India’s Monsoon Patterns are changing due to Climate Change: Experts
Indian Monsoon is a complex phenomenon and reportedly climate change and global warming has
further accentuated the situation, with each year surpassing the earlier records.
The precipitation across the country is driven by the Indian Monsoon as over 70% of the annual rainfall is
realized during this four-month long season. India records 881 mm of rainfall during the Monsoon
season spanning from June to September. July and August are the wettest months, receiving 2/3rd of the
season’s rainfall. The Southwest Monsoon is very critical for the agriculture sector as it accounts for
about 14 percent of India's GDP.
According to India Meteorological Department (IMD), India's annual temperature departure of +0.29°C
(+0.52°F) in 2020 was the eighth highest since national records began in 1901. India's warmest year took
place in 2016 with a temperature departure of +0.71°C (+1.28°F). Twelve of India's 15 warmest years
have occurred since 2006.
The global temperature profile has been showing a rising trend. It is estimated that, by 2050, we can
anticipate an overall rise by 1.5°C or more in a business-as-usual scenario. According to meteorologists,
the combination of Climate Change, Global Warming and perpetual El Niño has created unusually warm
weather conditions in India since records began in the year 1950.
NASA’s Goddard Institute for Space Studies says that 2020 was the hottest year on record tying with
2016 (which held the previous record for the hottest year).

The past 30-year trends clearly indicate that global temperature spike mostly takes place due to
human-induced activities, leading to changing climatic patterns and annual weather systems.
GP Sharma, ex-AVM Meteorology, Indian Air Force and President-Meteorology and Climate Change at
Skymet Weather said, “Since Monsoon is a global feature and is largely driven by oceanic temperatures,
the arrival, withdrawal and sustenance of Monsoon are mainly directed by the ocean heat content. The
Indian subcontinent has often been described as a ‘hotspot’ which generally bears a huge impact on
account of any significant variation in land- atmospheric interaction.”

The rising global temperatures have resulted in the increase in oceanic temperatures, which has largely
affected the pattern of Indian Monsoon. Oceans were exceptionally warm in 2020 as annual global
sea-surface temperature was the third highest on record at 1.37°F (0.76°C) above the 20th-century
average — only 2016 and 2019 were warmer. Record-high sea surface temperatures were observed
across parts of the Atlantic, Indian and Pacific oceans.
Exceptionally warm ocean temperatures have doubled the frequency of extreme weather events in the
last few years, be it in terms of excess rains, heat, drought or floods. “All these high impact events have
resulted in the enormous variability of Monsoon rains both in terms of time and space. Earlier the
average drought was 1 in every 15 years, but the last one decade has itself witnessed three droughts,”
added G P Sharma.
El Niño and La Niña
The much talked about ocean-atmospheric phenomenon El Niño and La Niña are also on the rise. While
El Niño has an inverse relationship with the Indian Monsoon precipitation, La Niña is linked with good
Monsoon showers. For instance, India had witnessed severe drought in 2014 and 2015 on the pretext of
El Niño, while 2020 saw above normal Monsoon rains due to prevailing La Niña conditions.
Though weather experts do not see El Niño as directly an offshoot of global warming, warming of oceans
on account of the latter is increasing the intensity, frequency and duration of El Niño events. El Niño is
abnormal warming of the equatorial Pacific Ocean and its frequency is once in 2 to 7 years. “Remarkably,
the incidents of El Niño and La Niña have increased, which have a direct impact on the Monsoon. The
worst part about both these phenomena is that their earliest indication arrives very late. One remains
indecisive till the fag end as reaction time is not very large. The El Niño- Southern Oscillation (ENSO) and
equatorial Indian Ocean climate anomalies are the main factors that influence the inter-annual variability
of the Indian summer Monsoon. Also, with the rising number of El Niño and climate change, droughts will
only enhance the uncertainties related to agriculture and rural livelihoods,” said GP Sharma.
Decrease in Monsoon rainfall
Factors like frequency of El Niño, weakening monsoonal circulation, increased air pollution, and warming
of the Indian Ocean are impacting the rainfall duration. According to a report, Proportional Trends of
Continuous Rainfall in Indian Summer Monsoon, The rainfall trend from 1951 to 2018 displays a
declining trend for the first 45 days (1 June to 15 July) from the onset of monsoon. The total number of
rainy days in rice crop season (i.e., first 45 days, crop season, from the onset of monsoon) is decreased
by half days during Late-period than Early-period over India.
"Monsoon rainfall has also been swinging towards below normal. Last three decades have also seen a
gradual drop in the quantum of precipitation during Monsoon. Rainfall statistics from 2011-2017 had
indicated that this decade may also follow the same pattern. But 2019 and 2020 have been the savior to
an extent,” added G P Sharma.
Decades
Rainfall in mm (JJAS)

1981-1990
881

1991-2000
877

2001-2010
847

2011-2020
860

Erratic rainfall distribution
The Monsoon rainfall variability across different regions in the country directly impacts the growth of
rain-fed crops and socio-economic structure. It has been noticed that the distribution of rainfall during
Monsoon has now gone for a toss. The erratic behavior of Monsoon and its vagaries cannot be taken
lightly.
Dr Roxy Mathew Koll, a climate scientist at the Indian Institute of Tropical Meteorology, Pune said,
“There has been an increase in extreme rainfall events while a decrease in annual rainfall over Central
India from 1950 to 2015. The increase in moisture supply from the Arabian Sea is the prime reason for an
increase in extreme rainfall events over Central India. The reduction in annual rainfall is attributed to the
weakening of monsoon circulation and decreasing low-pressure systems over the Indian region.”
According to a report, Proportional Trends of Continuous Rainfall in Indian Summer Monsoon, the
number of rainfall days from 1985 to 2018 shows a decline during July over all regions of India. Overall,
the number of rainfall days exhibits a decreasing trend in the summer season and months except for
June over India. Central India and Northeast India exhibit a decreasing trend in the number of rainy days
for the summer season. August also experienced a reduced number of rainy days over all regions, except
for the Southeast. The number of rainy days decreased over the Northeast and increased over the West
Coast in the late period.
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Extreme weather events
Not only has there been a decrease in Monsoon rains, but showers have also become skewed. This is
directly related to an increase in heavy and extreme rainfall events. A significant increasing trend in
extreme rainfall events has been observed over the west coast and central India using daily data of
rainfall during the period 1951–2005.
According to a report by CEEW, Preparing India for Extreme Climate Events, continuous rise in
micro-temperatures has led to the weakening of monsoons. The pattern of extreme events such as
flood-prone areas becoming drought-prone and vice-versa has changed in over 40 per cent of Indian
districts.
States like Maharashtra, Karnataka, and Uttar Pradesh saw severe water scarcity during 2015 due to
record-breaking temperatures during summer and weakening monsoons. Rajkot, Surendranagar, Ajmer,
Jodhpur, and Aurangabad, among others, are a few districts where we observed a shifting trend from
floods to drought. A few districts in Bihar, Uttar Pradesh, Odisha, and Tamil Nadu observed the

simultaneous occurrence of drought and floods. The trends are alarming and demand a comprehensive
risk assessment at the local level.
Also, hailstorms in India usually occur during the pre-monsoon season, but along with cloud bursts, post
2005 they are rampantly occurring in central and southern India even until the late monsoon season.
Increasing air temperature and anomalous ground heating have triggered an increase in the intensity of
hailstorms and associated events.
Impact on Agriculture
These global warming triggered extreme events also have adverse effects on agriculture, especially for
India where still a large part of cultivation land is dependent on Monsoon rains.
Proportional Trends of Continuous Rainfall in Indian Summer Monsoon report stated soil moisture,
evaporation, and runoff are the important hydrological aspects of monsoonal rainfall. Moderate but
continuous rainfall is beneficial for rice crop and groundwater recharge because the soil gets enough
time for infiltration/percolation to facilitate soil moisture conservation for rain-fed agriculture.
Meanwhile, intense rainfall activity results in flooding and inundation.
India is an agriculture driven economy, with the majority of its population engaged in agriculture and
related activities. The ongoing changes in Monsoon patterns have great bearing on farmers, which
eventually extends onto agricultural productivity. In view of the indifferent behavior of Monsoon on
account of climate change and global warming, more and more studies are needed to understand its
dynamics. As of now, the agri-risk on account of the truant nature of Monsoon does not seem to have
any substantial mitigation in the near future.

