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@ Heavy Rainfall & Floods :
The National Disaster Response Force (NDRF) conducts a rescue operation in an area
waterlogged due to heavy rainfall, in Chennai Tuesday | ANI
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(2) Heavy Rainfall & Floods :
Chennai and its neighbouring districts' routine lives were thrown out of gear due to continuous
rain that hammered several parts of the city, causing floods
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(3 Cold Waves :
Cold wave conditions prevailed over parts of north India. (Photo: PTI)
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@ Floods :

A drone visual shows an area that is flooded after the landfall of Cyclone Michaung, in Chennai,
Wednesday, Dec. 6,2023. (PTI)
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@ Hail Storm :
Aroad stretch with lumps of ice following a hailstorm in Kohir of Sangareddy district on Thursday.
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(6) Heavy Rainfall & Floods :

Commuters stand at one side of a road after it was flooded due to heavy rains, in Nagpur,
Saturday, Sept. 23.(PTl)
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Abstract

The report discusses the climate condition over Indian region during
the year 2023. Notably, global temperatures soared to exceptionally
high levels during this period (WMO.No0.1347). The India
Meteorological Department continuously monitors weather and
climate over Indian region.

The annual mean land surface air temperature averaged over India
during 2023 was +0.65°C above the long-term average (Period 1981-
2010). The year 2023 was the 2" warmest year on record since
nationwide records commenced in 1901. However, this is lower than
the highest warming observed over India during 2016 (anomaly of
+0.71°C). The all India mean temperatures during the pre-monsoon
(March to May) season was normal with an anomaly of +0.06°C while
during other seasons, it was above normal for winter (January to
February) season (anomaly of +0.83°C), monsoon (June to
September) season (anomaly of +0.74°C) and post-monsoon
(October to December) season (anomaly of +1.0°C). Heat wave
conditions were observed over most parts of central, northwest India
and East and Northeast India during the months of April and June.

The 2023 annual rainfall over the country as a whole was 95% of its
Long Period Average (LPA) value for the period 1971-2020. The
monsoon season rainfall over the country as a whole was 95% of its
LPA. The seasonal rainfall during the Northeast monsoon season
(October — December) over the NE Monsoon core region of the south
peninsula was 94% of its LPA. In 2023, there were 6 cyclones formed
over the north Indian Ocean and other extreme weather events also
reported many parts of the country
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Annual Climate Summary 2023

HIGHLIGHTS:

The annual mean land surface air temperature averaged over India during 2023 was +0.65°C
above the long-term average (Period 1981-2010). The year 2023 was the 2™ warmest year on record
since nationwide records commenced in 1901. However, this is lower than the highest warming
observed over India during 2016 (anomaly of +0.71°C).

The all India mean temperatures during the pre-monsoon (March to May) season was normal
with an anomaly of +0.06°C while during other seasons, it was above normal for winter (January to
February) season (anomaly of +0.83°C), monsoon (June to September) season (anomaly of +0.74°C)
and post-monsoon (October to December) season (anomaly of +1.0°C).

Heat wave conditions were observed over most parts of central, northwest India and East &
Northeast India during the months of April and June.

The 2023 annual rainfall over the country as a whole was 95% of its Long Period Average
(LPA) value for the period 1971-2020. The monsoon season rainfall over the country as a whole was
95% of its LPA. The seasonal rainfall during the Northeast monsoon season (October — December)
over the NE Monsoon core region of the south peninsula was 94% of its LPA.

In 2023, there were 6 cyclones formed over the north Indian Ocean. Of these, 3 were Extremely
Severe Cyclonic Storm “MOCHA”, “BIPARJOY” & “TEJ”, Two were Severe Cyclonic Storm
“‘MICHAUNG” and MIDHILI, one was Very Severe Cyclonic Storm “HAMOON”. Of these, 4 cyclones
Viz. MOCHA, HAMOON, MIDHILI, MICHAUNG formed over the Bay of Bengal & 2 cyclones Viz.
BIPARJOY, TEJ formed over Arabian Sea.

Various parts of the country also experienced extreme weather events like extremely heavy
rainfall, floods, landslide, lightning, thunderstorm, heat wave, snowfall, cold wave, hailstorm etc. which
caused about 2450 deaths, out of which more than 1330 were due to lightning and thunderstorm.

A) TEMPERATURE

Annual:

Spatial pattern of annual mean, maximum and minimum temperature anomalies for 2023 are
shown in (Fig. 1). During 2023, mean, minimum and maximum temperature anomalies over many parts
of the country were generally in the range of £ 1.0°C. Mean temperature over parts of Ladakh state,
Himachal Pradesh, Uttarakhand, Bihar, West Bengal state, Sikkim state, Arunachal Pradesh, Assam &
Meghalaya, Nagaland, Manipur, Mizoram & Tripura, Jharkhand, Odisha, South Interior Karnataka,
Kerala & Mahe and Andaman & Nicobar Islands was above normal by about 1°C. Maximum
temperature over parts of Ladakh state, Himachal Pradesh, Uttarakhand, Bihar, West Bengal state,
Arunachal Pradesh, Assam & Meghalaya, Nagaland, Manipur, Mizoram & Tripura, Jharkhand, Odisha,
Coastal Andhra Pradesh & Yanam, Karnataka state, Konkan & Goa, Kerala & Mahe and Lakshadweep
was above normal by about 1°C. However, maximum temperature over parts of East Rajasthan, Uttar
Pradesh state, Madhya Pradesh state and Gangetic West Bengal was below normal by about 1°C.
Minimum temperature over parts of Punjab, Gujarat region, West Bengal state, Sikkim state and Bihar
was above normal by about 2°C. However, minimum temperature over parts of Madhya Pradesh state,
Haryana, Chandigarh & Delhi and West Uttar Pradesh was below normal by about 1°C.
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Fig. 1. Annual temperature anomalies (°C) for 2023 (a) Mean temperature (b) Maximum
temperature and (c) Minimum temperature. (Based on 1981-2010 Average)

The annual mean land surface air temperature for the country during the year 2023 was
+0.65°C above the 1981-2010 average, thus making the year 2023 the second warmest year on record
since 1901 (Fig. 2). The five warmest years on record, in descending order were 2016 (+0.71°C)
2023(+0.65°C), 2009(+0.55°C), 2017 (+0.541°C) and 2010 (+0.539°C). It may be mentioned that 12 out
of the 15 warmest years were during the recent 15 years (2009-2023). The past decade (2013-2022 /
2014-2023) was also the warmest decade on record with the decadal averaged annual mean
temperature anomaly (Actual -LPA) of +0.41°C / +0.46°C. The country averaged annual mean
temperature during 1901-2023 showed a significant increasing trend of 0.66°C / 100 years (Fig. 2).
During the year 2023 a significant increasing trend was observed in maximum temperature (1.01°C /
100 years) and in minimum temperature (0.31°C / 100 years).

The country averaged seasonal mean temperature was normal during the pre-monsoon season
(March-May, with an anomaly of +0.06°C), while the winter season (January- February, with an
anomaly of +0.83°C), monsoon season (June- September, with an anomaly of +0.74°C) and post-
monsoon season (October- December, with anomaly +1.0°C) were above normal.

The monthly mean temperatures for the country during 2023 was above normal for the ten
months of the year, except for April and May (anomaly 0.1°C, -0.27°C respectively), where it was
normal / below normal. The All India mean temperature during the month of February was second
highest with an anomaly of +1.36°C, August was highest with an anomaly of +0.90°C, September was
highest with an anomaly of +0.91°C, November was highest with an anomaly of +1.05°C and December
was also highest with an anomaly of +1.52°C since 1901. The maximum temperature was the highest
(with an anomaly of +1.86°C) and minimum temperature was the fifth highest (with an anomaly of
+0.87°C) for the month of February since 1901. The maximum temperature was the highest (with an
anomaly of +1.10°C) and minimum temperature was the second highest (with an anomaly of +0.69°C)
for the month of August since 1901. The maximum temperature was second highest (with an anomaly
of +0.86°C) and minimum temperature was highest (with an anomaly of +0.96°C) for the month of
September since 1901. The maximum temperature was third highest (with an anomaly of +0.61°C) and
minimum temperature was also third highest (with an anomaly of +1.48°C) for the month of November
since 1901. The minimum temperature was the second highest (with an anomaly +0.57°C) for the
month of July since 1901. The maximum temperature was third highest (with an anomaly +0.93°C) for
the month of October since 1901. The minimum temperature was highest (with an anomaly of +1.71°C)
for the month of December since 1901.
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Fig. 2: All India mean temperature anomalies (a) Annual (b) Winter (c) Pre-monsoon (d)
SW-monsoon (e) Post-monsoon for the period 1901 - 2023 shown as vertical bars. The
solid blue curve exhibits sub-decadal time scale variations that have been smoothed
with a Binomial Filter (Departures from the 1981 - 2010 average)



Spatial pattern of trend in mean annual temperature anomalies based on the data for the period
1901-2023 (Fig. 3) suggests significant positive (increasing) trend over most parts of the country,
except for some parts of Bihar, East Uttar Pradesh, East Madhya Pradesh, Vidarbha and Gujarat
region, where significant negative (decreasing) trend was observed.
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Fig. 3: Annual mean temperature anomaly trends (°C /100 years) are shown as contour lines. The

trends significant at 95% level are shaded with colours. Positive trends are shown in red while the
negative trends are shown in blue. Period of analysis: 1901 -2023

The spatial pattern of monthly maximum and minimum temperature anomalies
during each month of the season are discussed below (Figures 4(a) to 4(l)).

January - February (Winter Season):

During January, the maximum temperature anomaly was more than 2°C over parts of Himachal
Pradesh, Assam & Meghalaya, Manipur, Mizoram, Jharkhand, Chhattisgarh, and Odisha. Maximum
temperature anomaly was less than -2°C over parts of Punjab, West Rajasthan, Haryana, Chandigarh &
Delhi, Uttar Pradesh state, West Madhya Pradesh, Bihar, Jharkhand, and Gangatic West Bengal.

The minimum temperature anomaly was more than 2°C over parts of Himachal Pradesh, Bihar,
Telangana, Chhattisgarh and Odisha. The minimum temperature anomaly was less than -2°C over
parts of Rajasthan state, Saurashtra & Kutch and South Interior Karnataka.
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Fig. 4(a): Maximum and Minimum temperature anomalies (°C) spatial plots for January 2023

During February, the maximum temperature anomaly was more than 5°C over parts of Ladakh
state, Himachal Pradesh and West Rajasthan. Maximum temperature anomaly was more than 4°C
over parts of Ladakh state, Himachal Pradesh, Uttarakhand, Rajasthan state, Punjab, Haryana,
Chandigarh & Delhi and Saurashtra & Kutch.

The minimum temperature anomaly was more than 4°C over parts of Himachal Pradesh. The
minimum temperature anomaly was more than 3°C over parts of Ladakh state, Himachal Pradesh,
Bihar, Sub Himalayan West Bengal & Sikkim and Gujarat region. The minimum temperature anomaly
was less than -2°C over parts of Madhya Maharashtra, Marathwada, Vidarbha, Telangana, Andhra
Pradesh state, South Interior Karnataka and Tamil Nadu, Puducherry & Karaikal.
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Fig. 4(b): Maximum and Minimum temperature anomalies (OC) spatial plots for February 2023



March - May (Pre-Monsoon Season):

During March, the maximum temperature anomaly was more than 3°C over parts of Jammu,
Kashmir & Ladakh. Maximum temperature anomaly was more than 2°C over parts of Jammu, Kashmir
& Ladakh, Goa state and Coastal Karnataka. Maximum temperature anomaly was less than -2°C over
parts of southern Madhya Pradesh state, Madhya Maharashtra, Marathawada, Vidarbha, Chhattisgarh,
Odisha, North Interior Karnataka, Coastal Andhra Pradesh & Yanam and Telangana.

The minimum temperature anomaly was more than 2°C over parts of Ladakh state, Punjab,
West Rajasthan, Bihar, East Uttar Pradesh, Sub Himalayan West Bengal & Sikkim, Jharkhand, Gujarat
state, Madhya Maharashtra and Andaman & Nicobar Islands. The minimum temperature anomaly was
less than -2°C over parts of West Madhya Pradesh, South Interior Karnataka, North Interior Karnataka,
Telangana and Andhra Pradesh state.
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Fig. 4(c): Maximum and Minimum temperature anomalies (OC) spatial plots for March 2023

During April, the maximum temperature anomaly was more than 2°C over parts of Nagaland,
Manipur, Mizoram, Tripura, Assam & Meghalaya, Odisha, Coastal Andhra Pradesh & Yanam and
Kerala & Mahe. Maximum temperature anomaly was less than -3°C over parts of Vidarbha and
southern Madhya Pradesh state.

The minimum temperature anomaly was more than 1°C over parts of East & Northeast India,
Punjab, Gujarat state, North Interior Karnataka, Kerala & Mahe, Andaman & Nicobar Islands. The
minimum temperature anomaly was less than -3°C over parts of southern Madhya Pradesh state,
Vidarbha, and Chhattisgarh.



