
PREFACE

The standardization of meteorological observations 
and the uniform publication of observations and 
statistics are among the functions of the World 
Meteorological Organization, as stated in the WMO 
Convention. In accordance with these objectives, 
the World Meteorological Congress has adopted 
from time to time Technical Regulations that 
specify meteorological practices and procedures 
to be followed by the Member countries of the 
Organization. These Technical Regulations are 
supplemented by a number of Guides, which 
describe in more detail the practices, procedures 
and specifications that Members are invited 
to follow and implement in establishing and 
conducting their arrangements for compliance 
with the Technical Regulations and in otherwise 
developing meteorological services in their 
respective countries. 

In 1999, during the twelfth session of the 
Commission for Agricultural Meteorology 
(CAgM) in Accra, Ghana, the Commission 
endorsed the idea proposed by C.J. Stigter, 
then president of the Commission, calling for 
a complete revision of the Guide to Agricultural 
Meteorological Practices. The Commission agreed 
that the new Guide should be more operational 
than previous editions. It was decided that a 
special Steering Committee of Experts would 
be established to assist the president in revising 
the Guide. Its members were C.J. Stigter (the 
Netherlands), who served as Coordinator, A. 
Khamidula Abdullaev (Uzbekistan), Wolfgang 
Baier (Canada), Mohamed M. Eissa (Egypt), 
P.  Kozhakhmetov (Kazakhstan), Elijah Mukhala 
(Zambia) and Si Giai Ngo (Vietnam). 

This team approved a draft discussion paper on 
the revised edition prepared by the coordinator 
and based on the previous decisions taken in 
Accra. The paper was approved by the CAgM 
Advisory Working Group in 2001 and was revised 
several times. It was then used as the basis for the 
rewriting process. At the thirteenth session of the 
Commission for Agricultural Meteorology, held 

in Ljubljana, Slovenia, in 2002, the Commission 
endorsed the approach in the discussion paper 
and decided on the establishment of an Expert 
Team on the Guide to Agricultural Meteorological 
Practices. Its members were C.J. Stigter (Lead), H.P. 
Das (India), Anice Garcia (Brazil), Vasiraju R.K. 
Murthy (India), Byong Lee (Republic of Korea) and 
Robert Stefanski (WMO). This Expert Team met in 
2005 and aided the coordinator in finding authors 
and contributors for several chapters. During 
the next several years, the draft chapters were 
completed and were posted on the International 
Society for Agricultural Meteorology Website 
(www.agrometeorology.org) and on the WMO 
Agricultural Meteorology Programme Website 
(www.wmo.int/agm). These drafts were publicly 
available while the final editing of the complete 
Guide progressed. 

At the 2010 meeting of the CAgM Management 
Group in Geneva, it was decided that the Guide 
would conform to the new WMO publishing 
standards. This meant that there would no longer 
be sequential editions (second, third, fourth, and 
so on). Each edition would instead be denoted by 
year of release. Therefore the revised third edition 
is now the 2010 edition of the Guide. This new 
edition is being released only on CD and online. 
Any developing country may request a printed 
version of the Guide from the WMO Secretariat. 
In accordance with the new WMO publishing 
standards, an official print edition will no longer 
exist as such.

It follows from the decisions of Congress that 
this publication is by no means a textbook on 
agricultural meteorology. References to such 
textbooks and WMO publications on agricultural 
meteorology are given in an appendix to this 
Guide. A list of journals that publish papers on 
agricultural meteorology is also provided, as is 
a list of international organizations of interest to 
agricultural meteorologists. The principal aim of 
the Guide to Agricultural Meteorological Practices is 
to provide, in a convenient form, information 
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regarding the practices and procedures that are of 
the greatest importance in agricultural meteorology.

The Organization would like to express its  grati-
tude to all those Meteorological Services, techni-
cal commissions, expert teams and individuals 
who have contributed to the present publication. 

It is not possible to mention them all by name, 
but a special word of thanks must be addressed to  
C.J. Stigter, lead coordinator of the revision of this 
Guide, for his untiring efforts in the preparation of 
the publication, and to the members of the Expert 
Teams on the Guide to Agricultural Meteorological 
Practices for their valuable contributions.

 



Internal Reviewers: Andrew Challinor, Luigi Mariani, 
Nataraj Subash and S. Venkataraman 
External Reviewers: Boluwade Alaba, Barney 
Chipindu, Ajit Govind and Samsul Huda
Coordinator: H.P. Das (internal) and Kees Stigter 
(external)

Chapter 6 	 Agrometeorlogical Forecasting 
Authors: René Gommes (lead), with Riad Balaghi,	
Andrew Challinor, H.P. Das, Mohamed A.A. Dawod, 
Luigi Mariani and Bernard Tychon
External Reviewers: Josef Eitzinger, Hans Friesland, 
Rainer Krüger, Ulrich Otte, Roger E. Rivero Vega, 
Walter Trampf, Klaus-Peter Wittich and Kirsten 
Zimmermann
Coordinator: René Gommes (internal) and 
Kees Stigter (external)
External Editor: Trina Hershkovitz

Chapter 7	 Climate and Weather Risk 
Assessment for Agricultural Planning
Authors: Anice Garcia (lead), with Romisio André, 
J. Paulo de Melo-Abreu, Rosana Nieto Fereira,  
P.V.V. Prasad and David White
Internal Reviewers:  Christophe Cudennec, Naguib 
Lallmahomed, Roberta Millini and Doan Van Diem
External Reviewers: Isabel Ferreira, Olga Penalba 
and Roger Stone
Coordinator: Anice Garcia (internal) and Kees 
Stigter (external)

Chapter 8	 Effects of Climate Change on 
Agriculture
Authors: Nicholas M. Holden (lead), with Rowan 
Fealy and John Sweeney
External Reviewers: Anthony Brereton, Ana Iglesias 
and Shili Wang
External Coordinators:  H.P. Das and Kees Stigter

Chapter 9	 Applications of Meteorology to 
Agriculture 
Authors: Robert Stefanski (lead), with Nicholas M. 
Holden, Simone Orlandini, T. Rusakova, Z. Shostak, 
and E. Zoidze
Faciliators: Alexander Kleschenko and Kees Stigter
Internal Reviewers: Nicholas M. Holden and 
Simone Orlandini
External Reviewers: Paulo Caramori, Terry Gillespe 
and Hilton S. Pinto
Coordinator: Robert Stefanski

LIST OF CONTRIBUTORS 

Chapter 1	 General
Authors: Kees Stigter (lead), with Wolfgang Baier, Ian 
Barrie, Orivaldo Brunini, Helmuth Dommermuth, 
Zipora Gat, René Gommes, Tom Keane, Chan Ah Kee, 
Jacob Lomas, James Milford, Andres Ravelo, Derk  Rijks, 
R.P. Samui, Sue Walker, Shili Wang and Albert Weiss
Facilitators: Tom Sauer
External Reviewers: Wolfgang Baier and Zipora Gat 
Coordinator:  Kees Stigter 

Chapter 2	 Agricultural Meteorological 
Variables and Their Observations 
Authors: Vasiraju R.K. Murthy (lead), with Richard 
Grant, James Milford, Andrew Oliphant, Simone 
Orlandini, Kees Stigter and Jon Wieringa
Facilitators: Amador Argete, Yadong Han, Valentin 
Kazandjiev, Branislava Lalic, Giovanni Mattii,  
K.K. Nathan, Francesco Sabatini and Camillo Zanchi 
External Reviewers: Tom Keane and Marianna 
Nardino
Coordinators: Vasiraju R.K. Murthy (internal) and 
Kees Stigter (external)

Chapter 3	 Agricultural Meteorological Data, 
Their Presentation and Statistical Analysis  
Authors: Henry Hayhoe, Peter Hoefsloot, Tharsis 
Hyera, Houquan Lu, Ray Motha, M. Veerasamy and 
Jon Wieringa
External Reviewers: Zipora Gat, Olga Penalba and 
Matilde Rusticucci
Coordinator: Kees Stigter (external)
External Editor: Olga Penalba and Matilde Rusticucci

Chapter  4	 Remote-Sensing and GIS Applica- 
tions in Agrometeorology
Authors: Bruno Basso (lead), with Hojjat 
Yazdanpanah, Tim McVicar and Byong Lee
Facilitators: Valentina Maddalena, Ayman Suleiman, 
V.K. Sehgal, Lorenzo De Simone H.P. Das, Guido 
D’Urso, Davide Cammarano and Giovanni Cafiero
External Reviewers:  Bimal Kumar Bhattacharya 
and Andres Ravelo
Coordinator: Kees Stigter

Chapter 5 	 Weather and Climate Forecasts for 
Agriculture
Authors: H.P. Das (lead), with F.J. Doblas-Reyes, Anice 
Garcia, James Hansen, Luigi Mariani, Ajeet Singh 
Nain, Kulasekaran Ramesh, L.S. Rathore and  
S. Venkataraman



GUIDE TO AGRICULTURAL METEOROLOGICAL PRACTICES xxii

Coordinator: J. Paulo de Melo-Abreu (internal) and 
Kees Stigter (external)

Chapter 12 	Weather and Climate and Animal 
Production
Authors: Roberto Gomes da Silva (lead)
External Reviewers: Jason Flesch and Samsul Huda
Coordinator: Kees Stigter (external)

Chapter 13	 Application of Agrometeorology to 
Aquaculture and Fisheries
Authors: Claude E. Boyd (lead) and Harvey Pine
External Reviewers: Julio Ferraz De Queiroz, Isaac 
Dontwi, Graig Tucker and Martine Van Der Ploeg
Coordinator: H.P. Das (internal) and Kees Stigter 
(external)

Chapter 14	 Agrometeorological Aspects of 
Desertification
Authors: Kathleen Schreiber (lead), John Harrison 
and Geert Sterk
Internal Reviewer: Kathleen Schreiber 
External Reviewers: Muna Elhag, Anice Garcia, 
Luigi Mariani and Roger E. Rivero Vega
Coordinator: Kathleen Schreiber (internal) and 
Kees Stigter (external)

Chapter 15	Aerobiology
Authors: John Westbrook (lead)
External Reviewers: Daniel Friedman and 
Kathrina Frank
Coordinator: Kees Stigter (external)

Chapter 16	 Applications of Climatic Resources 
in Mountainous Regions
Authors: Guillermo A. Baigorria (lead) and Consuelo 
C. Romero
External Reviewers: Kulasekaran Ramesh, Hans 
Schreier, Jean-Joinville Vacher and Jin Yun
Coordinator: Kees Stigter (external)

Chapter 17 	Communicating Agroclimatological 
Information, Including Forecasts, for Agricultural 
Decisions
Authors: Roger S. Pulwarty (lead), with Olanrewaju 
O. Segun and Petrit Zorba
External Reviewers: Kabineh Konneh and Marcelo 
Paes de Camargo
Coordinator: Kees Stigter (external)

CAgM Groups and Members which Contributed 
to the Guide

Members of the Ad-Hoc Working Group on the 
GAMP of the CAgM Advisory 
Working Group established by president,  
C.J. Stigter, 1997-1999 

Chapter 10	 Agrometeorology of Some Selected 
Crops
Overall Chapter Coordinators: Orivaldo Brunini 
and Kees Stigter
Overall External Reviewer: Reiner Wassmann

Cotton
Authors: Thomas B. Freeland Jr. (lead), with Gordon 
Andrews, Bill Pettigrew and Peggy Thaxton
External Reviewers: Thomas A. Kerby and 
Celso Jamil Marur

Groundnut
Authors: P. Vijaya Kumar (lead), with Kees Stigter
External Reviewers:  P.V.V. Prasad

Maize
Authors: Emmanuel Ofori and Nicholas Kyei-Baffour
External Reviewers: Murray Brown, Paulo Caramori, 
Chris Coulson, Luiz Marcelo Sans and Kees Stigter, 
Orivaldo Brunini

Pearl Millet
Authors: Dick Felch (lead), with Seydou Traore
External Reviewers: Peter Craufurd and Andres Ravelo

Potato
Authors: André B. Pereira (lead), with Rolando T. 
Cruz and Clinton C. Shock 
External Reviewers: Lynn Jensen, Mike Thornton 
and Nilson Augusta Villa Nova

Rice
Authors: S. Venkataraman (lead), with Silvio Steinmetz
Facilitator: H.P. Das
External Reviewers: Luigi Mariani Sorghum
Authors: Jose Renato Bouças Farias (lead), with 
Jurandir Zullo Jr. and Luiz Marcelo Sans
External Reveiwers: Chris Coulson, Samsul Huda 
and Andres Ravelo

Wheat
Authors: Gregory S. McMaster (lead), with Murray 
Brown, Dick Felch and Neal Stoskopf
External Reviewers: H.P. Das and Sayed Masood 
Mostafavi Darani

Chapter 11	 Applications of meteorology for 
Forestry and Non-Forest Trees	 	
Authors: J. Paulo de Melo-Abreu (lead) with Patricia 
Andrews, Therezinha Xavier Bastos, Mohamed Ahmed 
Daldoum, William De Groot, Richard Fleming,  
Robert Fleming, Francis Fujioka, Johann G. Goldammer, 
Ajit Govind, John Harrison, Tom Keenan, David Price,	
Kees Stigter and Alan Wain
Internal Reviewer: J. Paulo de Melo-Abreu
External Reviewers: Al Riebau and Andres Ravelo



LIST OF CONTRIBUTORS xxiii

Kees Stigter (established Ad-Hoc Working Group) 

Members:  Wolfgang Baier, Zipora Gat, Alexander 
Kleschenko, Giampiero Maracchi, Eliseo Sequeira 
and Dawei Zheng

Members of the CAgM Advisory Working Group, 
1999-2002 (MAWG)
Members: Wolfgang Baier, Zipora Gat, Giampiero 
Maracchi, Ray Motha, Jim Salinger, J. A. Sanchez 
Garcia, Kees Stigter, Russell Stringer and Shili Wang

Members of the CAgM Steering Committee on 
the GAMP, 2000-2002 
Coordinator: Kees Stigter
Members: A. Khamidula Abdullaev, Wolfgang 
Baier, Mohamed M. Eisa, P. Kozhakhmetov, Elijah
Mukhala and Si Giai Ngo

Members of the Steering Committee on the 
GAMP, 2003/4 – 2006 
Leader: Kees Stigter
Members: H.P. Das, Anice Garcia, Vasiraju R.K. 
Murthy and Robert Stefanski

Members of the CAgM Expert Team II on the 
GAMP, 2006 – 2009
Leader: Kees Stigter
Members: H.P. Das, Anice Garcia and Vasiraju R.K. 
Murthy

WMO Secretariat of the CAgM 
M.V.K. Sivakumar and Robert Stefanski

 



GUIDE TO AGRICULTURAL METEOROLOGICAL PRACTICES xxiv

ACKNOWLEDEGMENTS 
 

The authors wish to acknowledge the following institutions and organizations for their support in conduct-
ing the studies described in Chapter 16 of this Guide: the International Potato Centre (CIP), the Peruvian 
National Service of Meteorology and Hydrology (SENAMHI), the Soil Management Collaborative Research 
Support Program of the United States Agency for International Development (USAID/SM–CRSP) through 
Grant 291488, the National Oceanic and Atmospheric Administration (NOAA) through Grant NA96GP0239, 
the International Foundation for Science (IFS) through Grant C3083-1, and the System for Analysis, 
Research and Training (START).

 




