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FOREWORD

I feel privileged in presenting the IMD Annual Report 2015” which
highlights the accurate meteorological services rendered to various
stakeholders of the society and the progress made by the department
during the year. The department has taken major initiatives in
augmenting its observational, computational, forecasting and
dissemination mechanism in recent years. IMD services are now
counted among the best in the world.

IMD has augmented its observation organization with addition of new
Doppler Weather Radars, GNSS stations, GPS based Solar Trackers,
UV-B radiometers, Pyranometers, WMO compliant GPS Sondes,
Automated Rain Gauges (ARGs), Air quality monitoring system,
Nephelometers and Aethalometers networks in the country in 2015.
It has taken lead in development and installation of LED Drishti
Transmissometer Systems at different airports, Automated Weather
Observing System, Radio Sonde and DTH based Digital Cyclone
Warning Dissemination System under “Make in India”.

The year 2015 has been an eventful year exhibiting unseasonal rain in
north India during rabi season, severe floods in Chennai and other
parts of the country, heat waves in Andhra Pradesh, Telangana and
Odisha, drought, and other extreme events throughout the year. There
has been systematic improvement in the management of these
episodes by providing timey warning and guidance to the Government,
various stakeholders and public at large. Number of stations for
forecasting and periodicity have also been increased. Four (4) cyclones
observed over north Indian Ocean during the year were forecasted well
in advance and warnings were provided to disaster management
authorities and public by different modes of communications
including SMS Alerts.

The first stage forecast for the South West Monsoon Season (June-
September) rainfall over the country as a whole issued on 22rd April,
2015 was 93% of LPA (below normal) with a model error of £ 5% of
LPA, which was updated to 88% + 4% of LPA (deficient) on 2nd June,
2015. The actual seasonal rainfall realized for the country as a whole
turned out to 86% of LPA. IMD long range forecasts were widely
appreciated.



IMD took new initiative towards systematic use of Meteorological
Information for better management of Indian Power System from
generation to distribution and to increase overall efficiency of the
power system operations. An MoU has been signed between ESSO-
IMD and Power System Operation Corporation Ltd. (POSOCO), a
wholly owned subsidiary of Power Grid Corporation of India Ltd. to
harness the benefits. The department continued co-operation with
many national agencies like Indian Space Research Organization,
Indian Council of Agricultural Research, Indian Air Force, Indian
Navy, Army, Geological Survey of India, Central Water Commission,
NCMRWEF, INCOIS, NIOT, NCAOR, IITM SAC, NIDM, National
Aeronautical Laboratory, Airport Authority of India, SASE, etc and
signed several MoUs.

The department organized several national and international
conferences, workshops, seminars and symposia to improve its skills
and R&D activities and also to enhance e awareness among the
masses. IMD has imparted training to 52 personnel from developing
counties. The department supported bilateral and multi-lateral
programmes with WMO, Geneva. The collaboration with US, Australia,
U.K., China and Finland, has opened a path ahead for technical and
scientific cooperation under various exchange programmes. The
department also brought out 175 research papers/publications in
national and International journals during the year.

The credit for providing state of art world class meteorological services
and progresses made by the department goes to all dedicated IMD
personnel who work round the clock to observe the atmosphere and
issue weather forecasts to various stakeholders.

I compliment Dr. S. D. Attri, Dr. S. I. Laskar, Shri U. P. Singh and
Shri M. K. Bhatnagar for bringing out the publication with support
from S/Shri S. C. Sharma, Raj Kumar Verma, Dinesh Khanna,
Brij Bihari and Gopi Chand of Publication section and inputs from
different divisions/offices of IMD.

Dr. Laxman Singh Rathore
Director General of Meteorology
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CHAPTER 1

INDIA METEOROLOGICAL DEPARTMENT-OVERVIEW

India Meteorological Department, Ministry of Earth Sciences is the National Meteorological
Service of the country and the principal Government agency in all matters relating to
Meteorology, Seismology and allied discipline and provides weather and climate services to the
public and specialized sectors.

Its mandate is:

e To take meteorological observations and to provide current and forecast meteorological
information for optimum operation of weather-sensitive activities like agriculture, irrigation,
shipping, aviation, offshore oil explorations, etc.

o To warn against severe weather phenomena like tropical cyclones, norwesters, duststorms,
heavy rains and snow, cold and heat waves, etc., which cause destruction of life and
property.

e To provide meteorological statistics required for agriculture, water resource management,
industries, oil exploration and other nation-building activities.

e To conduct and promote research in meteorology and allied disciplines.

e To detect and locate earthquakes and to evaluate seismicity in different parts of the country
for development projects.

A disastrous tropical cyclone struck Calcutta in 1864 and this was followed by failures of the
monsoon rains in 1866 and 1871. In the year 1875, the Government of India established the India
Meteorological Department, bringing all meteorological work in the country under a central
authority. Mr. H. F. Blanford was appointed Meteorological Reporter to the Government of India.

~ India Me{eorolégical Depatmet, New Delhi

Alipore Observatory, Kolkata founded in 1877

From a modest beginning in 1875, IMD has progressively expanded its infrastructure for
meteorological observations, communications, forecasting and weather services and it has achieved
a parallel scientific growth. IMD has always used contemporary technology. In the telegraph age, it
made extensive use of weather telegrams for collecting observational data and sending warnings.
Later IMD became the first organization in India to have a message switching computer for
supporting its global data exchange. One of the first few electronic computers introduced in the
country was provided to IMD for scientific applications in meteorology. India was the first
developing country in the world to have its own geostationary satellite, INSAT, for continuous
weather monitoring of this part of the globe and particularly for cyclone warning. IMD has
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continuously ventured into new areas of application and service, and steadily built upon its infra-
structure in its history of 140 years. It has simultaneously nurtured the growth of meteorology and
atmospheric science in India. Today, meteorology in India is poised at the threshold of an exciting
future.

The Director General of Meteorology is the Head of the India Meteorological Department, with
headquarters at New Delhi. For the convenience of administrative and technical control, there are
06 Regional Meteorological Centres, each under a Deputy Director General with headquarters at
Mumbai, Chennai, New Delhi, Kolkata, Nagpur and Guwahati. Under the administrative control of
Deputy Director General, there are different types of operational units such as Meteorological
Centres, Forecasting Offices, Agrimet. Advisory Centres, Flood Meteorological Offices and
Cyclone Detection Radar Stations.
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IMD has continued its efforts in improving observational, forecasting and dissemination mechanism
in 2015. Its short, medium and long range and cyclone forecasts were appreciated all over the
world.

The 2015 has been an eventful year exhibiting drought, flood and extreme events throughout the
year. World Meteorological Organization has described 2015 as one of the warmest year on record
with strong El-Nino. South-West Monsoon was deficit, while North-East Monsoon was excess.
Extreme events like unseasonal rainfall in March, 2015 in North west parts of India adversely
affected Rabi crop production, sizzling heat wave sweeping many parts of the country particularly
Andhra Pradesh, Telangana and Odisha reporting more than 2200 deaths, extremely heavy rainfall
occurred over Gujarat, hailstorms over south Uttar Pradesh, Madhya Pradesh, Maharashtra &
Chhattisgarh and floods in many parts of the country. Southeast India, especially Tamil Nadu and
Puducherry also experienced unprecedented rainfall activity during November and early December
2015 leading to devastating flood over Tamil Nadu. The megacity of Chennai was worst affected
during the end of November and early part of December 2015.

Accurate forecast, warnings and advisories issued by
IMD during the year for extreme events has greatly
helped a large number of users from various sectors,
thus made a significant contribution to the national
economy. Deficit monsoon forecast of 2015 was
appreciated all over the world and helped the
country and society to tide over the unprecedented
looming food crisis by adaption of short duration,
low water requirement and efficient farm
management practices. Extreme event forecast and
warnings were also equally effective in safeguarding
life and property losses.

IMD took many initiatives to further improve its
observational, analysis, forecasting and
dissemination capability. It also organized many
training programmes for international and national
meteorological personnel to enhance their skills in
meteorology and environment. The forecasting
service has been extended to 324 cities with validity
from 5 days to 7 days , while 5-day tourism forecast
for 88 tourist destinations across the country has also
been extended to 106 tourist destinations with 7-day
forecast.

At the international front, the year had been very
fruitful as Dr. L. S. Rathore, DGM has been eclected
as Member, Executive Council of WMO and Vice-
Chair of IBCS and its National Climate Centre is
being upgraded to Regional Climate Centre of
WMO. It also hosted many international events and
provided leadership and contribution to WMO
programmes and projects.
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SUMMARY OF MAJOR ACHIEVEMENTS IN 2015

OBSERVATION

Doppler Weather Radars : (2 installed, 4 under installation)

GNSS stations : 25 (6 installed, 19 under installation)

GPS based Solar Trackers : 4, UV-B radiometers : 2 & Pyranometers : 4

RS stations upgraded to WMO compliant GPS Sondes : 39

Automated Rain Gauges (ARG) : 47 added

Nephelometers : 12

Aethalometers : 16 SAMAR for Aerosol and Black carbon monitoring
Skyradiometers : 12

Installation of SAFAR at Mumbai

Visualization of AWS data of ISRO network on IMD RAPID introduced

PREDICTION
. Accurate prediction of SW Monsoon 2015 (Actual : 86%, Forecast : 88% of LPA)
o Accurate prediction of NE Monsoon 2015 (Actual : 132%,Forecast : >111% of Long Period Average)

o Accurate prediction of Extreme events (2015 : Heavy Rainfall Warnings, Probability of Detection &
Critical Success Index were 80%, 59% & 41%, respectively)

. Accurate prediction of cyclones (forecast error reduced by 13, 13, 17 km for 1, 2, 3 days, respectively
in 2015 over 2010-2014

SERVICES

° Provided Weather forecast for 324 stations, tourism forecast for 106 stations and nowcast for 156
stations

. Increased forecasts period from 3 to 5 days over India and introduced sector wise 7-days special
forecast & warnings for Western Himalayan Region for Indian Army

o Revenue of Rs.55.40 crores from aviation and data/services

. Environmental Impact assessment of 1546 Development projects

. Model based QPF for river basin and design storm analysis of 17 projects

DIGITAL INDIA

o Development of New Website of IMD

J Dissemination of Agromet advisories to 115 lakh farmers (SMS, Agri-portal, Website)
o Establishment of SMS based ‘Cyclone Alert/Warning System’

o Generation of soil moisture maps through GIS

o Dissemination of Nowcast, Fog, Earthquake through SMS

M

AKE IN INDIA
. Development and installation of 20 LED Drishti Transmissometer Systems at airports (Installed : 12,
under installation : 8)
. Development of AWOS for aviation operations

. Development of RS with SAMEER
. DTH based Digital Cyclone Warning Dissemination System (CWDS) for 222 stations

HRD

. Capacity building : 52 personnel from Asia, Pacific and Africa regions and 359 from India

o Career advancement : 35 Group’A’,170 Group ‘B’(Gazzated) and 520 Group ‘B’ (Non Gazated) and
12 Group ‘C’ official in IMD

o MoUs with universities and research institutions

PUBLICATION

o 175 Research Papers/books/Met monographs
QUALITY ASSURANCE

. ISO9001:2008 Certification - 10 offices of IMD
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CHAPTER 2

WEATHER SUMMARY DURING 2015

1. Winter Season (January &
February)

Cold Wave conditions

Cold wave conditions prevailed over parts of
central India during second and third week of
January and over parts of peninsular India
during the second week. These conditions
again prevailed over most parts of the country
(except south peninsula) during last few days
of January and first week of February. Cold
day conditions were observed over the plains of
northern India after the second week of January
and continued till the end of the month. Foggy
conditions prevailed at isolated places over
northern parts of the country almost throughout
the month of February. Both maximum and
minimum temperatures were below normal by
5 °C or more at many stations over the plains
of northern India during January. However,
during second fortnight of February, both
maximum and minimum temperatures were
substantially above normal over northern and
central parts of the country.

Rainfall Features

Rainfall activity over the country as a whole
was near normal during the season. It was near
normal during both the months of the season
(89% of LPA during January and 93% of LPA
during February). Northern, Central and
adjoining north peninsular parts of the country
in general received excess/normal rainfall
while, eastern/northeastern and  south
peninsular parts of the country received
deficient/scanty rainfall. During the season, out
of 36 meteorological sub-divisions, 9 received
excess rainfall, 9 received normal rainfalls, 12
received deficient rainfalls and remaining 6
sub-divisions received scanty rainfall.
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Fig. 1. Meteorological sub-division
wise rainfall (mm)

Northern, central and eastern/northeastern parts
of the country in general received more than 20
mm of rainfall. Central parts of Madhya
Pradesh and adjoining southern parts of Uttar
Pradesh and parts of coastal Odisha received 50
to 100 mm of rainfall. Extreme northern parts
of the country, parts of Arunachal Pradesh and
Andaman & Nicobar Islands received 100 to
200 mm of rainfall, while rainfall over parts of
Jammu & Kashmir, Himachal Pradesh and
Uttarakhand exceeded 200 mm (Fig. 1).

The rainfall for the country as a whole for the
winter season has been recorded as 37.5 mm



Fig. 2. SPI for winter season (JF)

(-08%) against the normal rainfall 40.9 mm for
the season.

For the winter season 2015, rainfall for the
country as a whole was 92% of its Long Period
Average (LPA) value. The rainfall for the
season was above normal over the central India
(132% of LPA), normal over the northwest
India (102% of LPA) and below normal over
the east & north east India (53% of LPA) and
the south peninsula (50% of LPA).

Standardized Precipitation Index

(SPI)

The Standardized Precipitation Index (SPI) is
an index used for measuring drought and is
based only on precipitation. Cumulative SPI
values indicate extremely wet/severely wet
conditions over parts of Himachal Pradesh,
West Uttar Pradesh, West Madhya Pradesh and
Marathwada while extremely dry/severely dry
conditions were observed over parts of
Jharkhand, Tamil Nadu, Arunachal Pradesh
and Assam (Fig. 2).
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69F 72F 75F 78F B1F  B4F 87F 90F 93F 96F  99F

69F 72F 75F 78F 81F B4F 87F 90F 93F 96F  99F

Figs. 3(a&b). Mean seasonal temperature
anomaly (°C) (a) Maximum and (b) Minimum
[Based on 1971-2000 NORMAL(S)]

Temperatures

Maximum temperature was below normal over
the plains of northern India and some adjoining
central and north peninsular parts of the
country, and was generally above normal over
remaining parts of the country. It was below
normal by about 1 to 2°C over parts of Uttar
Pradesh, Madhya Pradesh, southern parts of
Punjab and adjoining northern parts of
Rajasthan and western parts of Haryana and
some parts of Gangetic West Bengal. Over the
hilly areas of western Himalaya’s, viz., parts of
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Jammu & Kashmir and adjoining Himachal
Pradesh and over parts of extreme northeastern
region, maximum temperature was above
normal by about 2 to 3 °C.

Minimum temperature was above normal over
most parts of the country except some parts of
central/eastern region and adjoining north
peninsula. Over plains of northern India and
western region, it was above normal by 1 to
2°C. Over some parts of West Rajasthan,
maximum temperature was above normal by
about 2 to 3 °C [Figs. 3(a&b)].

The mean temperature for the country as a
whole for the season since 1971 has been
shown in the Fig. 4. During this year the mean
temperature for the season was near normal.

The minimum temperature series for the
country as a whole and the four homogeneous
regions during the season since 1971 has been
shown in the Fig.5. In the year 2015 the
minimum temperature was above normal over
the India as a whole and over the four
homogeneous regions. It was above normal by
about 0.5 °C over the northeast and South
Peninsular India and by about 1 °C over the
Northwest India

Warm days/cold nights

Figs. 6(a&b) show the percentage of days when
maximum (minimum) temperature was more
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(less) than 90" (10™) percentile. Over parts of
Jammu & Kashmir, maximum temperature was
greater than 90" percentile for more than 40%
of the days of the season and over parts of
Nagaland, Manipur, Mizoram and Tripura and
Lakshadweep Islands, it exceeded 60%. For
minimum  temperature, no  significant
distribution was observed.

2. Pre-Monsoon Season (March-
April-May)

Severe and widespread heat wave conditions

were observed over most parts of
north/northwestern, central, eastern and
southeast peninsular India during second

fortnight of May. During rest of the season
these conditions prevailed only at isolated
places over western, central and north
peninsular parts of the country for short period
of time. Moreover, March and April months
witnessed well below normal maximum
temperature almost throughout the country.
Maximum temperature was below normal by
about 5 to 10° C over some stations of north,
northwest, north east and central India on many
occasions during these two months in
succession.

Rainfall features
Rainfall activity over the country during the

season as a whole was above normal. It was
substantially above normal during March and
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Figs. 6(a&b). Percentage of days with (a) maximum temperature more than 90%" Percentile
(b) minimum temperature less than 10%" Percentile

Fig. 7. Sub-division wise rainfall percentage
departure for the pre-monsoon season 2015

April (198% and 174% of LPA respectively)
and below normal during May (88% of LPA).
Except for the meteorological sub-divisions of
east coast, extreme northeastern region and the
Islands, almost entire country received excess
rainfall. Some subdivisions of north/northwest
and central India, viz., West Uttar Pradesh,
Haryana, Chandigarh & Delhi, East &West
Rajasthan, East & West Madhya Pradesh and
Vidarbha received more than three times of
their respective normal rainfall. During the

season, out of 36 meteorological subdivisions,
26 received excess rainfall, 8 received normal
rainfall and 2 received deficient rainfall

(Fig. 7).

Fig. 8(a) shows the spatial pattern of rainfall
(mm) received during the season. Except for
western region, most parts of the country
received rainfall of the order of 50 to 200 mm.
Extreme northern parts of the country, parts of
south peninsula, northeastern region of the
country and Andaman & Nicobar Islands
received more than 200 mm of rainfall.
Rainfall over some parts of extreme
northeastern region of the country was more
than 800 mm.

Fig. 8(b) shows the spatial pattern of rainfall
anomaly (mm) during the season. Rainfall
anomaly was positive over most parts of the
country except for some parts of east coast,
extreme northeastern region and the Islands.
Positive rainfall anomaly of the order of 50 to
100 mm was observed over most parts of
northern, northeastern, central and south
peninsular region. Negative rainfall anomaly of
the order of 25 to 50 mm was observed over
most parts of east coast and over parts of
extreme northeastern region of the country and
the Islands it exceeded 100 mm.
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Figs. 8(a&b). (a) Seasonal rainfall (mm) and (b) Seasonal rainfall anomaly (mm)
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Figs. 11(a&b). Mean seasonal temperature anomaly (°C) (a) Maximum
and (b) Minimum [Based on 1971-2000 NORMAL(S)]
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The Cumulative rainfall departure was
positive during all the weeks of the season. It
exceeded twice its normal value during
the mid of the season (15 April). However,
this  high  positive anomaly reduced
gradually due to subdued rainfall activity
during May.

Rainfall for the country as a whole was 138%
of its Long Period Average (LPA) value during
the season.

The area  weighted seasonal rainfall
(181.5 mm) over the country as a whole for the
season was the second highest since 1901 after
the year 1990 (226.9 mm) for the period,
1951-2015.

Fig9 shows the time series of area
weighted seasonal rainfall over the four
homogeneous regions for the period, 1951-
2015. During the season, northwest and
central India received nearly twice of its
respective normal rainfall, south peninsula
received about one and half times of its normal
rainfall while northeast India received normal
rainfall.

Standardized Precipitation Index

Cumulative SPI values during the pre-monsoon
season indicate, extremely wet/severely wet
conditions over parts of Arunachal Pradesh,
Bihar, Uttar Pradesh, Uttarakhand, Haryana,
Chandigarh & Delhi, Punjab, Himachal
Pradesh, Jammu & Kashmir, Rajasthan,
Madhya Pradesh, Gujarat region, Madhya
Maharashtra, Marathwada, Vidarbha,
Telangana, Rayalaseema, Tamil Nadu, North &
South Interior Karnataka and Kerala, while
extremely dry/severely dry conditions were
observed over parts of Arunachal Pradesh and
Chhattisgarh (Fig. 10).

Outgoing Longwave Radiation (OLR)
Negative OLR anomaly exceeding 5 to 10
W/m?” was observed over the south peninsula &

adjoining seas and parts of extreme
northeastern region.

12
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Temperature

Mean seasonal maximum and minimum
temperature  anomalies are shown in
[Figs. 11(a&b)] respectively. Maximum

temperature was below normal over most parts
of the country except some parts of Jammu &
Kashmir, @ Himachal  Pradesh,  Gujarat,
Rajasthan, west coast, east coast, parts of
extreme northeastern region and the Islands.
Over some parts of central and adjoining
northern region, viz., Vidarbha, Marathwada,
Telangana, Chattisgarh, Madhya Pradesh and
Uttar Pradesh, it was below normal by about 1
to 2 °C.

Minimum temperature was above normal over
most parts of the country, except some parts of
central region. Over parts of Gujarat,
Rajasthan, Himachal Pradesh, West Uttar
Pradesh, Bihar, Jharkhand, West Bengal and
Andaman & Nicobar Islands, it was above
normal by about 1 to 2°C. Over parts of
Vidarbha and adjoining Chhattisgarh minimum
temperature was below normal by about 1 to
2 °C.

As per the time series of mean temperature for
the country as a whole during the pre monsoon
season (1971-2015) [Figs. 12(a&b)] mean
temperature for the season during the year was
near normal. Maximum temperature was below
normal by more than 1°C over the
homogeneous region of northwest and
northeast India during the season. Similarly,
minimum temperature was above normal over
the south peninsular India by about 1°C.

Percentage
nights

of Warm days/Cold

Over parts of coastal Gujarat, Konkan & Goa
and adjoining northern parts of coastal
Karnataka, maximum temperature was greater
than 90" percentile for more than 40% of the
days of the season. Figs. 13(a&b) show the
percentage of days when maximum (minimum)
temperature was more (less) than 90™ (10™)
percentile.
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Figs. 13 (a&b). Percentage of days with (a) maximum temperature more
than 90t Percentile (b) minimum temperature less than 10t Percentile

3. Southwest Monsoon (June- The rainfall over Kerala had been fairly

- th th
July-August-September) w1'despread on 4 and ‘5 June. Out of the 14
rainfall monitoring stations for Monsoon onset

over Kerala, more than 70% of stations
reported rainfall more than 2.5 mm for

. ) ; } h
The conditions which were favorable for onset consecutive two days ie. on 4" June and

Onset and advance of SW Monsoon

of monsoon over Kerala coast follows: 5™ June (Fig. 14).

| Onset over Kerala 2015 —
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Fig. 14. Percentage of stations reporting rainfall 22.5 mm
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- SOUTHWEST MONSOON 2015

T IARANI & KASHMIR L

ADVANCE OF

Actual = = = = Normal

Fig. 15. Advance of SW monsoon 2015

The depth of the southwesterlies upto 600 hPa
was seen from 14" May onwards. The wind /
Outgoing Longwave Radiation (OLR) criteria
and the rainfall criterion were satisfied on 4™ &
5™ June. The average wind speed at 925 hPa
over the area bounded by Latitudes 5-10° N
and Longitudes 70-80° E was 16 knots. The
INSAT-3D derived OLR value in the box
confined by Lat. 5-10° N, Long. 70-80° E was
153.1 W/m® on 4™ June and 191.5 W/m® on
5™ June.

The onset of southwest monsoon over Kerala
signals the arrival of monsoon over the
Indian subcontinent and represents beginning
of rainy season over the region. The normal
date of onset of monsoon over Kerala is 1%
June. The monsoon was set over Kerala on 5"
June, 2015.

Strong southwesterly surface winds crossing
over to the Bay of Bengal across the equator,
caused increase in cyclonic shear vorticity over
the southern parts of Bay of Bengal and
Andaman Sea, which in turn caused enhanced
convection over the region. As a consequence,

16

the rainfall activity increased over the
Andaman & Nicobar Islands indicating the
arrival of southwest monsoon over most parts
of Andaman Sea and some parts of southeast
Bay of Bengal on 16™ May, 4 days before the
normal date of 20" May.

Active phase of the Madden Julian Oscillation
(MJO) aided in the further advance of
southwest monsoon over Kerala on 5™ June. At
the same time, it also aided in the
intensification of the ‘onset vortex’ over the
Arabian Sea into Cyclonic Storm (Ashobaa).
The Arabian Sea branch of the monsoon
current was aided by the formation of a
Cyclonic Storm (Ashobaa). Thus southwest
monsoon further advanced into entire south
Arabian Sea, some parts of central Arabian
Sea, entire Lakshadweep area and Kerala, some
parts of coastal & south interior Karnataka and
Tamil Nadu, most parts of southwest Bay of
Bengal, remaining parts of southeast Bay of
Bengal, some more parts of central Bay of
Bengal and some parts of northeast Bay of
Bengal on 5" June, 4 days later than its normal
date of 1* June (Fig. 15)
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Active MJO led to favourable convective
environment and resultant rainfall. This helped
to the further advance of southwest monsoon. It
consistently advanced and covered -central
Arabian Sea, some parts of north Arabian Sea,
entire south peninsula, and most parts of
central and northeast India by 15" June. The
formation of couple of intense pressure systems
one each in Arabian Sea (Deep Depression)
and in Bay of Bengal (Depression) towards the
end of third week caused rapid advance and
covered entire country by 26™ June 2015.

Withdrawal of southwest monsoon

The rainfall activity over the northwestern parts
of Rajasthan remained subdued since last week
of August. A change over in the lower
tropospheric circulation pattern over the region
from cyclonic to anti cyclonic indicated the
beginning of the withdrawal of southwest
monsoon from the region. Hence the
withdrawal of southwest monsoon commenced
from 4" September and the withdrawal line
passed through Anupgarh, Nagaur, Jodhpur
and Barmer. It withdrew from some more parts
of Rajasthan and some parts of Punjab and
Haryana on 9" September and the withdrawal
line passed through Amritsar, Hissar, Ajmer
and Barmer. Further withdrawal had been
stalled due to the formation of Deep
Depression over Odisha and neighborhood and
easterly winds associated with the above
system and consequent moisture incursion
from the Bay of Bengal. With the eastward
extension of the ridge, more drying of the
lower and middle troposphere took place over
northwest India and accordingly, the southwest
monsoon further withdrew from remaining
parts of Rajasthan, Punjab, Haryana,
Chandigarh & Delhi, entire Jammu &
Kashmir, Himachal Pradesh, Uttarakhand,
most parts of west Uttar Pradesh and some
parts of West Madhya Pradesh, Gujarat state
and north Arabian Sea on 29™ September.

The southwest monsoon withdrew from
remaining parts of West Uttar Pradesh, most
parts of East Uttar Pradesh and some more
parts of Madhya Pradesh, Gujarat state and
north Arabian Sea on 1% October; from
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remaining parts of East Uttar Pradesh, most
parts of Bihar, some more parts of East
Madhya Pradesh and some parts of north
Chhattisgarh on 3™ October and from some
more parts of Bihar, Chhattisgarth & Gujarat
state, remaining parts of Madhya Pradesh,
some parts of Jharkhand, Vidarbha, Madhya
Maharashtra and some more parts of north
Arabian sea on 6™ October. A Deep Depression
formed over the Arabian Sea and dissipated in-
situ during 9™ - 12" October. The moisture
incursion and rainfall caused by this Deep
Depression over the Arabian Sea and a well
marked low pressure area over the north Bay of
Bengal halted the further withdrawal of
southwest monsoon till 15™ October and then it
further withdrew from some more parts of
Jharkhand, most parts of Chhattisgarh,
remaining parts of Vidarbha, Madhya
Maharashtra, Gujarat state and north Arabian
Sea, entire Marathwada and Konkan & Goa
and some parts of Odisha, Telangana, North
Interior Karnataka and central Arabian Sea.

On 19" October the SWM further withdrew
from remaining parts of the country, Bay of
Bengal and Arabian Sea. The northeast
monsoon rains commenced over Tamil Nadu,

Kerala and adjoining areas of Andhra Pradesh
and Karnataka on 28" October (Fig. 16).

Rainfall Features

The southwest monsoon season rainfall over
the country as a whole was below normal.
Moreover, it was characterized by pronounced
spatial and temporal variability. Eastern/
northeastern region of the country received
normal rainfall, while central, peninsula and
northwestern region of the country received
deficient rainfall. Rainfall deficiency over West
& East Uttar Pradesh and Marathwada
exceeded 40%, while that over Haryana,
Chandigarh & Delhi, Punjab, Konkan & Goa
and Madhya Maharashtra exceeded 30%. Also,
during the first half of the season (1% June to
31% July) country received near normal rainfall
(95% of its LPA value), while during second
half of the season (1% August to 30"
September) it received deficient rainfall (only
77% of LPA).
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Fig. 18. Monthly sub-divisions wise distribution of rainfall percentage departures

During the season, out of 36 meteorological
sub-divisions, only one sub-division (West
Rajasthan) received excess rainfall, 18 received
normal rainfall and the remaining 17 sub-
divisions received deficient rainfall.
[Fig. 17(b)].

Fig. 18 shows the sub division wise distribution
of rainfall percentage departures for the four
months of monsoon season (June to
September) 2015. The figures also represent
number of sub-divisions receiving excess,
normal, deficient and scanty rainfall during
each month of the season and monthly rainfall
received as the percentage of LPA for each
month.

Central, west central, eastern/northeastern and
some northern parts of the country and parts of

west coast received rainfall of the order of 500-
1000 mm. Rainfall received by parts of Konkan
& Goa, Coastal Karnataka, north Kerala, Sub-
Himalayan West Bengal & Sikkim, Assam &
Meghalaya and Arunachal Pradesh was more
than 2000 mm. Parts of Meghalaya received
more than 4000 mm of rainfall. Rainfall
anomaly was negative over most parts of the
country except for some parts of
northern/northwestern, central, east peninsular
and eastern/northeastern region. Magnitude of
negative rainfall anomaly over most parts of
northern/northeastern region, west coast and
Marathwada & adjoining areas was more than
200 mm. Over parts of East Uttar Pradesh and
adjoining north Bihar, Sub-Himalayan West
Bengal & Sikkim, Arunachal Pradesh, most
parts of west coast and Gujarat region,
magnitude of negative rainfall anomaly was
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. 19(a). Time series of area weighted rainfall over the country as a

whole for the monsoon season (1951-2015)

more than 600 mm. Similarly, positive rainfall
anomaly over parts of Chattisgarh & adjoining
south Odisha, Coastal Andhra Pradesh, south
Rajasthan and adjoining north Gujarat,
Gangetic West Bengal and Assam &
Meghalaya was more than 200 mm.

Fig. 19(a) shows the area weighted rainfall (in
mm) and its long term normal over the country
as a whole and the Fig. 19(b) shows the area
weighted rainfall (in mm) and its long term
normal over the four homogeneous regions
during the season. For the country as a whole
(except for the month of June) rainfall average
was below normal on most of the days during
the season. On about 30 occasions, it was
nearly half its normal value. However, on few
occasions (of relatively shorter duration) it was
above normal, viz., for the period from 20-25
June, 23-27 July and again from 16-23
September.

Of the seventeen weeks of monsoon season,
rainfall was above normal only on
four occasions. Cumulative rainfall departure
was positive only till end of June. There
after, magnitude of negative rainfall departure
continuously increased due to subdued rainfall
activity during rest of the season. The area
weighted rainfall for the season this year was
86% of its LPA value.

Fig. 19(a) shows the all India area weighted
rainfall series for the season since 1951.
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Rainfall for the season (761 mm) was the third
lowest since 2001 after the years 2009
(698 mm) and 2002 (737 mm). Fig. 19(b)
shows the area weighted rainfall series for the
season over the four homogeneous regions
since 1951. The rainfall for the season was near
normal over east & northeast India (92% of
LPA) and below normal over northwest India
(83% of LPA), central India (84% of LPA) and
south peninsular India (85% of LPA). The
rainfall over central India (815 mm) was the
second lowest since 2001 after the year 2009
(795 mm). Similarly, the rainfall over the south
peninsular India (606 mm) was also the second

lowest since 2001 after the year 2002
(506 mm).

Temperature

Mean seasonal maximum and minimum
temperature ~ anomaly is  shown in

Figs. 20(a&b) respectively.

Maximum temperature was above normal over
most parts of the country during the
season except for parts of
northern/northwestern region. It was above
normal by about 1 °C over most parts of
peninsula and some parts of northern/
northeastern region viz. eastern parts of Jammu
& Kashmir, Himachal Pradesh, East Uttar
Pradesh and adjoining northern parts of
Madhya Pradesh and parts of Bihar, Jharkhand
and north Odisha.
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Fig. 19(b). Time series of area weighted rainfall over the fourhomogeneous
regions for the monsoon season (1951-2015)

Minimum temperature was also in general than 1 °C over parts of Jammu & Kashmir,
above normal over most parts of the country Himachal Pradesh, Uttarakhand, West Madhya
except for parts of northern/northwestern and Pradesh, Gujarat region, Telangana and
central region. It was above normal by more adjoining parts of North Interior Karnataka and
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Figs. 20(a&b). Mean seasonal temperature anomaly (°C) (a) Maximum and
(b) Minimum [Based on 1971-2000 NORMAL(S)]
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Fig. 21. Standardized Precipitation Index (SPI)
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Tripura and Andaman & Nicobar Islands.

The mean temperature (28.7 °C) for the season
during this year since 1971 was above normal
by about 0.75 °C and thus this season was the
fourth warmest since 1971 after the years 2009
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Maximum temperature was above normal by
about 1° C over the central India and by about
1.7°C over the south peninsular India. The
maximum temperature (33.0°C) for the country
as a whole was above normal by about 0.9 °C



which is the fourth highest since 1971 after the
years 2009 (33.30°C), 1987 (33.26°C) and
2014 (33.1°C). Minimum temperature was
above normal over the central India by about
0.5°C and over the south Peninsular India by
about 1.4 °C. Both maximum (33.1°C) and
minimum temperature (24.61°C) over the south
peninsular India during this season was the
highest since 1971.

Standardized Precipitation Index

Fig. 21 gives the SPI values for the monsoon
season 2015. Cumulative SPI values of the
season indicate, extremely wet/severely wet
conditions over parts of Assam & Meghalaya,
Gangetic West Bengal, Odisha, Jammu &
Kashmir, West Madhya Pradesh, Coastal
Andhra Pradesh and Tamil Nadu, while
extremely dry/severely dry conditions were
observed over parts of Arunachal Pradesh,
Assam & Meghalaya, Sub-Himalayan West
Bengal &Sikkim, Odisha, Jharkhand, Bihar,
East Uttar Pradesh, West Uttar Pradesh,

Haryana, Chandigarh & Delhi, Punjab,
East Madhya Pradesh, Gujarat Region,
Konkan & Goa, Madhya Maharashtra,

Marathwada, Chhattisgarh, Telangana, Coastal
Karnataka, North Interior Karnataka and
Kerala.

Pressure & wind

The pressure anomaly was positive throughout
the country. Over peninsula and central parts of
the country it was of the order of 1 hPa and
over northern/northeastern parts of the country
it exceeded 1.5 hPa.

At 850 hPa level, anomalous ridge was
observed over the south peninsula. At 500 hPa
level, an anomalous cyclonic circulation was
observed over north Arabian Sea and adjoining
Pakistan and extreme northwest region of
India. This anomalous circulation was more
marked at 250 hPa level with westward shift.
At 250 hPa level, anomalous westerlies
(indicating weaker than the normal Tropical
Easterly Jet) prevailed over the peninsular
India.
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Outgoing Longwave Radiation (OLR)

OLR anomaly (W/m®) over the Indian region
and neighbourhood was positive over most
parts of country (except for parts of extreme
northeastern region) and adjoining seas. Over
most parts of the country, positive OLR
anomaly exceeding 10 W/m” was observed and
over parts of south peninsula it exceeded
20 W/n’.

4. Post Monsoon Season
(Ootober-November-December)

Post monsoon 2015 was the warmest post
monsoon  season since  1901.Northeast
monsoon commenced over the south peninsular
India on 28" Oct. with a delay of 8 days
from its normal date despite the withdrawal
of southwest monsoon from the country on
19" October.

Northeast monsoon activity

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 above normal [132% of Long
Period Average (LPA)]. It was subdued during
October (68% of LPA) and substantially above
normal during November and December (227%
and 152% of LPA respectively). November
month was one of the rainiest month for the
northeast monsoon rainfall region since 1901.

Out of the above five subdivisions, Tamil Nadu
& Puducherry, Rayalaseema and Kerala
received excess rainfall while Coastal Andhra
Pradesh and South Interior Karnataka received
normal rainfall. Tamil Nadu & Puducherry and
Rayalaseema received more than one and half
times of their respective normal rainfall.

Rainfall features
Rainfall activity over the country as a whole

was subdued during the season. It was subdued
during October (53% of LPA), above normal
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during November (134% of LPA) and near
normal during December (90% of LPA).
Except for some sub-divisions of south
Peninsula, Jammu & Kashmir and the Islands,
which received excess/mormal rainfall, most
parts of the country received deficient/scanty
rainfall.

During the season, out of 36 meteorological
subdivisions, 5 sub-divisions received excess
rainfall, 5 received normal rainfall, 8 received
deficient rainfall and remaining 18 sub-
divisions received scanty rainfall (Fig. 22).
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Fig. 22. Sub-division wise rainfall percentage
departures for the post monsoon season 2015

Figs. 23(a&b) show the spatial pattern of
rainfall (mm) received during the season and its
anomaly respectively. Parts of south peninsula,
Jammu & Kashmir, extreme northeastern
region of the country and the Islands in general
received more than 100 mm of rainfall. Parts of
Kerala, Tamil Nadu, Rayalaseema, south
Coastal Andhra Pradesh and the Islands
received more than 500 mm of rainfall.
Rainfall over parts of north coastal Tamil Nadu
and adjoining Rayalaseema & south coastal
Andhra Pradesh exceeded 1000 mm.
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Rainfall anomaly was negative over most parts
of the country except for parts of extreme south
peninsula, the Islands, parts of Jammu &
Kashmir and some isolated places. Positive
rainfall anomaly over parts of south peninsula
viz. Tamil Nadu, Rayalaseema, south Coastal
Andhra Pradesh and Kerala, Lakshadweep
Islands and parts of Jammu & Kashmir was
more than 100 mm. Over parts of north coastal
Tamil Nadu and adjoining Rayalaseema and
south coastal Andhra Pradesh it exceeded 400
mm. Magnitude of negative rainfall anomaly
over parts of northeast peninsula and eastern/
northeastern parts of the country was more than
50 mm, while over parts of north coastal
Andhra Pradesh, Telangana, Coastal Odisha,
West Bengal and parts of extreme northeastern
region it exceeded 100 mm.
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Figs. 23(a&b). (a) Seasonal rainfall (mm) and
(b) Seasonal rainfall anomaly (mm) [Based on
1951-2000 NORMAL(S)]
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Fig. 24(a). Time series of area weighted rainfall over the country as a whole (1951-2014)
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Fig. 24(b). Time series of area weighted rainfall over the south peninsula (1951 - 2014)

Fig. 24(a) shows the all India area weighted
rainfall series for the season since 1951.
Similarly, Fig. 24(b) shows the area weighted
rainfall series for the season since 1951 over
the northeast monsoon region of south
peninsula. Rainfall over the south peninsula
this year (439.7 mm) was the third highest
since 2001 after the years 2005 (533.9 mm) and
2010 (504.8 mm).

Fig. 25 shows the area weighted rainfall series
for the season over the four homogeneous
regions since 1951. The rainfall for the season
was above normal over the south peninsular
India (116% of LPA) and below normal over
the other three homogeneous regions. It was

74% of LPA over the northwest India and only
42% and 37% of LPA respectively over the
east & northeast and central India.

Standardized Precipitation Index

Fig. 26 gives the SPI values for the post
monsoon season 2015. Cumulative SPI values
of the past three months (i.e. the Post-Monsoon
season) indicate, extremely wet/ severely wet
conditions over parts of Coastal Andhra
Pradesh, Rayalaseema and Tamil Nadu &
Puducherry while extremely dry/severely dry
conditions were observed over parts of
Arunachal Pradesh, Assam & Meghalaya,
Nagaland — Manipur — Mizoram — Tripura,
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Gangetic West Bengal, Odisha, Jharkhand,
Bihar, Vidarbha, Chhattisgarh and Telangana.

MINISTRY OF EARTH SCIENCES
INDIA METEOROLOGICAL DEPARTMENT
HYDROMET SECTION, PUNE
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OCTOBER 2015 TO DECEMBER 2015
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UGN

Fig. 26. SPI for Post- monsoon season 2015

Outgoing Longwave Radiation (OLR)

OLR anomaly (W/m?) over the Indian region
and neighbourhood is shown in Fig. 27.
Positive OLR anomaly was observed over most
parts of the country and adjoining Bay of
Bengal. Over the Arabian Sea and equatorial
Indian Ocean region, negative OLR anomaly
with magnitude exceeding 10 W/m®> was
observed.

100E  110E  120E  130E  140E  150E  160E  170E

-40 =30 =20 -10 0 10 20 30 40

Fig. 27. OLR anomaly (W/m?) for the post-
monsoon season 2015 (Source : cdc / noaa,
usa) (based on 1981 — 2010 climatology)
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Temperature
Mean seasonal maximum and minimum
temperature  anomaly is  shown in

Figs. 28(a&b) respectively. Both maximum
and minimum temperature was above normal
over most parts of the country by about 1 to
2°C. Over parts of central peninsula, viz.,
Marathwada, Vidarbha, Telangana,
Rayalaseema, north Interior Karnataka and
south Madhya Maharashtra, both maximum
and minimum temperature was above normal
by 2 to 3°C. However, at some isolated places
over the northern/northeastern region, both
maximum and minimum temperature was
slightly below normal.

(a) Maximum Temperature anomaly

Figs. 28(a&b). Mean seasonal temperature
anomaly (°C) (a) Maximum and (b) Minimum
[Based on 1971-2000 NORMAL(S)]
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Fig. 29. Time series of mean temperature averaged over India (vertical bars) & five year running
mean (continuous line) for the monsoon season (1971-2015)

Fig. 29 shows the mean temperature for the
country as a whole for the season since 1971.
Five year moving average values are also
shown. The mean temperature (24.4° C) for the
season this year was above normal by about
1.1° C which is the highest since 1971.
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Figs. 30(a&b) show the maximum and
minimum temperature series respectively for
the country as a whole and the four
homogeneous regions during the season since
1971. Both maximum and minimum
temperature was above normal over the central
India by about 1.5 °C and over the peninsular
India by about 2 °C.
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Fig. 30. Time series of temperature for the country as a whole and for four
homogeneous regions (1971-2015) (a) Maximum (b) Minimum

(a) Warm days
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Figs. 31(a&b). Percentage of days when (a) maximum temperature more than 90* Percentile
(b) minimum temperature less than 10% Percentile
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nights
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Figs. 31(a&b) show the percentage of days
when maximum (minimum) temperature was
more (less) than 90™ (10™) percentile.

Over some parts of central peninsula viz.
Marathwada, Vidarbha, Telangana,
Rayalaseema, north Interior Karnataka and
south Madhya Maharashtra, parts of north
coastal Kerala and Andaman & Nicobar
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Islands, the maximum temperature was greater
than 90™ percentile for more than 60% of the
days of the season, while, over parts of coastal
Odisha, north Chattisgarh and north Madhya

Pradesh, it exceeded 50%. However, for
minimum  temperatures, no  significant
distribution was observed.

Low Pressure systems

Post-monsoon season was cyclogenically

active with successive formations of two



Extremely Severe Cyclonic Storms (ESCS)
(CHAPALA and MEGH) over Arabian Sea
(one each in October and November) and two
Deep Depressions each over the Arabian Sea in
October and the Bay of Bengal in November.

The Deep Depression which formed over east
central Arabian Sea on 9™ November dissipated
over the Sea itself on 12" due to intrusion of
dry air from northwest and western parts of
Arabian Sea.

The first cyclonic storm of the season
'CHAPALA' which formed over the southeast
Arabian Sea on 29" October, moved away
westwards away from the Indian region. It
intensified into an extremely severe cyclonic
storm on 30" and crossed the Yemen coast on
3" November.

The second cyclonic storm ‘MEGH’ of the
season which formed over the central Arabian
Sea on 5" November, moved away westwards,
away from the Indian region. It intensified into
an extremely severe cyclonic storm on 8" and
crossed the Yemen coast after recurving on 10"
November.

Annual Report 2015

The Deep Depression which formed over
southwest Bay of Bengal was first seen as a
low pressure area over the southwest and
adjoining southeast Bay of Bengal and
neighbourhood on 7™  November. It
concentrated into a  depression near
Lat. 10.7°N / Long. 83.7°E at 0300 UTC
of 8" Moving west-northwestwards it
intensified into deep depression a near Lat.
11.5°N / Long. 80.7°E, 0000 UTC of 9™ It
moved  west-northwestwards and  then
northwards and lay over southwest
Bay of Bengal centred near Lat. 12.1°N /
Long. 80.0°E 1200 UTC of the same day. It
then moved westwards and crossed the Tamil
Nadu coast and weakened into depression a
over north Tamil Nadu near Lat. 12.4°N /
Long. 79.3°E, 0300 UTC of 10™. Moving
westwards, it weakened into a well marked
low pressure and then into a low pressure area
over north Tamil Nadu and adjoining
south interior Karnataka by the evening of
10" & became less marked on 11™. This
Deep Depression caused scattered to
widespread rainfall activity over south
peninsula. Fig. 32 shows the tracks of these
systems.

98" 100° 108°

Cyclonic S, Deep Depression, Depression |
October - December 215

Fig. 32. Tracks of intense low pressure systems formed during the post-monsoon season 2015
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Fig. 33. Frequency of depressions / cyclonic storms formed over the Bay of Bengal during
the post-monsoon season (1951 - 2014)

Apart from these systems, 6 low pressure areas
(4 over Bay of Bengal and 2 over Arabian Sea)
formed during the season. The first low
pressure area formed over the north Bay of
Bengal & neighbourhood on 7" October. It
became well marked over the same region on
8™ October. It lay over Myanmar & adjoining
areas of Mizoram and Tripura on 9™ October. It
moved away eastwards and became less
marked on 10" October. The second low
pressure area formed over the southwest Bay of
Bengal off Sri Lanka coast on 25™ October. It
persisted there on 26™ - 27" October and over
southwest Bay of Bengal and adjoining Sri
Lanka on 28" October and became less marked
on 29" October. Three low pressure areas
formed during the November month. Of which,
two formed over the south Bay of Bengal
(during 13-18 and 19-24 November) and one
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over the Arabian sea (during 12-14 November).
The two low pressure areas over the Bay of
Bengal caused active to vigorous northeast
monsoon over the east coast of peninsular
India. The remaining low pressure area (3" -6"
December) formed over southwest Bay of
Bengal and adjoining Sri-Lanka off Tamil
Nadu coast.

Except for one well marked low formed over
north Bay of Bengal, all others formed over
southern region of Indian Sea and generated
good amount of rainfall over south peninsular
India.

Fig. 33 shows the number of Depressions
formed over Bay of Bengal during the post-
monsoon season (1951-2015).
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CHAPTER 3

LONG RANGE FORECASTS

Southwest monsoon (June-
September)
1 Background : The onset of southwest

monsoon over Kerala signals the arrival of
monsoon over the Indian subcontinent and
represents beginning of rainy season over the
region. From 2005 onwards ESSO-India
Meteorological Department (IMD) has been
issuing operational forecasts for the date of
monsoon onset over Kerala using an
indigenously developed statistical model,
which uses the following six predictors:
(1) Minimum Temperature over North-west
India, (i1) Pre-monsoon rainfall peak over south
Peninsula, (iii) Outgoing Long wave Radiation
(OLR) over south China Sea, (iv) Lower
tropospheric zonal wind over southeast Indian
ocean, (v) upper tropospheric zonal wind over
the east equatorial Indian Ocean, and
(vi) Outgoing Long wave Radiation (OLR)
over south-west Pacific region. The operational
forecasts for the event issued during all the last
nine years (2005 to 2014) were correct as seen
in the table given below :

Year Actual Onset Date | Forecast Onset Date
2005 7™ June 10™ June
2006 26™ May 30™ May
2007 28™ May 24™ May
2008 315" May 29" May
2009 237 May 26™ May
2010 315 May 30™ May
2011 29™ May 31%" May
2012 5" June 1% June
2013 1% June 37 June
2014 6" June 5" June

2. SW Monsoon 2015
Onset and Advance of monsoon

Advance of southwest monsoon over the
Andaman Sea normally takes place around
20th May with a standard deviation of about
one week. During the last few days, prior to

onset of monsoon enhanced convection and
increased rainfall activity was observed over
the Bay of Bengal and the Andaman Sea. The
cross equatorial flow was likely to strengthen
and deepen over the area. As such, conditions
were becoming favourable for advance of
southwest monsoon over the Andaman Sea and
adjoining sea areas during the next 3- 4 days.
Past data suggested absence of any one to one
association of the date of monsoon advance
over Andaman Sea with the date of monsoon
onset over Kerala or that with the seasonal
monsoon rainfall over the country.

Based on an indigenously developed statistical
model, it was predicted on 15" May, 2015
about the onset of monsoon over Kerala on 30"
May with a model error of 4 days. However,
the actual monsoon onset over Kerala took
place on 5" June, 2 day later than the upper
forecast limit. It advanced into entire country by
26™ June against normal date of 15" July

Long Range Forecast of SW

Monsoon 2015
2.1. First Stage

This year, the long range forecast for the 2015
southwest monsoon rainfall was issued in two
stages. The first stage forecast was issued in
April and the second stage forecast was issued
in June. The ESSO-IMD’s Ensemble Statistical
Forecasting system for the April forecast uses
the following 5 predictors.

1. Background : ESSO-India Meteorological
Department (IMD) issues various monthly and
seasonal operational forecasts for rainfall
during the southwest monsoon season.
Operational models are critically reviewed
regularly and further improved through inhouse
research activities. Operational forecasts for the
southwest monsoon season (June - September)
rainfall are issued in two stages. The first stage
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forecast is issued in April and the second stage
forecast is issued in June. The ESSO-IMD’s
Ensemble Statistical Forecasting system for the
April forecast uses the following 5 predictors.

S.No Predictor Period
The Sea Surface Temperature (SST) Gradient

) between North Atlantic and North Pacific December + January

2 Equatorial South Indian Ocean SST February

3 East Asia Mean Sea Level Pressure February + March

4 | Northwest Europe Land Surface Air Temperature January

5 Equatorial Pacific Warm Water Volume February + March
2. Sea Surface Temperature (SST)
Conditions in the equatorial Pacific &

Indian Oceans

Positive SST anomalies had been prevailing
over the western and the central Pacific Ocean
for the last about six months from the date of
issue of forecast. However, the SSTs over
eastern Pacific after remaining near to below
normal between late December 2014 and mid-
March 2015 became above normal. Thus
currently, weak El Nino conditions were
prevailing over the Pacific. The latest forecast
from the IMD-IITM coupled model forecast
indicated persistence of El Nino conditions
during the southwest monsoon season. During
April, 2015, slight negative Indian Ocean
Dipole (IOD) conditions were prevailing over
Indian Ocean. The latest forecast from the
coupled model indicated persistence of
negative IOD conditions during the monsoon
season. As the extreme sea surface temperature
conditions over Pacific and Indian Oceans
particularly ENSO conditions over Pacific (El
Nino or La Nina) are known to have strong
influence on the Indian summer monsoon, IMD
was carefully monitoring the sea surface
conditions over Pacific and Indian oceans.

3. Experimental Coupled Dynamical M odel
Forecasting System - ESSO Monsoon
Mission Model

The ESSO-Indian Institute of Tropical
Meteorology (IITM), Pune is coordinating and
working along with different climate research
centers from India and abroad on the
development of a coupled model for the
forecasting of Indian summer monsoon rainfall
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under ESSO’s Monsoon Mission project. The
latest high resolution research version of the
Coupled Forecasting System (CFS) originally
developed by the National Centers for
Environmental Prediction (NCEP), USA has
been implemented at the ESSO-IITM. This
model was used to generate the experimental
update forecast for the 2015 southwest
monsoon season rainfall using the February
initial conditions. The model has moderate
skill.

The experimental forecast based on the coupled
dynamical model forecasting system suggested
91 + 5% of long period model average (LPMA)
monsoon rainfall during the 2015 monsoon
season (June to September) averaged over the
country as a whole.

4., Summary of the ESSO-IMD’s
Operational long range Forecast for 2015

Southwest monsoon rainfall (a) Quantitatively,
the monsoon seasonal rainfall is likely to be
93% of the Long Period Average (LPA) with a
model error of £ 5%. The LPA of the season
rainfall over the country as a whole for the
period 1951-2000 is 89 cm.

The 5 category probability forecasts for the
Seasonal (June to September) rainfall over the
country as a whole is given below:

Category Rainfall Range Forecast Climatological
{% of LPA) | Probability (%) | Probability (%)
Deficient <90 3 16
Below Normal 90 - 96 35 17
Normal 9 -104 28 33
Above Normal 104 -110 3 16
Excess >110 1 17




ESSO-IMD issued the update forecasts in June,
2015 as a part of the second stage forecast.
Along with the wupdate forecast, separate
forecasts for the monthly (July and August)
rainfall over the country as a whole and
seasonal (June-September) rainfall over the
four geographical regions of India was also
issued.

2.2. Second Stage

Long Range Forecast Update for 2015

Southwest M onsoon Rainfall

1. Background ESSO-India Meteorological
Department (IMD) issues updated forecast in
June for the season rainfall over the country as
well as forecasts for the monthly rainfall for
July & August over the country and forecast
for the season rainfall for the 4 broad
geographical regions of India (NW India, NE
India, Central India and South Peninsula) are
issued. The update forecast for the southwest
monsoon season (June-September) rainfall over
the country as a whole is issued using a
6-parameter Ensemble Forecasting System.
The 6 predictors used are : NE Pacific to NW
Atlantic SST Anomaly Gradient (December
+ January), Southeast equatorial Indian Ocean
Sea Surface Temperature (February), East Asia
Mean Sea Level Pressure (February + March),
Central Pacific (Nino 3.4) Sea Surface
Temperature (March to May + tendency
between March to May & December to
February), North Atlantic Mean Sea Level
Pressure (May) and Northcentral Pacific 850
hPa zonal wind gradient (May).

2. Sea Surface Temperature Conditions in
the Pacific & Indian Oceans

Since April, 2015 weak El Nino conditions
were established over equatorial Pacific Ocean.
Atmospheric conditions like weakened trade
winds, negative Southern Oscillation Index
(SOI) values etc. generally associated with El
Nino conditions were also observed. Deficient
rainfall forecasted for the country as a whole
for the 2015 southwest monsoon season (June
to September). Forecast from IMD-IITM
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coupled model indicated further strengthening
of El Nino and reach to moderate strength
conditions during the monsoon season. There
was about 90% probability of ElI Nino
conditions to continue during the southwest
monsoon season. Over Indian Ocean, slight
basin wide warming along with neutral Indian
Ocean Dipole (IOD) conditions was prevailing.
The latest forecast from ESSO-IMD-IITM
coupled model indicated about 50% probability
of neutral IOD conditions to continue during
the monsoon season.

3. Monsoon Mission Experimental Coupled
Dynamical Model For ecast

The experimental forecast based on the ESSO-
IMD-IITM  coupled dynamical model
suggested 86% = 5% of long period model
average (LPMA) rainfall during the 2015
monsoon season (June to September) averaged
over the country as a whole. The experimental
five category probability forecasts for the 2015
monsoon season rainfall over the country as a
whole using the experimental dynamical
prediction system were 61% (deficient), 24%
(below normal), 13% (normal), 2% (above
normal) and 0% (excess).

4. The second Stage Forecasts for 2015
Southwest M onsoon Rainfall

(1) Seasonal (June-September) rainfall over the
country as a whole was forecasted as 88% of
the long period average (LPA) with a model
error of +4%. The LPA rainfall over the
country as a whole for the period 1951-2000 is
89 cm. The 5 category probability forecasts for
the Season (June to September) rainfall over
the country as a whole is given below.

Rainfall Range Forecast Climatological

Category (% of LPA}g Probability (%) Pruhabilite (%)
Deficient <90 66 16
Below Normal 90 - 96 27 17
Normal 96 -104 7 33
Above Normal 104 -110 0 16
Excess > 10 0 17

(1)) Season (June-September) Rainfall over
Broad Geographical Regions.
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The forecasts for season rainfall were 85% of
LPA over north-west India, 90% of LPA over
central India, 92% of LPA over south
peninsula, and 90% of LPA over north-east
India with a model error of + 8 %.

(i1i1)) Monthly (July & August) Rainfall over the
country as a whole.

The rainfall over the country as a whole was
forecasted 92% of its LPA during July and
90% of LPA during August both with a model
error of + 9%.

3. Performance of Monsoon 2015

The seasonal rainfall over the country as a
whole and that over four broad geographical
regions were within the limits of the forecasts
issued in June and accurate. Similarly, the
forecasts for the July as well as that for the
rainfall during the second half of the monsoon
season over the country as a whole were also
accurate. However, the August forecast was an
overestimate to the realized rainfall. The
observed large seasonal rainfall deficiency over
the country as whole (-14 % of LPA) was
distributed among all the four broad
geographical regions with highest rainfall
deficiency (-17% of LPA) over northwest India
and lowest deficiency over northeast India
(-8% of LPA). Within the season, except in
June, the rainfalls during all the other 3 months
were below normal.

The actual monthly rainfalls during July and
August were 84% & 78% of LPA respectively,
which are below the forecasts by 8% and 12%
respectively. Thus whereas the actual July
rainfall was within the forecast limit, the actual
August rainfall was 3% below the lower
forecast limit. The Table below gives the
summary of the verification of the long range
forecasts issued for the 2015 southwest
monsoon.

The actual rainfalls over northwest India,

central India, northeast India and south
peninsula were 83%, 84%, 92% and 85% of the
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LPA respectively. The actual seasonal rainfall
of northwest India was 2% less than the
forecast and that of northeast India is 2% more
than the forecast. However, the actual season
rainfalls over central India & south peninsula
were less than the forecast by 6% & 7%
respectively but well above the lower forecast
limits. The forecast for the second half of the
monsoon season (August -September) for the
country as a whole was 84% with a model error
of £8% against the actual rainfall of 77% of
LPA. Thus the forecast for the rainfall during
the second half of the monsoon season over the
country as a whole was also within the forecast
limits.

Region Period Foracast (% of LPA)|  Actual
22"pril | 2" June | Rainfal
(Update) | (% of LPA)

All India June to September | 935 | 8814 86
Northwest India | June to September 8518 83
Central India | Jung to September 9018 84
Northeast India | June to September 9018 92
South Peninsula| June to September 9218 86
AllIndia July 9249 84
All India Auigust 9019 78
AllIndia | August to September 8418 77

Observed rainfall was excess over 1, normal
over 18 and deficient over 17 sub-divisions as
given below:

Period : 1 June 2015 to
30 September 2015
No. Of Sub- | Subdivisional %
Category L.
divisions area of country
EXCESS 1 6%
NORMAL 18 55%
DEFICIENT 17 39%
SCANTY 0 0%
NO RAIN 0 0%
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4. Post Monsoon
December, 2015)

Season, (October-

The northeast monsoon season (NEM) of
October to December (OND) is the chief rainy
season for the south-eastern parts of peninsular
India (Tamil Nadu and Puducherry). This
season is also the chief cyclone season over the
North Indian Ocean and hence, low pressure
systems forming over the Bay of Bengal and
moving westwards contribute significantly
towards the NEM rainfall over meteorological
sub-division of Tamil Nadu and Puducherry
(TN&PDC).
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Five Meteorological Subdivisions of Southern
India namely Tamil Nadu, Coastal Andhra
Pradesh, Rayalaseema, Kerala and south
interior Karnataka, receives about 30% of its
annual rainfall during the North East monsoon
season (October to December). Tamil Nadu in
particular receives about 48 % of its annual
rainfall during this season. The summary of
forecasts for 2015 North-East monsoon
season's Rainfall is given below:

1. Season's rainfall for South Peninsula (Tamil
Nadu, Coastal Andhra Pradesh, Rayalaseema,
Kerala and south interior Karnataka), is most
likely to be above normal (>111% of Long
Period Average). The Long Period Average
(LPA) of the North-East monsoon season
rainfall for the south Peninsula for the base
period 1951-2000 is 332.1mm.

2. Season's rainfall for Tamil Nadu is most
likely to be above normal (>112% of LPA).
The LPA of the North-East monsoon season
rainfall for the Tamil Nadu for the base period
1951-2000 is 438.2 mm.

3. The probability of above normal 2015
North-East monsoon season rainfall over south
peninsula and over Tamil Nadu is 88% and
90% respectively.

During the year 2015, the onset of NEM took
place on 28" October against the normal date
of 20" October. The total rainfall for this
northeast monsoon season over south peninsula
was observed as 132% of LPA.
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CHAPTER 4

NUMERICAL WEATHER PREDICTION

The NWP products are being provided to the
forecasters, pubic authorities and other users
regularly and on several occasions at the time
of some of the episodes of the adverse weather.
There have been systematic improvement in
the management of these episodes of adverse
weather by providing timey warning and
guidance based on the NWP model forecasts,
which has been improved over the year through
improvement in the modeling efforts and the
incorporation of new data in the assimilation
cycle of the model.

NWP division at HQ (New Delhi) runs global
model Global Forecast System (GFS)
T574/L64 adopted from the National Centre for
Environmental Prediction (NCEP)
incorporating Global Statistical Interpolation
(GSI) scheme as the global data assimilation
system. Currently, the model runs twice in a
day (0000 UTC and 1200 UTC) for 7 days
forecast. In addition to this, the meso-scale
forecast system WRF (ARW) with 3DVAR
data assimilation is being operated daily twice,
at 27 km, 9 km and 3 km horizontal resolutions
for the forecast up to 3 days using initial and
boundary conditions from the IMD GFS-
574/1L.64 (horizontal resolution over the tropics
~ 22 km). At ten other regional centres, very
high resolution mesoscale models (WRF at 3
km resolution) are made operational. The polar
WREF is also run twice a day for short range (48
hours) weather forecast for the Maitri and
Bharati stations in Antarctica. During the
cyclone period the Hurricane WRF (HWRF)
model is run to generate the real time cyclone
track and intensity forecast. In addition, to
strengthen the cyclone forecasting services the
division also prepare other products used for
the cyclone forecast such as : Cyclone Genesis
Potential Parameter (GPP), Multi Model
Ensemble (MME) technique for cyclone track
prediction, (c) Cyclone intensity prediction,
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(d) Rapid intensification and (e) Predicting
decaying intensity after the landfall. In the
extended range time scale - the unit also
prepare MME based bias corrected weekly
forecast of rainfall and temperature forecasts
for 4 weeks based on coupled models outputs
available from different centers. During the
monsoon season from June to September, the
MME extended range forecast rainfall is
prepared on met-subdivision level, which is
being used for providing agromet advisories on
extended range time scale. An empirical model
for the forecast of seasonal frequency of
cyclonic disturbance likely to be formed during
October to December season is also
developed. Thus, the division provides various
products to the forecasters in the real time.
Thus, the operational work of NWP division
includes :-

o Day-to-day medium range products
generation based on operational run of Global
Forecasting System (GFS T574) with 6 hourly
GDAS cycle.

o Meso-scale model products generation
based on operational run of WRF, Polar-WRF
and HWRF models for three days (72 hrs).

o Generation of multi-model  based
extended range forecast products on
operational basis (upto 4 weeks) based on the
coupled models outputs.

o Multi-model ensemble cyclone track and
the Genesis potential parameter (GPP) values
during the cyclone period.

. Generation of operational District and
Block-Level Forecasts.

o Nowcast  product
thunderstorm at station level.

generation  for



. Prototype for Highway forecast giving
near real-time weather information along with
the synoptic warnings for stations along five
National-Highways passing through Delhi.

Major Achievements during 2015

o Operational implementation of Global
Forecasting System (GFS Version 9.0.0) at
T574L64 resolution and 06 hourly cycle of
Global Data Assimilation System (GDAS) with
new Grid point Statistical Interpolation (GSI
version 3.0.0) analysis scheme in AADITYA
HPCS at IITM Pune for day-to-day operational
run.

. Successful porting and operational
implementation of nested (9 and 3 km) WRF
model along with data assimilation on Aditya
High Performance Computing System (HPCS)
before monsoon 2015.

. Implementation of upgraded new version
(3.6.1) polar WRF with increased horizontal
resolution of 9 km.

o Operational implementation of triple
nested domain (27, 9 and 3 km) Hurricane
WRF (HWRF) model with improved product
generation. The same modeling system has
successfully provided real-time forecasts on 06
hourly intervals for recent cyclones over Bay
of Bengal and Arabian Sea.

. Development of version 2 of mobile
application named "Indian Weather" for
Android with addition of upto 300 cities and
Nowecast warning for thunderstorm.

° Development of All India Nowcasting
system for thunderstorms that facilitates the
forecaster at MC/RMC's to generate forecast in
Nowcast mode and display on the public portal
on real time basis.

J Development of dynamic pages for the
IMD’s website for Doppler Weather Radar
Products.

. A demonstration webpage for Severe
Weather Forecast Demonstration Project-Bay
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of Bengal (SWFDP-BoB) has been created,
which will provide NWP guidance products
from different modeling centres to the
member countries. The web-portal was
presented during the training workshop held in
Bangkok, organised by Thai Meteorological
Department (TMD) and WMO in Bangkok,
which has been provided to the member
countries.

NWP forecasts during 2015
GFS model forecast for medium range

The Global Forecast System GFS model at
T574L64 (~ 23 km in horizontal) resolution is
implemented at IITM Pune, on IBM based
iDataPlex Supercomputer (AADITYA) in June
2015 for day-to-day operational use. The
Global Data Assimilation (GDAS) cycle is a
global 3-dimensional variational technique
(3D- VAR) runs 4 times a day (0000, 0600,
1200 and 1800 UTC. Forecast model integrated
for 7 days based on 0000 and 1200 UTC initial

conditions.

Fig. 1 illustrates the spatial distribution of
seasonal mean observed and day-3 forecast
rainfall (mm/day) from GFS 7574 for the
period from 1% June to 30™ September 2015.
The observed rainfall distribution shows a
north south oriented belt of heavy rainfall along
the west coast and Assam & Meghalaya with a
peak of about 15 - 20 mm/day. The sharp
gradient of rainfall between the west coast
heavy rainfall and the rain shadow region to the
south east, which is normally expected, is
noticed both in the observed and model
day-3 forecasts. In general, the day-3 forecast
field of seasonal mean rainfall of GFS T574
could reproduce the heavy rainfall belts
along the west coast, over the northeast
Bay of Bengal and over the domain of
monsoon low. However, some spatial
variations in magnitude over northeast
region with heavy rainfall belt extending
westwards along the foothills of Himalayas are
noticed during the summer monsoon season
of 2015.
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Fig. 1. JJAS observed mean rainfall (mm/day) along with corresponding GFS model
forecast mean rainfall (mm/day) valid for day 3 forecast

(a) Observed Rainfall valid at 0300 UTC 27-07-2015

(c) 48 hr forecast valid at 0300 UTC 27-07-2015

30°N

on 03 UTC of 27-07-2015

B8°E 70°E 74°E 76°E 78°E B0°E

82°E

48 hr rast valid at 03 UTC of 20150727

rainfall (mm) forec

FAE Bl

Fou 7 BoE

BatE

(b) Observed Rainfall valid at 0300 UTC 28-07-2015

72hr forecast valid at 0300 UTC 28-07-2015

on 03 UTC of 28-07-2015

T2 hr rainfall (mm) forecast valid at 03 UTC of 20150728

BOE

B2e5

FHE

40

Figs. 2(a-d). Comparison between observed rainfall analyses and WRF model rainfall
forecasts during 27 and 28 July 2015. (a) and (b) observed rainfall and
(c) 48 hour forecast and (d) 72 hour forecasts valid at 0300 UTC of 27
and 28 July 2015 respectively




Short range forecasting based on
regional models (WRF, HWRF and
Polar WRF)

Fig. 2 shows that the heavy rainfall occurring
over Gujarat and Rajasthan during 27" and 28"
July 2015 have been captured well by the 48
and 72 hours forecasts of WRF model. The
specific increase of rainfall intensity within the
period mentioned above has also been brought
out by the model forecasts.

Fig. 3 represents the cluster of tracks provided
by the real-time forecasts by HWRF model
during the cyclone ‘Chapala’. The forecast
tracks have been provided on real-time basis
with 06 hour interval. The 12 hourly real-time
forecast tracks of HWRF model has been
plotted in the figure for better representability.
The forecast tracks of HWRF model have also
been found to be useful to the forecaster during
other cyclones of 2015.

HWRF TRACK PREDICTIONS FOR CHAPALA-04A
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Fig. 3. The real-time HWRF forecasts
tracks from different initial conditions
during the cyclone Chapala
(28 October — 03 November 2015)

The polar WRF model is producing real-time
forecast for the Antarctica region more
specifically for the two Indian stations Maitri
and Bharati. Fig. 4 is showing the meteogram
of one representative day of 29" May 2015 for
Bharati. At the same time the snowfall
coverage valid at 0000 UTC of the same day
over the Antarctic area has also been plotted in
the Fig. 4.
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(a) Snowfall forecast valid at 0000 UTC 29-05-2015

IMD NEW DELHI Polar WRF (09 Km) FORECAST (24 hr]
SNOW(mm) based on 00 UTC of 28-05-2015 valid for 00 UTC of 29-05-2015
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(b) Meteogram for Bharati
Bharati(Lat. 69° 24'S Lon. 76° 11E) METEOGRAM 002/28-05-2015
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Figs. 4(a&b). Polar WRF forecast for Antarctica
region and over Indian station
Bharati on 29% May 2015

MM E based extended range for ecast
With respect to the extended range
forecast  the Multi-model ensemble (MME)
based on  coupled modes  outputs
(IITM_CFSv2, NCEP_CFSv2 and JMA_EPS)
are prepared for 4 weeks on weekly basis.
Over the main monsoon belt of central India
(CI) the MME forecast rainfall departure and
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Fig. 5. Observed and MME forecasts rainfall departure for 4 weeks over Central India (CI)
during the southwest monsoon season 2015

(@) Met. Subdivision rainfall forecast for week 1 based  (b) Met. Subdivision rainfall forecast for week 2 based on
on 19 Aug, 2015 and valid for 21-27 Aug, 2015 19 Aug, 2015 and valid for 28 Aug-03 Sep, 2015
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19 August and valid for (a) 21-27 Aug and (b) 28 Aug - 03 Sep, 2015
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corresponding to observed rainfall during the
18 weeks of 2015 monsoon season is shown in
Fig. 5. As seen the transition of monsoon from

Fig. 9. Average track forecast errors (in km) during 2015

active to weak phase, weak to active phase and
the long weak spells of July, August and early
September was captured very well in the MME
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forecast. The CC between observed and
forecast rainfall departure over Central India
(CI) is found to be significant till two weeks
with CC of 0.70 during week 1 and 0.42 during
week 2.

The MME forecast is also prepared on smaller
spatial scales (4 homogeneous regions of India
and 36 met-subdivisions). The met subdivision
wise forecasts for two weeks are being used
experimentally for agromet advisory to
farmers. The met-subdivision wise MME
forecast for two weeks based on 19™ August,
2015 and valid for 21 August to 03"
September, 2015 indicating dry spell of
monsoon over most parts of India (except the
met subdivisions over north east India) is
shown in Fig. 6. The quantitative forecast
rainfall departure on all India and 4
homogeneous regions also indicate weak spells
of monsoon over most parts of India except the
northeast region.

Cyclone genesis potential parameter
(GPP) and track forecast

Since all low pressure systems do not
intensify into cyclones, it is important to
identify the potential of intensification (into
cyclone) of a low pressure system at the early
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stages (T.No. 1.0, 1.5) of development.
Analysis and forecasts of GPP (Fig. 7)
shows that GPP > 8.0 (threshold value for
intensification into cyclone) indicated its
potential for intensification into a cyclone at
early stages of development (T.No. 1.0 to 1.5).

Six metrics, such as the probability of detection
(POD), the false alarm rate (FAR), critical
success index (CSI), equitable threat score
(ETS), frequency bias (BIAS) and percentage
correct (PC) have been computed to evaluate
the skill of the GPP for genesis forecasts issued
during 2015. It can be seen from the Fig. 8 that
the POD of the GPP was 0.92, the FAR was
0.15, CSI was 0.79, ETS was 0.02, BIAS was
1.08 and PC was 0.80 for 59 forecast events
during 2015. The results show that POD was
much higher than FAR and near desirable
value for BIAS and also high CSI and PC
indicate that the GPP was skillful for
cyclogenesis prediction.

The MME based cyclone track is also prepared
for each cyclone. The average track forecast
errors (in km) during 2015 is shown in Fig. 9.
It shows that under wide variation of track
forecasts of different NWP models MME track
provided very useful guidance during 2015.
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CHAPTER 5

OBSERVATIONAL NETWORK

India Meteorological Department augmented
its observational structure during 2015 and
establishbed following major instrument/
networks.

. Doppler Weather Radars (2 installed,
4 under process).

. 25 GNSS stations (6 installed, 19 under
installation).

. Installed GPS based Solar Trackers (4),
UV-B radiometers (2) & pyranometers
(4).

. 39 RS stations upgraded to WMO
compliant GPS Sondes.

o Added Forty Seven (47) Automated Rain
Gauges (ARG).

. Installation of SAMAR for aerosol and
black carbon monitoring (Nephelometers
: 12, Aethalometers : 16 and
Skyradiometers : 12).

. Installation of SAFAR at Mumbai.

. Visualization of AWS data of ISRO
networks in IMD RAPID introduced tool
for the users.

S5.1. Upper Air Observational
Network

Radiosounding Radiowind

networ k

(RS/IRW)

As a part of global observing system (GOS)
network of WMO, India Meteorological
Department (IMD) has 39 operational
Radiosonde radiowind stations in their upper
air network. These stations are engaged in
taking the radiosounding observations twice a
day at 0000 UTC and 1200 UTC hours. Upper
Air Observations are used to measure the
vertical profile of the Atmosphere, viz.,
Temperature, Pressure, humidity, Wind Speed
and Direction using balloon borne soundings.

As a subset of GOS network, World
Meteorological ~ Organization (WMO) in
collaboration with the Intergovernmental

Oceanographic Commission (IOC) of the
United Nations Educational, Scientific and
Cultural Organization (UNESCO), the United
Nations Environment Programme (UNEP) and
the International Council for Science (ICSU)
established Global Climate Observing system
(GCOS) network in 1992, as an outcome of 2"
World Climate Conference.

IMD, aiming on further improvement of upper
air data quality, initiated the establishment of
GUAN standard radiosounding observations at
its 6 Regional Meteorological Centres (RMCs).
These stations have been equipped with M/s
GRAW radiosondes, Germany make, high
quality GPS based radiosounding system, GS-E
along with DFM-09 radiosondes. The ground
system GS-E and radiosondes DFM-09 are
compatible to be used at a standard GUAN
upper air observatory for radiosounding.
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Achievementsduring the year 2015

D 06 Nos. of GPS based systems (make
M/s GRAW Germany) installed/commissioned
at RMCs to upgrade these RS/RW stations as
per WMO GCOS Network (GUAN) standard.
Action being taken for induction of these
stations into GUAN network.
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(D)

Sundernagar

Pilot Balloon (PB) observatories of
and Dehradun up-graded to

RS/RW.

(I1I)

13 Nos. of GPS based systems (make
M/s Jinyang Korea) installed/commissioned at

RS/RW  Agaratala,

Gorakhpur,

Lucknow, Ranchi, Karaikal, Machhilipatnam,
Mangalore, Kochi, Jodhpur, Jammu,
Sundernagar & Dehradun.

(IV) 7 Nos. of GPS based systems (make
M/s Changfeng China) installed/ commissioned
at Patiala, Gwalior, Jagdalpur, Raipur, Jaipur,
Aurangabad & Bangalore to upgrade these
RS/RW stations.

(V) Total network of upper air
radiosounding (RS/RW) of 39 stations has been
upgraded with GPS based radiosounding, and
all the stations are working at present. The
details of new installation during the year are
given in the adjacent table;

-]
Radiosonde 1

* GPS based radiosounding systems are

* Auto tracking of balloon (transmitter)
* Auto detection of balloon launch and

¢  Minimum human interference.
* Very Light and portable type systems.

Radiosonding Reciever System

GPS Stations Dates of commissioning
I%o. Name of Station gl:;c:llatlon ‘
1 Chennai 8/8/2015
2 Kolkata 12/8/2015
3 Nagpur 5/8/2015
4 New Delhi 1/8/2015
5 Jodhpur 24-10-2015
6 Sunder Nagar 8/10/2015
7 Jammu 29-10-2015
8 Agartala 6/10/2015
9 Machhilipatnam 24-10-2015
10  |Mangalore 14-10-2015 latest inleou TN
11 Ranchi 14-10-2015 o Filly Antoma '
12 |Gorakhpur 18-10-2015 S e ’
13 Lucknow 18-10-2015
14 Bangalore 19-8-2015
15 Chikalthana 6/9/2015 burst / termination.
16 |Guwahati 18/8/2015
17  |Gwalior 1/8/2015
18 | Jagdalpur 27-8-2015 * Easy to maintain.
19  |Jaipur 15-8-2015
20 Karaikal 9/10/2015
21 Kochi 19-10-2015
22  |Mumbai 21-08-2015
23  |Patiala 27-7-2015
24  |Raipur 24-8-2015
25 Jalpaiguri 12/10/2015
26  |Dehradun 3/12/2015
(VI) Indigenous GPS based radiosonde is in final stage of production. Procurement of different

components in different stages-production to start on receipt of material.
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Pilot Balloon (PB) networ k

62 stations in the upper air network of IMD
have pilot balloon observations. Pilot Balloon
Observations are used to measure the upper air
wind speed and direction. The balloon
is tracked using an optical theodolite. These
observations are made every synoptic hour.
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Pilot Balloon (PB) Networ k

Future Projects

o Induction of Indigenous GPS based
radiosounding system in IMD’s upper air
network, and production of GPS based
radiosondes in IMD workshop.

. 6 Nos of high quality GPS based system
to be inducted into the WMO-GUAN
network.

. To explore the use of satellite derived
profiles as  an
radiosounding.

alternative to

Antenna | nstallation of Radiosounding system
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. Upgradation of pilot balloon stations
using pilot sonde.

Upgradation of seven radiosonde
observatoriesto GPS based radiosounding

To enable the availability of better quality
upper air atmospheric data for various NWP
models, upper air laboratory of the O/o
DDGM(UI), New Delhi has upgraded seven
more upper air observatories of the network by
installing the M/S Beijing Santel make
radiosounding systems.

Systems were installed at Gwalior, Patiala,
Jaipur, Raipur, Jagdalpur, Bangalore and
Chikalthana in the month of July - August
2015.

Establishment of network of six global
upper air stations (GUAN) in India

As per the request from WMO, upper air
laboratory of the O/o DDGM(UI), New Delhi
has established a network of six GUAN
standard  observatories under the GCOS
(Global Climate Observing System) scheme of
WMO by installing the M/S GRAW
radiosounding systems.

Systems were installed at New Delhi, Chennai,
Guwabhati, Kolkata, Nagpur and Mumbai in the
month of August 2015. This is to ensure the
availability of high quality upper air
atmospheric data for use in the NWP models.

Antenna of GUAN standard Radiosounding system
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DWR Mumbai Inauguration by Dr. L. S. Rathore,
DGM, IMD

SAFAR Mumbai Control Room I nauguration by
Dr.L.S. Rathore, DGM, IMD

PBO Dessa, Gujar at
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5.2. Satellite Observations

After successful launch of INSAT-3D Satellite
in July, 2013 the INSAT-3D Meteorological
data system was upgraded and also being
utilized to receive and process INSAT-3D
Satellite data.

In addition to this the generation of new
images, BD - curve and NHC curve
enhancement  technique  for use in
determination of cyclone intensity and centre
has been developed and implemented
operationally. The retrieval algorithm of
satellite derived wind products has been
modified and implemented successfully
resulting in generation of good quality wind
products.

A web based analysis and visualization tool
called “Real Time Analysis and Product
Information  Dissemination”  has  been
developed and implemented operationally
w.e.f. 15.01.2015. The tool is capable of
displaying numerical values of satellite derived
products, radiances brightness temperature
provision of area measurement, zooming of
images up to mnative resolution, running
animation of desired sector, overlaying
different products over different type of base
map etc.

The performance of the system during the
current year has been maintained to the level of
98% operation efficiency (24 x 365 bases). The
validation of atmospheric Motion Vector (wind
products), sea surface temperature, outgoing
long wave radiations (OLR) vertical Profile of
temperature and humidity has been carried out
for the period of July, 2014 to October, 2015
and the feedback are used for fine tuning of
algorithm of these products.

The satellite based technique/tools for
monitoring and forecasting of evolution of
clouds cluster that leads to the severe weather
has been developed and implemented
operationally. The method is used to generate
NOWCAST Satellite images for next three
hours on half hourly basis.



IMD has 352 nos. of Digital Cyclone Warning
Dissemination System (DCWDS) spread over
coastal boundaries of India which are used to
Disseminate Cyclone warning generated from
area cyclone warning centre (Chennai,
Vishakhapatnam, Mumbai and Kolkata) in the
affected region to carry out disaster
management since 2002. The system is being
upgraded with Direct to Home (DTH) based
DCWDS through MoU between ISRO, Door-
darshan, Bharat Elelctroinc Ltd. and IMD
along with further increase in no. of stations to
500. Till date out of 500, 222 nos. have been
installed in Tamil Nadu Orissa Andhra Pradesh
and Pondicherry regions. Installation of
remaining is in progress.

Integrated Network of GNSS (INGNSS) for
IPWV M easurements

I

IMD is in the process for setting up the
Integrated Network of GNSS (INGNSS) for
IPWV Measurements by installing additional
25 GNSS receivers for atmosphere, ionosphere
and Seismic studies in 2015-2016, which is an
expansion project of existing 5 GPS receiver at
Chennai, Mumbai, Kolkata, Guwahati and New
Delhi operational since 2007 as a pilot project
to detect signal from multi-constellation GNSS
satellites. This Project also have provision of
using other GNSS Network data of NGRI,
INCOIS and other research institutes in real
time basis, for augmenting the data spatial
density and processing. IMD at present
acquires IPWV with high temporal resolution
for day to day weather forecasting and climate
applications. The expected accuracy of GPS-
derived IPWYV is of the order of 1 mm.
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The vital role of water vapour in the Earth’s
climate/weather system requires long-term
stable and highly accurate measurements of the
atmospheric Integrated Precipitable Water
Vapour (IPWV). Key advantages of the current
GNSS measurements is (i) that apart from the
IPWV measurement the equipment is also
installed with advanced meteorological sensors
to measure Temperature Pressure, Humidity of
the station (ii)) capable of working
independently in all weather condition with
high temporal resolution (of the order of
minutes) which is practically not possible by
other existing methods.

5.3. Environment Monitoring
SAFAR

The system for air quality forecasting and
research (SAFAR) has been operationalized by
IMD to monitor and forecast air quality in
major cities. This is a joint project of IITM and
IMD. The installation of air quality monitoring
and forecasting system in Mumbai has been
completed. The air quality monitoring system
was inaugurated on 23.06.2015 by Hon’ble
Minister of Earth Sciences in the presence of
Hon’ble Chief Minister of Maharashtra and
Director General of Meteorology.
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System of Aerosol Monitoring And
Research (SAMAR)

System of 3 Aerosol Monitoring Networ ks
(Skyradiometer, Nephelometer &
Aethalometer)

I ndia-SkyNet

India-Skynet is a network of skyradiometers
consisting of twelve stations in different
locations in India.

The instrument makes measurements in eleven
narrow wavebands in the ultraviolet, visible
and infrared parts of the solar spectrum (315,
340, 380, 400, 500, 675, 870, 940, 1020, 1627,
2200).

n INDIA SKYNET
SKYRADIOMETER NETWORK

India Meteorological Department

TR PaCeSs
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The instrument enables estimation of optical
parameters of aerosols such as

Aerosol Optical Depth (AOD)

Single Scattering Albedo (SSA)
Angstrom exponent,

Phase function

Complex refractive index

Columnar size distribution of aerosols.

VVVYVYYVY

Sl
Government of India
Ministry of Earth Sciences
India Meteorological Department

W,

Met Monograph No. ESSONMDIEMRC/0 172014

" ASSESSMENT OF AEROSOL
= - RADIATIVE PROFERTIES IN INDIA

Nephelometer Network

IMD has established a network of
Nephelometers at twelve different stations in
India. It has the following applications:

. Measurement of scattering coefficient.

. Determining a variety of aerosol
parameters used in climate change
radiative models.

o Visibility monitoring including haze, fog
and smog.

o Helping to determine the effect that
humidity changes have on aerosols.

o PM2.5 correlation studies.

o Dust and sandstorm monitoring.

o Bush fire and wood smoke monitoring.

A




Mephelometer Network

India Meteorological Department
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The instrument makes measurements at 3
different wavelengths:

Green : 525 nm — most sensitive for the human
eye best measurement for smog, fog, haze.

Red : 635 nm - interacts strongly with large
particulate matter (pollen, sea salt).

Blue : 450 nm - interacts strongly with fine

and ultrafine particulates (wood fires,
automobiles).
Backscatter : 90-170° - measures the light

reflected back towards light source.
Black Carbon Monitoring Networ k

> The network is established at sixteen
locations in India.

> A seven wavelength Aethalometer
(4 =370, 470, 520, 590, 660, 880 and 950 nm)
1S used to measure the aerosol attenuation
coefficient.

> While continuously collecting sample,
the instrument measures optical absorption in
real time.

> Converts optical absorption to mass
concentration of Black Carbon (BC) and UV-
absorbing particulate matter (UVPM).
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Bharati Meteorological Observatory in
Antarctica was augmented by installing
following instruments:

(a) Digital Current Weather Instruments
System (with Data Digitizer & Data
logger) has been installed at Bharati
Meteorological Observatory in
Antarctica.

(b) Radiation data logger.

(c) Stevenson's screen for Max., Min. & dry
bulb temp.

(d) Snow Gauge.

(e) UV-A & Global Radiation sensor.

(f) Radiation Data logger.

(g) The measurement of vertical distribution
of ozone will commence from January,

2016. The GPS based Ozonesonde
system has been sent to Bharati,
Antarctica.

51



Precipitation Chemistry Program

Wet only precipitation samples collected at

GAW stations are analyzed at Central
Chemical laboratory, Pune.

Precipitation chemistry

Completed chemical analysis for pH,

conductivity, major cations (Ca, Mg, Na, K,
NH4) and major anions (SO4, NOs, Cl) have
been done for all precipitation samples
received from 11 GAW stations for the year
2014.

e Air Pollution Section Laboratogy, O/o
ADGM(R), participated in 52" and
53" Laboratory Inter-comparison programme
conducted by WMO in April and October
2015 and analyzed the samples for ten
parameters (Ph, Conductivity, anions and
cations) and sent the results to QASAC, USA.
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5.4. SAARC STORM PROJECT-
2015

The STORM program was conceived as a
multidisciplinary ~ nationally  co-ordinated
research and development programme and has
been carried out as a multi-year observational-
cum modelling campaign with an objective to
build appropriate operational early warning
systems for highly damaging severe thunder
storms over various parts of India. The
Program Implementation Committee (PIC) of
the SAARC STORM Project was reconstituted
by MoES in 2008. During the pilot-phase of
2009, the domain was extended to include the
neighbouring countries Nepal, Bhutan and
Bangladesh through a newly established lead
partnership with the SAARC Meteorological
Research Centre (SMRC), Dhaka. In the
SAARC STORM Project so far, four STORM
Field Experiments have been conducted
in Phase-I focusing on Norwesters in pre-
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Fig. 1. Diurnal distribution of thunderstorm events over the country

during Storm Period-2015
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Fig. 2. Statewise distribution of thunderstorm events over the country
during Storm Period-2015
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C India

Fig. 3. Regionwise Distribution of
Thundersquall Events over the Country
during entire Storm Period-2015
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Fig. 4. Distribution of Thunder squalls over the
country based upon max wind speed (Kt)
during Storm Period-2015
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Fig. 5. Regionwise Distribution of Hailstorm
Events over the Country during
entire Storm Period-2015
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Fig. 6. Diurnal Distribution of Hailstorm Events
over the Country during
entire Storm Period-2015
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Fig. 7. Spatial distribution of thunderstorm
days over India during entire Storm
Period-2015
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TABLE 1

Verification of Intensive Observation Period Issued during STORM Period-2015

Region |OP Period Total |Total no. No. of times % age
number | of IOP | Significant Weather |Correct
of days | issued |(TS/HS/SQ)Occurred

Northwest India 15-0315 to 15-06-15 93 22 22 100
Central India 15-03-15 to 15-06-15 93 17 16 94
West India 15-03-15 to 15-06-15 93 9 4 44
South Peninsular | 15-03-15 to 15-05-15 76 20 20 100
India

East India 01-04-15 to 31-05-15 63 23 23 100
Northeast India 01-04-15 to 31-05-15 63 28 28 100

monsoon seasons during 2009-2012. In period, case studies and the bulletins issued

Phase-III of SAARC STORM Programme
which started in 2013, the STORM Fields
Experiments covered the whole SAARC
region. This year also Storm field experiments
covered whole India. A Weather Advisory
Group, established at the India Meteorological
Department (IMD), New Delhi was set up,
whose main task was to watch the development
of daily weather situation over the STORM
campaign area during March-June-2015, advice
the various participating offices on the nature
and frequency of observations required to be
taken by them on day to day basis and to issue
a bulletin every Monday, Wednesday and
Friday.

Nowcast Nowecasting of Thunderstorms,
squalls and Hailstorms

Nowcast Unit prepared a storm report
document that contains information on daily
weather situation, important weather charts,
severe weather events all through the campaign
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during the period. The report is to be released
on 15 January, 2016 on IMD Foundation Day.
Figs. 1 to 7 represent some of the important
results of the Storm Report-2015 and Table 1
gives the verification of Intensive Observation
Period (IOP) issued during the storm period.

Nowcasting is based on the ability of the
forecaster to assimilate great quantities of
weather data, conceptualize a model that
encompasses the structure and evolution of the
phenomenon and extrapolate this in time.
Nowecasts require high resolution of spatial and
temporal meteorological data to detect and
predict the occurrence of an event. Lack of data
of the mesoscale imposes limit on ability to
diagnose and predict an event. Nowcasting in
India has benefited from major developments
in observational meteorology and computer-
based interactive data processing and display
systems in IMD. In view of the recent
improvement in monitoring and forecasting
due to introduction of (i) digital and image



information at 10 mins interval from
a network of 18 Doppler Weather Radars,
(i1) dense automatic weather station (AWS)
network, (iii) half hourly satellite observations
from Kalpana and INSAT satellites, (iv) better
analysis tools in synergy system at forecaster’s
workstation and (v) availability of mesoscale
models, (vi) computational and communication
capabilities, IMD implemented nowcasting of
thunderstorms, squalls and  hailstorms.
Considering the importance and reliability of
DWR based information for nowcast of
thunderstorm and associated weather, in the
first phase, major stations/cities which come
under the coverage of DWR were included for
nowcasting of convective weather.

This year, with installation of DWR Srinagar

15 new stations were added, thereby,
increasing the total number of nowcast stations

Monthly skill scores for Bhopal
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to 156 within 200 km radius of various Doppler
Weather Radars. TS nowcast of these stations
is uploaded every 3 hourly interval utilising
Synoptic Data, Model outputs, Satellite
products and finally various Radar outputs. The
forecast was operational from December 2012.

Stationwise Skill Scores of Thunderstorm

Nowecast Verification - 2015 is shown in
Figs. 8&9.
Warning  Decison  Support  System

Integrated | nformation

WDSSII (Warning Decision Support System
Integrated Information) installed in ACWC
Chennai for nowcasting purpose. Nowcasting
of Thunderstorm and Hailstorm etc. are
uploaded daily in the RMC Chennai website on
real time basis.

Monthly skill scores for Chandigarh
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Fig. 9. Stationwise Skill Scores of Thunderstorm Nowcast Verification - 2015
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TEMPERATURE
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The sky condition would be generally cloudy. Rain or
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5.5. Quality Assurance in IMD

IMD initiated process for ISO:9001-2008 certification for its various offices in the country.
Standard Operating Procedures (SOPs) have been put into place for various meteorological offices

in the country. 10 offices of IMD were awaded ISO:9001-2008 in 2015.

ISO certification of MWO Mumbai

AIB-VINCOTTE International nvisa

Jan Olieslagersiaan 35, 1800 Vilvoorde, Belgium

MD_MDO_cert_dan1s,

India Meteorological Department
(Meteorological Watch Office-Mumbal)

Sutar Pakhadi Road, CSI Airport,
400099 Mumbai, Maharashtra
India

AC
016-QMS

THE INTERNATIONAL CERTIFICATION NETWORK

CERTIFICATE

IQNet and AB-FINCOTTE international
India e 7 f wgicul Watch Office-Mumbai)
d. CSI Airport,

aharashiva (Tndia)
f activiiics
Provision of meteorological services for aviation.
e smplemented and maintains a
Management System

which fulfils the requivements of the fotowing sandard

150 9001:2008

Issued on : 9 Febragry 2015
Vadidity date ; 8 February 2015

Regisiration Number : BE-IS OMS 5692

Hart dassens
Chairman Certfication Commirzee.
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CHAPTER 6

MAJOR SERVICES OF THE DEPARTMENT

6.1. Operational Weather
Services

Hydrometeorological Services

The Hydrometeorological Division is providing
the necessary technical and operational support
to various Central/State Govt. organization and
other agencies in the field of hydromet design,
flood forecasting, rainfall monitoring for water
management and  agricultural  planning
purposes etc. The main activities of this
division are :-

Design Storm Studies: During, 2015, design

storm studies of twelve (12) projects
were completed. An amount of
Rs.14,77,680/- (Rupees Fourteen Lakh

Seventy Seven Thousand Six Hundred Eighty
only) has been levied to carry out the design
storm studies of the projects.

Major Services

Ho’ble Union Minister of Agriculture launched
the Nowecasts Extreme Weather Alerts to
farmers on 18-06-2015 at Krishi Bhavan, New
Delhi. The Extreme weather nowcasts
uploaded by various IMD centers are being
sent automatically to around 1 Crore farmers
registered in mKisan portal. The function was
attended by Dr. L. S. Rathore, DGM and
Dr. Kamaljit Ray, Sc-E. The Extreme weather
alerts issued are available at the link:
http://mkisan.gov.in/nowcastreport/NowCast
Consume.aspx.
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Sample Rainfall Map

Flood Meteorological Service

The sub-basinwise Quantitative Precipitation
Forecast (QPF) is being issued (daily on
operational basis) during flood season by 10
Flood Meteorological Offices (FMOs) and MC
Srinagar  in flood prone areas to Flood
forecasting Division (FFDs) of Central Water
Commission (CWC). These FMOs are located
at  Ahamedabad, Agra, @ Bhubaneswar,
Hyderabad, Lucknow, Patna, Guwabhati,
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Asansol, Jalpaiguri, Delhi. Besides these FMOs
DVC Met. unit Kolkata also issues QPF for
Damodar Velly Corporation. Total 119 sub-
basins of different flood prone rivers in the
country are being covered for flood forecast
during the flood season. During flood season
2015-2016, six more river basins; namely
Jhelum, Sankosh, Jaldhaka, Torsa, Pennar and
Chambal have been included for operational
forecasting from the year 2015. The lead time
is also enhanced for issue of QPF from 2 days
to 3 days and outlook from 3 days to 4 days.
The total Nos. of QPFs issued till October 2015
is 19,793 for Day-1; 18,298 for Day-2, and
18,285 for Day-3.

Iy ‘2U:; 09 ‘:‘r Dg‘EU‘JC
FLOOD MET OFFICE BHUBANESWAR it

IMD WRF Rainfall (mm) Forecast(24hr)

B2°E B4°E B6°E 88°E

Sample WRF Rainfall (mm) Forecast Map

Central Hydromet Observatory
(CHO)

A Central Hydromet Observatory is situated at
IMD, New Delhi for taking observations and
for demonstration as a Model Observatory to
visitors. During 2015-16, about 1364
students/Academia and teachers from various
schools/Govt./Private institutions visited the
Central Hydromet Observatory to get
familiarization of India  Meteorological
Department and working of .M.D. through
C.H.O.

Research & Development Under the
content “Research & Development
Programme”

Hydromet Division, New Delhi is being
computing  Sub-basinwise =~ QPF  using
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operational NWP models, viz., WRF, MME
and procedures uploaded on IMD website for
127 flood prone sub-basins of India to be
used as guidance for field forecasters for
issuance of operational QPF. In addition to
this, similar sub-basinwise GFS model rainfall
products for dayl to day7 has been made
operational w.e.f. 29-06-2015 and uploaded on
IMD website.

International Hydrology Programme
(Under the content of “International
Co-operation)

IMD is working in a “Joint Working Group”
with representatives of MoWR and other
associated members on co-operation in the
field of Water Resources Management under
the MoU signed in 2009 between the Govt. of
India and the Govt. of Australia with a validity
of five years which was renewed in September,
2015 for another five years.

The rainfall data from state authorities received
during 2015 are as follows :

Snowfall data

IMD has 47 snow gauge stations over Jammu
& Kashmir, Himachal Pradesh and Uttaranchal.
Hydromet Division, Pune is keying, processing
and archiving these snowfall data. Snowfall
data from Himachal Pradesh and Jammu &
Kashmir (till Oct 2015) has been received.

Rainfall Data

Hydromet Division at Pune has computed
monthly rainfall data series for districts, states,
met sub-divisions and India as a whole based
on data from 1901 onwards using uniform
methodology. The  CD-ROM  (priced)
consisting of 110 years (1901-2010) monthly
rainfall data series for districts, states. met sub-
divisions and all India have been brought by
the division. The aforesaid publication is
advertised in the official websites of IMD
Pune, Delhi & MoES. Daily Rainfall normals
(1951-2000) for 61 river basins of India has
been prepared.



6.2. Meteorological Data
Services

As a custodian of all meteorological data
collected from different stations of the country,
National Data Centre (NDC) keyed, processed
and archived them in standard format from
time to time. The total holding of
meteorological data at the data centre as of date
is 261.8 million records of which around 46.1
million records have been updated to the
archives in the current year.

During the year 2014-15 NDC received 1156
queries and requests for data supply from
various parties that include Government,
private institutions, industries, research and
operational users. On receipt of requests, the
required data were retrieved from the computer
archives, within short time and supplied to the
users on CDs, in the desired formats, following
the usual formalities as per department policy.
During the period under consideration
9,46,65,864 records were retrieved and
supplied to different users. An amount of
Rs.96,25,644/- and US $ 381 were collected
towards the supply of data. The gridded rainfall
& temperature data at various resolutions and
district normals in CD form were supplied to
total 96 wvarious institutes, scientists and
researcher across India and abroad during
1** January 2015 till date.

Digital Photography of Analysed Weather
Charts-Phase-1I:

In the Phase-I, the archival of about 5 lakh
analysed weather charts have been completed
and made available on NAS and on a web
portal with URL: http://14.139.127.85/charts
for access by remote users. The photography
of about 2.5 lakh charts was taken up during
this year and is nearing completion..

6.3. Agro Advisories Services

District level AAS bulletins are prepared and
issued by Agromet Field Units (AMFUs)
located in State Agricultural Universities,
ICAR institutes, IITs etc. At present these
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bulletins are issued for 633 districts in the
country.

Agrometeorological Observatories & Data
M anagement

Agrimet Division maintains a network of
agrometeorological observatories, evapotrans-
piration observatories, evaporation
observatories, dewfall recording observatories
and soil moisture observatories. The data
received from these observatories are
scrutinized, archived and supplied to scientists,
planners etc. through NDC, Pune.

Weather Services— Agrometeor ology

a. Preparation of Agromet Advisory Service
(AAS) bulletins

AAS bulletins have been prepared and issued at
district, state and national levels to cater to the
needs of users at various levels. The district
level bulletins are prepared and issued by
Agromet Field Units (AMFUs) located in State
Agricultural Universities, ICAR institutes, [ITs
etc. The bulletins include past weather,
medium range weather forecast for next 5 days
and specific advisories on field crops,
horticultural crops, livestock etc. At present
these bulletins are issued for 633 districts in the
country.

b. Operational Agromet Advisory Service
Bulletin based on Extended Range Weather
Forecast and National Agromet Advisory
Service Bulletin based on Monthly Weather
For ecast

To help farmers to cope with climate risks and
uncertainties and effectively use seasonal to
inter-annual climate forecasts, IMD in
collaboration with Indian Institute of Tropical
Meteorology (IITM), Pune and Central
Research Institute for Dryland Agriculture,
Hyderabad started issuing AAS Bulletins based
on extended range weather forecast and
monthly weather forecast on experimental
mode during southwest monsoon 2015.
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Agromet Advisories for Preparedness under
Kharif Crop Campaign based on Seasonal
Rainfall Forecast.

c. Dissemination of agromet advisories

Dissemination of agromet advisories to the
farmers through different multi-channel system
of All India Radio (AIR) and Doordarshan,
private TV and radio channels, newspaper and
internet, SMS and IVR (Interactive Voice
Response Technology) etc. is being made on
wider scale. Under PPP mode, Reuter Market
Light, IFFCO Kisan Sanchar Limited (IKSL),

NOKIA, Handygo, National Bank for
Agricultural and  Rural = Development
(NABARD) are disseminating agromet

advisories in SMS and IVR format to the
farming community. In addition to that
number of AMFUs has started sending agromet
advisories through SMS in collaboration with
National Informatics Centre (NIC)/Agricultural
Technology Management Agency (ATMA)
/KVK/NABARD/Internet. Agromet Advisories
are also being disseminated in both Regional
and English languages through “Kisan SMS”, a
portal (http://farmer.gov.in/ advs/login.aspx),
launched by the Ministry of Agriculture,
Government of India during July 2013. At
present 11.50 million farmers are benefitted by
this service. Weather forecast and advisories
under alerts and warnings through SMS now
enable farmers in planning farming operations
effectively to minimise/control damage of
crops under adverse weather conditions.

Dissemination of weather based Agromet
Advisories to farmers under pilotmode through
Reliance Foundation Information Services
(RFIS) in collaboration with IMD was also
started during the year. Presently it is being
disseminated in 7 States (Andhra Pradesh,
Gujarat, Kerala, Madhya Pradesh, Maharashtra,
Odisha, Tamil Nadu and Union Territory of
Puducherry) covering 61 districts, 5400
villages and 45 crops and reached to 42,000
farmers directly and broadcasted one million
messages.
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d. Research & Development Project on
AAS : Following R & D projects have been
undertaken through different institutes for use
in AAS.

(1) eAgromet : Ministry of Agriculture has
designed a portal to generate automated
Agromet Bulletins. 130 Agromet Field Units
and State Meteorological centres are utilizing
the portal to moderate the district level weather
forecast and district level agromet advisory
services bulletin.

(i)  Experimental Surface soil moisture
estimation by passive microwave sensor of
Advanced Microwave Scanning Radiometer
(AMSR-2) and soil moisture estimation and
forecast with gridded and value added rainfall
using book keeping method was started.

(iii))  Sowing suitability of crops during
kharif season is initiated using the satellite data
(AMSR-2) soil moisture content INSAT 3A
CCD NDVI data.

(iv)  Determination of soil moisture over
India using Space Borne Passive Microwave
Sensors onboard SMOS in collaboration with
International Centre for Radio Science (ICRS),
Jodhpur. Soil moisture for nine state maps are
being generated using these data.

Future Plan : Standardization and validation
of multi-source soil moisture products -
AMSR-2 soil moisture, bucket model output
and VIC model output will be carried out and
soil  moisture product for 1 km spatial
resolution will be developed and made
available to AMFUs for preparation of AAS.
High resolution soil moisture will be estimated
using multi ensemble technique along with the
calibration of ground observation

e. New Initiative under Gramin Krishi
Mausam Sewa : Agrimet Division has taken
special initiative under the project “Gram
Krishi Mausam Sewa” during 12" Five Year
Plan to make agromet advisories more precise
and accurate.



(1) Crop Specific Weather based Agromet
Advisories for the country on daily basis are
being telecasted through DD Kisan Channel,
New Delhi since May, 2015 on real time in
programs like ‘Kisan Samachar’ and ‘Mausam
Khabar’ in Hindi and in regional languages of
Gujarati, Marathi, Malayalam, Tamil and
Telugu from October onwards.

(i) Nowcast services to the farmers were
launched through mKisan Portal of Ministry of
Agriculture. Around 1 crore farmers registered
under the portal are availing these services.

(i) IMD in collaboration with CAB
International will disseminate agro advisories
in six states Bihar, Haryana, Jharkhand,
Madhya Pradesh, Rajasthan, Uttar Pradesh
targetting around 3 lakhs farmers. This will
help farmers to take informative decisions and
educate the farmers for moisture conservation
methods, rain-water harvesting and benefit
them to overcome the impact of expected
weather conditions.

(iv) This Division has developed ‘Excel based
softwares using Visual Basics Application
(VBA)’ in house for data entry, scrutiny and
archival of different kinds of Agromet data in
prescribed format.

f. Forecasting Agricultural output using
Space, Agrometeorology and Land based
observations (FASAL)

Developed and issued crop yield forecast for
Kharif 2015 for Jute for 3 states and rice at F1
and F2 stages for 14 states, sugarcane at F1
stage for 5 states, and cotton at F1 and F2
stages for 8 states during kharif 2015.
Developed and issued crop yield forecast for
rabi 2014-15 for rapeseed and mustard for 6
states and wheat for 9 states at F1, F2 and F3
stages respectively and potato at F1 and F2
stages for 5 states, rabi rice at F1 stage for 5
states and onion for the state of Karnataka and
Gujarat.

IMD in collaboration with Mahalanobis
National Crop Forecast Centre, Ministry of
Agriculture, State Remote Sensing Centres and
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State Department of Agriculture conducted
Crop Cutting Experiment (CCE) at Dharwad
and Solapur (sorghum), Moradabad, Allahabad
and Ganganagar (wheat) and Baragarh (rice)
for real time estimation of rabi rice yield in
farmers’ field during the year.

Disaster Weather
Forecast

g. Disaster Support;
Events and Verification;
Verification

Agricultural Meteorology Division during
April 2015 disseminated advisories to
minimize the crop losses due to severe thunder
storm and Maharashtra, West Bengal, Odisha,
Karnataka hailstorms activity  to around
5151253 farmers both in English and regional
language in the states of, Madhya Pradesh,
Chhattisgarh, Jharkhand, Bihar, Uttar Pradesh
and Telangana.

6.4. Environmental Services

IMD continued to provide environmental
meteorological services to the Ministry of
Environment, Forests and Climate Change and
carried out environmental impact assessment
of 1546 development projects (Thmermal
Power: 98, Industries: 615, Mining: 692 and
Coal mining: 116) in 2015 in the country.
Dr. S. K. Peshin, Sc-F & Head, EMRC and
Dr. S. D. Attri, DDGM (O) & Scientist-F, IMD
participated in monthly meetings as IMD
experts.

IMD also provided air quality forecast services
to public under the project SAFAR with IITM,
Pune.

6.5. Astronomical Services

With a view to developing astronomical and
astrophysical studies in India as envisaged by
the planning committee constituted by the
Govt. of India in 1945, a small unit, known as
Nautical Almanac Unit, was set up under CSIR
at Calcutta. Although the Govt. of India used
Gregorian calendar for official use, divergent
practices of calendar keeping were in vogue
during the period of post independence of the
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country. A need was felt by the then Prime
Minister, Late Pt. Jawaharlal Nehru to develop
a unified National Calendar on the basis of the
most accurate modern astronomical data in the
interest of national integrity. Keeping these in
view, a Calendar Reform Committee was
formed in 1952 under the CSIR with Late Prof.
Meghnad Saha as the Chairman. The
Committee recommended preparation of the
Indian Ephemeris and Nautical almanac
(renamed as Indian Astronomical Ephemeris
from 1979 issue) incorporating therein usual
astronomical data calculated with most modern
astronomical formula, to publish the National
Calendar of India (using Saka era) in the form
of Rashtriya Panchang with Solar Calendar
system for civil use and Luni solar Calendar
system for religious use. It was decided that
these works should be done by the Nautical
Almanac Unit. This Unit was taken over by the
India Meteorological Department from CSIR
on 1* December, 1955 and put under Regional
Meteorological Centre, Calcutta. On 1
December 1979, following the
recommendations of Dr. Ramanna Committee,
the centre was made an independent centre and
renamed as Positional Astronomy Centre. It
was then brought wunder the direct
administrative control of DGM. A standing
advisory committee consisting of eminent
experts in the field of astronomy advices DGM
on technical matters and future scientific
programs of the centre.

Positional Astronomy Centre is the nodal office
of the Govt. of India to generate data on
Positional Astronomy and to publish the same
in the form of annual publications viz. The
Indian Astronomical Ephemeris. It is also
performing pivotal role in implementing the
recommendations of two committees, one
already mentioned earlier as Calendar Reform
Committee and other one constituted later on
and named as Peer Review Committee, through
publication of Rashtriya Panchang in 14
languages. India is one of the 7 countries in the
world having an ephemeride office like this
centre and publishing the Indian Astronomical
Ephemeris. The centre issues the following 16
publications annually.
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(1) The Indian Astronomical Ephemeris

(i1)) Tables of Sunrise- Sunset, Moonrise-
Moonset

(iii) Rashtriya Panchang in 14 languages
namely-English, Hindi, Urdu, Sanskrit,
Assamese, Bengali, Gujrati, Kannada,
Malayalam, Marathi, Oriya, Punjabi, Tamil &
Telegu.

The centre also fixes up dates of all India
festivals for all communities for declaration of
holiday by Central & State Govt.

The centre also meets specific data
requirements of a large number of users
including Govt. organizations, non Govt.
organizations,  professional  astronomers,
research scholars, various panchang makers,
general public etc.

This centre also provides five years advance
accurate calendric data to many leading
panchang makers of the country for
preparation of their own Panchangs.

The centre also contributes to a great extent in
popularizing astronomy through publication of
monthly astronomical bulletin and star charts
(presently star charts are being prepared on
computer), issuing press release on different
astronomical events through various print
media, attending live discussions on various
electronic media etc.

This centre also takes observation on special
astronomical events from time to time with the
help of its portable telescopes at different
places of the country.

Activities during the year 2015

1.  The Indian Astronomical Ephemeris for
the year 2015, an annual publication of
Positional Astronomy Centre, which mainly
contains positional data of the Sun, Moon and
planets, basic data on yearly positions of
fundamental stars, diary of celestial events,
calendric data, eclipse data, explanatory text



and other useful information on astronomy has
been published both in hard copy and soft copy
format.

2. Fourteen language editions of Rashtriya
Panchang of 1937 SE (2015-16 AD) and
Sunrise-Sunset and Moonrise- Moonset tables
for 2016 have been published during the year
2015. These are important regular publications
of the centre catering to daily need of users of
almanac, Panchang makers and other users.

3. Web based service has been started by
the centre by creation of electronic versions of
14 language editions of Rashtriya Panchang
which can be accessed by the users through a
newly developed website.

4. 25™ meeting of the Standing Advisory
Committee (SAC) was held on 9" September
2015 at Positional Astronomy Centre, Kolkata
under the Chairmanship of Prof. G. M. Ballabh
of Osmania University, Hyderabad. The
committee made some important
recommendations for overall improvement in
the functioning of the centre.

5. A pocket-type, card-size calendar
containing brief information on important
celestial events during the year 2016 published
for benefit of users.

6. The centre has prepared monthly star
charts and astronomical bulletins for 12 months
during the year 2015 for giving useful guidance
for watching celestial objects in the night sky.
The bulletins contain brief texts explaining
positions of objects in the sky and celestial
diagrams showing positions for practical
demonstrations.

6.6. Weather Forecast Services

IMD provided forecast, warnings and
advisories to public and specialized sectors
like aviation, agriculture, water resources,
environment, defence, transport, energy health
etc. and the information and products were also
put on website.
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IMD website comprises of observed maximum
temperature, minimum temperature, their
departure from normal, 24-hour rainfall, sky
condition and sunset/sunrise, moonset/
moonrise timings along-with 5-day weather
forecasts of temperature, rainfall and warnings
to 221 cities across the country till last year.
Information on extreme weather events in the
month alongwith all-time records,
climatological data about mean daily
maximum, minimum temperature, total
rainfall, number of rainy days and mean
number of days with hail, thunder, fog and
squall etc. was also being provided.

In addition, to expand the dissemination of the
weather forecasts to tourists, the information
regarding the prevailing weather and the
forecast of various cities, is also provided on
toll free number 1800 180 1717 through
Interactive Voice Response System (IVRS).
IMD has also developed a mobile App called
“Indian Weather” by which initially, current
weather and 4-days forecast for 220 cities was
being provided. At present 80 additional cities
have been added with Graphical User Interface
(GUI) totally re-designed for better navigation.
Presently IMD issues thunderstorm forecast on
the nowcast scale (3-hours validity) for 147
stations out of which 45 stations have been
added to the App to provide thunderstorm
forecast. IMD introduced Sector wise 7 days
special forecast & warnings for Western
Himalayan Region for Indian Army and
application of forecast for generating advisory
for heat wave for railways and highways has
been taken up.

It also issued special forecasts for pilgrims of
Char-Dham Yatra, Kailash-Mansarovar Yatra,
Sri Amarnathji Yatra and Kumbh Mela. IMD
has recently started weather information for
Mata Vaishno Devi Shrine comprising of
(1) Yatra Route Weather Advisory, (ii) current
observations, (iii) 6-hourly low level wind and
temperature forecasts for helicopter operation;
and (iv) 3-day forecasts & warnings for Jammu
Division.

Percentage Correct (PC) for Heavy Rainfall
Warnings during monsoon 2015 was 80%.
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False Alarm Rate (FAR) & Missing Rate (MR)
was 14% & 41%, respectively during monsoon
2015, this was 40% & 48%, respectively for
the monsoon season period between 2002-14.
Probability of Detection (PoD) & Critical
Success Index (CSI) during monsoon 2015 was
59% & 41%, respectively. This was 52 % &
38%, respectively for the monsoon season
period between 2002-14 as shown in following
figure:
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FAR & MR was 11% & 33% respectively for
the period for 2013-15, was 29% & 39%
respectively for the period for 2010-12 and was
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47% & 55% respectively for the period for
2007-09 (as shown in Figure below). Hence,
there has been significant reduction in FAR &
MR in recent years (2013-15). Significant
improvement is also observed in POD & CSI in
recent years (2013-15) as shown in following
Figure:
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Overall for the period 2002-15, there has been
consistent improvement in the accuracy and
skill of operational forecasts and warnings
issued by NWFC, as shown in figure given
below:
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Other Significant contribution

e Increased lead period of spatial weather
forecasts & warnings from 72 hours to 120
hours in All India Weather Bulletin.

e Introduced Sector wise 7 days special
forecast & warnings for Western Himalayan
Region for Indian Army.

e Prepared and published a dedicated
Meteorological ~Monograph, "Forecast
verification 2014", which is first of its kind
since establishment of IMD in 1875.

e [ssued 10 expedition forecasts by including
wind, temperature and weather forecast at
different altitudes for various mountain
peaks of Himalayas, which is appreciated by
its users.

e Application of forecast for generating
advisory for heat wave for railways and
highways has been taken up.

6.7. Fog Forecasting Services

IMD continued to provide specilized fog
forecasting for smooth functioning of air traffic
in addition to services for the public.

Met office for IGIA has total of fifteen RVR
systems made functional for real time use in
December, 2015 at three RWY as per users
requirements which provided live data of RWY
specific fog conditions for use in flight
landing/take off and CAT-ILS use by various
seats at ATC at each 10-15 seconds at 24 x 7
through dual communication of land-line and
wi-fi radio data link to ATC. Out of these
fifteen systems, ten are from Indigenous IMD-
NAL’s Dristhi RVR and five are from Telvent
Australian RVR systems. All Fifteen RVR
instruments located at three RWY of IGI
Airport worked uninterruptedly during fog of
December, 2015 and provided RVR data round
the clock. In fact the “newly installed five
Indigenous new NAL’s Dristhi RVR at RWY
29-MID-RWY 11 and at RWY 27 and RWY
27 MID” have worked smoothly. In fact, IGI
airport has been the only airport in the world
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which has such very high number of fifteen
RVR instrument working round the clock
accurately during fog to guide pilots at various
RWYs during take off/landing. IMD also has
issued at each 30-minute current weather or
MET REPORT and trend forecast on fog
which were issued uninterruptedly for ATC for
use in landing and take off.

Data from five new Dristhi RVRs of IMD-
NAL at RWY 29-MID-11 and RWY 27, RWY
27-MID are first time successfully delivered at
ATC seats for real time LVP operation at IGIA
in fog/smog days in Dec 2015. All ten Dristhi
RVRs are made first time live through IMD
web site for all users from 30 December, 2015.
Other historical new component which has
been added this time for IGIA fog monitoring
is for the first time is IITM-IMD, Ministry of
Earth Sciences, are jointly conducting an
observational campaign at IGIA Delhi since 17
December, 2015 and a total of thirty-one new
instrument to monitor and to measure various
fog characteristics including fog Micro-Physics
have been installed successfully which are
operational round the clock in the airport.
Some of the instruments have been collecting
data related to fog, for first time in India and
for first time in Asia after China through such
special fog campaign at Delhi. The

observational ~ campaign  has  included
simultanecous  measurements of  surface
meteorological conditions and, temp and

moisture profile at each instant at lower levels
by radiometer, lower level winds by
LIDAR and SODAR and other instruments to
measure  radiation balance, turbulence,
thermo-dynamical structure of the surface
layer, droplet and aerosols microphysics,
aerosol, fog water chemistry, to describe
the complete environment in which fog
develops. Some of these measurements has
already been in use to improve the fog
prediction skill.

Performance of fog forecasting system
The real time Fog forecast system at IGI
Airport has been capable to forecast both

occurrences and non occurrences of fog three
categories, i.e., shallow, moderate and dense
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TABLE 1

Forecast verification for fog and contingency Table 2008-2015 of December

Types 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Hit 10 0 3 7 7 4 11 3
Correct Rejection (CR) 13 29 26 22 23 25 18 27
False Alarm (FA) 6 2 2 0 1 2 2
Under Warning / Missed (M) 2 0 0 1 1 0 0
Bias for occurrences (Bias Score) | 1.33 - 1.66 | 1.28 | 0.9 1.0 | 1.18 | 1.66
= (Hit+FA) / Hit+tM
Critical Success Index (Threat 0.56 - 0.60 | 0.78 | 09 | 0.66 | 0.85 | 0.66
Score) = Hit / (Hit+M+FA)
Percentage Correct 74% | 94% | 94% | 94% | 97% | 94% | 94% | 94%

fog corresponding to visibility <1000m, <500m
and <200m along with timings of their
formation, lifting and lowest visibility likely to
reach. Verification has been carried out only
for occurrences and non occurrences Dense
Fog Forecast of 18-hours validity issued at
1200 UTC evening of every day which have
been operationally significant for users. Lowest
visibility forecast has also been verified daily
due to other fogs against realized and their
timing of onset and lifting. The accuracy
(percentage correct) of daily forecast of
occurrences and non occurrences of dense fog,
have been verified to be 94% which include 3
hits, 27 correct rejections with 2 False Alarm
and not a single day has “Under warning or
missed” as per contingency Table 1 enclosed.
The accuracies of forecasts of timing of onset
and lifting of fog reducing to a lowest visibility
causing other fogs for the forecast period
covering each night and morning against
observed values have been verified. It shows
the differences of forecasted onset and lifting
timings of these dense fogs against those
observed, are within 0-2 hours for 70% of dates
out of total dates respectively when dense fogs
were observed. The verification of lowest
visibility forecasted during these dates against
the lowest observed for dense fog dates shows
almost 100% of these dates, an exceptional
accuracy achieved during December, 2015,
when their differences are within 100m.
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6.8. Cyclone Warning Services
Cyclonic disturbances during 2015

During the year 2015, 12 cyclonic disturbances
developed over north Indian Ocean (NIO) and
adjoining land regions including 2 deep
depression (DD), 1 cyclonic storm (CS) & 2
extremely severe cyclonic storms (ESCS) over
Arabian Sea (AS), 1 depression (D), 1 DD & 1
CS over Bay of Bengal (BoB) and 2 D and 2
DD over land. Considering season-wise
distribution, out of 12 disturbances, 8
developed during monsoon and 4 during
post-monsoon  season. The details of
cyclonic activity over NIO during 2015 are
presented in Table 2. Salient features of
cyclonic disturbances during 2015 are given
below:

(1) There were 4 cyclones over NIO including
3 over AS and 1 over BoB. Comparing with the
long period average of 1891-2014, it was less
than normal over BoB and above normal over
AS. However, considering the recent years
1990-2014, the activity over NIO was normal,
as normally 4 cyclones have developed during
1990-2014, though it was excess over AS and
subdued over BoB.



(i1)) During 2015, there has been no cyclone
over BoB during both pre and post monsoon
seasons and 1 and 2 cyclones developed over
AS during monsoon and post-monsoon season
respectively. Such type of nil cyclone activity
over the BOB during both pre and post-
monsoon seasons last occurred during 1959.

(i11) The significantly below normal activity
over BoB may be attributed to strong EI-Nino
conditions during 2015 and it may be
mentioned that during strong EI-Nino years AS
1s more active as compared to BoB.

(iv) The higher activity over Arabian Sea was
mainly during post monsoon season with
development of 2 Extremely Severe Cyclonic
Storms and 1 Deep Depression during
October-November. It can be attributed to
positive Indian Ocean Dipole (IOD) Index
which helped in increasing the sea surface
temperature over AS. Moreover, enhanced
phase of Madden Jullian Oscillation (MJO)
Index was over west equatorial Indian Ocean
(Phase 2) with amplitude greater than 2. MJO
Index greater than 1 is highly favourable for
genesis and intensification of cyclones over
Arabian Sea.

(v) Year 2015 has been first case after 2007
when there has been no landfalling cyclone
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over Indian coasts. This is mainly attributed to
the fact there was no development of cyclone
over BoB and the cyclones over AS moved
towards Yemen coast.

(vi) 2 ESCSs developed over AS within a span
of 7 days and followed almost similar tracks
and crossed Yemen coast (ESCS Chapala
crossed Yemen coast on 3" Nov and ESCS
Megh on 10" November). This was the first
such case after 1999 when very severe cyclonic
storm crossed Odisha coast near Gopalpur on
18™ Oct followed by the Odisha Super Cyclone
crossing Odisha coast near Paradip on 29"
October (within a span of 11 days).

(vii) The total Accumulated Cyclone Energy
(ACE) of the four cyclones over north Indian
Ocean during 2015 was 30.95 x 10* knot’
as against the mean of 13.1 x 10" knot” for the
period 1990-2013 and the Power Dissipation
Index (PDI) was 25.54 x 10° knot’ as against
the mean of 9.7 x 10° knot’ for the period
1990-2013. It was mainly due to higher ACE
and PDI over the Arabian Sea.

(viii) The total duration of cyclonic
disturbances (Cyclones and above) during 2015
was about 26 days against the normal of about
20 days.

TABLE 2

Brief statistics of cyclonic disturbances over NIO and adjoining land areas during 2015

Cyclonic Storm, ASHOBAA, over Arabian Sea (07-12 June, 2015)

Depression over Bay of Bengal (20-21 June, 2015)

Deep depression over Arabian Sea (22-24 June, 2015)

Land Depression (10-12 July, 2015)

Land Deep Depression (27-30 July, 2015)

Cyclonic Storm, KOMEN, over Bay of Bengal (26 July-2 August, 2015)

Land Depression (4 August, 2015)

Land Deep Depression (16 -19 September, 2015)

Deep depression over Arabian Sea (09-12 October, 2015)

SRR E |2

November 2015)

0. | Extremely Severe Cyclonic Storm, CHAPALA, over Arabian Sea (28 October - 04

11. | Extremely Severe Cyclonic Storm, MEGH, over Arabian Sea (05 - 10 November, 2015)

12. | Deep depression over Bay of Bengal (08-10 November, 2015)
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Fig. 1. Consolidated tracks of cyc‘ioni; )
disturbances over NIO during 2015
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Observed Track and forecast track based
on 0600 UTC of 30" July 2015

Fig. 2. Forecast track along with cone of
uncertainty issued on 0000 UTC of 30" July
2015 and the observed track of CS KOMEN

during 26 Jul - 2 Aug 2015
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Figs. 3(a&b). Annual Average (a) Landfall Point Error (km) and (b) Landfall Time Error (hours)

Brief statistics and the consolidated tracks of
the cyclonic disturbances over NIO are
presented in Table 2 and Fig. 1. The life history
and the characteristics features of the cyclonic
disturbances during 2015 are described in
following section.

An example of forecast track along with cone
of uncertainty issued on 0000 UTC of 30™ July
2015 and the observed track of CS KOMEN
during 26 Jul - 2 Aug 2015 is shown in
Fig. 2.

Annual averagetrack forecast error

The annual tropical cyclone track forecast
error has been calculated for the year 2014. The
annual  average track  forecast error
[Figs. 3(a&b)] has been 94, 151 and 209 km,
respectively for 24, 48 and 72 hrs against the
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long period average error of 107, 164 and
230 km based on data of 2010-2014. The 96
and 120 hrs track forecast error were 283 and
356 km respectively. Also the track forecast
skills compared to climatology and persistence
forecast are 37%, 50% and 57% respectively
for the 24, 48 and 72 hrs lead period
which is lower than long period average of
2010-2014 (46%, 62% & 68% respectively) by
about 10%.

Interannual variation

The landfall point and time forecast errors of
cyclones over north Indian Ocean during 2003-
15 are shown in Figs. 3(a&b). The track
forecast errors and skills as compared to
climatology and persistence (CLIPER) model
based forecast errors of cyclones over north
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Figs. 5(a-d). Annual Average Intensity Forecast Error (kts) based on (a) AE and
(b) RMSE and Intensity Forecast Skill (%) based on (c) AE and (d) RMSE

Indian Ocean during 2003-15 are shown in
Figs. 4(a&b). The intensity forecast errors and
skill as compared to persistence based forecast
errors of cyclones over north Indian Ocean are
shown in Figs. 5(a-d). It is observed that the
errors are significantly less and skills are higher
in recent years (2009 onwards) for all types of
forecasts including track, intensity and landfall.
It is mainly due to the modernization
programme of Ministry of Earth Sciences and
India Meteorological Department leading to
enhanced observation, modeling, analysis tools

and techniques and computation system.
However, the rate of improvement has been
highest in case of landfall point forecasts
followed by track forecast. The rate of
improvement in the intensity forecasts is
relatively less like the other Ocean basins.

Five year moving averages of errors and
skill

It can be seen from Figs. (6-9) that there has
been continuous improvement in forecast
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Five Year Moving Average- Intensity forecast Skill based on AE (kts)
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Fig. 9. Five Year Moving Average Intensity Forecast skill based
on AE compared to persistence forecast

TABLE 3

No. of bulletinsissued during 2015

S. No. Bulletins No. of Bulletins
1. Press Release 13
2. National Bulletin 110
3. RSMC Bulletin 170
4. DGM’s Bulletin to higher officials at national and state level 7
5. TCAC Bulletin (Text & Graphics) 71
6. ADDR Bulletin to Hong Kong 71
7. TC Vitals 77
8. Quadrant Wind 71
9. SMS to senior Govt. officials at national and state level by RSMC 10726

New Delhi
10. SMS through Kisan Portal 75125

accuracy with decrease in error and increase in
skill over the years. However, due to
modernization programme of IMD and other
initiatives of MoES, the improvement has been
more significant since 2009.

Regional Specialised M eteorological Centre

The Cyclone Warning Division/ Regional
Specialised Meteorological Centre (RSMC)-
Tropical Cyclone, IMD, New Delhi with all its
resources for monitoring and prediction of
cyclonic disturbances over the north Indian
Ocean issues 3 hourly warning/advisory
bulletins to national disaster management
agencies  including  National = Disaster
Management (NDM), Ministry of Home

Affairs (MHA), concerned state Govts and
other users in regular intervals. It also issues
advisories to World Meteorological
Organisation (WMO) / Economic and Social
Cooperation for Asia and the Pacific (ESCAP)
Panel member countries including Bangladesh,
Myanmar, Thailand, Pakistan, Oman, Sri
Lanka and Maldives during cyclone period. For
ESCS Chapala and Megh advisories were
issued to Yemen and Somalia also. As Tropical
Cyclone Advisory Centre (TCAC), it also
issues tropical cyclone advisories with effect
from the stage of cyclone for international civil
aviation purpose as per the requirement of
International Civil Aviation Organization
(ICAO). The number of bulletins issued is
given in Table 3.
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Fig. 10. Screenshot of Google public alert in association with Deep Depression over the
Bay of Bengal during 08-10 November 2015

TABLE 4

IMD’s classification of Low Pressure System from 2015

Nomenclature of Pressure T. No. Max SurfaceWind

Low Pressure System defect (hPa) speed in kts (kmph)
Low pressure area (LOPAR) 1.0 T1.0 <17 (<32
Depression (D) 1.0- 3.0 T1.5 17-27 (32-50)
Deep Depression (DD) 3.0-4.5 T2.0 28-33 (51-61)
Cyclonic Storm (CS) 4.5- 8.5 T2.5-3.0 34-47 (62-87)
Severe Cyclonic Storm (SCS) 8.5-20.1 T3.5 48-63 (88-117)
Very Severe Cyclonic Storm (VSCS) 20.1-40.5 T4.0-4.5 64-89 (118-165)
Extremely Severe Cyclonic Storm (ESCS) | 40.5-79.9 T5.0-T6.0 | 90-119 (166-220)
Super Cyclonic Storm (SuCS) >79.9 T>6.5 120 or more (>221)

Major initiatives

Following were the major initiatives taken by
IMD for monitoring, prediction and warning
services during the year 2015:

(i) Observational & monitoring aspects:
Based on NASA/GSFC’s GPM satellite
estimated rainfall data, GPM-gauge merged
rainfall data at 0.25° x 0.25° resolution is
generated based on a joint initiative of IMD-
NCMRWF and made available for monitoring
of heavy rainfall associated with Cyclonic
Disturbances over the NIO.
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(i) Prediction Technique: Hurricane Weather
Research Forecast (HWRF) model was run by
IMD every six hrs based on 0000, 0600, 1200
and 1800 UTC during cyclone period with
27/9/3 km resolution and products were made
available to Cyclone Warning Division.

(iii) Severe Weather Forecasting
Demonstration Project for Bay of Bengal
(SWFDP)

(iv) Introduction of
cyclonic storm category

extremely severe



Based on a review of IMD’s classification of
low pressure systems (LPS) in the light of
classifications followed in other oceanic basins,
IMD has introduced with effect from 2015, a
new category of description of low pressure
systems — Extremely Severe Cyclonic Storm
(ESCS) by bifurcation of the then existing
category of Very Severe Cyclonic Storm
(VSCS). IMD'’s present classification of LPS is
presented in Table 4.

) War nings Dissemination technique

(&) SMS to registered general public were
issued during cyclonic disturbances affecting
India with effect from 2015. 10726 SMS
(government officials and general public) were
disseminated during 2015.

(b) Synergised Fishermen warnings

Warnings issued by IMD are included in
INCOIS’s Potential fishing zone information
and displayed in the INCOIS’s -electronic
display system with effect from November
2015.

(c) CAP feed for Google sPublic alerts

IMD is in the process of implementation of
common alert protocol (CAP), a WMO
recommended standard format for multi-hazard
warning dissemination through multi-platform
devices. IMD has issued experimental CAP
feed for CDs making landfall over Indian
coasts during 2015 for Google’s initiative for
Public  Alerts through Google search.
Screenshot of the alert is shown in the Fig. 10.

(d) Coastal and sea area bulletins for
shipping through NAVTEX

IMD started issue of coastal weather bulletin
and sea area bulletin for coastal shipping and
high sea shipping respectively through
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NAVTEX stations installed by Directorate
General of Light house and Light
Ships (DGLL) from 30™ March, 2015. This
replaces earlier dissemination mode through
coastal radio stations which were unserviceable
for last few years. This was achieved

through continuous initiative of IMD with
DGLL.

Severe Weather Forecasting Demonstration
Proj ect

RSMC New Delhi has been identified as the
specialised meteorological centre for issuing
SWFDP warnings to countries such as
Bangladesh, Myanmar, Thailand, Sri Lanka
and Maldives in BOB region. The project
includes warnings for tropical cyclones, heavy
rainfall, strong winds and sea waves. A
separate web page has been developed for
SWFDP (BOB) in the RSMC New Delhi web
site and warning products were uploaded
during the SWFDP training programme
conducted at Bangkok during 14-24 September
2015. A sample SWFDP short range forecast
guidance product issued based on 0300 UTC of
18™ September 2015 is shown in Fig. 11.

Fig. 11. Short range forecast product generated
for SWFDP based on 0300 UTC of
18 September 2015
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CHAPTER 7

EARTHQUAKE MONITORING AND HAZARDS

7.1. National Center for
Seismology

National Center for Seismology (NCS)
established as an attached office of Ministry of
Earth Science (MoES), vide A. O. No.
MoES/25/15/2012-Estt dated 20-8-2015 by
reorganizing seismological related activities of
India Meteorological Department (IMD) and
Ministry of Earth Sciences. The broad and
ultimate objectives of the NCS are:

. Provide earthquake (M:3.0 and above)
related information to all user agencies in
shortest possible time.

o Provide earthquake hazard and risk
related products of specific regions required by
various agencies as mitigative measures for
design and construction of earthquake resistant
structures, land use planning and for enacting
building bye-laws towards minimizing damage
to property and loss of lives due to

earthquakes.

. Carry out research in pure and applied
seismology and earthquake precursory
phenomena, earthquake  processes and
modelling.

NCS is the nodal agency of Government of

India, primarily responsible for monitoring
seismic activity in and around the country. The
operational task of the Center is to quickly
estimate the earthquake source parameters
immediately on occurrence of an earthquake
and disseminate the information to all the user
agencies including the concerned State and
Central Government agencies responsible for
carrying out relief and rehabilitation measures.
The information relating to under-sea
earthquakes capable of generating tsunamis on
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the Indian coastal regions is also disseminated
to all concerned user agencies including the
Indian National Centre for Ocean Information
Services (INCOIS), Hyderabad for issue of
tsunami related messages and warnings. The
earthquake information is transmitted to
various user agencies including public
information channels, press, media etc. using
different modes of communication, such as
SMS, fax, email and also posted on Website
(www.imd.gov.in). Major achievements of the
Center during the year are given below,
activity-wise:

A. Observational Seismology,
Earthquake Monitoring & Services

NCS is maintaining a country-wide National
Seismological Network (NSN) consisting of a
total of 82 seismological stations. This
includes: a) 16-station V-SAT based digital
seismic telemetry system around National
Capital Territory (NCT) of Delhi, b) 20-station
VSAT based real time seismic monitoring
network in North East region of the country
and (c) 17-station Real Time Seismic
Monitoring Network (RTSMN) to monitor and
report large magnitude under-sea earthquakes
capable of generating tsunamis on the Indian
coastal regions. As part of an international
commitment, continuous real time seismic
waveform data of three seismic stations viz.,
Portblair, Minicoy and Shillong is being
transmitted  to  Incorporated  Research
Institutions of Seismology (IRIS), Washington,
USA, for early warning of tsunamis. The
National Seismological Network is in
successful operation.

A total of 2280 earthquake events were
detected and auto-located during the period


http://www.imd.gov.in/�

January-November, 2014. These include 1547
events of magnitude 5 and above. Information
pertaining significant events were transmitted
to all concerned state and central government
agencies dealing with relief and rescue
operations in the region and also posted to
website. A software module for issue of bulk
SMS messages is functional for dissemination
of (a) Earthquake hypocentral parameters (as
SMS Level-1) to selected designated
authorities on auto-location of an earthquake
event by RTSMN system and (b) Issue of
Final earthquake hypocentral parameters (as
SMS Level-2) to a large number of users
simultaneously in least possible time.

During this period, an earthquake of great
intensity (Magnitude 7.9) occurred on 25
April 2015 at 11:.41 hrs IST in Nepal (about 80
Km NW of Kathmandu), severely felt in the
epicentral and adjoining areas and caused
major damage in the epicentral region and
Kathmandu. About 8000 people lost their lives
and about 20000 people injured in Nepal. This
event was also felt in all northern, eastern and
some parts of central India and some damage in
adjoining UP and Bihar. The main shock was
followed by number of aftershocks including
two major aftershocks of Magnitudes 6.6 and
6.9 on 25™ and 26™ April, 2015 respectively.
Till 30.4.2014 more than 70 significant
aftershocks have been detected and located by
the national seismological network of NCS.
Another great earthquake of magnitude 7.3
occurred on 12 May 2015 at 12:35 HRS (IST)
in Nepal (about 60 km East of Kathmandu), 16
days after the 7.9 magnitude mainshock which
occurred 80 km northwest of Kathmandu. This
earthquake further caused loss of lives and
damage to structures in Nepal and some parts
of adjoining UP and Bihar in India.

In addition, another great earthquake of
magnitude 7.5 occurred on 26 October 2015 at
14:40 hrs IST in Afghanistan about 260 Km
north-Northeast of Kabul. The event was
severely felt in all northern states of India,
including Delhi and NCR. This earthquake is
the largest in past fifty years from the
Hindukush region.
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The digital seismic waveform data from the
network are being uploaded into the waveform
database of SeiscpmP3 software of ISGN data
centre at NCS, HQ for systematic storage and
archival purposes. During the year, continuous
waveform data of Real Time Seismic
Monitoring Network (RTSMN) for the period
starting from year 2009 to 2013; NE
Telemetery data for the period 2011 and 2012;
and Delhi Telemetry data for the period starting
from Year 2005 to 2014 have been completed.
The Data Centre has a web portal
(http://www.isgn.gov.in), which gives access to
the registered users for downloading the
waveform data for research purposes.

A project of upgradation of 44 existing
seismological observatories and establishment
of 34 new seismological observatories has been
initiated. As on 14-12-2015, a total of 23
seismological  observatories have  been
upgraded and one new observatory has been
established. These observatories have been
integrated with operational centre through
VSAT communication facility established
under the Integrated Seismic and GPS Network
(ISGN). Upgradation work at remaining
observatories is in progress.

A new webpage has been developed for online
intensity survey of felt earthquakes; similar to
“Did You Feel It (DYFI).” This page provides
epicentral map, intensity map (simulated) and
DYFI map based on a felt report along with
basic parameters. The URL of the page is
http://125.21.185.24/eq_info/eq.html.

DYFI maps along with other maps of Nepal
earthquake of 25™ April 2015 (M : 7.9) and its
largest aftershock of 12t May 2015 (M : 7.3)
were generated and uploaded on the webpage.
Simulated intensity map and DYFI map was
useful for relief and rescue purpose during
Nepal earthquake. DYFI and intensity map for
Nepal earthquake of 25™ April 2015 (M : 7.9)
is enclosed (Annex-1, 2).

The earthquake bulletins are prepared on

monthly basis and archived vis-a-vis also sent
to the International Seismological Center.

75


http://www.isgn.gov.in/�
http://125.21.185.24/eq_info/eq.html�

Seismological data and earthquake related
information is supplied to various user agencies
dealing with relief and rehabilitation measures,
earthquake disaster mitigation and management
related matters, seismic zoning, etc. Earthquake
data is also being supplied to various scientific,
academic and R&D institutions for research
purposes. On request basis, the earthquake data
and site specific seismicity reports are supplied
to industrial units, power houses, river valley
projects etc and a revenue worth Rs. 4.0 Lakhs
was realized from different parties during
January- November, 2015.

B. Earthquake Hazard and Risk

Assessment:

1. Seismic hazard microzonation of NCT
Delhi on 1: 10000 scale

The seismic hazard microzonation analysis of
NCT Delhi on 1:10,000 scale has been
completed based on a state-of-the-art
Probabilistic Seismic Hazard Analysis (PSHA).
Earthquake sources and parameters, considered
for the area covered under 350 km radius from
Delhi, (Latitude 24° — 31.5° N and Longitude
74° — 81.5° E). This area includes part of
Himalayan region which recorded maximum
magnitude earthquake of M:6.9 in Chamoli
(1999) so for, which is about 300 km from
Delhi and produced horizontal PGA of 11cm/s”
at Delhi. After completing the field
investigations for geotechnical, geophysical,
laboratory tests on samples collected and data
processing and analysis, a detailed report was
prepared by the Expert Committee in the year
2014 and submitted to the Secretary, MoES.
Subsequently, an abridged report based on
main report was compiled and put on IMD and
MoES website in 2015 for use to scientific
community and other stake holders. This report
is also provided to the National Capital
Region Planning Board (NCRPB) for their
document “Vision 2020” wunder Disaster
Mitigation for better planning and development
and reported in Chapter 15. The Product
generation Hazard Index Map of Seismic
microzonation of NCT Delhi on 1: 10,000 scale
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has been provided to the Delhi police for safe
construction in Delhi to control the Disaster.

The first and foremost task in the Seismic
Hazard Microzonation, study of NCT Delhi,
was generation of base toposheets by Survey of
India and geological map by Geological Survey
of India on 1:10000 scale. NCT Delhi was
presented in 75 sheets in 1:10000 scale, each
covering an area of about 20 to 25sq km.
Available Geological Map on 1:25,000 scale
was upgraded on 1:10000 scale using high
resolution old aerial photographs, quick bird
satellite imagery and limited field check.

Seismic Hazard Microzonation has been
carried out in six parts. Firstly, estimation of
Seismic hazard at engineering bedrock (Shear
wave velocity 760m/s) using seismotectonic
and earthquake information within a radius of
350 km from NCT Delhi in collaboration with
IIT Roorkee. Secondly, study of soil
characteristics based on generated geotechnical
and geophysical data at different sites. Thirdly,
site characterization based on shear wave
velocity evaluated from geotechnical and
geophysical techniques. Fourthly,
determination of Predominant frequency (Peak
frequency) and Peak amplification
corresponding to the peak frequency of soil
columns above Seismic bedrock using
experimental technique based on H/V ratio of
microtremors. Fifthly, strong ground motion
parameters estimation at surface at 449 sites
spread over NCT Delhi by carrying out one-
dimension (1-D) ground response analysis,
using DYNEQ software. Sixthly, liquefaction
susceptibility evaluation using Seed and Idriss
simplified approach (Idriss and Boulanger
2005). Finally, all these parameters were
integrated in GIS and integrated Hazard Map of
NCT Delhi was developed.

The PGA for Delhi region obtained from
PSHA analysis at engineering bedrock varies
from 0.18g to 0.31g for MCE and 0.09g to
0.16g for DBE. The Peak Ground Acceleration
after free surface correction at engineering
bedrock varies from 0. 067g to 0.114g for
MCA and from .035g to .058g, for DBE.



A comprehensive programme of geotechnical,
geophysical investigations was taken up for
site characterization, and ground response
study. At 449 sites geotechnical data were
collected by drilling boreholes, mostly up to
30m depth and DS/UDS soil sampling at each
1.5 m depth. Index properties of soil from all
collected soil samples were evaluated in
laboratories. On a few samples special tests
such as triaxial /cyclic triaxial and Resonant
Column tests have also been performed for
evaluation of ¢, @, Shear modulus reduction
and damping curves etc. Geophysical
investigations such as MASW at 110 sites and
CHT/DHT at 25 sites were also carried out for
evaluation of in-situ shear wave velocity. On
the basis of in-situ shear wave velocity and N
values collected at a few common sites local
empirical relations were developed for different
types of soil, to make use of N value for
evaluation of shear wave velocity.

Making use of the above data and input time
histories generated based on UHRS, ground
response study were performed at all the 449
sites, using DYNEQ software. Based on
ground response study, PGA at surface, PGA at
different depth, Amplification factor, Peak
frequency, Peak amplification, were evaluated
at all the 449 sites. Site specific different types
of response spectra were also generated at all
the 449 sites. Based on response spectra,
spectral acceleration values at different periods
were evaluated for all the 449 sites.

Discrete site specific values of different
parameters evaluated at all the 449 sites were
converted in continuous surface using Inverse
Distance Weighted (IDW) interpolation
technique. Making use of this continuous data
different thematic maps have been generated
for (i) 2% probability of exceedance in 50 year
(based on MCE) and for (i) 10% probability of
exceedence in 50 year (based on DBE). Site
specific values can be picked up from these
GIS base maps and may be used for design of
buildings at those particular sites.

PGA at surface obtained from the ground
response study for 2% probability of
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exceedance in 50 years (MCE) for 5% damping
varies between 0.168g to 0.479 g. The lower
PGA values less than 0.18 were estimated in a
very small area of ridge. PGA values at most of
the sites are within 0.42g except at two sites,
where PGA values are 0.47g and 0.44g
respectively due to high impedance contrast
between first two layers below ground surface.
PGA values for 10% probability of exceedance
in 50 year (DBE) for 5% damping varies
between 0.089g and 0.255g. PGA values at
most of sites is below 0.21g except at a few site
where PGA is between <0.21 to 0.255g.
Uncertainties in evaluation of PGA at surface
have also been worked out which are + 0.06g
for MCE and +0.03g for DBE.

Peak frequency (Natural frequency) and Peak
amplification of soil column above seismic
bedrock were evaluated at 500 sites using
Nakamura technique based on noise survey and
Peak frequency and Peak amplification of soil
column above engineering bedrock were also
evaluated at 449 sites using numerical
technique, to be used for deciding sites for
construction of buildings of appropriate height
to avoid resonance. Liquefaction susceptibility
of soil at different depths were also carried out
and site specific factor of safety have been
evaluated using a simplified procedure based
on empirical correlations with Standard
Penetration Tests (SPT).

Based on the different investigations and
assigning weightages, a seismic hazard
microzonation map of Delhi on 1:10,000 scale
is prepared (Fig. 1). A few other important
maps are also attached.

2. Seismic hazard microzonation of targeted
cities

NCS has taken an initiative to carry out the
seismic microzonation studies for proposed 30
Indian cities having population more than half
a million and lying in the seismic zone III, IV
and V. In this regard, the collaboration work
among Survey of India (Sol), Geological
Survey of India (GSI) and some other
departments are initiated.
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Seismic Hazard Microzonation Map
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CHAPTER 8

CAPACITY BUILDING, PUBLIC AWARENESS &
OUTREACH PROGRAMME

IMD initatited major initiative in 2015 to
provide capacity building for its officers and
staff, personnel from the other organizations in
the country as well as from foreign countries
particularly personnel from Asia pacific
regions and organised training programmes,
user workshops, conferences etc. Salient
details are as under.

IMD participated in the “102™ Indian Science
Congress” at Mumbai and received the ‘Most
Innovative Pavilion” and a ‘Appreciation
Letter’.

8.1. Workshop & Conferences

One day  workshop  (Farmer-Scientist
interaction) at Doiwala, Dehra Dun on 21%
January, 2015 was organized jointly by AMFU
at IIT Roorkee and IMD to get feedback from
the farmers to serve them in a better way.
Farmers appreciated the weather forecast
issued by Meteorological Centre, Dehra Dun
and gave examples of saving the Toria crop
based on our weather forecast.

A training workshop on “Improvement in
District Level Weather Forecast” was
organized by MC, Thiruvananthapuram on 28-
29 September, 2015 at Banquet Hall, Govt.

Guest House, Thiruvananthapuram. DDGM
(Agrimet), DDGM (NWP), DDGM RMC
Chennai and officers involved in DLWF of all
State Agro Meteorological Centres (SAMC)
participated in the programme.

Training Workshop on Improvement of value
added daily weather forecast conducted to the
Agromet Unit Incharges of all RMCs and MCs
during 28 - 29 September, 2015 at
Thiruvananthapuram.

participants

RMC, Chennai conducted one day IMD
Website familiarization workshop on 27"
October, 2015 at RMC Chennai for 15 No.’s of
Power System Operation Corporation Limited
(POSOCO) officials from Southern Regional
Load Dispatch Centre (SRLDC), Bangalore.
The training concentrated on utility of weather
information and forecast products in the IMD
website and on their impact on the power
systems load and generation management.
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Shri B. Mukhopadhyay, Sc. ‘F’ADGM(R)

attended the conference on “10"™ Biennial
Flagship Conference Agri Corp 2015 as a
Chairman and Panel Member for Session
“Emerging Technologies for Value Addition
and Risk Mitigation” at Mumbai on 3"
November, 2015.

8.2. ACR & AMR Meeting

Dr. Medha Khole, Sc. ‘E> & DDGM (WF),
Pune and Smt. Sunitha Devi S., Sc. ‘D’
participated in the Annual Cyclone Review &
Annual Monsoon Review meetings were held
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at Regional Meteorological Centre, Kolkata,
during 22 - 23 January, 2015. The technical
work of the said meetings such as preparation
of working papers, monitoring the progress of
recommendations of the last year’s Annual
Review Meetings, their circulations to all
delegates and other allied work was co-
ordinated.

8.3. Training

IMD training division imparted training to
539 personnel from IMD and defence forces in
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2015 in Delhi and other offices, details of
which are as under:

Long term training of 4-12 months : 179
Short term training of 1-2 weeks : 41
Ongoing training (4-12 months) : 119

Other training activities

Summer training of 6-8 weeks was provided to
B Tech / M Tech / M Sc students in 2015 at
HQ and other offices.

IMD Pune in association with IMS Pune
Chapter and IITM Pune organised the five day
“Training Workshop for Teachers” during 4-8
May, 2015.

Online training on E-agromet system was
imparted to all Agromet Field Units (AMFUs)
of the country during the period February to
March 2015 for demonstration on generation of
advisories using farmers portal through video
conferencing by the officers of Agricultural
Informatics Division, NIC, New Delhi.

“Use of Multiple Crop Models and Decision
Support System in  Agrometeorological
Advisory Services” was conducted during 22-
27 March, 2015, at PJTSAU, Rajendra nagar,
Hyderabad.

DSSAT Training course on “Cropping System
Models for Application in Land Resource
Management” at ICRISAT, Hyderabad during
23-27 March, 2015.

AMFU, Srinagar, SKUAST-K, J & K
organized a training program/working group
meeting (GKMS/ FASAL) on “Use of Crop
Simulation Model and Decision Support
System in Agromet Advisory Services” during
8-14 June, 2015. Thirty one participants from
Jammu and Kashmir, Himachal Pradesh and
New Delhi attended the training programme.

Crop Simulation Model based Crop Yield
Forecasting system for sorghum with special

reference to Karnataka and Maharashtra was
organized during 22-26 June, 2015 at AMFU,



Navile, University of Agricultural and
Horticultural Sciences (UAHS), Shimoga,
Karnataka.

Agromet Observers’ course of 2 weeks

duration was conducted for newly recruited
observers at various Agrometeorological Field
Units (AMFUs) from 24" August, 2015 to
4™ Spetember, 2015. Total 19 participants from
various AMFUs participated in this training
Course.

Four weeks' Summer Placement course for
B. Tech. (Agril. Engg.) students was conducted
during 1-26 June, 2015. Seventeen students
from different Agricultural Engineering
colleges (viz., Parbhani, Rahuri and Karad)
attended the training course.

Agro-meteorological aspects of sustainable
agriculture and food security: Regional
initiatives and challenges’ on 8" September,
2015 in the Training programme on “Use of
remote sensing and GIS for Crop Growth
Monitoring and Yield Prediction” was
conducted at IIRS, Dehradun during 31"
August - 20" September, 2015.

A training workshop on “Improvement in
District Level Weather Forecast (DLWF)” was
conducted at M.C. Thiruvananthapuram on
28-29 September, 2015.

Trainees from Anna Institute of Management,
Chennai visited RMC Chennai on 30" January,
19" February and 5™ March, 2015 as part of
Induction Training program for familiarization
and exposure. Field visit to units were arranged
for 155 trainees.

A lecture cum demonstration class for training
programme on ‘“Disaster Management” for
Deputy Collector Trainees on 24" June, 2015
on “Role of IMD in Early warning & Disaster
Preparedness”.

8.4. Awareness & Outreach
Programme

The National Science Day was celebrated in
IMD office premises, Shivajinagar, Pune on
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271 February, 2015. All the offices in IMD,
Pune participated in the celebration. On this
occasion an exhibition was arranged in the
main building of IMD Pune. ADGM(R)
inaugurated the exhibition. It was attended by
a large number of students, scientists, scholars,
journalist and general public. All visitors
marked their comments with great enthusiasm
in feedback register.

Farmers Awareness Programme: Farmers’
awareness programmes were organised at 51
AMFUs across the country namely Sonitpur,
Ambikapur, Lam, Akola, Bharatpur, Bikaner,
Pundibari, Agwanpur, Bhawanipatna,
Bhatinda, Kharagpur, Imphal, Rajouri, Dapoli,
Delhi, Jagtiyal, Coimbatore, Diphu, Gurdaspur,
Brahmavar, Kaul, Sabour, Shillongani,
Tirupati, Majihan, Dantiwada, Roorkee,
Junagarh,  Jaipur,  Allahabad, @ Anand,
Bangalore, Bhubaneswar, Hisar, Jorhat,
Kalyani, G. Udaigiri, Parbhani, Pilicode,
Palampur, Udaipur, Ranchi, Ranital, Thrissur,
Pusa, Sehore, Vellayani, Morena, Lamphelpat,
Kanpur and Navile. Besides, the Nodal
Officers/Technical Officers participated in
number of awareness programme and taken
active initiatives in popularising the GKMS.
AMFUs also arranged field wvisits, field
demonstration, farmers’ interaction and also
participated in Kisan Mela

IMD officials participated in Project evaluation
study in respect of dissemination of weather,
crop and advisory to the Farmers’ Club
member through KVKs in Maharashtra State.
Jointly with NABARD.

Officials from Agricultural Meteorology
Division participated in the first edition of the
Krushik Live Demos & Agri Expo held from 6-
8 November, 2015 at Baramati, Pune,
Mabharashtra.

Important Visitors

Dr. M. Jerraud, Secretary-General, World
Meteorological Organization in March 2015.

Dr. B. N. Satpathy, Sr. Advisor, NITI Aayog
(Planning ~ Commission)  visited  ATC
Met/MBR/Area Control facilities of AMO
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Palam on 8 February. He took special interest
on functioning and performance of Drishti
provided by NAL-IMD.

Professor Robert James Wasson from National
University of Singapore visited Met. Centre,
Dehradun, on 19 March and discussed about
weather forecast and warning during Kedarnath
disaster-2013.

Prof. Lucy J. Robertson, Head of
Parasitological Deptt. of Food Safety and
Infection Biology, Norway, along-with faculty
of PGI, Chandigarh visited Met Centre,
Chandigarh on 19 March and discussed the
weather and climate services provided by this
office.

Shri N. N. Vohra, Hon’ble Governor of J&K
visited Met. Centre Srinagar on 31st March in
connection with inspection of Doppler Weather
Radar. He was briefed about the functioning of
Radar.

A delegation of six scientists from Finnish
Meteorological Institute visited IMD with FMI
and IMD scientists was held during 28-29
January, 2015 to discuss the project work under
the ambit of cooperation agreement.

3-Member delegation led by Director, DRA,
WMO visited IMD in July 2015 in South East
Asia.

Korean Delegation led by Administrator, KMA
had a meeting with DGM, IMD in March
2015 regarding MoES-KMA bilateral co-
operation.
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United States ambassador to India Mr Richard
Verma and U.S. Permanent Representative to
the United Nations Dr. Samantha Power

visited Air Quality Monitoring facility in India
Meteorological Department, New Delhi on
19.11.2015.

Delegation from International Monetary
Fund (IMF) met DGM to discuss climate
change issues on 7" December 2015.

8.5. IMD Foundation Day 2015

The 140" Foundation day of India
Meteorological Department was celebrated on
15" January, 2015 at H. Q., New Delhi. This
day is celebrated with a view to highlight the
achievements of the department and to promote
awareness about new initiatives taken and also
to focus on the future plans for improving the
weather and climate services.
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Celebration of 140" IMD Foundation Day 2015

On this occasion Dr. Shailesh Nayak,
Secretary, MOES welcomed the Hon’ble
Minister Dr. Harsh Vardhan, Minister for
Science & Technology and Earth Sciences. Dr.
Harsh Vardhan, dedicated the Web based
analysis and visualization of Insat-3D data
products software, the Real Time Analysis of
Products & Information Dissemination
(RAPID) System and Customised Rainfall
Information System (CRIS) to the Nation on
this occasion.

Hon’ble Minister of Science & Technology and
Earth Sciences Dr. Harsh Vardhan expressed
weather prediction of India at par with best
country in the world. Accurate and timely
predictions made by IMD in the recent times
not only helped our farmers and fishermen but
also saved the lives during cyclones.

The Minister felicitated Dr. N. Sen Roy, Ex.
DGM. On this occasion. DG, IMD, Dr. L. S.
Rathore, highlighted the yearly achievements
of the organization and told that 35
weathermen from different countries were
imparted meteorological training to expertise
them. The department provided accurate
landfall and intensity prediction of cyclone
Hudhud which led to saving the lives of many.

IMD Foundation day was also celebrated at
Pune office also. Dr. R. R. Kelkar, Ex. DGM
was the chief guest of the function. On this
occasion seclected officers and staff, of IMD

Pune office were given memento and
certificate of merit for their excellent service.

s
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8.6. World Meteorological
Day 2015

World Meteorological Day was celebrated on
23" March, 2015 at DGM’s Office New Delhi
and other offices of the department. On this
occasion an Exhibition was organized in the
premises of Pune office. The theme for this
year WMO Day was “Climate Knowledge for
Climate Action”.

National Seminars / workshops on the theme
were organised at IMD HQ and other offices
in the country. Special Programmes on Radio
and TV on the theme were also broadcast /
telecast all over the country.
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A : 1 - EEEEEEREE
World Meteorological Day at RMC Chennai World Meteorological Day at MC Bangalore

The National Science Day and the Earth Day were celebrated at IMD HQ and field offices on
28" February, 2015 and 22 April, 2015 respectively all over the country.
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CHAPTER 9

COLLABORATIVE ACTIVITIES

National

IMD signed Memorandum of Understanding
for augmenting its observational mechanism,
and enhancing research and meteorological
services with the following agencies in 2015:

(1) An MoU has been signed between
Earth System Science Organization-India
Meteorological Department (ESSO-IMD) and
Power System Operation Corporation Ltd.
(POSOCO), a wholly owned subsidiary of
Power Grid Corporation of India Ltd. in
respect of "Use of weather information for
better management of Indian Power System"
on 18" May, 2015 at Shram Shakti Bhawan,
New Delhi. MoU was signed by Dr. L. S.
Rathore, DG, IMD and Shri S. K. Soonee,
CEO, POSOCO in the gracious presence of
Shri Pradeep Kumar Sinha, Secretary,
Ministry of Power and other senior

officers from Ministry of Power and Ministry
of Earth Sciences. This MoU aims towards
systematic use of Meteorological Information
for better management of Indian Power
System from generation to distribution and to
increase overall efficiency of the power system
operations.

(i)  India Meteorological Department and
Laxmi Devi Institute of Engineering and
Technology, Alwar.

(111))  MoU between Earth System Science
Organization-India Meteorological Department
(ESSO-IMD) and Power.

(iv)  Power System Operation Corporation
Ltd. (POSOCO), a wholly owned subsidiary of
Power Grid Corporation of India Ltd. in
respect of "Use of weather information for
better management of Indian Power System"
at Shram Shakti Bhawan, New Delhi.

v) India Meteorological Department and
University of Allahabad Krishi Vigyan Kendra,
Baramati, District Pune, State Maharashtra.

(vi) India Meteorological Department and
University of Allahabad.
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International Activities

Hon'ble President of India ratified MoU
between India and Qatar in the field of

Atmospheric and oceanic sciences in
November, 2015.

17" WM O Congress

Indian delegation was led by the Hon’ble
Minister of Science & Technology and Earth
Sciences, Shri Y. S. Chowdary and consisting
of Dr. Shailesh Nayak, Secretary, Ministry of
Earth Sciences. Shri Ajit Kumar, Ambassador

) ) ol
‘ﬁ’ ‘Organisation météorol

WHO O

Dr. L. S. Rathore, DGM and Co-Vice Chair-

man of Inter-governmental Board on Climate
Services of World Meteorological Organization
steered the Management Committee Meeting
of IBCS of GFCS (WMO) in Geneva.
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& PR of India to the U N at Geneva, Dr. L. S
Rathore, DGM, India  Meteorological
Department, Dr. S. D. Attri, DDGM (O), India
Meteorological Department, Shri K. Balaji
Majumdar, PS to HMOS for Earth Sciences,
Dr. R. Krishnan, Sct-G, Indian Institute of
Tropical Meteorology, Shri B. N. Reddy,
Deputy Permanent Representative of India and
Dr. Vishnu Reddy, Second Secretary (HR),
Permanent Mission of India to UN offices
participated in 17" WMO Congress during 25
May-12 June 2015. Dr. L. S. Rathore, DGM
was elected as Member of Executive Council
of WMO.

Dr. L. S. Rathore, DGM participated in 3rd
United Nations World Conference on Disaster
Risk Reduction at Sendai Japan led by
Hon’ble Union Home Minister of India in
March 2015.



An International Training Workshop of seven
countries, on Tropical Cyclone Forecasting
(ITWTCF-2015) was organised during 3-14,
August, 2015 at New Delhi. 11 nos of
representatives from Bangladesh, Maldives,
Myanmar, Srilanka, Thailand, Cambodia, and
Australia were participants in Workshop.

Dr. Y. S. Chowdary, Hon’ble Minister of
State for Science & Technology and Earth
Sciences inaugurated Third Workshop (3-days)
on “WMO/WWRP Monsoon Heavy Rainfall”
held during 22-24 September, 2015 in New
Delhi.

The inception session Winter South Asian
Climate Outlook Forum (WinSASCOF-1)
and the Climate Services Users Forum for
Agriculture (CSUF-Agl) was held during 14-
16 October 2015 at Chennai which was hosted
by IMD, Regional Meteorological Centre,

Chennai. Govt. of Canada, World
Meteorological Organization (WMO) and
Regional Integrated Multi-Hazard Early

Warning System for Africa and Asia, (RIMES)
supported the event through funds available
from the Government of Canada. The forum
meeting was attended by several experts from
India and various other countries of South Asia
such as Afganistan, Bangladesh, Bhutan,
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Maldives, @ Myanmar, Nepal, Pakistan,
Phillipines and Sri Lanka and also from
Australia and Korea.

International Conference on
Chemistry and Agricultural
during 2-4 November 2015.

Atmospheric
Meteorology

Workshop on Global Centres of Research and
Excellence in  Agrometeorology on 5
November & Meeting on CAgM Expert Team
on Agrometeorological Products from 6-7
November, 2015.




Meeting of Regional Association II Expert
Group on Agrometeorology from 9-10
November.

Improving Climate Services

Agrimet division, IMD, Pune in collaboration
with United States Agency for International
Development (USAID), Washington DC, USA
jointly organized international workshop on
“Improving Climate Services for Farmers in
Africa and South Asia (ICSFASA)” during 2-3
February at Hotel Ramee Grand, Pune.

Global Space based
System

Inter Calibration

IMD organized WMO’s “Global Space based
Inter Calibration System (GSICS) Research
and Data Working Group Meeting 2015 during
16-20 March 2015” at MoES New Delhi.
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Participants from different member countries/
organizations  (European = Meteorological
Satellite (EUMETSAT), CNES France, JMA,
NASA, NOAA, NESDIS, ISRO, KMA,WMO
and IMD attended the meeting. Secretary
present in

General, WMO was also
valedictory function.

RTH Operational training of two weeks during
16-27 February, 2015 for officials of IMD was
organized by M/s COROBOR France and
CMC Ltd., New Delhi at IMD, Pune.

IMD provided two months Meteorological
training to 12 personnel from Meteorological
Office, Bhutan in Kolkata during June-July
2015.

IMD provided 10-day training in Aviation
Meteorology to 18  personnel  from
Meteorological Office, Oman, 4 personnel
from Civil aviation, Bhutan in addition to IMD
officials during December 2015.
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CHAPTER 10

RESEARCH PUBLICATIONS

MAUSAM (Formely Indian Journal of Meteorology, Hydrology & Geophysics), established in
January 1950, is the quarterly research journal brought out by the department. It is a premier
scientific research journal in the field of Meteorology, hydrology & Geophysics for publication of
original scientific research work. MAUSAM is being indexed and abstracted by Thomson Reuter
U.SAA. For the year 2014 it has an IMPACT FACTOR (IF): 0.181 and 5-year Impact factor
0.249 calculated by Thomson Reuter U.S.A. The rating score given by National Academy of
Agricultural Sciences (NAAS) for the year 2014 is 6.15. IMD Scientists published 175 research
paper/books in Mausam/Met. Monograph/Met Reports and National & International Journal

during 2015.

10.1. Research contributions
published in ‘MAUSAM’ during
2015

S. S. Chinchorkar, F. G. Sayyad, V. B. Vaidya
and Vyas Pandye “ Trend detection in annual
maximum temperature and precipitation
using the Mann Kendall test — A case study
to assess climate change on Anand of central
Gujarat” Mausam, 66, 1, 1-6.

B. Geetha and Y. E. A. Raj, “A 140 year data
archive of dates of onset and withdrawal of
northeast monsoon over coastal Tamil
Nadu : 1871-2010 (Re-determination for
1901-2000)" , Mausam, 66, 1, 7-18.

D. R. Pattanaik, C. S. Tomar and S. C. Bhan,
“Delayed withdrawal of southwest monsoon
2010 — A diagnostic study”, Mausam, 66, 1,
19-32.

S. Meganathan and T. R. Sivaramakrishnan,
“A technique for spot weather forecasting”,
66, 1, 33-42.

Sunit Das, K. Bhattacharjee, G. C. Hazarika, P.
Ali, M. P. Luitel, A. Choudhury, S. O. Shaw
and Awadhesh Kumar, “Quantitative
precipitation forecast for the Brahmaputra
and the Barak basins by synoptic analogue
technique’, Mausam, 66, 1, 43-76.

Sartajvir  Singh and Rajneesh  Talwar,
“ Assessment of different CVA based change
detection techniques using MODI S dataset”,
Mausam, 66, 1, 77-86.

Farah Naz, Naureen Aziz Qureshi and Noor Us
Saher, “ Spatial and temporal assemblage of
Potamides cingulatus (Gmelin) found in the
mangrove creek area of Karachi, Pakistan”,
Mausam, 66, 1, 87-92.

M. R. Ranalkar, A. Anjan, R. P. Mishra, R. R.
Mali and S. Krishnaiah, “Development of
operational near real-time network
monitoring and quality control system for
implementation at AWS data receving
earth station” , Mausam, 66, 1, 93-106.

S. C. Bhan, A. K. Devrani and Vivek Sinha,
“An analysis of monthly rainfall and the
meteorological conditions associated with
cloudburst over the dry region of Leh
(Ladakh), India”, Mausam, 66, 1, 107-122.

A. T. Adediji, M. O. Ajewole, J. S. Ojo, A. G.
Ashidi, M. Ismail and J. S. Mandeep,
“Influence of some meteorological factorson
tropospheric radio refractivity over a
tropical location in Nigeria”’, Mausam, 66, 1,
123-128.

V. Vizaya Bhaskar, “Hydro-climatic
characteristics of hill stations of India”,
Mausam, 66, 1, 129-138.
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Ashutosh Mishra, “ Cloudburst and landdlides
in Uttarakhand : A natures fury?”,
Mausam, 66, 1, 139-144.

B. N. Vishnoi, R. C. Gupta, Anand Nagar and
Kalu Ram Sharma, “ Temperature variability
and trend over Rajasthan”, Mausam, 66, 1,
145-150.

Remya. K, A. Ramachandran, S. Jayakumar,
Divya Subash Kumar, Radhapriya. P. and
Malini. P “Rainfall trend analysis of Kolli
hill, Tamil Nadu, India”, Mausam, 66, 1,
151-154.

P. Vijaya Kumar, V. U. M. Rao, O. Bhavani,
Rajendra Prasad, R. K. Singh and B.
Venkateswarlu, “Climatic change and
variability in mid-Himalayan region of
India”, Mausam, 66, 2, 167-180.

K. Shimola and M. Krishnaveni, “ Sensitivity
of SWAT simulated reservoir inflow to
climate change in a semi arid basn”,
Mausam, 66, 2, 181-186.

R. Asokan and B. Amudha, “Temperature
variations and trends in the lower
atmosphere over Indian longitudes, 1948-
2011" , Mausam, 66, 2, 187-200.

Praveen Kumar Verma, J. L. Chaudhary and
M. R. Chandrakar, “Comparative economic
assessment of kharif paddy with and without
agro-advisory services under AICRPAM-
NICRA at Mahasamund district of
Chhattisgarh”, Mausam, 66, 2, 201-204.

D. T. Meshram and S. D. Gorantiwar,
“Evaluation of pan coefficient for estimating
reference crop evapotranspiration in
Solapur station, Maharashtra”, Mausam, 66,
2,205-210.

Ranjan, Rajeev and Nain, A. S., “Predicting
yield of Lahi (Brassica campestrisvar. toria)
Crop using remote sensing in Tarai region of
Uttarakhand” , Mausam, 66, 2, 211-216.

Prasanta Neog, Kushal Sarmah, Rijumani

Rajbongshi and M. K. Kalita, “ Development
of weather based forewarning models for
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Downy mildew and Alternaria blight
diseases of Rapeseed (Brassica campestris)
in north bank plain zone of Assam”,
Mausam, 66, 2, 217-224.

Ji-Long Chena, Bei-Bei Xiaod, Chun-Di
Chena, Zhao-Fei Wena, Yi Jianga, Ming-Quan
Lva, Sheng-Jun Wua and Guo-Sheng Li,
“Estimation of solar radiation using two-
step method in Yangtze River basin in
China”, Mausam, 66, 2, 225-236.

G. P. Singh, Medha Khole and D. M. Rase,
“Some Characteristics of intra-seasonal
variability of southwest monsoon rainfall”,
Mausam, 66, 2, 237-246.

A. K. Jaswal, S. C. Bhan, A. S. Karandikar and
M. K. Gujar, “Seasonal and annual rainfall
trends in Himachal Pradesh during 1951-
2005" , Mausam, 66, 2, 247-264.

Naeem Sadiq, “Markov Modelling of daily
rainfall over different cities of Khyber
Pakhtunkhwa (KPK), Pakistan”, Mausam,
66, 2, 265-272.

A. Majumder, S. G. Patil, Md. Noman and S.
Biswas, “Application of L- moments for
regional frequency analysis of maximum
monthly rainfall in West Bengal, India”,
Mausam, 66, 2, 273-280.

Mohd. Azfar, B. V. S. Sisodia, V. N. Rai and
Sunil Kumar, “A study on impact of climate
change on rice production in Faizabad
district of Uttar Pradesh”, Mausam, 66, 2,
281-286.

U. K. Choudhary, G. P. Singh, O. P. Singh and
R. K. S. Maurya, “Impact of changes in sea
surface  temperature over  southern
equatorial Indian Ocean on Indian summer
monsoon : A mode study”, Mausam, 66, 2,
287-298.

Rajan Kumar and G. S. Yadav, “ Detection of
fractured zones in part of hard rock area of
Mirzapur District, Uttar Pradesh, using
integrated geophysical method”, Mausam,
66, 2, 299-3.



R. P. Kane, “ Antarctic ozone hole status- An
update”, Mausam, 66, 2, 311-312.

P. G. Gore, “Droughts over Andhra
Pradesh” , Mausam, 66, 2, 313-316.

Satya Prakash, Ashis K. Mitra, I. M. Momin,
R. M. Gairola, D. S. Pai, E. N. Rajagopal and
Swati Basu, “A review of recent evaluations
of TRMM Multisatellite Precipitation
Analysis (TMPA) research products against
ground-based observations over Indian land
and oceanic regions’, Mausam, 66, 3,
355-366.

M. I. Ansari, Ranju Madan and S. Bhatia,
“Verification of quality of GPS based
radiosonde data” , Mausam, 66, 3, 367-374.

Raghavendra  Ashrit, Kuldeep Sharma,
Anumeha Dube, Gopal Iyengar, Ashis Mitra
and E. N. Rajagopal, “Verification of short
range forecasts of extreme rainfall during
monsoon” , Mausam, 66, 3, 375-386.

Saji Mohandas and Harvir Singh, “Spatial
verification of rainfall forecasts for very
severe cyclonic storm ‘Phailin’”, Mausam,
66, 3, 387-402.

Ananda Kumar Das, Mansi Bhowmick, P. K.
Kundu and S. K. Roy Bhowmik, “Verification
of WRF forecasts with TRMM rainfall over
India during monsoon 2010 : CRA method”,
Mausam, 66, 3, 403-414.

Kuldeep Sharma, Raghavendra  Asbhrit,
Elizabeth Ebert, Gopal Iyengar and Ashis
Mitra, “NGFS rainfall forecast verification
over India using the contiguous rain area
(CRA) method” , Mausam, 66, 3, 415-422.

Geeta Agnihotri, “Evaluation of operational
forecasts from weather research and
forecasting model during  southwest
monsoon 2011 using MET 3.0", Mausam, 66,
3, 423-432.
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10.3. Other publications

A report on Cyclonic Disturbances over north
Indian Ocean during 2014 was prepared for
WMO/ESCAP member countries.

Aeronautical Climatological summary for
Kollata airport for the period 2006-2010 in the
form of CD has been released.

Aeronautical Climatological Summary for the
period 2006 — 2010, for stations Mumbai,
Kolkata and Chennai.

Annual Cyclone Review for the year 2014 was
prepared by RSMC, New Delhi and published
by WMO.

Annual Report on Cyclonic disturbances over
north Indian Ocean during 2014 has been
published and circulated to WMO/ESCAP
panel member countries, various research
institutes/Universities and disaster management
agencies in the country.

Climate Diagnostics Bulletin of India for
February to April 2015 and Winter Season
2015 (January-February) and Annual Summary
2014 have been published.

Climate Diagnostics Bulletin of India for May
to August 2015 and Pre-Monsoon Season

(March-May).

Climate of Chattisgarh.
Climate of Telangana.

Climatological tables of Observatories in India
(1981-2010).

Cyclonic Disturbances over north Indian Ocean
During 2014 : A Report.

“Cyclone Hazard Prone of India”, published in
Journal of Earth System Sciences.

Daily all India Weather Summary and Weekly
Weather Reports.
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Disasterous Weather Events — 2013.
Disasterous Weather Events — 2014.

Drought Outlook Maps for the month of July to
September, Weekly aridity reports and maps
for the month of July to September were
prepared and uploaded on IMD, Pune website.
Biweekly Aridity anomaly reports and maps
for the month of July to September have been
issued.

Drought Outlook Maps for the month of June,
four weekly aridity reports and maps for the
month of June were prepared and uploaded
on IMD Pune website. Two Biweekly Aridity
anomaly reports and maps for the month of
June has been issued.

ENSO bulletin for the month of July to
September 2015 were issued.

Forecast Demonstration Project
Implementation report for the year 2014.

Generation of daily 0.5 X 0.5 degree gridded
data in respect of maximum & minimum
temperature.

Climate of Uttarakhand.

Mukherjee, Subroto, et al., 2015, “A study on
variation of Bright Sunshine hours in Kolkata
and Portblair”, Issue of PARIPEX- Indian
Journal of Research.

Polar Science Programme, Meteorological
Weather Observation at Antarctica.

Preliminary Reports on various cyclones and
Deep Depressions forming over Bay of Bengal
and Arabian Sea have been prepared and
uploaded in RSMC, New Delhi website.

Probable Maximum Precipitation (PMP)
Atlases of the following River Basins have
been published, which is a joint venture of
Central Water Commission & India
Meteorological Department.
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Probable Maximum Precipitation (PMP)
Atlases of the river basins Mahanadi,
Brahmaputra Narmada, Tapi, Sabarmati and
Luni river basin and rivers of Saurashtra and
Kutch regions including Mahi and west
flowing rivers of Western Ghats have been
published under a joint venture of Central
Water Commission & India Meteorological
Department.

Seasonal Climate Outlook of South-Asia for
the period August-November 2015.

Tropical Cyclone Operational Plan (TCP-21)
2015 edition has been prepared by RSMC,
New Delhi and published by WMO.

Weekly and  Cumulative  Standardized
Precipitation Index (SPI) maps were prepared
for all the weeks during April, May and June
2015 were supplied for use in Agromet
Advisory Services Bulletin.

Weekly and  Cumulative  Standardized
Precipitation Index (SPI) maps were prepared
for all the weeks during July to September
2015 were supplied for use in Agromet
Advisory Services Bulletin.

Met. Monograph

IMD Met. Monograph No.
ESSO/IMD/CLI/01(2015)/27 entitled, “Spatial
variation of Potential Evapotranspiration (PE)
values over India” by P.G. Gore and V. Vizaya
Bhaskar

IMD Met. Monograph No. ESSO/IMD/
EMRC/01/2014 “Assessment of Acrosol
Radiative Properties in India” by V. K. Soni,
S. D. Attri, Kanika Taneja, S. K. Peshin.

IMD Met. Monograph No. ESSO/IMD/PMRD/
CLI/01(2014)/26 “Climatology of Maitri,
Antarctica” by V. K. Soni, M. Sateesh, S. K.
Peshin.
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IMD Met. Monograph No. ESSO/IMD/
SYNOPTIC MET/(2015)/17 “Monsoon 2014-
A Report” edited by D.S. Pai and S.C. Bhan.

IMD Met. Monograph No. ESSO/IMD/CLI/
01(2015)/27 entitled, “Spatial variation of
Potential Evapotranspiration (PE) values over
India” by P.G. Gore and V. Vizaya Bhaskar.

IMD  Met. Monograph  No. ESSO/
IMD/SYNOPTIC MET/(2015)/17, “Monsoon
2014- A Report” edited by D. S. Pai and
S. C. Bhan.

IMD Met. Monograph on southwest monsoon
2014, “Validation of automatic Weather
Station data for monitoring & prediction of low
pressure system during the monsoon season’.

IMD Met. Monograph: Synoptic Meteorology
No.: ESSO/IMD/SYNOPTIC MET/02-
2014/16], 46-79, “Verification of operational
tropical cyclone forecast over north Indian
Ocean during 2014 by India Meteorological
Department”, M.  Mohapatra, B. K
Bandyopadhyay, B. Geetha, Bharati S. Sabade,
D. P. Nayak, Monica Sharma, R. P. Sharma,
P. S. Chinchole, R. G. Bali, S. V. J. Kumar and
V. Vijayakumar.

IMD Met. Monograph: ESSO Document No.:
ESSO/IMD/SYNOPTIC  MET/01(2015)/17,
ppl71-188, “Validation of automatic weather
station (AWS) data for monitoring and
prediction of the low pressure systems during
the monsoon season”, M. Mohapatra, M.R.
Ranalkar & S. Sunitha Devi.

IMD Met. Monograph ClimatologyNo.ESSO/
IMD/CLI/01(2015)/27. “Spatial variation of
potential evapotranspiration over India”, P.G.
Gore and VizayaBhaskar.

IMD Met. Monograph Hydrology No.15/2013
“Rainfall profile of Udaipur”, M.C. Jaipur.

IMD Met. Monograph Mono Satellite
Meteorology No. ESSO/IMD/ Sat. Met./01
(2014)/7 “Calibration/ validation of Insat-3D
Satellite: First joint campaign in Jaisalmer



during 14-23, Dec. 20137, A. K. Sharma,
A. Senthil Kumar, A. K. Mitra, A. T.
Jayaseelan, ShaileshParihar, H. P. Bhatt,
S. Mishra, Rajesh Agnihotri, V. Gopal
Krishnan and B. N. Bisnoi.

IMD Met. Monograph Cyclone Warning No.
No.ESSO/IMD/CWD/01(2015/13 “Report on
cyclonic disturbances over north Indian oclean
during 2014”, Cyclone Warning Division.

RSMC  No. ESSO/IMD/RSMC/Tropical
Cyclones Report/01(2015)/6  “Report in
cyclonic disturbances over north Indian Ocean
during 2014”, RSMC Division, New Delhi.

No. ESSO/IMD/CWD-1(2015)/13, “Cyclonic
activities over north Indian ocean during 2014
and “Performance of track and intensity
predication of cyclones by IMD during 2014”,
M. Mohapatra, B. K. Bandyopadhyay,
B. Geetha, Bharati S. Sabade, D. P. Nayak,
Monica Sharma, R. P. Sharma, P.S. Chinchole,
R. G. Bali, S. V. J. Kumar &V. Vijayakumar.

No. ESSO/IMD/EMRC(Ozone)/01(2015)/02
“Assessment of surface ozone trend over Delhi,
Pune and Thiruvanathapuram”, S. K. Peshin
and Priyanka Sinha.

Central Water Commission

India Meteorological Departmant
PMP Atlas
Ganga River Basin Including Yamuna
FINAL REPORT
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No. ESSO/IMD/SMRC Storm Project-2015/
(01)(2-015)/4.

“Monitoring and prediction of tropical cyclones
over north Indian ocean”, by M. Mohapatra, -
Springer, Netherlands and Capital Publishing
Co., New Delhi, Monitoring and prediction of
tropical cyclones.

Probable Maximum Precipitation (PMP)
Atlases of the following River Basins were
published, which is a joint venture of Central
Water Commission & India Meteorological
Department:

(a) Brahmaputra River Basin

(b) Mahanadi and Adjoining River Basins

(c) Narmada, Tapi, Sabarmati and Luni River
Systems and Rivers of Saurashtra and Kutch
Regions including Mahi

(d) West flowing Rivers of Western Ghats

(e) Ganga River Basin including Yamuna

(f) Cauvery and other East flowing River
Basins.

e

WIAUSAL.

¥ JOURNAL OF OGY, HYDROLOGY & GEOPHYSICS
JANUARY 2016, VOLUME 67, NUMBER 1

Special Issue
on

Extreme Weather Events
and
Indian Agriculture
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CHAPTER 11

FINANCIAL RESOURCES AND MANAGEMENT PROCESS

11.1. Financial resources and
management

Budget Estimates

Budget provisions for the department during
the financial year 2015-16 were as follows:

Budget Estimates (Plan)

B.E. (Revenue)
B.E. (Capital)

Rs.82.88 Crores
Rs.70.00 Crores

Plan Schemes

To upgrade the forecasting capabilities, various
plan schemes being implemented during XII
Five Year Plan as follows:

1 The scheme “ Atmospheric
Observations Systems Network” being
implemented at total estimated cost of Rs. 700
Crore to deal with :

. Operation &  Maintenance  and
sustenance of observational networks covering
Doppler Weather Radars (DWRs), Automatic
Rain Gauges (ARGs), Automatic Weather
systems (AWSs), Upper air, surface and
environmental observatories etc. on 24x7 basis.

. Provision of adequate communication
system for data & product transmission.

. Maintenance of operational forecast
system, delivery system for forecast and other
services.

o Conduct of special campaigns for

improving Cyclone, Thunderstorm and Fog
forecasting, etc.
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2. The scheme “Satellite meteorology”
being implemented at total estimated cost of
Rs.70 Crore.

. Receive, process, derivation of products
from imager and sounder payloads data of
INSAT-3D, INSAT-3A, KALPANA-1 & polar
satellites.

. Establishment of state-of-art National
satellite data centre.

° GPS stations for measurement of
Integrated Precipitable Water Vapor (IPWV).

3. The scheme “Gramin Krishi Mausam
Sewa” being implemented at total estimated
cost of Rs.165.25 Crore.

o Improvement of the existing district
level Agromet Advisory Services (AAS) to sub
district level and in pilot mode at block level.

o Operationlization of block level
forecast, ERFS & Climate Bulletin and e-
Agromet for preparation of Agromet Bulletins.
. Creation of «cell for Research
Excellence in Agro-Meteorology.

4. The scheme “Augmentation of
Aviation Meteorological Services’ being
implemented for continuation at total estimated
cost of Rs. 115 Crore.

o Upgradation of Airport Meteorological
Instruments (AMIs) at runway locations for the
major airports by commissioning of Airport
Weather Observing Systems,
Transmissometers, Aviation Weather Decision
Support Systems etc.



5. The scheme “ Climate Services” being
implemented at total estimated cost of
Rs.55.40 Crore.

. Creation of facilities for providing
Climate Services through the establishment of
a Regional Climate Centre (RCC)-South to
cater to the need of a comprehensive set of
specialized climate services for the country and
for South Asia region.

6. The scheme “Metropolitan Air
Quality and Weather Service” being
implemented at total estimated cost of Rs. 90
Crore jointly with IITM.

° Provide near real time and 1-2 day
advance forecast for weather and air quality
information for several Metropolitan cities.

° Forecast weather in now-cast and short
range scales over different sections of the
Metropolitan cities including severe weather
warnings.

T/ New scheme “Modeling of changing
water cycle and climate’ being implemented
at total estimated cost of Rs.89.90 Crore jointly
with NCMRWEF.

° To understand the water cycle process.

8. The Scheme “Training in Operational
Meteorology” being implemented at total
estimated cost of Rs.55.81 Crore.

. Upgradation of training & capacity
building to provide essential knowledge base in
atmospheric science.

9. The scheme “Integrated Himalayan
Meteorology Programme for Western &
Central Himalayas’ being implemented at
total estimated cost of Rs.117.7 crores covering
four states namely Jammu & Kashmir,
Himachal Pradesh, Uttarakhand and Sub
Himalayan West Bengal.

Annual Report 2015

° Improvement of mountain weather and
climate monitoring and forecast services over
the Himalayan region.

10. New scheme “Severe weather
warning system” being implemented at total
estimated cost of Rs.88.0 Crores.

o Development of state-of-art high
resolution modeling framework for predictions
of high-impact weather systems including
Thunderstorms, Cyclone, Fog, Cloudburst &
Heavy Rainfall for public safety and economic
growth of the country.

Plan Scheme Monitoring

Plan Scheme Procurement Monitoring package
implemented for online monitoring of the
schemes and various stages of procurements
under approved plan schemes. All the Project
Directors/ Associated Project Directors of the
schemes can enter the procurement details and
keep updated their status on the METNET till
the final payment is made.

In addition, a Project/Procurement Monitoring
Board constituted for clearance of bottlenecks
in procurement process as well as speedy
clearance and to review & recommend
measures to streamline all the procurement
above Rs. one Crore.

11.2. Citizen’s/Client’s
Charter

Citizen’s/Client’s Charter in English language
has already been displayed at all offices upto
the level of AMOs highlighting the standards
of service delivery that it subscribes to,
availability of choice for public and avenues
for grievance redress and other related
information.  In order to promote Hindi
Language, Citizen’s/Client’s Charter has also
been printed in Hindi for displaying (duly
framed) adjacent to English version.
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11.3. Revenue Generated during the year 2015

(i). Sale of Meteorological Data

RCsMCs Total revenuereceived by sale of meteorological data during the month (Amount in Rupees)
Jan Feb Mar April May June July August Sep Oct Nov
DGM New Delhi
DGM NHAC
DGM (Pub.) 72425 56665 70325 42725 14375 27070 13400 18975 13005 30035 5890
RMC New Delhi 54589 32466 11628 20857
Jaipur 21041 14082 42485 38322 89889 62254
L ucknow 15107 5850 17876 3534 1482
Srinagar 3000 2700 12750 46420 9100 19900 15100 10720
Chandigarh 5281 8163 14308 5586 18234 3876 5983 7528
Shimla 3615 12437 6264 87059 17242 7221 11510
Dehredun 1014
RMC Mumbai 85425 377450 106894 125791 53324 94173 47330
Ahemdabad 5846 47899 9088
RMC Nagpur 65215 67364 75924 61138 57333 401405 37904 66674 51962 35852 49216
Bhopal 20262 26052 4048 17314
RMC Kolkata 15656 2525 21595 18256 6578 27770 6203 3679 4372
Bhubneshwar 39268 21167 88601 33577 24027 124450 = 31863 4629 57639 14384
Agartala 4696 29170 3563 1174 3867 2899 1214
Gangtok 13323 1708 14021 3445 1824
RMC Guwahati 20217 98212 68072 30482 105866 161179 164146 16431 314985 47529
RMC Chennai 70084 68439 179310 219944 125835 186447 158711 157412 126113 96343 126834
Thiruvananthapuram 202929 30218 58598 110913 187956 42938 301331 6480 46514 17016
Hyder abad 25000 29335 27530 340285 52140 33680 24880 21020 17311 25295 45925
Bangalore 25966 23371 75186 16897 55166 104886 68141 65500 46048 82102 45620
ACWC Chennai 6741 24717 6741 4494 13482 4680 2340
CWC Visakhapatnam 10115 9634 Nil 7417 11215 6792 16686 5130
O/o ADGM (R) 13335367 104873 2889871 1456955 744726 312220 1049590 2179310 535868 767067 268370
Grand Total
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CHAPTER 12

STATUS OF SC/ST/OBC AS ON 01.01.2015

(i) Status of SC/ST/OBC ason 01.01.2015 (Group wise)

Representation of SCs/ STs/ OBCs | Appointments by Promotion
ason 1.1.2015 during the calendar year

Groups No. of SCs STs | OBCs SCs STs Total

Employees
Group A 170 24 10 25 3 1 35
Group B (Gaz.) 1040 178 81 - 41 14 211
Group B (Non- Gaz.) 2182 268 94 356 6 1 13
Group C 1235 525 116 40 3 - 9
TOTAL 4527 995 301 421 53 16 268

(if) Statusof SC/ST/OBC ason 01.01.2015 (Pay Scale Wise)

Representation of SCs / STs / OBCs
ason 01.01.2015

Appointments by promotion
during the calendar year

Pay Scale in Rs. No. of SCs STs OBCs SCs STs Total
Employees

PB-3 + GP 5400 - - - - - - -
PB-3 + GP 6600 4 - 1 3 - - -
PB-3 + GP 7600 68 13 5 20 - - 6
PB-4 + GP 8700 73 11 3 2 3 1 14
PB-4 + GP 8900 23 - 1 - - 1 15
PB-4 + GP 10000 - - - - - - -
75500-80000 1 - - - - - -
TOTAL 169 24 10 25 3 2 35
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CHAPTER 13

TSTATST AT FT FRTIIT

TSTHTNT A T FRTIIT 2015 -
TFHTT

> aRa Algw [ae [uer v Ber
€ YAl HIGH Ho[ST & a¥ 2014 -15 H
ghIfiid 197 3R 207 F&or & fou

Fifd qFAeT (flRadia) €@ TFATAd fonar
T AgHATGH TsgUfd FAgled ganT fear
fcaq TFARIE 2015 & 3FaW W Tg
WEHR AISH (FRAT.UG $HSR) AT T .
AT o IgUT Thar| Ig foemr & fow
37cTd I HT &IUT TET|

>  HRJ AlgA A fQamer & &er
I YAl ANGH HW H T i
AGH Fg oot & dfeer dEY 3w A
%. dl. degSEARA H B A o™
fo@s & U T fasmer, 7§ HArerT
GaRT SOTHTIT NG AT & TUA
QRERR H GoFAfAd fohar a2 AgrdAfed
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2015 & AT W Tg [REHR A &, .
STIgSEAU, g AlgA faame &

> ITSTTST HaT HEYRT ARl IS

TS FFAST T Riaa R F s
Yool $HHAN UICHION, AN HHE Faed
JgT Al WPR & AT FAl A Tslegq
IR GaRT AlGH fasmer & Jorem
Ber & wakfor e & fov Agiiaces
ARG B UTHIT AP TEER W
gFAfad foear aram @y & Sy af¥enr
AGHA A A THRG dfEe wE
Jhellhl YR & @l & folT 3. TH. .
i deirfeieh Tw gAl YT T, aRss
Bar AfReRy, AMadr aRar seh, &
Y 3R A EER AT, Sarfas
TS @ fAfre fweR @ HEAEd
fopar aram g

Faa v |RATY garr Adator

gafds AFH @7 de w1 HEET
oSt /AT T qEll IUH@AlT ganT



festid  13.022015 & TererRY  fAdreTor
forar s Sad siRa Ataa o faemr
& #Fgifacas 3. adgHur @ s,
Tefied #AlGA Fg dood F 3UAGIHCAUH
g & 9T IR alss By sfoerd
A ar aH & s fom fRdetr &
aR1eT FEgTerm 1 B MRy siech
GRar SRl 3R wfss egaes A als
FAR & 39fa @

ARG ¥ FITF 5T GHeT FAN AT FT
mamgvﬂaﬁamﬁmwﬁ?m

TgHald A dg - fFr@ErgEaHE W
HHET TSTTST HATT &1 g@dy 3uafafa
garT f&dAlh  10.042015 &I ITTHTIR

e fear I oA sRg Alaw
O AT & darfas “uw 31 JeeER
ST, 3YHGTICRS (YRMTHT U ¥SR) 4T T
& T, Thald AdiEe  Hg
faem@mgad & s At THTg W9
3R aRss RS MRy, g&r Yar edr o
et forar| faQetor & e HEae #
B ey Sfadr alRar s 3R
aRss 3fefdiesh AACT TH. JqRrem ol
3afeyd @
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TN i -
. I 1 (N V4 -
fAders St THEE T FIeF & Iseula F et

& #afdd geaw dd §v

Iqare

> TAHANT T8y & 9amer 9Aer &
ot & foIv 9Ra #Alaw Tae fGamr
w1 B IHET  TreWr Aifd &
SRilcadsl & HY-HY GHT & § 3Hedlq
H FA FAT Bl efdle & @ gHE
AT Fraf & 3remar e dafee et
gfer ‘HAGH & 9T 50 MY AT &
ORI, 9Ra #Alaw o [smer & Aas
gateh Aof-1, Hof-1) 3R Aof-11| & &
AT, AFIRE/ATgs I, ToT AT H
3cR for = & for arifera/ 3arifea
graffieear 9o ST ¥, 5436, AEA
e & 3udAsAeee (3.a1.3) 75 oot
q YT gU A FE, FAe Td
gfeToT [T & FRITET YT . T &)-
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2009/6/1417%4r.(dt  &9#), AR
JUTHAT & Taoo ARG A &1 deer,
AT HTHET & AFAT ThN & AT &
algl, sl 3N gl Yol Herdel, gl
faae Jarer, A5 oo & 7y dafas
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YTl HAFadhd Ud faa=a Age
FRATT ool HI T{eTOT fohar I Tor
e 2015-04-09 T TshdTd AT hg -
fyemEgesaH, feais 2015-04-11- Hr HEH
HTATIT-hiodagdd 3R s 2015-04-13
A SCeR  doX  BR-TAAE@IEaAH  qdl

3R el WEAWT & HHASIAT A9,
P AT AlGH gHET @ ued g9
FAaga O dav fOvg @ @&Rd

featie 15-05-05 1 el AEGHA &g —
15-05-06 ST WISl TaaATeT

Pictenrdr, fedie

e — Plelehrdr, TEalleh 15-05-07 T Tshdld

gEe, 33 TH & fr dedse
www.imd.gov.in & T faeieT & Heferd
a9 yc5, faem@mHEaA @ dedse &
Uss, FAAT YOl JAU 9HET & wied
ol dewrse & 14 foie & ameaEl,
ghdld  ddlEel FHTIT 0 H Ued
IUTHCTNT Tshadl & FIOT HFE
U Sl alel 9T, faumeha g didd
A & BA U F 3IediG, Hcehdl
AT F Ued GRTA, HAAT  H
qRMdfies  JfUHOT  (Fe) TI 3N
STl A dfdd AHA! W YA
FRAS A h ey #H G gerss T
gred #4le, HAIOT A ged arfves ROl
s FEET & 30 TSSO, THG T e
3fedie e foham |

3gsrgieral &1 faeror

>  ATgeg # aRse B sfery
A Y@ AT dur /B ey e
gRar St garT f&eTish  08.01.2015 &l
AlgH SR 36T, & 15022015
F AlGH FRET FSeX U HEH
HrATerd Ygeudl, feaieh 16.02.2015 @l 2.
Seed, 3R, Toet, f&eTieh 17.02.2015 T HEH
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T YBR — Hlolehlcl HT aRTS Hefdiesh
& I TFANRY AdeTor A arm|

1. g H1 ass R Ry
A Y@ AT dur /B fEery shech



RAr SRl o ISCHTYT FAMRAT I &
6 @ 7 STeldxr 2015

dearaurd & fgaen

& AATUCIRT oA F 3T 19°
IT@T HRAT UTHOT FFAeAT H AT

%, gRfde AGH Fg - Hlasiar A
fedAler 08.05.2015 - HI TH TEar HINser
IRST I TEA 3 ddg T,
dafas 90 A Uk #AEH &g
PIAPIAT I W, 4 S &. g8 AR
B A “Thdld’ W, daiss & AfRAERY
g @ AT A geew Bl @
faietor weaTae Cfawy wr, duUr e
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TH 36T & afi¥e SREA W
arEgTs U

3. gFald darad Fg, feraraEaa
HA &I 13.04.2015- HI TH  HIARATT
ST & 1 TEH aRss B
AR ot Yar et o TsreT T @
freTor geaTdel” favy W), AFEdr aRdar
SR, T rfEery o ‘drgex 3N BT
dur gAdrs’ vy W qur A H .
LT & Aleh HRIHA’ W AT
feTl

4.  HANGH Fg - Haaw A EeAiw-
05.06.2015 I T YA AT hr
15 ud Oy & § 3HART TSHT
fJomer & s s Fad Foor S A
FFPR W B A A & F A
T doeiidT aTEdT f&ar| aRss Rar
IO AT a1 AT A ST f@er @
foreror weATgel Mfavg W, At IRar
Selt, S ey & Fregex R R
dyr gfaAwrs’ Aug @ qur AAG T
LT & Aleh HRhA W AT
feul

> aRse @ farr g dar e
dur B 3Ry shedt aRar sl &
fesied  03.09.2015 & ©. TH. 3.
FIIFTCT H Teh [T HRIRATST &1 AT
forar) RS 3Ry serdr aRar selr
T. UA. W FREFEE & AN A
FFYR W IS HA T H
gfreror off feam arm|
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Honours and Awards

IMD Awards

6s T ksl 1T e 4 ST

Best RMC/MC/MOs Awards and Awards to
IMD Scientists/employees were given on 140™
IMD Foundation Day celebrations.

Best RMC : RMC Mumbai; Best MC : MC
Dehradun

Best MO : M.O. Meerut, RMC New Delhi;
M.O. Port Blair, RMC Kolkata, DWR
Visakhapatnam, RMC Chennai; AMS North
Lakhimpur, RMC Guwahati; M.O. Nasik,
RMC Mumbai

Best Seismo. Observatory :
Seismo. Salem (Tamil Nadu)

Best Group' A" Officers:

Dr. S.O'Neill Shaw, Scientist D, RMC
Guwahati; Dr. S. 1. Laskar, Scientist D,
NWP/Estt. DGM office, New Delhi.

Best Group 'B' Officials:

Shri Parmod Kumar, Sc. Asst., ISSD DGM;
Smt. Geetha Harikumar, Asst., SI Pune; Shri S.
Sainadha Reddy, Sc. Asst. MO Bapatla, RMC
Chennai; Shri Ajay Verma, Sc. Asst., Seismo.
Ridge

Best Group 'C' Officials:

Shri Vijay Kumar, Mech.Gr.l, Ul New Delhi;
Shri Benny Augustine, Mech.Gr.1, RMC
Kolkata; Shri Robert W. Fernandes,
Mech.Gr.1, MC Goa, RMC Mumbai;
Shri Kamlesh Joshi, Staff Car Driver, MC
Bhopal, RMC Nagpur

Best MTS

Shri  Rajesh Kumar, Hydrology, DGM;
Shri Madan Prasad, DGM Secretariat, New
Delhi; Shri Veer Chand, AMO Kangra, RMC
New Delhi; Shri D.K. Gaikwad, DDGM (SI)
Pune
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MoES Awards

AT fEEE WEAE - 2015
Foundation Day Function - 2015

17 e 2005, Fre wm, of foel
277 July 2015, Vigyan Bhawan, New Delhi
Ministry of Earth Science

Ministry of Earth Sciences celebrated its
foundation day on 27™ July 2015 at Vigyan
Bhawan, New Delhi. Various award were
presented to  officials from  different
organisations of MoES. Best Employee Award
for the year 2014-15 were conferred to the
following.

1. Shri Ram Kumar, Asst. Met.-I, DGM
Office, New Delhi

2. Ms. Latha Sridhar, AM-II, ADGM(R)
Pune

3. Shri Jyotirmay De, Sc. Asstt., MC
Gangtok (RMC Kolkata)

4, Shri Dinesh Khanna, Sc. Asstt., DGM's
Office (Publication), New Delhi

5. Shri Sudip Majumdar, Mech. Gr-I,

DDGM (UI), New Delhi

6. Shri K. K. Sikdar, Staff Car Driver,
DGM Sectt., New Delhi

7. Shri Mahendra Singh, Driver, MC Jaipur
(RMC New Delhi)
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APPENDIX

IMPORTANT TELEPHONE LINKS AT IMD, NEW DELHI

NAME

DESIGNATION/OFFICE

EPABX OFFICE TELEPHONE

New Delhi NO. / FAX

Dr. L. S. Rathore DGM 4201 011-24611842
Shri J. P. Sharma Senior PS to DGM 4253 011-24611842
Shri A. K. Sharma DDGM (A&S and Sat. Met.) 4210 011-24621472
Shri M. K. Bhatnagar DDGM & Sc. ‘F’ (ISSD) 4314 011-24616051
Dr. S. K. Roy Bhowmik Scientist ‘F’, DDGM (NWP) 4482 011-24615815
Dr. (Smt.) S. Kaur DDGM & Sc. ‘F’, (Hydrology) 4223 011-24619167
Dr. S. K. Peshin HEAD & Sc. ‘F’ (EMRC/PMRD) 4405 011-24611305
Dr. R. Suresh Head & Sc. F’ (CAMD) 4513 011-24611710
Shri A. K. Sharma DDGM & Sc. F’ (RMC) 4213 011-24690279
Dr. S. D. Attri DDGM & Sc. F’ (O) 4309 011-24640701
Dr. D. Pradhan DDGM & Sc. ‘F’, (U]) 4245 011-24611451
Shri S. C. Bhan Head & Sc. ‘F’, (HRD/DGM Sectt.) 4513 011-24611710
Shri B. P. Yadav DDGM (NWFC) & Sc. F’ 4398 011-24629798
Dr. M. Mohpatara Head RSMC & Sc. ‘F’ 4385 011-24652484
Shri S. B. Tyagi Scientist ‘E’ (Vigilance) 4254 011-24652318
Shri Manik Chandra Scientist ‘E’, (CPU) 4236 011-24698147
Shri U. P. Singh Scientist ‘E’, (Works) 4487 011-24697640
Shri R. P. Lal F. O. & Sc. ‘E’ Planning 4502 011-24623210
Dr. S. I. Laskar Director (Publication) 4262 011-24651287
Shri Sanjay Bist Director (Admn.) 4204 011-24602480
Caretaker, Mausam - 4372

Bhawan

Guest House (H.Q.) - 4472
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Meteorological Centres

Delhi Region

Director

Meteorological Centre,
SCO-2455-56, (First Floor),
Sector 22 C,

CHANDIGARH - 160 022.
e-mail: chandimet@yahoo.com

Director

Meteorological Centre,

Mausam Bhawan, Budhsinghpura,

Sanganer,

JAIPUR - 302 O1.

e-mail: mcjpr@imd.gov.in
mcjaipur2007@yahoo.com

Director

Meteorological Centre,

Civil Aerodrome, Amausi,
LUCKNOW - 226 009.
e-mail: amo.lkn@imd.gov.in

Director

Meteorological Centre,

Ram Bagh Complex,
SRINAGAR - 190 015.

e-mail: lotusladakh@gmail.com

Director

Meteorological Centre,

Survey of India Compound,

17, E.C. Road, Karanpur,
DEHRADUN-248 001.

e-mail: mcdehradun@yahoo.co.in

Director

Meteorological Centre,

Bibra House, Cliffend Estate,
SHIMLA - 171 001.

e-mail: mc.sml@imd.gov.in

Chennai Region

Director

Meteorological Centre,

Central Observatory, Palace Road,

BANGALORE - 560 001.

e-mail: mcbng@imd.gov.in
amo.bng@imd.gov.in

Director

Meteorological Centre,

Hyderabad Airport,

HYDERABAD - 500 016.

e-mail: mchyd@imd.gov.in
amo.hyd@imd.gov.in
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Director

Meteorological Centre,

Observatory,

THIRUVANANTHAPURAM - 695 033.

e-mail: mc.trv@imd.gov.in
mctrivandrum@gmail.com

Mumbai Region

Director

Meteorological Centre,

Civil Aerodrome,

AHMEDABAD - 380 012.

e-mail: mc.ahm@imd.gov.in
mchm@rediffmail.com

Director

Meteorological Centre,
Altinho, Panaji

GOA - 403 001.

e-mail: mc.goa@imd.gov.in

Kolkata Region

Director

Meteorological Centre,

Civil Aerodrome,

BHUBANESHWAR - 751 009.

e-mail: mc.bwn@imd.gov.in
imdbbsr@ori.nic.in

Director

Meteorological Centre,

Ladaki Mansion,

Baluwakhan,

GANGTOK - 737 101.

e-mail: mc.gtk@imd.gov.in
gangtokmet@gmail.com

Director

Meteorological Centre,

Civil Aerodrome,

PATNA - 800 014.

e-mail: mc.ptn@imd.gov.in
aviationmcpatna@gmail.com

Director

Meteorological Centre,

Civil Aerodrome,

RANCHI - 834 002.

e-mail: mc.rnc@imd.gov.in
metranchi@gmail.com


mailto:amo.lkn@imd.gov.in�
mailto:lotusladakh@gmail.com�
mailto:mcdehradun@yahoo.co.in�
mailto:mctrivandrum@gmail.com�

Nagpur Region

Director

Meteorological Centre,

Mausam Vigyan Kendra,

Arera Hills, Satpura Post Office,

BHOPAL 462 004.

e-mail: mc.bhp@imd.gov.in
mcbhopal@rediffmail.com

Director

Meteorological Centre,

Lalpur,

RAIPUR

e-mail: mc.rpr@imd.gov.in
rsrw.rpr@gmail.com

Annual Report 2015

Guwahati Region

Director

Meteorological Centre,

Naharlagun Helipad complex,

ITANAGAR - 791 110.

e-mail: mc.itn@imd.gov.in
weqaatheritn@sancharnet.in

Director

Meteorological Centre,

P.O. Agartala Aerodrome,

AGARARTALA - 791 110.

e-mail: mc.agt@imd.gov.in
amo.agt@imd.gov.in
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