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FOREWORD

In the era of increased climate variability, the challenges and expectations from Agro-
meteorological services have increased tremendously. It is well known that intense rainfall, floods,
drought etc. have caused damage to the tune of approximately 100 billion dollars in Asia and Pacific
regions. The extreme weather events are cause of concern owing to physical destruction potential to
crop, at times leading to large scale devastation. The crops need certain threshold values of different
meteorological parameters. Hence, large scale variations beyond their tolerance may hamper growth,
development and reproduction processes. These ranges of congenial meteorological conditions are
specific to crop, varieties and also phenological stages. There is a need to understand crop-weather
relationship and accordingly develop crop manag it strategy. The farming community is
interested to get timely information on weather conditions and management advisories to minimize
the losses ‘caused by extreme weather conditions. While g ing such advi , the alt
management options should be spelt out unambiguously to enable user to choose the viable and cost
effective practice

There are increasing demands for timely and effective agrometecrological information for
non-farm applications. The growing interest in the possible impact of natural and human induced
climate variability and climate change on agriculture and forestry have opened up new dimensions
and have created new demands for information. The need of the hour is to effectively integrate the
skills we have developed in operational, experimental and theoretical aspects of agricultural
meteorology and deploy them for agricultural production system to make it more weather and climate
resilient.

Risk proofing through weather based crop insurance is aiming to minimize farmers
vulnerability. Agrometeorologists should evaluate for the various regions, seasons and crops, the
inter annual variability in crop outturns so as to assist in fixing up of premium in a more realistic and
rational manner. Also the system must rise to the need for providing fault free reference
metecrological observation to determine the payback based on unfavorable weather conditions
There is need for combined use of expertise in meteorological and agricultural sciences in assisting
the farmers to cope with and/or counteract the direct and indirect effects of weather anomalies. The
book focuses on the important issues dealing with improving, identifying, assessing and managing
the agrometeorological risks for enhancing sustainable food production, particularly in marginal and
rain-fed areas. | strongly feel that some of the methods discussed in the book will render assistance
to operational agrometeorologists to generate more meaningful advisories in an objective form. | hope
that the papers presented will serve as a significant source of information to the scientific community,
farming community and other stakeholders involved in providing agrometeorological services to

farmers.

(SHAILESH NAYAK)

Tel. : 00-91-11-24360874, 24362548 0 E-mail : secretary@moes.gov.in o Fax No. : 00-91-11-24362644/24360336






Preface

The global food security and sustainable agriculture are the key challenges before
the scientific community in the present era of enhanced climate variability, rapidly
rising population and dwindling resources. Agriculture is intimately tied to weather
and climate influencing every aspect from long term planning to tactical decisions
in day-to-day management operations. Agrometeorology has a vital role to play in
increasing agricultural production in a sustainable manner using state-of-art tech-
nology and resources efficiently. It is the responsibility of the meteorologists to
advise the farming community well in advance to take full advantage of benevolent
weather and precautions against malevolent weather to minimize losses. Uncertain-
ties of weather and climate pose a major threat to food security of the world in
general and developing countries, in particular. Asia in recent years has made
considerable progress in the field of agriculture. However, in order to keep pace
with the increasing population, the growth in agricultural production should be
sustainable. The problem, therefore, has to be addressed collectively by scientists,
planners and the society as a whole.

In view of need for increasing agricultural productivity to meet the demand of
rapidly growing population and coping with enhanced uncertainties and risks in
agriculture, Agrometeorology is facing lot of challenges as well as opportunities for
achieving the path of sustainability. Indian Meteorological Society in association
with World Meteorological Organization, India Meteorological Department, Min-
istry of Earth Sciences, Department of Science and Technology and Department of
Space, Government of India organized and International Conference (INTROMET
2009) on “Challenges and Opportunities in Agrometeorology” during 23-25 Feb-
ruary 2009 in New Delhi, India. The conference was participated by about 300
experts from India and 20 from abroad (USA, Korea, Egypt, Ukraine, Italy,
Philippines, South Africa, China and Switzerland) including International organi-
zation like WMO.

The INTROMET-2009 was organized with the specific objectives to focus on
the above issues and draw attention of global agrometeorological community,
administrators and policy makers to debate and devise improved methods and

vii
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techniques for better prediction, preparedness and mitigation of the adverse weather
impacts and aware of the possible impact, consequences and mitigation measures to
sustain food security. The scientific programme was deliberated through following
eight sub-themes in addition to opening and closing session wherein 45 oral
presentations were made:

e Weather Forecasting

e Monsoon Variability and Crop Production
e Operational Agrometeorology

e Agromet. Information System

e Adaptation to Climate Change

¢ Risk Evaluation and Management

¢ Crop Weather Relationship

¢ Extreme Weather Events

Further, 63 short oral presentations were also made on above themes along with
poster display. A special session was organized to share the wisdom of Veteran
Scientists on “Role of IMS in addressing Challenges in Weather and Climate
Service”.

All the participants in the conference took part actively in discussion on these
papers and to develop several useful recommendations for all organizations
involved in providing agrometeorological services to farmers to cope up with
agrometeorological risk management, particularly the National Meteorological
and Hydrological Services. The main recommendations emerged from the Confer-
ence are summarized as under:

e Set up a comprehensive meteorological observation system ranging surface
including Agromet., upper air, radar, satellite etc. for weather forecast up to
district/taluka level and possibly at village level.

¢ Development user oriented meteorological information system keeping in view
region-specific requirements of varied users including farming community.

e Establishment of mechanism for greater collaboration/feedback between the
providers of information and users and also between meteorologists and agricul-
ture scientists.

e Develop action plan at district level for climate change, identity hot spots and
promote inter-disciplinary collaboration to enable effective mitigation of
impacts in all sectors of economy.

¢ Greater role in International arena through the establishment of Regional Cli-
mate Centre with association of WMO and other International Organization.

e Review of Agromet curriculum in Agricultural Universities with emphasis on
Agromet services, Outreach and Human Resource Development.

Selected papers have been edited and compiled in form of this book. As Editors
of this volume, we are highly thankful to all the authors for their efforts and
cooperation in bringing out this publication. We are also grateful to the World
Meteorological Organization and various Ministries/Departments of the Govern-
ment of India like Ministry of Earth Sciences, Ministry of Science and Technology,
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India Meteorological Department, and Department of Space for providing financial
support and encouragement. Our special thanks are to the Springer for this publica-
tion and Mr Subhash Khurana and Mr Dinesh Khanna for the assistance.

SD Attri

LS Rathore
MVK Sivakumar
SK Dash

Editors
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Indian Meteorological Society

The Indian Meteorological Society (IMS) established in 1956 has more than 2,000
members at present. The society has been able to reach not only to meteorological
community but also amongst a wide spectrum of scientists of allied fields
from more than 50 national and international organizations. It carries out its
activities from HQ office in Delhi as well as through its 17 Chapters located at
different places in India viz. Ahmedabad, Pune, Mumbai, Kolkata, Chennai,
Nagpur, Visakhapatnam, Bhopal, Bhubaneswar, Bangalore, Hyderabad, Cochin,
Thiruvananthapuram, Guwahati, Noida, Varanasi and Other Places.

The IMS activities are related to encouragement and expansion of R&D in
atmospheric, oceanic and allied sciences, sponsored research in meteorology,
publication of its biennial Journal — Vayu Mandal (since 1970), IMS News, News
letters, scientific books etc. It also organizes annual series of national conference
named “TROPMET” since 1992 supplemented with international conference called
“INTROMET?” every 4 year. Awareness programmes about meteorology and allied
sciences are regularly organized in the country. It is co-founder of International
Forum of Meteorological Societies. It also felicitates the outstanding scientists by
conferring on them the Fellowships and has constituted five national and one
international awards in the field of meteorology and atmospheric sciences.

The details of the Society are available on http://www.indianmetsoc.com.

National Council of IMS (2009-2011)

President

Dr L S Rathore

Tel: 91-11-24619844
Irathore@gmail.com
Vice-Presidents

Dr. R. K. Datta

Tel : 09811213169
rkdatta_in@yahoo.com
Dr. S. D. Attri

Tel: 91-11- 24620701
sdattri@gmail.com
Secretary

Shri. D. K. Malik

Tel.: 09810618585
dk_malik@hotmail.com
Jt. Secretary

Dr. D. R. Pattanaik
Tel:09868554029
pattanaik_dr@vyahoo.co.in

Treasurer:

Sh. Virendra Singh

Tel: 09899213832
vsvsingh69@ gmail.com
Immediate Past President
Sh. R. C. Bhatia
rcbhatial912@gmail.com
Council Members:

Dr VU M Rao

Dr (Mrs) Parvinder Maini
Dr K K Singh

Dr. D. P. Dubey

Sh. B. P. Yadav

Sh N. Nigam

Dr. M. Ravichandran

Sh. Utpal Bhattacherjee



Contents

Modernization of Observation and Forecasting System in IMD

in Support of Agromet Services ...

Ajit Tyagi

Monthly and Seasonal Indian Summer Monsoon Simulated

by RegCM3 at High Resolutions ..............................cooenn...

S.K. Dash, Savita Rai, U.C. Mohanty, and S.K. Panda

Simulation of Heavy Rainfall in Association with Extreme

Weather Events: Impact on Agriculture ..............................

U.C. Mohanty, S. Pattanayak, A.J. Litta, A. Routray,
and O. Krishna Kishore

Representation of Uncertainties in Seasonal Monsoon Predictions

Using a Global Climate Model ....................ccoiiiiiiiiiiiin.

Sarat C. Kar

Intra Seasonal Variability of Rainfall in India on Regional Basis
Manish K. Joshi, K.C. Tripathi, Avinash C. Pandey, and .M.L. Das

Assimilation of Surface Observations in a High Resolution

WRF Model ...

Dipak K. Sahu and S.K. Dash

An Evaluation of the Simulation of Monthly to Seasonal Summer
Monsoon Rainfall over India with a Coupled Ocean Atmosphere

General Circulation Model (GloSea) ......................ccooiiiin..

D.R. Pattanaik, Ajit Tyagi, U.C. Mohanty, and Anca Brookshaw

73

xi



Xii

10

11

12

13

14

15

16

17

18

Contents

Prediction of Monsoon Variability and Subsequent Agricultural
Production During El Nifo/La Nina Periods ......................... 123
M.V. Subrahmanyam, T. Satyanarayana, and K.P.R. Vittal Murthy

Improved Seasonal Predictability Skill of the DEMETER

Models for Central Indian Summer Monsoon Rainfall .............. 139
Ravi P. Shukla, K.C. Tripathi, Sandipan Mukherjee,

Avinash C. Pandey, and I.M.L. Das

Simulation of Indian Summer Monsoon Circulation with Regional
Climate Model for ENSO and Drought Years over India ........... 149
Sandipan Mukherjee, Ravi P. Shukla, and Avinash C. Pandey

Changes in Surface Temperature and Snow over the Western
Himalaya Under Doubling of Carbon Dioxide (CO5) ................ 163
P. Parth Sarthi, S.K. Dash, and Ashu Mamgain

Simulation of Tornadoes over India Using WRF-NMM Model ..... 173
AlJ. Litta, U.C. Mohanty, S.C. Bhan, and M. Mohapatra

A Pilot Study on the Energetics Aspects of Stagnation
in the Advance of Southwest Monsoon ................................ 187
Somenath Dutta and Lt. Vishwarajashree

Integrated Agrometeorological Advisory Services in India ......... 195
L.S. Rathore, S.K. Roy Bhowmik, and N. Chattopadhyay

South-West Monsoon Variability and Its Impact on Dryland
Productivity in Drought Affected Districts of Amravati Division

in Maharashtra State .......... ... ... ... 207
G.U. Satpute and S.S. Vanjari

Simulation of Growth and Yield Attributes of Wheat Genotypes
Under Changing Climate in Recent Years in India .................. 221
S.D. Attri, K.K. Singh, and R.K. Mall

Strategies for Minimizing Crop Loss due to Pest and Disease

Incidences by Adoption of Weather-Based Plant

Protection Techniques ..., 235
N. Chattopadhyay, R.P. Samui, and L.S. Rathore

Climate-Based Decision Support Tools for Agriculture ............. 245
Mark S. Brooks, Aaron P. Sims, Ashley N. Frazier, Ryan P. Boyles,
Ameenulla Syed, and Sethu Raman



Contents xiii

19

20

21

22

23

24

25

26

27

28

Challenges in District Level Weather Forecasting
for Tribal Region of Chhattisgarh State .............................. 257
J.L. Chaudhary

Agromet Information System for Farm Management ............... 263
M.C. Varshneya, N. Kale, V.B. Vaidya, Vyas Pandey, and B.I. Karande

Advanced INSAT Data Utilization for Meteorological Forecasting
and Agrometeorological Applications ................................. 273
P.C. Joshi, B. Simon, and B.K. Bhattacharya

Data Mining: A Tool in Support of Analysis of Rainfall on Spatial

and Temporal Scale Associated with Low Pressure System

Movement over Indian Region ... 287
Kavita Pabreja

Information Systems as a Tool in Operational Agrometeorology:
Applications to Irrigation Water Management in Emilia

Romagna-Ttaly ... i 299
Federica Rossi

Impact of Climate Change on Crop Water Requirements

and Adaptation Strategies ....................ciiiiiiiiiiiii 311
V.U.M. Rao, A.V.M. S. Rao, G.G.S.N. Rao, T. Satyanarayana,

N. Manikandan, and B. Venkateshwarlu

Climate Change and Its Impact on Wheat and Maize Yield
InGujarat ... 321
Vyas Pandey and H.R. Patel

Climate Change Adaptation and Mitigation for Drought-Prone
AreasinIndia ........ . ... 335
R.P. Samui and M.V. Kamble

Climate Change in Relation with Productivity of Rice and Wheat
in Tarai Region of Uttarakhand ....................................... 355
H.S. Kushwaha

Estimation of Wheat Productivity Under Changing Climate
in Plains Zones of Chhattisgarh Using Crop Simulation Model .... 369
S.R. Patel, S. Tabasum, A.S. Nain, R. Singh, and A.S.R.A.S. Sastri



Xiv

29

30

31

32

33

34

35

36

37

38

39

Contents

Impact of Climate Change on the Grape Productivity
in the Southern Coast of the Crimea .................................. 385
S. Korsakova

The Impact of Extreme Weather Events on Agriculture
in the United States ............. .. 397
Raymond P. Motha

Inter-Annual Variation of Fog, Mist, Haze and Smoke at Amritsar
and Its Impact on Agricultural Production ........................... 409
Jagadish Singh and R.K. Giri

Impact of Drought and Flood on Indian Food Grain Production .... 421
Ajay Singh, Vinayak S. Phadke, and Anand Patwardhan

Chinese Extreme Climate Events and Agricultural
Meteorological Services ................oiiiiiiiiiiii 435
Chen Huailiang, Zhang Hongwei, and Xue Changying

Comparison of Sensible Heat Flux as Measured by Surface Layer
Scintillometer and Eddy Covariance Methods Under Different
Atmospheric Stability Conditions .............................. 461
G.0. Odhiambo and M.J. Savage

Crop Water Satisfaction Analysis for Maize Trial Sites
in Makhado During the 2007/2008 Season ............................ 485
M.E. Moeletsi, N.S. Mpandeli, and E.A.R. Mellaart

Prediction of Mungbean Phenology of Various Genotypes Under
Varying Dates of Sowing Using Different Thermal Indices ......... 491
K.K. Gill, Gurigbal Singh, G.S. Bains, and Ritu

Effect of Thermal Regimes on Crop Growth, Development
and Seed Yield of Chickpea (Cicer Arietinum L.) .................... 499
K.K. Agrawal, U.P.S. Bhadauria, and Sanjay Jain

Stomatal Adaptation and Leaf Marker Accumulation Pattern
from Altered Light Availability Regimes: A Field Study ............ 505
K. Ramesh, S. Raj Kumar, and Virendra Singh

Comparative Study of Diurnal Rate of Photosynthesis at Various
Levels of Carbon Dioxide Concentration for Different Crops ...... 511
A. Kashyapi, Archana P. Hage, and R.P. Samui



Contents

40

41

42

43

44

45

Effect of Weather Variability on Growth Characteristics

of Brassica Crop ...........oooiiiiiiiiiii i

Ananta Vashisth, N.V.K. Chakravarty, Goutam Bhagavati,
and P. K. Sharma

Agronomic Impacts of Climate Variability on Rice Production
with Special Emphasis on Precipitation in South Western Plains

of Uttarakhand ........... ... ... ... .. .

S.K. Tripathi and B. Chintamanie

Selection of Suitable Planting Method and Nutrient Management

Techniques for Reducing Methane Flux from Rice Fields ..........

Venkatesh Bharadwaj, A.K. Mishra, S.K. Singh, S.P. Pachauri,
and P.P. Singh

Operational Agrometeorological Strategies in Different Regions

ofthe World ........ ... i i

M.V.K. Sivakumar

Overview of the World Agrometeorological Information Service

(WAMIS) e

Robert Stefanski

Analysis of Rainfall Variability and Characteristics of Rainfed

Rice Condition in EasternIndia ......................................

P.K. Singh, L.S. Rathore, K.K. Singh, and B. Athiyaman

XV






Contributors

K. K. Agrawal Department of Physics and Agrometeorology, College of Agricul-
tural Engineering, INKVYV, Jabalpur, MP 482004, India, kkagrawal59@yahoo.co.in

B. Athiyaman National Center for Medium Range Weather Forecasting, NOIDA
201 307, India, athiya@ncmrwf.gov.in

S. D. Attri India Meteorological Department, New Delhi-110003, India,
sdattri@ gmail.com

G. S. Bains Department of Agricultural Meteorology, Punjab Agricultural Univer-
sity, Ludhiana, India

U. P. S. Bhadauria Department of Physics and Agrometeorology, College of Agri-
cultural Engineering, INKVV, Jabalpur, MP 482004, India, upsb2007@rediffmail.com

Goutam Bhagavati Division of Agricultural Physics, Indian Agricultural
Research Institute, New Delhi 110012, India, goutombhagawati@ gmail.com

S. C. Bhan India Meteorological Department, Lodi Road, New Delhi 110 003,
India, scbhan@gmail.com

Venkatesh Bharadwaj Department of Agrometeorology, College of Agriculture,
G.B. Pant University of Agriculture and Technology, U.S. Nagar, Pantnagar,
Uttarakhand 263145, India, dr.venkatbh@rediffmail.com

B. K. Bhattacharya Space Applications Centre (ISRO), Ahmedabad 380 015,
India, bkbhattacharya@sac.isro.gov.in

S.K. Roy Bhowmik India Meteorological Department, New Delhi 110 003, India,
skrb.imd@ gmail.com

Xvii



Xviii Contributors

Ryan P. Boyles State Climate Office of North Carolina, NC State University,
Box 7236, Raleigh, NC 27695-7236, USA, ryan_boyles@ncsu.edu

Mark S. Brooks State Climate Office of North Carolina, NC State University,
Box 7236, Raleigh, NC 27695-7236, USA, mark_brooks@ncsu.edu

Anca Brookshaw Met Office, Exeter, United Kingdom, anca.brookshaw@
metoffice.gov.uk

N.V.K. Chakravarty Division of Agricultural Physics, Indian Agricultural
Research Institute, New Delhi 110012, India, nvkchak@iari.res.in

Xue Changying Henan Institute of Meteorological Sciences, Zhengzhou 450003,
China, xuecy9@ 163.com

N. Chattopadhyay Agricultural Meteorology Division, India Meteorological
Department, Pune, India, n.chattopadhyay@imd.gov.in

J.L. Chaudhary S.G. College of Agriculture and Research Station, Kumhrawand,
Jagdalpur, Chhattisgarh 494 005, India, zars_igau@rediffmail.com

B. Chintamanie Department of Water Resources Development and Management,
Indian Institute of Technology Roorkee, Roorkee, India, berchintamanie@ gmail.
com

LM. L. Das M. N. Saha Centre of Space Studies, University of Allahabad,
Allahabad 211 002, India, profimldas@yahoo.com

S.K. Dash Centre for Atmospheric Sciences, Indian Institute of Technology Delhi,
Hauz Khas, New Delhi-110016, India, skdash@cas.iitd.ac.in

Somenath Dutta India Meteorological Department, Pune, India, dutta.drsomenath
@gmail.com

Ashley N. Frazier State Climate Office of North Carolina, NC State University,
Box 7236, Raleigh, NC 27695-7236, USA, anfrazier@gmail.com

K.K. Gill Department of Agricultural Meteorology, Punjab Agricultural University,
Ludhiana, India, kgill2002@ gmail.com

R.K. Giri India Meteorological Department, Lodi Road, New Delhi 110003, India,
rkgiri_ccs@rediffmail.com



Contributors XixX

Archana P. Hage Agricultural Meteorology Division, India Meteorological
Department, Pune, India

Zhang Hongwei Henan Institute of Meteorological Sciences, Zhengzhou 450003,
China, xxqxjzhw1966@ 163.com

Chen Huailiang Henan Institute of Meteorological Sciences, 110 Jinshuilu Rd,
Zhengzhou, Henan, PR 450003, China, chenhl@cam.gov.ch

Sanjay Jain Department of Physics and Agrometeorology, College of Agricultural
Engineering, INKVV, Jabalpur, MP 482004, India, genomics_san@hotmail.com

Manish K. Joshi K. Banerjee Centre of Atmospheric & Ocean Studies, Institute of
Interdisciplinary Studies, University of Allahabad, Allahabad 211 002, India,
manishkumarjoshi@ gmail.com

P.C. Joshi Space Applications Centre (ISRO), Ahmedabad 380 015, India,
pcjoshi35@hotmail.com

N. Kale Anand Agricultural University, Anand, Gujarat 388110, India, yogirajve-
dashram@gmail.com

M.V. Kamble Agricultural Meteorology Division, India Meteorological Depart-
ment, Pune, India, mdhr_kmbl@yahoo.com

Sarat C. Kar National Centre for Medium Range Weather Forecasting, Ministry
of Earth Sciences, A-50, Sector-62, NOIDA, UP, India, sckar@ncmrwf.gov.in

B.I. Karande Anand Agricultural University, Anand, Gujarat 388110, India,
babankarande@yahoo.co.in

A. Kashyapi Agricultural Meteorology Division, India Meteorological Depart-
ment, Pune, India, kashyapi_a@yahoo.co.in

S. Korsakova Center for Hydrometeorology of the Autonomous Republic of the
Crimea, Agrometeorological Station of the Ukraine, State Committee for Hydro-
meteorology, Nikitskij Sad, Yalta, Ukraine, korsakova@i.ua

O. Krishna Kishore Centre for Atmospheric Sciences, Indian Institute of Tech-
nology, Delhi, Hauz Khas, New Delhi 110016, India, osurikishore@ gmail.com

S. Raj Kumar Natural Plant Products & Biodiversity Divisions, Institute of
Himalayan Bioresource Technology (CSIR), Palampur, HP 176061, India,
ramechek@yahoo.co.in



XX Contributors

Dr. H.S. Kushwaha Department of Soil Science, College of Agriculture, G. B.
Pant University of Agriculture & Technology, Pantnagar, Uttarakhand 263145,
India, kushwahahs@yahoo.co.in

A.J. Litta Centre for Atmospheric Sciences, Indian Institute of Technology, Delhi,
Hauz Khas, New Delhi 110016, India, ajlitta@gmail.com

R.K. Mall India Meteorological Department, National Institute of Disaster
Management, New Delhi, India, mall_raj@rediffmail.com

Ashu Mamgain Center for Atmospheric Sciences, IIT Delhi, Hauz Khas, New
Delhi 110016, India, ashumam@ gmail.com

N. Manikandan Central Research Institute for Dryland Agriculture, Hyderabad,
AP 500 059, India

E.A.R. Mellaart EcoLink, 83, Karino 1204, South Africa, mellaart.e@soft.co.za

A.K. Mishra Department of Agrometeorology, College of Agriculture, G.B. Pant
University of Agriculture and Technology, U.S. Nagar, Pantnagar, Uttarakhand
263145, India, ashueinstein@gmail.com

M.E. Moeletsi ARC-Institute for Soil, Climate and Water, Private Bag X79,
Pretoria 0001, South Africa, moeletsie@arc.agric.za

U.C. Mohanty Centre for Atmospheric Sciences, Indian Institute of Technology,
Delhi, Hauz Khas, New Delhi 110016, India, mohanty@cas.iitd.ernet.in

M. Mohapatra India Meteorological Department, Lodi Road, New Delhi 110 003,
India, mohapatra_imd@yahoo.com

Raymond P. Motha U.S. Department of Agriculture, Office of the Chief Econo-
mist, World Agricultural Outlook Board, 1400 Independence Avenue, Room 4441
South Building, Washington, DC 20250-3812, USA, rmotha@oce.usda.gov

N.S. Mpandeli ARC-Institute for Soil, Climate and Water, Private Bag X79,
Pretoria 0001, South Africa, SMpandeli@deat.gov.za

Sandipan Mukherjee K Banerjee Center of Atmospheric & Ocean Studies,
University of Allahabad, Allahabad 211002, India, mukherjee.sandipan@rediff-
mail.com

K.P.R. Vittal Murthy Department of Meteorology and Oceanography, Andhra
University, Visakhapatnam, AP, India, kprvm@yahoo.com



Contributors XX1

A.S. Nain Department of Agrometeorology, Indira Gandhi Krishi Vishwavidyalya,
Raipur 492006 (C.G.), India

G.0. Odhiambo Department of Geography and Urban Planning, College of
Humanities and Social Sciences, United Arab Emirates University, 17771,
Al Ain, United Arab Emirates, godhiambo@uaeu.ac.ae

Kavita Pabreja Research Scholar-BITS, Pilani, C-3A / 39C, DDA Flats, Janak
Puri, New Delhi 110058, India, kavita_pabreja@rediffmail.com

S.P. Pachauri Department of Agrometeorology, College of Agriculture, G.B. Pant
University of Agriculture and Technology, U.S. Nagar, Pantnagar, Uttarakhand
263145, India

S.K. Panda Centre for Atmospheric Sciences, Indian Institute of Technology
Delhi, Hauz Khas, New Delhi 110 016, India, sampadpanda@ gmail.com

Avinash C. Pandey Department of Physics, University of Allahabad, Allahabad
211 002, India; M. N. Saha Center of Space Studies, IIDS, University of Allahabad,
Allahabad 211002, India, avinashcpandey@rediffmail.com

Vyas Pandey Department of Agricultural Meteorology, Anand Agricultural
University, Anand, Gujarat 388110, India, pandey04@ yahoo.com

H.R. Patel Department of Agricultural Meteorology, Anand Agricultural University,
Anand, Gujarat 388 110, India, hrpatel410@yahoo.com

S.R. Patel Department of Agrometeorology, Indira Gandhi Krishi Vishwavidyalya,
Raipur 492006 (C.G.), India, srpatelsr@yahoo.com

D.R. Pattanaik India Meteorological Department, New Delhi, India, drpattanaik@
gmail.com

S. Pattanayak Centre for Atmospheric Sciences, Indian Institute of Technology,
Delhi, Hauz Khas, New Delhi 110016, India, sujata05@ gmail.com

Anand Patwardhan Shailesh J. Mehta School of Management, Indian Institute of
Technology Bombay, Powai, Mumbai, MH 400076, India, anand@iitb.ac.in

Vinayak S. Phadke 2/17 Dnyanayog Society, Vazira Naka, Lokmanya Tilak
Road, Borivli (W), Mumbai, MH 400091, India, vinayakphadke@hotmail.com

Savita Rai Centre for Atmospheric Sciences, Indian Institute of Technology Delhi,
Hauz Khas, New Delhi 110 016, India, savital 559@ gmail.com



Xxii Contributors

Sethu Raman State Climate Office of North Carolina, NC State University,
Box 7236, Raleigh, NC 27695-7236, USA, sethu_raman@ncsu.edu

K. Ramesh Natural Plant Products & Biodiversity Divisions, Institute of Himala-
yan Bioresource Technology (CSIR), Palampur, HP 176061, India, kramesh@iiss.
ernet.in

A.V.M.S. Rao Central Research Institute for Dryland Agriculture, Hyderabad, AP
500 059, India, avmsrao@crida.ernet.in

G.G.S.N. Rao Central Research Institute for Dryland Agriculture, Hyderabad, AP
500 059, India, ggsnrao@crida.ernet.in

V.U.M. Rao Central Research Institute for Dryland Agriculture, Hyderabad, AP
500 059, India, vumrao54@yahoo.com

L.S. Rathore India Meteorological Department, New Delhi 110 003, India,
Israthore@ncmrwf.gov.in

Ritu Department of Agricultural Meteorology, Punjab Agricultural University,
Ludhiana, India, waliadimpy@rediffmail.com

Federica Rossi Consiglio Nazionale delle Ricerche, Institute of Biometeorology,
Via P. Gobetti 101, Bologna 40129, Italy, f.rossi@ibimet.cnr.it

A. Routray Centre for Atmospheric Sciences, Indian Institute of Technology,
Delhi, Hauz Khas, New Delhi 110016, India, ashishroutray.iitd@gmail.com

Dipak K. Sahu Centre for Atmospheric Sciences, Indian Institute of Technology
Delhi, Hauz Khas, New Delhi 110 016, India, dipakmath@ gmail.com

R.P. Samui Agricultural Meteorology Division, India Meteorological Department,
Pune, India, rsamui@yahoo.com

P. Parth Sarthi Centre for Global Environmental Research, TERI, Darbari
Seth Block, India Habitat Centre, Lodhi Road, New Delhi 110 003, India,
drpps@hotmail.com, ppsarthi@teri.res.in

A.S.R.A.S. Sastri Department of Agrometeorology, Indira Gandhi Krishi
Vishwavidyalya, Raipur 492006 (C.G.), India, asastri@yahoo.com

G. U. Satpute SWCE, Department of Soil and Water Conservation Engineering,
Dr. Panjabrao Deshmukh Krishi Vidyapeeth, PO Krishi Nagar, Akola (MS) 444
104, India, gusatpute@rediffmail.com



Contributors XXiii

T. Satyanarayana South China Sea Institute of Oceanology, Chinese Academy
of Science, Beijing, China; Central Research Institute for Dryland Agriculture,
Hyderabad 500 059, India, satya_1006@yahoo.co.in

M.J. Savage SPAC Research Unit, Agrometeorology discipline, School of Envi-
ronmental Sciences, University of KwaZulu-Natal, P/Bag X01, Scottsville, Pieter-
maritzburg 3209, Republic of South Africa

P.K. Sharma Division of Agricultural Physics, Indian Agricultural Research
Institute, New Delhi 110012, India

Ravi P. Shukla Department of Physics, University of Allahabad, Allahabad
211002, India, ravishukla72@ gmail.com

B. Simon Space Applications Centre (ISRO), Ahmedabad 380 015, India,
babysimon@ gmail.com

Aaron P. Sims State Climate Office of North Carolina, NC State University,
Box 7236, Raleigh, NC 27695-7236, USA, aaron_sims@ncsu.edu

Ajay Singh Shailesh J. Mehta School of Management, Indian Institute of Tech-
nology Bombay, Powai, Mumbai, MH 400076, India, ajayvisen@yahoo.co.in

Gurigbal Singh Department of Plant Breeding and Genetics, Punjab Agricultural
University, Ludhiana, India, singhgurigbal@rediffmail.com

Jagadish Singh Mausam Apartments, West Enclave, Pitampura, Delhi 110 034,
India

K.K. Singh India Meteorological Department, New Delhi 110 003, India,
kksingh2022@ gmail.com

R. Singh Department of Agrometeorology, Indira Gandhi Krishi Vishwavidyalya,
Raipur 492006 (C.G.), India

S.K. Singh Department of Agrometeorology, College of Agriculture, G.B. Pant
University of Agriculture and Technology, U.S. Nagar, Pantnagar, Uttarakhand
263145, India, sskumar_1983@rediffmail.com

P.K. Singh India Meteorological Department, Agromet Service Cell, Mausam
Bhavan, New Delhi, India, pksingh@ncmrwf.gov.in

P.P. Singh Department of Agrometeorology, College of Agriculture, G.B. Pant
University of Agriculture and Technology, U.S. Nagar, Pantnagar, Uttarakhand
263145, India



XXiv Contributors

Virendra Singh Natural Plant Products & Biodiversity Divisions, Institute of
Himalayan Bioresource Technology (CSIR), Palampur, HP 176061, India,
vsgahlan@ gmail.com

M.V .K. Sivakumar World Meteorological Organization, Geneva, Switzerland,
msivakumar@ wmo.int

Robert Stefanski World Meteorological Organization, Geneva, Switzerland,
rstefanski@wmao.int

M.V. Subrahmanyam South China Sea Institute of Oceanology, Chinese Academy
of Science, Beijing, China, mvsm.au@gmail.com

Ameenulla Syed State Climate Office of North Carolina, NC State University,
Box 7236, Raleigh, NC 27695-7236, USA, asyed@ncsu.edu

S. Tabasum Department of Agrometeorology, Indira Gandhi Krishi Vishwavidyalya,
Raipur 492006 (C.G.), India, shabana.tbsm@gmail.com

K.C. Tripathi K. Banerjee Centre of Atmospheric & Ocean Studies, Institute of
Interdisciplinary Studies, University of Allahabad, Allahabad 211 002, India,
kctripathi@gmail.com

S.K. Tripathi Department of Water Resources Development and Management,
Indian Institute of Technology Roorkee, Roorkee, India, sankufwt@iitr.ernet.in

Ajit Tyagi India Meteorological Department, New Delhi 110 003, India, ajit.
tyagi@gmail.com

V.B. Vaidya Anand Agricultural University, Anand, Gujarat 388110, India,
vaidya.vidyadhar@ gmail.com

S.S. Vanjari Department of Agronomy, Dr. Panjabrao Deshmukh Krishi Vidyapeeth,
PO Krishi Nagar, Akola (MS) 444 104, India, wanjari.sanjay@rediffmail.com

M.C. Varshneya Anand Agricultural University, Anand, Gujarat 388110, India,
mcvarshneya@ gmail.com

Ananta Vashisth Division of Agricultural Physics, Indian Agricultural Research
Institute, New Delhi 110012, India, anantavashisth@iari.res.in

B. Venkateshwarlu Central Research Institute for Dryland Agriculture, Hyderabad,
AP 500 059, India, Vbandi_1953@yahoo.com

Lt. Vishwarajashree INS Goruda, Cochin, India



Chapter 1
Modernization of Observation and Forecasting
System in IMD in Support of Agromet Services

Ajit Tyagi

Abstract India Meteorological department has added many data and research
networks during the 135 years for climate-dependent sectors, such as agriculture,
forestry, and hydrology, rendering a modern scientific background to atmospheric
science in India. The inclusion of the latest data from satellites and other modern
observation platforms, such as Automated Weather Stations (AWS), and ground-
based remote-sensing techniques in recent years has strengthened India’s long-term
strategy of building up a self-reliant climate data bank for specific requirements,
and also to fulfill international commitments of data exchange for weather fore-
casting and allied research activities. It has augmented forecasting capabilities to
meet the operational requirements of day to day seamless weather forecasts in
various ranges.

1.1 Introduction

Agriculture in India is the means of livelihood of almost two thirds of the work
force in the country and needs accurate weather forecasts to plan when to sow
seeds, irrigate and fertilise their fields, and harvest their crops. Since most of the
area used for agricultural activity is rain fed, agricultural output is influenced by
overall seasonal rainfall as well as by intra-seasonal rainfall variations. The depen-
dence of agriculture on weather information and forecasts is going to increase in
future on two counts. First is due to increase in extreme weather events and climate
variability caused by global warming and second is from increase in demand of
food products from growing population having higher quality of life. In addition to
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general forecast being provided by IMD to agriculture sector at macro scale, there is
increasing demand from horticulture, floriculture, and crop specific sectors for
location specific forecasts on different time scales.

In view of growing operational requirements from various user agencies, there
is aneed for a seamless forecasting system covering short range to extended range
and long range forecasts, particularly for the agricultural requirements. Such
forecasting system is to be based on hierarchy of Numerical Weather Prediction
(NWP) models. For a tropical country like India where high impact mesoscale
convective events are very common weather phenomena, it is necessary to have
good quality high density observations both in spatial and temporal scale to ingest
into assimilation cycle of a very high resolution non-hydrostatic mesoscale
model. A major problem related to skill of NWP models in the tropics is due to
sparse data over many parts of the country and near absence of data from oceanic
region.

1.2 Augmentation of Observational System

In view of the importance of data in the tropical numerical weather prediction, IMD
has been in the process of implementing a massive modernization programme for
upgrading and enhancing its observation system. In the first phase of modernisation
550 additional AWS out of which about 125 will have extra agricultural sensors like
solar radiation, soil moisture and soil temperature and 1,350 Automatic Rain Gauge
(ARG) stations will be installed in the current year. In addition to this, a network of
55 Doppler Weather Radar has been planned of which 12 are to be commissioned in
the first phase. DWR with the help of algorithms can detect and diagnose weather
phenomena, which can be hazardous for agriculture, such as hail, downbursts and
squall. Normalized Difference Vegetation Index (NVDI) derived from the CCD
payload of presently available INSAT-3A satellite is useful for agriculture for
monitoring the vegetation on a broad scale. NOAA/MODIS/Metop polar orbiting
satellite data receiving and processing system will be installed at New Delhi,
Chennai and Guwahati. This will enable availability of real time products from
these satellites for use in forecasting by conventional means and by assimilating in
NWP models in turn improving the Agro meteorological forecasts also. A new
satellite INSAT-3D is scheduled to be launched during third quarter of the year.
INSAT-3D will usher a quantum improvement in satellite derived data from multi
spectral high resolution imagers and vertical sounder. In addition to above, IMD is
also planning to install wind profilers and radiometer to get upper wind and
temperature data. Data from AWSs, ARGs, DWRs, INSAT-3D, NOAA/MODIS/
Metop and wind profilers will available in real time for assimilation in NWP
models. A High Power Computing (HPC) system with 300 terabyte storage is
being installed at NWP Centre at Mausam Bhawan. It will greatly enhance our
capability to run global and regional models and produce indigenous forecast
products in different time scales.
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1.3 Forecasting System

Currently, IMD runs a number of regional NWP models in the operational mode.
IMD also makes use of NWP global model forecast products of other operational
centres, like NCMRWF T-254, ECMWFEF, JMA, NCEP and UKMO to meet the
operational requirements of day to day weather forecasts.

Recently, IMD implemented a multimodel ensemble (MME) based district level
5 days quantitative forecast system as required for the Integrated Agro-advisory
Service of India. The technique makes use of model outputs of state of the art global
models from the five leading global NWP centres (Krishnamurti et al. 1999). The
Pre-assigned grid point weights on the basis of anomaly correlation coefficients
(CC) between the observed values and forecast values are determined for each
constituent model at the resolution of 0.25° x 0.25° and the multimodel ensemble
forecasts (day 1 to day 5 forecasts) are generated at the same resolution on a real-
time basis. The ensemble forecast fields are then used to prepare forecasts for each
district taking the average value of all grid points falling in a particular district. An
inter-comparison of spatial co-relation co-efficient (CC) between observed and
forecasts rainfall on the basis of the MME technique and the member models is
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Fig.1.1 An inter-comparison of country mean spatial CC of day 1 to day 5 forecasts of rainfall by
NCEP, ECMWF,JMA, NCMRWEF, UKMO, mean ensemble and MME for summer monsoon 2009



4 A. Tyagi

illustrated in Fig. 1.1. The results show that MME is superior to each member
model at all the forecasts (day 1 to day 5).

In order to evaluate the performance of district level forecasts, skill score —
Probability of Detection (POD) is considered. POD is defined as:

POD =

H+M

Where H indicates hits and M for missing events for the following rainfall
categories:

. Rain or no rain

. Light Rain: 0-10 mm

. Moderate Rain: >10 mm and <65 mm
. Heavy Rain: >65 mm

AW N =

State-wise performance of district level rainfall forecasts for day 1 and day 5
forecasts for some selected states like Orissa, Rajasthan, Maharashtra, Gujarat and
Kerala, which represent east central India — the domain of monsoon low; northwest
India — region of less monsoon rainfall; west India; region of mid-troposphere
circulation and extreme south east Peninsula are illustrated in Figs. 1.2 and 1.3.
For the day 5 forecasts, results of Madhya Pradesh (central India) is also included
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Fig. 1.2 State-wise performance of district level day 1 forecasts for some selective states
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Fig. 1.3 State-wise performance of district level day 5 forecasts for some selective states

(Roy Bhowmik et al. 2009; Roy Bhowmik and Durai 2010). The results show that
performance skill of forecast of the district level rainfall for the rainfall amount of
moderate range is reasonably good for all these states, where POD is more than 0.4.
District-wise performance of day 1 to day 5 rainfall forecasts for the districts of
Orissa is shown in Fig. 1.4. For Orissa, POD for rain/no rain case has been above
0.8 at all the districts, for light rain it is around 0.6, for moderate rainfall it is
between 0.3 and 0.4 and for heavy rainfall it is close to 0.

A dynamical statistical technique is developed and implemented for the real-
time cyclone genesis and intensity prediction. Numbers of experiments are carried
out for the processing of DWR observations to use in nowcasting and mesoscale
applications. The procedure is expected to be available in operational mode soon.
Impact of INSAT CMV in the NWP models has been reported in various studies.
Various multi-institutional collaborative forecast demonstration projects such as,
Dedicated Weather Channel, Weather Forecast for Commonwealth Games 2010,
Land falling Cyclone, Fog Prediction etc. are initiated to strengthen the forecasting
capabilities of IMD.

With the availability of new observations and infrastructure from the moderni-
zation programme of IMD, future Weather Forecasting System of IMD would be as
briefly given below:



