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

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

An interdisciplinary study toward clean air, public health, and sustainable agriculture: case of crop residue burning in north-western India
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Aakash (CUPI-G) measurement networks in 2022 & 2023
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Daily-mean PM, 5 variations in Punjab, Haryana and Delhi
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AODs by Pradeep Khatri

(WG2) Uniqueness of Aakash/CUPI-G measurments

Event 1 : high fire counts

Event 2 : low fire counts

Singh et al., 2023

Sensor:MOD, Day:11-08-2022
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2022-11-02 2022-11-03

VIRS fire Count

Very strong winds brings the PM, s Elevation of PM, 5 occurs in Delhi
from the Punjab region to Delhi region region when the winds slows down
Rainfall brings respite from PM, s PM, s builds up just in 2 days after the
to Haryana and Delhi region briefly rain as Crop Residue Burning returns
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PM, s Levels Amidst Policy Interventions in Delhi-NCR
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Mangaraj et al., in revision
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(WG1a) Regional differences in terms of burning households by paddy variaties in Kharif season (%)
P PR127 R-122
i \
From questionnaire surveys and field surveys
(4 villages
Malwa region is; in Malwa)
» Less landholdings—=> higher yield varieties
- longer growing duration-> less time after
harvest?
» Need to observe on machinery

availability and skilled labour availability

among different socio-cultural groups based

on castes

64.3% burned (Oth?r
( ° ) 47 villages)
j}Study villages -
Source: 315 village-level questionnaire survey in 2022 Source: 2200HH questionnaire survey in 202
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
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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 ug m-3 of PM, s concentration increase
Amort,"g = (RR,"‘ - 1)/RR,',3 X D,',t
where, i is grid index, t is time, Amort; is daily premature mortality counts at, Dy is daily average number of deaths,
RR;: is the relative risk of mortality associated with exposure to daily PM, s
i - o )
RR for every 10 ug m-3 of concentration increase based on 10 cities of India Percent change (95 C1%)
Main model: 27 106 days-| - 1-42 (0-67-2-19)
<250 pg/m?®: 27 002 days | —_—— 143 (0-82-2-05)
<125 pg/m’: 25 631 days — 1.54 (114-1-94)
<100 pg/m?*: 24 163 days —_— 173 (1-18-2-28)
<75 pg/m®: 22 000 days - —_— 2.23(1:51-2-96)
<60 pg/m’ (NAAQS-24h): 19 568 days — o 2-65 (1-68-3-63)
I I 1
0 1 2 3
Biswal, Joshi et al., in prep. Percent change (95 Cl1%) de Bont et al. (2024)
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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 PM, 5 is found to be twice greater in the emission regions of
Punjab (~400 pg m3) compared to those over Delhi (~200 pg m3) 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 PM, 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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