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ABSTRACT
Air pollution is a global concern. Cities around the world fail to meet air quality standards set by
the World Health Organization Air Quality Guidelines, which has a significant impact on public health.
As the capital city and largest metropolitan region of Nepal, Kathmandu is a hotspot for urban pollution in
South Asia. Nepal faces emissions from both internal and external sources. External sources include
emissions from Nepal’s neighboring countries of India and China and emissions resulting from tourism.
Internal sources of pollution in the country include brick and cement factories, consumption of energy
from traditional sources such as biomass, smoke from forest fires and slash and burn agriculture,
vehicular emissions, and industrial pollutants. Nepal experienced temporary improvements as a result of
the initial COVID-19 lockdown periods from March- September 2020 and April 2021- September 2021.
A reduction in particulate matter (PM) resulted in greater visibility within the valley and health benefits
including reduced hospitalizations among those with chronic respiratory conditions.
Nepal’s residents have expressed greater concern regarding air pollution in their cities in recent
years, which can be seen through recent protests, media articles, and posts made through social media.
The COVID-19 lockdown period in Kathmandu Valley, Nepal was very strict in nature with measures
such as mandatory curfews, policies restricting vehicles on the roads and public transportation, limitations
posed on public festival celebrations, and heightened presence of police force in public spaces to maintain
compliance. Individuals within Kathmandu Valley were negatively impacted by the lockdown in various
ways, but improved air quality is one of the few favorable outcomes. It is not known whether
Kathmandu’s residents are aware of the benefit of reduced air pollution and whether their perception of
air quality has changed in the long term. This thesis explores the perceptions and awareness of occupants
of Kathmandu Valley regarding the outdoor air quality of their surrounding environment, and how
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COVID-19 has affected these perceptions through the administration of a systematic survey and
completion of a literature review.
My hypothesis was that residents of Kathmandu Valley are aware of and concerned about air
quality and have noticed the short-term improvements in air quality which resulted from the COVID-19
lockdown period. Furthermore, it was expected that survey respondents would support greater regulations
of air quality, express greater concern over visible pollutants such as PM rather than non-visible
pollutants such as NOx and SOx, and that the halo effect through which individuals perceive their
neighborhoods to be less polluted than the other areas of the city, identified in previous studies, would be
present here. Respondents were generally aware of air quality improvements during the COVID-19
lockdown period. Additionally, respondents did support the adoption of more stringent regulations for air
quality, and the majority of respondents indicated that the government of Nepal should be responsible for
taking actions to improve air quality. Furthermore, most respondents indicated that they believe that the
air quality will continue to worsen over the next 10 years, and most believed that the main sources of
pollution in the Valley are automobile traffic and cement and brick factories, which is consistent with the
literature. Although, there was unsubstantial evidence of the halo effect occurring at the regional scale.
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CHAPTER ONE:
INTRODUCTION
Air pollution is a global concern. Cities around the world fail to meet air quality standards set by
the World Health Organization Air Quality Guidelines, which has a significant impact on public health
(Kelly & Fussell, 2015). Air pollution can be defined as the destructive effects of any sources which
contribute to the pollution of the atmosphere and/or damage the ecosystem, and can be caused by both
human and natural factors (Ghorani-Azam et al., 2016). As the capital city and largest metropolitan region
of Nepal, Kathmandu is a hotspot for urban pollution in South Asia (Mahapatra et al., 2019). As one of
the UN’s Least Developed Countries (LDC), Nepal’s air pollution issues are complex and multi-tiered in
nature (K.C. et al., 2011). Due to Nepal's geography and topography, as situated in the Hindu Kush
mountain region, the country’s mountain features play a role in its current air quality challenges.
Kathmandu is surrounded by mountains ranging from 2000 to 2800 meters above sea level, which results
in a bowl-shaped topography that restricts the movement of wind (Saud & Paudel, 2018). This valley
structure traps pollutants such as carbon and particulate matter in the air, making it difficult for them to
dissipate. This significantly increases the valley's vulnerability to air pollution (Saud & Paudel, 2018).
Furthermore, air pollution from Nepal's neighboring countries of India and China (both with high rates of
emissions and air pollution) enter the region and become trapped, degrading Kathmandu’s air quality
further (Saud & Paudel, 2018).
Kathmandu Valley’s primary sources of air pollution include brick factories located in the
southeast, cement factories in the southwest, and vehicles travelling in the central portion of the valley
(Sharma, 1997). Nepal’s energy sector and 86% of its national energy consumption is primarily
comprised of traditional energy sources including wood, crop residue, and animal feces, which further
contributes to Nepal’s air quality challenges (K.C. et al., 2011). Across the Indo-Gangetic plain, smoke
1

and pollutants resulting from forest fires, slash and burn agriculture, vehicle emissions, and industrial
pollution worsen the concentration of aerosols, which then travels across the mountains of Nepal
(Gyawali, 2017). Nepal faced a recent bout of wildfires in March and April 2021, with as many as 60
individual fires occurring across the country, adding to growing levels of concern of air pollution
(Aljazeera, 2021b) and prompting school closures for several days after the Air Quality Index (AQI)
reached hazardous levels (Aljazeera, 2021a).
Common pollutants include short-lived climate pollutants (SLCPs) such as black carbon (CB),
methane (CH4), and tropospheric ozone (O3) in addition to carbon dioxide (CO2), nitrogen oxides
(NO3), sulfur dioxides (SO4), and particulate matter (Nakarmi et al., 2020). These pollutants have various
negative impacts on human health (Emberson et al., 2001). The presence of pollution in the form of
particulate matter from dust in the valley is highly visible and relatively constant (Sharma, 1997).
Particulate Matter (PM) is a mixture of solid particles and liquid droplets from the air (US EPA, 2016).
Some of these particles are large and visible to the naked eye, such as dust, dirt, soot, and smoke, while
others are only visible utilizing an electron microscope. PM 10 are inhalable particles with a diameter of
10 micrometers or smaller, while PM 2.5 are fine inhalable particles with a diameter of 2.5 micrometers
are smaller (US EPA, 2016). PM can be composed of materials such as metals, nitrates, sulfates, organic
carbon, microbial components, and pollen (Liu et al., 2016) and can enter deep into the lungs, even
entering the bloodstream (US EPA, 2016). Back carbon (BC) is a serious pollutant which is known to
accelerate the melting of the cryosphere, including glaciers, snow, and ice (Kang et al., 2020). Increases
in BD deposits are related to industrialization (Kang et al., 2020). BC appears as a black soot covering the
surface of snow, which accelerates its melting rate. Climbers and scientists in the Himalayas have
observed the effects of BC firsthand, including on Mount Everest (Horodyskyj, 2014). The presence of
SO2 and NO2, especially in the winter, can cause dense fog to appear over the city in the mornings
(Sharma, 1997). This haze is caused by smoke, dust, and other dry particulate matter components obscure
the clarity of the sky (Liu et al., 2016). Haze of this type is not primarily comprised of water like typical

2

fog or mist in an aerosol system, but rather is comprised of dry pollutant particles such as Particulate
Matter, PM 2.5 and PM 10, and gases including SO2, NO2, CO2, CO, volatile organic compounds
(VOCs), ozone (O3), and nitric oxide (NO). The haze will appear when the relative humidity is less than
80% (Liu et al., 2016).
An atmospheric brown cloud (ABC) hovers over several countries in the Indo-Gangetic plains,
including Nepal (Pradhan et al., 2010). ABC's are a brown haze in the atmosphere caused by pollution
from aerosols. The ABC hotspot above the Indo-Gangetic plains was found to be approximately 80%
comprised of manmade pollutants (Pradhan et al., 2010). ABC's are a serious form of air pollution which
absorbs and scatters solar radiation, accelerating climate change and having impacts on entire regions.
This brown haze is also influenced by weather conditions, presence of particulate matter, occurrences of
wildfires, and so forth. Atmospheric brown clouds have negative impacts on agriculture, accelerate glacial
melting, accelerate climate change, result in decreased rainfall, and have negative impacts on human
health (Pradhan et al., 2010). This haze is visible especially pre- and post-monsoon season (Bonasoni et
al., 2012). During the monsoon season, the rains help to flush out pollution and results in clearer sky
conditions. During the winter season, haze is more prevalent and can even occasionally affect flight
schedules for the Tribhuvan International Airport (Bonasoni et al., 2012). A recent haze episode
accelerated by wildfires in late March 2021 resulted in flight cancellations (THT Online, 2021).
This air pollution also poses continued risk to the tourism industry, upon which Nepal relies
heavily for foreign exchange earnings (Sharma, 1997). Temporary and drastic improvements in air quality
occurred as result of the COVID-19 lockdown period from March to September 2020 (Associated Press,
2020). For instance, Mount Everest became visible from Kathmandu for the first time in several decades
as a result of decreased particulate emissions (News18, 2020). In addition to better visibility, occupants of
the city also seemed to experience better respiratory health, with fewer hospitalizations for asthma,
COPD, and other respiratory conditions than what is typical during the summer months (News18, 2020).
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Concerns over air quality peaked in the valley on January 6, 2021 as Kathmandu was temporarily
the world’s most polluted city according to the IQ Air, a Swiss air quality technology company
monitoring international Air Quality Index (AQI) (Manandhar, 2021). Their AQI of 450 was considered
hazardous and was 15 times over the WHO standard (Magar, 2021).This prompted environmental
activists to protest to highlight the issue, referring to it as a public health emergency (Manandhar, 2021).
Many protests regarding air quality have occurred in recent years and continue to take place as Nepal’s air
quality degrades further. Protests took place alongside a Clean Air For Life campaign in 2019 (Dennis,
2020). Additionally, protests led by youth environmental activists took place in Kathmandu in January
2021, during which air pollution levels in Nepal (previously improved by the COVID-19 lockdown
period) had degraded once again to hazardous levels (Manandhar, 2021).
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CHAPTER TWO:
AIR QUALITY IN KATHMANDU
2.1 Description of Study Area
The Himalayas are often referred to as the ‘Third Pole’ of the world, as they are one of the most
isolated and least explored wilderness areas in the world aside from the Polar regions (Lami et al., 2010),
largely due to its large quantity of ice reserves and rough terrain (R. Shrestha, 2013). Unfortunately, even
those most remote regions of the globe have been threatened by air pollution and climate change (Lami et
al., 2010). This is particularly true for Kathmandu, the capital city of Nepal, that sits in the lap of the
Himalayas. Kathmandu is situated between 27°38’32” to 27°45’7” North latitudes and 85°16’5” to
85°22’32” East longitudes and has a cool sub-tropical climate with average temperatures ranging from
around 30°C during summer to around 2°C in winter and experiences heavy precipitation during summer
months resulting from southeast monsoon winds (Thapa et al., 2008; Thapa & Murayama, 2010). The
elevation of the city ranges from 1100m in the valley and around 2700m in the surrounding hills (Thapa
& Murayama, 2010), giving it a bowl-shaped topographical structure (Regmi et al., 2003). This bowlshaped structure of the Kathmandu is responsible for exacerbation of air pollution within the city. The
cooler air flowing down from the mountains over the valley act as a lid that traps the hot air along with
the pollutants within the valley (Giri et al., 2008).

2.2 Air Quality and Pollution Concerns in Nepal
Air pollution has been linked with the development of autoimmune diseases, cited as one type of
environmental factor which can affect the immune system and potentially lead to the development of
autoimmune disease (Gawda et al., 2017; Ritz, 2010; Zhao et al., 2019). Autoimmune diseases are
disorders which cause the body’s immune response to attack its own tissues and/or organs, which causes
5

chronic inflammation and tissue damage. Autoimmune disease affects approximately 5% of the world’s
population and disease rates have been increasing worldwide (Zhao et al., 2019). Air pollution,
specifically particulate matter particles, can cause oxidative stress and result in chronic inflammation and
symptoms of autoimmune disease (Gawda et al., 2017). Epistemological studies have connected longterm exposure to fine particulate matter (PM) air pollution with cardiovascular disease and increased
mortality rates (Pope iii et al., 2004), with increased exposure to PM having a direct and observable
increase in mortality risk (Pope iii et al., 2004). Furthermore, pollutants such as SO2, NO2 and nitrates,
and O3 have documented destructive effects to pulmonary function, with increasingly severe effects and
increased mortality rates linked to greater amounts/lengths of exposure (Liu et al., 2016). Additionally,
ambient air pollution has also been linked with lung cancer (Chen & Goldberg, 2009). There is evidence
that certain subgroups of the population including the elderly, children, and those who are
immunocompromised, such as those with chronic diseases including diabetes and cardiovascular disease,
are at a higher risk from the effects of air pollution (Chen & Goldberg, 2009).
Air pollution has also been considered as the main environmental risk factor in the progression of
respiratory diseases such as asthma, psychological conditions, and neurocognitive disorders such as
Alzheimer’s and Parkinson’s diseases, developmental conditions such as autism, retinopathy,
complications to fetal growth, and low birth weight (Ghorani-Azam et al., 2016). Furthermore, air
pollution can have serious impacts on the health of the environment, damaging groundwater and soil in
addition to the air (Ghorani-Azam et al., 2016). Air pollution contributes to acidification of lakes and soil,
nitrogen deposition on plants in various ecosystems, disruption of food webs and therefore changes in
species composition of ecosystems, and biodiversity loss (Lovett et al., 2009) (Camargo & Alonso, 2006).
Air pollution also contributes to climate change, which in turn has many well documented devastating
environmental impacts. In Nepal specifically, climate change is causing glacial retreat, temperature
increase, and erratic rainfall. Droughts, flooding, and glacial retreats all affect Nepal’s riverine systems.
Overall, these changes cause safety and health risks for humans and wildlife (Karki et al., 2009).
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2.2.1 Social Media Trends
Various social media posts regarding air quality in Nepal have been made prior to, during, and
after the COVID-19 lockdown (with reference to the time period of January 2020 to September 2021
Protests) across various platforms by both individuals and Nepali organization pages. Some hashtags
unique to Nepal such as #savenijgadh have been utilized in relation to Nepal and concerns of air
pollution, deforestation, and climate change, and many other hashtags not exclusive to Nepal have been
utilized by Nepali people and organizations with varying amounts of followers such as @nonextquestion,
@nepalitimes, @harinnepal, @rethinknijgadh, @pannepal, and @powershift_nepal in relation to Nepal’s
air quality including #airpollution # pollution #environment #nature #naturelove #earth #forest
#saveforest #saveourforest #greenary #wildfire #fire #forestfire #mothernature #motherearth
#icantbreathe #icantsee #staysafe #takecare #stayhealthy #wearamask #sustainability #electricvehicle
#ev #future #gogreen #planetearth #savelives #helpnepal #prayfornepal #nomoreemptypromises
#keepitintheground #youthforchange #climatejustice #climatechange #climatechangeisreal #thirdpole
#thirdpoleoftheworld #icemelt #fridaysforfuture #servejustice #environmentaljustice #socialjustice
#globalclimatestrike #heritage #naturaldisaster #humanity #humans. These social media posts and
hashtags help demonstrate the desire for air quality improvements in Nepal.
Furthermore, contention in Nepal of citizens toward the government’s new plan for the
construction of a second international airport in Nijgadh despite national and international opposition, and
the loss of Swiss investors (Shrestha, 2020). The $1.3 billion project would involve cutting down 2.4
million trees. Despite opposition from the Supreme Court as well as the public, the government had felled
over 4,000 trees by September 2020 (A. Budhathoki, 2020). Nepali citizens have expressed concerns
regarding deforestation and the exacerbation of the effects of climate change. As well as concerns
regarding extreme weather events which have taken place in Nijgad, the economic burden the
development will pose on the country which is still in the midst of the COVID-19 crisis, illegal natural
resource extraction which may take place on the cleared land, and the clearing of wildlife corridors and
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habitats of wild elephants and other animals, affecting the hydrological ecosystem and food security of
animals found in the region, and so forth (Shrestha, 2020). This issue has inspired recent protests and
petitions to stop the construction of the airport have taken place across the country in 2020- 2021, and the
use of the hashtag #savenijgadh in a social media movement. This movement has also corresponded with
the social media movement and protests regarding concerns of air quality in climate change in Nepal.

2.3 COVID-19 Lockdown in Nepal
2.3.1 2020 Lockdown
The government of Nepal placed restrictions to control the spread of COVID-19 in Nepal during
the 2020 lockdown period, such as closing temples and banning mass gatherings, which angered many
religious leaders and citizens (P. Dahal, 2020). Nepal is a religious country, celebrating both aspects of
Hindu and Buddhist culture and lifestyle, and celebrating many festivals during the year. Restrictions and
bans to festival celebrations during the 2020 lockdown resulted in protests and a number of religious
leaders in the country to criticize the government (P. Dahal, 2020). Specifically, restrictions to the Hindu
festival Dashain on October 22, had an economic impact on goat herders who typically sell goats as is a
custom of the festival (Gill, 2020). Cancelling celebrations of the festival had social consequences as
well. The lockdown period took a financial toll on many within Nepal, especially within Kathmandu
Valley, where cases were concentrated. While the government had provided free COVID-19 testing and
treatment at government hospitals, in October 2020, citizens were then responsible for paying for these
services, despite shortages of health care workers and PPE (Gill, 2020). The Nepali government forced
many businesses to close in March 2020 until July 2020. The country’s GDP only grey by 0.2 percent in
the fiscal year ending in July 2020, consumer spending was low, and state revenue was low due to a
decline in imports, upon which the government relies. The Nepali economy is also impacted by Nepali
migration to other countries such as the Middle East and Malaysia, who send money home to their
families. During the 2020 lockdown period, many migrant workers lost jobs abroad, and Nepal’s
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remittance income was heavily impacted (Gill, 2020; Singh et al., 2020). In Nepal, 62.3% of those
employed work within the informal sector, meaning that they do not generally have income security or
social protection (M. Dahal et al., 2020). Furthermore, increased unemployment exacerbated extreme
poverty and hunger, industry closure, decreased accessibility of regular health services, and decreased
external development partner assistance impacted the financial and physical wellbeing of many Nepali
citizens during the COVID-19 lockdown (Singh et al., 2020).
Further challenges which occurred during the 2020 COVID-19 lockdown included discrimination
against health-care workers and patients with COVID-19, feat of stigma impacting effective contact
tracing, a surge in maternal mortality, increasing mental health problems, and an increase in illegal
wildlife poaching (Kansakar et al., 2021). The childhood immunization program experienced some
successes in 2020, however, with the introduction of rotavirus vaccination into routine immunization
schedules (Kansakar et al., 2021), although continued surveillance of routine immunization in children
was reduced later on (Uwishema et al., 2021). Nepal is a resource-limited nation, which makes building
quarantine centers which meet WHO standards in sufficient numbers and providing testing of quarantined
individuals a challenge. For this reason, self-quarantine was encouraged (Kansakar et al., 2021).
Furthermore, a lack of PCR facilities resulted in a reliance on antibody-based rapid tests, found later on to
be only 50% sensitive. An increase in domestic abuse and negative effects on education were also
witnessed (Uwishema et al., 2021). Additional measures put in place during the 2020 COVID-19
lockdown in Nepal included prohibiting public movement outside of the home except for medical
purposes and purchasing essential food items, prohibiting all public and private vehicles without
permission (not including those belonging to security forces and healthcare workers), suspension of all
flights, and mandatory leave for employees of private industries not related to healthcare and essential
items (foodstuff and fuel), with jail terms and fines for violators (T. R. Pradhan, 2020).
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2.3.2 2021 Lockdown
After a plateau in COVID-19 cases between December 2020 and April 2021, Nepal faced a
second round of COVID-19 cases due in part as a result of the emergence of the COVID-19 Delta
variant’s development in India, with whom Nepal shares an open border (Uwishema et al., 2021).
Furthermore, mandatory lockdowns in India forced many Nepalese migrants and daily wage workers
employed in India to return to Nepal, which may have perpetuated the spread of the Delta virus.
Unrestricted movement of people continued since flights from India were never suspended and the
borders never closed (S. Budhathoki, 2021). This new peak in cases surpassed the initial experiences of
2020 in both numbers and severity, and led to a second round of lockdowns (Uwishema et al., 2021). As
of October 24, 2021, the countrywide death toll was 11,348, with 10,201 active cases, and 787,507 cases
of those infected recovering from the disease (Kathmandu Post, 2021). Despite this, only approximately
26.3% of the country’s population are vaccinated as of October 2021 due to limited supply and access (S.
Budhathoki, 2021; Reuters, 2021). Nepal tried to procure vaccines from countries including China, the
United States, the United Kingdom, and Russia with varying levels of success (S. Budhathoki, 2021), and
also received donations from various countries including the United States. The United States donated
1.53 million Johnson & Johnson vaccines in July 2021 and 100,620 doses of Pfizer vaccines in October
2021 to Nepal (ANI, 2021b). Call to action groups like Nepal Rising and Covid Alliance for Nepal have
helped to lobby for vaccines from international administrations (BMJ, 2021). Despite increasing
availability of vaccines, the country’s weekly cases and death rate continue to rise. While cases dropped
from a peak of nearly 9,000 new cases per day in May 2021, underreporting of cases still remains and
daily cases remain high (BMJ, 2021). Nepal’s healthcare system is experiencing widespread shortages of
oxygen and essential supplies, even as of September 2021, and there seems to be differences in severity of
COVID-19 cases in varying regions of Nepal, with Kathmandu experiencing the greatest impact from the
second peak in cases. While in comparison, remote regions such as Mustang has received sufficient doses
for its population, mountainous districts with geographical challenges such as Dolpa remain underresourced when it comes to testing and vaccine access, and furthermore have terrain which may make
10

travel to PCR testing sites more difficult for those infected (BMJ, 2021). Nepal also experienced a
scarcity of healthcare workers, intensive care beds, and ventilators. According to government data, only
1395 intensive care beds and 480 ventilators were available for all patients, including those with and
without COVID-19 (Uwishema et al., 2021).
The second lockdown began on April 29, 2021 with a two-week prohibitory order in Kathmandu
Valley as the three districts of the Valley (Kathmandu, Bhaktapur, and Lalitpur) were the most affected
areas in Nepal as seen through the number of daily cases (ANI, 2021a). On April 28th before the flight
ban, the Kathmandu Tribhuvan International Airport reported an all-time one-day record of passengers,
with 15,263 passengers leaving the capital city the day prior to the prohibitory orders. On May 3, 2021,
all domestic and international flights were further banned until May 14th, with only charter flights allowed
(ANI, 2021a). This trend continued to occur, and the lockdown was extended several more time
throughout the summer. Nepal eventually allowed access to international travelers arriving from China,
India, Qatar, Kuwait, Saudi Arabia, Turkey, and UAE, although several of these airlines independently
cancelled flights to Nepal through August (GardaWorld, 2021). On-arrival and electronic visa issuance
remained suspended, and quarantine and testing requirements were imposed for international travelers;
meanwhile, all non-essential international travel was discouraged.
Throughout the 2021 lockdown period in Kathmandu Valley, nonemergency vehicles were
prohibited from using the roads daily after 9 PM and residents were encouraged to stay at home. Public
transportation operated with protocols, including a mask mandate and daily cleaning. Stores also
experienced restrictions: they were permitted to open from the morning through 8 PM daily. Although,
schools, gyms, and cinemas were not permitted to open, and restaurants were only permitted to provide
takeaway and delivery services (GardaWorld, 2021). Grocery stores were even temporarily closed from
May 28, 2021 to June 3, 2021, however, due to widespread criticism, grocery stores were permitted to
reopen from June 4, 2021 onwards (OnlineKhabar, 2021). On June 15, 2021, due to an observed increase
in movement of people after a temporary ease of lockdown protocols, the government enforced a strict
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night-time curfew with no pedestrians or vehicles allowed out of the home between 10 PM – 5 AM,
enforced in all 77 districts of Nepal (Kharel, 2020). Violators of the curfew rules were punished according
to existing laws, and any gatherings including funerals and marriage ceremonies were restricted to 15 or
fewer people (Kharel, 2020). The government also enforced an odd-even rule for public and private
vehicles beginning on June 22, 2021 extending through July 15, 2021 (OnlineKhabar, 2021), whereby
vehicles with odd numbered plates were allowed on certain days of the week, and those with even
numbered plates were allowed on other days of the week. Although, this restriction was later criticized by
transportation entrepreneurs and health workers who noted that the rule would lead to crowding in public
transportation and heightened infection risks (Ojha, 2021). Nepal’s government announcement the end of
the lockdown on September 1, 2021, keeping a few restrictions in place, but beginning to open schools,
allow travel, and allow the celebration of festivals (Huaxia, 2021b). Mass gatherings, sporting, religious
and cultural events, schools, theaters and swimming pools, among other facilities, remained closed during
lockdown enforced from April 29, 2021 to September 1, 2021 (Huaxia, 2021a).

2.4 Need for Constructive Policies
This further illustrates the need for public input to be considered when addressing and forming
policies for the issue of air pollution in Nepal. Several reports from recent years address the plan of
Kathmandu Valley’s government in facing the issue of air pollution. Such initiatives proposed include
increasing air quality monitoring, increasing and conserving green spaces, encouraging the use of more
efficient vehicles, and increasing awareness (Shakya, n.d.). However, these reports have not made it a
priority to receive citizen input or to assess their perceptions toward the air quality which they face every
day. Furthermore, the introduction of counterproductive policies such as elevated tax rates on electric
vehicles of is a contradiction to the claim of the government to encourage the use of efficient vehicles,
making it increasingly difficult for residents of the valley to obtain them (J. K.C, 2021). In 2020, the
government raised taxes on electric vehicles (EV) including yearly taxes and high custom duties of 80%
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and excise duties as high as 60%, resulting in record-low imports of EV. While the new budget for 2021
has slightly improved taxation on four-wheeler electric vehicles, the taxation on electric two-wheelers has
not changed significantly (J. K.C, 2021). Given that approximately 71.53% of all registered vehicles in
Nepal are two-wheeler vehicles (Siebert et al., 2021), the current tax structure is a barrier for Nepali
families to transit to EV. Although, Nepal is making efforts to convert vehicles used for public
transportation with EVs and establish EV charging stations (J. K.C, 2021).
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CHAPTER THREE:
CONTRIBUTION TO LITERATURE
3.1 Gap in the Literature
Understanding public perceptions and attitudes regarding air quality and air quality regulation is
essential for citizen involvement as the world continues to address the complex issue of air pollution,
especially considering the socioeconomic factors involved. Although, studies focusing on capturing these
public perceptions have been few and far between, especially in developing countries (Saksena, 2011)
including Nepal. A recent article published in 2020 also assessed how air pollution changed prior to and
after the COVID-19 lockdown in Kathmandu, Nepal during the period of January 2020 to April 2020
(Gautam et al., 2020). The article found that after the lockdown of Kathmandu took place from March 24,
pollution in Kathmandu decreased to the Moderate levels (Gautam et al., 2020). Although, the topic of
perceptions of air quality in Kathmandu Valley, Nepal and a more recent comparative study of air quality
changes due to the 2020 COVID-19 lockdown period over a greater time period, or the 2021 lockdown
period, had yet to be examined.

3.2 Contribution of the Thesis
This thesis explores the perceptions and awareness of residents in Kathmandu Valley regarding
the outdoor air quality of their surrounding environment, and how COVID-19 has affected these
perceptions. Considering the lack of air quality perceptions research in Kathmandu Valley, Nepal, this
paper explored the following research questions:
1.

What is the relationship between the occupants’ perceptions regarding air quality and the actual

air quality? Which type(s) of pollution affect peoples’ perceptions the most?
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2.

Have the short-term air quality improvements during the COVID-19 lockdown period improved

awareness of air quality issues in Kathmandu? And which group(s) of people are most sensitive to this
change?
This paper will add to the existing literature revealing the relationship between public perceptions
of air quality and the actual air quality in Kathmandu. Furthermore, this study considers motivating
factors which may influence perceptions of air quality, and how COVID-19 further impacts residents’
perceptions. This study also involves participation from residents of Kathmandu Valley through the form
of a systematic survey to provide relevant and constructive background information to better interpret the
potential motivations which may influence perspectives of air quality. The conclusions can help to inform
constructive policy formation for Nepali government officials by providing citizen input in relation to
Nepal’s complex and specific air quality challenges.

15

CHAPTER FOUR:
METHODOLOGY
4.1 Survey
The primary form of data collection for this thesis took the form of a systematic survey conducted
via a snowball sampling method. The survey consisted of 29 questions which collected quantitative data.
The questions evaluated perspectives of air quality through a variety of angles to allow for a
comprehensive view of Kathmandu’s residents’ perceptions of air quality in relation to COVID-19 and
motivating factors which may influence those perspectives. The survey also collected limited spatial data
in the form of a question asking the respondents to list their location of residence within the Valley. The
survey was administered through Qualtrics and sent directly to relevant academic institutions related to
Himalayan studies, professional organizations and specialty groups related to the Himalayas and air
quality research, as well as relevant Nepali social media pages. This included organizations such as
Nepali Academics in America (NACA) and The Association for Nepal and Himalayan Studies (ANHS).
The advertisement was posted on various social media pages and emailed to relevant professional
organizations. Survey respondents were encouraged to share the survey with whomever they saw fit, thus
fitting with the snowball sample method. The governing criteria for survey eligibility was that
respondents must be over 18 years of age and have resided either temporarily or permanently within
Kathmandu Valley, Nepal prior to or during the lockdown periods of 2020 and/or 2021. The survey was
available in both the English and Nepali languages. A Nepali citizen was the translator for this study.
Eighty-two survey responses were collected. Of these, 68 were full and complete survey responses, and
14 were partial responses. Those partial responses were still considered in this survey analysis. For
quality control, I went through the complete responses to ensure that all respondents did not take less than
3.5 minutes to complete the survey response, or 210 seconds.
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The survey data was analyzed via R through the conduction of a one-sided Mann-Whitney
Wilcox test, and through ArcGIS Pro for the geospatial analysis. The Mann-Whitney Wilcox test is
technically a T test, but it is the modified version, also known as a U test. A two-sided T- test will
indicate if the results are significantly different but will not specify if it is significantly lower than the
value or significantly higher than the value (LaMorte, 2017, p.). Given that the target is to examine
whether the designated air pollutants were significantly lower in 2020 than 2019 and 2021, a one-sided
test was conducted. For further analysis of the survey respondents’ locations, I created a grid in ArcGIS
Pro for just Lalitpur and Kathmandu, as these were the areas with the most responses. Those
municipalities with under 5 total responses were not included in the grid.

4.2 Air Quality Data
Various Nepal government pages including the Department of the Environment (2021) also
maintain open-source air quality data. Global Air Quality Index (AQI) data can be downloaded through
various websites including The World Air Quality Index Project (2021) and IQAir (2021). The World Air
Quality Index Project (2021) database also contains a downloadable COVID-19 specific dataset which
tracked air quality trends in cities around the world from January 2020 to the present. Air quality data for
this research PM 2.5, PM 10, and AQI was downloaded from the World Air Quality Index Project (2021)
database during the time frame of March 2019- December 2021 in order to document air quality changes
from before, during, and after the 2020 lockdown period, and including the 2021 COVID-19 lockdown
period (The World Air Quality Index Project, 2021). Five of the monitoring stations in Kathmandu used
to collect the data are maintained by the Government of Nepal, Ministry of Population and Environment,
Department of Environment Air Quality Monitoring (Government of Nepal, 2022) and two are
maintained by the United States Embassy (see Figure 1). Actual air quality changes were compared to
perceptions of air quality during the same period to analyze the level of understanding/concern of air
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quality among residents within Kathmandu Valley. The data was analyzed for trends and a spatial
component was incorporated to determine the distribution of these perceptions within the Valley itself,
and specifically to determine if the location has an influence on these perceptions. ArcGIS Pro was
utilized in this research to visualize the air quality data as well as the survey data.

Figure 1: Map of the air quality monitoring stations in Kathmandu Valley, Nepal.

The PM 10 datasets publicly available for this region are incomplete across all 3 years, however,
the quality of the data was still acceptable. For PM 2.5, the United States Embassy collects data by the
hour, 24 hours per day. AQI data is derived from PM 2.5 and based on the NowCast Concentration, an
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algorithm which relates hourly readings from air quality monitors to the AQI for ozone and particle
pollution (AirNow, 2022). It takes the value over the past 24 hour for particle pollution, weighing the
values that are more recent the highest. Higher AQI values indicate greater levels of pollution and health
concerns, and there are different categories to indicate those levels of concern (AirNow, 2022).
For this research, I compiled the PM 2.5, PM 10, and AQI data. I then filtered by Valid criteria
and only considered valid, complete points. I then calculated the average of the day’s data points, across
all 3 years. Only those days which had values across all 3 years- 2019, 2020, and 2021 were included in
the analysis. For instance, May 10 was included if this date had data across all 3 years. This was done
using the Filter feature in Excel. After the data was filtered, a pivot table was created with the base year as
2020 to show all of the days with PM2.5 values for each of these years. There was a total of 307 days
which had a value for all 3 years. Then this data was put into R for further analysis.
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CHAPTER FIVE:
RESULTS
5.1 Air Quality Analysis
To examine if there was a statistically significant difference between the PM 2.5 and the overall
AQI between the 2020 and 2019 as well as 2020 and 2021, first the distribution of the data and the
presence of outliers were assessed. For the PM 2.5 data, outliers were found and the data was not
normally distributed (See Figure 2). Similarly, for PM 10, the data contained outliers and was not
normally distributed (See Figure 3), while for the AQI data, the outliers were limited to 2021 but the data
was also not normally distributed (See Figure 4). Considering this, the one-sided Mann-Whitney Wilcox
test (Wickham et al., 2022) was performed in R to evaluate if the PM 2.5, PM 10, and AQI values for
2020 were significantly lower than the values of 2019 and 2021. This test is used to perform a T-test of
data that is not normally distributed or data with multiple outliers (LaMorte, 2017).
The results indicated that for 2020, both PM 2.5 and PM 10 as well as the overall AQI were
statistically significantly lower than that of 2019 and 2021. The null hypothesis was that overall
average PM 2.5 per day and average PM 10 per day for 2020 is the same as for 2019 and 2021. Or, in
other words, that there is no difference between the values of PM 2.5 and PM 10 for the years 2019 and
2021 in relation to 2020. I ran the same test with same assumptions for the AQI data as well. The P value
was less than 0.01 for all tests, meaning that it was statistically significant at the 99% confidence interval
(see Table 1). Given the results, I reject the null hypothesis that the overall average daily PM 2.5, PM 10,
and AQI for 2020 are the same as for 2019 and 2021. It is important to note that industry did not stop
during the COVID-19 lockdown period. Therefore, these improvements in air quality cannot be attributed
to a reduction in industry but could be attributed in part to fewer automobiles on the road, and therefore,
fewer particulates in the air.
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Table 1: P-Values resulting from all T-Tests.
2019- 2020

2020- 2021

PM 10

<0.01

<0.01

PM 2.5

<0.01

<0.01

AQI

<0.01

<0.01
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Figure 2: PM 2.5 Outliers and Mann-Whitney Wilcox test.
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Figure 3: PM 10 Outliers and Mann-Whitney Wilcox test.
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Figure 4: AQI Outliers and Mann-Whitney Wilcox test.

5.2 Demographic Data
To better understand the demographic data from the survey sample, it is important to consider the
population characteristics of Nepal as a whole. The total population of Nepal is over 30,000,000 (CIA,
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2022). Life expectancy at birth in Nepal is 72 years for the total population, 71 years for males and 73
years for females (CIA, 2022). The median age is 25 years for the total population; 24 years for males,
and 27 years for females. The literacy rate, which is defined as a person who is 15 and over and can
read/write, is 68% for the total population, with 79% literacy rate for males and 60% literacy rate for
females. The school life expectancy (primary to tertiary education) is 13 years for males and females
(CIA, 2022). The population pyramid of Nepal helps to visualize the age and sex structure of a country’s
population, which can help to provide additional context about the country’s political, social, and
economic stability (see Figure 5) (CIA, 2022). The population pyramid changes over time as a result of
fertility, mortality, and international migration trends (CIA, 2022).

Figure 5: Population pyramid of Nepal, 2022 (CIA, 2022).

The majority of respondents were male, although women did comprise 41% of the survey
population (See Figure 6).
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41%
59%

Female

Male

Figure 6: Gender of survey participants.

Most respondents were ages 30 and above, with 36% in the 30- 45 age group, 15% in the 46- 64
age group, and 10% in the 65 and above age group. The 18- 29 age group was also sizeable at 38%. It was
a requirement for participation in this survey to be 18 years or older in order to comply with university
IRB guidelines. Therefore, the survey sample contained ample representation across all age groups
considered in this survey (See Figure 7).
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Figure 7: Age of survey participants.

The vast majority of respondents reside in Kathmandu at 70%. The remaining respondents were
largely located in Lalitpur at over approximately 18%, with few respondents from Bhaktapur and outside
of the Valley (See Figure 8). Since the majority of respondents were located within the Kathmandu
district, it is not surprising that most respondents were of Newari ethnicity, the Newar ethnicity comprises
the largest ethnic group of Kathmandu at 30% of the population (World Population Review, 2022)
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80%
70%
60%
50%
40%
30%
20%
10%
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Kathmandu

Lalitpur

Bhaktapur

I do not live in
Kathmandu Valley

Figure 8: Location of survey participants.

Furthermore, most respondents reported working in a professional position (e.g. engineer, IT,
government) at 39%. Additionally, 24% of respondents indicated “other” as their field of work. This may
include respondents who did not feel that their job position corresponded with the indicated categories, or
respondents who did not feel comfortable providing their occupational data. Students comprised 11% of
respondents and 8% of respondents work in academic positions (e.g. administrator, professor, researcher).
It is important to note as well that approximately 7% percent of survey participants work in the service or
tourism industry (e.g. restaurants, hotels, recreation), an industry which is both a stakeholder and
contributor to air pollution concerns. There were few respondents (between 1 to 4 %) indicating
employment in the other categories, not providing a strong representative sample from these industries
(See Figure 9).
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nurse, lawyer)

24%
39%

Others
Professional position (e.g.
engineer, IT, government)

Figure 9: Occupation of survey participants.

The demographic characteristics of the survey sample are further summarized in the table below
(see Table 2).

Table 2: Summary of demographic characteristics of survey participants
Age
Gender
Female

Education
10th grade
Plus two
Bachelors
Masters/PhD

Male
10th grade
Plus two
Bachelors
Masters/PhD
Grand Total

18 to 29
15
0
2
11
2
12
1
1
9
1

30 to 45
8
0
0
4
4
18
0
0
8
10

30-45
1
0
0
0
1
0
0
0
0
0

45 to 64
2
0
0
0
2
9
0
0
2
7

46 to 64
0
0
0
0

27

26

1

11

1

1
0
0
0
1

65 and Grand
above Total
4
30
0
0
0
2
2
17
2
11
4
44
0
1
0
1
1
20
3
22
8

74
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5.3 Perceptions Data
The majority of respondents (80%) indicated that the COVID-19 lockdown periods did
affect their perceptions of air quality in some way. Only 11% indicated that the pandemic did not
affect their perceptions of air quality, and the remainder were unsure. This is a meaningful result, as it
reveals that the majority of survey participants are aware of air quality as it relates to COVID-19 to a
degree, and their experience with the pandemic was enough to shift their perception of air quality in either
a positive or negative way. (See Figure 10).

9%
11%

80%

Yes

No

Unsure

Figure 10: If survey participants’ perceptions of air quality were affected by the COVID-19 lockdown
periods.

When compared with profession, it appeared that most respondents, who belong to the Others and
Professional Position job categories, did indicate that they experienced a change in their perception of air
quality as a result of the COVID-19 lockdown periods. The majority of the other occupational categories
also indicated Yes. Although, slightly over 30% of those within the Academic Position category indicated
No, and over 30% of Students indicated Unsure. (See Figure 11).
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Figure 11: If survey participants’ professions affect their perceptions of air quality.

Respondents were asked if they have been personally negatively impacted by air pollution and
Kathmandu and how so. According to the distribution of respondents by occupation, it appeared that
most respondents were impacted by air pollution in some regard. The majority of participants
indicated that they were negatively impacted through health impacts, across all job categories. Some
respondents in the Academic Position, Agriculture, Medicine or Law, Others, Professional Position, and
Service or Tourism Industry also indicated that they were impacted through both economic and health
impacts. Very few indicated No, and were within the Others and Professional Position categories. Over 30
percent of Students indicated that they were unsure (See Figure 12).
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Figure 12: Distribution of respondents with regards to their education and if they have been personally
negatively impacted by air pollution in Kathmandu.

Respondents were asked to rate the air pollution prior to, during, and after the COVID-19
lockdown periods. Approximately 34% of respondents indicated that that the air quality was Poor before
the COVID-19 pandemic in late 2019-2020. Approximately 18% indicated that it was Hazardous, with
only 16% of survey respondents indicating that it was Acceptable, Good, or Very Good (See Figure 13).
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Figure 13: How respondents perceived the air pollution to be prior to the COVID-19 pandemic in late
2019- 2020.

Most respondents indicated that the air pollution was either Better or Much Better during
the COVID-19 lockdown periods. Few respondents indicated that it was either Much Worse, Poor, or
the Same, at a combined 15% (See Figure 14).

45%
40%
35%
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Much better
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Much worse

Figure 14: How respondents perceived the air pollution to be during the COVID-19 lockdown periods.
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Additionally, most respondents indicated that the air pollution was either Somewhat Worse
or Much Worse after the COVID-19 lockdown periods ended, when normal operations resumed.
Although, there were some additional mixed responses, with approximately 40% of respondents
indicating that the air pollution was either Somewhat Better, Much Better, or About the Same after the
COVID-19 lockdown periods ended (See Figure 15).

45%
40%
35%
30%
25%
20%
15%
10%
5%
0%
Much better

Somewhat better About the same Somewhat worse

Much worse

Figure 15: How respondents perceived the air pollution to be after the COVID-19 lockdown periods
ended, and normal operations resumed.

When comparing responses regarding perceptions of the air quality before COVID-19 with
perceptions of air quality after the COVID-19 lockdown periods, the results indicated that those who had
previously indicated the air quality was Hazardous in 2019 also believed that it was Much Worse after the
COVID-19 lockdown periods ended. Though surprisingly, those who had indicated that the air quality
before COVID-19 lockdown periods was Poor, indicated that it was Better after COVID-19 lockdown.
Although, approximately 17% of those who had previously indicated that the air quality was Poor before
the COVID-19 pandemic indicated that it was Much Worse after the COVID-19 locked down period
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ended. Those who had indicated that it was Acceptable before the COVID-19 lockdown generally
indicated that the air quality was Better or Much Better after the COVID-19 lockdown period ended, and
this is also true of those who had indicated that the air quality was either Good or Very Good before the
COVID-19 pandemic (See Figure 16).

120%
Perception of air
quality after
COVID lockdown
ended

100%

80%

Much better
Somewhat
better

60%

About the
same

40%

Somewhat
worse
20%

Much worse

0%
Hazardous

Poor

Acceptable

Good

Very good

Perception of air quality before COVID lockdown started

Figure 16: Comparison of how respondents perceived the air pollution to be prior to vs. after the
COVID-19 lockdown periods.

Respondents (40%) indicated automobile traffic as the main source of air pollution.
Following automobile traffic, 24% of respondents indicated cement and brick factory operations
and construction activities as the main source of air pollution in Kathmandu valley. Next, 11% of
respondents indicated wildfires, 9% of respondents indicated Kathmandu’s energy consumption, 8%
indicated emissions from neighboring countries, 6% indicated Others, and 2% indicated tourism (See
Figure 17).
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Figure 17: What survey respondents perceived to be the main source of air pollution in Kathmandu
Valley.

When comparing respondents’ perceptions of the current level of air pollution with what they
perceived to be the major source of the pollution, it appeared that most respondents who had indicated
that the current air pollution levels are Hazardous believe that automobile traffic is the main source,
followed by cement and brick factory operations and construction activities, then wildfires. The same is
true of those who had indicated that the current air pollution levels are Poor. Of those who had indicated
that the current air pollution levels are Acceptable, the responses were flipped equally between
automobile traffic and cement and brick factory operations and construction activities as the main source
of pollution, followed by Kathmandu’s energy consumption. Those who had indicated that the current air
pollution levels are Good were split equally among automobile traffic and cement and brick factory
operations and construction activities as the main sources of air pollution (See Figure 18).
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Figure 18: Comparison of respondents’ perceptions of the current level of air pollution with what they
perceived to be the major source of pollution.

Changing the question slightly brought vastly different results through asking participants if the
pollution was better or worse during the COVID-19 lockdown then comparing this with what the
participants identified as the major reason air pollution. One hundred percent of those who indicated that
the air pollution was Much Worse during the COVID-19 lockdown identified wildfires as the main source
of pollution. One hundred percent of those who indicated that the air quality was Poor during the COVID19 lockdown indicated that the primary cause was automobile traffic. Among those who indicated that the
air pollution was the Same during the COVID-19 lockdown periods, the majority indicated automobile
traffic as the primary source of pollution, followed by cement and brick factory operations and
construction activities, then Kathmandu’s energy consumption and tourism. This was also true of those
who indicated that the air quality was Better or Much Better during the COVID-19 lockdown periods, but
additionally wildfires were identified as a source of air pollution (See Figure 19).
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Figure 19: If survey participants’ perceptions of air quality were affected by the COVID-19 lockdown
periods.

Comparing perceived sources of air pollution with whether survey participants perceptions of air
quality changed as a result of COVID-19 brought similar results, with automobile traffic followed by
cement and brick factory operations and construction activities, then tourism and Kathmandu’s energy
consumption identified as the main sources of air pollution regardless of whether the participant indicated
that their perception changed or not (See Figure 20). The same trend was observed when crossing
perceived sources of air pollution with respondents’ occupations (See Figure 21).
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Figure 20: Comparison of perceived sources of air pollution with whether survey participants
perceptions of air quality changed as a result of COVID-19.
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Figure 21: Comparison of perceived main sources of air pollution with respondents’ occupations.
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Overall, nearly every respondent (97%) felt that not enough is currently being done to
address the issue of air pollution. Only 1% indicated that enough is being done and 2% were Unsure
(See Figure 22).

2%
1%

97%

No, not enough is being done

Unsure

Yes, enough is being done

Figure 22: Whether survey respondents feel that enough is being done to address the issue of air
pollution or not.

Participants were asked in the survey who should be responsible for addressing the issue of air
pollution. The majority of respondents indicated that the government of Nepal should be
responsible (37%). This was followed by individuals at 24%, then private companies at 16%, nongovernmental organizations at blank 13%, then lastly the government of neighboring countries at 10%
(See Figure 23).
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Figure 23: Who respondents feel should be responsible for addressing the issue of air pollution.

When comparing what respondents do for work and their thoughts on who should be responsible
for addressing the issue of air pollution, the results vary slightly with each occupation. Although, overall,
a large portion of respondents from each occupation type indicated that the government of Nepal should
be responsible. When examining more closely, among those with academic positions, over 40% indicated
that the government of Nepal should be responsible for addressing the issue of air pollution, followed by
Individuals, private companies, and the governments of neighboring countries at around 15%.
Approximately 33% of those respondents in the agriculture profession indicated that the government of
Nepal should be responsible, followed by relatively equal responses attributing the responsibility to the
other categories of non-governmental organizations, private companies, Individuals, and the governments
of neighboring countries. Fifty percent of those within the housewife category indicated the government
of Nepal should be responsible and 50% indicated that the government of neighboring countries should be
responsible. Those within the manufacturing industry were split among all categories. Respondents within
the medicine or law category primarily indicated that Individuals should be responsible, followed by the
governments of Nepal and neighboring countries. Those within the Others and professional position
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categories primarily indicated the government of Nepal should be responsible, followed by Individuals.
Those within the service or tourism industry and students primarily indicated that the government of
Nepal should be responsible followed by Individuals and private companies. One hundred percent of
tradesmen indicated that the government of Nepal should be responsible. Although it is important to note
that the majority of respondents belonged to the Other and professional position job categories, with only
few respondents from the other occupational categories (See Figure 24).

100%
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construction, etc.)

80%

Student
60%
Service or tourism industry (e.g.
restaurants, hotels, recreation)

40%

Professional position (e.g.
engineer, IT, government)
20%
Others

The government of neighboring
countries

Non-Governmental Organizations

Private companies

Individuals

The government of Nepal

0%

Medicine or law (e.g. doctor,
nurse, lawyer)

Figure 24: Respondents’ occupations and who they feel should be responsible for addressing the issue of
air pollution.

Furthermore, when comparing participants’ level of education with their thoughts on who should
be responsible for addressing the issue of air pollution, respondents with a 10th grade education level
were equally divided among all choice options. Among respondents with Plus 2 as their highest level of
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education, 40% indicated that Individuals should be primarily responsible, followed in equal measure by
the government of Nepal, nongovernmental organizations, and private companies. Of those respondents
with a Bachelor’s degree, 40% indicated that the government of Nepal should be responsible, followed by
Individuals at around 25%. Of those respondents with a Master’s degree or PhD, approximately 35%
indicated that the government of Nepal should be responsible, followed by Individuals at around 23%,
and private companies at around 20% (See Figure 25).
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Figure 25: Respondents’ level of education and who they feel should be responsible for addressing the
issue of air pollution.

Additionally, respondents were asked if enough is being done to address the issue of air quality.
When comparing this information by who should be responsible for addressing the issue of air pollution,
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those who indicated that No, not enough is currently being done to address the air quality had mixed ideas
as to who should be responsible for addressing this issue. Approximately 37% indicated that the
government of Nepal should be responsible, followed by Individuals at approximately 23%, private
companies at approximately 15%, nongovernmental organizations at approximately 12%, then the
government of neighboring countries at approximately 10%. Of the few respondents who indicated that
they were Unsure if enough is currently being done to address air quality, 100% indicated that Individuals
should be responsible for addressing the issue. Of the few who indicated that Yes, enough is being done
currently to address this issue, 100% indicated that the government of Nepal should be responsible (See
Figure 26).
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Figure 26: If respondents feel that enough is being done to address the issue of air quality and who
should be responsible for addressing the issue.

Furthermore, when asked do you think that air pollution will get better or worse in the next
10 years, most respondents (72% of people) indicated that it will get Worse. Only 16% of people
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indicated that it either will get Better or will remain the Same. And 12% indicated that they were
Unsure (See Figure 27).
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Figure 27: Whether respondents believe that the air pollution will get better or worse in the next 10
years.

5.4 Spatial Analysis
Most survey respondents were located in Kathmandu and Lalitpur, with few respondents
located in Bhaktapur and other metropolitan cities within Kathmandu Valley. Survey respondents
were not equally distributed throughout the Valley. There were several metropolitan cities within the
Valley from which no responses came (see Figure 28).
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Figure 28: Distribution of respondents in Kathmandu Valley, Nepal.

Through conducting a grid analysis, it was apparent that the majority of respondents we're located
in North, North West, and Central Kathmandu (See Figure 29).
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Figure 29: Distribution of respondents in Kathmandu Valley, Nepal via grid analysis.

In order to determine if the Halo effect was occurring, respondents were asked where within
Kathmandu Valley they think that the air pollution improved during the COVID-19 lockdown. A
majority of respondents indicated that the air pollution had improved the most in Kathmandu. It is
unclear whether this result is due to the occurrence of the Halo effect or due to the fact that the
most respondents were located in Kathmandu (See Figure 30).
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Figure 30: Where within Kathmandu Valley participants believed that the air pollution improved during
the COVID-19 lockdown.

Furthermore, respondents were asked to indicate where they believed that the air pollution
worsened during the COVID-19 lockdown period. The majority of respondents living in Kathmandu
indicated that there was no change to the air pollution, which indicates that respondents did not typically
perceive the air quality to have worsened within the districts of the Valley during the COVID-19
lockdown period. However, there were residents of Kathmandu who did indicate that air pollution
worsened there. While it is common in observing the Halo effect for people to perceive that the air
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pollution is worse in other neighborhoods, there is not ample evidence here to prove that the Halo
effect is in occurrence. Although, the results as seen here visually are consistent with those results of
the survey which indicated that the majority of respondents perceived that the air pollution
improved during the COVID-19 lockdown, rather than worsening (See Figure 31).

Figure 31: Where within Kathmandu Valley participants believed that the air pollution worsened during
the COVID-19 lockdown.
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Respondents were also asked what they thought about the current air pollution levels in
Kathmandu Valley. The majority of respondents in Kathmandu felt that the current air pollution
levels are Poor or Hazardous with few individuals describing it as acceptable (See Figure 32).

Figure 32: What respondents thought about the current air pollution levels in Kathmandu Valley.
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When relating the location of residents with their perceptions, it is possible to see how
perceptions may vary among different municipalities within the Valley. However, in the instance of this
thesis, it is not possible to perform an in-depth spatial analysis of perceptions according to geographic
distribution within the Valley because most respondents were located within the Kathmandu and Lalitpur
districts. Due to this, analysis of responses by district would have an increased bias and therefore was not
heavily emphasized in this thesis. Therefore, the grid was centered around Kathmandu and Lalitpur, and
the spatial analysis conducted was centered around these two districts.
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CHAPTER SIX:
DISCUSSION AND CONCLUSION
6.1 Discussion
The results of the air quality analysis reveal that there were temporary improvements in PM 10,
PM 2.5, and AQI as a result of the COVID-19 lockdown periods in 2020. These were the expected results
through my hypothesis, and the hypothesis that residents would notice this improvement in air quality
was seen through the perceptions data collected in the survey. This is an important finding because it
reveals that the lockdown measures did have a direct impact on the air quality which was to a degree that
was even noticeable by the public. Though, it is important to note that industry did not stop during the
COVID-19 lockdown period. Therefore, these improvements in air quality cannot be attributed to a
reduction in industry but could be attributed in part to fewer automobiles on the road, and therefore, fewer
particulates in the air, among other potential reasons. While it is not doable to impose lockdown
restrictions as a means of air quality control, these COVID-19 lockdown periods gave a great opportunity
to reveal what the air quality could be when stringent air quality improvement measures are put into
place. In a sense, it gives an idea of what could be. The results from the survey also indicate that
respondents are concerned about the air quality and would like to see further improvements, but the
pathways and means in order to achieve these improvements including the actions necessary and key
stakeholders/responsible parties are uncertain. Although, respondents do seem to agree that air quality
improvements are possible. However, their outlook is relatively negative as most respondents indicate
that they believe the air quality will continue to worsen over the next 10 years. This may be an
opportunity to lessen and mitigate the potential further degradation of air quality in Kathmandu valley.
Respondents were asked to rate the air pollution prior to, during, and after the COVID-19
lockdown periods. These results reveal that the overwhelming majority of respondents agree that the air
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quality in Kathmandu was of poor quality prior to the COVID-19 pandemic, and improved during the
lockdown periods. There were mixed results regarding how the air pollution changed after the COVID
lockdown periods ended, but most respondents did indicate that the air quality was worse post- COVID19 lockdown period. Some respondents did indicate that it was the same or better. These results are
consistent with the true air quality changes which did occur as measured through the PM 2.5, PM 10, and
AQI, and are consistent with the hypothesis that respondents would recognize the short-term air quality
benefits which came as a result of the COVID-19 lockdown periods.
Respondents were asked if they have been personally negatively impacted by air pollution and
Kathmandu and how so. According to the distribution of respondents by occupation, it appeared that most
respondents were impacted by air pollution in some regard. The most significant job categories are Others
and Professional Position, as these are the categories to which most respondents belonged. Within these
categories, the majority of respondents did indicate that their perception of air quality did change as a
result of the COVID-19 lockdown period. It was expected that those within the Service or Tourism
industry would experience both economic and health impacts due to the extreme lockdown restrictions
which prevented tourism during the COVID-19 lockdown periods. Though surprisingly, over 70% of
respondents from this industry indicated having health impacts, and approximately 25% indicated
experiencing both economic and health impacts. However, given that representatives from the service or
tourism industry made up less than 10% of the survey sample, it is not possible to draw a solid conclusion
as to the overall impact of the COVID-19 lockdown on the individuals in the tourism industry in
Kathmandu. Further research targeted toward this demographic would be beneficial to better understand
true impact of COVID-19 on the tourism industry in Kathmandu, and specifically how it relates to
perceptions of air quality.
When comparing how respondents perceive the air quality to be before the COVID-19 lockdown
versus after the lockdown, several survey respondents who had indicated that the air quality prior to
COVID-19 was poor indicated that the air quality was better after the COVID-19 lockdown. This result is
53

conflicting with the overall result which reveals that participants generally perceived the air quality to be
worse prior to and post COVID-19 lockdown, and better during the lockdown period. There are different
potential reasons as to why survey participants may have indicated that the air quality was better after the
COVID-19 lockdown period ended. For instance, respondents may have been thinking about the question
in terms of the immediate improvements from the lockdown period which may have carried over into
2021. It is also possible that certainly respondents may have felt that there was an improvement overall in
how the air quality was prior to the pandemic- even if a small improvement. I did not delve into the
varying degrees of these perceptions of air quality before, during, and after the COVID-19 lockdown.
Therefore, it is not possible to fully understand why respondents indicated what they did. This is a
limitation of the study and an opportunity for further analysis to better understand what thought processes
or motivating factors may influence the rankings of air quality performed by residents of Kathmandu.
Many respondents indicated automobile traffic as the main source of air pollution in Kathmandu
Valley, followed by cement and brick factory operations and construction activities. This is consistent
with the literature, which indicates that cement and brick factories and automobile traffic are among the
two largest sources emissions in Kathmandu valley Nepal (Sharma, 1997). Although the other mixed
responses regarding the major source of air pollution in Kathmandu Valley reveals how complex and
multi-tiered the air pollution in Kathmandu valley truly is, as many of these industries do contribute in
some way to air pollution in the valley. The reasons why some participants may have selected as they did
may show motivating factors from involvement in different industries, or different life experiences which
have helped to influence their perceptions. Further research can be conducted in order to better understand
these motivating factors and the underlying reasons for these perceptions of air quality and sources of air
pollution in Kathmandu.
Comparing perceived sources of air pollution with whether survey participants perceptions of air
quality changed as a result of COVID-19 brought similar results, with automobile traffic followed by
cement and brick factory operations and construction activities identified as the primary sources of air
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pollution, followed by tourism and Kathmandu’s energy consumption, regardless of whether the
participants indicated that their perception of air quality changed as a result of COVID-19 or not. This is
meaningful because it shows that participants are inherently aware of major sources of air pollution in the
valley, even if they may not have felt that significant changes to air quality occurred as a result of
COVID-19. This is an interesting finding which could be explored further, as to whether people are
subconsciously aware of major sources of air pollution and why that might be the case.
Overall, nearly every respondent (97%) felt that not enough is currently being done to address the
issue of air pollution. This is significant because it shows that nearly every participant feels that not
enough is currently being done to address the issue of air pollution, regardless of how respondents
answered perceptions questions regarding the quality of the air before, during, and after the COVID-19
lockdowns. It was unanimous that respondents at the end of the day do recognize that air quality is a
concern and not enough is currently being done to address this concern. Participants were asked in the
survey who should be responsible for addressing the issue of air pollution. The majority of respondents
(across all occupations) indicated that the government of Nepal should be responsible, followed by
individuals, then private companies, non-governmental organizations, and lastly the government of
neighboring countries. The other categories were selected to varying extents depending upon the
occupation, but overall government of Nepal was indicated as a Responsible party. It is important to
identify who should take what actions to amend the situation so that the solutions proposed are actionable
and real improvements can be observed. It is interesting that nearly 25% of respondents indicated that
individuals should be responsible for addressing the issue of air pollution. This shows a great deal of
ownership and taking responsibility for one's own emissions, which is admirable, but can make it difficult
to regulate and propose adequate solutions on a large scale. Individuals can take control of their personal
emission production to an extent, but when it comes to mitigating the emissions of the collective, a larger
entity will be needed in order to propose scalable solutions. These solutions can be complex or costly,
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such as installing a renewable energy infrastructure, public transportation network, or stricter controls on
industry to help to curb/limit their emissions.
Additionally, respondents were asked if enough is being done to address the issue of air quality.
When comparing this information by who should be responsible for addressing the issue of air pollution,
those who indicated that No, not enough is currently being done to address the air quality had mixed ideas
as to who should be responsible for addressing this issue. Though, of the few who indicated that Yes,
enough is being done currently to address this issue, 100% indicated that the government of Nepal should
be responsible. This is interesting because it reveals that the few respondents who do feel that enough is
being done also feel that the government of Nepal should be responsible for addressing the issue of air
pollution. This suggests that these individuals do feel that the government of Nepal is currently doing
enough to address the issue of air pollution, which does not seem to be the same consensus among the
majority survey respondents.
Furthermore, when asked do you think that air pollution will get better or worse in the next 10
years, most respondents indicated that it will get Worse. Few indicated that it will get Better, will remain
the Same, or were Unsure. This is significant because it shows that most respondents have a negative
outlook in terms of the future of air quality in Kathmandu Valley, Nepal. This reveals that most
respondents do not think that given the current trajectory of air quality and despite any current actions and
initiatives, the air quality will continue to worsen. This further shows the importance of these types of
perception studies. While it is not possible to suggest that Nepal impose lockdown measures as a means
of air quality control, this research does show overall that residents of Kathmandu Valley, Nepal do
recognize that air quality is an issue and believe that it will continue to worsen. This indicates the need for
actions to be taken in order to improve the trajectory of air quality in Kathmandu Valley for not only the
short-term but the long-term future. Especially given that most respondents indicated that they have been
personally impacted in terms of health by air quality in Kathmandu, this is necessary for the public health
and well-being of those who live in the valley.
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One challenge of the survey itself was mitigating the inherent bias which exists through
administering it online. My original intention was to administer the survey in person in Kathmandu
Valley, Nepal during the Summer of 2021. However, due to the COVID-19 lockdown restrictions, this
was not possible. Therefore, the data collection had to take the place of an online survey. I tried to
mitigate the bias to reach a more diverse pool of respondents by posting in a variety of platforms
including interacting with general Nepali Facebook and Instagram pages which reach a wider audience,
not just academic pages. Additionally, I encouraged survey respondents to share within their personal
networks rather than academic networks, in order to reach a wider range of people. The survey was
available for 2 months, which allowed for a longer period of time for individuals to spread and share the
survey. Through making the survey available in the Nepali script, this also helped to encourage older
Nepali citizens to participate and thus brought allowed for including a larger age range, which was
observed through the responses collected. The demographic was limited to the literate population due to
the survey being written in text, which is one limitation of the study. Due to the COVID-19 restrictions, it
was not possible to reach the illiterate population of Nepal or those without internet access.
Given that this analysis was based on eighty-two survey responses, of which 68 were full and
complete survey responses and 14 were partial responses, the bias may be perceived as higher than it
otherwise would be with a larger survey sample. While I could have received additional responses by
continuing the survey over several more weeks or utilizing a service such as Qualtrics or Survey Monkey
to incentivize survey responses, the final decision was that 82 survey responses was an adequate sample
size for this survey. Prior research has indicated that the final decision regarding a sample size is guided
by cost and time constraints, as well as by the size and variability of the population (Hertzog, 2008). A
United States-based survey company does not have the same equitable access to the Nepali population
including the illiterate population. Therefore, utilizing their services may not have improved the quality of
the survey sample in terms of mitigating bias, but rather may have just increased the number of survey
responses. Furthermore, cost constraints and lack of funding were the ultimate decision not to utilize a
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service or incentivize this survey, as well as the logistics, as this is not something that I would easily be
able to organize from the United States to be administered in Nepal. Finally, time constraints for the
submission of this thesis also restricted me from keeping the survey available for a longer period of time.
Although, this survey was available for a total of 3 months from November 2021- January 2022 and was
accompanied by several advertising pushes through social media and academic organizations, as well as
through Nepali social networks. There is potential to expand this study in the future, and to administer
this survey in person as was originally intended. This would allow for greater potential to gather input
from the illiterate population of Nepal, as well as those without internet access, to be able to hear and
consider their input. This would also allow for greater control over the distribution of responses by
location, as one could gather the desired number of responses from each district of Nepal if the survey
was to be administered in person.
6.2 Conclusion
The hypothesis examined through this research was that residents of Kathmandu Valley are aware
of and concerned about air quality and have noticed the short-term improvements in air quality which
resulted from the COVID-19 lockdown period. Furthermore, it was expected that people support greater
regulations of air quality and express greater concern over visible pollutants such as PM rather than nonvisible pollutants such as NOx and SOx. Additionally, it was expected that the halo effect through which
individuals perceive their neighborhoods to be less polluted than the other areas of the city, identified in
previous studies, would be present here.
Through completing a literature review, a systematic survey of residents of Kathmandu, statistical
analysis in R Studio, and spatial analysis through ArcGIS, it was determined that residents of Kathmandu
were concerned about air quality and predicted that the air quality will worsen within the next 10 years. It
was also determined that residents of Kathmandu Valley generally perceive that the air quality in the
Valley is worse than in other areas of Nepal, which is not consistent with the halo effect at the regional
scale. The majority of survey respondents believe that it is possible to take personal actions to help to
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improve air quality and seem to have mixed views as to who should be responsible for addressing the
issue of air pollution in Nepal. The anticipated finding that respondents would express greater concern
over visible pollutants such as particulate matter was observed. Most respondents did indicate that the
COVID-19 lockdown did impact their perceptions of air quality in some way. Additionally, most
respondents indicated that they perceived the air quality to be worse in 2019 and 2021, with
improvements occurring in 2020. This was consistent with the air quality data collected and analyzed in
this research. Through statistical analysis of AQI and PM data, the results indicated that for 2020, both
PM 2.5 and PM 10 as well as the overall AQI was statistically significantly lower than for 2019 and 2020.
Overall, participants’ perceptions of air quality changes matched with the true air quality changes
which occurred over the period from 2019- 2021. Participants seem aware that there was a relationship
between the COVID-19 lockdown period and resulting air quality changes and are supportive of actions
to improve the air quality in Kathmandu Valley. Although, some respondents do not seem sure of what
actions should be taken and by whom in order to improve the air quality. This research does show that
residents of Kathmandu Valley are concerned about the air quality which they face every day, and would
like to see improvements, although at this time, do predict that the air quality will continue to worsen over
the next 10 years. While it is not practical to impose lockdown restrictions as a means for air quality
control, COVID-19 was a great experiment for seeing the direct correlation between human actions and
air quality.
The data presented in this research can be utilized for creating policy measures in order to address
the air quality in Kathmandu Valley, Nepal to identify, prioritize, and target those sources which are
responsible for the degradation of air quality, then create a concrete plan for mitigating those emissions
and determining who is responsible for the cost and overall completion of these efforts. Imposing controls
on the burning of waste and crop residue, creating measures to mitigate and control emissions from
industrial processes and travel, improving road conditions, introducing a renewable energy infrastructure,
removing barriers to electric vehicles and expanding public transportation options, developing public
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education opportunities and creating incentives for the public to take actions to reduce their emissions,
while considering the complex economic and social networks which are affected by these actions, are
potential measures which can be taken by the government of Nepal. These measures should be considered
for the development of a long-term comprehensive air quality control plan.
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APPENDIX 1:
SURVEY QUESTIONS
1. How old are you?
1.1. 18 to 29
1.2. 30-45
1.3. 45-64
1.4. 65 and above
2. What is your gender?
2.1. Male
2.2. Female
2.3. Third gender
2.4. Prefer not to say
3. What is your ethnicity?
3.1. Newari
3.2. Khas Brahmin
3.3. Chettri
3.4. Janajati/Adivisi
3.5. Madwadi
3.6. Other
3.7. Prefer not to say
4. What is your religion?
4.1. Hindu
4.2. Buddhist
4.3. Muslim
4.4. Kirat
4.5. Other
4.6. Prefer not to say
5. Where do you live closest to in Kathmandu Valley?
5.1. I do not live in Kathmandu Valley
5.2. Kathmandu
5.3. Bhaktapur
5.4. Lalitpur
6. Were you born in Kathmandu Valley?
6.1. Yes
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6.2. No, but I was born in Nepal
6.3. No, I am from a different country

7. How long have you lived in Kathmandu?
7.1. Less than 3 months or tourist
7.2. Under 5 years
7.3. 5-10 years
7.4. 10-20 years
7.5. Over 20 years
8. Where do you live within Kathmandu Valley (i.e. neighborhood, locality, area)?
__________________________

9. With which method are you accessing this survey?
9.1. Social media
9.2. Email
9.3. Paper or written form
9.4. Phone call
9.5. In-person

Measuring socio-economics
10. What do you do for work? Select the option that best describes.
10.1. Agriculture
10.2. Manufacturing (e.g. brick kiln, factory)
10.3. Tradesman (carpentry, construction, etc.)
10.4. Transportation (e.g. driver, conductor)
10.5. Service or tourism industry (e.g. restaurants, hotels, recreation)
10.6. Professional position (e.g. engineer, IT, government)
10.7. Academic position (e.g. administrator, professor, researcher)
10.8. Medicine or law (e.g. doctor, nurse, lawyer)
10.9. Student
10.10. Housewife
10.11. Unemployed
10.12. Other
11. What is your average monthly income?
11.1. Under 47,000 NPR
11.2. 47,000 NPR to 84,000 NPR
11.3. 84,000 NPR to 150,000 NPR
11.4. 150,000 NPR to 231,000 NPR
11.5. 231,000 NPR to 360,000 NPR
11.6. Greater than 360,000 NPR
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11.7. Prefer not to say
12. Education
12.1. Illiterate
12.2. Below Grade 10
12.3. Grade 10
12.4. Plus Two
12.5. Bachelor’s
12.6. Master’s and above
13. How do you get to work/what is your mode of travel?
13.1. Walking
13.2. Tempo/micro/bus
13.3. Motorcycle/scooter
13.4. Car
13.5. Transportation provided by office
13.6. Work from home

Perceptions
14. What do you think about the current air pollution level in Kathmandu? Rate on a scale of 1 to 5 with 1
as Hazardous air quality and 5 as Very Good air quality.
14.1. 1- Hazardous
14.2. 2- Poor
14.3. 3- Acceptable
14.4. 4- Good
14.5. 5- Very good
14.6. No opinion
15. Was the air pollution better or worse during the COVID-19 lockdown from March- September 2020?
Rate on a scale of 1 to 5 with 1 as Much Worse during the lockdown and 5 as Much Better during the
lockdown.
15.1. 1- Much worse
15.2. 2- Worse
15.3. 3- Same
15.4. 4- Better
15.5. 5- Much better
15.6. No opinion
16. Did the COVID lockdown from March- September 2020 affect your perceptions of air
quality/pollution?
16.1. Yes
16.2. No
16.3. Unsure
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17. Within Kathmandu Valley where do you think the air pollution improved during the COVID
lockdown?
17.1.
Kathmandu
17.2.
Bhaktapur
17.3.
Lalitpur
17.4.
No Change
18. Within Kathmandu Valley where do you think the air pollution worsened during the COVID
lockdown?
18.1.
Kathmandu
18.2.
Bhaktapur
18.3.
Lalitpur
18.4.
No Change
18.5.
19. How did the air pollution change after COVID lockdown period March- September 2020 (when
normal operations resumed)?
19.1. Much better
19.2. Better
19.3. Same
19.4. Worse
19.5. Much worse
20. How was the air pollution prior to the COVID-19 pandemic in late 2019-2020? Rate on a scale of 1 to
5 with 1 as Hazardous air quality and 5 as Very Good air quality.
20.1.
20.2.
20.3.
20.4.
20.5.
20.6.

1- Hazardous
2- Poor
3- Acceptable
4- Good
5- Very good
No opinion

21. What do you think is the main source of air pollution in Kathmandu? Select all that apply.
21.1. Automobile traffic
21.2. Kathmandu’s energy consumption
21.3. Wildfires
21.4. Cement and brick factory operations, and construction activities
21.5. Tourism
21.6. Emissions from neighboring countries
21.7. Other, not listed
21.8. Not sure
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22. Do you feel that you have been personally negatively impacted by air pollution in Kathmandu?
22.1. Yes, economic impacts
22.2. Yes, health impacts
22.3. Both economic and health impacts
22.4. No
22.5. Unsure

23. Who should be responsible for addressing this issue of air pollution? Select all that apply.
23.1. The government of Nepal
23.2. The government of neighboring countries
23.3. Non-Governmental Organizations
23.4. Private companies
23.5. Individuals
24. What do you think needs to be done to improve the air quality/decrease pollution in Kathmandu?
Select all that apply.
24.1. Imposing controls on factories and/or business in Kathmandu
24.2. Imposing controls on tourism in Kathmandu
24.3. Imposing controls of burning of crop residue for agricultural purposes
24.4. Increasing/improving public transportation in Kathmandu
24.5. Making electric vehicles more widely accessible/affordable
24.6. Utilizing renewable energy sources in Kathmandu
24.7. Other, not listed
24.8. Not sure
25. Do you feel that enough is being done to address the issue of air pollution?
25.1. No, not enough is being done
25.2. Yes, enough is being done
25.3. Unsure
26. Do you feel there is anything you can personally do address the issue of air pollution?
26.1. Yes
26.2. No
26.3. Unsure
27. How does the air pollution of Kathmandu Valley compare to other areas in Nepal?
27.1.
The air pollution is better in Kathmandu Valley
27.2.
The air pollution is worse in Kathmandu Valley
27.3.
The air pollution is the same everywhere
27.4.
Unsure
28. How does the air pollution of your neighborhood/area compare to other areas in Kathmandu?
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28.1.
28.2.
28.3.
28.4.

The air pollution is better in my neighborhood than in others
The air pollution is worse in my neighborhood than in others
The air pollution is the same everywhere
Unsure

29. Do you think that air pollution will get better or worse in the next 10 years?
29.1. It will get better
29.2. It will get worse
29.3. It will remain the same
29.4. Unsure
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APPENDIX 2:
MANN-WHITNEY WILCOX TEST CODE IN R
PM 2.5
> wilcox.test(data$PM25_2020, data$PM25_2019, alternative = "less")
Wilcoxon rank sum test with continuity correction
data: data$PM25_2020 and data$PM25_2019
W = 34668, p-value = 7.234e-09
alternative hypothesis: true location shift is less than 0
>
>
> wilcox.test(data$PM25_2020, data$PM25_2021, alternative = "less")
Wilcoxon rank sum test with continuity correction
data: data$PM25_2020 and data$PM25_2021
W = 37727, p-value = 9.528e-06
alternative hypothesis: true location shift is less than 0
> wilcox.test(data$AQI2020, data$AQ2019, alternative = "less")
Wilcoxon rank sum test with continuity correction

AQI
data: data$AQI2020 and data$AQ2019
W = 34435, p-value = 3.876e-09
alternative hypothesis: true location shift is less than 0
>
>
> wilcox.test(data$AQI2020, data$AQI2021, alternative = "less")
Wilcoxon rank sum test with continuity correction
data: data$AQI2020 and data$AQI2021
W = 37726, p-value = 9.499e-06
alternative hypothesis: true location shift is less than 0

PM 10
> ### PM10 Comparison ###
> ##########################
>
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>
>
>
+
+
>
>
>
>
>
>
>
>
>
>
>
>
>

## 2019 - 2020 - 2021 ##
boxplot(data$PM10_2019, data$PM10_2020, data$PM10_2021,
main='PM10 Comparison',
names=c("PM10 2019", "PM10 2020", "PM10 2021"))
par(mfrow=c(1,3))
hist(data$PM10_2019, main='PM10 2019')
hist(data$PM10_2020, main='PM10 2020')
hist(data$PM10_2021, main='PM10 2021')
par(mfrow=c(1,1))
# The reuslts no outliers but is NOT normally distributed so
# wilcox test is used (one sided)
wilcox.test(data$PM10_2020, data$PM10_2019, alternative = "less")
Wilcoxon rank sum test with continuity correction

data: data$PM10_2020 and data$PM10_2019
W = 10540, p-value = 0.001996
alternative hypothesis: true location shift is less than 0
>
>
> wilcox.test(data$PM10_2020, data$PM10_2021, alternative = "less")
Wilcoxon rank sum test with continuity correction
data: data$PM10_2020 and data$PM10_2021
W = 24709, p-value = 3.507e-10
alternative hypothesis: true location shift is less than 0
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APPENDIX 3:
USF IRB APPROVAL
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