURTS AT HETAIITARIETE Fel Tieteplel 918 e T I |

>
~ ~ o0 [

Tt ATTRTRT GATERTATd (5% HEATHT qHIH! odTC A HElRe Ao Fargardre

FSTATAF HITH ATIRHT ATSTHT FATGH BT FATT | FIAIR T TR FATGITATA T
FHER @ I T GISTHTAT TETarETarg GHH! FRgUeH JAAHRT €U |

HETRYTTRTRT STATTAI T HHEATIA aTeUR THTER & ATUE T Tl 3 [F I AaY
TITITPT YA AR FAT TARIAR THA [ATIHT AT FATATS T, T ST G ¥ Th
ST AThATRdRd ATATST TR T | HETARIATARI TLHT Ted ATSTAT a7 HrATAITL
TR q@UE FET GARAT AT T G T TPl FITHT T HATGITATEE GaaRare
gfatRaT 9T g+, HETeEl ¥ ATTaRSTedl MEEd =@l @rgd a¥ gEedd AR
GIAthaT AR T8 TLHT 1T |

HETIR FIAel AHHT BT GITTHT AISHIS WUR BITIUHT T B A= STAT(qIrg T =T
AATSHFRAT AIATRATHT HIAIR FATIRTAT TGHT FEH(q THURT I AT Faraarard a&il
HTEIT R TIH! BN (4T | FATTATHT FaATeaTare drgAre T acd, feqer 9=
JHR TH T FATT | FIT AR HATGETATA ATSHIS TRUHT T TeAd Tl aay |
aiferT@aRel THTER IRl ATIE AT T@UE, T2 Tedl SUHT F=ATTH! faar 2=k T
| TTHAIEER HATEETAT HETRITAR HHART T STAAAAIA= &@1e, THE T [Ea® el
Forepl ford RIS Al FiarwRar f&T | wfaum THER tETeE T Graer qte T3
FHEY TRUH A~ 9 @ 9, & a1 Ga1 81 AAT [SIET TERT Bl qeerl Haraardre ard
qfte TR FHER F={fed qg TUH qite T AR qgmdel ad % |

>

T FATIRTATA FIAPT AHTE AT W TR G GHAH AT FleeTbTal THTaiTT TaT=n
FHEIYY g el TR T | WTHIER FaATaaTdld hledhal A&l aragwg [hich TAHre
AGHT GHTER o TET 7o A I AT FATT | IfAshrgay Garqardrel qH=R ATard
®IH] AT TATSAIG AX G el IHT ETAT T AlepeT | SfAtas Faraarard
fefstaedt dfaer (amaTee) @5 &9 & 99 €0 Yiqeid =R THIT WWhl e
IR FATS B | FAT IAHT HATIRTATS THTEAR THAETT THUHT T AIAH qie TeHT adTg |

o

HETRRAIAHTET qeafedd & oadT a7 fauadr quree! Areade uevel dfag F T T4
AR Y9F ISTTHT @ o6 G T a&(1d J9F AGHMT KO Tqerd FATERTar & T %0
gfTeTd HaTeRTdTe P WA Fd1Y | ATHE=ER HIOH (FA1eeral) T AR (SAAidiat a1
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SEERdld AdaHd ATHeRl THTAR d@adT FHT T HHT TH FdTU |
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TUHT FHTAR A@THT THET &bl FaTT | GiAbrEeR TEardre HeTaiRel TXhl HH T
FISATER. AT a1 FFfead FHARI Sqd ¥ Sl drd 99 goqr faqae 9o 9t
Wwwﬁrﬂwwwlwwwmwmﬂw
FHSNR] TEH I IdTC | FHEIEE? FaTeardrd ATHE=9R HIHG! TITHedreh &
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