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Foreword

It is my privilege to present the Status of Air Quality in Nepal: Annual Report 2024, a
comprehensive analysis of air quality data collected from sixteen real-time monitoring
stations across six provinces of Nepal between January 1 and December 31, 2024. This
report reflects our unwavering commitment to understanding and improving the air we
breathe, providing data-driven insights for effective air quality management.

The Department of Environment (DoEnv) consistently promotes a sustainable and healthy
environment. This report marks a significant step forward in our efforts, and we aim to
expand our analysis in future editions by incorporating data from all monitoring stations,
further enhancing the monitoring of air quality at the national level.

The State of Global Air 2024 stated air pollution was the second-leading risk factor for
public health in 2021. Additionally, the World Economic Forum’s Global Risks Report 2025
ranks pollution as the sixth and tenth most pressing global risk in the short term (2 years)
and long term (10 years), respectively. These findings underscore the persistent threat that
air pollution poses to human health and ecosystems, reinforcing the urgent need for
reliable data and evidence-based policymaking. This report serves as a vital resource for
policymakers, stakeholders, and communities, empowering them to take informed actions
toward effective air quality management and improved public well-being.

[ extend my deepest gratitude to Rajendra Prasad Mishra (PhD.), Secretary of the Ministry
of Forests and Environment, for his leadership and support. My sincere appreciation goes
to the Air Quality Data Analysis Committee for their invaluable feedback throughout the
report preparation journey, as well as to the ICIMOD team and experts from other
institutions for their constructive insights. My special thanks to the DoEnv report
preparation team for their dedication and tireless effort, along with all technical and non-
technical staff who contributed to the development, editing, and design of the report.

Together, we can build a cleaner, healthier and more sustainable future. The Department of
Environment welcomes your feedback to improve this report and our collective efforts

toward a pollution-free environment. %

Gyanraj Subedi
Director General
June, 2025

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

Status of Air Quality in Nepal Annual Report, 2024 i



Department of Environment

Government of Nepal

Date:

Air pollution remains one of the most pressing environmental and public health challenges
in Nepal. Many areas, particularly urban centers, continue to experience air pollution levels
that exceed the national ambient air quality standards. Seasonal haze, vehicular emissions,
industrial activities, open burning, and transboundary pollution are persistent contributors
to this problem. These issues directly impact the health and well-being of our citizens,
especially vulnerable groups such as children, the elderly, and those with pre-existing
health conditions.

To better understand the status of air quality, the Department of Environment has been
publishing annual air quality reports. It is my privilege to present the Status of Air Quality
in Nepal: Annual Report 2024, which provides a detailed analysis of air quality trends
based on real-time data collected from 16 monitoring stations across six provinces. This
report reflects our ongoing commitment to assessing and addressing the growing challenge
of air pollution in Nepal.

The findings once again highlight the urgent need for coordinated action between different
organizations and stakeholders. While significant challenges remain, we are encouraged by
the expansion of our air quality monitoring network and the increasing awareness among
policymakers and the public. However, progress must be reinforced with stronger
enforcement mechanisms, effective local-level implementation, and multi-sectoral
collaboration to achieve lasting improvements.

I would like to take this opportunity to express my sincere appreciation to the dedicated
data analysts, technical experts, and partner institutions who contributed to the
preparation of this report. Their expertise, hard work, and dedication were essential in
producing accurate data and generating practical insights.

This report helps to serve as both a scientific benchmark and a guiding tool for policy
development. I call upon all sectors of society including government, industry, academia,
and the public to unite in our shared responsibility to improve air quality and safeguard
public health.

Let us advance with strengthened commitment toward achieving improved air quality,
enhanced public health outcomes, and long-term environmental sustainability in Nepal.

Shailesh Kumar Jha
Deputy Director General
June, 2025

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

The “Status of Air Quality in Nepal: Annual Report 2024” presents a comprehensive analysis of
key air pollutants monitored across the country during the period January 1 to December 31,
2024. The report focuses on particulate matter PMas, PM,, and Total Suspended Particulates
(TSP) analyzed from sixteen air quality monitoring stations (AQMS), along with ozone (O3) data
from two stations. This assessment provides critical insights into spatial and temporal pollution
trends, supporting evidence-based air quality management and policy planning. These sixteen
stations represent six of the seven provinces of Nepal namely Koshi, Madhesh, Bagamati, Karnali,
Lumbini and Sudurpashchim. The CSV-formatted data stored at central server located at the
National Information Technology Centre (NITC), were downloaded from pollution.gov.np using
Python, and the dataset was further analyzed using a combination of base R and other 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 is such that at least
80% of the data within an hour is needed to be included to contribute to the hourly average
calculation. Subsequently, daily averages were derived from these hourly averages, maintaining the
same at least 80% data availability threshold. Similarly, the monthly averages were calculated from
daily average data, but for only those months with daily 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 only for those seasons where monthly averages are available for at least 50%
months in that season. For satellite-based analysis, tools such as Hybrid Single-Particle Lagrangian
Integrated Trajectory (HYSPLIT), Google Earth Engine (GEE), and Quantum Geographic
Information System (QGIS) were employed to examine Aerosol Optical Depth (AOD), carbon
monoxide (CO), and nitrogen dioxide (NO,) levels.

The summary of analysis of data from 16 real time AQMS can be summarized in the table below:
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Compliance Status '7’-5\ Monthly Average (pg m) Seasonal Average (pg m™)
v g g
A :
g g g
z Z x bt s ioh. . Lowest ioh . .
Z § = 5 Total days of Total days 5 Available Highest concentration concentration Availabl Highest concentration Lowest concentration
g é ‘E valid exceeding g months € seasons
A~ Z measurement NAAQS & (Nos.) (Nos.)
B
5‘ Month Value Month Value Season Value | Season Value
PMas 234 68 27.3 8 March 54.4 August 7 3 Pre-monsoon 43.1 | Monsoon 10.3
1 Dhankuta PMio 234 0 37.8 8 April 81.2 August 8.2 3 Pre-monsoon 129.9 | Monsoon 15.8
- INY 233 45 65.1 8 April 198.3 August 9.5 3 Pre-monsoon 129.9 | Monsoon 15.8
8
M PMas 139 1 11.3 4 December 19 July 3.6 2 Post-monsoon 16.1 | Monsoon 5.1
2 Ilam PMio 98 0 17.1 3 October 23.1 Sep‘:mb 9.1 1 Post-monsoon 21
TSP 139 0 19.2 4 October 29.7 July 8.8 2 Post-monsoon 27.9 | Monsoon 12.4
PMas 81 44 58.9 3 December 102.5 Septemb 19.2 1 Post-monsoon 49.9
< er
3 % Janakpur PMuo 81 15 69 3 December 127 Sep:r:mb 19.6 1 Post-monsoon 52.4
>
TSP 81 24 78.7 3 December 151.2 Sep:mb 19.8 1 Post-monsoon 53.5
PMazs 117 91 73.2 3 May 123.6 June 41.8 1 Winter 57.7
4 Bhaisipati PMuo 117 59 121 3 May 178.4 June 70.1 1 Winter 96.9
- TSP 113 96 222.8 3 May 288.8 June 157 1 Winter 172.1
=
g PMas 231 169 49.6 8 April 63.7 October 36.4 2 Pre-monsoon 54 | Post-monsoon 43.4
5 r%b Bhaktapur
PMig 231 6 69.4 8 April 97.7 October 51.5 2 Pre-monsoon 79.2 | Post-monsoon 56.8
PMzs 256 92 35.5 9 April 92.9 August 10.1 3 Pre-monsoon 59.4 | Monsoon 14.6
6 Bharatpur
PMio 256 25 73.5 8 May 121.3 July 17.8 2 Post-monsoon 60.4 | Monsoon 27.6
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Compliance Status '7’-5\ Monthly Average (pg m™) Seasonal Average (pg m™)
N £
g § 4 §
Z ZU Sn: é = . Highest concentration Lowest . Highest concentration Lowest concentration
17 2 S g Total days of Total days g Available 8 concentration Availabl 5
E é S valid exceeding g months e seasons
~ Z measurement NAAQS & (Nos.) (Nos.)
g Month Value Month Value Season Value | Season Value
INY 242 73 107.5 8 May 209 July 39.8 2 Post-monsoon 94.2 | Monsoon 61.5
PMas 171 15 15 5 April 41.3 October 5.1 2 Pre-monsoon 26.9 | Post-monsoon 6.8
7 Hetauda PMio 171 1 24.9 5 April 77.5 October 5.5 2 Pre-monsoon 51.1 | Post-monsoon 7.2
TSP 170 34 50.1 5 April 170.9 October 6.9 2 Pre-monsoon 110.7 | Post-monsoon 9.1
PM.s 351 194 43.5 12 April 78.6 August 9.8 4 Pre-monsoon 63 | Monsoon 16.2
8 Khumaltar PMio 351 71 79.5 12 April 191 August 15 4 Pre-monsoon 135.8 | Monsoon 27.6
Os (ppb)* 328 29.2 11 April 52.3 July 15.3 4 Pre-monsoon 43.2 | Winter 222
9 Pulchowk O3 (ppb)* 269 18.3 9 Mar-24 25.1 Dec-23 9.6 3 Pre-monsoon 23.1 | Winter 13.6
PMas 268 179 59.2 9 January 85 June 14.5 3 Winter 85 | Post-monsoon 45.1
10 Ratnapark PMig 269 119 99.5 9 April 161.2 June 15.2 3 Winter 122.4 | Post-monsoon 76.8
TSp 137 1 104.3 4 December 177.7 June 16 1 Post-monsoon 137.2
PMas 296 134 39.4 10 April 75.3 August ‘127 4 Winter 56.8 | Monsoon 19.7
11 Shankhapark PMuy 296 65 85 10 April 249.9 August 20.5 4 Pre-monsoon 149.6 | Monsoon 38.2
TSP 295 119 210.8 10 April 674.8 N°‘§mb 43.6 4 Pre-monsoon 393 | Post-monsoon 79.2
PMazs 133 112 53.4 4 April 66.3 March 50.2 2 Pre-monsoon 55.8 | Winter 55.1
12 TU Kirtipur PMig 133 26 89.6 4 April 137.7 March 77.1 2 Pre-monsoon 103.5 | Winter 80.8
TSp 133 27 168.8 4 April 297.8 March 132.2 2 Pre-monsoon 210.3 | Winter 132.7
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Compliance Status '7’-5\ Monthly Average (pg m) Seasonal Average (pg m™)
) g g
5|3 :
Z % 1z 5 s Hich . Lowest Hieh . L .
Z 8 & E Total days of Total days ] Available ighest concentration concentration Availabl ighest concentration owest concentration
3 é S valid exceeding g months e seasons
A~ Z measurement NAAQS & (Nos.) (Nos.)
2
5“ Month Value Month Value Season Value | Season Value
. PMas 125 42 33.1 4 December 70 August 10.5 2 Post-monsoon 46 | Monsoon 12
;§ Deukhuri
13 g Dang PMuo 125 0 45.6 4 December 89.9 August 15.3 2 Post-monsoon 66.8 | Monsoon 17.7
st
TSP 125 0 60.8 4 December 115.1 August 22.1 2 Post-monsoon 88.5 | Monsoon 25
PMzs 257 31 19.8 8 April 50.1 October 8.7 3 Pre-monsoon 33.1 | Post-monsoon 8.7
=
14 5 Rara PMuo 257 4 26.4 8 April 65.4 October 9.6 3 Pre-monsoon 43.7 | Post-monsoon 9.9
TSP 257 0 42.3 8 April 108 October 11 3 Pre-monsoon 70.8 | Post-monsoon 11.6
PMzs 112 8 14.5 4 October 29.2 Sep:mb 7 2 Post-monsoon 29.7 | Monsoon 7.8
15 g Achham PMuo 112 0 19.5 4 October 38.4 Sep:mb 9.5 2 Post-monsoon 38.7 | Monsoon 11.5
=
'5 TSP 112 0 29.6 4 October 54.4 August 14 2 Post-monsoon 59.4 | Monsoon 17.3
&
-§ PMzs 190 73 36.8 7 January 81.2 August 5.2 3 Winter 63.1 | Monsoon 9.7
v
16 Mahendranagar PMyy 190 2 51 7 January 92.3 August 6.2 3 Winter 78 | Monsoon 18.7
INY 190 0 86.4 7 January 112.1 August 9.4 3 Pre-monsoon 107.4 | Monsoon 41.8
* In case of O3 the values are in Parts per billion (ppb)
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The HYSPLIT model of five days’ backward trajectory analysis showed the wind pattern of
Kathmandu Valley for January, February, March, April, November and December showing
dominant mass arriving from south and western direction during all months. But during March
and November the share of wind blowing from eastern direction was little bit higher compared to
other months. The satellite imagery (Moderate Resolution Imaging Spectroradiometer (MODIS)
true-color images) and fire-monitoring tool National Aeronautics and Space Administration
(NASA) Fire Information for Resource Management System (FIRMS) (using MODIS and Visible
Infrared Imaging Radiometer Suite (VIIRS) data) help track pollution from fire events. March and
April are the months with high fire activities which directly influences quality of air. Furthermore,
satellite data were also used for tracking pollutants such as Aerosol, NO, and CO. The annual

mean tropospheric NO, level was high in some places where economic activities are relatively

higher.

Satellite-derived AOD measurements reveal significant aerosol pollution in Nepal, with higher
values indicating greater concentrations of PM,s. The Terai region-particularly eastern Terai-
emerged as a pollution hotspot, likely due to a combination of local emissions and transboundary
pollution. The model data shows annual PMa s levels increased across almost all provinces in 2024
compared to 2023, with Madhesh Province having the highest annual PM, s and Karnali Province

the lowest.

Various regional as well as local sources influence air quality. Because of various sizes and characters
of air pollutants, their life time in atmosphere vary along with their probable effects. The major
sources of air pollution in Nepal include household emissions, industrial activities, vehicular
emissions, construction activities, forest fires, and burning of agricultural residue. Air quality in
Nepal is also adversely affected by transboundary pollution and emissions from natural sources.
Maintaining clean air is one of the most pressing challenges today and can only be achieved through

collaboration and cooperation at both local and regional levels.
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CHAPTER 1: INTRODUCTION

1.1 BACKGROUND

The Constitution of Nepal ensures that every citizen has the fundamental right to live in a clean
and healthy environment. The Government of Nepal (GoN) enacted the Environment Protection
Act (EPA) in 2019 and the Environment Protection Regulation (EPR) in 2020, both emphasize
environmentally balanced development. The National Environment Policy 2019 and the 16™
Periodic Development Plan (2024/25) (NPC, 2024) also highlighted the need to reduce pollution
across various sectors. Furthermore, the GoN has adopted the National Ambient Air Quality
Standards (NAAQS) in 2012 to ensure cleaner air for all. The Department of Environment
(DoEnv), under the Ministry of Forests and Environment (MoFE), is the primary government

regulatory agency for environmental factors including air quality in Nepal.

Air pollution is a key global threat that transcends physical borders (UNEP, 2024). In 2021, it
was responsible for 8.1 million deaths, with over one in eight deaths attributed to air pollution. It
was the second leading risk factor for death among children under the age of five in 2021 (HEI,
2024). About 92% of the population residing in Asia and the Pacific regions are under serious
health risk due to air pollution (UNEP, 2019). Epidemiological studies in Asia and the Pacific
provide sufficient evidence that exposures to PM,s and ground-level ozone (O;) are the most

damaging to health and contribute significantly to the attributable health burdens (UNEP, 2019).
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