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RIHN Aakash Project Leader:  Prabir K. PATRA* (2023-2024), S. HAYASHIDA (2019-2022)

Effect of Modern Agriculture Practices on Air Pollution in north-west India 

Council on Energy, Environment and Water (CEEW), Vasant Kunj Institutional Area, New Delhi,  03 October 2024

An interdisciplinary study toward clean air, public health, and sustainable agriculture: case of crop residue burning in north-western India

…acknowledging contributions from all the project members, in Japan, India and several other countries

2023 ended on a high pollution note, finds CSE 
analysis of winter air pollution levels in Delhi-NCR
www.downtoearth.org.in ; By Nandita Banerji
Published: Thursday 04 January 2024

2023 in a blink: DTE revealed the true extent 
of air pollution on India’s children this year

By DTE Staff Published: Thursday 28 Dec 2023 

Kharif Rice Paddy Stubble Crop Residue Burning (CRB) Human Health & Sustainability
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Epidemiology 
and Public Health

疫学と公衆衛⽣

(bottom-up) Structure and goals of Aakash Project

Clean air
清浄な空気

Health
健康

Behavioural changes among 
community, stakeholders and 

government policy
社会・ステークホ―ルダー
⾏政機関の⾏動変容

WG1

WG2 WG3
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WG1a: Field survey on cultural 
and socio-economic background 
of rural Punjab
農村社会の⽂化的・社会経済的背景
の把握

Atmospheric Science 
and Remote Sensing
モデルとリモートセンシング

Sustainable agriculture
持続可能な農業

WG1b: Crop diversification, 
soil conservation & GHGs
作物の多様化・⼟壌の保全. GHGs

Revised from:
S. Hayashida

JAXA/NASA/ESA

Large scale crop production in Punjab, Sep 2023

Field surveys

https://economictimes.indiatimes.com
gas/paddy-stubble
haryana/articleshow

WG1c: Ex-situ management
of rice straw & husk
稲わらのバイオエネルギー利
⽤など

Turmeric / Papaya
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https://www.downtoearth.org.in/author/dte-staff-2391
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Aakash (CUPI-G) measurement networks in 2022 & 2023

Existing Indian 
measurement networks

SAFAR-India 
(http://safar.tropmet.res.in)

Central Pollution Control 
Board: CPCB (India)

US Embassy (BAM*), JP 
Embassy…

Tanbir Singh et al., Sci. Rep, 2023
(updated for 2023 CRB campaign)

https://aakash-rihn.org

b) Sep-Nov 2023

CUPI-G: Compact and Useful PM2.5 Instrument with Gas sensors

b)

Nakayama et al., 2018
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Daily-mean PM2.5 variations in Punjab, Haryana and Delhi 

|                   Sept           |                 Oct             |               Nov             | 
2022 Singh et al., Sci. Rep., 2023; RIHN Press release

|                   Sept           |                 Oct               |               Nov              | 
2023

Measurements of 
September are 
homogeneous 
over the region – 
all sites showing 
similar PM2.5 
values. 

A check for the 
the CUPI-Gs 
stability !

After mid-
October, large 
variations over 
the source region 
is observed

Toward the end 
of November, 
regional sites 
show consistent 
behaviour

 

Delayed burning 
in 2023 ?? 

Or meteorology
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(WG2) Uniqueness of Aakash/CUPI-G measurments
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Event 1 : high fire counts                        Event 2 : low fire counts 

Singh et al., 2023AODs by Pradeep Khatri

October 2nd, 2023;  Research News; https://www.chikyu.ac.jp/rihn_e/news/detail/405/

Have looked at the UVAI data – if there are still data gaps during the clouds 5
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Rainfall brings respite from PM2.5

to Haryana and Delhi region briefly
PM2.5 builds up just in 2 days after the 
rain as Crop Residue Burning returns

Very strong winds brings the PM2.5

from the Punjab region to Delhi region
Elevation of PM2.5 occurs in Delhi 
region when the winds slows down
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Punjab

Haryana

Delhi

Rural vs Urban PM2.5 during 
the CRB season (Oct-Nov)

WHO safe limit for PM2.5 is 5-15 µg m-3
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PM2.5 Levels Amidst Policy Interventions in Delhi-NCR

Drop in PM2.5 emissions attributable to à GRAP restrictions

Kurinjit comment: Don’t say GRAP is working, but GRAP keeps some control on the PM2.5 but the details of action related benefits are unknown
Rafi: Can some regression analysis be done with PM2.5 with the GRAP period and non-GRAP period for separation of the effect or to understand the 
effect of meteorology on air pollution accumulation  etc. 

Mangaraj et al., in revision
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(WG1a) Regional differences in terms of burning

(other 
47 villages)

PUSA-44
(91 %)

PUSA-44
(40 %)

PR-121
(29%)

PR-126

PR-114

PR-127

PR-127 PR-122

PR-122

PR-212

households by paddy varieties in Kharif season (%)

(4 villages 
in Malwa)

Source: 2200HH questionnaire survey in 2020

Malwa region is;
Less landholdings→ higher yield varieties
→ longer growing duration→ less time after 
harvest?

From questionnaire surveys and field surveys

Need to observe on machinery 
availability and skilled labour availability 
among different socio-cultural groups based 
on castes

(%)
Doaba

Majha

Malwa

Sutlej

Beas

(28.6% burned)
(50.8% burned)

(64.3% burned)

Source: 315 village-level questionnaire survey in 2022
Study villages

Bea
s

Rice is not the traditional crop of Punjab - constraint to only some districts of north west region of state and predominantly rainfed. During 1960-61, the total area of Punjab under 
paddy was 0.23 million hectares. The total production in the former year was 0.34 million tons with the average yield of 15 quintals per hectare. 

Adoption of semi dwarf high yielding paddy varieties along with production technologies have made Punjab 'The Rice Bowl of India'. During 2012-13 the area of Punjab covered by 
the paddy had reached to 2.8 million hectares and productivity of 60 quintals per hectare. 

As the water table of Punjab is falling by up to 3 feet per year, the production of Rice is being more challenging and drastic in the state. More than 95 percent of the cultivated area 
of the state is irrigated of which most of the irrigation is done with tubewells, pumping more than 56 billion litres of water every year for rice production. 

Consumption of rice is as minimum as 0.2 kg per capita per month in the state of Punjab (Jaspreet Singh, Head Grower at GoodLeaf Farms)
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Sugihara, Patra, work in progress

Which 
cultivars

40-70% decrease of fires 
in 2022-23 w.r.t. 2025-16

Rafi said the use of Combine Harvestor began in 1980s; PKP: let’s collect the number of machines in Punjab ? 11

Human health effects: estimating the short-term burden (mortality)

We estimate the short-term (daily) burden (mortality) using WHO log-linear risk function from de Bont et al. (2024) at a grid 
resolution of 9x9 km to identify the hotspot of burden in the rural areas and urban centres

WHO suggests a relative risk (RR) to mortality of 1.006 (1.0044-1.0086) for every 10 µg m-3 of PM2.5 concentration increase

RR for every 10 µg m-3 of concentration increase based on 10 cities of India

Δmorti,t = (RRi,t − 1)/RRi,t × Di,t

where, i is grid index, t is time, Δmortit is daily premature mortality counts at, Dit is daily average number of deaths,
RRit is the relative risk of mortality associated with exposure to daily PM2.5

de Bont et al. (2024 )Biswal, Joshi et al., in prep.
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Short-term health impact assessment during the intense CRB days  

PM2.5 concentration Short-term Burden (Mortality) 

Biswal, Joshi et al., in prep.

About air pollution in Punjab   

Shristi asked why the PM2.5 is large in the south Haryana – what is that dark area ?13

Conclusions
• Aakash Project is working with large number of researchers in India and Japan on 

Kharif crop residue burning caused by intensive rice farming in the north-western 
states of India

• Our network of measurements are providing critical information on emissions of 
air pollution from the kharif crop residue burning, and their transport to the 
megacity Delhi

• Concentration of PM2.5 is found to be twice greater in the emission regions of 
Punjab (~400 µg m-3) compared to those over Delhi (~200 µg m-3) during Oct-Nov 
period

• The results of controlling crop residue burning is clear in the states of Punjab (and 
Haryana) – reduction is fire counts, reduction in PUSA-44 variety – but the history 
of CRB evolution is not fully explained   

• Estimated mortality rate due to PM2.5 air pollution reveals large increase in the 
rural districts of Punjab which were not evident earlier because of missing 
observations in the region 
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