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COVER PHOTOS

Photo 1: 'Mahad bridge collapse' incidence, August 2, 2016. The ill-
fated British-era Bridge on the Mumbai-Goa Highway in Raigad
district of Maharashtra collapsed due to swelling of river Savitri after
incessantrains since past 72 hours. (http://www.thehindu.com)

Photo 2: A farmer helplessly seeing his dried up cotton field at
Chandampet Mandal in Nalgonda district, Telangana. April 25,
2016. (http://www.chinadailyasia.com)

Photo 3: A Kashmiri man crosses a wooden bridge in the interiors of
Dal lake on a cold and foggy morning in Srinagar, Kashmir. Jan. 13,
2016. The Kashmir valley continued to reel under intense cold wave
condition since the beginning of the year with night temperature
remaining several notches below the freezing point on several
occasions. (http://www.usnews.com)

Photo 4: Villagers wade through the flooded area in Katihar district of
Bihar. August 29, 2016. Bihar faced one of the worst floods in the
decade as all the major rivers passing through the state were flowing
above the danger mark. (http://www.ndtv.com)

Photo 5: Every year Fog hampers normal life in north India during
the winter season. Due to poor visibility, many trains and flights are
delayed or cancelled or rescheduled. Seen in picture are men riding
horse carts on a road covered with thick layer of Fog in Amritsar,
Punjab. Dec 18, 2016.(http://www.onelndia.com)

Photo 6: Amother and a child with his head covered with a wet towel
to protect it from a heat wave, wait for transportation in Jammu. May
19, 2016. Scorching summer temperatures, hovering well over 40
degrees Celsius, made life extremely tough for millions of people
across north India due to prolonged heat wave during the season.
(https://www.yahoo.com/news)
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HIGHLIGHTS
ANNUAL CLIMATE SUMMARY 2016

HIGHLIGHTS

Climate during 2016 was significantly warm in respect of temperature in line with the warmer than normal global
climate observed during the year. The annual mean temperature for the country this year was +0.87 °C above the 1971-
2000 average, thus making the year 2016 as the warmest year on record since the nation-wide records commenced in
1901. The country averaged seasonal mean temperatures during the winter season (January- February, with anomaly +01.36°C,
third warmest since 1901), the pre-monsoon season (March-May, with anomaly +1.22°C, second warmest since 1901) and the
post-monsoon season (Oct-Dec, with anomaly +0.75°C, third warmest since 1901) mainly account for the above normal annual
temperature for the year.

Rainfall during the principal rainy season [Southwest (summer) monsoon season (June-September)] for the country as a
whole was normal (97 % of Long Period average (LPA)). Though the season was marked with temporal variability, seasonal rainfall
was fairly well distributed over all parts of the country.

The Northeast monsoon rainfall activity, over the south peninsula (core region of northeast monsoon rainfall activity
comprising of 5 subdivisions viz. Coastal Andhra Pradesh, Rayalaseema, Tamil Nadu & Pondicherry, South Interior Karnataka and
Kerala) was substantially below normal (only 35% of LPA) and was the lowest for the region in last 116 years (1901-2016).

TEMPERATURE
Annual:

Spatial pattern of annual mean, maximum and minimum temperature anomalies for 2016 is shown in Fig.1. Anomaly in
the maximum, minimum and mean temperature over many parts of the country was generally in the range of -0.5 to 1.0° C.
Hov%ever, many parts of northern, northwestern, northeastern and south peninsular region of the country were warmer by about 1
to2°C.

The annual mean temperature for the country was +0.87 °C above the 1971-2000 average, thus making the year 2016 as
the warmest year on record since 1901 (Fig. 2a). The other 9 warmest years on record in order were: 2009 (anomaly +0.85°C),
2010 (0.82), 2015 (0.59), 2006(0.56), 2002(0.45), 2007 (0.417), 2014(0.415), 1998(0.41) and 1958(0.37). It may be mentioned
that 12 out of the 15 warmest years were from the recent past sixteen years (2001-2016). Also the past decade (2001-2010/ 2007-
2016) was the warmest decade on record with anomalies of 0.46°C / 0.51°C above average. During 1901-2016, the annual mean
temperature showed an increasing trend of 0.64 °C/100 years with significant increasing trend in maximum temperature (1.04°C
/100 years), and relatively lower increasing trend (0.25°C/100 years) in minimum temperature.

Time series and trend in mean temperature anomalies for different seasons viz. winter (Jan to Feb), pre-monsoon (Mar to
May), monsoon (June to Sept) and post-monsoon (Oct to Dec) seasons for the period 1901-2016 are shown in Figs 2b, 2c, 2d and
2e respectively. The mean temperature for the winter season (with anomaly +1.36°C above average) this year was the third
highest since 1901. The 5 warmest winter years in order were 2006(with anomaly +1.76 °C), 2009(1.45), 2016(1.36), 2010(0.83)
and 1966(0.79). January month (with anomaly +0.93 °C) was the fourth warmest and February (with anomaly,+1.8°C) this year was
the second warmest since 1901. The pre-monsoon season (March-May) this year was also significantly warmer. The season this
year with anomaly +1.22°C above average was the second warmest ever since 1901. The five warmest pre-monsoon years in
order are 2010(1.72), 2016(1.22), 1921(0.97), 2009(0.82) and 1953(0.78). March, April and May months were the third, second
and sixth warmest respectively since 1901.

Monsoon season this year (with anomaly +0.45°C above average) was the 5th warmest since 1901. The 10
warmest monsoon years on record in order are 2009 (0.76), 2014(0.69), 1987(0.67), 2015(0.58), 2016(0.45), 2005(0.43),
1998(0.42), 2012(0.41) and 1915(0.39). Considering the individual months of the monsoon season, August (with anomaly 0.68°C)
was the third warmest since 1901 and September (with anomaly 0.42°C) was the fifth warmest since 1901.

The Post-monsoon season this year (with anomaly +0.75°C above average) was the 3rd warmest since 1901. The
5 warmest Post-monsoon years on record in order are 2015 (0.98), 2008(0.88), 2016(0.75), 2011(0.64) and 1979 (0.62).
Considering the individual months of the post-monsoon season, October (with anomaly +0.68°C) was the fifth warmest since 1901
and December (with anomaly +1.12°C) was the second warmest since 1901.

Spatial pattern of trend in mean annual temperature anomalies based on the data for the period 1901-2016 (Fig.3)
suggests significant positive (increasing) trend over most parts of the country except for some parts of Gujarat and Bihar, where
significant negative (decreasing) trend was observed.

Fig.4 shows the spatial pattern of monthly maximum and minimum temperature anomalies. Regions with significant
temperature anomaly (> or < + 2 °C) during each concerned month are discussed below.

January-February (Winter season):

During January, maximum temperature was above normal by 2 to 4°C over parts of Jammu & Kashmir and adjoining
Himachal Pradesh, Rajasthan, Gujarat, West Madhya Pradesh, Vidarbha, Marathwada and Telangana. It was below normal over
parts of Gangetic West Bengal by about 2°C. Minimum temperature was above normal over parts of West Rajasthan, Saurashtra &
Kutch, West Madhya Pradesh and Jammu & Kashmir by 2 to 3°C.

During February, maximum temperature was above normal by about 2 to 3 °C over parts of north peninsula, eastern and
northern parts of the country.



Over parts of Jammu & Kashmir and Himachal Pradesh, it was above normal by about 4 to 5 °C. Minimum temperature
was above normal by about 2 to 4 °C over parts north peninsula, eastern and northern region and by over 4 °C over parts of
Nagaland, Manipur, Mizoram & Tripura.

March- May (Pre-monsoon season):

During March, maximum temperature was above normal over parts of west Madhya Pradesh, East Rajasthan, West Uttar
Pradesh, Uttarakhand, Himachal Pradesh, Telangana, Rayalaseema, South Interior Karnataka and Gujarat by about 2 to 3°C.
Minimum temperature was above normal by 2 to 3 °C over parts of northern/northwestern and westcentral India, Bihar, Jharkhand,
Vidarbha, Marathwada, Telangana, Rayalaseema, North Interior Karnataka, Tamil Nadu, Nagaland Manipur Mizoram & Tripura
and the Andaman & Nicobar Islands.

During April, over central parts of peninsula, maximum temperature was above normal by about 2 to 3 °C and over most
parts of northern and eastern region, it was above normal by about 2 to 4 °C. Similarly, minimum temperature was above normal
over most parts of northern and eastern region and some parts of north peninsula, by about 2 to 3°C.

During May, parts of Rajasthan and Andaman & Nicobar Islands were warmer by more than 2 °C in respect of both
maximum and minimum temperature, whereas parts of Gujarat were warmer by more than 2 °C in respect of minimum temperature.

June-September (Monsoon season):

During all the months of monsoon season, in respect of maximum temperature, positive or negative temperature anomaly
was generally within 1 to 2 °C range. However, during June, maximum temperature was below normal by 2 to 3 °C over parts of
Coastal Andhra Pradesh and Telangana, during August it was above normal by more than 2°C over most parts of extreme
northeastern region and some parts of Bihar, Coastal Andhra Pradesh and Kerala and during September, over parts of Jammu &
Kashmir and Himachal Pradesh, maximum temperature was above normal by 2 to 3 °C and over parts of North Interior Karnataka
and adjoining Telangana and Rayalaseema, it was below normal by 2 to 3°C.

In respect of minimum temperature, all the months of the season were generally warmer and the anomalies were within 1-
2 °C range over most parts of the country. However, during September, parts of Jammu & Kashmir, Himachal Pradesh and
Uttarakhand were warmer by about 2to 3 °C.

October-December (Post-monsoon season):

During all the three months of monsoon season, in respect of both maximum and minimum temperature, both positive or
negative temperature anomaly was generally within 1 to 2 °C range. However, during December, maximum temperature was
above normal by 2 to 3°C over parts of northern, northwestern and extreme northeastern region of the country. Over parts of Jammu
& Kashmir, Himachal Pradesh and West Rajasthan, maximum temperature was above normal by more than 4°C. Maximum
temperature was below normal by 2 to 3 °C over parts of East Uttar Pradesh and adjoining Bihar during December.

In respect of minimum temperature, some central and adjoining north peninsular parts of the country viz. Vidarbha and
adjoining parts of Madhya Pradesh, Madhya Maharashtra, Marathwada, Telangana, Chattisgarh and parts of East Uttar Pradesh,
Odisha and Gangetic West Bengal were cooler than normal by 2 to 3 °C during November. While during December, in respect of
minimum temperature, some northern, northwestern and extreme northeastern parts of the country viz. Jammu & Kashmir,
Himachal Pradesh, Rajasthan, Saurashtra & Kutch, Bihar and Nagaland, Manipur, Mizoram & Tripura were warmer by more than
3t04°C.

Fig.5 (a,b) shows the monthly minimum and maximum temperature anomaly for the country as a whole during past five
years, 2012-2016 respectively. It can be seen that the first four months of the year 2016 from January to April were the warmest in
last five years, in respect of both minimum and maximum temperature. While August and September were the warmest in respect
of minimum temperature and November and December were the warmest in respect of maximum temperature in last five years.
Similarly, November month was relatively cooler in respect of minimum temperature in last five years.

ColdWave/Cold day/ conditions

Cold wave conditions were rather moderate during the winter season (Jan-Feb). Severe cold wave/cold day conditions
prevailed over parts of north, central and north peninsular India only during fourth week of January (21-27 Jan.). Fig 14a, b show the
minimum temperature anomaly diagrams for the duration when cold wave condition was at its peak.

Heat Wave Conditions

Unusually warm winter season this year was followed by hot March. As the season progressed, heat wave was more
intense during April which was followed by excruciatingly hot May which shattered many previous records.

During the season, heat wave conditions were initially observed over the central and adjoining western/northwestern parts
of the country from last week of the March to first week of April (24" March to 4" April). These conditions generally prevailed over
most parts of eastern India during the second week of April. As the season progressed, the severity and extent of heating increased
during the third week of April resulting in the establishment of severe heat wave conditions over parts of north and eastern India.
These conditions continued to prevail over east India and also spread over parts of south India during the last week of April. During
the last few days of April and the first fortnight of May, heat wave conditions were observed at isolated places on some occasions
over Parts of Rajasthan, Punjab, Odisha, Bihar, Gangetic West Bengal and Kerala.

Since 15" May, severe heatwave / heatwave conditions again prevailed initially over parts of northwest India and spread
subsequently over parts of central and north peninsular India till 22™ May. Jammu & Kashmir, West & East Rajasthan, West & East
Madhya Pradesh and Vidarbha were especially affected by heat wave during this period. Maximum temperature at many places
was around 47 °C during this period.



Heat wave conditions gradually abated from most parts of the country after 23" May and prevailed only at isolated places
over parts of Coastal Andhra Pradesh and Telangana during last few days of May. These conditions again revived and prevailed
over parts of central and northwest India on most of the days during first ten days of the June. West & East Rajasthan and West
Madhya Pradesh were especially affected during this period. The severity and spatial extent of Heat wave conditions reduced
gradually and got abated by 12" June. Fig 15a, b show the maximum temperature anomaly diagrams for the duration when heat
wave condition was atits peak.

RAINFALL

Time series of percentage departure of area weighted seasonal and annual rainfall over the country as a whole are shown
in Fig. 6. In 2016, annual rainfall over the country as a whole was 91 % of its LPA value. Season wise rainfall distribution over the
country as awhole s listed below:

Winter (January to February): 44% of LPA, Pre-monsoon (March to May): 100% of LPA
Monsoon (June to September): 97% of LPA, Post-monsoon (Octto Dec): 55% of LPA

Sub-division wise seasonal and annual rainfall statistics are given in Table 1 and spatial distribution is shown in Fig. 7.
Month wise rainfall distribution is shown in Fig. 8.

Annual:

Rainfall activity over the country as a whole was normal (91 % of LPA) during the year. Out of 36 meteorological
subdivisions, only one sub-division (East Rajasthan) received excess rainfall, 23 received normal rainfall and remaining 12
subdivisions received deficient rainfall.

At the end of year, of the four homogeneous regions, central India and East & Northeast India received normal rainfall
(103% and 91 % of its LPArespectively), while Northwest India and south peninsular India received below normal rainfall (85% and
79 % of its LPArespectively).

Winter season:

Rainfall activity over the country as a whole was substantially below normal during the season. It was the seventh
lowest since 1901. It was below normal during both the months of the season (41% of LPA during January and 46% of LPA during
February). Only some subdivisions of peninsular and northeast India viz. South Interior Karnataka, Rayalaseema, Gangetic West
Bengal and Nagaland, Manipur, Mizoram & Tripura and the islands received excess/normal rainfall, while rest of the country
received deficient/ large deficient rainfall.

During the season, out of 36 meteorological subdivisions, 1 subdivision (Lakshadweep Islands) received large excess
rainfall, 2 received excess rainfall, 3 received normal rainfall, 11 received deficient rainfall and 16 subdivisions received large
deficient rainfall. Remaining 3 subdivisions did not receive any rain.

Pre-monsoon season:

Rainfall activity over the country during the season as a whole was normal (99.8 % of its LPA value). It was normal
during March and May (99 % and 107 % of LPArespectively) and below normal during April (81% of LPA). Sub divisions of western
India, Odisha and the Islands received deficient/ large deficient rainfall, while rest of the country received excess/normal rainfall.
Some subdivisions of north, central and peninsular India viz. East & West Uttar Pradesh, Haryana, Chandigarh & Delhi, East
Madhya Pradesh and Coastal Andhra Pradesh received about one and half times of their respective normal rainfall.

During the season, out of 36 meteorological subdivisions, 8 received excess rainfall, 16 received normal rainfall, 9
received deficient rainfall and 3 received large deficient rainfall.

Monsoon season:

The southwest monsoon season rainfall over the country as a whole was normal. However, the season observed intra
seasonal variation with slightly below normal rainfall in June (89 % of LPA) and normal rainfall during July (107 % of LPA), August
(91 % of LPA) and September (97 % of LPA). Spatially, the highest rainfall (106% of LPA) was received by homogeneous region of
Central India and lowest rainfall (89% of LPA) was received by East & Northeast India. The homogeneous regions of Northwest
India and South Peninsula received seasonal rainfall of 95% and 92% of LPArespectively. Also, during the first half of the season (1
June to 31 July) country received normal rainfall (100 % of its LPA), while during second half of the season (1August to 30
September) it received comparatively less rainfall (93 % of its LPA).

Many subdivisions of the country received excess/ normal rainfall. However, nine subdivisions received deficient rainfall.
Out of these 9 deficient subdivisions, 3 were from Northwest India (Haryana, Chandigarh & Delhi, Punjab and Himachal Pradesh),
one subdivision each from East & Northeast and Central India (Assam & Meghalaya and Gujarat region respectively) and 4
subdivisions from South Peninsular India (Coastal Karnataka, South Interior Karnataka, Kerala and Lakshadweep). During the
season, out of 36 meteorological subdivisions, 4 subdivisions received excess rainfall, 23 received normal rainfall and the
remaining 9 subdivisions received deficient rainfall.

The rainfall for the season was normal over the Northwest, Central and South peninsular India (95%, 106% and 92% of
LPArespectively) and slightly below normal over the East & Northeast India (89% of LPA).

Daily area weighted rainfall (mm) over the country as a whole during the monsoon season 2016 (1* Jun. to 30" Sep.) and
its long term average values are shown in Fig. 9. For the country as a whole, rainfall averaged was above or near normal on many
days during the season. On about 22 occasions, it was nearly one and half times its normal Value. However, during first fortnight of
June and from mid of August to mid of September, it was almost continuously below normal.



Post-monsoon season:

Rainfall activity over the country during the season as a whole was below normal (55% of LPA). It was the fifth
lowest since 1901. It was below normal during all the three months of the season (67%, 25% and 50 % of its LPA respectively).
Except for some subdivisions of western, central and northeastern region and the Andaman & Nicobar Islands which received
excess/normal rainfall, rest of the country received deficient/ large deficient rainfall.

Rainfall activity over the core region of south peninsula (comprising of 5 subdivisions viz. Coastal Andhra Pradesh,
Rayalaseema, Tamil Nadu & Puducherry, South Interior Karnataka and Kerala) during the season as a whole was substantially
below normal ( 35% of LPA value). It was the lowest over the region since 1901. All the five sub-divisions of the region
received large deficient (<-60% of LPA) rainfall during the season. Rainfall realized was substantially below normal during
October and November (28% and 25 % of LPArespectively) and near normal during December (107% of LPA).

Out of 36 meteorological subdivisions, 3 subdivisions received large excess rainfall, one received excess rainfall, 6
received normal rainfall and 13 subdivisions each received deficient/ large deficient rainfall. Time series of northeast monsoon
seasonal rainfall over the south peninsulais shownin Fig 10.

Standardized Precipitation Index

The Standardized Precipitation Index (SPI) is an index used for and is based on precipitation. This index is negative for
dry, and positive for wet conditions. As the dry or wet conditions become more severe, the index becomes more negative or
positive. Fig.11 gives the SPI values for the year 2016.

Cumulative SPI values of the year indicate, extremely wet/severely wet conditions over parts of Jharkhand, East Uttar
Pradesh, West & East Rajasthan, West & East Madhya Pradesh, Konkan & Goa and North Interior Karnataka while extremely
dry/severely dry conditions were observed over parts of Arunachal Pradesh, Assam & Meghalaya, Nagaland, Sub Himalayan West
Bengal & Sikkim, Odisha, Jharkhand, Bihar, East & West Uttar Pradesh, Uttarakhand, Haryana, Chandigarh & Delhi, Punjab,
Himachal Pradesh, Jammu & Kashmir, East Madhya Pradesh, Coastal Andhra Pradesh, Tamil Nadu, Karnataka state, Kerala and
Lakshadweep.

TROPICAL STORMS/DEPRESSIONS IN THE INDIAN SEAS

During 2016, three cyclonic storms (one each in the month of May, October and November) and a very severe cyclonic
storm (in the month of December) formed over the Bay of Bengal.

The first cyclonic storm of the year 'ROANU' formed over the southwest Bay of Bengal in the month of May on 19", After
recurving, it skirted along the east coast of the country, crossed the Bangladesh coast and weakened over northeastern parts of the
country on 22™. This system caused good rainfall along the east coast of the country from 17 to 21 May and also over the
northeastern parts of the country after weakening on 22 May. The second cyclonic storm of the year 'KYANT' formed over the east
central Bay of Bengal in the month of October. However, after recurving it weakened in-situ over the sea itself over the west central
Bay of Bengal off Andhra coast without causing adverse weather. The third Cyclonic Storm 'NADA' formed over the south Bay of
Bengal on 30" November. It moved in a northwesterly direction towards land but weakened into a depression over the Sea before
crossing north Tamil Nadu coast on 2™ Dec. The crossing phase of this system caused active northeast monsoon conditions over
Tamil Nadu for the first time during the season on 1% & 2™ Dec. The last cyclonic storm of the year 'VARDAH' (6 -13 Dec) intensified
into a Very Severe Cyclonic Storm and crossed north Tamil Nadu coast, close to Chennai on 12". Thus, it became the system of
severe intensity during the current year which had a landfall. Though it created havoc over Chennai and adjoining districts of north
Tamil Nadu, the system also caused copious rainfall over the large rainfall deficient regions for a couple of days.

During the monsoon season, fourteen low pressure systems (2 Deep Depressions, 2 Depressions, 3 well marked low
pressure areas & 7 low pressure areas) were formed. The frequency and place of origin of these low pressure systems formed over
the Indian region during the monsoon season is shown in the table below.

Systems / Month DD D WML LPA
June 0 1 (AS) 0 1 (BOB)
July 0 1 (Land) 0 1 (Land)
August 2 (BOB) 0 2 (BOB) | 3(2BOB, 1Land)
September 0 0 1 (BOB) 2 (BOB)
(AS : Arabian Sea) (BOB : Bay of Bengal)

The first Depression of the monsoon season formed over the northeast Arabian Sea in June (27"-29") and the second
one formed as a Land Depression over northeast Madhya Pradesh & neighborhood in July (6"-7"). Thereafter, two Deep
Depressions were formed in August (9"-12" & 16"—20"); 1* over the coastal areas of West Bengal & adjoining north Bay of Bengal
and the 2™ over the northwest Bay of Bengal. Most of these depressions and the low pressure areas moved in a westerly/north-
westerly direction across eastern, central or north peninsular parts of the country and caused above normal rainfall over these
regions.



During the post monsoon season, apart from the storms mentioned above, two depressions were also formed. One
formed over the Bay of Bengal (2-6 November) and another over the Arabian sea (17-18 December). The tracks of these cyclonic
storms and depressions formed during the yearis shown in figures 12 (a) and 12(b).

Frequency of depressions and cyclonic storms formed over the north Indian Ocean (1951-2016) during the monsoon and
post-monsoon season is shown in figures.13 (a) and 13(b).

SIGNIFICANT WEATHER EVENTS

The most striking event of the year was the heat wave which was the replicate of the heat wave of the last year. Many
stations of northwest, central and peninsular India withessed unprecedented high temperatures and smashed the heat records of
previous years during April and May. Some places in west Rajasthan viz. Phalodi and Churu recorded a high of about 50 °C on 19"
May. The maximum temperature recorded at Phalodi (51°C on 19" May) was the highest-ever temperature for the country. The
previous highest ever temperature (50.6°C) was recorded by Alwar also in Rajasthan in 1956. Over 500 deaths were reported
mostly from central and peninsular parts of the country during the month of April & May. Of these, over 300 deaths were reported
from Telangana alone. Over 100 from Andhra Pradesh, 87 from Gujarat, 43 from Maharashtra and rest from other parts of the
country.

Lightning reportedly claimed over 415 deaths from northern, northeastern, central and peninsular parts of the country
during the premonsoon and monsoon seasons. Neighbouring states of Bihar, Uttar Pradesh, Madhya Pradesh and Odisha were
the worst affected. 97 deaths were reported from Odisha, 52 from Uttar Pradesh, 49 from Bihar, 60 from Madhya Pradesh and
remaining from other parts of the country.

Heavy rain & flood related incidents during the monsoon season claimed at least 630 lives from different parts of the
country. The worst affected state was Bihar where 146 people died during the period 25" July to 3" September. Total 65 persons
died in Maharashtra, of these 27 died in the 'Mahad bridge collapse' incidence, in Raigad district on 2™ August, 30 deaths were
reported from Andhra Pradesh from 15-28 September and 20 deaths from Telangana during August and September months. Many
areas in both these states were reeling under flood like conditions during last 10 days of September. Both the National Disaster
Response Force and the Indian Army was called on to undertake the relief and the rescue operations in both these states. 58
deaths (allin month of July) were reported from Uttarakhand, 49 from of Rajasthan (11" July to 30" August) , 35 from Assam (19 July
to 13 August), 48 from Madhya Pradesh ( 30 June-20 August) and rest from other parts of the country.

Thunderstorm activity also reportedly claimed about 100 deaths during the pre monsoon and monsoon season mostly
from northern / northeastern and central parts of the country. Of these, 40 deaths were reported from Uttar Pradesh state alone
during the period 17-22 June. 36 deaths were reported from Assam.

Significant weather events during 2016 and associated loss of lives are shown in Fig. 16.

The highest maximum & lowest minimum temperature and highest rainfall in 24 hours recorded over a station during the
year 2016 with the dates of occurrences are given in Table 2.
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FIG. 1 : ANNUAL TEMPERATURE ANOMALIES (°C)
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FIG. 14: MINIMUM TEMPERATURE ANOMALY (°C) DURING THE COLD WAVE PERIOD
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(a) 20 - 24 APRIL (b) 18 - 22 MAY

FIG. 15: MAXIMUM TEMPERATURE ANOMALY (°C)DURING THE HEAT WAVE PERIOD
(WITH RESPECT TO 1971 - 2000 AVERAGE)

20



«HVQA¥VA,, SOSA Ol 3na
a31ad 37d03d 81
d3aacl-ci

SNIVY AAVIH ® dOO01d

NAvN TINVL

a31d 37doad z€l
120'd3S'NNMAVIN‘4dY
ONINLHOIT

VHSIAo

a31a 37do3ad S9

100 L-NNr i

a31d 371do3ad 9¢

AVIN 92 - ¥VIN L
ONINLHOIT

a31d 31do3d 8y

9NV 0Z -NNr 0€

SNIVY AAV3H ® AOOTd

HS3Aavid VAHAvIN

*03d NI d31d 31d03d ¢¢
JAVM aT100

a31a 37d03d 09

NAOr - AVIN

ONINLHOIT

a31d 37do3ad 9vL

d3s €-nr s¢

SNIVY AAV3H ? AOOTd

AdvHIg

a31d 37do3d €€
onv eLIanr e
SNIVY AAVIH ® dOO1d

INVSSVY

*03d NI d31d 37d03d L2
JAVM a100

a31a 37d03d 92

d3as 91-Gi

a31a 37d03d 92
NNr9z-1e

ONINLHOIT

a31a 37d03d oy
NNree-LL
INYOLSHIANNHL

HS3Aavid ¥vLLn

a31d 31do3d 9v
anr €g-¢
SNIVY AAV3H ® AOOTd

ANVHMVYVLLN

910Z ONIJINA SLNIAT ¥3HLVIM LNVOIIHINOIS - 91Ol

(Vd1 40 %SL >)
NOOSNOIN MS ONRING
TIVANIVY INJI0143a

WHOLSHIANNHL SNIVY AAV3IH
/ ONINLHOIT 3AVM LVIH JAVM aT109 ® doo1d
-8B

4310 37d03d Le

d3s 8¢-G1

SNIVY AAV3H ® AOOTd
a31a 37d0o3d 00k

AVIN - ddV

JAVM LV3H

HS3AVdd VYHANV

a31d 37d03d 00€
AVIN - ddV
JAVM LVIH

VNVONVI3L

a31a 37do3ad L2

onve

3SdV1709 3901¥g AVHVIN
a310 37d03d 9¢

d3as - NNr

SNIVY AAVIH 2 dO01d
a31a 37do3d ov
1D0'dAS NNrAVIN'HVIN
ONINLHOIT

a31ad 37do3d €v

AVIN - ddV

JAVM LV3H

VYLHSVIVHVIN

a31d 37d03d 18
d3s-Nnr

SNIVY AAVIH 2 d001d
a31a 37do3d L8

AVIN - ddV

JAAVM LVIH

1vyvrno

a31ad 37d03d 6€
120'dAS NNrAVIN'HVIN
ONINLHOIT

a31d 37d03d s¢€
oNvoe-1nr L

SNIVY AAVIH 2 dO01d

NVHLSVIvy

21



€e- ] 0009L | z6.0F | OG- o'€ee 7’6ol Gz- | G866 GGy |85 | veee 196 201 | GSe I d3IMAvHSVT | 9¢
9¢- | €ve6e | Lelsl Lo £°08Y €68l ve- | 9602 | ¢eSEl | ZL- | 26.¢€ €G1e | 0z | eve Vel vivaa | g€
Le- Z610L | 6869 0L~ 9602 829 Lz- 0099 SveS | 9z- | ¢ Grh €20} = vy v VIVIVNEVITS | ve
GlL- eov. 1’829 11- €Sl 0€e v 0905 1625 | 6b- 1'G8 689 /- | 6¢ 60 VIVIVNEVI TN | €€
Ge- | €925€ | v'1e9z | €9- 8292 €86 lz- | 8'€80€ | 882¥c | ¢~ | 88LL 8'€0) v~ |60 G0 VIVLVNEVS TVLSVOD | 2¢
- vvL6 065 29" Z8cy 0991 61- z/1E '8¢ | €b- 1’82l 9Ll 68- | 60¢ e "AaNd ® NGVN TINVL | 1€
Iz 1902 665G 99- z6le 6€. z £°86€ z2Z6¢ |0 02z8 218 z 99 '8 VINSISVIVAVY | 0F
L oz 0eroL | ov- €611 €. 61 Z'6S/ 8668 | 72 895 90/ 88- ) vl VNVONVIEL | 62
Ll- | 2vz0L | 1806 19- vize v'601 vl 17186 6299 | /€ 0.6 Zeel 98- | 28l 9¢ dVIVISVOD | 82
b 8621 | cOlEl | ¢ 08 861 z €€Skl | 09ZLL | O 5 sy 5~ | €le 1’6 HUVOSILLVHD | 22
7 Gv80L | ce9ll | & 818 06, 6 9756 8vrolL | 12 60€ Gl€ 99- | ¢ZI 65 VHERVaIA | 92
Gl 91e8 986 L 9101 6001 Iz 6289 8ve8 | ve- | €0¢ 10g /G- | 89 62 VAVMVHLVEVN | 82
€ 89/8 6668 = 801 179 ) €62 €618 |85 | 8.€ 8'Gl l9- |61 70 VHLHSVYIN VAHOYN | ¥2
8l LLOLE | L'€E99E | Ze- L'6vL €801 ze Lv16C | 86vGE | 98- | 0'Z€ 0G 00l- | €0 00 VOO % NV3INOM | €2
o SIS 6287 611 g6¢ 779 €L~ | 5L.p 69y | 99- |6¢ el 00L- | 90 00 HOLNY 8 VALHSYANVS | 22
0z- 17956 9297 v6 SvE 699 ve- | Lv16 969 | ¥8- | ¥9 00} 00L- | 1b 00 ANGA ® O34 Ivavrno | 12
vl v69Ll | 0ZE€L | OG- 8 .S 06¢ 61 21501 | vevel | vp 162 z9¢ /e- | ege cze dW1isva | o0z
Gl €956 98601 | ¥z 1'€S 0¥ 61 1'9/8 00roL | & Gel 8zl 29~ | o€l ZS JdW1Sam | 6b
8z €129 2838 gl 972 9z¢ z€ 8G9 Izv8 | 2e- | vib 6Ll 16- | S0l ol NVHLSVrvd 1sva | 8b
Gl Z'662 GGre 16 g6 '8l 0C z€9¢ gGLe | sv- 1’61 66 - | vZ D NVHLSVIvY 1S3m | 21
Ge- | €50zL | 8106 €6- gLEl v'6 0L- 9vES g8y | ¢ 092¢ glee | €9- | 6¢cle g8/ HINHSYY 8 NWAVE | 91
€e- | 6€/€l | 8¢z6 €6- Z'80l G/ ve- | €628 Sve9 | & 67 g'€ee 1Z- | GG6l 1S HS3avad HOVNIH | S1
ge- 669 L8z z6- 0Ly 3 8z- | 616¥ 0zse | € G'es Z09 G- | ger %) avrNnd | vh
0€- 8295 1°€6€E 6.- v'6¢C z9 lz- €997 €'8e€ [ zve 18y 96- | 62¢ zl IH13Q 3 TANVHO "avH | €1
Zl- | 6085l | veoeL | ¢o- 968 gol 0L~ I'6zzt | cvOLL | I+ 0951 D2 79- | 290l ove aNVRYIVEVLILn | 2b
ze- Z'988 9269 z8- s 96 L1~ V692 ICERES 1’62 68¢ 88~ | cee oY gnisam | o
Gl- | 980l | go0/8 16- v09 66¢ ZL- 9°/68 €06 | 0S e 9Ly .- | 68¢ 99 anlisva | oF
G 960z | 86¥LL | ce- Gl 809 ¢- 97201 | L'¥66 | Ol Gl 1°G8 /6- | o€e 66 avHig | 6
b €962 | ¢Svel | 06- 916 GG 0 61601 | 6960F |9 V6. V8 G- | vee Vel aNVAYIIVHF | 8
vi- | G09vlL | Lesel | sz B2 0L 0L- 66vLL | 80501 | Zz- | LvEL 086 - | 81E g8l VHSIdO | 2
o z125L | ocerk | or- 1091 988 0 6291 | 6291 | 6L- | 89l Zeel 1€ v e el @M OILVONVD | 9
V- 680/ | €192 | 9I- €G8l VR 0 29002 | 966 |G- V' 1GY 0veEy | ¥~ | €09 6.2 WIS 8 GMHS | S
6 08/z¢ | 6890z | 9I- 0eve Zv0z | ZL- | 696%F | Ovbzl | 9t L6y 8v.S | ¢ 0t GG AL OZIN'INVNOWN | ¥
Z1- | 6ve9z | 6112 le- 0661 6€S1 0¢- | 8261 | o6vel | ve 2065 vveL | 9z- | 697 9ve VAVIVHOIN % WVSSY | €
g €62 | 9689z | 6¢- z192 9681 v 0891 | 1669l | & v 06. €€69 | oc- T2 90l HS3avad WHOVNNEY | 2
¢- €9z6c | 61582 | v 6569 92001 | 2 G289 | 929SL | 26 | 0Gov 6861 9 628 878 SANVISIN®Y | T
d30a% | IVWHON | IVNLOV | d30% | IVINUON | IVNLOV | d3a% | IVINMON | IVNLOV | d3a% | TVINION | IVNLOV | d3a% | TYIWHON | 1vN1ov
910Z TYNNNY NOSV3S NOOSNOW 1LSOd NOOSNOI NOOSNOW-3ud NOSV3S ¥3LNIM JWVN NOISINQENS | 'ON'S

V1Vd TVNOILVY3IdO NO a3svda 910¢ dVIA FHL JOd SOILSILVLS TIVANIVY
IVNANNV ANV TVNOSVIS 3SIM NOISIAIG-gNS TVIIO0T10803d 13N

I -31avl

22



TABLE - 2
STATION WISE TEMPERATURE AND RAINFALL EXTREMES FOR THE YEAR 2016

MIN DATE MAX | DATE HIGHEST 24 Hr. | DATE
S:NO. | STATION NAME (‘°c) (MONTH_DATE) (‘°c) (MONTH_DATE) | RAINFALL(mm) | (MONTH_DATE)
1 Agartala AP 6.8 126 37.3 5 11 154.4 5 22
2 Cherrapuniji* 3.7 126 30.2 8 26 447.8 7 19
3 Dibrugarh AP 6.6 12 30 37.5 8 3 66.4 6_30
4 Guwahati AP 8.2 1.15 38.4 8 25 114.5 6_18
5 Imphal AP 3.2 1.24 34.5 8 25 94.0 5 22
6 Passighat 11.4 1.28 37.0 8 3 264.7 9 2
7 Shillong* 2.2 126 28.3 8 4 83.8 719
8 Tezpur 10.0 1.18 36.8 8 3 78.6 5 17
9 Baghdogra AP 4.7 125 38.7 3. 29 279.8 7 24
10 Berhampore 9.0 1 26 42.6 4 11 63.0 75
11 Kolkata 11.3 125 41.3 4 11 131.9 9 6
12 Cooch Behar AP 7.2 129 37.5 8 25 218.0 6_25
13 Contai 7.8 126 415 [ 4 11 125.5 8 4
14 Darjeeling® 0.6 1 1 40.0 4 25 95.1 6 14
15 Gangtok* 3.3 1 26 26.3 8 27 127.4 5 15
16 Jalpaiguri 7.6 126 37.9 4 8 146.8 725
17 Kalimgpong* 4.0 1.22,23,28 29.5 6 3 125.0 710
18 Krishnanagar 8.0 1 25 41.8 4 22,23 133.2 8 11
19 Midnapore 9.5 125 45.0 4 23 70.6 8 22
20 Panagarh 7.0 1.24 445 | 423 197.2 8 22
21 Balasore 10.2 125 44.2 4 23 90.0 8 17
22 Bhubaneshwar AP 12.3 12 22 45.8 4 11 69.2 6 27
23 Chandbali 11.6 1.24 44.4 4 11 168.2 8 17
24 Gopalpur 13.5 124 37.0 4 30 79.0 5 20
25 Jharsugda AP 6.6 124 455 | 4 17,5 23 70.6 9 11
26 Puri 13.4 124 38.0 55 118.0 121
27 Sambalpur 7.5 12 22 45.2 4 22 240.3 8 4
28 Daltonganj 5.5 1.24 45.0 52 142.8 8 12
29 Gaya AP 5.7 1.24 44.5 5 18 237.8 96
30 Jamshedpur AP 7.6 1.24 45.8 4 23 239.2 8 18
31 Patna AP 4.8 1.23 44.5 | 430 133.8 9 12
32 Purnea 4.8 1.24 41.3 4 25 102.3 5 19
33 Ranchi AP 5.5 125 42.0 4 27 117.7 74
34 Bahraich 1.4 1.23 43.0 4 27 200.6 72
35 Bareilly 4.9 123 42.5 | 4 27,5 16,17 112.6 725
36 Dehar Dun 3.6 121 40.2 5 17 92.5 8 8
37 Gorakhpur 2.8 123 43.0 4 20 94.6 7 19
38 Jhansi 4.3 1 22 46.4 5 18 123.0 727
39 Lucknow AP 2.1 1.23 44.4 5 16 91.3 8 15
40 Mukteshwar** -2.0 1.20 29.2 5 17 117.6 717
41 Varansai 4.7 123 45.1 5 16 70.6 8 8
42 Ambala 4.5 1.23 43.7 52,18 84.6 8 10
43 Chandigarh 0.7 1.24 43.6 5 18 61.1 8 22
44 Hissar 3.2 2 10 47.8 5 21 93.1 6_14
45 Karnal 4.0 2 4 43.8 5 18 84.0 8 8
46 New Delhi AP 4.2 1.22 44.0 52 63.5 91
47 Amritsar AP 1.4 1.24 45.0 5 18 84.7 7 16
48 Patiala 4.6 1.27 44.4 5 18 51.8 72
49 Shimla* -0.2 120 29.8 52 76.1 8 1
50 Banihal* -0.8 123,12 17 33.5 6_24 69.2 319
51 Gulmarg* 1121 17 25.4 71 44.2 3 18
52 Jammu AP 0.5 1.24 43.3 6 4 127.6 8 7
53 Srinagar® -6.5 12_21 34.4 6_30 52.8 3 19
54 Ajmer 6.8 121,22 46.2 5 19 80.6 725
55 Barmer 7.3 1.22 49.5 5 19 38.3 89
56 Bikaner 5.2 1.22 49.5 5 19 43.7 8 8
57 Ganganagar 3.7 12 27 49.2 5 21 90.6 7 28
58 Jaipur AP 4.0 1.16 46.5 5 19 63.8 72
59 Jaisalmer 5.4 120 49.0 5 19 90.2 8 28
60 Jodhpur AP 5.4 122,23 48.8 5 19 172.2 8 10
61 Kota AP 6.5 122 48.2 5 19, 20 193.1 8 7
62 Udaipur 3.8 1 22 46.4 5 19 98.1 7 4
63 Ambikapur 3.2 1.23 42.4 419, 20 126.4 8 13
64 Betul 4.0 1.22 44.6 5 18 146.2 79
65 Bhopal(AP) 6.0 121 46.7 5 20 175.4 79
66 Guna 34 121 46.7 5 20 133.6 76
67 Gwalior 3.5 1.22 47.0 5 19 65.3 727
68 Indore(AP) 7.3 1.23 44.5 5 18 60.0 7_10
69 Jabalpur 5.0 1.23 44.5 5 15 109.6 78
70 Jagdalpur 7.2 12_19, 23,24 42.4 5 31 154.5 6_28
71 Khandwa 6.0 124 45.1 5 13 108.0 710
72 Nowgong 4.0 122 47.0 5 18 208.0 8 19
73 Pendra 2.5 123 42.0 4 16,17,19,20 | 78.3 9 26
74 Ratlam 5.0 1 21 46.2 6 5 198.0 8 21
75 Sagar 7.2 121 46.4 5 20 164.2 8 20
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TABLE - 2 (CONTD.)

MIN DATE MAX DATE HIGHEST 24 Hr. DATE
S-NO. | STATION NAME (°c) (MONTH_DATE) (°c) (MONTH_DATE) | RAINFALL(mm) (MONTH_DATE)
76 Satna 4.9 1.23 45.9 5 14 277.4 77
77 Seoni 5.4 123 44.0 5 16, 21, 23 141.8 7 11
78 Umaria 2.6 1.23 45.0 5 16 120.4 8 17
79 Ahmedabad AP 7.5 1.25 48.0 5 19 104.8 8 5
80 Baroda 9.4 1.25 44.6 5 18 144.2 8 10
81 Bhavnagar AP 10.9 1.22 44.0 5 21 93.4 9 19
82 Bhuj AP 11.5 121 45.6 5 18 56.8 10 4
83 Deesa 8.1 1.23 48.0 5 19 83.0 8 24
84 Dwarka 14.0 1.24 374 3 22 90.8 8 7
85 Naliya 54 121 37.7 6_30 74.2 8 6
86 New Kandala 11.0 1.22 43.6 5 19 32.6 8 6
87 Porbandar AP 9.8 1.25 39.6 3 27 77.5 8 5
88 Rajkot AP 11.2 1.25 46.0 5 19 113.6 8 6
89 Surat 11.5 126 41.8 5 17 126.4 7 4
90 Veraval 14.5 120,25 38.5 3 23 78.6 6_26
91 Akola 7.9 1.22 471 5 18 84.3 7_1
92 Ahmadnagar 5.6 12_10 43.3 4 16 78.2 9 15
93 Aurangabad AP 8.1 12_28 43.8 5 18 97.7 71
94 Buldhana 10.4 12 28 43.5 5 18 58.0 71
95 Chandrapur 8.3 1 24 46.8 6 3 130.2 79
96 Dahanu 13.7 121 37.0 5 28 528.6 9 21
97 Harnai 15.7 2 4 38.5 35 361.6 6_24
98 Jalgaon 7.0 1.27 46.6 5 19 97.0 7 1
99 Kolhapur 12.9 12_10 41.1 5 17 105.0 71
100 Mahabaleshwar* 9.8 121 36.4 4 15 4104 8 3
101 Malegaon 7.2 12 27 45.2 5 18 96.0 9 18
102 Mumbai 18.0 1.20 36.4 11_27 165.6 9 24
103 Nagpur AP 5.1 1.23 46.6 5 21 70.7 6_23
104 Panjim 17.6 12 12,24 36.5 11 155.8 6 22
105 Parbhani 8.9 122 46.0 5 19 84.0 730
106 Pune 7.3 1.22 41.0 53 74.6 8 4
107 Ratnagiri 13.5 2 4 39.6 3 17 172.9 9 24
108 Sholapur 10.1 12_10 44.9 4 21 106.4 7 21
109 Yeotmal 10.0 12_20, 21, 23, 28 44.5 5 20 109.4 79
110 Anantpur 11.1 12_11 44.5 4 25 95.3 5 29
111 Hyderabad AP 10.9 12 22 43.0 4 13,22 75.4 56
112 Kakinada 18.2 1.18, 12 22 44.8 5 26 173.6 5 19
113 Kalingapatnam 12.2 12_22 38.8 6_15 144.6 5 20
114 Kurnool 14.5 12 24 45.1 4 25 77.8 8 31
115 Machilipatnam 17.9 12 22 44.7 5 24 118.6 9 22
116 Nellore 19.8 12_27 44.6 4 24 82.0 12_13
117 Nizamabad 11.4 12 28 45.1 4 21 94.5 9 24
118 Ongole 18.6 12 23 44.7 4 23 144.9 9 13
119 Ramgundam 10.4 1.24 46.6 5 25 132.0 10_8
120 Visakhapatnam AP 15.2 11 26 43.4 5 23 88.0 5 19
121 Chennai AP 18.5 12 23 41.8 4 22 202.5 12 13
122 Coimbatore 16.6 1.4 39.5 51 68.6 10_31
123 Cuddalore 18.3 12 24 40.2 5 26 101.4 5 17
124 Kanyakumari 21.9 117 36.2 4 23 47.6 5 20
125 Kodaikanal* 5.9 12 7 23.8 3 27 53.5 10_14
126 Madurai AP 19.0 1.15 42.3 4 24 76.0 726
127 Nagapattinam 19.0 12 1 39.1 4 24 137.0 11.3
128 Palayamkottai 20.5 13 40.8 4 24 50.0 5 12
129 Pamban 20.2 121 36.3 4 26 79.6 5 16
130 Salem 15.1 11_25 41.8 4 20 44.8 10_13
131 Tiruchirapalli AP 18.8 1.3 42.4 4 24 72.6 718
132 Vellore 16.0 12_23 43.7 4 24 108.3 12_13
133 Bangalore* 12.0 12_11 39.2 4 24 60.8 12 13
134 Chitradurga 11.0 12_11 41.0 4 27 58.2 10_12
135 Gadag 13.0 12_10 40.5 4 26 32.1 7_28
136 Gulbarga 12.5 12 11 44.5 4 26 127.4 7 21
137 Honavar 15.5 12_11 37.6 3 3 201.6 6 29
138 Karwar 16.3 1.10 37.6 11_17 150.6 6 29
139 Mangalore AP 18.8 12 11,1 2 37.0 2 18 119.4 6_28
140 Medikeri* 7.3 15 33.0 4 26 127.8 6_29
141 Mysore 9.4 14 39.9 4 24 78.0 729
142 Raichur 9.2 12_11 43.8 4 25 65.8 9 15
143 Alapuzha 20.4 11 37.9 4 26 150.8 68
144 Cochi AP 20.6 12 2 36.2 4 28 109.0 10_14
145 Kozhikode 20.6 13 39.2 4 30 144.7 6 2
146 Thiruvananthapuram 21.0 2 2 36.5 2 18,3 13 128.8 5 20
147 Car Nicobar 21.0 97,12 11 36.5 59 145.4 9 22
148 Port Blair 20.3 112 35.6 4 23,5 11 212.4 12 8
149 Amini Divi 22.1 16,12 36.9 56 57.9 6 9
150 Minicoy 22 1.4 39.2 4 26 47.4 7 15

(*:Hill stations)
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