i
B

"“w:
N .

S

g

o )

-

e




Mannava V. K. Sivakumar - James Hansen (Eds.)

Climate Prediction
and Agriculture

Advances and Challenges
With 102 Figures and 55 Tables

World Meteorological Organization

Global Change System for Analysis,
Research and Training

N The International Research Institute
IRI G for Climate and Society

@ Springer



'
e

Editors

Dr. Mannava V. K. Sivakumar

Agricultural Meteorology Division
World Meteorological Organization
7bis, Avenue de la Paix

_ 1211 Geneva 2, Switzerland

Dr. James Hansen

Agricultural Systems

International Research Institute for Climate and Society
The Earth Institute at Columbia University

121 Monell Bldg., Lamont-Doherty Earth Observatory
PO Box 1000/61 Route 9W

Palisades, NY 10964-8000, USA

Library of Congress Control Number: 2007921994

ISBN-10 3-540-44649-4 Springer Berlin Heidelberg New York
ISBN-13 978-3-540-44649-1 Springer Berlin Heidelberg New York

This work is subject to copyright. All rights are reserved, whether the whole or part of the material
is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitations,
broadcasting, reproduction on microfilm or in any other way, and storage in data banks. Duplica-
tion of this publication or parts thereof is permitted only under the provisions of the German Copy-
right Law of September 9, 1965, in its current version, and permission for use must always be ob-
tained from Springer. Violations are liable to prosecution under the German Copyright Law.

Springer is a part of Springer Science+Business Media
springer.com
© Springer-Verlag Berlin Heidelberg 2007

The use of general descriptive names, registered names, trademarks, etc. in this publication does
not imply, even in the absence of a specific statement, that such names are exempt from the rel-
evant protective laws and regulations and therefore free for general use.

Cover design: WMXDesign, Heidelberg
Typesetting: Uwe Imbrock, Stasch - Verlagsservice, Bayreuth (stasch@stasch.com)

Production: Agata Oelschléger

Printed on acid-free paper  30/2132/A0-543210




Contributors

Samuel G. K. Adiku

Department of Soil Science
University of Ghana
Legon, Accra, Ghana
E-mail: s_adiku@ug.edu.gh

Vesselin Alexandrov

National Institute of Meteorology and Hydrology
66, Tsarigradsko chaussee, blvd.

1784 Sofia, Bulgaria :

E-mail: Vesselin.alexandrov@meteo.bg

Jock R. Anderson

Consultant, IFPRI and World Bank
12894 Livia Dr

Catharpin VA 20143, USA

E-mail: j.anderson@cgiar.org

Walter E. Baethgen

International Research Institute for
Climate and Society (IRI)

P.O. Box 1000 .
Palisades, NY 10964-8000, USA
E-mail: baethgen@iri.columbia.edu

Guillermo A. Baigorria

University of Florida

P.O. Box 110570

Gainesville, FL 32611-0570, USA
E-mail: gbaigorr@ifas.ufl.edu

Venkataram Balaji

International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT)

Patancheru 502324, A.P., India

E-mail: v.balaji@cgiar.org

John G. Bellow

Center for Ocean-Atmospheric Prediction Studies
Florida State University

P.O. Box 2840

Tallahassee, FL 32306-2840, USA

E-mail: bellow@coaps.fsu.edu

Rosa T. Boca

Instituto Nacional de Tecnologia Agropecuaria
Instituto de Clima y Agua

1712 Castelar, Argentina

E-mail: tboca@cnia.inta.gov.ar

Rizaldi Boer

Laboratory of Climatology

Bogor Agricultural University
Kampus IPB Darmaga, Jalan Raya
Bogor 16680, Indonesia

E-mail: rizaldiboer@gmail.com

Norman E. Breuer

RSMAS/MAF

University of Miami

4600 Rickenbacker Causeway
Miami, FL 33149-1098, USA
E-mail: NBreuer@ifas.ufl.edu

Victor E. Cabrera

RSMAS/MAF

University of Miami

4600 Rickenbacker Causeway
Miami, FL 33149-1098, USA
E-mail: vcabrera@nmsu.edu

Valerio Capecchi

Institute of Biometeorology
National Research Council

Via Giovanni Caproni 8

so145 Firenze, Italy

E-mail: v.capecchi@ibimet.cnr.it


mailto:s_adiku@llg.edu.gh
mailto:Vesselin.alexandrov@meteo.bg
mailto:j.anderson@cgiar.org
mailto:baethgen@iri.colllmbia.edll
mailto:v.balaji@cgiar.org
mailto:bellow@coaps.fsll.edu
mailto:tboca@cnia.inta.gov.ar
mailto:rizaldiboer@gmail.com
mailto:NBreuer@ifas.llfl.edu
mailto:vcabrera@nmsll.edu
mailto:v.capecchi@ibimet.cnr.it

XXII Contributors

Andrew Challinor

NCAS-Climate

Department of Meteorology
University of Reading

Reading RG6 6BB, UK

E-mail: a.j.challinor@rdg.ac.uk

Peter Cooper

International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT)

P.O. Box 39063

Nairobi, Kenya

E-mail: p.cooper@cgiar.org

Alfonso Crisci

Institute of Biometeorology
National Research Council
Via Giovanni Caproni 8
50145 Firenze, Italy

E-mail: a.crisci@ibimet.cnr.it

Gilberto R. Cunha

Embrapa Trigo

Passo Fundo, RS 99001-970, Brazil
E-mail: cunha@cnpt.embrapa.br

Emerson M. del Ponte

Department of Plant Pathology
Iowa State University

Ames, [A 50011, USA

E-mail: emerson.delponte@ufrgs.br

William L. de los Santos

San Miguel Corporation
Pasig City

Metro Manila, Philippines
E-mail: wldls84@yahoo.com

Josef Eitzinger

Institute of Meteorology and Physics
University of Natural Resources and
Applied Life Sciences

Vienna, Austria

E-mail: josef.eitzinger@boku.ac.at

José M. C. Ferndndes

Embrapa Trigo
Passo Fundo, RS 99001-970, Brazil
E-mail: mauricio@cnpt.embrapa.br

Clyde W. Fraisse

Department of Agricultural and
Biological Engineering
University of Florida

P.O. Box 110570

Gainesville, FL 32611-0570, USA
E-mail: cfraisse@ufl.edu

Axel Garcia y Garcia

Department of Biological and
Agricultural Engineering
University of Georgia

1109 Experiment Street
Griffin, GA 30223-1797, USA
E-mail: axelg2@uga.edu

Larry C. Guerra

Department of Biological and
Agricultural Engineering
University of Georgia

1109 Experiment Street
Griffin, GA 30223-1797, USA
E-mail: lguerra@uga.edu

James Hansen

International Research Institute for
Climate and Society (IRI)

P.O. Box 1000

Palisades, NY 10964-8000, USA
E-mail: jhansen@iri.columbia.edu

Upton L. Hatch

Auburn University

101 Comer Hall

Auburn University, AL 36849, USA
E-mail: hatchlu@auburn.edu

Harvey S. ]. Hill

Agriculture and Agri-Food Canada

Prairie Farm Rehabilitation Administration
Room 1101, 11 Innovation Blvd.

Saskatoon, SK SyN-3Hs, Canada

E-mail: hillh@agr.gc.ca

Gerit Hoogenboom

Department of Biological and
Agricultural Engineering
University of Georgia

1109 Experiment Street
Griffin, GA 30223-1797, USA
E-mail: gerrit@uga.edu


mailto:a.j.challinor@rdg.ac.uk
mailto:p.cooper@cgiar.org
mailto:a.crisci@ibimet.cnr.it
mailto:cunha@cnpt.embrapa.br
mailto:emerson.delponte@ufrgs.br
mailto:wldls84@yahoo.com
mailto:josef.eitzinger@boku.ac.at
mailto:mauricio@cnpt.embrapa.br
mailto:cfraisse@uf1.edu
mailto:axelg2@llga.edu
mailto:19l1erra@uga.edu
mailto:jhansen@iri.colllmbia.edu
mailto:hillh@agr.gc.ca
mailto:gerrit@uga.edu

Contributors XXIII

Keith T. Ingram

Department of Agricultural and
Biological Engineering
University of Florida

P.O. Box 110570

Gainesville, FL 32611-0570, USA
E-mail: KTIngram@ufl.edu

Paul Isabirye

Department of Meteorology

P.O. Box 7025

Kampala, Uganda

E-mail: paul.isabirye@meteo-uganda.net

James W. Jones

Department of Agricultural and
Biological Engineering
University of Florida

P.O. Box 110570

Gainesville, FL 32611, USA
E-mail: JimJ@ufl.edu

Sunil Kaushik

NCMRWE, Ministry of Earth Science
A-50, Institutional Area, Sector-62,
Noida 201307, U.P., India

E-mail: skaushik@ncmrwf.gov.in

Saidou Koala

International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT)

P.O. Box 12404

Niamey, Niger

E-mail: s.koala@cgiar.org

Kabineh A. Konneh

National Oceanic and Atmospheric Administra-
tion, Office of Global Programs (NOAA-OGP)
1100 Wayne Avenue

Silver Spring, MD 20910, USA

E-mail: kabineh.konneh@noaa.gov

Mamoutou Kouressy

Institut d’Economie Rurale (IER)
P.O. Box 258

Bamako, Mali

E-mail: mamoutou.kouressy@ier.ml

T. Giridhara Kfishna

Acharya N. G. Ranga Agricultural University
(ANGRAU)

Regional Agricultural Research Station
Nandyala 518502, A.P., India

E-mail: tgiridharakrishna@yahoo.com

S. K. Krishna Murthy

Acharya N. G. Ranga Agricultural University
(ANGRAU)

Agricultural Research Station, DCMS Bldg.
Anantapur 515001, A.P,, India

E-mail: skkmigs52@rediffmail.com

Felino P. Lansigan

Institute of Statistics

University of the Philipppines Los Banos
Laguna 4031, Philippines

E-mail: fpl@instat.uplb.edu.ph

Le Thi Xuan Lan

Southern Regional Hydrometerological Center
(SRHMC)

8 Mac Dinh Chi Str., Dist. 1

Ho Chi Minh City, Viet Nam

E-mail: forecast-dep@hcm.vmn.vn

David Letson

RSMAS/MAF

University of Miami

4600 Rickenbacker Causeway
Miami, FL 33149-1098, USA
E-mail: d.letson@miami.edu

Trevor G. Lumsden

School of Bioresources Engineering and
Environmental Hydrology

University of KwaZulu-Natal

Private Bag Xo1

Scottsville, 3209, South Africa

E-mail: lumsden@ukzn.ac.za

Luong Van Viet

Sub-Institute of Hydrometeorology and
Environment (SIHYMETE)

19 Nguyen Thi Minh Khai Str., Dist. 1
Ho Chi Minh City,Viet Nam

E-mail: Igviet@yahoo.com

Graciela O. Magrin

Instituto Nacional de Tecnologia Agropecuaria
Instituto de Clima y Agua

1712 Castelar, Argentina

E-mail: gmagrin@cnia.inta.gov.ar

Ibrahim Maikano

International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT)

P.O. Box 12404

Niamey, Niger

E-mail: i.maikano@cgiar.org


mailto:KTIngram@ufl.edu
mailto:paul.isabirye@meteo-uganda.net
mailto:JimJ@ufl.edu
mailto:skaushik@ncmrwf.gov.in
mailto:s.koala@cgiar.org
mailto:kabineh.konneh@noaa.gov
mailto:mamoutou.kouressy@ier.ml
mailto:tgiridharakrishna@yahoo.com
mailto:skkml952@rediffmail.com
mailto:fpl@instat.uplb.edu.ph
mailto:forecast-dep@hcm.vmn.vn
mailto:d.letson@miami.edu
mailto:lumsden@ukzn.ac.za
mailto:19viet@yahoo.com
mailto:gmagrin@cnia.inta.gov.ar
mailto:i.maikano@cgiar.org

XXIV Contributors

Giampiero Maracchi

Institute of Biometeorology
National Research Council

Via Giovanni Caproni 8

50145 Firenze, Italy

E-mail: g.maracchi@ibimet.cnr.it

Ferdinand D. Mawunya

Agricultural Research Center
University of Ghana

Kpong, Ghana

E-mail: fmawunya@hotmail.com

Holger Meinke
Department of Primary Industries and Fisheries
P.O. Box 102

Toowoomba, QLD 4350, Australia
E-mail: holger.meinke@dpi.qld.gov.au

Francisco J. Meza
Facultad de Agronomia e Ingenierfa Forestal

Pontificia Universidad Catdlica de Chile, Chile
E-mail: fmeza@uc.cl

James W. Mjelde

318D Blocker

Texas A&M University

College Station, TX 77843, USA
E-mail: j-mjelde@tamu’edu

Peter Mulamba

Department of Agriculture Engineering
Makerere University

P.O. Box 7062

Kampala, Uganda

E-mail: mulambap@yahoo.com

V. Nageswara Rao

International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT)

Patancheru 502324, A.P,, India

E-mail: v.nageswararao@cgiar.org

Nguyen Thi Hien Thuan

Sub-Institute of Hydrometeorology and
Environment (SIHYMETE)

19 Nguyen Thi Minh Khai Str., Dist. 1
Ho Chi Minh City,Viet Nam

E-mail: hienthuan@sihymete.org.vn

Nguyen Dinh Phu

11 Hung Vuong Rd., P. 2
Tan An Town, Long An, Viet Nam

Nguyen Thi Phuong

Sub-Institute of Hydrometeorology and
Environment (SIHYMETE)

19 Nguyen Thi Minh Khai Str., Dist. 1
Ho Chi Minh City,Viet Nam

E-mail: phuongtv@sihymete.org.vn

James J. O’Brien

Center for Ocean-Atmospheric Prediction Studies
Florida State University

P.O. Box 2840

Tallahassee, FL 32306-2840, USA

E-mail: jim.obrien@coaps.fsu.edu

Tom Osborne

NCAS-Climate

Department of Meteorology
University of Reading

Reading RG6 6BB, UK

E-mail: t.m.osborne@rdg.ac.uk

Willington Pavan

Instituto de Ciéncias Exatas e Geociencias
Universidade de Passo Fundo

Passo Fundo, RS 99001-970, Brazil

E-mail: pavan@upf.br

Joel O. Paz

Department of Biological and
Agricultural Engineering
University of Georgia

1109 Experiment Street
Gritfin, GA 30223-1797, USA
E-mail: jpaz@uga.edu

Francesco Piani

Institute of Biometeorology
National Research Council
Via Giovanni Caproni 8
so145 Firenze, Italy

E-mail: f.piani@ibimet.cnr.it

K. P.C. Rao

International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT)

P.O. Box 39063

Nairobi, Kenya

E-mail: k.p.rao@cgiar.org

Danda Raji Reddy

Agromet Cell, Agricultural Research Institute
ANGR Agricultural University, Rajendranagar
Hyderabad 500030, A.P., India

E-mail: drreddyoo1@yahoo.com


mailto:g.maracchi@ibimet.cnr.it
mailto:fmawunya@hotmail.com
mailto:holger.meinke@dpi.qld.gov.au
mailto:mulambap@yahoo.com
mailto:v.nageswararao@cgiar.org
mailto:hienthua11@sihymete.org.vn
mailto:phuongtv@sihymete.org.vn
mailto:jim.obrien@coaps.fsu.edu
mailto:t.m.osborne@rdg.ac.uk
mailto:pavan@upf.br
mailto:jpaz@uga.edu
mailto:f.piani@ibimet.cnr.it
mailto:k.p.rao@cgiar.org
mailto:drreddyoo1@yahoo.com

Contributors XXV

Laxman Singh Rathore

National Center for Médium Range Weather
Forecasting (NCMRWF)

Ministry of Earth Science

A-s50 Institutional Area, Sector-62

Noida 201301, U.P,, India

E-mail: Israthore@ncmrwf.gov.in

Raj Rengalakshmi

M. S. Swaminathan Research Foundation

3rd Cross Street, Institutional Area, Taramani
Chennai 600113, India

E-mail: rengalakshmi@mssrf.res.in

Alvaro Roel

National Institute of Agricultural Research (INIA)
CP 33000, Treinta Y Tres, Uruguay
E-mail: aroel@inia.org.uy

Carla Roncoli

Department of Biological and
Agricultural Engineering
University of Georgia

1109 Experiment Street
Griffin, GA 30223-1797, USA
E-mail: croncoli@uga.edu

Roland E. Schulze

School of Bioresources Engineering and
Environmental Hydrology,

University of KwaZulu-Natal

Private Bag Xo1

Scottsville, 3209, South Africa

E-mail: schulzer@ukzn.ac.za

Ramasamy Selvaraju

Asian Disaster Preparedness Centre (ADPC)
P.O. Box 4, Klong Luang

Pathumthani 12120, Thailand

E-mail: selvarajurb@yahoo.com

Barry I Shapiro

International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT)

Patancheru 502324, A.P,, India

E-mail: b.shapiro@cgiar.org

Kamalesh Kumar Singh

National Center for Médium Range Weather
Forecasting (NCMRWF)

Ministry of Earth Science

A-50 Institutional Area, Sector-62

Noida 201307, U.P, India

E-mail: kksingh@ncmrwf.gov.in

Piara Singh

International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT)

Patancheru 502324, A.P,, India

E-mail: p.singh@cgiar.org

Mannava V. K. Sivakumar

World Meteorological Organization
7bis, Avenue de la Paix

1211 Geneva 2, Switzerland

E-mail: msivakumar@wmao.int

Julia Slingo

NCAS-Climate

Department of Meteorology
University of Reading
Reading RGé6 6BB, UK
E-mail: j.m.slingo@rdg.ac.uk

Gade Sreenivas

Agromet Cell, Agricultural Research Institute
ANGR Agricultural University, Rajendranagar
Hyderabad 500030, A.P,, India

E-mail: gsreenivas2002@yahoo.co.in

David E. Stooksbury

Department of Biological and
Agricultural Engineering
University of Georgia
Driftmier Engineering Center
Athens, GA 30602-4435, USA
E-mail: stooks@engr.uga.edu

A. R. Subbiah

Asian Disaster Preparedness Center (ADPC)
P.O. Box 4, Klong Luang,

Pathumthani 12120, Bangkok, Thailand
E-mail: subbiah@adpc.net

Ligiang Sun

International Research Institute for
Climate and Society (IRI)

P.O. Box 1000

Palisades, NY 10964-8000, USA
E-mail: sun@iri.columbia.edu

Ramadjita Tabo

International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT)

P.O. Box 12404

Niamey, Niger

E-mail: r.tabo@cgiar.org


mailto:lsrathore@ncmrwf.gov.in
mailto:rengalakshmi@mssrf.res.in
mailto:aroel@inia.org.uy
mailto:croncoli@uga.edu
mailto:schulzer@ukzn.ac.za
mailto:selvarajurb@yahoo.com
mailto:iro@cgiar.org
mailto:kksingh@ncmrwf.gov.in
mailto:p.singh@cgiar.org
mailto:msivakumar@wmo.int
mailto:j.m.slingo@rdg.ac.uk
mailto:gsreenivas2002@yahoo.co.in
mailto:stooks@engr.uga.edu
mailto:subbiah@adpc.net
mailto:sun@iri.columbia.edu
mailto:tabo@cgiar.org

XXVI Contributors

Pierre Sibiry Traoré

International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT)

P.O. Box 320

Bamako, Mali

E-mail: p.s.traore@cgiar.org

_Seydou B. Traoré

Centre Régional Agrhymet
P.O. Box 11011

Niamey, Niger

E-mail: s.traore@agrhymet.ne

Maria Travasso

Instituto Nacional de Tecnologia Agropecuaria
Instituto de Clima y Agua

1712 Castelar, Argentina

E-mail: mtravasso@cnia.inta.gov.ar

Angel Utset

Agrarian Technological Institute of
Castilla y Leon (ITACYL)

Ctra. Burgos km 119

47071 Valladolid, Spain

E-mail: utssuaan@itacyl.es

Michel Vaksmann

Centre de Coopération Internationale en
Recherche Agronomique pour le Développement
(CIRAD)

P.O. Box 1813

Bamako, Mali

E-mail: michel.vaksmann@cirad.fr

Ismail Wahab

Balai Pengkajian Teknologi Pertanian Jawa Timur
(Institute for Assessment of Agriculture
Technology, East Java)

Jalan Raya Karang Ploso

Malang 6112, Indonesia

E-mail: bptp_jatim@yahoo.com

Milton Michael Waiswa

Department of Meteorology

P.O. Box 7025

Kampala, Uganda

E-mail: milton.waiswa@meteo-uganda.net

Suhas Wani

International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT)

Patancheru 502324, A.P., India

E-mail: s.wani@cgiar.org

Michael Neil Ward

International Research Institute for
Climate and Society (IRI)

P.O. Box 1000

Palisades, NY 10964-8000, USA
E-mail: nward@iri.columbia.edu

Tim Wheeler

Department of Agriculture
University of Reading
Reading RG6 6AR, UK
E-mail: t.r.wheeler@rdg.ac.uk

Mark Winslow

International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT)
Patancheru 502324, A.P,, India
E-mail: m.winslow@cgiar.org

Macarius Yangyouru

University of Ghana Agricultural Research Center
Kpong, Ghana
E-mail: macarius_y@yahoo.com

David Zierden

Center for Ocean-Atmospheric Prediction Studies
Florida State University

P.O. Box 2840

Tallahassee, FL 32306-2840, USA

E-mail: zierden@coaps.fsu.edu


mailto:s.traore@agrhymet.ne
mailto:mtravasso@cnia.inta.gov.ar
mailto:utssuaan@itacyl.es
mailto:michel.vaksmann@cirad.fr
mailto:bptpjatim@yahoo.com
mailto:milton.waiswa@meteo-uganda.net
mailto:nward@iri.columbia.edu
mailto:t.Lwheeler@rdg.ac.uk
mailto:win?low@cgiar.org
mailto:macarius_y@yahoo.com
mailto:zierden@coaps.fsu.edu

Chapter 25

Web-Based System to True-Forecast Disease Epidemics -
Case Study for Fusarium Head Blight of Wheat

J. M. C. Fernandes - E. M. Del Ponte - W. Pavan - G. R. Cunha

25.1
Introduction

Disease forecasting has become an established component of quantitative epidemiol-
ogy. The mathematics of disease dynamics is the core of several disease forecast mod-
els that have been developed in the last four decades. However, many models have not
lived up to the expectations that they would play a major role and lead to a better dis-
ease management. Amongst the reasons, the presumption of a disease forecast model
is that it makes projections of major events in disease development and most present
forecast models do not (Seem 2001). An exciting development in this area is the pos-
sibility to use weather forecasts as input into disease models and consequently output
true disease forecasts. As weather forecasts improve together with more accurate esti-
mations of micro environmental variables useful for plant disease models, as such
precipitation and leaf wetness duration, it will be possible to provide seasonal esti-
mates of disease likelihood and forecast outbreaks. This is especially interesting for
field crops for the reason that unnecessary sprays has a significant impact on produc-
tion costs, and no timely applications may result in inadequate control.

The present work illustrates an approach towards that direction by the use of novel
programming languages and technology for the development of a web-based proto-
type for model implementation and delivery. The case study is FHB, a disease of great
concern for wheat production worldwide as well as for southern Brazilian wheat ar-
eas. Despite all research done for many years, the control of this disease is still chal-
lenging given its complex nature (McMullen et al. 1997) and some factors as dose rate,
application timing and spray quality for adequate coverage of the spike tissues are key
in fungicide efficacy for a good control (Reis 1986; Picinini and Fernandes 2001). FHB
forecast models are considered an important tool for the decision-making, allowing
producers to timely and effectively apply fungicides in conjunction with other con-
trol strategies (McMullen et al. 1997; Xu 2003). Different approaches for modeling this
disease are found in the literature and comprehensive information on several FHB
models has been reviewed (Del Ponte et al. 2004).

Critical knowledge on the epidemiology of a disease needs to be available in devel-
oping a decision support system. The epidemiology of FHB has been studied in south-
ern Brazil since late 1980s. Climatic conditions are most suitable in that region, and
disease has a periodical occurrence. The distinct climate conditions observed along
the years have helped in identifying the main factors affecting regional epidemics. A
mechanistic process-based simulation model, named GIBSIM, has been developed and

|
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266 J. M. C. Fernandes - E. M. Del Ponte - W. Pavan - G. R. Cunha

improved along the years with previous knowledge and a series of local studies on the
interaction of pathogen, host dynamics, and the environment. The model has been
validated with epidemic cases observed in Passo Fundo location, Brazil. The data has
been collected on experimental plots in 5-years and distinct planting dates each year.
The accumulated risk infection index simulated by the model explained 93% of varia-
tion in disease severity (Del Ponte et al. 2005). In this work, GIBSIM model is the core
'of a web-based prototype system designed to gather site-specific and forecast weather
data and deliver true-forecasts for FHB for one location in southern Brazil.

25.2
Material and Methods

The web application, called GibSimWeb was developed based on the Model-View-
Controller (MVC) design pattern. The model part is the business logic; the view pre-
sents images and data on WebPages; and the controller determines the overall flow of
the application (Fig. 25.1). The server programs are: weather data management server
(WDMS), database server (DBS), disease forecasting model server (DFMS), and web

HTTP request XHTML/XML

[ | "
1 »
e HTML/XML/JPG HTTP request
4
Request )Control - ’ " i Response
Respanse: Servlet o Action Ribess

Model

i

|

Persistence Class Filter i
— — |

]

e

A

Ws

Simulation
results

WDMS

Fig. 25.1. Architecture of the web application designed for gathering and storing actual and forecast
weather data to run a simulation model to forecast risk of Fusarium head blight of wheat. The server
programs are: weather data management server (WDMS), database server (DBS), disease forecasting
model server (DFMS), and web server (WS)
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server (WS). WDMS consists of a module for weather data retrieval from automated
weather stations located at remote sites. Data is updated at 10 minutes interval. In ad-
dition, forecast data, living on the INPE (National Institute for Space Research) data-
bases is retrieved by FTP protocol. PostgreSQL is the core of DBS and stores weather
data, as well the identifiers for weather station and run-time parameters such as cul-
tivar, planting date, previous crop, etc. DBS is interfaced with WDMS and DFMS using
a Java API, and with WS using an SQL module in a JSP script engine. WS retrieves in-
formation from DBS upon request by users through a client-side (web-browser) in-
terface. In addition, it provides a simple request form for defining the run-time
parameters. The output is displayed either in textual or graphical format by using a
server-side plotting script. The system is also set to deliver simulation output to cell
phones and PDA. Besides the option of defining a weather station in the database, the
system allows users to input their own weather data, such as precipitation, tempera-
ture, relative humidity, etc. customizing the results for site-specific conditions.

The system uses either hourly or daily weather data from DBS, and DFMS produces
daily risk infection index by using near real-time and anticipated risks by combining
historical data with 7-day weather forecast. During the simulation, each sub-model uses
data from WDMS. The daily output is a risk infection index calculated based on daily
outputs from each sub-model. The forecast risk combines both historical and 7-days
forecast of hourly weather data, generated by the ETA model using a grid of
40 kmx 40 km. Since the model accounts for the effect of wheat development to esti-
mate disease severity, the simulation starts on the day the first heads emerge in the
field. At any time since then, actual as well as future weekly accumulated risk index is
estimated. Once an accumulated risk level of concern is projected and the simulation
is at the critical time for control, the model warns that fungicides may be needed.

25.3
Results and Discussion

The preliminary runs of GibSimWeb prototype showed that the system successfully
collected hourly weather data including solar radiation, temperature, precipitation and
relative humidity from Embrapa’s automatic weather station and forecast data from
INPE servers, and stored them in the DBS. After defining the location, heading date,
and cultivar, the prototype is set to present the results in the webpage in a tabular
(Fig. 25.2), graphical (Fig. 25.3) and report format (Fig. 25.4). The table shows model
output and weather variables. The graph shows the daily increase of infection index,
and some environmental variables. Infection indices and related risk are computed in
a daily basis since first day of the simulation and the anticipated risk take into account
actual and forecast data. The report is a summary and interpretation of the risk of
outbreaks, that may be used to base decision-making. The reports are sent to emails
and cell phone provided by registered users who set a specific date for heading and
the system runs automatically on a daily basis using pre-set parameters. Numerical
infection index is converted to 4 categorical levels (no, low, moderate and high epi-
demic risk) that will base decision-making on fungicide application, along with other
factors. The GibSimWeb URL is http://inf.upf.br:8080/¢ib/GibSimWeb.jsp.
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Date ST Anthers GZ Inf Gib T;;al Severity
15/08/2005 0 8] 0172 4] { 0 v}
16/08,/2005 0 i) 0,302 a o 5} 0
17/08/2005 0 5} 0,253 o] a 0 0
18,/09/2005 0 307 " 0,248 (5] 0 0 4]
19/D872005 0,006 2090 0,208 0 Q 0 0
20/09/2005 0,044 4378 0,159 i) i 0 0
Weather Forecast

Date Tmin Tmax Tmean RH P SRad LWD
21/7089/2005 15,8 23,4 18,1 81.5 3 2.8 i
22/09/2005 15,5 275 21,5 74,3 16,5 14,4 ]
2382008 16 23 . 19,5 84,3 18.5 1.3 i
24/09/2005 12,5 la 14,25 g4 17,8 2,6 0
25/08/2005 14,4 24,4 19,4 82 21,1 141 a
26/09/2005 12,8 25,8 15,2 73,3 i} 18,8 i
277092005 17.3 28 22,86 33 i} 11.3 a

Fig. 25.2. Computer screen showing model inputs and simulation results

The prototype proved functional and can be easily extended to other locations
where automatic weather stations are available with the capability to send data to DBS
using the same protocol. In addition, the system may contain modules to allow a user
to set weather retrieval from his own on-site automatic station directly to the DBS or
from there to his computer and access alocal database, besides retrieving forecast data
from INPE. Therefore, the user may run the model for his location from any computer
or mobile device accessing the web. The user will have the option to either make his
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Fig. 25.3. Computer screen showing model output in graphical format

data public or private. This would be an alternative to computerized weather stations
that are more costly.

A tactical utility of the web application for the management of FHB is the poten-
tial to improve disease control by allowing timely fungicide applications. When a high
risk of outbreaks is anticipated, application of fungicides soon after infections, if
weather permits, would help improve fungicide efficacy with a curative effect. Besides
that, once weather data are available for several locations in a region, the model can
be used to assess spatial variability of regional epidemic. Once long-term historical
weather dataset is available for several locations in a production region, the model can
be used to map climatic suitability for the epidemics. Effects of planting dates and crop
rotations could be evaluated without the need of local experimentation. This system
may also be used to hindcast past scenarios to test the accuracy of the system.

The modularity of the system allows the implementation of other disease models
especially those requiring more complex data such as hourly weather information and
leaf wetness duration. The disease simulator may be easily layered with crop models
such as the CERES-Wheat from the Decision Support System for Agrotechnology
Transfer (DSSAT) suite, using phenological data output by the latter (Ritchie et al. 1998).
Fernandes et al. (2004), linked process-based models to assess the potential impact of
climate change in the epidemics of Fusarium head blight in wheat growing regions in
southern Brazil, Uruguay and Argentina.
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FHB Risk Warning
Forecast starting ﬁl 0972152005

IModel inputs:

Starting of Heading date: 0271 572005
Cultivar: BRS179
Location: Passo Fundo

Sinmlation outpputs:

Today is: 097202004

Estiuated pealk of flowering: 0972472004
Accuuulated infection risk today: 0.0
Accumulated 7-davs forecast infection rislk: 3.69
Projected severity: 6.43%

Interpretation:

Today is 4 days before peak of flowering date. Computer models are projecting
a NO RISK of the disease redch epideinic levels in the next 7 davs. No contiol
measure is need at this time but scenario may change according to daily
predictions. '

Disclaiimer:

The risk generated by computers models is under validation for areas other than
Passo Fundo, RS, Brazil Projected dissase risk depends on weather forecasting
for the next seven days, which has uncertainties. The inforuation provided is
experinental and offered to the public for informational puwpose only and shall
not be used for decision malking of any ldnd. Embrapa Trigo, University of Passo
Fundo and National Institute for Space Research - INPE or their emplovess
azswmue no lahility from the use of this inforuation, nor do they warrant the
filmess of the forecasis for any use.

Fig. 25.4. Fusarium head blight (FHB) simulation report
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