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Foreword

It is my honor to present the “Status of Air Quality in Nepal: Annual Report 2023”
where data generated from ten air quality monitoring stations scattered in four different
provinces of Nepal from 15t January 2023, to 315t December 2023, has been analyzed. It
is our diligent effort to provide valuable insights into the state of the air quality we are
breathing.

The Department of Environment (DoEnv) is committed to creating a sustainable and
conducive environment for all. This report is the step towards the journey of building a
better environment. Though we have 27 real-time air quality monitoring stations
throughout the country, this report analyzed data from only ten such stations. We hope
to include all 27 stations in the upcoming annual reports.

The problem of air pollution has grown in recent years, necessitating precise and
accurate data for its management and control initiatives. We believe this
analysis helps policymakers and stakeholders with the information needed to make
meaningful changes in air quality management and enhance livelihood.

We are grateful to Dr. Govinda Prasad Sharma, Secretary, Ministry of Forests and
Environment for his inspiration to prepare this report. We are very thankful to members
of the air quality data analysis committee for their constructive suggestions in preparing
the report. We acknowledge the ICIMOD team and experts from different institutions
for their critical comments and suggestions. Special thanks go to the report preparation
team for their hard work in preparing the report and all technical and non-technical
staff of DoEnv for their support in the report preparation.

DoEnv strongly believe in cooperation, coordination and collaboration with all
stakeholders. So we welcome suggestions, comments and recommendations from all

stakeholders to create livable environment for all.

Bhupal Baral
Director General
31 May, 2024

Office Address: Tel. No.: Fax No.: Email: Website:
Babarmahal, Kathmandu 01-4221797/4220837 01-4221557 info@doenv.gov.np www.pollution.gov.np
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Message

Air pollution stands as a significant threat to human health globally, causing
approximately 7 million premature deaths annually. In Nepal, the issue is more acute,
contributing to 42,100 deaths yearly and reducing the average life expectancy of Nepali
citizens by 4.1 years. Constantly, cities of Nepal are ranked among the most polluted in
terms of air quality. Considering those issues, ensuring clean air is not just an aspiration
but a necessity for the quality life and the sustainability of the ecosystems. To tackle the
challenge of air pollution effectively, it is crucial to understand the current state of air
quality. Therefore, Department of Environment has installed 27 Air Quality Monitoring
Stations (AQMS) across the nation. The data gathered from these monitoring stations is
utilized for the compilation of reports on air quality.

The report on “Status of Air Quality in Nepal: Annual Report 2023”, was developed
using real-time air quality data on particulate matter (PM.;5, PM,o and TSP) obtained
from AQMS from 1%t January 2023 to 31t December 2023 which serves as a
comprehensive examination of current state of atmospheric conditions. The present
report provides the snap shot of highlights on air quality of ten different AQMS for the
year 2023. It assesses the dynamics of air pollutants and changing air quality index in
hourly, daily and seasonal basis. This study report’s primary purpose is to add another
dimension to our understanding of air pollution, and additionally serves as a repository
of knowledge that can act as a catalyst for policy interventions in obtaining clean air.

This report is interdisciplinary in nature and brings together an unprecedented number
of experts including academic researchers in air pollution, climate related services
provider and ICIMOD engaged in related work. The valuable contributions of these
individuals and organizations have been integral to the development of this report, and I
extend my sincere gratitude to all those who have contributed to this endeavor.

Finally, I urge all actors, including government agencies, private sector, industrial
partners, developmental projects, business community and civil society to take urgent
action to halt air pollution and restore clean air. Also, we welcome your feedback on this
report and also encourage you to reach out our website www.pollution.gov.np for the

report.
Sailesh Kumar Jha
Deputy Director General
31 May, 2024
Office Address: Tel. No. Fax No.: Email: Website:

Babarmahal, Kathmandu 01-4221797/4220837 01-4221557 info@doenv.gov.np www.pollution.gov.np
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EXECUTIVE SUMMARY

In this report “Status of Air Quality in Nepal: Annual Report 2023”, data of PM,s5, PMi, and
TSP were analyzed for ten different air quality monitoring stations (AQMS) of Nepal from January
1, 2023, to December 31, 2023. These ten stations represent four out of the seven provinces of
Nepal namely Koshi, Bagmati, Karnali, and Sudurpaschim. The CSV-formatted data were
downloaded from central server located at the National Information Technology Centre (NITC),
Singha Durbar, Kathmandu using Python, and the dataset was further analyzed using a
combination of basic R programming techniques and specialized R packages such as openair and
ggplot2. Hourly averages were computed from the minute-level data, ensuring a data availability
threshold of 80% for each hour. This criterion meant that at least 80% of the data within an hour
needed to be present to contribute to the hourly average calculation. Subsequently, daily averages
were derived from these hourly averages, maintaining the same 80% data availability threshold.
Similarly, the monthly averages were calculated from daily average data, but for only those months
with data availability equal to or greater than 50%. The seasonal average is the mean of daily
average data of that season. However, the seasonal average is calculated for only those seasons where
monthly averages are available for at least 50% months in that season. HYSPLIT, Google Earth
Engine, QGIS were used for satellite data analysis. Aerosol Optical Depth (AOD), CO and NO,

analyses were conducted using these satellite data.

The Dhankuta AQMS, representing the Koshi Province has 222 days of valid measurement, with
mean of daily average concentrations of PMas, PMio, and TSP at 32.7 pg m?, 39.9 pg m~, and
71.3 pg m, respectively. Among the eight months with data availability (excluding September to
December), February emerged as the most polluted month for both PMzsand PMyo. Similarly, the
winter season recorded the highest seasonal average for these parameters. Additionally, 86 days
exceeded the National Ambient Air Quality Standards (NAAQS) for PM.s, just 1 day exceeded
that standard for TSP, and no days exceeded standard for PMj,.

This report analyzes data from six AQMS of Bagmati Province namely-Bhaisepati, Hetauda,
Khumaltar, Pulchwok, Ratnapark, Shankhapark, and TU Kirtipur. The Bhaisepati AQMS has
317 days of valid measurement, with the mean of daily average of PM,s, PMio, and TSP were
calculated to be 38.9 pg m?, 69.9 pg m™ and 173.5 pg m? respectively. Out of 11 months (except
March) with data, April was found to be the most polluted month for PMasand PM,o and the pre-
monsoon season has the highest seasonal average for these parameters. Similarly, 130 days exceeded

the NAAQS for PM, s while no of days exceeding that standard for PM,o, and TSP was 61 and 91

respectively.

The Hetauda AQMS has 321 days of valid measurement where the mean of daily average of PM, s,
PMio, and TSP were calculated to be 21.6 pg m?, 32.4 pg m, and 65.6 pg m™ respectively. Out
of the 11 months with data (excluding May), December was determined to be the most polluted

month for PM; 5 and June for PM;o and TSP. Similarly, the winter season was the most polluted
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season for PMys and PMo. The number of days exceeding the NAAQS was found to be 33, 1, and
16 for PMas, PMo, and TSP, respectively.

The Khumaltar AQMS has 355 days of valid measurement with the mean daily average of PM;s
and PM;o was found to be 46.0 pg m? and, 88.3 pug m? respectively. April was the most polluted
month and the winter season was the most polluted season for analyzed parameters. In comparison

to NAAQS, 115 days for PMyp and 189 days for PM, 5 have exceeded the guideline value.

The Pulchowk AQMS has 179 days of valid measurement where the mean of daily average of
PMas, PMo, and TSP were calculated to be 23.1 pg m?, 28.1 pg m?, and 39.5 pg m?, respectively.
For this station, monthly averages were determined for just six months, and seasonal averages were
calculated for only two seasons (monsoon and post-monsoon). Out of these two seasons, the post-

monsoon season was the most polluted for analyzed parameters. The number of days exceeding
the NAAQS was found to be 32 days for PM, 5 while none of days exceeded the NAAQS for PM,
and TSP.

The Ratnapark AQMS has 325 days of valid measurement where the mean daily average of PM, s,
PMio, and TSP were calculated to be 39.2 pg m?, 52.6 pg m, and 66.4 pg m™ respectively. Out
of 12 months, April was found to be the most polluted month for analyzed parameters and similar

a similar condition was observed during the pre-monsoon season. The number of days exceeding

the NAAQS was found to be 128 for PM, 5, 39 for PMo, and 1 for TSP.

The Shankhapark AQMS has 283 days of valid measurement, with the mean daily average of
PMas, PMio, and TSP were calculated to be 50.3 pg m?, 78.7 pg m?, and 163.6 pg m?,
respectively. For this station, monthly averages were calculated for just nine months (excluding

June, July, and September), and seasonal averages were determined for only three seasons
(excluding the monsoon). The number of days exceeding the NAAQS was found to be 184, 32
and 58 days for PMzs, PMo, and TSP, respectively.

The TU Kirtipur AQMS has 254 days of valid measurement where the mean of daily average of
PM.s, PMio, and TSP were calculated to be 37.0 pg m, 63.4 pg m?, and 112.0 pg m respectively.
For this station, monthly average of nine months (except January, February and October) was
determined. Out of the three seasons (except winter) for which seasonal averages were calculated,
the pre-monsoon season have the highest seasonal average for analyzed parameters. The number

of days exceeding the NAAQS was found to be 100, 34, and 21 days for PMas, PMio, and TSP,

respectively.

This report analyzes data from only one station of Karnali Province- Rara AQMS. The Rara
AQMS has 327 days of valid measurement, with the mean daily average of PMas, PMo, and TSP
found to be 10.5 pg m?, 14.5 pg m?, and 23.7 pg m™ respectively. Out of 12 months, April was
found to be the most polluted month for analyzed parameters and pre-monsoon season was the

most polluted season for analyzed parameters. The number of days exceeding the NAAQS was
found to be 3 days for PM.s and none of the days exceeded NAAQS for PMyo and TSP.
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This report analyzes data from only one station of Sudurpaschim Province — Mahendranagar
AQMS. This station has 203 days of valid measurement where the mean of daily average of PM, s,
PMio, and, TSP was found to be 32.2 pg m3, 44.4 pg m?, and 68.0 pg m?, respectively. Out of
seven months with valid data, December was found to be the most polluted month for analyzed
parameters. Among the two seasons (Monsoon and Post-Monsoon) for which seasonal averages

were calculated, post-monsoon season was most polluted season for these parameters. The number
of days exceeding the NAAQS was found to be 68 days for PM, 5 and none of the days exceeded
NAAQS fOI‘ PM]() and TSP

The annual pollution rose diagram of most of the stations shows the high level of PM, s seems to
be associated with wind from the southwest direction. Highly polluted months for various stations
also seem to be linked with south westerly wind and monsoon months have major wind from the
castern sides. The HYSPLIT model analysis indicates that in Kathmandu Valley, during months
of high PM pollution (January and April), wind direction seems to be primarily originated from
the west or south direction. Satellite images and satellite based products show spatial extent of
urban and regional pollution. From various satellite products, the high level of air pollution in
March and April can be linked to the fire events. The high level of NO, is a good indicator of high
economic activities. The annual mean tropospheric NO, level was high in some places where
economic activities are relatively higher. The assessment of AOD from Aqua and Terra MODIS
satellites indicates a higher concentration of PM,s in the Terai region, notably in the central and
eastern parts. AOD data also reveal regional levels of air pollution and allow us to assess pollution
trends. Noticeable decreases in annual average AOD were observed in the Lumbini and
Sudurpaschim Province between 2021 to 2023 while there was a visible increase in average AOD

in the eastern part of the country between 2022 to 2023.

Air pollution arises from a multitude of sources, local to regional influences. Pollutants can travel
extensively from their origins, impacting areas far from where they originated. These sources
encompass a range of activities, including construction, industrial processes, forest fires, biomass
burning, among others. Despite various efforts to address pollution, the compliance level for PM, 5

remained poor in 2023.
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CHAPTER 1: INTRODUCTION
1.1 BACKGROUND

The constitution of Nepal has ensured rights to live in clean and healthy environment as the
fundamental right of every citizen. To implement this basic right, Government of Nepal has
legislated Environment Protection Act (EPA) in 2019 and Environment Protection Regulation
(EPR) in 2020, which focus on development that balance environment. National Environment
Policy 2019 and 15™ Periodic development plan (2019-2023) also highlight urgent need to
reduction pollution from various sectors. Additionally, Government of Nepal has endorsed
National Ambient Air Quality Standards (NAAQS), 2012 to ensure better air for all. Department
of Environment (DoEnv) under Ministry of Forests and Environment is a leading government
agency to monitor the status of air quality based on NAAQS 2012 in Nepal.

Air pollution locally is a global problem as it knows no physical boundaries. According to World
Health Organization (WHO), seven million people die prematurely every year globally due to air
pollution. PM, s is associated with a 3.7% rise in mortality per 10 pg m? rise in PMas (7 days’
geometric lag effect); CO is associated with a 0.15-0.7% rise in mortality per 10 pg m™ rise in CO
level (same day effect)(Karki et al., 2015). Particulate matter emitted after biomass burning is very
toxic to human health (Suriyawong et al., 2023). Not only does air pollution harm people's health,
but it also has an impact on their wellbeing as well as financial security (Maharjan et al., 2022).

Air quality dependent to various natural as well as anthropogenic factors (Ren & Matsumoto,
2020). Quality of ambient air is influenced by the spatial as well as temporal variance of emissions
and the dynamics of dispersion of pollutants. Hence measurement of air we breath is necessary as
the quality of air keeps on changing. Real time air quality monitoring of ambient air pollution
helps to assess concentration of pollutants on the basis of available standards and guidelines. Air
quality measurement it the keystone of air quality management. By 2022, Department of
Environment under Ministry of Forests and Environment has established 27 real time air quality
monitoring stations (AQMS) throughout seven Provinces of Nepal.
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Figure 1: Establishment of real time AQMS with years
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The progressive increase in these AQMS since its first establishment is shown in Figure 1. The
installed AQMS represents air quality of both urban as well as pastoral environments. All 27
stations (Figure 2) measure PM;, PM,s, PMj and TSP. AQMS at Ratnapark, Dhulikhel, and
Lumbini measure CO, SO,, NOx, and O3, and AQMS at Sauraha and Pulchowk measure O3 in

addition to particulate matter.
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Legend
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IAnalysis
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D Provinces of Nepal

Districts

Figure 2: Distribution of AQMS in Nepal
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Figure 3: Provincial distribution of AQMS

In this report- “Status of Air Quality in Nepal; Annual Report 2023”, air quality data from only
10 AQMS (Table 1) were analyzed. Data from the remaining AQMS were excluded due to limited
data availability.
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Table 1: List of AQMS considered in this study for the analysis of particulate matter

S | Name of Air Quality Monitoring Province
N [ Station Name

1 Dhankuta Koshi

2 | Bhaisepati Bagmati
3 | Hetauda Bagmati
4 | Khumaltar Bagmati
5 | Pulchowk Bagmati
6 | Ratnapark Bagmati
7 | Shankapark Bagmati
8 Tribhuvan University, Kritipur Bagmati
9 | Rara Karnali
10 | Mahendranagar Sudurpaschim

1.2 OBJECTIVES

The overall objective of this report is to present the air quality status based on the data collected
from the 10 AQMS distributed throughout the country for the year 2023.

The specific objectives are:

1 To analyze PM.s, PMioand the Total Suspended Particulate (TSP) data generated from
the stations listed on table 1.

1 To analyze the compliance status of PM,s, PMjoand TSP that are generated from the
stations listed on table 1.

1 To assess the regional air quality over Nepal using models and satellite data.
1.3 ANALYZED AIR QUALITY PARAMETERS

The following parameters were analyzed in this report.

1 PM.s: Includes particulate matter with an acrodynamic diameter less than or equal to 2.5
pm and is important in terms of health impacts.

1 PMio: Includes particulate matter with an aerodynamic diameter less than or equal to 10
pm.

1 TSP: Includes all solid and liquid droplet particulate present in the air.

1.4 COMMITTEE FOR GIVING DIRECTION AND GUIDANCE

A committee was formed that made several decisions and provide directions and guidance for data
analysis and report preparation (Annex 1). Similarly, experts representing different institutions

were also invited to contribute and provide feedback on the report prepared (Annex 2).
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1.4.1 DATA AVERAGING

Daily data is calculated by averaging the minute data, which is done only when the availability of
minute data is equal to or more than 80%. Similarly, monthly average is calculated from daily
average only for those months where daily data availability is equal to or more than 50%. The
seasonal average was calculated from the daily average only if the monthly average of at least two
months of that season was available for winter, pre-monsoon, and monsoon seasons which were at

least one month for the post-monsoon season.

The following months are considered for different seasons for season-
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