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Abstract 

In Punjab’s paddy-wheat crop rotation, one of the most serious environmental problems is crop residue 

burning. This research analyses the spatio-temporal patterns of burning in Punjab over a period of 20 years 

from 2004-2024 based on MODIS (Terra/Aqua) and VIIRS (S-NPP) satellite images. The study points to 

the seasonal differences, with the burning of paddy residues in Kharif (October-November) and wheat 

residue burning in Rabi (April-May). On an average basis throughout the study period, Kharif fire events 

were 3 to 4 times greater than residue burning in Rabi season. Persistent hotspot districts such as Sangrur, 

Barnala, Ludhiana, Bathinda, and Moga repeatedly exhibited the highest fire densities. A gradual decline 

in fire incidents observed in 2024, across both seasons, suggests the emerging impact of crop residue 

management initiatives. The decadal spatio-temporal pattern that has been observed allows for the 

development of robust empirical foundations for the implementation of region-specific strategies that are 

based on evidence to reduce residue burning, at the same time, maintain agricultural productivity. 

 

Keywords: crop rotation, crop residue burning, MODIS, VIIRS, Rabi, Kharif, spatial analysis, temporal 
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Introduction 

‘Punjab, often regarded as the "Granary of India” has played the key role in food security for India since 

the 1960s Green Revolution’ (Singh, 2023). ‘The introduction of high-yielding crop varieties, 

mechanisation, and extensive irrigation infrastructure made Punjab agriculture one of the most productive 

systems in India’ (Singh, 2023). On the contrary, this success came with the environmental issues. ‘Paddy-

wheat cropping system has caused groundwater depletion, declining soil fertility, and the burning of crop 

residues are the persistent problem’ (Bahga, A. 2021). 

‘The stubble left by the mechanised harvesting in the paddy fields is huge, which the farmers burn to have 

the land ready in a very short time for the next sowing season. The practice, which is so deeply rooted that 

it has lasted for decades, causing considerable air pollution, destroying soil quality, and has a bad effect 

on human health’ (Yin et al., 2020). Despite numerous initiatives in legislation and technology, the burning 

of residues is still prevalent due to economic and technical barriers. This paper aims to analyse the spatio 

temporal patterns of burning of residues in Punjab and to provide an evaluation of burning, as well as to 

point out the trends over the last two decades. 

Several studies have used satellite-based monitoring to assess residue-burning regions in the Indo-

Gangetic Plains. However, most analyses are short-term, lack district-scale comparisons, or do not 

separate seasonal patterns in detail. There remains a need for a comprehensive long-term assessment that 
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identifies where and when burning occurs and how these patterns have evolved in response to changes in 

cropping practices, machinery use, and policy interventions. 

This research examines the active fire detections in Punjab for 3 decadal years (2004, 2014 and 2024) 

using MODIS (Terra & Aqua) and VIIRS (S-NPP) satellite datasets from FIRMS. The research 

particularly looks at spatial hotspots and differences in the seasons of the Rabi (April-May) and Kharif 

(October-November) burning of residues. The findings presents a scientific basis for developing evidence-

driven, region-specific interventions aimed at reducing crop residue burning in Punjab without 

compromising agricultural productivity. 

 

Study Area 

Punjab is situated in the north-western section of India, bordered by Haryana, Himachal Pradesh, Jammu 

& Kashmir, and Pakistan. It has a total area of around 50,362 square kilometers and is also part of the 

highly fertile Indo-Gangetic Plains. The agricultural economy of the state is completely dependent on the 

paddy-wheat cropping system which is further supported by irrigation and alluvial soil of the highest 

quality. Thus, Punjab still plays a major role in the procurement of food grains in India. The state 

accounted for approximately 47.29% of all wheat taken to the central pool (Kamal, 2024). The same trend 

can be noticed when looking at the rice market of the 2022-23 Kharif Marketing Season when Punjab 

accounted for almost 21.42% of the rice that the Food Corporation of India procured (Aujla, 2023). 

 

Map 1 

 
Source: ESRI online, 2020 
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According to the Statistical Abstract of Punjab (2023), the wheat production in India was approximately 

107.74 million tonnes in 2021-22, of which Punjab contributed 14.86 million tonnes, ranking third after 

Uttar Pradesh and Madhya Pradesh. India’s rice production was nearly 129.47 million tonnes in the same 

year, and Punjab exported 12.89 million tonnes which account for about 10% of India’s rice production. 

Punjab is among the major rice-producing states. As a consequence of this high level of paddy-wheat 

production, the total amount of paddy straw produced in the region is around 18 to 20 million tonnes per 

year, which, in turn, exerts a lot of pressure on the residue management systems of Punjab. 

 

Objectives 

The primary objectives of the study are: 

1. To analyse the spatio-temporal distribution of crop residue burning in Punjab. 

2. To identify seasonal variations in fire incidents during the Rabi and Kharif cropping periods. 

3. To derive policy-relevant insights from the observed spatio-seasonal patterns of CRB in Punjab 

 

Methodology 

This study employs remote sensing data from NASA's MODIS (Moderate Resolution Imaging 

Spectroradiometer) Terra and Aqua satellites and VIIRS (Visible Infrared Imaging Radiometer Suite) S-

NPP from the Fire Information for Resource Management System (FIRMS) datasets, which show the fire 

points across Punjab during the harvest seasons. To analyze the long-term trend of crop residue burning 

for the period 2004 to 2024, MODIS data that had a spatial resolution of 1 km and near-daily temporal 

coverage were utilized. VIIRS data, starting from the year 2012, with a finer spatial resolution of 375 m, 

were also used to detect smaller, low-intensity fires in addition to improving spatial precision in recent 

years. The integration of MODIS and VIIRS makes it possible to have consistency in the long-term 

analysis, while at the same time, enhancing the spatial detail in the later periods. 

The temporal scope of the analysis was aligned with the two primary cropping seasons in Punjab. The 

Rabi season (April-May) corresponds to wheat harvesting and residue burning, while the Kharif season 

(October-November) corresponds to paddy harvesting and associated burning activities. 

Three benchmark years - 2004, 2014, and 2024 were chosen for detailed spatial analysis to monitor the 

long-term variations in the spatial and temporal distribution of crop residue burning. The year 2004 

represents the first phase of the MODIS-based fire detection and reflects a baseline of residue burning that 

was prior to the large-scale use of combine harvesters and significant policy changes. The year 2014 was 

selected as a mid-point, indicating the period when mechanised harvesting had become the norm across 

Punjab, and the final implementation of crop residue management schemes was not yet in place. The year 

2024 has the most recent conditions resulting from the enforcement of policies, awareness campaigns, and 

the availability of residue management machines. The three benchmark years together provide a basis for 

a fair comparison of the early, transitional, and modern phases of residue burning in Punjab. 

MODIS and VIIRS datasets enabled the reliable long-term monitoring of fire incidents, which, however, 

still featured certain limitations. MODIS’s 1 km resolution may overlook smaller fires, whereas VIIRS, 

despite being higher resolution (375m), may be influenced by cloud cover, atmospheric conditions, or 

misclassifying non-agricultural fires. 
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Results and Discussion 

Cropping Pattern and Cropping Intensity in Punjab (1960–2021) 

A long-term trend of land use and cropping pattern changes in Punjab from 1960-1961 to 2020–2021 is 

shown in Table 1. Over the course of the data, the Net Area Sown figure fluctuates only slightly, remaining 

between 3,757 and 4,127 thousand hectares. Thus, as a whole, the area suitable for cultivation has been 

steadily utilized with the minimal possibility of horizontal expansion. On the other hand, the Area Sown 

More Than Once experiences an uninterrupted increase from 975 thousand hectares in the early 1960s to 

more than 3,700 thousand hectares by 2015-16 indicating the agriculture sector's growing reliance on 

multiple cropping for sustaining output. The increase in the Total Cropped Area is mainly due to this 

expansion, which is from 4,732 thousand hectares in 1960-61 to nearly 7,900 thousand hectares in the 

2000s and 2010s. 

 

Table 1 

Cropping Pattern and Cropping Intensity Trends in Punjab (1960–2021) 

Years Geographical 

Area 

Net Area 

Sown 

Area Sown 

More than 

Once 

Total 

Cropped Area 

Cropping 

Intensity (%) 

(in Thousand Hectares) 

1960-61 5038 3757 975 4732 126 

1965-66 5038 3803 1086 4889 128.6 

1970-71 5038 4053 1627 5678 140.1 

1975-76 5038 4158 2097 6255 150.4 

1980-81 5036 4191 2572 6763 161.4 

1985-86 5036 4191 2572 6763 161.4 

1990-91 5036 4218 3284 7502 177.8 

1995-96 5036 4158 3547 7705 185.3 

2000-01 5036 4250 3691 7941 186.8 

2005-06 5036 4183 3685 7868 188.2 

2010-11 5036 4158 3724 7882 189.6 

2015-16 5033 4137 3734 7872 190.2 

2020-21 5033 4127 3691 7818 189.4 

Source: Statistical Abstracts of Punjab (various issues) 
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Cropping Intensity - Calculated by the researcher 

Another indication of this intensification is the rising Cropping Intensity, which increased from 126% in 

1960–1961 to nearly 190% in 2010–11 and 2015–16. This trend is also evident in the 2005–06 data, which 

show a cropping intensity of 188.2% with a net area sown of 4,183 thousand hectares, an area sown more 

than once of 3,685 thousand hectares, and a total cropped area of 7,868 thousand hectares. Values in table 

1 show Punjab's slow transition to a very intensive cropping system, where production demands are mostly 

satisfied by the repeated use of land rather than by expanding the cultivated area. 

 

Historical and Agricultural Context 

The long-term trends in Table 1 allow an evaluation of Punjab's ongoing issue regarding crop residue 

management. The persistent rise in cropping intensity has shown a significant shift in agricultural practices 

which is the result of the Green Revolution. During that time, Punjab rapidly transformed from diverse, 

regionally adapted cropping systems to a specialised paddy-wheat rotation that was later supported by 

assured buyback and improved irrigation facilities and, thus, has now become the major cropping system 

occupying close to 80% of the state's arable land. 

Mechanisation increased at the same rate as production goals became more demanding. Combine 

harvesters, which were widely adopted, reduced the time and labour needed for harvesting, thus altering 

the nature of the crop residue. Including the laborious manual harvesting which resulted in stubble that 

could be easily collected and ploughed back inthe soil, combines produced straw that was loose and 

difficult to gather and smother in the field. The mechanical residue combined with the very short 

turnaround time of only 15-20 days, that is the period between rice harvest and wheat sowing has made it 

tough for the farmers to manage operations. 

With this system, crop residue burning became an extensive practice not because of the farmers' ignorance 

of its ecological impact, but rather because it was still the fastest, simplest, and most economically viable 

technique to clear the land under critical time pressure. Therefore, the current situation regarding residue 

burning cannot be considered separately; it is a result of historical policy decisions, technological 

innovations, and the structural dependence on a high-intensity cropping pattern which has been 

characterizing Punjab's agriculture for more than half a century. 

 

Decadal Spatio-Temporal Trends in Crop Residue Burning (2004 to 2024) 

Rabi Season (April-May) 

The decadal maps for 2004, 2014, and 2024, depict the Rabi-season fire occurrences in Punjab with a 

distinct spatio-temporal pattern. In all three reference years, May was the month with the largest number 

of fire occurrences, which is in accordance with the satellite data shown in Table 2 and is indicative of the 

period of wheat residue burning after harvesting. The spatial distribution in April 2004 (Maps 2) shows 

that the fire events were largely limited to the central and southwestern districts, namely Sangrur, Patiala, 

Barnala, and parts of Bathinda, thus creating the early core. But in May 2004 (Map 3) there is a spatial 

shift towards the north western districts, particularly Gurdaspur, Amritsar and Tarn Taran as well, along 

with the central and south western districts. 

In 2014, the April maps (Maps 4 and 5) indicate that there were only a few fires scattered here and there, 

whereas the May maps (Maps 6 and 7) show a very high density of fires, with the whole Punjab being 

covered with wheat residue burning incidences. The total number of VIIRS detections for May 2014 

(19,909 incidents) is in perfect accord with this heavy clustering. The burning activities is seen as a gradual 
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movement towards the northern belt which consists of Ludhiana, Jalandhar, and Nawanshahr areas, where 

it can be estimated that the combine harvesting has started being practiced into the region where manual 

harvesting was practiced earlier. 

 

Table 2 

Decadal Change in Number of Fire Incent Locations in Rabi Season (2004 to 2024) 

YEARS MONTHS MODIS Terra & Aqua VIIRS S-NPP 

2004 April 1389 - 

May 1456 - 

2014 April 60 192 

May 2122 19909 

2024 April 74 233 

May 2723 19959 

Source: FIRMS (Fire Information for Resource Management System) 

 

Map 2 

 

Map 3 

 
 

Source: FIRMS (Fire Information for Resource Management System) 
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The 2024 maps (Maps 8-11) shows a further shift. April still displays sparse and isolated incidents, but 

May shows a wide area of clusters being similar to 2014, although with a sharp turn to the northern 

districts, specifically Jalandhar, Kapurthala, and Hoshiarpur but spread over the whole Punjab. Overall, 

wheat residue burning incidents have shown an increase from 2004 to 2024, which is now becoming a 

concern in Punjab. 

The maps and data together depict a decade-long shift in fire occurrences to the north and an increase in 

wheat residue burning incidents in Punjab. These transformations highlight the dual role of technology 

and policy evolution throughout the time span. 

 

Map 4 

 

Map 5 
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Map 6 

 

Map 7 

 

Source: FIRMS (Fire Information for Resource Management System) 

 

Map 8 

 

Map 9 
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Map 10 

 

Map 11 

 

Source: FIRMS (Fire Information for Resource Management System) 

 

Kharif Season (October-November) 

Table 3 along with the Kharif-season maps for October–November of 2004, 2014, and 2024 provide an 

explicit demonstration of the temporal and spatial patterns in paddy residue burning for two decades. In 

all the 3 years referred, show the paddy residue burning activity in October and November where October 

usually marking the beginning of fire incidences and November has the highest intensity reflecting the 

harvesting schedule of paddy. In 2004 MODIS counted 8,096 fire locations in October and 1,025 in 

November, and the maps (12 & 13) for that year show high-density areas in Sangrur, Barnala, Patiala, 

Moga, Bathinda, and Ferozepur, thus verifying these districts as the traditional centre of Kharif burning. 

After a decade, the 2014 counts indicate a drastic increase in the detections of both MODIS and VIIRS. 

MODIS had reported a total of 6,148 fire locations in October and 9,710 in November while VIIRS 

showed even more 26,033 fires in October and 45,163 in November thus, making it apparent how large 

the area of burning was as the harvesting by combine became common practice. The 2014 maps (14-17) 

represent this huge increase, indicating thick fire clusters over large areas of central and southwestern 

Punjab, with the burning area going towards northern districts like Ludhiana, Jalandhar, Kapurthala, and 

the northern part of Hoshiarpur, Gurdaspur, Amritsar and Tarn Taran. This increasing area points the 

adoption of mechanized harvesting all over the state. 

 

Table 3 DECADAL CHANGE IN FIRE INCIDENT LOCATIONS IN KHARIF SEASON (2004 

to 2024) 

YEARS MONTHS MODIS Terra & Aqua VIIRS S-NPP 
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2004 October 8096 - 

November 1025 - 

2014 October 6148 26033 

November 9710 45163 

2024 October 566 2390 

November 3340 6588 

Source: FIRMS (Fire Information for Resource Management System) 

 

The dataset indicates a substantial decline in fire counts by 2024. In October, MODIS recorded only 566 

while in November the number went up to 3,340. On the other hand, VIIRS presented 2,390 and 6,588 

fires, respectively. Although the concentration is limited to the traditional burning places of Sangrur, 

Barnala, Moga, and Bathinda, the fire maps of 2024 (18 to 21) are significantly less dense than those of 

2014. Moreover, the decrease can be taken as parallel to tighter enforcement of laws, and gradual 

introduction of residue management machines in certain areas of central Punjab. Yet, the persistent 

clusters in various districts are reminders of the difficulties caused by paddy straw - its thickness, high 

silica content, and unfitness for livestock feed and hence, it is even harder to manage than wheat residue. 

 

Map 12 

 

Map 13 

 

 

Source: FIRMS (Fire Information for Resource Management System) 
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Map 14 

 

Map 15 

 

Map 16 

 

Map 17 

 

Source: FIRMS (Fire Information for Resource Management System) 
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Map 18 

 

Map 19 

 

Map 20 

 

Map 21 

 

Source: FIRMS (Fire Information for Resource Management System) 

 

The Kharif-season analysis overall reveals the presence of three major trends: 1. Seasonal consistency: 

November continue to be the month with the highest number of burning incidences for all decades. 2. 

Spatial persistence: the districts of Sangrur, Barnala, Moga, Bathinda, Ludhiana, and Ferozepur remain 

the main burning hotspots. 3. Long-term decline: from 2014 to 2024, there was a clear drop in the burning 

of paddy residue. This shows that there have been some improvements in how paddy residue is managed. 
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The fire incidences that occurred in both agricultural seasons at a comparative level showed that the Kharif 

season consistently had the highest incidences of fire than the Rabi season. The reason for this difference 

is the nature of the residues produced in the two cropping cycles. Paddy straw is difficult to manage on 

the field due to its bulkiness, high silica content and not fit for the livestock feed. In contrast, wheat 

residues are usually either ploughed back into the soil or used as animal feed resulting in a low burning 

density. But it is also noted that wheat residue burning has increased from 2014 to 2024 which can become 

a major concern in coming future. Though it is also suggested that the changes in the intensity of burning 

over the years are connected to the nature of the residues and the problems that come with the short sowing 

interval between the two crops. 

 

Emerging Trends and Policy Implications 

A comprehensive study of crop residue burning, from 2004 to 2024, reveals that there has been an increase 

in the wheat residue burning in the recent years and a decline in the paddy residue burning, but not it was 

not consistent in all the districts. The central and southwestern districts, especially Sangrur, Barnala, 

Ludhiana, Bathinda, and Moga, are the areas that suffer most from paddy residue burning incidents. The 

temporal data makes it clear that paddy residue burning during Kharif has always been more than wheat 

residue burning during Rabi, which indicates very clearly the problem that the huge paddy straw is posing 

for the residue management. 

The efforts and interventions by the government in the past decade, including the Crop Residue 

Management Scheme (2018-19), machinery subsidies, and awareness-raising campaigns, have been 

successful only in particular regions. On the other hand, non-burning practices are not adopted fully in 

many areas due to the financial burden of operation, the short periods between sowing and harvesting, and 

the lack of sufficient long-term incentives. 

To achieve a sustained reduction in residue burning, integrated approaches are essential: 

1. Targeted Incentives: Offer financial or input support based on performance to farmers who will use 

in-situ machinery and non-burning practices, the focus being on hot spot districts. 

2. Market Linkages: Enable the connection between farmers and bioenergy or straw-based industries to 

create alternative uses for crop residues. 

3. Capacity Building & Demonstrations: Encourage demonstrations at the village level to showcase the 

advantages of soil health restoration and non-burning methods. 

4. Monitoring & Enforcement: Use fire monitoring from satellites together with localized enforcement 

and education of farmers to make sure the burning regulations are followed. 

Focusing on interventions in districts that are consistently affected and integrating mandatory measures 

with the motivation-based acquisition of residue management practices, the policy measures will probably 

bring about significant decline in crop residue burning in the areas where these measures are applied rather 

than through uniform state-wide approaches. These trends highlight the need for evidence-based, region-

specific strategies to ensure both environmental protection and agricultural productivity. 

 

Conclusion 

The decadal spatio-temporal analysis provided here indicates that there are still significant seasonal 

changes in crop residue burning in Punjab, with fires in the Kharif season being three to four times more 

than those in the Rabi season. Sangrur, Barnala, Bathinda, Fazilka, Moga, and Ludhiana remain the most 

active areas for paddy residue burning, but there has been a significant reduction in the intensity in 2024. 
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The spatial patterns also show that fire clusters are also spreading towards the northern Punjab, which can 

be the reason of the spread of combine harvesting into central and northern Punjab areas. 

The drop in paddy residue fire occurrences in 2024 suggests the initiation of policy tools like Crop Residue 

Management (CRM) schemes, monitoring-based enforcement, and access to more machines, among 

others. However, the presence of districts with high burning suggests that these measures need to be 

strengthened further and should be localised. 

Although the combination of policy interventions and the adoption of technology has led to a significant 

decline in the burning in kharif season, the situation is quite the opposite during the Rabi season which 

has been slow to show reductions in burning incidents and has, in fact, seen slight increase in recent years. 

This behavior points to а significant structural gap in residue management strategies. Wheat residue 

management depends on off-farm utilization through fodder markets and inter-state movement whereas 

paddy straw, which has been the main target of policy measures, is still under strict management. The 

decline in economic returns from wheat straw, increased transportation costs, and decreased cross-regional 

demand have all conspired to weaken these traditional removal routes and have thereby made burning 

suitable. The continued occurrence of burning during the Rabi season not only reflects the decisions made 

at the farm level but also the existence of policy imbalances. To solve this issue, it is essential to provide 

residue management incentives, monitoring, and utilization frameworks not just for paddy stubble but also 

for wheat residues, thus making sure that the recent successes in Kharif do not obscure the developing 

vulnerabilities in the Rabi cycle. 

The geographical benchmark presented in this research is really based on the fact that the burning incidents 

have been reduced in some areas and still persist in others, enabling a more precise intervention instead 

of the common ones applied to the entire state. The next steps should be to support the development of 

custom hiring networks even more in hotspot areas; make it easier for farmers to access in-situ residue 

management technologies; offer subsidies for straw collection, establish market links and use in industries 

in areas with a low population density; and keep consistent enforcement only in places where burning 

continues.  The results reflect that Punjab is gradually moving down the burning cycle, but in order to 

make such a transition permanent, coordination at several levels, support systems tailored to specific 

districts, and monitoring must be continuously provided. 

 

References 

1. Aujla, I. S. (2023, October 31). Punjab’s shift from paddy may hit FCI’s rice procurement ops. The 

Times of India. 

2. https://timesofindia.indiatimes.com/city/chandigarh/punjabs-shift-from-paddy-may-hit-fcis-rice-

procurement-ops/articleshow/105138495.cms 

2. Badarinath, K. V. S., Kiran Chand, T. R., & Krishna Prasad, V. (2006). Agriculture crop residue 

burning in the Indo-Gangetic Plains – a study using IRS-P6 AWiFS satellite data. Current Science, 

91(8), 1085–1089. https://www.semanticscholar.org/paper/Agriculture-crop-residue-burning-in-the-

Plains-%3A-A-Badarinath-Chand/b99c9ce8473b91d86441aa2feb6fa716cf20d53b 

3. Bahga, A. (2021). Groundwater depletion in the state of Punjab, India: Economic, social and 

environmental implications. Just Agriculture. 

https://justagriculture.in/files/magazine/2021/june/003%20Groundwater.pdf 

4. Choudhary, N., & Birman, S. (2023). Mapping of burnt areas due to stubble burning: Impacts and 

management practices. Remote Sensing, Environmental Science, Agricultural and Food Sciences.  

http://www.ijfmr.com/
https://timesofindia.indiatimes.com/city/chandigarh/punjabs-shift-from-paddy-may-hit-fcis-rice-procurement-ops/articleshow/105138495.cms?utm_source=chatgpt.com
https://timesofindia.indiatimes.com/city/chandigarh/punjabs-shift-from-paddy-may-hit-fcis-rice-procurement-ops/articleshow/105138495.cms?utm_source=chatgpt.com
https://www.semanticscholar.org/paper/Agriculture-crop-residue-burning-in-the-Plains-%3A-A-Badarinath-Chand/b99c9ce8473b91d86441aa2feb6fa716cf20d53b
https://www.semanticscholar.org/paper/Agriculture-crop-residue-burning-in-the-Plains-%3A-A-Badarinath-Chand/b99c9ce8473b91d86441aa2feb6fa716cf20d53b
https://justagriculture.in/files/magazine/2021/june/003%20Groundwater.pdf
https://justagriculture.in/files/magazine/2021/june/003%20Groundwater.pdf
https://justagriculture.in/files/magazine/2021/june/003%20Groundwater.pdf


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR260165195 Volume 8, Issue 1, January-February 2026 15 

 

https://doi.org/10.1117/12.2680283 

5. Hall, J., Loboda, T., & McCarty, G. (2016). A MODIS-based burned area assessment for Russian 

croplands: Mapping requirements and challenges. Remote Sensing of Environment, 184, 506–520. 

https://doi.org/10.1016/j.rse.2016.07.022 

6. Kamal, N. (2024, June 22). Punjab tops in wheat pool contribution with 47% share. The Times of 

India. https://timesofindia.indiatimes.com/city/chandigarh/punjab-tops-in-wheat-pool-contribution-

with-47-share/articleshow/110430974.cms 

7. Kumar, P., Kumar, S., & Joshi, L. (2015). Problem of residue management due to rice–wheat crop 

rotation in Punjab. In Socioeconomic and environmental implications of agricultural residue burning 

(pp. 1–12). Springer. https://doi.org/10.1007/978-81-322-2014-5_1 

8. Schroeder, W., Oliva, P., Giglio, L., & Csiszar, I. (2014). The new VIIRS 375 m active fire detection 

data product: Algorithm description and initial assessment. Remote Sensing of Environment, 143, 85–

96. https://doi.org/10.1016/j.rse.2013.12.008 

9. Singh, H. (2023). Journey of Green Revolution in India with focus on Punjab. ShodhKosh: Journal of 

Visual and Performing Arts. https://doi.org/10.29121/shodhkosh.v4.i2.2023.5270 

10. Thumaty, K. C., Rodda, S. R., Singhal, J., Gopalakrishnan, R., Jha, C. S., Parsi, G. D., & Dadhwal, V. 

K. (2015). Spatio-temporal characterization of agriculture residue burning in Punjab and Haryana, 

India, using MODIS and Suomi NPP VIIRS data. Current Science, 109(10), 1850–1855. 

https://doi.org/10.18520/v109/i10/1850-1855 

11. Vatta, K., Sidhu, M. S., & Kaur, A. (2013). Pattern of growth and emerging challenges for Punjab 

agriculture. https://doi.org/10.13140/RG.2.2.29010.79044 

12. Verma, S., Dar, J. A., Malasiya, D., Khare, P. K., Dayanandan, S., & Khan, M. L. (2019). A MODIS-

based spatiotemporal assessment of agricultural residue burning in Madhya Pradesh, India. Ecological 

Indicators, 105, 496–504. https://doi.org/10.1016/j.ecolind.2018.04.042 

13. Yin, S., Guo, M., Wang, X., Yamamoto, H., & Ou, W. (2020). Spatiotemporal variation and 

distribution characteristics of crop residue burning in China from 2001 to 2018. Environmental 

Pollution, 266, 115849. https://doi.org/10.1016/j.envpol.2020.115849 

 

http://www.ijfmr.com/
https://doi.org/10.1117/12.2680283
https://doi.org/10.1016/j.rse.2016.07.022
https://timesofindia.indiatimes.com/city/chandigarh/punjab-tops-in-wheat-pool-contribution-with-47-share/articleshow/110430974.cms?utm_source=chatgpt.com
https://timesofindia.indiatimes.com/city/chandigarh/punjab-tops-in-wheat-pool-contribution-with-47-share/articleshow/110430974.cms
https://timesofindia.indiatimes.com/city/chandigarh/punjab-tops-in-wheat-pool-contribution-with-47-share/articleshow/110430974.cms
https://doi.org/10.1007/978-81-322-2014-5_1
https://doi.org/10.1007/978-81-322-2014-5_1
https://doi.org/10.1016/j.rse.2013.12.008
https://doi.org/10.1016/j.rse.2013.12.008
https://doi.org/10.29121/shodhkosh.v4.i2.2023.5270
https://doi.org/10.18520/v109/i10/1850-1855
https://doi.org/10.13140/RG.2.2.29010.79044
https://doi.org/10.1016/j.ecolind.2018.04.042
https://doi.org/10.1016/j.ecolind.2018.04.042
https://doi.org/10.1016/j.envpol.2020.115849
https://doi.org/10.1016/j.envpol.2020.115849

