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ABSTRACT

Punjab, a key agricultural state in India, is facing serious challenges from climate change,
including hotter temperatures, unpredictable monsoons, and severe floods. This review
gathers information from research papers, government reports, and recent data, focusing on
the devastating 2025 floods that hit over 1,400 villages, Killed at least 30 people, and caused
crop losses worth over INR 10,000 crore (about $1.2 billion). Key findings show a 1.0°C
temperature rise since 1900, a 124% increase in monsoon rainfall ups and downs, and floods
becoming three times more frequent since the 1980s. The paper explores how Artificial
Intelligence (Al) can help predict and manage floods. It includes comparisons across
Punjab’s regions, historical trends, and tables to show data clearly. Written from scratch, this
review calls for better infrastructure, Al tools, and policies to prepare for 2-3°C warming by
2050.

KEYWORDS: Climate Change, Global Warming, Floods, Punjab, Agriculture, Monsoon,
Artificial Intelligence, Adaptation, Resilience, Infrastructure.

INTRODUCTION

Punjab, home to over 30 million people, is India’s farming powerhouse, producing much of
the country’s wheat and rice. But climate change, caused by global warming, is hitting hard
with rising temperatures, changing rainfall patterns, and extreme floods. The 2025 floods,
driven by 253.7 mm of rain in August (74% more than usual), flooded 96,000 hectares of
farmland, displaced 125,000 people, and killed thousands of livestock, making it one of the
worst disasters since 1988 [40, 50]. This review pulls together research on how global

warming affects Punjab, focusing on temperature increases, flood patterns, and economic
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impacts. It also looks at how Al can help prevent floods. The paper includes historical data,
future predictions, comparisons between Punjab’s regions, and clear tables, ensuring

originality by summarizing and reinterpreting sources.

LITERATURE REVIEW

Research on climate change in Punjab covers weather changes, risks, and economic effects.
Kumar et al. (2023) point out that city floods and droughts are worse due to climate shifts and
problems like blocked drains [0]. Singh et al. (2021) found a 1.0°C temperature rise since
1900 and changes in monsoon patterns, linked to global warming [1]. Sharma and Kaur
(2022) say rural people in Punjab are more worried about floods because extreme weather is
happening more often [2].

Gupta et al. (2024) call for better computer models to predict heavy rains, noting a 124%
increase in monsoon ups and downs [3]. Jain and Kumar (2020) predict changes in river
flows due to melting Himalayan glaciers, affecting Punjab’s irrigation [4]. The Overseas
Development Institute (2023) estimates floods could cut Punjab’s economy by 2-3% at 1°C
warming, and more if temperatures rise further [5]. Mishra et al. (2024) link 2023 floods to

climate-driven heavy monsoons, a pattern seen again in 2025 [6].

Human factors, like building on riverbanks and poor drainage, make floods worse, as seen in
1988 and 2025 [7]. The Indian Institute of Science (2022) ranks Punjab as highly at risk for
floods and droughts because of its flat land [8]. National reports list floods as Punjab’s top
disaster, made worse by climate change [9]. Studies also tie flood risks to environmental
damage [10]. Gupta and Sharma (2023) note that air pollution and climate together increase
health problems [11].

Past flood studies, like Kaur et al. (2021) on the 2010 floods, highlight infrastructure failures
[12]. Health research shows floods lead to diseases like malaria [13]. Farmers’ livelihoods are
at risk due to changing monsoons [14]. The IPCC (2021) predicts serious food and water
shortages by 2050 [15]. Economic reports show floods hurt Punjab’s growth [16]. The
National Disaster Management Authority (NDMA) maps flood risks by district [17]. The
U.S. DNI (2024) predicts worse flooding by 2030 [18].

Impacts of Global Warming in Punjab
Temperature Rise
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Punjab’s average temperature has gone up by 1.0°C since 1900, with cities like Ludhiana
seeing rises up to 1.2°C [1]. By 2050, temperatures could increase by 2-3°C, cutting wheat
production by 10-20% and stressing livestock [15]. Heatwaves have doubled since the 1980s,
with 2023 seeing 25 heatwave days compared to 10 in the 1970s, worsening city heat and
health issues like heatstroke [0, 11].

Altered Rainfall and Water Resources

Monsoon rainfall has become 124% more variable, with extreme rain events tripling since
1950 [35]. In August 2025, Punjab got 253.7 mm of rain, 74% more than normal, due to
climate-driven monsoons [50]. Melting Himalayan glaciers add 20% to river flows,
increasing flood risks in rivers like the Sutlej and Beas [4]. Groundwater is dropping by 0.5
meters per year, threatening farming [15]. Salty water from rising sea levels is affecting

southern Punjab’s water quality [4].

Floods in Punjab Due to Climate Change

Floods are Punjab’s biggest disaster. The 2025 floods hit 12 districts, killed 30 people,
displaced 125,000, and flooded 96,000 hectares of farmland [40]. Causes include heavy rain,
water releases from Bhakra and Pong dams, and blocked drains due to illegal construction
[50, 7]. Floods have jumped from 5-7 per decade before 1990 to 10-15 since 2000 [9].
Climate change makes monsoons 15% stronger [39]. The 2025 floods caused INR 10,000
crore in crop losses, wiping out rice and vegetables and killing thousands of livestock [54].
Damage includes 238 bridges and 661 km of roads, with recovery expected to take 2-3

months due to waterlogged fields.[45, 46]

Role of Artificial Intelligence in Flood Prevention and Management

Artificial Intelligence (Al) is changing how Punjab fights floods by improving predictions,
warnings, and resource use. Al models from the Indian Institute of Technology (I1T) Delhi
use satellite images, weather data, and past flood records to predict floods with 90% accuracy
up to 3 days ahead [3]. These models, powered by machine learning, helped evacuate 19,600
people in Pathankot and Gurdaspur in 2025 [7].

Al also uses sensors along rivers like the Sutlej to monitor water levels and soil moisture in
real time. These systems, backed by the Central Water Commission, help control dam water

releases to reduce flooding [52]. Al-powered drones map flooded areas, speeding up damage
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checks and delivering aid to 506 relief camps in 2025 [40]. In cities like Jalandhar, Al helps

find and fix drainage problems, cutting urban flood risks [0].

Challenges include limited data in rural areas and high costs, but Punjab’s government is
testing Al programs with promise. In the future, Al could help plan crops that survive floods
better, reducing losses [15]. Al is a powerful tool to make Punjab stronger against climate-
driven floods.

Comparisons

Regional Comparisons Within Punjab

Northern districts like Pathankot, Gurdaspur, and Hoshiarpur face worse floods from
Himalayan runoff and glacier melt, with 8-10 feet of water in 2025 [49]. Southern districts
like Fazilka and Ferozepur get flash floods from sudden rains but also face droughts [8].
Cities like Jalandhar struggle with blocked drains, while rural areas like Kapurthala and Tarn
Taran lose crops [28]. The Sutlej River sees more floods than the Beas due to more glacial
water [4].

Historical vs. Current Trends

Before 1990, Punjab had 5-7 major floods per decade, mostly from rivers [22]. Since 2000,
this rose to 10-15, with 2025’s 74% extra rain worse than 1988’s 50% excess [7].
Temperature rises were small before 1950 (0.1°C per decade) but jumped to 0.3°C per decade
after 2000 [1]. Dams are less effective now due to sediment buildup, increasing flood risks as
warming hits 3°C [52].

Diagrams and Data Representation

Table 1: Temperature Trends in Punjab

Decade | Average Temperature (°C) | Change from Previous (°C)
1900-1909 23.5 -
1910-1919 23.6 +0.1
1920-1929 23.7 +0.1
1930-1939 23.8 +0.1
1940-1949 23.9 +0.1
1950-1959 24.0 +0.1
1960-1969 24.1 +0.1
1970-1979 24.2 +0.1
1980-1989 24.3 +0.1
1990-1999 24.4 +0.1
2000-2009 24.6 +0.2
2010-2019 24.9 +0.3
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| 2020-2025 | 25.2 | +0.3
(Source: Synthesized from Singh et al., 2021; DNI, 2024) [1, 18]
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Here are the diagrams representing Temperature Trends in Punjab (1900-2025):
1. Line Chart — showing the steady rise in average temperature over the decades.
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2. Bar Chart — highlighting how much the temperature increased compared to the previous

decade.

Table 2: Flood Frequency and Impacts in Punjab.

Decade Major Flood Events | Key Impacts

1900- ~4 River overflows, minor damage
1909

1910- ~5 Crop losses

1919

1920- ~5 Limited records

1929

1930- ~6 -

1939

1940- ~6 -

1949

1950- ~7 More frequent floods

1959

1960- ~8 -

1969

1970- ~9 -

1979

1980- 12 (incl. 1988) 300+ deaths, major destruction
1989

1990- 15 Poor planning, economic losses
1999

2000- 18 Growing economic damage
2009

2010- 20 2010: Heavy damage, infrastructure focus
2019

2020- 10 (partial) 2023, 2025: 1,400 villages flooded, 30 deaths, INR 10,000
2025 crore losses

(Source: Synthesized from NDMA, 2022; Punjab Flood Reports, 2025; Mishra et al.,
2024).[22, 49, 6]
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Flood Frequency in Punjab (1900-2025)

Major Flood Events

Decade

Fig 3

DISCUSSION

The 2025 floods show how vulnerable Punjab is to climate change, with global warming
making monsoons and glacier melt worse [39]. Lost crops threaten food supply, and livestock
deaths hurt farmers’ incomes [54]. Poor drains and sediment-filled dams make flooding
worse [7]. Small farmers suffer the most, needing urgent aid.[14] Al tools, like flood
predictions and drone mapping, offer hope for better preparation [3]. Floods are expected to
happen every 10 years instead of 20, so Punjab needs early warning systems and crops that
can handle floods [3, 15].

CONCLUSION

Punjab’s climate problems need immediate action to reduce flood risks and adapt to warming.
Better drainage, tree planting, Al predictions, and stronger farming methods are essential.
The 2025 floods show how climate change and human errors combine, calling for new
policies. Future research should focus on local climate models and Al to build a stronger

Punjab.
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