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RESOLUTION OF WMO RA VI XI ASSEMBLY ABOUT WG
RESOLUTION 9 (XI-RA VI)

WORKING GROUP ON AGRICULTURAL IvfETEOROLOGY THE REGIONAL
ASSOCIATION FOR EUROPE,
NOTING:
(1 ) Resolution 16 (Cg-XI)- Agricultural Meteorology Programme,
(2) The report of the working group submitted to the eleventh session of the Association
including its recommendations,
RECOGNIZING the .increased awareness, especially in many developed countries, of the
quality of agricultural products;
RECOGNIZING FURTHER that climate variability and possible future climate change
have a significant impact on agriculture ari'd forestry in the Region;
DECIDES:
(I) To re-establish a Working Group on Agricultural Meteorology with the following
terms of reference:
(a) To study and summarize the description of phenological stages of crops of interest
to Members in the Region and for which quality aspects are important for end
produce and/or end user, for the provision of advisory services most adequate to the
phenological stage ofthe crop;
(b) To review and summarize agrometeorological aspects of, increased deforestation
in highly industrialized countries in Europe;
(c) To review literature on modelling of pest and diseases and associated software
development and make appropriate recommendations;
(d) To survey and summarize for operational application, agrometeorological
information to increase the efficiency of energy and efficiency of water use in
production processes;
(e) To review and explain agrometeorological information and data that can be used
to assist agriculturists to adapt to climatic variability, extreme climatic events and to
climate change and to utilize the development in monthly and seasonal forecasts in
respect of some important food and cash crops in the Region (e.g. wheat, grape crop,
potatoes);
(f) To describe agrometeorological information in quantitative terms required. for
planning and operational management of the following crops: oats, stone fruit, and
rape seed;
(g) To undertake, in collaboration with CAgM and, as appropriate, with FAO and
other agencies the following activities:
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(i) Making a complete listing of available software packages for applications in
agrometeorology, with information on their availability and proven performance;
(ii) Elaborating and proposing for approva) to the next session· of the Regional
Association a uniform scale for the assessment 'of forest fire danger;
(iii) Compiling a handbook of operational methods for frost risk forecasting for the
major crops affected by frost in the Region;
(2) To nominate the following experts as core members to serve on the group:
Z. Dunkel (Hungary).
M. Molendijk (Netherlands)
V Perarnaud (Ms) (France)
K. Heger (Germany)
T. Keawe (Ireland)
J. Lomas (Israel)
G. Marracchi (Italy)
R.M. Mata Reis (Portugal)
D. Kozinets (Ms) (Russian Federation)
P. Nejedlik (Slovakia)
I. Matajc (SEovenia)
A Marroquin (Spain)
(3) To designate Z. Dunkel (Hungary) as chairman of the working. group;
(4) That Members may nominate other experts to serve on the working group;
(5) To invite the chairman ofthe working group to submit annual progress reports on the
activities of the group and a final report to the president of the Association six months
prior to the twelfth session of the Association.
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Chairman's report
RA VI Working Group for Agricultural Meteorology
about the WG activity was carried out during 1994-1998

Activities of the Group prior to the session of the WG was held in Budapest 1-4
December 1997
The Regional Association for Europe decided to re-establish a Woking Group on
Agricultural Meteorology during its 11th meeting was held in Oslo in 1994 (Resolution 9
XI-RA VI) with six main terms of references. They were:
(a) study and summarise the description of phenological stages
(b) agrometeorological aspects of deforestation
(c) literature on modelling pest and disease
(d) agrometeorological information to increase the efficiency of energy and water use
(e) agrometeorological information used to assist agriculturists to adapt to climatic
variability
(f) agrometeorological information for oats, stone fruit and rape seed
(g-i) available software packages for applications in agrometeorology
(g-ii) assessment of forest fire danger
(g-iii) handbook of operational methods frost risk forecasting.
According to the previous nomination 12 members of group were mentioned in
original document. Four members later were nominated to work for the Group and 2
additional members were reported to WMO after the formal establishment of WG. As
chairperson ofWG Zoltan Dunkel (Hungarian Meteorological Service) was designated.
The members ofWorking Group were:
Dunkel (Hungary, chairman), Heger (Germany, pervious chairman), Keane (Ireland),
Kozinets (Russia), Leskinen (Finland), Lomas (Israel), Maracchi (Italy), Maroqquin
(Spain), Mata Reis (Portugal), Matajc (Slovenia), Molendijk (The Netherlands), Nejedlik
(Slovakia), Peramaud (France), Prokopenko (Ukraine), Rijks (invited, independent
expert), Valter (Czech Republic), Vucetic (Croatia), Zoran (Yugoslavia),
The Director of WCPD, Dr. Boldirev officially informed the chair about the
establishment ofWG and sent the necessary information about the expected activity.
According to the guidance of Director of WCPD an inquiring letter was issued. As a
results of first circular letter 11 answers were received by the chairperson. Nobody was
interested in (b) and (f) terms. The most popular term was g(i) and g(iii) because two
members were interested in both. Unfortunatelly not every member informed the chair
about plan how would like to act for the Workig Group. Because there was some
difference between the original terms of references and the members intention what to do
a preliminary or an inter-sesssion meeting was suggested to organise. Because of
regulation ofWMO this idea was not accepted. But in the original regulation it is written
that annual report must be submitted to the RA VI, no report was presented because
beside the basic information exchange no activity was executed in the firts three years of
WG's life. The WG became active only in the last year of its mandate. In 1994, 1995,
and 1996 only some general discussion was between the head of WMO Divison for
Agricultural Meteorlogy, Mr. Nicholas Gbeckor-Kove, and the chair of WG about the
duty of WG. The reason and possiblity for this discussion was given by other European
agromeetorlogical cooperation in the frame of COST Cooperation in Florence, in
9
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Budapest and in Volos. During the intersession period only Mr Marroquin (Spain)
informed the chair about the change of his address and position. In 1997 to prepare the
final report and a closing meeting an other inquring circular letter was issued.
Simultaneously the WJ\10 Secretariat and the President were asked to make possible the
organisation of a closing meeting of WG where the participant can discuss about the
activity of the WG, collect the recommenadtion for forthcoming RA VI meeting
regarding the agrometeorology in RA VI region and present their work was done in the
frame of WG. As a results of inquiring 18 papers were submitted in advance. The
Hungarian Meteorological Service was ready to host the closing session and help its
work with its moderate possibilities. Thanks to the Secretary-General of WMO for
making possible for Working Group to meet. As a preparartion of the meeting very
intensive correspondance was carried out in the second part of 1997 to prepare the
closing session. The chairman would like to express his thanks to Mr. Sivakumar for his
very active participation and help not only in the preparation period but during the
meeting too. His work highly promoted the work of chairman and simplified the
organisation and preparation. In the frame of Working Group only two questionnaries
were issued. One about the forest fire problem (WMO issue date was 15 August 1997),
planned and evaluated by Mr. Raul Marcos da Mata Reis and Mr. Dirk Rijks, the second
one planned (WMO issue date was 15 Januray 1998) by Mr. Attila Bussay and Pavol
Nejedlik and the issue was decided during the session was held in Budapest. The results
and evaluation of questionnaries will be presented in the final report. The results of first
questionnarie was presented and discussed on the closing meeting. In case of 2nd
questionnarie to achive a better information cover the questionnarie was disseminated
not only by the official channels of WMO but informally among the COST
Agrometeorological Actions members too.

Brief summary ofthe meeting was held in Budapest 1-4 December 1997
The meeting of the Working Group on Agricultural Meteorology of Regional
Association VI (Europe) of the World Meteorological Organization was held at the
Headquarters of the Meteorological Service of the Republic of Hungary from 1-4
December 1997. Thirteen participants attended the meeting. The meeting was opened
by Dr. I van Mersich, the Presiednt of Hungarian Meteorological Service and permanent
representaive of Hungary with WMO. On behalf of the Secretary-General of WMO,
M. V.K. Sivakumar, Acting Chief of the Agricultural Meteorology Division, welcomed
the participants. A very detailed letter was sent the WG by Professor C.J. Stigter,
President of the Commission for Agricultural Meteorology of WMO, about the present
and past role of WG in the agrometerology and about the general problems of
agrometeorology. The work of session started with a discussion about the terms of
reference of the working group as contained in Resolution 9 of the Eleventh Session of
RA VI held in Oslo in 1994 were examined. The chairman in his short report offered his
apologies to the Group for the slow progress made. One of the difficulties was the lack
of funding from WMO to arrange a meeting of the Group earlier. As a ,result" of the
discussion was done during the Budapest session it seems that it is high time somehow
change the basic phylosophy of this type of WG. When the charirman expressed his
apologise that the group was not effective enough, it must be mentioned that for a fouryear-period only meeting is not sufficient. Because the participation in the work of group
10
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more or less voluntary the possible time frame is restricted. In the case of present group
many members participated simultaneously in the European agrometeorological
cooperation, namely in COST Cooperation. It could be the other reason that especially in
the frame of RA VI WG was the activity not so effective as it could be expected
nothwithstanding the members kne each other well and met frequently. From the general
point of view of agrometeorology the activity was high. Anyway as a results of
discussion was if for the next term a new WG will be established a session should be
organised much more earlier. During the Budapest session the participants discussed
about many present and in future possible contents of agrometeorlogy especially in the
Region Six. The detailed description of the discussion could be read in meeting report.
Every participant presented a paper and these papers will be presented in Final Technical
Report ofthe Working Group. The participant very agrre that it woukld be finalised for
submission to the twelfth session ofRA VI and consideration for publication. This report
should include references (bibliography), conclusions and recommendations. From the
technical preparation of report the participants were agrree that the WMO Secretariat
should receive the original copies of the final technical report with clear diagrams,
photographs etc., ready for publication. The report should be submitted as a hard copy,
along with diskette (text in MS Word 6.0 along with computer files of line diagrams,
maps etc.,), in order to facilitate early publication.

As the results of the meeting the Working Group conluded that,

- although the draft contributions prepared by individual members were generally good, a
lot of revision was required. Efforts should be made therefore to finalize them in
accordance with the time-table agreed upon, keeping in mind that the twelfth session of
RA VI will be held in May 1998.
- future strategies for agrometeorology in the region should take into account the new
developments in the European Union Common Agricultural Policy and the new and
emerging technologies and tools. Agrometeorology in Europe faces considerable
challenges and it is important that the Group takes proactive action to respond to these
challenges.
and recommended that
- WMO should consider provision of financial support for the translation and editing of
the phenological survey from French into English and look for a voluntary institution to
carry out this task.
- a questionnaire should be issued as soon as possible, to establish a catalogue of
institutions where the phenological observations are carried out and the names of
persons involved in these studies. The questionnaire will be prepared by P. Nejedlik and
A. Bussay and will be distributed by the chairman on e-mail among the members of·
Region.
- WG should maintain the issue of agrometeorological aspects of increased deforestation
in highly industrialised countries in Europe for the next intersessional period and a
forester should be invited to collaborate with the Group.
-D. Rijks and M.Molendijk will compile a list agrometeorological models for pests and
and G.Maracchi and L. Leskinen would combine this list with the list on diseases.
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- information on extreme events could be of great importance to the insurance industry.
and the Group recommended that this issue be included in the terms of reference for the
nextWG
- an economist with experience in making cost-benefit evaluations should be invited to
join the Group for the next period to evaluate the economic value of providing
agrometeorological information to the users.
- in addition to dealing with climate change scenarios, it would be more useful to analyse
the influence of the variations in the recent past on agricultural production in Europe.
- in order to better coordinate the actions of different international and regional groups
working on Agrometeorology in Europe, it would be useful to organize an International
Workshop on Agrometeorological Research and Applications in Europe. The Group
recommends that WMO should examine the possibility of organizing such a Workshop in
coordination with other interested agencies.
- an overview of the workshops on drought and desertification should be published with
a number of selected papers and case studies in order to highlight the tasks of the
National Meteorological and Hydrological services (NMHSs)in drought preparedness in
the implementation of the United Nations Convention to Combat Desertification.
- a scientific lecture on the challenges of agrometeorology in Europe for the years 2000
by Prof G. Maracchi should be organized at the Twelfth Session of RA VI in Israel, if
possible, to appraise the Directors of NMHSs of the need for proactive action.
- a Working Group on Agricuitural Meteorology for RA VI should be reestablished with
renewed terms of reference which might include the following:
(a) To review the scientific literature on the effect of climate and weather, especially
during the ripening period, on the quality and storage capacity of grapes, spring
barley, potatoes and tomatoes.
(b) The review the conservational aspects of ·environmental resources i.e. climate
water and soils, and agricultural methodologies that describe quantitatively the
pollution of water and air resources (eg., nitrogen application, use of fungicides and
pesticides etc.,) and land management techniques.
(c) To summarize the recent developments in the use of remote sensing as a tool for
the detection of droughts, forest fires, frost risks etc., and the potential for using the
next generation of meteorological satellites.
(d) To assess the costJbenefit ratios of the provision of agrometeorological
information.
(e) To promote information campaigns and training of farmers associations and water
resource managers regarding use of agrometeorological forecasts and products
through publications and multimedia approaches.
(f) To review the state of art of ed1:1cation in agrometeorology in Europe at the level
of technical schools and universities.

Activities carried out after the session
As it was mentioned a second questinnarie was issued. As far as almost every RA
VI member answered it and the result of the evaluation will be a good base of teh next
WG activity in the phenology theme.
· The sub-reports were sent to the chaiman for the final edition.
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Proceedings of the Meeting of the RA VI Working Group
on Agricultural Meteorology
Budapest, Hungary, 1-4 December 1997

1. Opening of the Meeting

1.1
The meeting of the Working Group on Agricultural Meteorology of Regional
Association VI (Europe) of the World Meteorological Organization was held at the
Headquarters of the Meteorological Service of the Republic of Hungary from 1-4
December 1997. Thirteen participants attended the meeting (please see Annex I).
1.2
The meeting was opened at 1000 hrs on Monday, 1 December 1997 by Dr. Ivan
Mersich, President of the Meteorological Service of the Republic of Hungary and the
Permanent Representative of the Republic of Hungary with WMO (Please see Annex II
for a copy of his address). Dr. Merisch welcomed the participants to the Hungarian
Meteorological Service (HMS) and expressed his thanks to WMO for accepting the
invitation to hold the meeting in Budapest and for providing support to organize the
meeting. Dr. Merisch mentioned that HMS is more than 125 years old and is especially
proud of the historical fact that in 1873, HMS was a founding member of the first
International Meteorological Organization.
1.3
Dr. Mersich mentioned that before 1990, the Hungarian agricultural production
was based on cooperatives and vast farms belonging to the state. In the 80s the Service
had a large number of agrometeorological stations. Currently, the working capacity of
the Service and of the agrometeorological unit. has been considerably reduced for
economical reasons. Automatization is likely to play a considerable role in the
agrometeorological observations in future.
1.4
Given the overproduction in agriculture in Europe, Dr. Mersich asked the group
to reflect carefully on the future role for agrometeorology in Europe. Also it is important
to review its role in the age of information world that is rapidly commercialising.
1.5
In the past 8-9 years, HMS has developed international cooperation in several
domains and the agrometeorology unit of HMS is participating efficiently in the COST
agrometeorological actions.
It is important to discuss the role of cooperative
programmes such as COST, WMO and·FAO to enhance complimentarity between these
programmes. Finally, Dr. Merisch wished the participants a pleasant stay in Budapest.
1. 6
On behalf of the Secretary~General of WMO, M. V.K. Sivakumar, Acting Chief
of the Agricultural Meteorology Division, welcomed the participants and thanked the
authorities of HMS, in particular Dr. Ivan Merisch, got hosting the meeting and for
placing the excellent facilities of the HMS at the disposal of the Working Group (please
see Annex Ill for a copy of his remarks).
1. 7
Sivakumar referred to the discussions of the tenth session of the RA VI and the
origins of the establishment of the Working Group and its terms of reference. The
Association strongly supported the strengthening of training in agrometeorology and in
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applied meteorology in appropriate institutions in the Member countries and Dr.
Sivakumar gave two examples of training conducted recently in Volterra, Italy and Bet
Dagan, Israel.
1. 8
One of the important tasks of the Group during the meeting was to review the
draft reports prepared by the members of the Group and discuss the modalities for the
preparation of the final report of the Working Group which will be presented by the
Chairman ofthe Group at the next meeting of the RA VI which will be held in Tel Aviv,
Israel from 18 to 27 May 1998. Sivakumar asked the Group to discuss the important
issues in order to make proposals/recommendations to the Regional Association
regarding the re-establishment of the Working Group and its future activities. Finally he
wished the participants successful deliberations.
1. 9
The Chairman of the Working Group, Zoltan Dunkel, thanked both the speakers
for their remarks and promised that these remarks would be taken into account in the
work of the session.

2.

Organization of the Session

2.1

Approval of the Agenda

2. 1. 1 The chairman submitted the provisional agenda for consideration (please see
Annex IV).
2.1.2 It was suggested that the letter from Prof. C.J. Stigter, President of the
Commission for Agricultural Meteorology of WMO, regarding the key issues to be
discussed by the Group be taken for discussion under item 10 on other issues.

2.2

Other organizational matters

2.2.1 Members of the Group introduced themselves giving a brief description of their
background and current interests.

3.

Review of the Terms ofReference of the Working Group

3 .1
The terms of reference of the working group as contained in Resolution 9 of the
Eleventh Session ofRA VI held in Oslo in 1994 were examined. The following summary
is presented according to terms of reference (a) to (g).
a) Study and summarize the description of crop phenological stages
3.2
In the case of description of crop phenological stages, two different suggestions
were made. The first suggestion was that the Working Group should concentrate on the
important terms and leave minor details. This applies not only to crop phenology, but
also to the other terms of reference. J.Lomas, who has a lot of experience in the
phenological description and prepared the FAO phenological calendar, suggested that
this item be considered from the application point of view by the Group.
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3.3
D. Rijks informed the Group about an excellent phenological survey published by
WMO in French and suggested that this be translated into English and after a relatively
small editorial effort, it could be form a useful part of the final report of the Group. This
report contains not only pictures and general description of phenological stages but also
degree days and other information needed to determine crop growth stages. Rijks
suggested that WMO might considere provision of some financial support to one of the
participating meteorological services to undertake this task. About 100 pages of text
needs to be translated.
3.4
J. Valter felt that the crop-weather simulation models are weak from the point of
view of simulation of biological!biometeorological time and hence the phenological
observations are important to improve the predictivity ofthe models.
A. Bussay observed that the phenological observations are very formal, but at the
3.5
same time very important. There is a Central European Initiative (CEI) among nine
countries (Austria, Croatia, Czech Republic, Germany, Hungary, Poland, Slovakia,
Slovenia and Switzerland) to harmonise the phenological observations among each
other. A further plan is to widen this effort for the whole region with the help ofWMO.
The phenological observation could be important from the point of view of yield
forecasting too.

3.6
P. Nejedlik felt that it is very difficult to get any information about the
methodology used and data themselves need to be collected from the archives. For
example, the determination of flowering changes from country to country as. it is not a
goal of CEI to extend the observations, but only to establish a useful data base for the
reg1on.
3. 7
R. Mata Reis expressed his doubts about the accuracy of phenological
observations because during the collection of phenological data is confined to only a
particular variety while the market always looks for new varieties. If we observe
changing varieties, we will never be able to establish a real data bank.
A. Bussay noted that it depends on the organisation of phenological network and
3.8
that it would be possible to find common species. There is the example potato cultivar
'Desiree' . J. Valter agreed with this observation because the purpose is to identify the
stage of development within a larger unit. He stressed that satellite observations could be
useful in the near future.

3.9
D.Rijks observed that phenological observations will be important from the point
of view of early warning systems. In some of these, standard phenological observations
can be combined with the remote sensing observations.

3.10 For the final report of the Group, J. Lomas suggested a compromise to deal with
only with one crop and only for the vegetative period from the flowering till maturation.
This approach is in line with the terms of reference of the Working Group.
3.11 · The discussion on phenology was closed with two recommendations: First, the
Working Group should ask WMO to consider provision of financial support for the
15
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translation and editing ofthe phenological survey from French into English and look for
a voluntary institution to carry out this task. Second, a questionnaire should be issued as
soon as possible to establish a catalogue of institutions where the phenological
observations are carried out and the names of persons involved in these studies. The
questionnaire will be prepared by P. Nejedlik and A Bussay and will be distributed
among the members of Region by the WMO Secretariat.

b) Review and summarize agrometeorological aspects of deforestation
3.12 About the review and summarisation of agrometeorological aspects of increased
deforestation in highly industrialised countries in Europe, the Group felt that it is an
important issue, but because of present organisation of national meteorological institutes
there is no suitable person who could deal with the problem. It was recommended that
the Working Group should maintain this issue for the next intersessional period and a
forester should be invited to collaborate.

c) Review literature on modelling ofpests and diseases
3 .13 About the review on modelling of pests and diseases, G. Maracchi informed the
Group that in the framework of COST Action 77, 79 and 711 a booklet was issued by
lATA (Florence, Italy) about the disease models. This book gives information not only to
farmers but also to research workers on available models. On the basis of this booklet a
summary will be submitted to the final report of Working Group.
3.14 P. Nejedlik added that it is in the framework of COST Action 711 that a crop
phenology survey was carried out about the pest and diseases.
3 .15 J. Lomas appreciated the work but felt that the operational aspects of the
applications are missing. Models for pests and diseases work well as a research tool,
but the question was that whether these models could be applied for operational
applications under the Mediterranean conditions. For example, the impact of high
temperature or the high radiation on pathogenesis can give very different results. G.
Maracchi informed the Group that some of the models were run under extreme
conditions as well.
3.16 M.V.K. Sivakumar enquired if a similar survey for pests exists. D. Rijks
informed the Group that this kind of list was prepared by J.Wieringa. He and
M.Molendijk will compile a similar list for pests and it was suggested that they and
G.Maracchi should combine the two lists. L.Leskinen added that there was Nordic
meeting about this topic and that she could complete the list with Nordic survey.

d) Agrometeorological information for energy and water use efficiency
3 .17 In case of the efficiency of energy and water use, a great interest exist in
achieving greater efficiencies. Among the presentations submitted by the members of the
Group, there are at least four that deal with more or less with water use problems, mostly
with irrigation. There was some difference of opinion among the members as to how the
problem of efficiency of energy use should be approached. M.V.K. Sivakumar felt that
16
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while everybody agrees with the need for investigations on water use,
agrometeorological information that could increase the efficiency of energy use is equally
important. J. Lomas informed the group that Prof Stanhill oflsrael collected 67 papers
on energy requirements for irrigation and that he and Prof Stanhill could provide a
summary on this aspect.

e) Adaptations to climate variability, extreme climatic events and climate change
3.18 The Group felt that this topic is of great importance. European Union has 2-3
Working Groups on climate variability and change and their impacts on agriculture. G.
Maracchi observed that climate change is an important issue as experimental evidence
suggests that already extreme events are on the increase.
3.19 M.V.K. Sivakumar informed the Group that the Climate Change Research Unit
of the University of Oxford has produced some useful reports and that a book was
published recently by Tom Downing of this Unit. He offered to send the contents list
from this book to the Chairman so that he could select papers of interest to the Group.
WMO Secretariat could send photocopies of these papers later.
3.20 G. Maracchi noted that information on extreme events could be of great
importance to the insurance industry. M.V.K. Sivakumar observed that this information
is also useful for disaster relief assistance provided by Governments. Currently this
assistance is provided on an ad-hoc basis and is not based on any rational criteria. The
Group recommended that this issue be included in the terms of reference for the next
Working Group.
3.21 D. Rijks felt that crop variability is an important issue for farmers on a year to
year basis more so than climate change per se. However, globally there is a lot more
interest in climate change issue.
f) Agrometeorological information for Oats, stone fruit and rapeseed

3.22 The Group felt that it is important to pick one that is of economic importance to
Europe. M. V.K. Sivakumar suggested that a lot of information already exists on wheat
and barley and the member of the Group assigned the topic on Oats could use this as a
guide to prepare a short summary for the final report. The chairman felt that Dr. Heger
of Germany would have been a right candidate for this purpose, but he has retired from
the Service last year. M.V.K. Sivakumar informed that the WMO Secretariat received a
letter from the PR of Germany that he was unable to nominate a suitable replacement for
Dr. Heger as he was unclear as to the task to be undertaken by the replacement. It will
be useful to request the PR of Germany to nominate someone who could provide the
summary report on Oats by February 1998.
3.23 D. Rijks volunteered to prepare a summary report on rapeseed, provided a
literature search could be made for this purpose. M. V.K. Sivakumar offered to get the
literature search done in the WMO Secretariat and provide the search results to D. Rijks.
It was agreed that Rijks would provide a list of keywords to Sivakumar for this purpose.
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g) Preparation of a complete listing of available software, uniform scale for forest
fire danger and operational methods for frost risk forecasting
3.24 M. V.K. Sivakumar informed the Group that FAO conducted an Expert Group
Meeting on Hardware and Software Requirements for Agrometeorological Applications
and that G. Maracchi and himself prepared a background document for this Meeting
which was included in the Proceedings of the Meeting published by FAO. G. Maracchi
volunteered to make a listing of available software packages for inclusion in the final
report.
3.25 J. Lomas suggested that the term of reference on frost risk forecasting be
modified to read: compiling a handbook of operational applications for frost risk
forecasting for the major crops affected by frost in the region.
3.26 D. Rijks informed the Group about the use of topoclimatological methods in frost
risk forecasting and Chile used this method quite effectively. M. V.K. Sivakumar noted
that Ms Victorine Perarnaud (France), a member of the Group who could not
unfortunately attend the meeting, presented a case study on this topic in another working
group meeting held in the WMO Secretariat. He offered to contact Ms Perarnaud
regarding her willingness to provide a short summary to the chairman for its inclusion in
the final report. J. Lomas offered to prepare a one-page summary based on the work
done in Israel. He also suggested that for the next period, the Working Group might
wish to invite an Economist to join the Group to provide information on the economic
value of providing such agrometeorological information to the user.

4. Report of the Chairman of the Working Group
4.1
The chairman presented a short report and offered his apologies to the Group for
the slow progress made. One of the difficulties was the lack of funding from WMO to
arrange a meeting of the Group earlier. Also, when Dr. Heger retired from the German
Meteorological Service, the chairman was not informed. Ms Perarnaud, Tom Keane and
A. Marroquin were unable to attend the present meeting.
4.2
M.V.K. Sivakumar expressed the appreciation of WMO to the members for
offering their time and efforts to help the deliberations of the Group. He felt that the
members should reflect on the appropriate mode of operation after the constitution of the
Group at the Regional Association meeting. Immediately following the nomination of
the Group, the chairman should consult the members of the Group regarding the
assignment of tasks based on the terms of reference of the Group and come to an
agreement with the members on the deadline for submission of an interim report
(perhaps with an year). Following the receipt of the interim reports from the members, it
would be useful to organize a meeting of the Group, mid-way during the intersessional
period, to discuss the contents of the report, identify the actions needed and the
modalities for preparation of the final report, and discuss the proposals for the next
meeting of the Regional Association. Sivakumar requested the members for their
comments.
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4.2
D. Rijks noted that WMO finances allow only a limited number of meetings of
the Working Groups of Regional Associations. He agreed with the suggestion made by
M. V.K. Sivakumar.
4.3
J. Lomas felt that it is important to agree on two principles: first the need for the
Working Group and second the objectives of the meeting of the Group. He felt that the
Working Group on Agricultural Meteorology is the only inter-disciplinary Group of all
the Commissions of WMO and hence there is a strong need for such Groups to also
include foresters and economists. He suggested that the chairman might even insist that
only those members of the Group who submitted their reports should be invited to the
meeting.
4.4
J. Lomas observed that it would be easier for the chairman to correspond with the
members on the distribution of responsibilities and assign tasks. He also agreed with the
suggestion of Sivakumar that a meeting of the Working Group should be held mid-way
during the intersessional period.
4.5
G. Maracchi noted that members of the Group are experts who work on a
voluntary basis and it would be important to find resources for the work of the Group.
4.6
M.V.K. Sivakumar observed that the priorities are different for different Regional
Associations. Food security is the foremost concern for Governments in Africa, Asia and
Latin America and in these continents agrometeorology continues to receive good
support. In Europe, North America and Australia, environmental concerns are at the
forefront and the priorities of agrometeorological services need to be revisited. He
informed the Group about the plans for the organization of an International Workshop
on Agrometeorology for the 21st Century- needs and challenges in early 1999 to be held
in conjunction with the 12th session ofCAgM. He suggested that this Workshop would
provide a good opportunity for brain storming on priorities for agrometeorological
services and develop guidelines for the Commission's activities in future.

5. Presentation of reports
Potato late blight control in Slovakia and its usage:
5.1
Nejedlik Pavol presented a report on potato late blight control in Slovakia and its
usage. He described the Phytophthora pathogen. cycle and the main modes of infection.
Different methods of forecasting the disease are available and he described the method
developed by Slovakia which is based on sums of precipitation and the growth stage. In
this method, the sum precipitation of last three weeks is compared with a critical curve of
precipitation. An operational forecasting of the disease incidence in different parts of
Slovakia is made and its application has been shown to reduce the cost of spraying and
result in considerable savings to the farmers.
5.2
The Group suggested that it might be useful to have fertilizer/chemical firms
sponsor radio bulletins in Slovakia to broadcast information on leaf blight control. J.
Lomas asked whether information exists on the extent of seeds infected by blight before
they are planted and it was clarified that this information was not available. With regard
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to a query on the methodology used to develop the critical curve, P. Nejedlik informed
that the curve was constructed in the 70s using the information on precipitation sums and
the data on the infection of phytophthora.

Irrigation and drainage, irrigation demand-planning water availability
5.3
J. Lomas presented the basic principles of irrigation and the dangers involved in
excess irrigation. The actual technique of irrigation influences its effects and he provided
examples to illustrate this.
Then he presented the techniques of day-to-day
agrometeorological water balance and the operation of Irrigation Management
Information Service in Israel. This service is provided on-line during the rainless period
of April to October. Daily disseminated information serves as the principle source for
irrigation management in field crops. He also informed the Group that information on
the energy consumption of different systems for the operational part of the system is also
available and will be included in the final report.

Agricultural droughts and forecasting irrigations in Slovenia
5.4
I. Matajc described the climatology of Slovenia where three distinct climates -mediterranean, prealpine and continental -- can be found along the southwest to
northeast axis of the country. An effort was made to evaluate drought in Slovenia from
the meteorological and agricultural points of view. Analysis of yearly sums of
precipitation for 30 years and yearly estimates of evapotranspiration did not provide
much information about droughts. On the other. hand, reduction of the temporal scale to
vegetation seasons showed that severe agricultural droughts occurred in 1983, 1992 and
1993. A map of water deficits in Slovenia was prepared by using the data from 30
climatological stations. As the national irrigation program is planning to expand the area
under irrigation, an irrigation forecast model, IRRFIB, was developed using estimated
reference evapotranspiration, soil water characteristics for 70 different soils and crop
coefficients for more than 30 crops. Application of the model showed that during the
extreme dry season, most of the crops need from 80 to 250 mm additional water, while
under average growth conditions the amounts reached 20-120 mm only.
5.5
To a query on the method used to determine irrigations, I. Matajc clarified that
irrigations were recommended when the available soil water is depleted to 70% of the
total capacity. It was also clarified that it would be possible to incorporate an adjustment
factor in the soils data base to account for the 70% capacity value.

The irrigation planner: a management instrument for the irrigation of grassland in
the Netherlands
5.6
M. Molendijk explained that use of water for irrigation is regarded as one of the
causes of desiccation of forest and natural environment. One of the ways of enforcing
rules for irrigation is the development of a management instrument for irrigation of
grassland by the District Council of the Board for Agriculture in Gelderland together
with the Dutch Centre for Agriculture and Environment. The model is based on a
method for calculating the actual water balance in the root zone of grasslands. The
irrigation planner gives information on the optimal time for irrigation and on the number
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of days the farmer can postpone the action until severe damage is being done to the crop.
It also provides information on the water dose necessary to replenish the actual water
content in the root zone. Effects on the evaporation of mowing and cattle walking on
the pasture are also included in the model. Several actions are necessary before a farmer
can start working with the irrigation planner and these were described. Results showed
that use ofthe irrigation planner helped achieve a reduction of 15-20% in the amount of
irrigation water used. While the cost of the planner is between Dfl 500 to 1000, total
savings amounted to Dfl 2500 for a 25 ha farm.
Meteorological and climatological aspects of drought and dryspell monitoring
5. 7
The chairman made a presentation on the meteorological and climatological
aspects of drought and dry spell monitoring. Various methods of computing drought
indices were presented. Surface temperature methods of dryspell monitoring were
described along with the recent studies carried out in Hungary on the application of
remotely sensed measurements of crop canopy temperatures.
5.8
G. Maracchi suggested that it would be useful to have a copy of the list of
drought indices presented.
Expected climate changes and their effects on agriculture
D. V. Kozinets made a presentation on the expected climate changes and their
5.9
effects on agtjculture using winter wheat and potato in Russia as examples. Significant
variations in the Russian agroclimatic conditions in the last two decades show that this
problem is not only for the future, but it is the present-day problem as well. It was
projected that wheat yield in the former USSR may increase by 6-8% by the year 2030.
A group of ARRIAM scientists, headed by Prof. Sirotenko, used scenarios of global
circulation models and paleoanalogues. The prognostic values were calculated from the
simulation system CLIMATE-SOil.,-YIELD with the developed models of
agroecosystem productivity and extensive databases containing the information on
climate, soils and crops. The authors conclude that climate aridization in Russia is
expected practically under all climate scenarios and under paleoclimatic scenarios there is
climate humidization. Summer soil drought by the year 2030 is expected practically
everywhere at the middle latitudes of the Northern Hemisphere. Calculations showed
that according to arid warming scenarios, fodder production in Russia will drop by 4%
and grain production by 15%. Where climate will become more wet, plant production
will increase by 12-46% in some regions and by 22% for the entire country. The authors
conclude that if the program of agriculture adaptation to global warming is not realized
and soil degradation is not .stopped, the consequences of predicted climate changes can
be catastrophic. Possibilities of the Russian agriculture adaptation to new environmental
conditions were discussed.
5.10 D.V. Kozinets also gave information on agrometeorological vocabulary being
prepared in Russian and a computer version is expected to be available later this month.
The Group asked if this version could be translated into English.
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5.11 G. Maracchi suggested that instead of dealing with climate change scenarios, it
would be more useful to analyse the influence of the variations in the last 10 years on
agricultural production.
5.12 D. Rijks remarked that in these analyse distiction should be made between
potential and actual yield. It might be difficult to draw conslusion on actual yield, because
the factors that have as effect to reduce potential yield, such as pests and diseases, might
also, independently, be affected by climate change.

Meteorological data bases and information required by agrometeorological models
5. 13 Lea Leskinen presented a general overview of agrometeorological activities of the
Finnish Meteorological Institute and the data processing system in use.
The
methodologies followed to provide information for application of agrometeorological
models were described.

Operational crop development monitoring using daily meteorological data
5.14 J. V alter made a presentation on the operational crop development monitoring in
the Czech Hydrometeorological Institute, giving details of the agrometeorological model
ONTHO_ SP, which is now adjusted for spring barley. An easy adjustment for oats and
spring wheat is envisaged and an analogue for winter crops is under preparation. The
model was designed to give three different types of operational information and details
were presented for each. A final software module along with a detailed guide of the
model is expected to be ready by May 1998. Collaboration with other members of the
Group was sought to test the model in other locations.
5. 15 The Group sought clarification on the real output of the model and the details
were provided.

Questionnaire on elaboration of a uniform scale for the assessment of forest fire
danger
5.16 R. Mata Reis described the method followed to elicit information on the
elaboration of an uniform scale for the assessment of forest fire danger. Given that the
RA VI is composed of 50 countries, located over a vast area, establishment of a uniform
scale is very difficult, if not impossible. The state of the three components in the
traditional forest fire triangle: oxygen, fuel and heat is influenced by meteorological
factors and also by human activities. A historical review of work carried out for
forecasting forest fires was presented. Analysis of the questionnaire sent out to members
was presented. It was proposed that until more substantial evidence of the validity of a
Uniform Fire Danger Index has been collected, every country should continue working
with the meteorological fire danger index (MFDI) used at present. The computed
l\1FDI, or its components, should be classified according to danger classes whose limits
are related with those regional factors. Due to the experience of several countries in
dealing with the Canadian index, it was recommended that this fire danger index could
be
simultaneously and experimentally, with the indices actually used. Comparisons
of the results of the two indices with the fire occurrence should be made.

run
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5.17 The Group agreed with the conclusions presented and that there is no more need
at this moment to look for a uniform scale for assessment of forest fire danger.
5.18 J. Lamas suggested that an international conference on agrometeorological
applications should be organized to discuss this and other general issues. Mata Reis
informed the group that an International Conference on Forest Fires is being organized
by University of Coimbra in Portugal at the end of 1998.

Information about the agrometeorological activities of Hungarian Meteorological
Service
5.19 Cs. Szinell, member of HMS Climatological and Agrometeorological
Department, gave a summary about the history of agrometeorological work in the frame
of HMS. Before 1990, about 50 staff in 3 divisions and 5 agrometeorological
observatories worked for agricultural meteorology. Nowadays only about 10 people deal
with agrometeorology and the Service maintains just two agrometeorological
observatories and the agrometeorological activity is shared among units. The
Climatological and Agrometeorological Department is responsible for mostly the
disciplinary activities, but agrometeorological fax and 10-day bulletins are issued by the
Commercial Department. The members of Satellite Research Laboratory work on the
yield estimation, mostly using satellite pictures. Standardized vegetation indices and
surface temperatures are computed. The headquarters of HMS deal with remote sensing
applications, some drought issues and international representation of the discipline.
5.20 The activity of HMS Climatological and Agrometeorological Department
concentrate on research and development, education and management of data bases. The
department also collects data from phenological networks. The two observatories belong
to this unit. The Szarvas Observatory deals with crop water requirements, measurements
and calculation of crop coefficients, evapotranspiration, drought and irrigation issues and
runs WOFOST trials. Keszthely Research Station carries out work on crop-weather
models (CERES, pest and disease model) and is a regional extension service. The details
ofKeszthely unit work were presented by M.Hunkar.
5.21 M. Hunkar (HMS Agrometeorological Research Station) presented a summary
about the models in agrometeorology from theory to practice. According to her
presentation, the models in agrometeorology are widely used as research tools, either
based on statistical analysis or system analysis. Agricultural production is determined
by several factors, namely: weather, plant genetics, nutrition, water, pests, storage
conditions, hazards etc. All factors are interrelated. Developing crop models on the
basis of system analysis begins with the a climatic potential crop model. These type of
models use· only radiation and temperature as driving forces. All other factors are
assumed to be optimal by agrotechnique. These models can provide answers to the
question on the suitability of a particular region for production of a given species. The
INRA Sweat Sorghum model is a good example of this type of model. More
comprehensive crop models like the CERES models take into account the water and
nutrition conditions as well. Simulation experiments with CERES-Maize proved that
the model can be applied. to study the effect of nitrogen, water and weather on the
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production levels. An extremely important field of models in agrometeorology is the
pest models, since pests are very sensitive to meteorological conditions. The time step
and data requirements of pest models .often exceed the possibility of meteorological
services. Therefore, they are used mainly by agricultural experts with their own field
meteorological data. Connecting pest and crop models is an important task, but this is
currently in the research phase and lack of data about the complex agroecosystems
makes validation difficult.
The challenge of Agrometeorology in Europe for the year 2000

5.22 G. Maracchi made a presentation on the challenge of agrometeorology in Europe
for the year 2000. His presentation consisted of three different parts. In the first part, he
gave a summary about the operational agrometeorological models in use in Italy. These
include the PLASMO model for downy mildew and powdery mildew diseases of
grapes; a software for scheduling of irrigations; and an agroclim model based on
NOAA AVHRR and the traditional network.
5.23 In the second part, Maracchi summarised the progress made under the COST
Action 79 on the Integration of data and methods in agroclimatology chaired by him,
the COST Action 77 on the Application of remote sensing in agrometeorology chaired
by Z. Dunkel and COST Action 711 on the Operational application of meteorology to
agriculture, including horticulture, chaired by M.Hims of UK.
5.24 In the final part, Maracchi addressed the major challenges for agrometeorology
in Europe. The main issues of the European Union Common Agricultural Policy
emphasize the reduction of production, increasing the quality of products, decreasing
the use of chemicals and the promotion of rural development. The quality of products
and the decrease in the use of chemicals is related to a better use of climate as a
resource and to agricultural practices such as timing and amount of pesticides and
fertilizers. Consequently the needs of farmers should be satisfied with various products
such as information as practices based both on the current and weekly forecasts of
weather and climate predictions, information on crops and varieties in relation to microand topo-climate, provision of instruments and software at low cost to monitor the field
conditions, sensibilisation and training through technical publications and multimedia
approach, and the inclusion of agrometeorological added value in the inputs such as
seeds, pesticides, fertilizers, machinery, insurance etc.,
5.25 Maracchi noted that the definition of a rural development concept is related to a
new vision of agriculture integrated with land management including part time
activities, craft activities and industrial activities. In this context, the traditional
division of urban and country style of life should be reviewed and the role of plant
ecosystems in this new approach should be stressed. The micro- and topo-climate
management implied here could be a new field of investigation in the domain of
agrometeorology.
5.26 In the light of the current concerns with climate change, at the global and
regional scale, agriculture and forestry are concerned with cycles of carbon and other
greenhouse gases in the atmosphere and of nutrients in soils and water. The positive
role of agriculture and (orestry as a major sink for these gases needs further
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investigation. At the local scale however, the negative aspects of the accumulation of
chemicals that are in some cases harmful to animals and humans need to be studied. In
both cases, agrometeorology is fundamental for the assessment of the quantities (fluxes)
at the global and local scales of management.
5.27 In the last 20 years, a number of new technologies emerged in the domains of
computer science, remote sensing, telecommunications, electronic devices for
ecophysiological measurements and physico-chemical analysis. New tools such as
internet, portable low-cost instrumentation, user-friendly software, GIS, digital
cartography, GPS and early warning systems are now available. We need to make
better use of these technologies and tools in both research and extension. An effort
should be made to translate the results of research into clear and useful applications
through a new approach to training and preparation of products.
5.28 Maracchi emphasized that at the international level, we should distinguish
between the following groups of agrometeorological activities: institutional
(Agrometeorology Division of WMO and the FAO Agrometeorology Group), research
(COST actions, Environment and Climatology Programme of EU, IGBP, WCP, CLIPS,
MEDHYCOS), operational applications (MARS Project of EU, AGRHYMET,
ACMAD, IGADD, SADC etc.,) and training (RMTC, Israel and RMTC, Italy). Better
utilisation of agrometeorological techniques in Europe should be based on the increased
relative weight of agrometeorology in WMO in programmes such as WCP and at the
European level to sensibilise the farmers organisations, private companies and the EU
Directorates responsible for agriculture, environment and research (DG VI, XI and
XII). It is also important to sensibilise European countries to develop 'training at the
level of technical schools and universities. In thi~ respect, WMO, through the RA VI
Working Group on Agrometeorology, should promote contacts among the above
mentioned partners in order to establish the needs, priorities and concrete programmes.

6. Preparation of the Final Report
6.1
The group was informed that the Twelfth session of the Regional Association
would be held from 18-27 May 1998 in Tel Aviv, Israel and that two reports were
expected to be submitted under item 7.2 on the Agricultural Meteorology Programme.
These include:
(i) Report of the chairman of the Working Group on Agricultural Meteorology

This brief report is to be prepared by the chairman himself and submitted to the
president of the Association, with a copy to WMO. The report should include the
following:
- Actiyities of the Group prior to the session of the group in Budapest (1-4 Dec
1997).
- Brief account of the meeting of the Group. This would be a summary of the
report prepared for the session in Budapest.
-Any important activities carried out after this session.
-Brief summaries of the various contributions made by the individual members to
the final technical report of the group
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- Recommendations (eg., reestablishment of the RA VI Working Group on
Agricultural Meteorology with renewed terms of reference or recommendations
on follow-up activities on the XI-RA VI Working Group report).

(ii) Final Technical Report of the Working Group

This would be the finalized version of the Technical Report of the Group
discussed during the session in Budapest and finalised for submission to the
twelfth session of RA VI and consideration for publication. This report
should
include
references
(bibliography),
conclusions
and
recommendations.
6.2
It was agreed that the Secretariat should receive the original copies of the final
technical report with clear diagrams, photographs etc., ready for publication. The
report should be submitted as a hard copy, along with diskette (text in MS Word 6.0
along with computer files of line diagrams, maps etc., ), in order to facilitate early
publication.
6.3

The following time table was adopted for submission of the final report:
(i) All final reports from members to the chairman,
with a copy to the WMO Secretariat
1998
(ii) Any significant changes proposed or comments
by chairrnan/WMO to be communicated to members
for their concurrence
1998
(iii) Chairman to send the final report to the President of
the Regional Association, with a copy to WMO
(see paragraph 6.2 above)
1998

31

January

15

February

31

March

7. Conclusions and Recommendations
7.1 Conclusions
7 .1.1 The Working Group agreed that, although the draft contributions prepared by
individual members were generally good, a lot of revision was required. Efforts should
be made therefore to finalize them in accordance with the time-table agreed upon,
keeping in mind that the twelfth session of RA VI will be held in May 1998.
7 .1.2 The Group concluded that future strategies for agrometeorology in the region
should take into account the new developments in the European Union Common
Agricultural Policy and the new and emerging technologies and tools.
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Agrometeorology in Europe faces considerable challenges and it is important that the
Group takes proactive action to respond to these challenges.
7.2 Recommendations

7.2.1 WMO should consider provision of financial support for the translation and
editing of the phenological survey from French into English and look for a voluntary
institution to carry out this task.
7.2.2 A questionnaire should be issued as soon as possible, to establish a catalogue of
institutions where the phenological observations are carried out and the names of
persons involved in these studies. The questionnaire will be prepared by P. Nejedlik and
A. Bussay and will be distributed by the chairman on e-mail among the members of
Region.
7.2.3 The Working Group should maintain the issue of agrometeorological aspects of
increased deforestation in highly industrialised countries in Europe for the next
intersessional period and a forester should be invited to collaborate with the Group.
7.2.4 D. Rijks and M.Molendijk will compile a list agrometeorological models for pests
and and G.Maracchi and L. Leskinen would combine this list with the list on diseases.
7.2.5 Information on extreme events could be of great importance to the insurance
industry. and the Group recommended that this issue be included in the terms of
reference for the next Working Group.
7.2.6 An Economist with experience in making cost-benefit evaluations should be
invited to join the Group for the next period to evaluate the economic value of providing
agrometeorological information to the users.
7.2.7 The Group recommended that in addition to dealing with climate change
scenarios, it would be more useful to analyse the influence of the variations in the recent
past on agricultural production in Europe ..
7.2.8 In order to better coordinate the actions of different international and regional
groups working on Agrometeorology in Europe, it would be useful to organize an
International Workshop on Agrometeorological Research and Applications in Europe.
The Group recommends that WMO should examine the possibility of organizing such a
Workshop in coordination with other interested agencies.
7.2.9 An overview of the workshops on drought and desertification should be
published with a number of selected papers and case studies in order to highlight the
tasks of the National Meteorological and Hydrological services (NMHSs)in drought
preparedness in the implementation of the United Nations Convention to Combat
Desertification.
7 .2.1 0 A scientific lecture on the challenges of agrometeorology in Europe for the
years 2000 by Prof. G. Maracchi should be organized at the Twelfth Session of RA VI
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in Israel, if possible, to appraise the Directors of NMHSs of the need for proactive
action.
7.2.11 The Group recommended that a Working Group on Agricultural Meteorology
for RA VI should be reestablished with renewed terms of reference which might
include the following:
(a) To review the scientific literature on the effect of climate and weather,
especially during the ripening period, on the quality and storage capacity
of grapes, spring barley, potatoes and tomatoes.
(b) The review the conservational aspects of environmental resources i.e.
climate water and soils, and agricultural methodologies that describe
quantitatively the pollution of water and air resources (eg., nitrogen
application, use of fungicides and pesticides etc.,) and land management
techniques.
(c) To summarize the recent developments in the use of remote sensing as a
tool for the detection of droughts, forest fires, frost risks etc., and the
potential for using the next generation of meteorological satellites.
(d) To assess the cosUbenefit ratios of the provision of agrometeorological
information.
(e) To promote information campaigns and training of farmers associations
and water resource managers regarding use of agrometeorological
forecasts and products through publications and multimedia approaches.
(f) To review the state of art of education in agrometeorology in Europe at

the level of technical schools and universities.
8. Closure of the Session

8.1
M.V.K. Sivakumar thanked the President of the Hungarian Meteorological
Service (H:MS) for hosting the session and for keeping at the disposal of the Group all
the necessary facilities. He thanked all the staff of HMS who have in various ways
contributed to the successful organization of the meeting. He thanked the chairman and
the members of the group for their contributions to the successful completion of the
meeting.
8.2
The chairman of the working group thanked the Secretary-General of WMO for
making it possible for the Working Group to meet. This has greatly facilitated the
preparation .of the report. He thanked all the members for their contributions and
wished all the participants a safe journey to their various countries.
8.3

28

The meeting closed at 1230 hrs on Thursday, 4 December 1997.

Report of the RA VI Working Group on Agricultural Meteorology, 1998

Meeting of the WMO RA VI Working Group on Agricultural Meteorology
1-4 December 1997, Budapest

LIST OF PARTICIPANTS

Czech Republic

Jaroslav Valter

Czech Hydrometeorological Institute
Na Sabatce 17
CZ-PRAHA 4 Komorany
PHONE:
42 02 44032206
FAX:
42 02 44032128
EMAIT..,:
valter@sun15.chmi.cz
Finland

Lea Leskinen
Senior Scientist
Finnish Meteorological Institute
Production Unit
P.O.Box 503
SF-00 101 HELSINKI
FHONE:
358 9 1929 2220
FAX:
358 9 1929 2203
EMAIT..,:
l~a.leskinen@fini.fi

Hungary

Zoltan Dunkel (chairman)
Hungarian Meteorological Serviceu
P.O.Box38
1525 BUDAPEST
PHONE:
36 1 212 5193
FAX:
36 1 315 8040
EMAIT..,:
dunkel@met.hu
Marta Hunkar
Hungarian Meteorological Service
Agrometeorological Res. St.
P.O.Box 80.
83 60 Keszthely
PHONE:
36 83 314 069
FAX:
36 83 314 069
EMAIT..,:
h 12260hun@ella.hu

29

Report of the RA VI Working Group on Agricultural Meteorology, 1998

Hungary

Attila Bussay
Hungarian Meteorological Service
P.O.Box 38.
1525 BUDAPEST
PHONE:
36 1 212 4244
FAX:
36 1 212 5159
EMAIL:
bussay@met.hu
Csaba Szinell
Hungarian Meteorological Service
P.O.Box 38.
1525 BUDAPEST
PHONE:
36 1 212 4244
FAX:
36 1 212 5159
EMAIL:
szinell@met.hu
Sandor Szalai
Hungarian Meteorological Service
P.O.Box 38.
1525 BUDAPEST
PHONE:
36 1 212 5159
FAX:
36 1 212 5159
EMAIL:
szalai@met.hu

Israel

Jacob Lomas
Head
Training Centre in Applied Meteorology
Israel Meteorological Service
P.O.Box25
IL-50250 BET DAGAN
PHONE:
97 2 39682165
FAX:
97 2 39604065

Italy

Giampiero Maracchi
Director
CNR-IATA
P.le delle Cascine 18
I-50144 FIRENZE
PHONE:
39 55 354895/ 354896/352051
FAX:
39 55 350833
EMAIL:
maracchi@sunserver.iata.fi. cnr.it

30

Report of the RA VI Working Group on Agricultural Meteorology, 1998

The Netherlands

Marcel Molendijk
Royal Netherlands Meteorological Inst.
Postbox 201
3730 AE DE BILT
PHONE:
31 30 2206911
31 30 2210407, (31 30 2211641)
FAX:
EMAIL:
molendij@knmi.nl

Portugal

Raul .Marcos da Mata Reis
Institute de Meteorologia
RuaC
Aeroporto de Lisboa
1700 LISBOA
351 1 8483961
PHONE:
FAX:
351 1 8402370
EMAIL:
Raul.Reis@meteo. pt

Russian Federation

Dina Vasilievna Kozinets
Federal Service for Hydrometeorological
& Environmental Monitoring
All-Russian Research Institute of Agriculture
Meteorology
RUSSIA
Obninsk, Kaluga region
249020, Obninsk,
Lenin street, 82
PHONE:
(08439) 71233
FAX:
(095) 255 22 25
Oleg Virchenko
EMAIL:
cxm@obninsk.ru

Slovakia

Pavol Nejedlik
Slovak Meteorological Institute
Bratislava,
Branch Kosice
Dumbierska 26
041 17 KOSICE
421956339272
PHONE:
FAX:
421956320591
EMAIL:
nejedlik@shmuke.shmu.sk

Slovenia

Iztok Matajc
Hydrometeorological Institute of Slovenia
Vojkova 1/B
SI-1000 LJUBLJANA
PHONE:
386 61 313 320, 386 61 327 461
386611331396
FAX:
iztok.mataj c@rzs-hm. si

EMAIL:

31

Report of the RA VI Working Group on Agricultural Meteorology, 1998

Invited Expert

Derk Rijks
Director
Agrometeorological Applications Ass.
B.P. 102
F-01213 FERNEY-VOLTAIRE Cedex
33 4 50 40 8841
PHONE:
33 4 50 40 8842
FAX:

WMO Secretariat

Mannava V.K. Sivakumar
Acting Chief
Agricultural Meteorology Division
World Climate Programme Department
Case postale 23 00
CH-1211 GENEVE 2
SWITZERLAND
PHONE:
41 22 730 83 80
FAX:
41 22 734 80 31
EMAIL:
sivakumar_ m@gateway.wmo.ch

32

Report of the RA VI Working Group on Agricultural Meteorology, 1998

Meeting of the WMO RA VI Working Group on Agricultural meteorology
1-4 December 1997, Budapest

ADDRESS
by

Dr. !van Mersich, President of the Meteorological Service
of the Republic of Hungary and the Permanent Representative of
the Republic ofHungary with YVM

Dear Colleagues!
I have a great pleasure in greeting you here, in the building of HMS on the
Meeting ofthe RA VI Working Group on Agrometeorology.
I would like to express my thanks to the WMO for accepting our invitation and
for providing us support in the organization of this meeting.
Especially, I would to thank you that in spite of this unpleasant weather you are
our guests here in Budapest. I hope that you will have a good time and your debates will
be profitable for everybody.
Our Service is more than 125 years old, and we are especially proud of the
historical fact, that in 1873 the Hungarian Meteorological Service was a founding
member of the first international meteorological organization.
Considering that Hungary has above all been an agricultural country with
traditions, the agrometeorology can be proud of having vaste traditions also. Before
1990 the Hungarian agricultural production was based on cooperatives and vaste farms
belonging to the state. In the 80-ties our Service had a large number of
agrometeorological stations. The working capacity of the service and of this unit as well
has been considerably reduced for economical reasons. Instead of specialists the system
of the synop stations achieve nowadays the work completely, and the climatological
stations are passing through the process of automatization also. The automatization will
with any probability play a considerable role in the agrometeorological observations too,
for example we can resolve the problems of field humidity and fenological observations
at the stations with a considerable staff Earlier we have worked with a large
observational system, nowadays, we diminished it accordingly to the new situation, but
we can still run two stations on the two, climatologically separated regions of the country
working today with a smaller staff In due time we will inform you on their activity.
Probably, during the debates we will hear a lot of interesting reports, and I hope
that the meeting will be closed by making interesting proposals for the next RA VI
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Session. Please allow me to ask you to emphasize the importance of debating some
essential questions.
This would be the role of the Meteorological Service in resolving the
agrometeorolo-gical problems. It could seem a trouble feast, but we have to raise the
question: what is the role of the agrometeorology in Europe, where the overproduction
generally consists a big problem.
Does the agrometeorological department, which is a considerable part of the
national meteorological service play any role in the informational world which is
commercialising.
In what measure is it tied up with the National Meteorological Service?
The last 8-9 years the international co-operation has been developed in many
domains. In my experience the specialists can more quickly find common topics to be
discussed than the political leaders. The participation of the agrometeorologists in the
international projects and programmes is quite considerable. In present we are running a
considerable number of research projects concerning the agrometeorology. My
colleagues, besides the WMO' s agrometeorolo-gical co-operation are participating
efficiently in the COST agrometeorological actions too.
I would like to ask you that during the debates you discuss the role of the
cooperation programmes running paralelly, whether these programmes have a positive
effect on each other or whether they consist an impediment to each other's development.
It seems to me that WMO' s activity carried out in the same domain is behind comparing
it with FAO's or COST's activity. I would like to ask you to discuss these subjects in
order to be able to participate in the next RA VI - Sesssion with a working plan which
could serve as basis for further perspectives.
I wish you a useful work here, at our Service and a pleasant stay in Hungary as
well.
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Meeting of the RA VI Working Group on Agricultural Meteorology
Budapest, Hungary, 1-4 December 1997

OPENING REMARKS
M V.K. Sivakumar
Acting Chief, Agricultural Meteorology Division
World Meteorological Organization

On behalf of the Secretary-General of WMO, Prof G.O.P. Obasi, I have great
pleasure in welcoming you all to this session of the Working Group on Agricultural
Meteorology of the Regional Association for Europe (RA VI). I seize the opportunity to
thank the authorities of the Meteorological Service of the Republic of Hungary, in
particular, Dr. Ivan Mersich, Parmanent Representative ofthe Republic ofHungary with
WMO, for agreeing to host this session of the Working Group and for placing at our
disposal the excellent facilities of your Service, even at such a short notice. Dr. Mersich
is also organizing a scientific tour and demonstration at the Satellite Research Laboratory
of Hungarian Meteorological Service and we are looking forward to learn about the
Hungarian satellite applications being carried out at your Service and towards meeting
your experts who work in this Research Laboratory.
Dr. Zoltan Dunkel, President of this Working Group has been very active in
contacting all the members of the Group and in liaising with the WMO Secretariat in
organizing this meeting and in ensuring that all of us felt most welcomed in Hungary and
I convey my sincere thanks to him.
Prof C.J. Stigter, President of the Commission for Agricultural Meteorology of
WMO, conveys his greetings to all of you. He would have very much liked to address
this meeting, but currently he is away in Indonesia. However, he was king enough to
address a few fey issues for our deliberations this week in a letter he addressed to Dr.
Zoltan Dunkel and it is important that we discuss these issues in our Meeting.
At its last session held in Oslo, Norway in May 1994, the Regional Association
VI agreed that the application of meteorology to agriculture continued to be of high
importance to the Region and that the activities of the Working Group on Agricultural
Meteorology should be continued talking into account the developments in the Region,
such as the high level of industrialization, pollution of the environment and the need for
conservation of natural resources. Hence this Working Group was reestablished with
renewed terms of reference. the major issues to be addressed by the Group include crop
phonology, agrometeorological aspects of deforestation, modelling of pests and diseases,
and extreme climatic events, agrometeorological information required for operational
management of oats, stone fruit and rape seed, listing of software packages for
applications in agrometeorology, uniform scale for the assessment of forest fire danger
and operational methods for frost risk forecasting.
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The Association strongly supported the strengthening of trammg in
agrometeorology in appropriate institutions in Member countries and recognized the
Institute of Agrometeorology and Environmental Analysis for Agriculture in Florence,
Italy as a specialized centre for training in remote-sensing applications to
agrometeorology. I am pleased to report to you that WMO eo-sponsored the Seminar on
Data Spatial Distribution in Meteorology and Climatology held in Volterra, Italy from 28
September to 3 October 1997. Prof Maracchi, who is a member of this Group, can
provide you with more details of this Seminar.
In accordance with the Association's recommendation to support the
implementation of the United Nations Convention to Combat Desertification which was
held in Bet Dagan, Israel, from 26 to 30 May 1997. The workshop was eo-directed by
Dr. J. Lomas of the WMO Regional Meteorological Training Center, who is with us in
this meeting. Beside the training aspect, the objective of the workshop was to discuss
ways and means for the early assessment of drought conditions and to develop a rational
and sustainable policy of preparedness. Participants in the workshop made interesting
suggestions concerning techniques and methodologies of drought monitoring and early
warnmg.
One of the important tasks for us during this meeting is to review the draft reports
prepared by the members of the Group and discuss the modalities for the preparation of
the final report of this Working Group which will be presented by the Chairman of this
Working Group at the next meeting of the Regional Association VI which will be held in
Tel Aviv, Israel from 18 to 27 May 1998. This Group should also make proposals to the
Regional Association regarding the re-establishment of this Working Group to discuss
and review new and emerging developments in the field of agrometeorology in the
region, taking into consideration recent environmental conventions including the
Framework Convention on Climate Change, the Convention on Biological Diversity and
the United Nations Convention to Combat Desertification, and make recommendations
on the future activities of the Group.
Reports of the Working Group on Agricultural Meteorology of the Regional
Association for Europe in the past have always been of a very high quality and have been
well received and appreciated by agrometeorologists and agriculturists. I am therefore
confident that this Broup also will rise up to the expectations of the end users of our
information. I hope that you will deal with the above tasks and propose concrete
suggestions for finalization of the draft contributions.
I wish you very successful deliberations. ·
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Meeting of the WMO RA VI Working Group on Agricultural Meteorology
1-4 December 1997, Budapest

AGENDA

1.

OPENING OF THE SESSION

2.

ORGANIZATION OF THE SESSION
2.1
Approval ofthe agenda
Other organizational matters
2.2

3.

REVIEW OF THE TERMS OF REFERENCE OF THE WORKING GROUP

4.

PRESENTATION BY THE PRESIDENT OF RA VI ABOUT THE TASKS
AND ROLE OF RA VI WORKING GROUP ON AGRICULTURAL
METEOROLOGY

5.

PRESENTATION ON THE COMPLEMENTARITY OF THE OBJECTIVES
OF CAgM AND THE RA VI WORKING GROUP ON AGRICULTURAL
METEOROLOGY

6.

REPORT OF THE CHAIRMAN OF THE WORKING GROUP

7.

OUTCOME OF THE 11TH SESSION OF THE COMMISSION FOR
AGRICULTURAL METEOROLOGY

8.

REPORTS OF MEMBERS
8. 1 Study and summarize the description of phenological stages of crops
8. 2 Agrometeorological aspects of increased deforestation in highly
industrialised countries in Europe
8. 3 Literature on modelling of pests and deceases
8. 4 Agrometeorological information to increase the efficiency of energy and
efficiency of water use in the production processes
8. 5 Agrometeorological information used to assist agriculturists to adapt to
climatic variability
8. 6 Agrometeorological information for oats, stone fiuit and rape seed
8. 7 Available software packages for applications in agrometeorology
8. 8 The assessment of forest fire danger
8. 9 Handbook of operation methods for frost risk forecasting
8.10 Introduction of Hungarian Meteorological Service (HMS} role in
Agricultural Meteorology

9.

VISIT TO SATELLITE RESEARCH LABORATORY OF HUNGARIAN
METEOROLOGICAL SERVICE
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10.

OTHER ISSUES

11.

PREPARATION OF THE FINAL REPORT
11.1 Planning of the technical report of the working group
11.2 Identification of key responsibilities
11.3 Time table for reporting

12.

RECOM11ENDATIONS TO THE FORTHCOMING RA VI SESSION

13.

CLOSURE OF THE :MEETING
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SECTION 11
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THE CHALLENGE OF AGROMETEROLOGY IN EUROPE FOR
THE YEARS 2000
Giampiero Maracchi
C.NR.-lnstituto per l'Agrometeorologia e l~Analisi Ambiente applicata all-Agricoltura
Piazza le delle Cascine 18, Firenze, Italy, 1-50144
tel: 39-55-354895, fax: 39-55350833, E-mail.· maracchi@J_punserver.iata.fi.cnr.it

An investigation on the future of agrometeorology should be based on the
following aspects:
1)
2)
3)
4)
5)
6)

role and characteristics of agriculture
needs of farmers
relationships between agriculture and environment
new emerging technologies and tools
advancement of knowledge
current programmes and activities

1. Role and characteristics of agriculture
The main issues ofE.U. C.A.P. are devoted to:
- reduce the productions
- increase the quality of products
- decrease the use of chemicals
- promote a rural development
The quality of products and the diminution of chemicals use are strictly related to a better
use of climate as resources and of agriculture practices as timing and amount of
pesticides and fertilisers.

2. Needs offarmers
Consequently the needs of farmers should be satisfied with various products as:
information on practices based both on the current and weekly forecasted weather and
on climate predictions
information on crops and varieties in relation to micro and topoclimate
instruments and software at low cost to monitor the field conditions
sensibility and training trough technical publications and multimedia approach
the inclusion of agrometeorological added value in the industrial products as seeds,
pesticides, fertilisers, machinery, insurance, etc.
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The definition of a rural development concept is related to a new vision of agriculture
integrated with territory management including the part-time activities, the relationships
with the craft activities and the localisation of industrial factories. In this context the
traditional division between urban and country style of life should be revised and the role
of plant ecosystems in this new approach should be stressed. The resulting micro and
topoclimate could be a new field ofinvestigation and intervention of agrometeorology.

3. Agriculture and Environment
The role of agriculture (including forestry) in front of environment should be analysed
very carefully under many points of view:
At a global and regional scale agriculture and forestry are concerned with the cycle of
carbon and others greenhouses gases in the atmosphere and of nutrients in soils and
water. In this respect the role that should play is positive as a sink of gases while should
be effected by the climate change and by the increasing of some components of radiation
as UV-B.
At local scale there should be a negative role as providers of chemicals in some cases
harmful for the animals and humans, and a positive role as the main manager of territory
with all the implications: cultural landscape, green engineering, topoclimate, biomass for
energy.
In both cases the role of Agrometeorology is fundamental for the assessment of the
quantity (fluxes) at global scale and at local scale as instrument of management.

4. Emerging technologies and tools
The last twenty years assisted to a huge modification in technologies as:
computer science
remote sensing
telecommunications
electronic devices for ecophysiological measurements
physico-chemical analysis
New tools are available as:
Internet
Portable low cost instrumentation
Friendly user software
GIS, digital cartography, GPS systems
Alarm systems

In the field of research as well as in the extension activities or in the farmer day to day
practices we need a more practical and comprehensive utilisation of these tools.
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5. Advance in knowledge
Crops, ecosystems, pest and diseases modelling, remote sensing measurements, GIS
decisions systems applications, GPS measurements, ecophysiological and phenological
investigations, large cycles of gases or nutrients assessment, progress in climatology and
meteorology related to the various scale of space and time, robotics and computer
science are the output of the last twenty years of research. An effort should be made to
translate these results in clear and useful applications trough a new approach to training
and preparation of products.

6. The International Framework
At international level we should distinguish the following groups of agrometeorological
activities:
institutional:

- WMO Division of Agrometeorology
- FAO Agrometeorology Group

research:

COST in Agrometeorology ofEU
-Environment and Climatology Programme ofE.U.
- IGBP (GCTE, CUCC, etc)
-WCP
-CLIPS
-MEDHYCOS

operational applications: -MARS Project- E.U.
- AGRHYMET Programme
-EGADD
-ACMAD
- SADCC
training:

- WMO R.M.T.C. School of Agrometeorology,
Bet Dagan - Israel
- WMO R.M.T.C.
School of Computer Science for Agrometeorology,
Florence - Italy
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Conclusions
The better utilisation of agrometeorological techniques in Europe should be based upon:
-the increased relative weight of agrometeorology (including agroclimatology) in the
International Organisation as WMO including this matter both in the Programmes as
WCP, CLIPS, etc
- an effort at European level to sensibilise the farmers organisations, the companies
concerned and the Directorates responsible for agriculture, environment, research
(DG VI, XI, XII)
-a sensibilisation ofEuropean countries to develop training at level of technical schools
and universities
- as consequence of these actions the promotion of programmes where research and
applications are combined to put at disposal of services and farmers operational tools.
In this respect WMO through the Commission ofRA VI on Agrometeorology should
promote the contacts among the above mentioned partners in order to establish needs,
priorities, and concrete programmes.
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MODELS IN AGROMETEOROLOGY
FROM THEORY TO PRACTICE

Hungarian Meteorological Service
Agrometeorological Research Station, Keszthely
H-8361 keszthely PO Box 80
tel: 36-83-314069,jax: 36-83-314069, E-mail: h12260hun@ella.hu

Introduction
In agrometeorology different type of models are used, namely statistical-empirical and
explanatory models. The main difference between empirical and explanatory models is
the relationship assessed between the predictors and predictandus which is on the same
organisation level or on a deeper organisation level respectively. Both type of models can
be static or dynamic. Statistical models could be useful for local conditions if their
constraints are taken into account. The need to know more and more about the agroecosystem as a system led to the efforts to develop explanatory models. Model building
in agrometeorology is quite popular activity but using of them in farming business is not
so widespread. Nevertheless a great effort has been made since decades to build up
models.
Who are interested in agrometeorological models? First of all researchers who want to
understand the system itself Another group of researchers want to get answers on "what
if' type questions. They create different scenarios and investigate the response of the
system. There is a third possibility, that is estimation of model outputs where they are not
available by empirical way . With other words :people who does not work in the fields
wants to know what happens outside. Who are those people? - market statistics,
politicians, strategy makers, insurance companies etc.
The process of model developing depends on the questions wanted to be answered by
the model. First of all we have to be aware that there is no general comprehensive model
which can answer any kind of question. The models which aim nothing else but to
describe the behaviour of the system will never be finished, become more and more
sophisticated and get far from the practical use.
Agricultural plant production is determined by:
1.
2.
3.
4.
5.
6.
7.

Weather (climate)
Genetics
Nutrition
Water supply
Pests
Storage of products
Hazards
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Factors are interrelated. Nevertheless we can make simple models with limited number of
factors which are applicable in the prctice.
What is the role of a meteorologist or an agrometeorologist in the modelization process.
On the stage of model developing a hard work in research is needed to reveal special
responses of the system to the meteorological conditions. It is a team work indeed ,
because a huge amount of knowledge must be build in about biology, chemistry, soil etc.
The difficulties at this level occur in developing a common view among the experts who
have different background. Biologists, agronomists are well educated in experimental
science. They know too much about the details but only few about the whole system. A
meteorologist knows nothing about biological systems but he has a very strong
background in mathematics and physics. How can they come together?
The history of agrometeorological models shows that only well and widely organised
huge projects can lead to success. Encouraging to establish this kind of teams Ph.D.
programs may help from both side.
Another question is dissemination. For example there are some valuable plant growth
models used only by the developers. The reason for that may be that researcher often
feels that something is missing from the complete version therefore the model is not
suitable for application anywhere any time. It is more or less true.
Another problem is the required input data. These are different according to the
individual models. Agricultural field experiments which are not planned for the special
model building work do not contain all of required input data. It causes difficulties in
adaptation of the models. Furthermore some of required input data are not available on
network basis which also make constraints in practical use.
From practical view it has to be emphasised that simplicity is a great advantage in
application and adaptation.
The first step in developing simulation models of agricultural biomass production is the
climatological potential production model. This is a frame. Driving forces in these
models are incoming radiation and air temperature. Other factors are not included in this
model assuming that agrotechnics can provide optimum level for all other things . There
is no nutrition shortage because of fertilisation, no water shortage because of irrigation,
no pests etc.
The question to be answered by this model is :how suitable a region for production of a
given plant species. This kind of models are useful if we want to introduce new plants
which have no tradition at the area. Recently some special energy plants originated from
tropics became interesting in middle latitudes as well. Another possibility in application of
this kind of models is to separate the effects of weather from other factors. Genetics, in
some extent must be known even at this stage. It means that plant characteristics as
parameters have to be taken into account in response functions of the models.
An example for this kind of model is the INRA Sorghum model (Grassi, 1992).
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The structure of the INRA model
The main equation of the model is the radiation absorption and conversion into
biomass. The time step of the model is one day.
DM=PARa * c
PARa= 0.95*PARi*[1-exp(-k*LAI)]
DM is the dry matter production (g/m2), c is the conversion factor (g/MJ) , PARa is the
absorbed photosynthetically active radiation (MJ), PARi IS the incoming
photosynthetically active radiation (MJ), P ARi=O. 48 *Global radiation, LAI is the actual
leaf area index calculated with a submodel in which the driving force is the daily mean
0
temperature, Tm ( C), k is the coefficient of crop daily absorption for PAR (Varlet et
al.1989)
LAij+ 1= LAij + &Alj
&Alj= (Tm,j - IOOC)*at ifLAI< Lt
&Air (Tm,j - 10°C)*a2 ifLAI>=Lt.
Parameters are as follows:
Light extinction coefficient: k;
Conversion factor which converts the absorbed PAR into dry matter: c ,
al and a2 leaf growth factors at the beginning and later, Lt is the threshold value for
choosing al or a2.
b

a
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Figure 1.
Growth curves of Sorghum comparing to measured values

Validation of the model
In 1994 and 1995 field experiments were carried out in Hungary at Keszthely .
The varieties of sweet sorghum were as follows: Korall (1994, 1995), Keller (1995), H-
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35(1994), H-253(1995). The seeds were grown in southern France. The sowing time is
middle or late May. After emergence the biomass production and leaf area was measured
10 day frequency using harvested simple. The growth curve given by measured values
was compared with the INRA model. Figure 1. a) and b) show the results of comparison
for 1994 and 1995.
After parameter modification the growth curve fit well to the measured values. Figure 2.
shows the accepted growth curves for the different varieties.
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Figure 2.
Growth curves of Sorghum with new parameter set.
Since the INRA model was developed for the variety of Keller the simulated growth
curve of Keller with the original parameter set fits well to the measured values. In the
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case of other varieties parameter modifications were needed. The varieties H-35 and H253 are very similar, therefore the same parameter set was applied for them, for the
variety Korall the parameters are different in some extent. According to our experience
the leaf growth after emergence shows different dynamics depending on varieties. It
means that parameter al has been changed. The threshold value of leaf area index (Lt)
which divides the early slow phase and the fast growing phase has been also changed.
The conversion factor c is proved to be changing in time. After emergence the value of c
is small, about 0.5, until flowering it increases up to 5 then decreases again with a smaller
rate. (Table 1.)

Table I.
The original and modified values of model parameters
original
Keller

variety
parameters
k
al
a2
Lt
c

* not modified,

0.6
0.00065
0.014
0.2
3.58

modified

H-xx

Korall

0.6
0.001
0.014
0.5
0.5+0.045*j
5-0.2*j

0.6
0.0015
0.014
0.5
0.5+0.045*j
5-0.2*j

*
*
j<=100
j> 100

j is the day number after emergence

Using climatic data for simulation the agroclimatic potential production of sweet
sorghum can be achieved. (Figure 3.). Meteorological data from the years 1975-1996
was used for the estimation.
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Figure 3.
Cumulative probability function of the climatic potential of sweet sorghum biomass
production

The potential production models combined with the effect of water supply are suitable to
study the climate change impacts as well.
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At the Agrometeorological Research Station at Keszthely investigations ofbiomass
production of maize were carried out between 1976 and 1992. Data come from these
years are suitable for testing a more comprehensive crop model like CERES-Maize.

The crop model CERES-Maize

CERES-Maize model (Jones and Kiniry, 1986) is a multipurpose user-oriented
simulation model. In order to accurately simulate maize growth, development and yield, the
model takes into account the following processes:
phenological development, especially as it is affected by genetics and weather,
extension growth ofleaves, stems and roots,
biomass accumulation and partitioning, especially as phenological development
affects the development and growth of vegetative and reproductive organs,
soil water balance and water use by crop,
soil nitrogen transformations, uptake by the crop, and partitioning among plant
parts.
The model calculates crop phasic and morphological development using temperature data,
daylength and genetic characteristics. Leaf expansion, growth and plant population provide
information for determining the amount of light intercepted, which is assumed to be
proportional to biomass production. The biomass is partitioned into various growing organs
in the plant using a priority system. A water and nitrogen balance submodel provides
feedback that influences the development of growth processes. These are multilayer models.
The number and depth of the layers are optional but it is suggested to reach the depth of root
system. There is a possibility to switch off the water and nitrogen submodels which means
that the nutrition shortage or water shortage is avoided using fertiliser and irrigation on
optimum level. In this case the light and temperature conditions form the potential
production.
Crop cultivars differ one from another in a whole array of morphological and other
characteristics. The "genetic coefficients" that summarise the way in which a specific crop
cultivar divides up its life cycle, respond to different aspects of its environment, or appear
changes morphologically. The number of potential genetic coefficients is very large.
However, the general aspects of adaptation to any given environment are determined by a
few responses, and these have been taken into account in the current models. For maize there
are five coefficients. Three are related to the development and progression through the life
cycle, while two are related to growth aspects. To choose appropriate genetic coefficients is a
crucial process in model adaptation. The model documentation contains the values of genetic
coefficients for about 50 varieties of maize.
A crop simulation model must first be capable of representing the actual
performance of crops grown in any particular· region before it can be applied to the
prediction of agrotechnology . CERES-Maize model was developed by the United States
Department of Agriculture, Agricultural Research Service (USDA-ARS). The model is
designed to simulate the effects of cultivar, planting density, weather, soil moisture and
nitrogen on crop growth, development and yield. Version 2.1 was used in the present
study. Crop analysis of maize was carried out at the Agrometeorological Research
Station at Keszthely, Hungary in the years 1976-1992. Measured and simulated data of
silking date, maturity da~e, leaf area maximum, final biomass and grain yield were
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compared. The average differences between the predicted and observed plant
characteristics are not more than 4%. The probability, that of CERES-Maize model
simulated yield and biomass agreed within 15% with observed values in a given year, is
80%. (Hunkitr, 1994)
Table 2.
Averages (av) and standard deviations (sd) ofpredicted and observed plant
characteristics

Predicted
average

sd

Observed
average

sd

Silking date (day of the year)

199.7

8.3

199.5

8.0

Maturity date (day of the year

260.4

14.6

257.0

14.2

Biomass (kg/ha)

17,716

2,552

18,091

3,124

Grain yield (kg/ha)

10,681

2,190

10,294

2,008

CERES-Maize model is a comprehensive method for describing growth and
development of maize plant. Since the documentation and dissemination of the model is well
organised, the model is well known in a wide area of the world. The effects of meteorological
elements are taken into account in explanatory way, and for a longer period the average
differences between the predicted and observed plant characteristics are not more than 4%.

How to use CERES-Maize and what for?
Simulation model gives possibility to study the effects of different fertilisation level and
irrigation. Examples in figure 4. and table 3. show the results of simulation for one year with
different scenarios as follows:
1. Low level nitrogen without irrigation
2. Low level nitrogen with irrigation
3. High level nitrogen without irrigation
4. No nitrogen and water shortage- that gives the potential production in a given year.
We have to mention a very important area of agrometeorological models - those are the pest
models. The main purpose of these models usually the optimisation of spraying schedule.
Pests are mostly affected by micrometeorological variables therefore using a pest model
requires field meteorological data measured by the farmers. In Hungary there are only few
experimental farm mostly vineyards and potato planting where pest models are used. The
models are empirical or semi-empirical. If the agrometeorological service wants to serve data
for those models the relationship between the representative macrometeorological and field
micrometeorological data have to be found. It is a challenge for agrometeorologists.
There were some efforts to connect pest models with crop models as well.
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An other example is the German AGROSI.M: model. It simulates the agrecosystem of winter
wheat together with leafbeetle, mildew and grain aphid. Researchers are still working on this
model but it is on theoretical level.

Biomass accumulation according to
different scenarios of CERES-Moize
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METEOROLOGICAL SUPPORT SYSTEMS FOR THE CONTROL
OF FOOT-AND-MOUTH DISEASE OF ANIMALS
CONTRIBUTION TO LITERATURE REVIEW ON MODELLING
OF PESTS AND DISEASES
Tom Keane
MetEireann
Glasnevin Hill 9, Dublin, Ireland
tel: 353-J-8064234,jax: 353-1-8064247, E-mail: tkeane@irmet.ie

Summary
For the management and control of Foot-and-Mouth disease (F.i\10) of animals,
cognisance must be taken in a systematic way Of veterinary, meteorological and terrain
factors to indicate the areas where susceptible livestock are at risk from secondary infection. The physical parameters influencing the dispersion of FMD particles in the atmosphere have been related to the aerobiological properties of the F.i\10 virus. Rates of virus
emission and survival have been simulated. While the UK Gaussian plume model and the
Danish LINCOM and RJJvfPUFF dispersion and flow models are mostly reported on
here, dispersion models developed in other national research institutes may equally be
considered. Increased use of information technology and GIS systems has prompted interest by state veterinary services in the use total information systems such as the EpiMAN system. The recently completed three year EU project on the management of epidemiological data and prediction of risk factor during outbreaks of F.i\10 has provided a
timely evaluation and prototype of EpiMAN (EU). The importance of weather reports
from meteorological stations, and outputs from numerical weather prediction (NWP)
models, as input to the dispersion and flow models to predict FMD virus plume concentrations has been demonstrated. Links between "National Meteorological Services and
State Veterinary Services are important to facilitate the extension of the EpiMAN management to other states.

Introduction
Foot-and-Mouth disease (FMD) is a long established (probably first recorded in
Italy in the sixteenth century) highly contagious disease of cloven hoofed animals, e.g.
cattle, sheep, goats. Movement of infected animals is the single most important means of
transmission of FMD. Infection is also spread by contact with vehicles or people from
infected areas, feeding to animals of infected meat or milk, or spreading of infected
slurry. Other causes of FMD virus dispersion are related to low level winds during the
period when infected animals have been emitting the virus (Hugh-Jones and Wright,
1970). Airborne spread represents an essentially uncontrollable means of transmission
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which is important only where the meteorological and epidemiological factors are favourable (i.e. temperate, but not tropical or sub-tropical climates). While the spread of
F.MD by the wind stream is frequently restricted to short ranges, i.e. less than 10 km,
under certain conditions FMD can be transmitted over long distances - spread is possible
for a distance of 60 km over land and 250 km over sea (Gloster et a/, 1982; Donaldson
et a/, 1982; Serensen and Jensen, 1996).
FtviD has been endemic in low latitudes, particularly in African, South American
and Asian countries, and incidences of the disease have been common to some European
countries. The EU has been free from FMD since 1990 with the exception of sporadic
incursions. For the Turkish Thrace and countries around the Black Sea the disease has
been endemic. The most recent outbreaks to have been reported in Europe include those
in Italy in 1990, the Balkans in 1996, Greece in 1994 and 1996, and Bulgaria in 1991
and 1990 (mainly in sheep). The outbreak in Albania in 1996 was attributed to the importation of infected buffalo meat from India. The number of recorded outbreaks of F.MD in
Europe rose to an annual peak in the late 1960's. Subsequently following compulsory
vaccination there was a sharp fall off and currently the rate is 100 outbreaks annually
(Mackay, personal communication).
The more widespread serotypes of the virus in Europe have been identified as
types 0 and A With the reduced level of incidences, the practice of vaccinating is being
replaced in the EU by the so called 'stamping out policy' (as already employed in the UK
and Ireland). With the latter system infected animals, or animals at risk, are slaughtered
and the carcasses disposed of by burning and burial. The slaughter method is a costly
procedure and meteorological assistance to identify herds at risk is most helpful to the
veterinary authorities. Knowledge of atmospheric dispersion becomes important when au
other sources of infection (animal movement, milk, slurry, etc.) have been controlled.
Vaccination within the EU would be used to limit spread of disease if 'stamping out'
proved inadequate.

FMD Dispersion Modelling

During an animal health emergency, and resources need to be conserved as much
as possible. Mistakes can also occur when making numerous unfamiliar computations
under pressure. Modelling aerosol transmission of FMD was pioneered in the United
Kingdom in the 1970' s and 1980' s by the development of a computer program for
simulating F.MD virus dispersion. The F.MD model stemmed from a co-operative venture
between the UK Meteorological Office and the UK Animal Virus Research Institute at
Pirbright (Gloster et a/,1981; Donaldson,1986). In the model cognisance was taken in a
systematic way of veterinary, meteorological and topographical factors to indicate the
areas most likely at risk from secondary infection. The physical parameters influencing
the dispersion of particles in the atmosphere were related to data of the aerobiological
properties of the FMD virus.

The main factors to be considered in FMD modelling

Studies have found that the main factors which influenced the spread of FMD
disease over distance are:
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(a) virus emission;
(b) virus survival;
(c) virus dispersion;
(d) Virus deposition and
(e) susceptible livestock (Blackall and Gloster, 1981 (i, ii)).
(a) Virus Emission: The quantities of airborne infectivity Which may be released at
source have been determined experimentally and are dependent on the species of the
animal, the strain of the virus, the stage of disease and the number of animals affected. At
the time of peak excretion a pig can liberate 277,000 TCID 50 (bovine thyroid tissue culture infectious units) of airborne virus per minute. By contrast the emission by an infected steer or sheep is about 170 TCID 50 per minute (Donaldson, Lee and Gibson,
1987). Emission from infected pigs thus amounts to 8.6 x 106 virus daily, while the corresponding figure for cattle and sheep is 5.2 x 106. The incubation period is usually 2 to
14 days. It can occasionally be longer, but this is unusual and usually occurs because disease is not traced until 2 incubation periods have passed, the first resulting in only subclinical or mild disease.
(b) Virus Survival: The emitted virus is encapsulated in a small respiratory moisture
droplet exhaled by the infected animal and this droplet must remain intact to sustain the
virus in the atmosphere sometimes over a period of a number of days. A high atmospheric relative humidity (RH) is required to ensure viability. A threshold RH of 55-60%
(to avoid excessive evaporation of the small droplets) has been found to permit the virus
to survive for many hours (Barlow, 1972; Donaldson 1972). At lower RH values the
virus becomes inactivated. The effects of temperature and sunlight are thought to be secondary importance only.
(c) Virus Dispersion: For the probability of downwind infection of other animals to be
high, the aerosol plume should remain concentrated. An aerosol containing the virus will
be carried away from source and dispersed by a combination of two processes, one by
direct transport away by the wind and the other by diffusion or spreading sideways and
vertically throughout the wind stream by turbulence. The vertical and lateral spread of
the virus plume depends on wind speed and direction, distance travelled and diffusion
pattern of the aerosol, the latter being a function of both the horizontal and vertical currents of the low-level atmosphere as well as its vertical temperature structure (lapse rate).
The calculation of further dilution downstream due to turbulent diffusion and other processes while a complicated problem is nevertheless amenable to computation (Pasquill,
1974).
Winds create turbulence which mixes air from different levels. Light winds favour
greater concentrations, especially near the plume source. In strong wind the plume can
be diffused higher into the atmosphere and the virus concentration become smaller although there may be little lateral spread. While a function of wind speed, the vertical
dispersion of the virus plume is also a function of the type of underlying surface. The
rougher the surface the greater the turbulence and the deeper the mixed layer becomes.
For example, for a given wind speed and stability, the virus plume is more likely to remain trapped near the surface for long periods over the sea than over land. Therefore,
infection at great distances is more likely to occur if the virus has passed over a sea track
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rather than a comparable land passage. Also wind speed is often lighter at night-time so
that the virus is likely to remain near the surface during this time. Because of the likelihood of much variability of direction, however, light winds will cause very large lateral
diffusion.

The Effect of Topography
The effect of topography is to defect and modify the characteristics of the virus
plume. Hills and valleys have considerable influence on the path of the virus plume. This
effect is greatest in stable conditions or in light winds as the topographical features channel the wind, sometimes deflecting it to flow at right angles to the prevailing wind direction. This channelling of wind can lead to animals in low-lying areas being at greatest
risk. because stable and slack wind conditions are more likely at night-time, the effect Of
topography can be most marked during the night.
(d) Virus Deposition: The most frequent cause of natural infection of FMD is by direct
contact through inhalation rather than by ingestion and accounts for 95 % of outbreaks
(Gloster et al, 1981 ). Therefore virus viability and concentration in au aerosol are important factors. Deposited virus on the herbage by natural deposition or by precipitation
effectively decreases the amount of airborne virus challenge to animals. Deposition is
affected by the aerosol characteristics or by precipitation.

The role ofprecipitation
There has been no clear agreement as to the role of precipitation. According to
Hough-Jones and Wright (1970) precipitation serves to remove virus from the atmosphere through capture by falling raindrops. Any virus removed by precipitation will not
be available for inhalation. In general, the percentage virus removed from the air will be
greater when the rainfall rate is high, raindrop size is small, wind speed is low, precipitation continues for a long time and the capture efficiency is high. However precipitation is
also associated with favourable atmospheric conditions (stable low level conditions with
little vertical dispersion of the plume) to maintain increased concentrations of the virus
aerosol. Blackall and Gloster (1981) postulated that the main significance of precipitation as indicated by the literature was that rainfall is likely to restrict the distance downwind to which virus are likely to be carried.
(e) Susceptible Livestock: A number of factors are associated with the susceptibility of
animals to infection. As previously stated, natural infections is more likely to occur
through direct inhalation by the animal than through ingestion (Gloster et al, 1981). If
the disease is spread by airborne means, then having the larger air intake cattle are more
likely to become infected in secondary outbreaks than sheep or pigs. The estimated virus
dose is 25 TCID 5o per day to infect cattle (Donaldson, Lee and Gibson, 1987); 15 TCIDso
to infect a calf, sheep or goats; and 400 TCID 5o for pigs. In some experimental studies
using an 01 strain ofFMD virus it has been found, however, that a dose of 10 TCIDso, is
sufficient to infect a sheep and 25 TCIDso can infect a calf or a pig. High risk situations
occur when cattle are present in large numbers and inhale infected air for a long time.
Low wind speeds suit high virus concentrations in the plume; low winds can be very
variable, however, thereby reducing exposure time of animals to virus.
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Aerosol Dispersion in the Atmosphere - Gaussian Plume

An insight into the processes of diffusion may be gained from observing the everyday example of a smoke plume from a chimney stack. In moderate winds and with a
cloudy sky, the downwind plume of smoke forms a fairly straight well defined trail which
increases steadily in width and height as distance from source increases. With light winds
and if the underlying surface is heated by the sun, a much greater degree of irregularity
appears in the form of the plume. In quite atmospheric conditions such as often occurs at
evening or night time, by the cooling of underlying surface, bodily rise and vertical
spread are greatly reduced and the smoke trails off downwind in a compact visible form
for a considerable distance. The following three classes are an exemplification of diffusive conditions. Each class is associated with characteristic vertical gradients or changes
of temperature and the associated stability's in the lower atmosphere .
Class

Vertical temperature
gradient

Associated stability
conditions

Lateral/vertical
diffusion produced

Neutral

small decrease

steady air flow

lateral spread restricted

Unstable

large decrease
with height

mixing of the air

vertical spread occurs

Stable

near zero or mcrease
with height

mixing of air
restricted

restriction on vertical
spread

Dispersion in the atmosphere is therefore governed by the vertical temperature structure
of the lower atmosphere, the low level wind and the surface over which the air is passmg.
The dispersion from a point source under real conditions can vary considerably
from the above simplified patterns (see Pasquill, 1974). The rate of change of temperature with height (and by implication, atmospheric stability) can take a variety of forms. In
order to maintain high concentration of virus near the surface vertical dispersion must be
limited. Virus in higher concentrations win be trapped near the surface by a stable layer
of air, e.g. when warm air moves over a cool surface or in anticyclonic conditions with a
temperature inversion occurring at low levels. Donaldson (1988) concluded that a stable
atmosphere, i.e. when convectional activity is minimal, a low wind speed, a high relative
humidity and wind in the 'right direction are the main meteorological factors of importance.

UK Operational Model
The UK numerical model on FMD is based on the general principles used for calculating
the dispersion of aerosols or pollutants from a release point. This simple model solves a
form ofthe well known Gaussian diffusion equation (Pasquill, 1974). Assuming source
and sink are at ground level the form of the Gaussian dispersion equation simplifies as
·
follows:
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Where Q is source strength, U1o is 10 m wind speed, u..., oz are dispersion coefficients in
the y and z direction, and Cxy is the concentration at co-ordinates x,y.
The Gaussian plume is widely used for calculating the dispersion of aerosols from
a continuous point source. The plume diffuses across wind (Y-direction) and in the vertical (Z-direction). As the plume spreads downwind pollutant concentrations within it decrease, becoming diluted in all increasing volume of air. The distribution of concentration in the Y-and Z-directions has standard deviations of cry, crz. Within these limits, the
plume retains some 67 per cent of the concentration with maximum value at the central
line. The values of the dispersion coefficients, cry and crz increase downwind at rates
which depend on both the turbulence in the air and on the wind speed.

Meteorological parameters used in the model
To operate the FMD program the following information is required: an estimation of the duration and total quantity each day of airborne FMD virus dispersed from the
infected premises or herd; hourly or 3 hourly observations of wind speed and direction.
relative humidity, cloud cover and precipitation in the vicinity of the outbreak; and latitude and topographical features of the area. However in the absence of such information
at the early stages of an outbreak, default values are used. The meteorological data for
. the dispersion model are taken from a representative weather station near to the outbreak
or from a weather station sited for the occasion within the affected zone.
Shortcomings of a Gaussian plume model are poor treatment of non-stationary
and non-homogeneous flow and turbulence. The model represents a statistical timeaveraged concentration pattern, which may be a gross simplification of reality (S@rensen
and Jensen, 1996). Stability parameters are derived from cloud type and amount as well
as surface flux parameterisations leading to limitations of the model.
The data is processed at grid points radially extending out to 10 km from the initial source spaced at intervals of 1 km and at 10 degree intervals from 0° through to 360°
(polar co-ordinates). It is thought that the 10 km distance from source is sufficient limit
for over 90 % of the Virus tO have been deposited. Topographic features are also included to provide greater realism to the outputs. A gradient of 1:50 is allowed to deflect
the wind. The model incorporates the effects of precipitation apparently by assuming
none of the emission is available for advection away from the source for those hours for
which precipitation is reported in the meteorological data.
Au output quantities in the UK FMD model are given in terms of dose per day
required to infect animals. Daily accumulated dose outputs at each 1 km grid point are
given in tabular form, while graphical outputs delineate areas at risk by contours of designated threshold doses. These thresholds have been modified and the areas at risk considerably reduced over the last decade as further studies indicate that greater doses are
required to infect animals (Donaldson, Lee and Gibson, 1987). Figure 1 shows a typical
example of a plume where 10 infected pigs have been emitting for four days. The local
terrain features cause the plume to be defected from the original wind direction. In the
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eighties the model was run on a centralised mainframe computer from a remote terminal.
Recent advances have enabled the model to be run on a local PC or laptop computer
with access by modem to NMS weather observations and the terrain data bank. Because
of its size the latter may be held in a central server and the relevant section downloaded
for the model simulation.

Danish Models
The simple Gaussian plume models are too simplistic to apply in cases with timeand space-changing dispersion scenarios 1. Serensen and Jensen, 1996 reported (after
Mikkelsen) that for practical and operational use, Lagrangian-type models are the most
appropriate for real-time local- and mesoscale atmospheric diffusion problems, and
among the various models, Gaussian puff models were fastest in terms of PC processing
time.
The RIMPUFF mesoscale dispersion model and the LINCOM diagnostic flow
model have been developed in the Ris.0 National Laboratory, Denmark. In the case of flat
terrain or moderate topography, the RIMPUFF local- and mesoscale atmospheric dispersion model may be run without the use of a flow model and only weather station reports or numerical weather prediction model outputs are required as the meteorological
input. In the case of complex terrain, the LINCOM local- and mesoscale atmospheric
model, which can handle difficult terrain, may be used with input from the terrain data
bank. In complex terrain the location of the weather-recording station increases in importance. Enquires on the model may be made at DMI (see Appendix).

Virus dose
To estimate the spread ofFMD, knowledge is required of the minimum infectious
doses for cloven-hoofed animal species, the inhalation rates and the virus concentration
in the inhaled air. The amount of virus inhaled can be expressed by the integral :

N

=

f c(r, t)Jdt

where N is the amount of virus, c( r, t) is the concentration in units of TCID 50/m 3, I is the
inhalation rate of the animal in units ofm3/24 hr and T is the period oftime of integration
(e.g. 24 hr). The viability ofthe virus is maintained at RH> 55% and this is modelled in
1

The COST Technical Committee (TC) on Meteorology initiated a project in 1994 to review and compare the various methods used to provide input data for atmospheric dispersion models (report of COST
710, 1997). The COST 710 project set up four working groups, namely, WG 1: surface energy balance
(chair: U.Pechinger, Austria); WG2-boundary layer depth (Petra Seibert, Austria); WG3 profiles (J.
Erbrink, Netherlands); and WG4 complex terrain (D. Szepesi, Hungary and P Jeannet, Switzerland).
The project was completed in 1997 and received a positive evaluation by the TC, as competent,
con>plete and up to date. There has also been a concerted effort within Europe on the development of
methods for predicting atmospheric dispersion, for example within ERCOFTAC (European Research
Community for Flow, Turbulence and Combustion). Also see reference to O!esen and Mikke!sen (1992).
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an "on/off' switch. Virus decay rate is given by the following equation where A. is an
1
exponential decay constant (sec- 1) and the decay rate s (hour" ) depends on the virus
strain:
1

ln2

""= log

10

s

-3

x-2 = 0.64 x 10

2 60

where a typical value fors is said to be 0.5 hour· 1.

Meteorological considerations
The LINCOMIRIMPUFF flow and dispersion model system can be run on
weather observations. The necessary data are wind (at 10 metres), precipitation, relative
humidity and cloud cover. The meteorological station used should be representative of
the area of concern. This may be achieved by all existing station or by the setting up of a
special weather station for the purpose.
The output of a limited area NWP models may also be used to generate weather
reports. The resolutions ofNWP models, e.g. HIRLAM (in operational use in Scandinavian and Nordic Countries, the Netherlands, Ireland and Spain), the Unified Model
(UK), Aladin model (France and eastern European countries), EMIDM (models)
(Germany and Switzerland are typically 20-50 km and 20-30 layers in the vertical and a
short time step in some instances of 5 minutes.). ECMWF (European Centre for Medium
Range Weather Forecasting) forecast model has a horizontal resolution of 90 km and
extend up to 10 days. Parameters such as wind (speed and direction) at different heights,
precipitation intensities, cloud cover and relative humidity can be obtained from the
NWP Models. Also atmospheric stability, the height ofthe boundary (mixing) layer, wind
speed and temperature gradients from NWP may be used as additional parameters to the
LINCOM/Rll\.1PUFF model complex. The value ofNWP is that forecast parameters can
be input to provide a prediction of future dispersion thus avoiding the assumption of
persistence for extrapolating future plume spread over the following few days. Historical
data sets may also be obtained from NWP databases (e.g. ECMWF).
For maximum plume range, the optimum meteorological conditions for maintaining virus plume concentration are persistent wind direction and speed approximately 5
ms·\ high degree of atmospheric stability (class F, see Pasquill, 1974), all absence of
precipitation, and relative humidity above 55 % to ensure virus survival. Sensitivity studies did not show any significant difference with respect to the effective transport height
when transmission took place in the lower part of the boundary layer, i.e. less than 250
metres irrespective of the degree of stability. With respect to stability, the effect of increasing the Pasquill-Turner stability category was to intensify the plume in a narrow
band provided that the wind direction remains constant (S@rensen and Jensen, 1996).

LINCOM/RJMPUFF Model Evaluations
Tests with reconstructed data have been carried out in the Netherlands. A program to construct appropriate weather reports from the NWP output has been developed
in the Danish Meteorological Institute (DMI). Case studies (without taking exponential
decay of the virus into account) have been undertaken in DMI on a number of previous
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European outbreaks in the eighties such as Brittany!UK ( 1981 ), Denmark (1982) and
East Germany (1982).
Simulating the Brittany!UK March 1981 event, where an FMD outbreak first
occurred among a large amounts of pigs near the coast ofBrittany, S@rensen and Jensen
(1996) showed a narrow intense plume to have reached Jersey and the Isle of Wight
(Figure 2). Internal spread from premise to premise is also illustrated in the simulations
(Figure 3). For possible long-range transmission across the English Channel, the simulation gave a 24-hour average concentration about a factor 500 times too small in comparison with the threshold value of 0.06 TCIF 50/m3 needed for to infect cattle. As expert
opinion concluded that windborne spread was the cause of the outbreak, and as the
simulated plume flow was realistic, the underestimated dose available to susceptible animals seems to be due to the grossly underestimated number of infected pigs which emitted virus (Mackay, personal communication).
In the Danish outbreaks in 1982, due to small plumes, none of the simulations
could support the thesis of airborne transport from the south-eastern region to the northern region, except ifthe excretions had started one day earlier.

Implementation of LINCOMIRIMPUFF
The LINCOMIRIMPUFF atmospheric flow and dispersion model complex, and
the Rimpuff2Arc!Info interface between the RIMPUFF output and the Arc!Info GIS,
have been compiled and implemented on the Sun Spare 10 workstation at the Pirbright
Laboratory and on a DECstation at Wageningen Agricultural University (S@rensen and
Jensen, 1996). The source code and PC executables of the models have been passed to
Massey University, New Zealand, so that their version of EpiMAN (NZ) will use the
same versions of the codes as is being used in EpiMAN (EU). Software enabling simulation of meteorological stations at any point in time and any geographical location based
on the output of the operational DMI-HIRLAM model has been developed at DMI.

Improved FMD computerised support system- EpiMAN
Massey University in association with MAFQUAL, New Zealand, developed a
computerised decision support system (DSS) 'EpiMAN to assist in control of outbreaks
ofFoot-and-Mouth disease (FMD) (Sanson, Liberona and Morris, 1991; Sanson, 1994).
IN 1993 the EU funded a 3 year project to test the feasibility of adapting EpiMAN to
produce a version capable of operating within the European Union (EpiMAN (EU)).
The requirements for the proposed system were that its operation should comply with
EU contingency plans for dealing with outbreaks ofFMD, that it should be adaptable for
use within any Member state; and that the system could function usefully despite constraints on data availability (Mackay et al., 1997).
The EpiMAN system consists of a number of PC 'clients' linked to a central database server. Client PC's run the EpiMAN software under the Microsoft Windows operating system. The server is hardware-independent and can run the EpiMAN database using
any standard ODBC, SQL compliant high-end databases. The system is inherently flexible and whilst it is envisaged that the server would be situated at the emergency Headquarters (EHQ) and linked to the clients by local area network (LAN), it is also possible
to operate the system over a wide are network (WAN) or even using dial-up access via a
modem. The predictive modelling part of EpiMAN relate to airborne spread
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(Windspread module); epidemic pattern (Interspread module); economic costs
(Economic module).
The EpiMAN software comprises a central database, a geographical information
system (GIS) and a knowledge base. The knowledge base consists of a number of
mathematical models, predictive models and expert systems which contain information
on the epidemiology of FMD. Epidemiological data from a central database is processed
by the knowledge base to predict the risk of spread of disease associated with events of
items (e.g. farms, vehicles, people, animals, virus plumes). A graphical display system for
the plume display, which is not part of the EpiMAN (EU) system, has been developed
thought not operational in DMI (S@rensen, personal communication).
In order for EpiMAN to function optimally the following data should be stored in
advance (Mackay, 1997):
Geographic: digital maps of the area of interest; the co-ordinates of holdings containing
susceptible species; the co-ordinates of livestock-related premises e.g. markets; slaughter
houses, AI centres, milk processing plants, etc.; topography.
Demographic: details of holdings, owner, address, etc.; the number and species of susceptible livestock; land ownership; milk tanker routes, AI rounds, etc. and
Economic: factors influencing cost/benefit analyses.
The data collected during an outbreak should include: confirmation of demographic data in database; locations of infected premises (IPs); details of infected animals
on IPs; movement onto and off IPs of animals; animal products; non-animal products;
personnel and equipment. The meteorological data required are the meteorological
conditions during periods of potential spread obtained from regional weather stations;
on-farm recording; and numerical weather prediction (NWP) model.

Structure of EpiMAN Operating System
EpiMAN (NZ) is a multi-user operating system such as Microsoft Windows NT
or Unix, to which personal computers (PCs) are networked for data entry (report of the
EpiCentre, Massey University, 1997). Figure 4 shows the structure of EpiMAN. The
core of the system is a complete information system which handles all of the information
flows associated with the operational responsibilities at the emergency headquarters
(EHQ). The EpiMAN database consists of spatial data managed by a geographical information system (GIS), textual data managed by a database management system
(DBMS) and epidemiological knowledge of FMD contained within a series of models
and expert systems. In relation to input to the FMD model, an on farm· infection model
quantifies virus release to the atmosphere together with the most recent weather conditions from an existing meteorological station or from a specially erected on-farm weather
conditions from an existing meteorological station, and these are stored in the database.
There are four models of FMD contained within the EpiMAN NZ system. Two
of these are the FDM virus production model and the meteorological model. The third
model is an inter-farm spread model (InterSpread) that can simulate an entire epidemic
or can pick up the state of an epidemic at any given time and simulate forwards a userdefinable time period. Various control strategies can then be investigated prior to implementation. The fourth model is a simple deterministic model that estimates the dissemi64
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nation rate throughout the epidemic and then extrapolates forwards to new IPs and to
the conclusion of the epidemic.

Constraint
The availability and quality of the data required for EpiMAN in the EU (and
other European countries) varies considerably between States. EpiMAN will function
without the data listed but the quality of the analysis performed will be adversely affected
if the data is poor or absent. The module incorporates an updated windborne dispersal
module (e.g. LINCOMIRIMPUFF) to predict the airborne spread ofFMD. Also to address the question of poor data availability, a module entitled AIROPLOT was developed
within the EU project (Mackay et al., 1997). AIROPLOT also incorporates a number of
plotting, querying and visualisation routines which maximise the use of the GIS. An
EpiMAN (EU) system comprising a combination of EpiMAN and the AJROPLOT
module offers a prototype solution to the problem of implementing EpiMAN of poor
data availability. A considerable commitment is required in terms of acquiring or creating
the databases necessary for EpiMAN to function effectively and to adapting EpiMAN to
provide input and output routines suited to local requirements. The EU project demonstrated that it is possible to adapt EpiMAN to work in languages other than English.

Validation of the system
The underlying data structure and the integration of the various software tools
provides a very powerful analysis platform to service the diverse needs of data processing
and decision making during an epidemic that could stretch across vast geographical areas. EpiMAN 1 also provides a model for animal disease control that could easily be
adapted to other veterinary problems. Conceived, designed and constructed under theoretical conditions, EpiMAN (EU) has yet to be validated. The EpiMAN (NZ) has been
extensively validated in simulation exercises in New Zealand. The EU project has shown
that the system operated extremely well, and according to Mackay (personal communication) is now the system of must use in an emergency.

Conclusion
During an animal health emergency, time and resources need to be conserved as
much as possible. Mistakes can occur when making numerous decisions under pressure.
The continuing reduction of manpower in state veterinary services and the increased use
· of information technology (IT) has prompted interest in the use of information systems
such as the EpiMAN system. Fro FMD control, where the airborne virus challenge to
animals at risk can be estimated and predicted using appropriate airstream and diffusion
models, the incorporation of modules with FMD models· into a management information
system holds much promise. The results from the recent EU funded three year project to
develop a prototype of a computer-based management system for use in the prediction of
risk factors for the control ofFMD were promising. Institutes from Denmark, Italy, the
1

Other variations of the EpiMAN decision-support system are EpiMAN-SF for swine fever; EpiMANTB for tuberculosis; and EpiMAN-Food Safety.
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Netherlands and UK participated in the EpiMAN EU project. The system is likely be
brought into use in some of the participating countries. A list of some who participated in
the EU project is attached as an Appendix.
The Danish LINCOMJRI.MPUFF flow and dispersion models have been considered in the context of the EpiMAN EU project. The UK Gaussian plume may also be
considered - a small study is planned in the Netherlands to evaluate both (Dijkhuizen,
personal communication). Other appropriate dispersion models have been developed
within various national research institutes but these have still to be tested with the EpiMAN system. The importance of weather reports from meteorological stations and outputs from numerical weather prediction models to predict FMD virus plume concentrations has been demonstrated in the project. Co-operation between NMSs and the veterinary authorities in the development of such a computerised system is to be welcomed.
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Figure 2
Virus plume from an outbreak on a pig-holding farm in Brittany reaching Jersey and the
Isle of Wight. The contours indicate 24-hour average FMD virus concentrations on
March 8, 1981, at 0 CET, in units ofTCID50/m 3. The
units are UTM coordinates,
zone 31. (From S@rensen andJensen, 1997)
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Figure 3
Virus plume from infected premises no. 2, 3 and 4 reaching no. 9, cf Table 3.2.
The contours indicate 24-hour average FMD virus concentrations on March 9, 1981, at
6 CET, in units of TCID 50 /m3 • The axis units are UTM coordinates, zone 31.
(From Seren.Sen and Jensen, 1997).
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AN OUTLOOK TO THE MODELS, FORECASTING METHODS
AND INFORMATION SYSTEMS USED FOR PLANT
PROTECTION AGAINST PESTS
Lea Leskinen
Finnish Meteorological Institute
SF-00101 Helsinki PO Box 503
tel: 358-9-19292220, fax: 358-9-19292203, E-mail.· lea.leskinen@Jjini.fi

1. Introduction

Traditional crop production models which have been used in agricultural decision
making are based on conventional experience-based agronomic research. Crop yields are
expressed as functions of some defined variables and their observed values and are based
on correlation and regression analysis. The information received is very site specific. The
models can be applied reliably only to sites where the climate, main soil parameters and
crop management are similar to those used in developing the original functions. Another
weakness is that the results represent only statistical average. Losses due to crop diseases
and pests are poorly included.
The development of useful tools for agricultural procedures and decision making is
necessary to better quantify the risks associated with crop production. These tools are
also needed for efficient crop and soil management practices that reduce the risk,
including the impact to environment. The crop growth as well as the occurrence of pests
and plant diseases are highly depending on the weather conditions during the growing
season.
Crop growth simulation models take into account the knowledge of plant growth and
development from various disciplines, such as crop physiology, agrometeorology, soil
science and agronomy. Most crop models employ a daily time step. The minimum
weather data needed to run the models include daily values of maximum and minimum
temperature, precipitation and solar radiation. Optional data include humidity and wind
speed. Some models require hourly weather observations.
A number of crop models are available and new crop models are being developed
continuously. Thus an all inclusive list of models is not possible to obtain. The main
reasons for developing crop growth models are to better understand the processes
involved in crop production and to use the model as a tool for managing agricultural
systems. The models also serve as the basic part of the decision support systems to assist
the farmers and the agricultural advisors in daily decision making in crop management.
Crop models can also be used for assessing agricultural management strategies and their
interaction with climatic risk.
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Research models are often complicated and include advanced mathematical equations.
Models that are simple to use are needed for practical applications. To achieve the
simplicity in use, the models need to be developed to use a limited set of easily available
input parameters and to have a user-friendly interface.
All practical crop models are simplified imitations of the real system and they all need
field validation to asses the extent of their validity. Advances in computer technology
have made possible to handle complex systems and numerous theoretical models are
available. Still, their usefulness for a certain site needs to be proved. For the better
understanding and proper utilisation of the crop models training is needed for the
agronomists as well as for the farmers.

2. Plant protection warning systems and pest modelling
When the WOFOST model was tested for regional yield forecasts throughout Europe it
was noticed that correction for pest damage must be added to the model in order to
improve the results. The original model simulates potential and water-limited production
under pest-free, optimal nutrient and management system. Another reason for
development of pest models is to produce tools for plant protection warning systems.
The plant protection system developed in Norway includes a cereal disease and pest
control system and is called NORPRE. Farmers' field observations on pest and disease
incidence are used to validate the models and to adjust the threshold values. The system
includes the following pest models:

Cabbage moth

Development of cabbage moth is mainly driven by the air and soil temperature which are
used to forecast the various stages of the insect.

Turnip moth prognosis

High temperature and dry soil promote the development of the turnip moth. The model
for the warning system is using temperature sums with trap catches.

Carrot fly warning prognosis

Carrot flies are trapped in yellow sticky traps in the fields and the observations are used
immediately by the grower himself to check if the pest population has reached the
economic threshold. The information is also delivered to other growers through the
warning system.
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Codling moth prognosis
For development of codling moth the dawn temperature is critical. A simple model using
temperature and radiation has been developed.
In Finland the agrometeorological service for farmers includes warnings for carrot fly,
turnip root fly, cabbage root fly and carrot psyllid.
The development of pests and crop diseases is highly dependent on the weather. Daily
and hourly observations are usually collected from the weather station network. Daily
data sets, the last five days data and monthly data can be derived or summarised from the
observations.
Two and five-day weather forecasts for the warning systems are available from the
national weather services.
The NORPRE warning system includes also warnings for crop diseases, spraying
weather prognosis, etc. The basic feature for the whole system is the weather data that is
acting as an engine driving a number of different submodels.

3. Risk indices
A crop protection system using risk indices for major pests and diseases has been under
development in Denmark. Algorithms have been developed to calculate the risk of
important diseases and pests by using detailed agrometeorological data. The indices serve
as an important source of information for advisers and farmers on the risk of pest and
disease development in local areas. Data used for calculation of indices are hourly
measurements of temperature and humidity to get~ er with measurements of wind velocity
and precipitation. The weather data can be obtained from automatic weather stations run
by the NMS. Relatively cheap commercial field measuring units are also becoming
available. The measured values can be transmitted directly to a receiver placed in
connection with the local PC. Forecasts of relevant weather parameters can be included
to the system to give information on the expected trend of the indices during the
following days.
Daily indices are calculated for the most important pests and diseases and they are
standardised from 0 to 5, with 0 indicating no risk and 5 indicating high risk. For
instance indices for aphids are based on risk of initial immigration and the· succeeding
growth of the population.

4. Conclusions
The parameterization of the attacks of the pests may be done by using statistical analysis
which are coupled to meteorological values calculated or measured above the canopy. In
some situations it may be necessary to use the canopy weather to predict the attacks of
pests and diseases. For this purpose a canopy weather model is needed.
75

Report of the RA VI Working Group on Agricultural Meteorology, 1998

For the future development of the system a better understanding of the microclimate is
required in order to improve models for plant protection. A more precise understanding
of the climate influence will probably optimise both the biological production and reduce
the environmental load caused by the present agricultural systems.
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OPERATIONAL APPLICATIONS OF AGROMETEOROLOGICAL
INFORMATION TO INCREASE THE EFFICIENCY OF WATER
AND ENERGY USES
Jacob Lomas
Training Centre in Applied Meteorology
Israeli Meteorological Service
IL-50250 Bet Dagan PO Box 25
tel: 972-2-39682165, fax: 972-2-39604065

1. INTRODUCTION

This report
presents a short overview of operational applications using
agrometeorological information to increase the efficiency of energy and water use in
production processes based on resolution 16 (Cg.X1) and following the presentation of
the material at the meeting of the Working Group on Agricultural Meteorology in
Budapest (1st - 4th December, 1997). The report is presented under the following
headings:
1.

Introduction.
Planning irrigation demand - water availability.
3. Water application.
3 .1. Irrigation management information service in Israel.
3.2. Irrigation planner for grasslands in the Netherlands.
4. Energy and irrigation.
2.

This report is based on the material provided by F. Mero (Chapter 2) and M. Meron
(Chapter 3.1.) and by M. Molendijk (Chapter 3.2.). Chapter 4 has been prepared by G.
Stanhill and first appeared in Irrinews (No. 32, 1984). I am most grateful to them for
their helpful cooperation.
The basic principle of irrigation is to restore the water deficit in the root zone. However,
the water requirement of a crop is not a steady quantity, but depends on the crop and the
stage of its growth and development. Almost all crops require maximum water around
flowering time. How much they need before and after flowering will depend on the crop,
the soil conditions, and the climate.
In most crops growth and development will proceed unimpaired and yield will be
maximal when high water status is maintained throughout the life of the crop. On the
other hand, the dangers of too much water are various. The first is that water in excess of
that required to bring the soil to field capacity will cause leaching below the root zone
removing soluble soil nutrients, especially nitrogen.
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Excessive irrigation will lead to soil degradation in semi arid and arid regions and
excessive irrigation has led to "salinity", if the water table is near the surface. The
increased water available dissolves salt in the soil and some or the saline water moves to
the surface as a result of the high evaporative potential, leaving a salt crust. In these
regions both the risk and extent of erosion by runoff are increased if the rare, but intense
rainstorms fall on ground recently irrigated.
In both temperate and tropical regions, soils with a high content of loam or other finestructured soil types react to water excess by having the soil pores blocked with the
smaller soil particles. The resulting undesirable impermeability of the soil cannot be
corrected until after harvest time. In the meantime, diffusion of oxygen and carbon
dioxide in the soil is restricted and the absorbing roots of the crop may die off.
Excessive irrigation at the time of root development may lead to a shallow root system.
This makes the crop highly vulnerable to drought at a later time.
Techniques of irrigation influence its effects. The cheap classic technique. by way of
ditches, implied lateral transport through the soil. On level terrain this can lead to
inhomogeneity in water provision, and therefore, a useful variation is to irrigate the
furrows in a ridge-and-furrow situation. The extreme case is flood-irrigiation, used
usually for rice.
Sprinkler - has rather high application costs. On fast-draining soils it may be the only
effective technique. As a side-effect, it will increase the humidity of the air temporarily.
Another important side-effect is that water is applied directly to the leaves, with two
consequences: firstly, the direct evaporation from leaves produces cooling, and secondly,
induced leaf wetness gives a risk of fungus infection.
In subtropical climates, dry leaf temperatures may reach 40°C and, therefore, cooling by
~ 10 C is beneficial. However, the time of spraying is important to prevent too long wetleaf periods. At subtropical temperatures, fungus spores do not need much time to
germinate and, therefore, it is better to sprinkle during a few hours only and not much
later than noon, so that leaves can dry before nightfall and germinating spores may be
killed by solar radiation.

2. PLANNING IRRIGATION DEMAND- WATER AVAILABILITY
(A DAY BY DAY AGROMETEOROLOGICAL WATER BALANCE).
The advantage of a direct day by day water-balance computation is twofold:
(a) A more realistic demand and irrigation requirement pattern can be worked out by the
planners.
(b) Excesses of water over the fields (or paddies) produced by rain or over-irrigation can
be directly estimated and these can be used for drainage design, which are generally done
separately.
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The quantities of irrigation requirements on a day by day basis are generally estimated
from average and extreme monthly moisture deficiencies. These are computed by
deducting average rates of evapotranspiration (adjusted by a crop-coefficient) from the
actual (or average) monthly total precipitation, augmented by an estimated percolation
loss of water. Such estimates do not take into account the depth and time distribution of
the rainfall over the given period (a month or decade or similar) taking for instance, the
total monthly precipitation, where the total precipitation over the period apparently
exceeds the estimated evapotranspiration and other losses, the effective rain would
theoretically equal these losses. The assumption is that rainfall occurred at a uniform rate
over the given period.
However, actual daily precipitation amounts are rather randomly variable, and often
occur in groups of two to five days when an excess may occur, while over a subsequent
dry period (say ten to fifteen days with no rain) a deficiency of moisture may develop.
Thus it may prove, that such a month is deficient instead of being self-sufficient
regarding moisture demand over a given area. The excess produced during the (possibly)
heavy rain periods may have to be drained, if not drained naturally to produce surface
runoff.

Working Hypothesis and Procedures
Determination of irrigation requirements and drainage:
Given a project area to be developed partly or fully by irrigated agriculture, industry,
etc., the order of magnitude of their individual water demands has to be determined , in
order to find the order of magnitude of the potential water sources. The irrigable areas
(AIRR G,n) are defined together with the variety of possible crops to be grown. Each of
these crops has a characteristic growing pattern with varying water requirements. The
water requirements are dependent on plant needs and evapotranspiration, soil type, etc.
The irrigation requirements, on the other hand, have to be determined from water
balance type computations, where plant and soil water requirements have to be balanced
against rainfall occurrences. The widely used Thorthwaite (1955) approach of soil
moisture balance, with fixed moisture depth (SMAX.) expressed as the equivalent soil
moisture when soil is saturated. Thus according to this method, no run-off (surface or
underground) may occur unless
RF + SMO - EVPT > SMAX
where

RF =

(3)

precipitation depth (mm/time unit)

SMO = soil moisture condition just before P is added
EVPT = evapotranspiration rate (same units as RF).

It is a known fact that surface runoff and deeper infiltration may start before soil
moisture saturation and may be safely assumed that gravitational infiltration starts when
soil moisture (SMO) exceeds field capacity (FCAP) of a given soil. On the other hand,
surface runoff will be produced, when short duration precipitation exceeds soil
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infiltration capacity. Assuming a Horton (1933, 1937) type exponentially reducing
infiltration function, and after some transformations (Mero, 1965, 1969) the noninfiltrate runoff excess can be stated as:
SDRN = [1.-exp(-SMO/SMAX).(PNET-POi/(PNET + Po)].CT
where

(4)

SDRN = Surface water excess available for runoff or drainage (in mm)
PNET =Net rain= RF- DINT:
only on rainy days, while on non rainy days SDRN = 0;
DINT= Change in interception storage;

DINT= USAT- U- EVPD;
U =Depth of water in interception storage;
USAT =Upper (maximum) interception limit;
EVPD= Potential evaporation rate (PAN or equivalent).
Thus the water infiltrated into the soil will be:
SMO(i) = SMO(i-1) + PNET - SDRN
(on rainy days and/or on
days when PNET is positive).
During non-rainy periods, the losses (evaporated either directly from the soil or
extracted and transpired by vegetation), when PNET = EVPD
SMO(i) =SMO(I-1 )- EVPD (SMO/SMAXt

(6)

where n =is an empirical exponent (valued around 1.5)
adjusting for possible nonlinearity (often observed in practice)
of the soil moisture depletion by evaporation.
During rainy days there is a marked reduction ofthe potential (dry weather) evaporation
rate, which may be evaluated by using the incremental precipitation amount as an index
to atmospheric "absorption capacity":
EVPD=PANmax*(l.-

RF-Po
) * HAR
RF-Po

where EVPD = Estimated actual water loss by evaporation, or
evapotranspiration.
PAN
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= Normal.

dry weather evaporation rate according to Class
"A" pan or equivalent evaporation measurement or estimate.

(7)
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· Po

=

is a precipitation threshold value (generally 8 ~ Po ~ 20
mm/day) when evaporation reduction becomes significant.
Thus formula (7) applies only ifRF > Po.

If RF ~ Po : EVPD = PAN. - A better approach to the daily variations of EVPD is
under study, where other climatological parameters as relative humidity, vapour pressure,
soil and air temperatures, wind run, etc. would also be included, in a Penman type
evaporation estimator.
HAR = crop consumptive use factors, which depend on the crop or vegetation type, soil
and growing period. (Hargreaves, 1968).
The sub-surface part ofthe hydrological cycle starts from "SMO" as shown in (5) or (6).
Here the similarity between the "natural" bare or vegetation covered watershed or an
irrigated-cultivated area, which may be part of the same watershed, becomes evident.
The optimum soil moisture condition, from agrotechnical considerations, is when it
equals field capacity (FCAP), or is close to it. On the other hand, deeper infiltration of
excess moisture starts when SMO > FCAP.
Thus, when irrigation requirements are to be estimated by simulation, it is assumed than
an irrigation ofF CAP - CFCAP is required when SMO ~ CFCAP.
Thus, when irrigation requirements are to be estimated by simulation, it is assumed that
an irrigation ofFCAP- CFCAP is required when SMO ~ CFCAP.
(In
other
words when soil moisture depletes to a prefixed minimum, the amount of irrigation
proposed is the deficiency to field-capacity). Thus unnecessary losses of waterapplications may be avoided, and irrigation efficiencies may improve.
The actual water to be delivered periodically to each field will thus become:
DMND (i,j) = AIRR G)*(FCAP-CFCAP) * APLDF
where

(8)

DMND (i,j) = Gross water demand on the i-th day over the
"j"th field.
AIRR G)

=

the "j"th irrigated area.

FCAP(j)-CFCAP(j) = actual, net field-water requirement
APLDF

=

application efficiency coefficient,
necessary to determine gross water requirement, to be
diverted or pumped from the supply source.
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3. WATER APPLICATION- IRRIGATION ADVISORIES
3.1. The irrigation management information service in Israel is kept on-line during the
rainless period of April to October.
Potential ET is calculated by a modified Penman formula every hour and totalled for
daylight hours as the standard irrigation scheduling value for well watered, fully covered
field crop. For partially covered crops, the Radiation term of the formula is factored with
light interception (LI) of0.4- 0.7, considering above 70% cover as full cover.
On the field, the farmer determines light interception by the sun fleck method at noon
time. Reference ET is summed over the days after last irrigation, and the calculated value
is used for the basic amount of water to apply. If specific agronomic effects (such as
"drying" or "fruit pumping") are desired, various amounts of water are added or
subtracted.
For all wet days in the irrigation cycle, diurnal instead of daylight summed ET is applied.
For stress days within the cycle, water amounts are reduced by estimation, since no
reliable model exists to quantitatively evaluate crop ET reduction caused by stress.
This information system works best under high frequency irrigation. The necessary guess
factors used to account for irrigation efficiency and stress days in low frequency, low
efficient irrigation, makes any kind of irrigation scheduling including this one, less
effective.
Irrigation recommendations were verified through sets of field experiments, 6 years in
cotton, 3 years in peanuts, 2 years in sweet corn. Soil water balance measured with
neutron probes indicated that crop water use corresponded within less than 10%
deviation to recommended irrigation amounts. In another set of experiments,
automatically applied water amounts in soil sensor actuated drip irrigation of cotton,
where the crop "irrigates itself', recommended and actual water use compared well.
Daily disseminated information serves as the principal source for irrigation management
in field crops. The system is installed in six regions in the country.

3.2. The irrigation planner: a management instrument for the irrigation of grassland in
The Netherlands.
In the Netherlands, the amount of groundwater used for agricultural purposes has
increased considerably during the past decades. The use of water for irrigation is
considered 'low-grade', and is regarded as one of the causes of desiccation of forest and
natural environment.
Policies ,at the national and regional level, aim to reduce the desiccation and are
enforcing rules for irrigation of agricultural purposes. One way of doing this is by
imposing irrigation bans during certain periods. This is being done in the province of
Brabant. An other way of ensuring reductions can be done by assigning agricultural
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actions at the farm level. For this reason, a management instrument for irrigation of
grassland was developed by the District Council of the Board of Agriculture in
Gelderland together with the Dutch Centre for Agriculture and Environment. This paper
summarizes the model itself and the experiences so far.

The Model
The Irrigation Planner is developed by the Dutch Centre for Agriculture and
Environment and is based on a method calculating the actual water balance in the root
zone of grasslands:
V(t) = V(t-1) + P +I+ C- P-E (mm)
With: V(t)

the amount of available water in the root zone today (mm)
V(t-1) the amount of available water in the root zone yesterday
(mm)
P
amount of precipitation (mm)
I
amount of irrigated water dose (mm)
C
amount of additional capillary moisture (mm)
P
amount of percolated water from the root zone to deeper
layers (mm)
E
amount of evaporation (mm)

For each day, V is calculated, and the best time for irrigation is determined, indicated by
the pF-value of the root zone. This value had been determined earlier at 2. 7 taking into
account crop vitality, mineral utilization and nutrient leaching. The model not only gives
information about the optimal time for irrigation, but also on the number of days the
farmer can postpone the action until severe damage is being done to the crop. The pPvalue ofthe root zone for this moment is determined at 3.7.
The irrigation planner also provides information on the water dose necessary to replenish
the actual water content to the maximum amount possible in the root zone. The model
takes into account possible rain showers occurring just after the time of irrigation.
Therefore, a deficit of 10 mm is allowed in the maximum water content in the root zone.
Finally, also effects on the evaporation of mowing and cattle walking on the pasture is
included in the model.
The model is available in two versions, a PC version and a paper version.

The irrigation planner in real-life
There are several actions necessary to complete before a farmer can start working with
the irrigation planner.
First, a mapping of the soil at each section of the farm is conducted and groundwater. gauges are installed. Also, the irrigation· equipment (e.g. pumps, nozzle~) is checked and
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- if necessary - settings are adjusted. This work is done by the Dutch Agricultural
Extension Service. Next, the soil characteristics of all the sections of the farm is
determined. Soil characteristics indices are then implemented in the final computer
programme, the farmers receives and works with.
Once working with the planner, the farmer has to register the amount of precipitation
and the water dose on a daily base. Depending on the fluctuations of the groundwater
level, the farmer also regularly (on average every two weeks) checks the readings of the
groundwater-guages.
Depending on the weather situation, the farmer uses the irrigation planner once to three
times a week. The observed evaporation (Makkink) at a regional level can be downloaded from a meteorological provider and is used as an input variable. Also regional
forecasts of the amount of precipitation and evaporation for several days ahead can be
used as input for the model. With this information, decisions on whether to irrigate now
or wait till the next rain, can be supported. Meteorological forecast of the parameters
mentioned, are merely direct model output, post-processed by statistical means (e.g.
Model Output Statistics) or subjective actions by a forecaster.
The various sections of the farm may require different needs for irrigation, due to
different soil characteristics and/or previous irrigation -frequencies. The irrigation
planner ranks all of the farm sections by need of irrigation. Thus, the programme really
makes planning of irrigation possible for the farmer.

Experiences with the Irrigation Planner
In several provinces of the Netherlands, the irrigation planner has been introduced in the
last few years. The experiences with it in two of them, Gelderland en Brabant, is
discussed below.
In Gelderland, a test trial of the irrigation planner in 1995, was followed by a more
extensive pilot in 1996. In 1997, on 500 farms the planner was used for day-to-day
operations (apx. 20% of total number of farms). The planner is now compulsory for
farmers with an irrigation pump-capacity between 20 and 60 m3/hour.
The provincial policies aim for a reduction in irrigation water for agricultural use of 25%
in 1998, compared with the year 1994 (no irrigation planner available). A reference
group of farmers without the irrigation planner is used for evaluation: Results show an
average reduction of the amount of irrigation water of 15-20%. This reduction is not
only the direct result of working with the planner, but was also brought about by several
other reasons. Firstly, adjustments of irrigation equipment caused a considerable
reduction. Further, several farmers decided to change their pump-capacity to less than 20
m3/hour, the pump-capacity for which the planner is not compulsory. Finally, in some
cases drainage was improved (more drainage-pipes, but at a smaller depth). Results of
the evaluation show that regional reductions of water dose may differ largely, due to
different soil characteristics. This is an important fact for policymakers to consider, and
makes general irrigation rules more difficult.
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In Brabant, the irrigation planner is not (yet) compulsory. Here, policymakers enforce
bans during a certain period of the year. In the month of May it is not allowed to irrigate
grasslands at all, in June and July only during the evening and night (from 17:00 PM to
11:00 AM). The irrigation planner was introduced in Brabant in 1996 and in 1997 about
200 farmers used and evaluated it. The evaluation shows results similar to those of the
province of Gelderland. A reduction in the amount of water for irrigation of 15% on
average seems possible.
For an individual farmer 15% reduction means that approximately 25 mm of water is
saved during one growing season. This implies a saving of25 (mm) x DF. 3,- (costs of 1
mm irrigation water) = DFl. 75,-per hectare. However, not only the savings of the
amount of water should be used in calculating the cost-effectiveness of the irrigation
planner. It is estimated that a secondary effect ofbetter soil water maintenance, improved
mineral utilization, saves another DF1,50,-per hectare. Total savings in irrigation -costs
by using the planner, therefore is DF1.2500,-for an average farm of 25 hectares. This
justifies the costs ofthe planner, being
DF1.500,-to DFl. 1000,- (depending on subsidy), in which the actual software
programme, soil mapping, training and support by the agricultural extension worker
(total being estimated at 4 hours in the first year), is included.
Irrigation planners for several crops are being developed and tested, including leek,
lettuce and carrots.

Final remarks
Two years of experience show positive results and experience, both by farmers and
policy makers. In 1998, the planner will be evaluated in depth. For this reason, the
potential precipitation surplus (cumulative sum of observed evaporation, starting from
May till October) will be used in assessing the character of the growing seasons (dry,
normal, wet). Also a reference group of farmers, who do not work with the planner, is
used in evaluating the planner. After evaluation, policymakers will determine if and how
the irrigation planner will be used for driving back the use of groundwater and diminish
its effect on desiccation of forest and environment.
The development of some recent techniques in medium range weather forecasting makes
it possible to utilize meteorological forecast information for an increased lead time. For
the irrigation planner, EPS (Ensemble Prediction System) forecasts for precipitation
amounts can be used in extending the irrigation-planning lead time. In the Netherlands,
information of precipitation amounts (Direct Model Output) is available through output
of several atmospheric models (HIRLAM, ECMWF, BRACKNELL). For the use of
precipitation forecasts in the irrigation planner there are several possibilities, for example
the EPS "plume" -output.
The quality of deterministic forecasts of the amount of precipitation is rather poor,
especially when a forecast lead time of several days (EPS upto nine days ahead) is
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considered. In the EPS however, the presence of 52 modelcalculations (50 disturbances,
one operation model and a control run) makes statistic postprocessing possible. For each
day, for example the minimum amount, 50- percentile and the 90-percentile can be
calculated, giving more information on the range of the amount of precipitation forecast
and the (skewness of) distribution of the forecasts:
However, in this way time-phase differences (the timing of precipitation can be slightly
different from member to member) in individual EPS-members are not accounted for.
Therefore, for the use of this kind of meteorological information in agrometeorological
applications such as the irrigation planner, accumulations of individual EPS-member
output over a useful forecast leadtime (e.g. three days, week) will probably be of greater
value.
Unfortunately, the implementation of meteorological information in agro- meteorological
decision support systems (DSS) is sometimes regarded as the final step before getting the
system on the market. This procedure can result in a good DSS as such, but with poor
meteorological forecast-input due to large meteorological uncertainty in the forecast of
the weather parameter used in the model.
It is, therefore, advisable for DSS-developers, agriculturalists and meteorologists to
.closely work together from scratch in the developing of new (or improved) operational
agrometeorological models.

4. ENERGY AND IRRIGATION
When oil prices rose dramatically in 1973 and the energy crisis made world headlines,
the public became aware of the importance of energy in irrigation. It was only during the
previous quarter century of cheap fossil fuels that this fact could be overlooked.
However, energy had always played a critical role in irrigation.
Before this brief period when fossil fuels were abundant and cheap, the energy needed to
transport and apply irrigation water to crops (and sometimes to drain surplus water from
the fields) was generally provided by human or animal muscle power. The fuel for these
energy sources - food and forage - was often provided by the very crops being irrigated.
In many cases the amount of water available for irrigation was limited by the available
human and animal labour, which in turn consumed a considerable proportion of the
crops produced.
Apart from watering crops, human and animal power was needed to build and maintain
irrigation schemes. Energy was required for the construction of dams, reservoirs, levees,
canal distribution systems and for land leveling, ditching and furrowing as well as the
building ofborder checks in the fields.
These energy inputs in traditional systems can be quantified by taking an historical
exarriple - the irrigated agriculture of Egypt, as studied in 1800 by Napoleon's savants.
They found that an average labor requirement for the five major irrigated crops was 115
man-days per hectare per crop and that nearly one quarter of both the human and animal
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muscle power expended in agriculture was used to apply irrigation water. From their
figures we can calculate that 255 KJ of human energy was metabolized in order to lift
one cubic metre of Nile water three metres from the irrigation canal to the field- some
30 times the theoretical minimum energy requirement for lifting the water. By contrast, a
negligible amount of energy was used in constructing and maintaining the traditional
water distribution system, since much of the work involved in operations such as land
levelling was contributed by the Nile floodwaters themselves.

Contemporary Irrigation and Energy Requirements
Modern irrigation systems have very different energy requirements and energy sources,
with animal muscle power eliminated and human labour input much reduced. A recent
California study showed that the labour needed to irrigate one hectare of corn varied
from a maximum of 40 man-hours in the case of a hand-moved sprinkler system to a
minimum of less than one man-hour for drip, center-pivot or permanent sprinkler
systems. In Egypt, two hundred years ago, 100 man-days of labour were needed to
irrigate the same hectare of corn.
Much of the fossil fuel energy which has replaced human and animal labour is used to
transport the irrigation water from its source to the point of application. The amounts of
energy required vary greatly with the distances covered and especially with the water
lifting involved. In some large irrigation systems energy is actually generated by water
movement: in Egypt, for example, each cubic meter of water used for irrigation
generates 0.07 kWh of electrical energy as it· flows through the turbines of the Aswan
High Dam. At the other extreme, in the National Water Carrier of Israel, each cubic
meter of irrigation water requires an average input of 1.08 kWh of electrical energy (in
turn generated from one-third of a liter of fuel oil) to lift it from the coastal aquifer or
from Lake Kinneret - the two below-sea-level reservoirs of the scheme - and then to
distribute it under pressure throughout the countrywide carrier system.
In addition to the energy needed to distribute irrigation water, it is necessary to consider
the energy used to construct the system and which is amortized over its working life.
This so-called 'embodied energy' includes factors such as the energy involved in moving
earth and rock and in cement and steel manufacture. However, this energy requirement is
usually of minor significance. In the case of the Egyptian example, the embodied energy
- 25 KJ per cubic meter - is less than the electrical power generated, and may be
disregarded. Even in the case oflsrael's National Water Carrier, the energy amortized in
the carrier system, 0.70 MJ per cubic meter of irrigation water, is only 5% of that used to
transport the water.
In many systems additional energy is being used to treat water of inferior quality so that it
can be used for irrigation. The amounts of energy involved vary with the concentration
of salts or other pollutants, the method of treatment and the size of the plant. In the case
of sea water, energy requirements range from 25 to 75 MJ (equivalent to 2/3 to 2 liters
of fuel oil) for each cubic metre desalinated. To convert municipal effluent into water
suitable for irrigation, approximately 10 MJ of energy per cubic meter are required.
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LABOR, WATER AND ENERGY REQUIREMENTS FOR IRRIGATING ONE
HECTARE OF CORN IN CALIFORNIA USING
DIFFERENT SYSTEMS

I"igation
system

Surface without

IRRS*
Surface
with
IRRS*
Drip
Permanent
sprinklers
Hand-moved
sprinklers
Side
roll
sprinklers
pivot
Center
sprinklers
Solid-set
sprinklers
Traveling
sprinklers

Gross
energy
requirement
s

Lobor
man-hours

Water
application
mJ

GJ
3.7

4.11

18,300

4.3

2.06

24.9
36.9

0.82
0.82

10,765
10,167
11,438

38.3

39.51

12,200

38.7

19.75

12,200

40.9

0.82

11,438

41.2

3.29

11,438

72.9

3.29

13,071

*IRRS =Irrigation runoff recovery system
GT = 1,000,000,000 joules
Source: Batty and Keller in D. Pimental, ed Handbook of Energy Utilization in
Agriculture, Boca Raton, Florida, CRC Press, Inc., 1980
Finally, energy is needed to distribute the water in the field. The range of inputs is wide,
and depends on the type of irrigation system used. For example, gravity flow systems
such as furrow, flood or border checks may require no fossil fuel energy whatsoever. By
contrast, systems such as center-pivot or travelling sprinklers can operate efficiently only
under high pressures which require considerable energy. Such high pressure systems also
embody and amortize significant amounts of energy, both in their manufacture and their
energy intensive components, such as aluminium and plastic. However, high pressure
systems have an important compensating feature, namely, their high water application
efficiency, which allows considerable savings in the amounts of water applied. Where
irrigation water is in itself energy intensive, i.e. is transported over considerable height
differences or receives pretreatment, efficient systems of irrigation application may
actually result in a net energy saving.
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Energy Requirements vs Water Use Efficiency
To illustrate the trade-offs between energy and water we may compare the total energy
requirements of a surface application system operating at 50% efficiency, a hand-moved
sprinkler system operating at 75% efficiency. and a drip system in which 90% of the
water applied is used by the crop. Where water is supplied by gravity, i.e. zero lift, the
total (pumping plus embodied) energy requirements of the three systems for irrigating
one hectare of corn are 3.7, 38.3 and 24.9 GJ, respectively (5.5 GJ is equivalent to one
barrel of fuel oil). Calculating the energy cost of water saved by converting from low to
high efficiency irrigation systems, we find that substituting a sprinkler system for flood
irrigation has an energy cost equivalent to one-sixth of a litre of fuel oil for each cubic
metre of water saved; on the other hand, converting a sprinkler to a drip system actually
saves a similar volume of oil equivalent for each cubic metre of water saved, because of
the lower operating pressure needed for drip systems.
These conversion rates apply to energy-free water, i.e. zero lift; when the irrigation water
has to be pumped up a significant height, the energy cost for lifting the water soon
dominates the total energy requirement, and the various energy costs of applying water
by alternative irrigation systems then become secondary in comparison with the amounts
of energy saved by reduced water requirements. For example, if the water must be lifted
100 m, the total energy requirements are very much higher, and are quite similar for all
three systems, i.e. 110 GJ for surface irrigation, 109 GJ for sprinkler, and 103 GJ for
drip, per hectare.
The examples given here show that there are no simple, general answers to the energy
problems in irrigation. Each local situation requires individual study so that the energy
costs of different irrigation systems can be balanced against their water, labour and
capital costs and thus enable the optimal mix to be selected in each case. Fortunately, the
methods and data needed for such optimization are now becoming available, largely as a
result of research initiated during the energy crisis.
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THE IRRIGATION PLANNER: A MANAGEMENT INSTRUMENT
FOR THE IRRIGATION OF GRASSLAND IN THE
NETHERLANDS
Marcel Molendijk
Royal Netherlands Meteorological Institute
PO Box 201, 3730 AE De Bilt
tel: 31-30-2206911,/ax: 31-30-2210407, £-mail: molendij@_)mmi.nl

In the Netherlands, the amount of groundwater used for agricultural purposes has
increased considerable during the past decades. The use of water for irrigation is
considered 'low-grade', and is regarded as one of the causes of desiccation of forest and
natural environment.
Policies at the national and regional level, aim to reduce the dissication and are enforcing
rules for irrigation of agricultural purposes. One way of doing this is by imposing
irrigation bans during certain periods. This is being done in the province of Brabant. An
other way of ensuring reductions can be done by assigning agricultural actions at the
farm level. For this reason, a management instrument for irrigation of grassland was
developed by the District Councel of the Board for Agriculture in Gelderland together
with the Dutch Centre for Agriculture and Environment. This paper summarizes the
model itself and the experiences sofar.

The model
The Irrigation Planner is developed by the Dutch Centre for Agriculture and
Environment and is based on a method calculating the actual waterbalance in the root
zone of grasslands:
V(t) =V (t-1) + P +I+ C- P-E (mm)
With: V(t)
V(t-1)
P
I
C
P
E

the amount of available water in the root zone today (mm)
the amount of available water in the root zone yesterday (mm)
amount of precipitation (mm)
amount of irrigated water dose (mm)
amount of additional capillary moisture (mm)
amount of percolated water from the root zone to deeper soil layers (mm)
amount of evaporation (mm)

For each day, V is calculated, and the best time for irrigation is determined, indicated by
the pF-value of the root zone. This value had been determined earlier at 2, 7 taking into
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account crop vitality, mineral utilisation and nutrient leaching. The model not only gives
information about the optimal time for irrigation, but also on the number of days the
farmer can postpone the action until severe damage is being done to the crop. The pFvalue of the root zone for this moment is determined at 3,7.
Precipitation

Evaporation

Irrigation

moisture

Percolation

The irrigation planner also provides information on the water dose necessary to replenish
the actual water content to the maximum amount possible in the root zone. The model
takes into account possible rain showers occuring just after the time of irrigation.
Therefore a deficit of 10 mm is allowed in the maximum water content in the root zone.
Finally, also effects on the evaporation of mowing and cattle walking on the pasture is
included in the model.
The model is available in two versions, a PC version and a paper version.

The irrigation planner in real-life
There are several actions necessary to complete before a farmer can start working with
the irrigation planner.
First, a mapping of the soil at each section of the farm is conducted and groundwatergauges are installed. Also, the irrigation equipment (e.g. pumps, nozzles) is checked and
- if necessary- settings are adjusted. This work is done by the dutch agricultural
extension service. Next, the soil charateristics of all the sections of the farm is
determined. Soil charateristics indices are then implemented m the final
computerprogram, the farmers receives and works with.
Once working with the planner, the farmer has to register the amount of precipitation
and the water dose on a daily base. Depending on the fluctuations of the groundwater
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level, the farmer also regularely (on average every two weeks) checks the readings of the
grondwater-gauges.
Depending on the weather situation, the farmer uses the irrigation planner once to three
times a week. The observed evaporation (Makkink) at a regional level can be
downloaded from a meteorological provider and is used as an input variable. Also
regional forecasts of the amount of precipitation and evaporation for several days ahaed
can be used as input for the model. With this information, decisions on wether to irrigate
now or wait till the next rain, can be supported. Meteorological forecast of the
parameters mentioned, are merely direct model output, postprocessed by statistical means
(e.g. Model Output Statistics) or subjective actions by a forecaster.
The various sections of the farm may require different needs for irrigation, due to
different soil charateristics and/or previous irrigation-frequencies. The irrigation planner
ranks all of the farmsections by need of irrigation. Thus, the program really makes
planning of irrigation possible for the farmer.

Experiences with the Irrigation Planner:
In several provinces of the Netherlands, the irrigation planner has been introduced in the
last few years. The experiences with it in two of them, Gelderland en Brabant, is
discussed below.
In Gelderland, a test trial of the irrigation planner in 1995, was followed by a more
extensive pilot in 1996. In 1997, on 500 farms the planner was used for day-to-day
operations (apx. 20% of total number of farms). The planner is now compulsory for
farmers with an irrigation pump-capacity between 20 and 60 m3/hour.
The provincial policies aim for a reduction in irrigation water for agricultural use of 25%
in 1998, compared with the year 1994 (no irrigation planner available). A reference
group of farmers without the irrigation planner is used for evaluation. Results show an
average reduction of the amount of irrigation water of 15-20%. This reduction is not
only the direct result of working with the planner, but was also brought about by several
other reasons. Firstly, adjustments of irrigation equipment caused a considerable
reduction. Further, several farmers decided to change their pump-capacity to less then 20
m3/hour, the pump-capacity for which the planner is not compulsory. Finally, in some
cases drainage was improved (more drainage-pipes, but at a smaller depth). Results of
the evaluation show that regional reductions of water dose may differ largely, due to
different soil charaterictics. This is an important fact for policymakers to .consider, and
makes general irrigation rules more difficult.
In Brabant, the irrigation planner is not (yet) compulsory. Here, policymakers enforce
irrigation bans during a certain period of the year. In the month of May it is not allowed
to irrigate grassland at all, in June and July only during the evening and night (from
17:00 PM to 11:00 AM). The irrigation planner was introduced in Brabant in 1996 and
in 1997 about 200 farmers used and evaluated it. The evaluation shows results similar to
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those of the province of Gelderland. A reduction in the amount of water for irrigation of
15% on average seems possible.

Forecast leadtlme (day)

For an individual farmer 15% reduction means that approximately 25 mm of water is
saved during one growingseason. This implies a saving of25 (mm) x DFI. 3,- (costs of 1
mm irrigation water, incl. variable and fixed costs)= DFI. 75,- per hectare. However, not
only the savings of the amount of water should be used in calculating the costeffectiveness of the irrigation planner. It is estimated that a secondary effect of better soil
water maintenance, improved mineral utilisation, saves another DFI. 50,- per hectare.
Total savings in irrigation-costs on average by using the planner therefore is DFI. 2500,for an average farm of 20 hectares each year. This justifies the costs of the planner, being
DFI. 500,- to DFI. 1000,- (depending on subsidy), in which the actual software program,
soil mapping, training and support by the agricultural extension worker (total being
estimated at 4 hours in the first year), is included.
Irrigation planners for several other crops are being developed and tested, including leek,
lettuce and carrots.

Final remarks
•
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Two years of experience show positive results and experience, both by farmers and
policy makers. In 1998, the planner will be evaluated in depth. For this reason, the
potential precipitation surplus (cumulative sum of observed precipitation minus the
cumulative sum of observed evaporation, starting from May till October) will be used
in assessing the caracter of the growing seasons (dry, normal, wet). Also a reference
group of farmers, who does not work with the planner, is used in evaluating the
planner. After evaluation, policymakers will determine if and how the irrigation
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planner will be used for driving back the use of groundwater and deminish its effect
on dessication of forest and environment.
•

The development of some recent techniques in medium range weather forecasting
makes it possible to utilise meteorological forecast information for an increased lead
time. For the irrigation planner, EPS (Ensemble Prediction System) forecasts for
precipitation amounts can be used in extending the l.rrigation-planning lead time. In
the Netherlands, information of precipitation amounts (Direct Model Output) is
available through output of several atmosferic models (HIRLAM, ECMWF,
BRACKNELL). For the use of precipitation forecasts in the irrigation planner there
are several possibilities, for example the EPS "plume"-output:
The quality of deterministic forecasts of the amount of precipitation is rather poor,
especially when a forecast lead time of several days (EPS upto nine days ahead) is
considered. In the EPS however, the presence of 52 modelcalculations (50
disturbances, one operation model and a control run) makes statistic postprocessing
possible. For each day, for example the minimum amount, 50-percentile and the 90percentile can be calculated, giving more information on the range of the amount of
precipitation forecast and the (skewness of) distribution of the forecasts:

__.--- 90-percentile

__.---median
~

minimum________...

•

~

I
~

~

I!

Forecast Leadtlme {day)

However, in this way time-phase differences (the timing of precipitation can be
slightly different from member to member) in individual EPS-members are not
accounted for. Therefore, for the use of this kind of meteorological information in
agrometeorological applications such as the irrigation planner, accumulations of
individual EPS-member output over a usefull forecast leadtime (e.g. tree days, week)
will probably be of greater value.
•

Unfortunately,
the implementation of meteorological
information in
agrometeorological decision support systems (DSS) is sometimes regarded as the
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final step before getting the system on the market. This procedure can result in a
good DSS as such, but with poor meteorological forecast-input due to large
meteorological uncertainty in the forecast of the weather parameter used in the
model.
It is therefore advisable for DSS-developers, agriculturists and meteorologist to closely
work together from scratch in the developing of new (or improved) operational
agrometeorological models.
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FROST FORECASTING IN ISRAEL -A CASE STUDY
Jacob Lomas
Training Centre in Applied Meteorology
Israeli Meteorological Service
IL-50250 Bet Dagan PO Box 25
tel: 972-2-39682165, jax: 972-2-39604065

The occurrence of frost is one of the most important elements in agro-meteorological
forecasting. Details on the history of frost forecasting are given in WMO (1963) and
such services are extensively issued in major fruit growing areas. The utilization of such
a forecast has been studied by Katz et al. (1982) and Stewart (1984).
There are many reviews of frost prediction methods, including those of Cellier (1982)
and Car/son (1989). Cellier's summary of empirical equations would indicate that many
expressions have limited general applicability. However, if used by competent
meteorologist with a good knowledge oflocal conditions they will give good results.
In recent years numerical models have been published for varied terrain. For example,
Avissar andMahrer (1988 a and b) have developed a three dimensional numerical model
in Israel which simulates the microclimate near the ground of non homogeneous regions
during radiative frost events. For an overview of this model see Kalma et al. (1992).
The model output was compared to an observational topoclimatological survey by
Lamas and Gat (1971) and good agreement was obtained when only topography and soil
type are considered. Consideration of vegetation as well improves the results.
The spatial interpretation of a frost forecasting is considerably enhanced by frost risk
mapping on a regional scale of 1:100,000 in Israel (Lamas et al., 1989). For such maps
mean differences were calculated for a dense network of topoclimatological stations and
base reference stations and their significance tested statistically (Lamas et al., 1989). The
detailed information available enables frost forecast to be related to specific field
locations and meaningful warnings to be issued for plant protection and technological
applications.
The physical principles of heater, wind machines, artificial fog making and sprinkler
irrigation have been reviewed by Kalma et al. (1992). Although the economic aspects
of active frost protection are uncertain In Israel, the passive method of frost avoidance is
much referred. However accurate, timely and farm scale frost forecast are most helpful
for many management decisions before, during and following frost events.
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AGROMETEOROLOGICAL INFORMATION FOR THE
PRODUCTION OF OILSEED RAPE (BRASS/CA NAPUS L.)

A summary report
Derk Rijks
Agrometeorological Application Assosiation
F-01213 Femey-Voltaire CedexB.P. 102, France
tel: 33-4-50408841,/ax: 33-4-50408842

The WMO RA VI Working Group on Agricultural Meteorology was established in 1994. Its
terms of reference included the preparation of a report on the agrometeorology of Oilseed
Rape.
When the working group met in Budapest, from 1-4 December 1997, it appeared that no
member had volunteered to prepare this report.

As an interim solution, D. Rijks offered during the meeting to compile a summary report,
provided a litterature search on the subject could be made. The WMO secretariat offered to
provide the results of such a search.
At the time of writing of this summary report (January 1998), these results have not yet
become available. The present summary is based on the very limited amount of material
available in the personal library of the writer.
The subject of the agrometeorology of oilseed rape in Europe has been covered recently in
significant detail by three authors, Hough (1990), Falisse (1992) and Narciso et al. (1992).
The reader is referred to the publications of these three authors for more complete
information, the present report aiming only to provide a summary and references in respect of
the information available for the different aspects of the cultivation of the crop.
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1. General information

Area under production
According to the information supplied in the MARS Bulletin, Space Application Institute,
Joint Research Centre, Ispra, (issue no. 7-1997), the total area in the European Union under
Oilseed Rape was 2.761.000ha, up 5% from 1996. Total production was about 7.920.000
tonnes, and yield about 2.900 kg/ha. The most important producers in the EU are Germany,
France, the United Kingdom and Danemark.

Phenology
Definitions of phenological stages, and corresponding codes, have been given by Hough
(1990), Falisse (1992) and Imerzouk~me (1997). The phases most often mentioned are:
sowing to emergence, emergence to flowering, flowering, pod growth, harvest. The accounts
by Hough and Falisse include images of the different stages and descriptions that can facilitate
the making of observations by field personnel. Mean dates for flowering, maturity and harvest
have been compiled by Boons-Prins et al. (1993) and are based mainly on the basic data
reported by Falisse, Hough and Narciso et al. (1992).

Varieties
Following the evolution of quality rules in the EU, virtually no varieties are now grown other
than those that have a content in erucic acid below the EU limit (designated as single 0) and a
low glucocinolate content (designated as double 0 if both conditions are fulfilled). Other
varieties have low tannin as well (triple 0).

Farming methods
Hough (1990) describes the optimal conditions for farm operations in detail and Narciso et al.
(1992) provide data on optimal and unacceptable conditions in a numerical form, well suited
for identification of alarm situations.
The crop is often sown after the cereal harvest, the best time in the UK being mid-August
(Hough, 1990) and October-November in Italy. Optimal and critical soil conditions and soil
water conditions for land preparation, sowing and germination are well-defined in these
publications and vary between rather narrow limits, if the operations are to be succesful.
Fertiliser application varies somewhat with the geographic location and soil types. The usual
requirements for fertiliser exist, but in addition, oilseed rape requires sulfur fertiliser and oligoelements like Molybdenum and Borium. The usual agrometeorological conditions for optimal
efficiency of applications are required.
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Oilseed-rape suffers from several diseases and pests, such as Sclerotinia, Cylindrosporium,
Alternaria, beet cyst nematode, slugs, blossom beetle, seed weevil and pod midge. During its
early growth the crop may suffer from attacks by pigeons. Details of agrometeorological
conditions governing the methods to control weeds, pests and diseases can be location
specific. They are given for the different countries by Falisse, Hough and Narciso et al.
There is little mention of irrigation of oilseed rape in the countries considered.
For harvest, relatively rainless conditions are desirable, but a very low atmospheric humidity is
not required, on the contrary, in some areas relatively overcast and humid conditions help to
avoid pod-scattering.

2. General environmental requirements
Soils

Oilseed rape requires a fairly deep, friable, well-aerated soil that has a sufficiently great soil
water holding capacity. A~id soils, heavy clays, hydromorphic conditions and permanently
wet soils are not very suitable.
The crop residues decompose rather rapidly. The crop leaves a 11 good11 soil after its growing
cycle.

Climate, weather
The crop requires a generally ample supply of water during most of its growing cycle, with
the exception of the flowering period, when excess rain may be detrimental to pollination and
favour the development of Sclerotinia.
Hough (1990) reports that the main hazards for the crop are: dry weather at sowing,
winterkill due to frost, waterlogging during stem extension, frost during flowering, dull wet
cool weather during flowering, summer drought, wind and heavy rain during ripening.

Oilseed rape is a photoperiod sensitive plant It needs days of <8hrs for vernalisation.
Falisse (1992) indicates temperatures varying between -20°C and -8°C as the limit of cold
resistance for different varieties, a lower limit of 0°C for pollination and the range of up to
17°C for flower initiation, with an optimum of0°C to 7°C.
The crop needs ample solar radiation during pod-filling.

102

Report of the RA VI Working Group on Agricultural Meteorology, 1998

3. Environmental requirements for growth and development throughout the growing

cycle
Sowing to emergence
The temperature base for the calculation of thermal sums is variously reported as oec and
4.2eC. Hough (1990) reports requirements of 79.4eC.days (base 4.2eC) and 123eC.days
(base oeC). Narciso et al. (1992) report 8-1oec as providing optimal conditions during this
period, >sec and <25eC as acceptable conditions and 175 and 1ooec.days respectively as
optimal and acceptable thermal sums.
There should be near 100% available water in the soil, well distributed in time, but there
should not be waterlogging.

Emergence to flowering
The total number ofleaves produced by the plant can decrease from as much as about 30 to
as few as about 18, as the date of sowing is delayed. Optimal conditions for leaf development
are given by Narciso et al. (1992) as 10-12eC. Hough (1990) mentions a thermal sum
requirement between successive appearances of 82eC.days (base oeC), Narciso et al. give a
requirement for optimal conditions of 400eC.days from emergence for 5-6 leaves. Leaf
growth after the winter resumes at sec (Falisse, 1992).
Hough reports estimates of 700eC.days (base 6eC) required from sowing to flowering for
early (August) sowings but only 450eC.days for late (September) sowings.
Pollination is very sensitive to, and can be severely hampered by, frost conditions.
Few, and variable, figures are given on water requirements. None of these mention a relation
to potential evapotranspiration.

Flowering to harvest
The rate of pod development depends, among other factors, on the number of leaves at
flowering. The reports on agrometeorological requirements during this period are very varied:
Hough (1990) reports research by Mendham et al. (1981) establishing a relation between the
average rate of development (S, seed per day) and mean maximum air temperature (Tx) as S
= 0.00172 Tx- 0.0128, and a thermal sum requirement of 715eC.days (base 4.6eC) from
50% flowering to harvest. Narciso et al. (1992) report optimal conditions as 600-700eC.days
(base oec) for pod development, and 900eC.days for achieving commercial ripeness.
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Vernalisation
The information on requirements for vernalisation is somewhat varied. Hough (1990) reports
10 weeks at 6-7°C for August-sown plants and 8 weeks for October-sown plants. Falisse
(1992) states that vernalisation is optimal ifthe plant experiences temperatures between 0 and
7°C during 40 days.

4. Ejects on leaf area index, evapotranspiration, radiation regime
LeafArea Index
Leaf Area Index (LAI) is strongly influenced by the date of sowing; it reaches its maximal
value just after flowering and than influences in its turn the yield of the crop. Peak values may
be equal to 3 or 4 (Hough, 1990) and depend on the application of nitrogen.
Evapotranspiration
The periods of stem extension and of flowering are sensitive to water stress, but neither
should there be waterlogging during these periods. A very approximate estimate of total water
requirements in northern Europe is about 700mm.
Radiation regime
The albedo of the crop is between 0.20 and 0.25, except for the flowering period, when a
fully flowering canopy may have an albedo as high as 0.40 to 0.45 (Hough, 1990). Radiation
absorption and light interception are a function of LAI and of the presence or absence of
flowers.

5. Damage by frost, heat stress, wind, hail, drought, excess water, lodging
Severe frosts(< -12°C) usually damage the plants in their (early) vegetative stage; frosts<1°C during flowering can very significantly hamper pollination and thus reduce yield.
Heat stress, combined with an inadequate water supply during pod :filling can seriously reduce
yield.
Wind is the main agent for pollination. Damage from wind may occur rather rarely during
ripening, when the earliest ripe pods may split and shed their seeds.
Hail may cause damage if it occurs during stem elongation or during ripening.
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Drought is harmful in most stages of active growth, but especially just after sowing and
between flowering and maturity.
Excess water during early establishment and excess precipitation during flowering can be
detrimental.
Lodging does not occur often, but if it does, the damage can be quite significant.

6. Effects on agricultural operations
Land preparation

The land should be accessible (requiring a previous dry spell), but the soil should not be too
dry. Hough (1990) and Narciso et al. (1992) provide criteria for different soils and sowing
dates in northern and southern Europe respectively.

Sowing
The seed of the oilseed rape plant is very small; it should be sown at about 1.5cm depth.
Meteorological conditions that provide a friable soil with 50-60% available water are optimal.
A choice of methods of seedbed preparation and sowing (drilling, and rolling after drilling)
and weed control, permits a certain adaptation to the soil type and weather conditions.

Fertilizer applications
The same criteria apply as those for other crops.

Crop protection (weeds, fungus diseases, insect pests)
Falisse (1992) provides an extensive account of possible pests and diseases, but few
agrometeorological criteria for their occurrence or control are given. Hough (1990) mentions
the use by Alford (1979) of meteorological data to estimate the development of the cabbage
stem flea beetle, so that control measures can be taken at the time the larvae emerge.
Application of herbicides for weed control is best when the soil is moist, but not wet (Hough,
1990), and if the treatment is followed by small amounts of rain (to help move chemicals to
the roots of the weeds) but not by heavy rain (which could remove the herbicide from the
root range).

105

Report of the RA VI Working Group on Agricultural Meteorology, 1998

Harvest
During harvest the weather should have been relatively dry for a few days to permit access to
the field, and relative humidity should neither be too low nor> 80% (Narciso et al., 1992)
Depending on the harvesting method (swathing and combining, or dessiccation and
combining) the crop should be dry, and be laid on a dry soil, and rain should not occur, but
cloudy conditions or relatively high humidity may prevent pod-shattering.
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Introduction
During its eleventh session WMO Regional Association VI established a Working Group on
Agricultural Meteorology. One of the terms of reference of the group was:
- to elaborate and propose for approval to the next session of the Regional association a
uniform scale for the assessment of forest fire danger.
The work was to be undertaken in collaboration with CAgM and with FAO and other
international agencies.
The purpose of the present study is to promote the increased and more efficient use of
meteorological data in forecasting the risk of forest fire, its prevention and control, resulting in
increased economic, social and environmental benefits for countries in the Region.
This document presents the information that was gathered from the Members in RA VI. It
contains a brief analysis of the data and some suggestions for follow-up activities that were
considered in the meeting of the working group in Budapest, 1-4 December 1997.
Given that the WMO RA VI is composed of about 50 countries, located in an area situated
roughly between the latitudes 30°N and 70°N and the longitudes 25°W and 80°E, the
establishment of a uniform scale for the assessment of forest fire danger for such a vast region,
with so different geographical, climatic and vegetational characteristics, is very difficult, if not
impossible. Even if an Index could be established that in theory would be "optimum", the
results of its use should be tested and compared with the results of the use of the indices now
employed in the different countries. Such a test should take into account the occurrence of the
number and the extent of forest and bush fires.
Much has been written on the subject, but it appears opportune to state briefly the main
factors involved in the processes of ignition and spread of forest fires.
The state of the three components in the traditional forest fire triangle, oxygen, fuel, heat, is
influenced by meteorological factors:
- oxygen: wind speed, pressure, temperature, sunshine
107

Report of the RA VI Working Group on Agricultural Meteorology, 1998

-fuel state: temperature, humidity, wind speed, precipitation, dew
- heat: sunshine, the radiation balance, temperature.
In addition to these meteorological factors, fire ignition is often especially caused by human
activities or other natural causes, such as lightning. The ease of ignition is a function of,
among other factors, the state of the fuel, which is not only determined by the nature and the
state of the vegetation and the soil, but also by the meteorological factors that influence this
state. Vegetation type and topography, associated with other weather factors, such as the
direction of the wind, contribute to condition the spread of the fire.

As has been known since prehistoric times, knowledge of past, actual and forecast weather
conditions is a crucial input in the forest fire control activities. The difference with prehistoric
times is that this knowledge now is available and can be disseminated to those involved in
forest fire control.
Historical review

The theme of using meteorological data for the forecasting of forest fire services (WMO,
1961) was examined by a working group of the WMO Commission for Agricultural
Meteorology in 1960. The study deals with fire-weather relationships and describes existing
methods of providing special forecast services for:
- making estimates of inflamability based on temperature and moisture observations from
synoptic stations;
- making estimates of fire danger requiring supplementary information;
- the provision of integrated fire weather services.
Th;e publication does not at this time, make any proposal for an uniform scale of the
assessment of forest fire danger.
Since then, the national meteorological and forest services, in many countries, have actively
searched for adequate methods to use meteorological data to forecast both the state of the fuel
and the likelihood of the occurrence and the spread of forest and bush fires. Many different
indices for either theme or combined indices for both have been developed and tested. Many
authors tested existing indices and evaluated their applicability to national conditions (e.g. in
the context of the E.U. Programme :MINERYE), before developing new indices for national
use, that took the shortcomings of existing methods into account (e.g. Sol, 1997; Viegas et al,
1994). There was often doubt about the realism of developing a single method that would
take all "local" conditions sufficiently into account and provide an adequate response in all
situations.
Nevertheless, the political will to standardise to a maximal extent the systems of forecasting,
detection and control the outbreaks of forest fires was very clearly embodied in the
una.ninlous adoption of resolution SILVA N°6 by the International Conference on trees and
forests, Paris, February 1986 (CTFT/CIRAD, 1986).
Regular updates on activities relative to the theme are provided by the food and Agriculture
Organisation of the UN (FAO) and the Economic Commission for Europe ECE) of the UN
in the 6-monthly publication "International Forest Fires News", by the International
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Association ofWildland Fire (P.O. Box 328, Fairfield, Washington, 99012-0328, USA) and
by several national forestiy services, such as ICONA in Spain, often in association with the
International Agencies cited above.
In 1973 the Australian Forest Research Institute, Canberra, developed a "Forest Fire Danger
Meter" that uses as input values the drought index or drought factor, rainfall of the previous
24 hour period, the number of days since rain, relative humidity, air temperature and
windspeed, to provide a "danger index", ranging from low to extreme, and also represented
digitally. This system has been used/copied/adapted in several other countries, especially those
with agroclimatological conditions similar to those in Australia.
For temperate zones, Pouliot (1991) published an overview of the sensivity of fire weather
indices to weather factors. He developed a spatial estimation approach to evaluate fire
weather indices and their components. He also described a classification method of indices
and their weather components to identify the various levels of fire danger on "colour graphic"
displays.
Representatives of national meteorological and forestiy services from countries in the western
mediterranean basin examined the methods and techniques used, and the input data required,
in considerable detail (Rijks & Ciesla, 1992).
A summary of systems for evaluating the effects of weather on wildland fires was published
by WMO (1994).

An uniform scale for the assessment of forest fire danger

In order to obtain an overview of the fire danger indices used within the Regional Association
VI, a questionnaire was formulated and sent by WMO Secretariat (Annex I) , to the 50
countries ofRA VI.

Analysis of the answers to the Questionnaire

1. Countries answering the questionnaire (Annex 11, pages 1 to 6)
In this annex, the names and addresses of the persons dealing with this subject are presented.
Up to 15 October 1997, 31 countries (62%) answered the questionnaire.

2. Forest suifaces and yearly burned areas (Annex 11, pages 7, 8 and Fig. 1)
Fifty five percent of the respondents consider that forest fires occur in significant numbers in
the respective countries and 32% consider that they don't occur in significant numbers.
Except for 3 countries, where the percentage of the forest surface is less than 10 %, in most
countries the forest surface represents 20 to 64% of the whole country. For the 31 countries
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answering the questionnaire, the mean forest cover percentage is about 32 %. In these
countries the total forest surface amounts 1 636 631 km2.
The average of yearly burned areas as a percentage of the forest surface is quite different from
country to country, varying from 0.00071% to 3%.

3. The main causes offorest fire ignition and the normal prevention period
(Annex 11, pages 9, I 0 and Figs. 2, 3)

The main causes of forest fire ignition vary a lot from one country to another.
The highest mean percentages are the "unknown" causes followed by leisure and landwork
activities, criminal action and finally natural causes.
Natural causes- Mean value - 7 %.
In most countries, the percentage of natural causes are equal or below 5%. In some countries

this percentage is greater, reaching 36% in one country.
Land work activity- Mean value- 30 %.

Only in 4 countries is this percentage below 10 %; in 8 countries it is more than 30 %.
Leisure activity- Mean value- 33 %.

Most countries mention a percentage above 20 %.
Criminal action - Mean value- 21 %.

Only in 7 countries is this percentage below 10% and in 6 countries it is more than 30 %,
reaching 60 % in 4 countries.
Unknown causes -Mean value- 38 %.
In 9 countries, this percentage is above 20%, reaching 74% in one country.

The mean Normal forest fires prevention period for the countries answering the
questionnaire is 5 months, mainly in spring and summer time. Some countries also mention
the winter time. The range of the duration of the period is from less than 3 to 7 112 months .

.
4. Use ofa fire danger index (FDI)
(Annex 11, pages 11, 12)

21 countries use an actual fire danger index at a national level.
At a regional level an actual fire danger index is used by 14 countries.
Only 13 countries use a forecasted fire danger index
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5. Description of the fire danger indexes used in different countries
(Annex 11, pages 13 to 15 and Table I)

Following to the analysis of the description of the different fire danger indices, the input
information required for them can be classified in five categories (Table I):
Meteorological data
In 22 countries, most methods use air temperature and humidity, precipitation and wind speed

values. Very few use wind direction as well. Five methods use computed soil water content
and three use potential evapotranspiration.
Vegetation data

The vegetation type is considered by three methods, phenology is considered by three
methods and vegetation moisture of fine dead vegetation and/or ground vegetation by eight
methods.
Ground state

Two methods consider snow or ice depth.
Geophysical factors

Local orientation, slope and shadow is considered by only one method.
Social factors

A fire risk increasing factor, related to leisure days, is used by only one method.

6. Indices performance and information diffusion (Annex 11, pages 16 to 18)

Fifty nine percent of the countries did not give details about the "evaluation of the
performance of the index used". The rest of the answers varies between satisfactory and
good; only one country considers the method used as very good.
Seventy seven percent of the countries expressed ideas about the "users acceptance of the
index performance" which ranged from good/regular to very good, even fundamental.
In respect of "other information used to support forest fire prevention", there were
mentioned: weather forecasts, short term weather forecasts, forecasted fire indices or its trend,
forecasts ofFohn risk and a soil and vegetation dryness watch.
For the "information diffusion", Internet is used by 10% of the countries, briefings by 20%,
telephone by 43 %, fax by 50%. Twenty percent of the countries also use mass media.

7. Meteorological station network and remote sensing support
(Annex 11, pages 19 to 21)

Only one country does not use the synoptic station network, but uses a fixed special network
instead. In 27 % of the countries a fixed speci~ station network is used, at least regionally.
Only one country also uses mobile stations.
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Satellite imagery is used by six countries, either to obtain the hydric stress of vegetation or to
monitor fires of big areal extent. Two countries use radar imagery for a precipitation watch.
One country uses airborne digital radiometer imagery.

Considerations
Planning of.fire prevention and control
During the "fire season", the planning of the prevention and control of forest fires is the most
important task. In countries where forest fires are a REAL problem, the existence of an
operational co-ordination centre, national or regional, is essential. In such a centre, where the
decisions are taken, a daily briefing with the presence of, at least, meteorologists, foresters
and firemen, is considered very useful.
The extension of burned areas depends very much on the promptness of the fire control
measures. This promptness is related to a good fire prevention organisation in addition to the
type and means of fire control available. Besides a watch service, it is essential to have an
actual FDI + weather forecast, or an forecasted FDI, in order to obtain, if possible, a more
rational regional distribution of special means for fire control (aircrafts and special brigades).
As tools for Fire detection, one should mention the visual land watch networks, a lightning
detection system (cloud-to-ground discharges) network, aircraft surveys and satellite imagery.
Co-operation among Fire Agencies of neighbouring countries should include some or all of
these tools.

Available data for a fire danger index in real time
Meteorological data observation and transmission does not appear to be a big problem, due
to the existence of the networks of the national weather services. Nevertheless, account must
be taken of wrong or missing values coming from the meteorological stations (automatic or
classic). Value corrections and/or estimations must be made, especially for the cumulative
methods.
For this propose, the representativity and density of the meteorological stations network
should be considered. As described above, some countries use a special station network, to
allow for the specific needs of forest fire control activities.
The observation and transmission of vegetation data can be a problem for some countries, in
which there is no :fixed observation network and/or quick communication circuit.
Nevertheless the dead fuel moisture can be estimated through meteorological data.

Other factors
Orography
Slope is an important factor in a spread index.
Vegetation land cover
The type of forest or wildland, the forest preservation conditions and the existence of usable
tracks for fire fight brigades are very closed rela,ted with fire spread as well.
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Fire danger related with social factors
As reported in the questionnaires, human actiVItJ.es of known or unknown type, are
responsible for the overwhelming majority of fire ignitions (Fig.2). It appears therefore that
the knowledge of the fire frequency related to demography and social behaviour could be a
tool to be included in a regional risk.
Fire danger forecasting
Besides the available forecast meteorological elements, needed for computing fire danger
indices, obtained by different models, the knowledge of the typical weather situations related
to the big fires, at national or regional level, is an important tool for the meteorologists
dealing with this subject.
With some days in advance, the forecast of those situations is most usefull for the staff
charged of the fire control planning.

Users' acceptance ofa fire danger index
Any fire danger index, independently of its complexity, can be considered good if its results
are good, i.e. if it is well accepted and trusted by the local users.
The users (agencies or services in charge of fire prevention and fight) must have a detailed
knowledge of the characteristics and the components of the index used in the region. This
increases the awareness of meaning of the risk index they receive.

Comparative studies
Some of the countries use more than one FDI or even combinations of indices (e.g. the
synthetic index, Sol, 1997). The Canadian forest fire weather index system was mentioned, in
some countries, as having a good performance.
The comparative studies of various methods of fire danger evaluation made for some
southern European countries are a good example of what can be done for other regions of
RAVI.

Conclusion

The analysis of the litterature of comparisons of performance of different indices (Viegas et
al., 1994; Sol, 1997; the MINERYE project) indicates that at this moment no single index is
better than others in all or most locations, conditions and seasons in the southern part of RA
VI. Tests are still underway, and the final results are not yet known. The results of the various
tests show that many different factors have different relative weight in different geographic
situations, years, seasons, vegetation conditions and social environments.
The drive towards a more performing and a more generally valid approach to the
development of forest fire prediction and spread indices will be substantially helped by the
creation of an inventory of methods with for each one a clear description of the totality of
input (causal) factors and their relative weight. A first draft of such an inventory is given in
this document (Tables 3.7 and 3.8). Locally or regionally well-performing indices can then be
formulated and tested based on the omission from an overall formula of the non- or little113
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contributing input factors. Such work needs necessarily be undertaken by an interdisciplinary
group, such as could be formed with a nucleus of those already engaged in this work in the
meteorological, agricultural, forestry and civil security services of the countries in RA VI and
the WMO, FAO and UN-ECE. The EU-:tv1INERVE project has already started activities in
this sense and might possibly welcome collaborators from other countries and disciplines.
Among the tools available for the testing of the value of the methods, a generally applicable
method is the Skill-Score test, the use of which in forest fire control activities was described
by Roux (1992). Results obtained with this method can be readily compared for tests done in
different environments and on different statistical populations.

~eco~.n~n~ons

In view of the considerations enumerated in this document, it is proposed:
A.

1 Until more substantial evidence of the validity of an Uniform Fire Danger Index has

been collected, every country should keep working with the meteorological fire
danger index (MFDI) used at present.
IT. Regional fire danger factors should be considered. For this propose, the computed
:MFDI, or its components, should be classified according to danger classes whose
limits were related with those regional factors.
B.

Due to the experience of several countries in dealing with the Canadian index and its
adjustments made for local purposes, this fire danger index could be run
simultaneously and experimentally, with the indices actually used. Comparisons of
the results of the two indices with the fire occurrence should be made.

A proposed methodology for establishing regional fire danger classes is:

1°.

Establishment ofzones and subzones, as homogeneous as possible, regarding:
Orography
(mean slope and orientation)

Land cover

Type (forest, shrubs, etc)
Density
Forest preservation conditions

Fire frequency

The fire occurrence translates already the man and lightning-caused fires, the
orography and the land cover. The knowledge of the values of its relationship with
:MFDI can lead us to establish the limits of the danger classes for each region.
2°.

The methodology require that a choice be made on the most representative
meteorological stations for each zone.

3°.

List
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account
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FDI

if appropriate.
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FOREST FIRE PREVENTION PERIOD (Months)

Countries

Figure 3
Graphical presentation of the duration, in months, of the period offorest fires prevention
activities, in the Countries ofWMO Region VI
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X

I
I
I

I

0

Social
Factors

I
X
X

X

X
X
X

X
X
X

Geoph1sical
Factors

I

0

0
X
X
X

Type

swc ET PET Cl

Vegetation
Data
Phenol. Moist.

X

X

0

I

0

X
X
X

X
X

X

X
X

X

X

X

X

X
X
X
X

X

X

X
X

X

X

Table!
Data used in different Fire Danger Indices

121

.......

Questionnaire related to the elaboration of an Uniform Scale For The Assessement of Forest Fire Danger

l-0
t-0
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'8::1.
List of Countries
(Numerical order)

1.

Countries
answering
questionnaire

s.,

g.

2.
Person completing the questionnaire
Name

Norway

Oddvar Jensen

X

Sweden

Erik Liljas

X

Finland

Dr. Martti Heikinheimo

X

United Kingdom of Great
Britain and Northern
Ireland

Paul V. Hamer

X

Ireland

Thomas Keane

X

Iceland
--------

Adress

Tel, Fax, Email

Norwegian Meteo. Institute
P.O. Box43, Blindem
N-0313 Oslo -Norway

Tel: ++ 47 22 96 30 00
Fax: ++ 47 22 96 30 50

SMHI
S-601
76 Norrkoping - Sweden

Tel: ++ 46 011 15 80 00
Fax:++ 46 011 17 02 07
Email: e.liljas@smhi.se
Tel: ++ 358 9 19 29 41 40
Fax:++ 358 9 19 29 41 03

Finnish Meteo. Institute
P.O. Box503
Fin-00 101 Helsinki- Finland
Met. Office
Johnson House, London
Road
Bracknell - Berks RG 12 254
United Kingdom
Met.Eirean
Glasnevin Hill
Dublin 9 - Ireland

Magnus J6nsson

X

~

;:::;

Bustadavegur, 9
150 Reykjavik -Iceland

Email: martti.heikinheimo@fini.fi

Tel: ++ 44 1344 85 49 76
Fax: ++ 44 1344 85 45 88
Email:
pvhamer@meteo.gov. uk

~
~

~·

f
0

::I

~
::::1.
g

[

Ia
0

~

......
\0
\0

Tel: ++ 353 1 806 42 00
Fax: ++ 353 1 806 42 47
Email: tkeane~irmet.ie
Tel: ++ 354 560 06 00
Fax:++ 354 552 81 21

00

List of Countries
(Numerical order)

I

Countries
answering
questionnaire

Person completing the questionnaire
Name

Adress

Tel, Fax, Email

Greenland
Denmark and Faroe
Islands
Netherlands

M. Molendijk

X

Belgium

Hennan Boyen

X

Post box201
3730 AE De Bilt -Netherlands
KMI-IRM
Ringlaan 3
B 1180 Brussel - Belgique

Tel: ++ 31 30 220 69 11
Fax:++ 31 30 221 04 07
Email: molendij@knmi.nl
Tel: ++ 32 2 373 06 26
Fax: ++ 32 2 374 67 88

i

~

g,
::;.
~

~
$

~Q.

Luxembourg

Jg

Switzerland (South)

Marco Conedera

X

France (South-East)

Bemard Sol

X

Spain
X

.......

10

w

FNP Soltostazione Sud delle
Alpi. C.P. 6504 Bellinzona
Ravecchia - Suisse
Meteo-France
2, Bvd. Chateau Double
13098 Aix-en-Provence Cedex
2- France

Ricardo Velez Mufioz
D.G. Conserv. Naturaleza
Chief of Forest Fire Prevention Gran Via S.Francisco, 4
Department
28005 Madrid - Spain

Tel: ++ 41 91 821 55 62
Fax:++ 41 91 821 55 65
Email: conedera~wsl.ch
Tel: ++ 33 442 95 90 71
Fax:++ 33 442 95 90 19
Email:
Bemard. Sol@meteo.fr
Tel: ++ 34 1 366 51 04
Fax: ++ 34 1 365 83 79
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List of Countries
(Numericar order)

,g

Countries
answering
questionnaire

0

Raul Mata Reis
X

Waiter Trampf

Germany
X

Dr. Hartwig Dobesch

Austria
X

Jaroslav V alter

Czech Republic
X

Pavol Nejedlik

Slovakia
X

Poland
Hungary

Attila Bussay
X

Yugoslavia

g,

g

Name
Gibraltar
Portugal

:::1.

Person completing the questionnaire
Adress

Tel, Fax, Email

Instituto de Meteorologia
Rua C ao Aeroporto
1700 Lisboa - Portugal
Deutscher
Wetterdienst
Geschaftsfeld Landvirtscha:ft
Posfach 100465
67004 Offenbach- Germany

Tel: ++ 351 1 848 39 61
Fax: ++ 351 1 840 23 70
Email: Raul.Reis@}meteo. pt
Tel: ++ 49 69 80 62 2408
Fax: ++ 49 69 80 62 2482
Email:

~
s·
Otl

wtrampf~dvd.d400.de

~

Tel: ++ 43 1 36026 2202
Hohe Wante 38
Fax: ++ 43 1 36026 72
A-1190 Vienna - Austria
Email: dobesch~zamg.ac.at
Czech
Hydrometeo. Tel: ++ 42 2 44 03 22 06
Institute
Fax: ++42 2 44 03 21 28
14306 Prague 4 -Komorany, Email: valter@chmi.cz
Na Sabatce 17
Czech Republic
Slovak Hydrometeo. Institute
Tel: ++ 42 1 956 32 37 48
Dumbierska 26,
Fax:++ 42 1 956 32 05 91
041 17 Kosice - Slovakia
Email: nejedlik@slunuke.shmu.sk
Hungarian Meteo. Service
H-1525 Budapest- POBox 38
Hungary

Tel: ++ 36 212 53 97
Fax:++ 36 212 51 59
Email: bussay@met.hu
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List of Countries
(Numerical order)

Countries
answering
questionnaire

Person completing the questionnaire
Name

The Former Yugoslav
Republic of Macedonia
Slovenia

Andrei Pecenko
X
'

Croatia

Marko Vucetic

'

X

Adress

Hidrometeo. Inst. Slovenia
Vojkova lB
1000 Ljubljana - Slovenia
Meteo. and Hydro. Service
Agrometeorological Dep.
HR-I 0000 Zagreb - Croatia

I
I

Tel, Fax, Email

Tel: ++ 386 61 327 4 61
Fax: ++386 61 133 13 96
Email: andrej.pecenko@rzs-lun.sl

Tel: ++ 385 1 456 57 66
Fax:++ 385 1 27 87 03
Email: vucetic@cirus.dhz.hr

Bosnia-Herzegovine
Pranvera Bekteshi

Albania
X

Hydrometeorologic. Institute
Durresi St.
219 Tirana - Albania
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Tel: ++ 355 42 224 39
Fax: ++355 42 235 18
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Romania

ig

Bulgaria

~
::1.

Luigi Perini

Italy
X

Via del Caravita 7 A
00186 Rome - Italy

I

Fax:++ 39 6 699 415 64
Email: ucea@flashnet.it

~

Malta

~
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------
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List of Countries
(Numerical order)

Countries
answering
questionnaire

Person completing the questionnaire
Name

Greece
Turkey

A dress

g

Tel, Fax, Email

~
~

Dr. Murat Ttirkas
X

K.L., Philaniotis

Cyprus

X

Turkish State Meteo. Service
P.O. Box401
Ankara - Turkey
Meteorological Service
CY-1418 Nicosia- Cyprus

Tel: ++ 90 312 359 75 45 I
~15:
491
JJ
Fax:++ 90 312 359 34 30
Tel: ++ 357 2 30 23 77
Fax:++ 357 2 30 41 49

j

g

~
:::1.

Russion Federation
(in Europe)
Estonia
Latvia

X
Lithuania

X

Latvian Hydromeo. Agency
165, Maskavas str,
Riga LV-1019 - Latvia
Hidrometeorological Service
Mrs. Vida Raliene
Head of Weather Forecasting Rudnios, 6
Vilnius - Lithuania
Department

Mihail Borksovsky
Deputy Director

V. I. Melnik

Belarus

X

Ukraine

X

Ms. Raisa Sosnovskaya
Head of Weather Forecast
Division

Tel: ++ 371 7 11 20 34
Fax:++ 371 7 14 51 54
Email: LHMA@lhma.org.lv
Tel: ++ 3702 750089
Fax: ++ 3702 726912
Email: synop@is.lt
State
Commitee Tel: ++ 375 172 64 22 05
Fax: ++ 375 172 23 56 63
Hydrometeo.
16, Komsomolskaya Street.
Minsk, 22050 - Belarus
State
Commitee Tel: ++ 380 44 226 23 11
Fax:++ 380 44 229 49 07
Hydrometeo.
6, Zolotovorotskaya Street
Email:
. . 252601 MSP, Kiev 34 Ukraine lipins@freenet.kiev. ua
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List of Countries
(Numerical-order)

Countries
answering
questionnaire

Person completing the questionnaire
Name

Republic of Moldova
Georgia

A dress

Djenal Dolodze

Tel, Fax, Email

Ministry
of
Natural Tel: ++ 995 8832 95 31 82
Resourses
Fax:++ 995 8832 95 50 06
Dep. Hydrometeorology
150 Agmashenebeli Ave.
Tbilisi, 380012, Georgia

X

::l-

Armenia
Azerbaijan

....,

0

Aznmzage P .K.

Tel: ++ 994 892 2 98 22 96
Fax:++ 994 892 2 93 69 37

yr Paeys P3a, 3

X

Baku 370000 - Azerbaijan
Hydrometeo.and
Tel: ++ 7 327 2 62 86 13
Environmental Monitoring Fax:++ 7 327 2 69 68 48
Agency - Ministry of
Ecology and Bioresources.
32,
pr.Abaya,
Almaty
480072 Kazakstan

Kozhakhmetov

Kazakstan
X
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K.K.L. Forest Department

John Woodcock

P.O.B. 45
K.iriat Hayim 261 03 - Israel

X

1-------'

~

>-

Syrian Arab Republic
Lebanon
Israel

Jordan

i

--------·

----------

--

-------·

-------

-----------

Tel: ++ 972 4 849 02 68
Fax: ++ 972 4 847 274
Email:
JOHN.W@KK.ORG.IL
-------~~-

--~-
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1.

Country

Norway
Sweden
Finland
United Kingdom
Ireland
Iceland
Netherlands
Belgium
Switzerland (South)
France (South-East)
Spain
Portugal
Germany
Austria
Czech Republic
Slovakia

3.1
Are there forest
fires in a signif.
number?

Yes(?)
Yes
Yes
No
Yes
No
No
No
Yes
Yes
Yes
Yes
No
No

---No

3.2 a)
Total forest surface
(km2)

120 000 km2
290 000 km2
200740 km2
23 800 km2
10 000 km2
---------------------3 350 km2
6 800 km2
14 000 km2
40 000 km2
250 000 km2
33 784 km2
107 410 km2
39 000 km2
26 300 km2
19 911 km2

3.2 b)
Forest surface in
percentage of the
whole Country

37 %
64 %
59.4%
9 %
8.6%

----------------------10 %
21 %
50 %

-----50
37
30
46
33.3
41

%
%
%
%
%
%

3.3

0

Mean of yearly
burned area as
percent. of forested
surface

0.013 %

-----0.0018%

-----0.1

%

--------------------< 0.001 %
0.00071%
1
%
0.5 %
0.65 %
3.0 %
0.02 %
-------0.043%
0.013%
-
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Country

Hungary
Slovenia
Croatia
Albania
Italy
Turkey
Cyprus
Latvia
Lithuania
Belarus
Ukraine
Georgia
Azerbaijan
Kazakstan
Israel

3.1
Are there forest
fires in a signif.
number?
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No

3.2 a)

Total forest surface
(km2)
16 740
10 940
20 827
10299
98 570
201 993
1 754
28 196
19 000

km2
km2

km2
km2
km2
km2
km2
km2
km2

3.2 b)
Forest surface in
percentage of the
whole Country
18 %
54 %
23.8%
35 %
33 %
26%
19 %
46%
30 %

-----------------

-----------------------------

-----------------

No
No

29 880 km2
12 137 km2

43 %
14%

3.3

Mean of yearly
burned area as
percent. offorested
surface
0.06%
0.3 %
0.55%
0.2 %
0.5 %
0.06 %
0.05 %
0.02%
0.1 %

-----------0.06%
0.004%
0.003 %

---------------

------------------

----------------

---------------------

Yes

1200 km2

5%

0.15%
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3.4
Main causes of forest fires ignition in percentage

Country

Natural
causes

Norway
Sweden
Finland
United Kingdom
Ireland
Iceland
Netherlands
Belgium
Switzerland (South).
France (South-East)
Spain
Portugal
Germany
Austria
Czech Republic
Slovakia

----------------

10 %
36 %
2.7%
5 %
20 %

---------

Human activities
Land
work
activity
15 %
3 %
4.3%

Leisure
activity

=>

=>

55 %
15 %
52.2%

30 %

40

%

---------

---------

0 %
0 %
15 %
5 %
5 %
3 %
0.9%

14 %
=>
5 %
35 %
40%
20 %
=> 15 %
50 %
20 %
38 %
16.9%
4.9%

-----

-----

------

0 %
15 %

37 %
60%

60%
20%

·--

3.5

0

Normal forest fires
prevention period

Other
causes

%

6
n.s.
95 %
10 %

---------45 %
60 %
25 %
6 %
25 %
31%
19.1 %

------3%
5%

g,

ft

~

s

Criminal
action

-----

::1.

~
~
Jg"
20 %
40 %
40.8%

-----------------41 %

-------74 %
28 %
52.8%
---------

-----

4/5 months (Apr/May -- Aug)
4 months
5 months
3 months (Mar-May) or longer
7 months (Mar-Sep)

---------------------------7 months
2/3 months
6 months (winter)
3 months (summer)+ \vinter/spring
6 months
5 months (15 May-15 Oct)
7 months (Mar-Sep)

-------------------7.5 months
4 months

~

.§
0

i:l

~

::t.

E.

[

~

~
0

a0

~

.....

\0
\0

00

3.4
Main causes of forest fires ignition in percentage

1.

Country

Hungary
Slovenia
Croatia
Albania
Italy
Turkey
Cyprus
Latvia
Lithuania
Belarus
Ukraine
Georgia
Azerbaijan
Kazakstan
Israel

Natural
causes

----4 %
3.4%

---0.7%
3%
28%
0.6%
0.1%

Human activities
Land
work
activity
20%
40%
~

80%
~

*57%
49 %
12.3%
11 %

-----

Leisure
activity

Normal forest fires
prevention period

Other
causes

Criminal
action

:g
0

::4-

20%
2 %
63.2%
10 %
25 %
27%
16%
74%
50%

60%
0 %
12.3%
10%
62%
13 %
7 %
13.1 %
14 %

----54 %
21.1%

---12.3%
*

----25 %
37 %

-----

-----------

--------

------

15%
0%

60%
0%

25 %
100%

0%
0%

0%
0%

--------

------

------

--------

-----

0%

28%

12%

60%

---------

3.5

~

a,

3 months_ (IVfarch - May)
5 months (Fev,Mar, Apr, Jul, Aug)
6/7/8/9 months
4 months
3 months
6 months
6 months
7 months (Apr- Oct)
6-7 months

8~
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-------------------------7 months (Apr-Oct)
2 months (Jul-Aug)
7 months (Apr-Oct)

-----------------------------7 months
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3.6

1.

Country

Norway
Sweden
Finland
United Kingdom
Ireland
Iceland
Netherlands
Belgium
Switzerland (South)
France (South-East)
Spain
Portugal
Germany
Austria
Czech Republic
Slovakia

Is FDI used at a
national level ?

Yes
Yes
Yes
Yes
Yes
------------------

3.6.1
Is FDI used at a
re~ionallevel

3.6.2 a)
Actual FDI?

3.6.2 b)
Forecasted FDI ?

?

No
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

---------------------

------------------

No
Yes
No
Yes
Yes
-----------------------

Yes
No
No
Yes
Yes
Yes
Yes

Yes
No
No
Yes
Yes
Yes
Yes

Yes
No
No
Yes
Yes
Yes
Yes

No
No
No
Yes
Yes
Yes
Yes

------

-------

------

------

No
No

No
No

No
No

No
No
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Country

Hungary
Slovenia
Croatia
Albania
Italy
Turkey
Cyprus
Latvia
Lithuania
Belarus
Ukraine
Georgia
Azerbaijan
Kazakstan
Israel

3.6
Is FDI used at a
national level ?
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
---------------------------Yes

3.6.1
Is FDI used at a
regional level ?
No
Yes
No
No
Yes
No
Yes
Yes
No
----------------------------No
----------------------------Yes

3.6.2 a)
ActualFDI?

3.6.2 b)
Forecasted FDI?

Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
----------------Yes
No
----------------------------Yes

No
No
Yes
No
Yes
Yes
No
Yes
No
--------------Yes
No
----------------------------Yes
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3.7

1.

;l

g,

Fire Danger Index (FDI) description

g

Country
3.7.1
Parameters
T, AH, R,
State of ground with a
snow or measurable ice
cover (ESSS)
T, AH, FF, R, SWC

Norway

Sweden

T, AH,FF, R, SWC,
Solar radiation

Finland

3.7.2
FDI Formulae
I=L:(WBKZ. KL-4.RR)
WBKZ=(Tl2+ 10)..6.Ll2
Levels: (1<20-Small danger); (20/40- danger); (40nO- Great danger); (>70- Very
great danger)

A) German WBKZ-index. Wald Brand Kenn Ziffer
B) Swedish soil moisture originating from HBV-rainfall-runoff model
C) Canadian FWI-Svstem
Wvol1t1 = Wvol 1 - (.6.W/EP). Ep/D + D +Pelf
.6. W/EP= 0.76/(1 +exp(2.7-16.7(Wvol;- 0.1)));
Peff= 5.6 (1-exp(-P/5.6)
Levels from J(Verv wet)to 6 (Verv drv); Wamine above 4
(Fire Hazard depending on TV, CV, RH and FF) :::::> Hazard rating
(Fire risk depending on Season, Day, Time, Weather):::::> Risk rating
(Hazard ratine <::::> Risk ratine) :::::> Fire daneer ratine
Fire probability F- X- Y (rain)- Z (RH)
11rreshold probability 0.75 (only for spring monUJS)

United Kingdom

AH,FF

Ireland

AH,R

Iceland
Netherlands

--------------------------------------------------------------------T, AH, FF, R, Wood Based upon model from Yellowstone National Park
water content.

Belgium
Switzerland (South)
France (South-East)

--------------------------------------------T, AH, FF, R, SWC,

Spain

Cloudiness
T,AH,DD,FF

-~

USA

------------------------------------------------------------------------------------------3 different indexes :::::> General index :::::> 5 classes risk
!CL (Dead fme combustible humidity) + ICD (Hydric stress ofliving vegetation) ;
ICD= IH (humus index) + IS (dryness index)
From Relative humidity and air temperahire, the dead fme combustible base
humidity (DFCBH) is estimated; a correction, due to orientation and slope, to t!Jis
humidity is made (CDFCBH); as a fimction of CDFCBH, air temperature and
% of shadow, an Ignition probability of dead fme combustible is computed
(IPDFC); tl1e Fire danger index is computed as a fimction of IPDFC and oftl1e
direction and wind swed.

3.7.3 Important detailed information
needed for FDI calculation

~
;:;

WBKZ- Wald Brand Kenn Ziffer
TI2- Air temperature 12UTC; .6.LI2- Saturation deficit 12
UTC; KL- Factor describing the stage of regional development of
growth and curing and content of dead woody material; RR Daily precipitation( 18-18UTC).

:E
0

--------------Wvol- Volumetric soil moisture content within the top most
surface
organic
(Humus);
EPPotential
soil
evaporation(Penman-Monteith); D- Depth of surface layer, PDaily precipitation
TV- Type of ground vegetation; CV- Conditions of groud
vegetation; RH- air relative humidity;
FF- Windspeed (Beaufort)
R- Precipitation over last 30 hours; RH- Air relative humidity at
14 hours. Forecasted weather elements can modifY the index
value, over next 2 days.

-----------------------------------------------------------------------------------------

------------------------------------------------------------------------------Measurements ofvegetatioiJS humidity
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1.

I

Fire Danger Index (FDI) description
Country

3.7.1

3.7.2
Parameters

FDI Formulae

Portugal

T, AH, DD, FF, R

Germany

T, AH, R, SWC,
Phenological
data,
Climatic water balance
--------------------------------------------------T,AH

Austria
Czech Republic
Slovakia
Hungary

Slovenia
Croatia
Albania
Italy

FF,
AH,
T,
Phenological stage
T,AH,FF,R.
----------------------T,AH,FF,R

R,

Day Index= T. (f-Td) => Day Index Class (DJ C);
Acum Index= Day Index+ f 1: Day Index=> Acum Index Class (AIC);
DIC <:=:> AIC => General index (GI); GI + cv => Genernl index corrected (GIC);
GIC =>Fire danger class.
Baumgartner Index!: I- L: (PET- R) ; Danger classes (I to 5)
Index2: L: ((f + const). •g) of (R,S,u, phenology)

---------------------------------------------------------------------------------------------------------------------------------------------------------A) AngstrOm: IfTmax>20°C =>I- 3,3-5 RH+ 0,1 Tmax
IfTmax<20°C =>I= 8,5- 10.RH
(!<1,5 Very Low; 1,5-2,5 Low; 2,5-3,5 Moderate; 3,5-4,5 High; 1>4,5 Very
high)
B) I= ET/ PET (!<0,3 Very high; 0,3-0,5 High; 0,5-0,7 Modernte; I>0,7
Low)
Index-L: [O,Ol.[[T+ !O).dE]].l'. W. F
P (<!mm -1) (115mm- 0,5) (5/10-0,25) (10/20-Index=O) (>20 -Index=O)
W (<5m/s-1) (5/10-2) (10/20 -4) (>20- 8)

3.7.3
Important detailed information
needed for FDI calculation
T- Air temperature; Td - Dew point; f- factor reducing the
Acumindex and depending on the last 24 h precipitation; cvfactor increasing the GI and depending on wind speed for
directions between 340 and 180°
PET- Potential evapotranspirntion; R- Precipitation (last 5 days);
S- Snow depth; u- Wind speed; T- Air temperature;
•g- Satmation deficit

----------------------------------------------------------------------------------------------------------------------

A) RH- Relative humidity at 14 h (O<RH<1)
Tmax- Daily maximum ten1perature

------------------------------------------------------

Id Range : (1 - 10)

B) ET- Daily evapotranspiration; PET- Potential evapot.
T- Air temperature at 12 urc; dE- Dilf.:r~'llCC l>elW<!~'Il
saturation and actual vapour pressure in nun41g at
12 UTC; P-Daily precipitation; W-Daily wind intensity factor; FPhenological stage
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Ta- Air tempernture; Iw- Wind intensity; Ua- Air humidity, laDepends upon the number of days from the last rain,
Max.temperature and air humidity.
la Range: (1 - 10)

T- Air temperature; AH- Air humidity; DD- Wind direction; FF- Wind speed; R- Precipitation; SWC- Soil water content
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Fire Danger Index (FDI) description

s,

Country

3.7.1

3.7.2
Parameters

T,AH
T, AH, FF

Turkey
Cyprus

FDI Formulae

T- Air temperature; HR- Relative humidity

FDI- 2,5.SD + 2 .Vw
Fire hazard acoording to FDI:
0-35 Low; 36-50 Medium; 51-70 High; 71-100 Very high;
lOO Extremely high
G=:[ T(T-Td)

FDI- Fire danger index; SD- air saturation deficit (grlm3)
Vw- wind speed (m/sec)

T,AH,R

Lithuania

T,AH,R

FDI =f.:[ [ T. (T-Td))

Belarus

T,AH,R

Ukraine

T, AU, DD, FF, SWC,
Vegetation type.
-----------------------------------------T, AH, R

I"=~ [T.(f-Td))
(FordayswithR<2.6mm)
(Precipitation class <::::> Combustibility Class ) ::::;. Fire Risk ( 1 - 5 )
I"=T.(T-Td)

Israel
---

T, AH, DD, FF, R
Tmax, Tmin;
Fuel moisture

-------------------------------------------------------P1 =Po+AP; AP=T09 .(T09 -Td)
IfR>2.5mm::::> P0 =0
Bul1ling index (BI)
Ignition component (IC)
Levels: (Low-< 20% Fire prob.); Medium- 20180%); (High-> 80%)

~

Important detailed information
needed for FDI calculation

No Index. If T> 30°C and RH < 30% ::::;. Critical conditions for forest ftres.

Latvia

Georgia
Azerbaijan
Kazakstan

f?

3.7.3

~

~
~
s·
CTCl
0

~

T- Air ternperah1re; Td- Dew point ( 15 h local); n- number of
0
days without precipitation or with R< 3mm.
' l:l
FDI- Fire danger index; T- air temperah1re (12UfC); Td- Dew
point (12UfC); f- factor reducing FDI and depending on 24 h
~precipitation and on FDI value.
8
I"- Complex forest combustibility index; T- Air temperature (15
hours); Td- Dew point (15 h); R- Precipitation
!
I"- Fire danger index; T- Air temperature ( 12 hours); Td- Dew
~
point (12 h);

>

g
el

1

----------------------------------------P1- Fire danger index for the current day, P0 - Fire danger index
for the previous day; T09 ru1d Td - Air temperature ru1d Dew
point at 09 UfC; R- 24 h precipitation.
Fommlae are described in USDA Forest Service Publications.
INT -169 ru1d SE 273

T- Air temperature; AH- Air humidity; DD- Wind direction; FF- Wind speed; R- Precipitation; SWC- Soil water content
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3.7.4

1.
Country

Norway

3.7.4.1
Evaluation on
index performance

----------------

Users acceptance
of index
performance
Good I Regular

Sweden

Good

Finland

Very good

--------------------------

United Kingdom

----------------------------------

---------------------

Ireland

----------------------------------

Very good

Iceland
Netherlands
Belgium
Switzerland (South)
France (South-East)
Spain
~-

----------------------------------Good
---------------------------------------------------------------Aerial watch depends on meteo. fire
risk
Appropriate to the prevention and
fire fighting needs

--------------------Very good I Good
------------------------------------Very Good
(fundamental)
Good

3.8

3.9

Ways of delivery
Other meteo. information used to
meteo. inf. to
support forest fire prevention
support forest
fires prevention
Operational forecasts m detail on Fax. Warnings on
request for areas with large fires.
TV,
radio,
newspapers, etc.
Internet,
Fax,
Telephone
Use of HIRLAM data is planned to Internet, Fax
obtain short tenn forest fire risk
forecasts.
Fax, Telephone,
----------------------------------------Radio, TV.
Soil moisture deficit lS used for Fax, Telephone
estimating vegetation dryness.

-----------------------------------------------------------------------------------Soil and vegetation dryness watch
Forecast ofFohn risk

-----------------Fax
-----------------------------------(Civil
Briefing
Protection)
Fax

I
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3.7.4

1.

Country

Portugal

3.7.4.1
Evaluation on
index performance

Responds well to meteorological
conditions

Users acceptance
of index
performance

Good I Regular

Austria
Czech Republic

-----------------------------------------------------------------------

Very Good I Good
(Index2)
-------------------------------------

Slovak:ia

------------------------------------

-------------------

Hungary
Slovenia

-------------------------------------------------------------

Germany

Croatia
Albania
Italy

-------------------------------

-------------------------------------------------------------------------------

Regular
Good

Good
----------------Regular

3.8
Other meteo. information used to
support forest fire prevention

3.9
Ways of delivery
meteo. inf. to
support forest
fires prevention

Daily bulletin with: Actual meteo. Briefing
m
situation; weather forecast until D+2; Firemen National
MFDI trend until D+2
Fax,
Service,
Internet
Computed soil moisture gives further Fax, Telephone
information of fire danger.
----------------------------------------------------------Short term weather forecast
Briefing,
TV,
Telephone, Radio
Operational inf of weather forecast Fax, Telephone
service on request.
Standard weather forecast
Telephone
Weather forecast
Fax, Telephone,
Radio, Teletext,
Newspaper
Fax,
Telephone
-----------------------------------Weather forecast
Telephone
Fax; Telephone
------------------------------------
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3.7.4

1.
Country

3.7.4.1
Evaluation on
index performance

Turkey

----------------------------

Cyprus
Latvia

Satisfactory
---------------------------Good
Satisfactory
Good (only for alluvial plain)
--------------------------------------------------------------------------Good

Lithuania
Belarus
Ukraine
Georgia
Azerbaijan
Kazakstan
Israel
- - -

Users acceptance
of index
performance
-------------------

Good
Good
Very good

---------------------------------------

--------------------------Good

3.8

3.9
Ways of delivery
Other meteo. information used to
meteo. inf. to
support forest fire prevention
support forest
fires prevention
Briefing,
Fax,
In critical situations=>hourly weather
forecast Bulletin, with T, AH, DD, FF, Telephone, Radio
,TV
R.
Fax , Telephone
~
Weather forecast (DD, FF,R,T, Briefing,
Fax, '1:l§.
thunderstorms)
TeleQ_hone, MM:
g,
Weather forecast
Fax; Telephone
g
----------------~
Present and forecasted indices
----------$
-------------------------------------------:::
Daily weather Bulletin
Briefing,
Fax, Cl
-------]
Telephone
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3.10

1.
Country

Norway
Sweden
Finland
United Kingdom
Ireland
Iceland
Netherlands
Belgium
Switzerland (South)
France (South-East)

Spain

National or Regional entities
collaborating in
forest fires prevention
Directorate for Fire and Explosion Prevention;
Airplane clubs (Watch service and fire fighting);
Swedish Rescue Service Agency
Ministry of futemal Affaires-Rescue Dep.;
Local Rescue Centres
For more information> Forest Conunission
Irish Forestry Board; Forest and Wildlife
Service; Irish Meteorological Service.

--------------------------------Regional Fire Brigades; Local authorities
Forestry Administration; Nature Conservation
Administration; Firemen Service; Police;
Ministry ofNational Defense
Forestry Services; National fustitute of
Meteorology.
Ministries of futemal Affaires and Agriculture,
Army, General and Regional Councils,
Communities.
fustitute of Meteorology; Dir.Gen. of Nature
Conservation; Autonomic Communities

3.11
Meteorological station network to
support to forest fires prevention

Synoptic station
network
Yes

Special station
network
No

l

3.12

:4

0
....,

Remote sensing support used in
FF prevention and fight

g
~
~

No

~
~

~-

Yes
Yes

No
No

Yes
Yes

No
No

--------------No
Yes

---------------Fixed
Fixed

Air-borne manual inspection
NOAA(Fire detection); Weather
radar network-(test phase)
§
------------------------------~
:::1.
No

E
s.

----------------------------------------------------------------------------------------------

[

fa
0

~

Yes

No

-------------------------------

,_
'-0
'-0

00

Yes

Fixed

Yes

Fixed
and
mobiles

NOAA (Hydric stress vegetation m
test);
Radar
Imagery
(precipitation watch)
Satelite imagery

3.10

1.
Country

Portugal

Germany

Austria
Czech Republic

Slovakia
Hungary
Slovenia
Croatia
Albania
Italy

.........

-+:>.

.........

3.11
National or Regional entities
collaborating in
forest fires prevention

Institute of Meteorology; National Firemen
Service; Forestry General-Direction; Air Force
and Aviation entreprises (fire fighting);
Aeroclubs (Watch service); Universities
(Research)
Ministries of Forest of Hessen, Thiiringen,
Niedersachen and Bayem; Gennan Weather
Service.

--------------------------------------Ministries of Agriculture and Public Affairs;
Forest Office; Directorate of Fire Rescue
Brigades; Aircraft fire service
Forest Research lnstitute,Zvolen;
Technical University, Zvolen
Ministry of Agriculture
Firemen Service; Forestry Service
Ministry of Internal Affaires;
Fire Fighting Department
Institute for Forestry and Pasture; Directory of
Forests (M.A); Hidrom. Institute; Forest Police
Corpo Forestale dello Stato; Serv. Meteo.
Aeron. Militare; Corpo Forestale Regional;
Dipartimento Protezione Civil.

3.12

Meteorological station network to
support to forest fires prevention
Synoptic station
network
Yes

Special station
network
Fixed

Remote sensing support used in
FF prevention and fight

Satellite imagery
(Vegetation cover dryness
index)

:§'
§.

Yes

Fixed

---------

--------

Yes

No

No
aircraft)

(Visual inspections by

-----------------------------------Satellite imagery; Airbom digital
radiometer imagery.
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('1)
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0

~
Jg.

Satellite imagery was used to 0
monitor fires ofbig extent.
0
A few research trials
=
No
~
::t
No

Yes

No

Yes
Yes
Yes

Fixed
No
No

Yes

No

No

[

Yes

Fixed

No
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3.10

1.
Country

Turkey
Cyprus
Latvia
Lithuania
Belarus
Ukraine
Geonria
Azerbaijan
Kazakstan
Israel

National or Regional entities
collaborating in
forest fires prevention
Ministry of Forestry; Meteorological Service
Department of Forests; District Administration;
Authorities and Local Authorities
Hydrometeo. Agency; National Forest Service
Ministry of Agriculture and Forestry; General
Forest Enterprise
Ministry of Forestry; Belarus air base for forest
protection; Forestry entreprises.
State Committee for Forestry and its regional
bodies

-----------------------------------------------------------------------------------Commission for Emergencies, Forestry
Protection Air Base
Dep,
Service,
Forest
Meteorological
Agricultural Ministry; Fire Fighting Service

3.11
Meteorological station network to
support to forest fires prevention

Synoptic station
network
Yes
No
Yes
Yes

Special station
network
Fixed
Fixed
No
No

3.12
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g,

Remote sensing support used in
FF prevention and fight
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~

;:;;
~

0

.....
~

No
No

=

(!Cl

No
Satellite Imagery
weather forecasts.
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Aerial protection of forests
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---------
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-------------------
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-----------------------------------------------------------------------------------------------
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-------------Fixed
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EVALUATION OF WMO RA VI AGROMETEOROLOGJCAL
QUESTIONNAIRE: RELATED TO PHENOLOGICAL
OBSERVATIONS AND NETWORKS
Attila Bussay
Hungarian Meteorological Service
H-1525 Budapest PO Box 38
tel: 36-1-2124244,/ax: 36-1-2125159, E-mail: bussay@met.hu

Our questionnaire resulted in replies from 28 countries and from one international
centre (Joint Research Centre). The answers seems to represent the given region
properly but unfortunately we got only limited information (one completed
questionnaire) from the Scandinavian countries. The 28 replying countries mean 57%
of the members RA VI. Regional Association. The replies were positive namely regular
phenological observations or networks exist in the following 22 countries: Armenia,
Austria, Croatia, Czech Republic, Estonia, France, Germany, Hungary, Ireland, Italy,
Izrael, Latvia, Lithuania, Macedonia, Moldova, Romania, Russia, Slovakia, Slovenia,
Spain, Swiss, Syrian Arabic Republic and in the EU (JRC). We received negative
answers from the next 6 countries: Belgium, Bosnia and Hercegovina (it existed from
1951 to 1992 but due to the civil war, the phenological observations were ceased,
recently the old data are used), Denmark, Luxembourg, Portugal (there are phenological
observations although without an organised network) and United Kingdom. It means
that there are phenological observations in the 79 % of the states, which ratio is
favourable.

El 1920's
Ill 1930's
01940's

m1950's
I! 1960's
m! 1970's
Ill! 1980's

Fig. 1.
Date of establishment ofphenological networks

This ratio would probably be even higher, if one took into consideration other
phenological networks like International Phenological Gardens (IPG), plant
improvement companies, cultivar experiment agencies, geographical societies,
universities, plant protection services, forestry maintainers etc. The phenological
networks are maintained by national meteorological or hydrometeorological services in
18 countries, only 5 countries place was reported other owners. The 2 oldest networks
were organised in the 1920's and the most main time new phenological networks were
initiated in the 1940's and 1950's (6 and 6 country, respectively). There are some
relatively new observation systems starting in the 1980's (3 country). (Fig 1.)
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The density of networks shows great variability. The most dense phenological
network works in Italy and in JRC (EU) (approximately 1 phenological station/ 100
km2) and the most sporadic is in France (approximately 1 station /100000 km2). The
mean value of network density is 1 observation I 7400 km2. There exists no clear
connection between the network density and the area of countries or the number of
phenological stations.
The main part of networks are classified (74%) and there are not classified only
in 6 cases (26 %). In spite of this fact, it seems that the phenological networks are not
homogeneous considering the reported states. There are two main types of phenological
networks: 1., agrometeorological, where mainly cultivated plants are observed and 2.,
(agro )climatological, where wild plants have emphasised importance. The distribution
of phenological stations in given categories are showed on Fig 2.
40
35

msot. gard.

30

IIFarms

(j' 25
c
~ 20

~

u..

DOrchards

mForest stat.
11 Met. stat.

15

mWild plant stat.

10

Ell Others

5
0
Bot. gard.

Orchards

Met. slat.

Others

Fig. 2.
The frequency of phenological station types

Most of observations are located at productive farms (39%) and orchards (18%)
but also experimental stations (24 %) occur frequently. In two counties (Lithuania and
Estonia) the phenological observations are connected to the normal meteorological
measurements and stations. Other categories like forest and wild plant observing
station, botanical garden, town and other places occur only infrequently albeit.
The qualification of observers is an undoubtedly important question, while it is
one prominent component of data quality. In 21 countries, the observers are partly or
fully professionals (specially qualified people), like agrometeorologists, agronomists,
foresters etc. The ratio of professional observers is averaged at 61 %, which is
considered high. This ratio changes large magnitude from the practically fully voluntary
observers (0-1% professional observer) to fully professional (100 %) systems.
In three quarters of the countries observations are conducted during the whole
year not only during the season. Naturally, observations are more frequent in the
growing season. During the growing season, phenological observations are made in
every one or 2 days (most commonly), but there exist some countries, where the
frequency is 5 days, weekly or 10 days. Generally observations in orchards are less or
equally frequent than concerning agricultural plants. Out of the season observations are
made following frequency: only on a weekly, 10 daily or monthly basis.
Frequency of data collection varies from daily to annually. The most common is
the monthly data collection (Fig 3), but practically several (1, 2 or 3) parallel systems
can exist simultaneously in one country. Sometimes these systems differ in the channels
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of data transmission. For annual data collection ordinary mail are appropriate in
contrast to for quick (immediate) reporting stations, where the telephone, fax or similar
methods are the most common. The data collecting channels are mostly via mail and
telephone, but could also be telex, fax, telegraph or computer lines (intranet). The
varieties (cultivar) information are incorporated into the data in 90 % of the total and
left out only 10 % of the countries. The phenology of agricultural and vegetable plants
has the greatest importance, the second highest value is the class of forest trees and
bushes, the third one is the fruit trees and bushes, while wild plants have the lower
importance. In few cases there are special phenological observations, like insect (bee),
bird, plant diseases (Fig. 3.).
450
400
350

...

~

§

z

300
250
200

l'!l Agricultural plants

150

D Forest trees

100

IJ Wild plants

1111 Fruit trees

50

BOthers

0
Agricultural plants

Forest trees

Others

Fig. 3.
Number of observed species

In order to increase the applicability and relevance extra information is also
collected in 64 % of the countries. This include notes on agricultural practices, like
nutrient supply, plant protection, time of sowing, plant density etc. Yield data are
incorporated into the data sets in 78% of the countries, but it seems to be not relevant in
the case of wild plants (less than 25% ). Some information about the natural disasters are
used in the 76 % of the phenological data banks.
In the last 30-40 years, the observation methods needed to be modified to adapt
to changes in the structure of national meteorological services, development of social
and technical environment of phenological observations. In two thirds of
meteorological services, the phenological network has been altered since 1961. This
number approximately equals to the number of existing networks in 1961, which means
essentially that the all 'old' networks were more or less reorganised. In the last few years
one third of the networks or methods were modified, but it seems that these changes
have limited impact and in 75% of cases the results of the new observations remained
comparable to the old ones. All countries keep their data on paper, resulting from the
early start of phenological observations. In the last few years the use of computers
become prevalent (75%). Most of countries have the phenological data on computers
since 1980, but 4 countries have all the phenological data on computers as well.
The use of phenological coding is not common, only two thirds of the countries
use any code. 10 countries reported the use of local (national specific) codes. Decimal
scale is applied only in 6 countries therefore it cannot be considered common system.
Other standard codes are used in 4 countries. The volume of stored data is the function
of the number of observation places, observed plants, length of time series and the
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computer format of data storage. The smallest value (simple text format) is 1 MB, but
in the case of extended networks and special data formats (Microsoft Excel, relational
data base administrative programs) it could exceed 100 MB. The highest value (400
MB) is reported from Italy.
8

7
6

5
El On paper
Number 4

llll On computer media

3

2
1
0
1920's
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1940's

1950's

1960's

1970's

1980's

1990's

Fig. 4.
Data storage format

It is very important to identify the usage of phenological data (Fig. 5.). The
main usage (37%) concerns agrometeorological reports, bulletins. The second greatest
usage is research (24 %) and agroclimatic evaluation (22 % ). It is not possible to
neglect the importance of crop modelling (14 %), since the phenological development is
one of the core parts of the crop-weather models. This fact also determines the
distribution of data customers. The main users of phenological data are researchers (37
%) and farming advisors (30 % ), but it is also used in a great extent in yield forecasting
and yield estimation (18% ). Data are also used in other fields like environmental
agencies (8 %), insurance companies (1 %), media (5 %), universities and education
(2%) and allergology (0.5%).

mAgroclimatic evaluation
&Research
D Crop modelling

mReports & bulletins
21%

IIOther

24%

Fig. 5.
Type ofusage of the phenological data
Other possibilities are smaller, there are radio (8%), telex, fax, teletext (6%), television,
telegraph, regional agrometeorological centres (4%).
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Other possibilities are smaller, there are radio (8% ), telex, fax, teletext (6%), television,
telegraph, regional agrometeorological centres (4% ).
In order to disseminate the data in operative use several media are applied (Fig.
6.). These include telephone (16%), bulletin, digital form (computer lines, intemet,
intranet, magnetic disk) and mailing (12% respectively) and newspapers (10 %).
Ell Researchers
Ill Agencies for yield estimation
D Farming advisors
Ill Environmental agancies
&Insurance companies
Ell Universities
Ill Media
Ill Allergology
•others

Fig. 6.
Distribution of users ojphenological data

General remarks and recommendations
Surprisingly high number of answers were received to our questionnaire. The
great ratio of existing observations and networks shows the importance of the
phenology. The main reason of this can be the connection between natural environment
(agronomic practice, agricultural research, wild plant developing stage) and the
agrometeorological or agroclimatological practice or research.
However, the several existing problems cannot be denied either. The observed
plant or rarely animal species and the observed phenological phases change from country
to country. The accuracy ofthe observed phenological phases and data varies in a wide
rage. One of the main factor acting on the data quality is the skill ofthe observers and the
handbook of they use. The data quality depend not only on the qualification of observers,
but also on the observed phenological phases, e.g. it is easier to observe the first flower
than the 50 % flowering. Some conference or expert meeting or handbooks could
increase the accuracy reliability and comparability of measurements.
There is a lack of international co-operation, although some exception exist, e.g.
the IPG and the Central European Initiative in Phenology. The phenological
observations, the applied observation methods, the structure of networks, the coding
systems and the practical usage of data are highly diverse. The WMO RA VI Regional
Association can take the initiative and assist the countries of the region to standardise
observations and phenological data format at least in some extent. It is also imperative to
find the connections between meteorological variables and different phenological stages,
to increase the practical usage of phenological data, by giving examples from yield
forecasting to the microclimatological classification. Organization and maintenance of
phenological networks often raise special problems, sometimes it is similar to the normal
meteorological networks. It would be useful to collect some experiences on this field.
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Questionnaire Related to Phenological Observations and Networks
List of
Countries

Person completing the questionnaire
Name

Albania
Armenia

X

Seda Mihailovna
KARAPETIAN

Austria

X

Elisabeth KOCH

Azerbaijan
Belarus
Belgium
X

IBosnia and X
Herzegovina

Bu!garia
Croatia

Christian TRICOT

Voljavica NEDRAD

Adress

Tel, Fax, Email

Department of Hydrometeorology
54 Leo Street, Yere van
375002 Armenia
Zentralanstalt fiir Meteor.
und Geod. Hohe Warte 38
A-1190 Vienna, Austria

Tel: ++ 3743 53 20 01
Fax: ++ 3743 90 68 63

Institut Royal
Meteorologique
Departement de
Climatologie 3, av.
Cviaelavie B-1180
Bruxelles Belgique
Federal Meteorological
Institute BardakCije 12
Sarajevo - Bosnia and
Herzegovina

Tel: ++ 32 2 373 05 24
Fax: ++ 32 2 373 05 28
Email: clim@oma.be

Tel: ++ 43 1 36026 2206
Fax: ++ 43 1 36026 72
Email: e.koch@zamg.ac.at

Tel: ++ 387 71 668 545
Fax: ++ 387 71 442 435
Email: -t

X

Zeljko LONCAR

Meteorological and
Hydrological Service, Gric
3, 10000 Zagreb,- Croatia

Tel: ++ 385 1 456 57 65
Fax: ++ 385 1 42 97 25
Email: Loncar@cirus.dhz.hr

X

Jaroslav VALTER
Jiri NEKOV AR

Czech Hydrometeo.
Institute 14306 Prague 4 Komorany, Na Sabatce 17
Czech Republic
Danish Inst. of Agricultural
Sciences Dept of Agric.
Systems Research Centre
Foulum PO Box 50 DK8830 Tjele, Denmark
Riivala 8 Estonian
Meteorological and
Hydorological Institute
EE0001 Tallin -Estonia

Tel: ++ 4202 44 03 22 06
Fax: ++4202 44 03 21 25
Email: valter@chmi.sunl5.cz

Cy~>_rus

Czech
Republic

Denmark

Birgit SORENSEN

Estonia

X

Kulla KIVI

Finland
France

X

Andre MERRIEN

Technical Institute For
Oilseeds, 270 avenue de la
Pomme de Pin, 45160
Ardon France

Helmut
DOMMERMUTH

Deutscher W etterdienst
Tel: ++ 49 69 80 62 2200
Posfach 100465
Fax: ++ 49 69 80 62 2482
67004 Offenbach- Germany Email:
hdommermuth@dwd.d400.de
Deutscher W etterdienst
Tel: ++ 49 69 80 62 2022
Fax:++ 49 69 800 41 99
Posfach 100465
67004 Offenbach- Germany Email:ebruns@dwd.d400.de

Geor,;a
Germany

EkkoBRUNS

Gibraltar
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Tel: ++ 372 6461 628
Fax: ++ 372 6461 577
Email:

Tel: ++ 33 02 38692200
Fax: ++ 33 02 38638807
Email: merrien @cetiom.fr

Report of the RA VI Working Group on Agricultural Meteorology, 1998

Greece
Greenland
Hungary

X

Attila BUSSA Y

Meteorological. Service
H-1525 Budapest
POBox 38, Hungary

Tel: ++ 36 1 212 42 44
Fax: ++ 36 1 212 51 59
Email: bussay@met.hu

Iceland
Ireland

X

Thomas KEANE

Israel

X

JacobLOMAS

Met.Eirean
Glasnevin Hill
Dublin 9 - Ireland
Regional Meteorological
Training Centre
P.O.Box 25, Bet-Dagan
50250 Israel
Agricultural Research
Organization
The V olcani Center
PO Box 6, Bet Dagan
50250 - Israel
Italian Aerometeorological
Association
Ersal-palazzo Canova
Milano 2-20080
Segrate MI, Italy

Tel: ++ 353 1 806 42 34
Fax:++ 353 1 806 42 47
Email: tkeane@irmet.ie
Tel: ++ 972 3 9682165
Fax: ++ 972 3 9682126/176
Email: -

AmnonEREZ

X

Luigi MARIANi

Latvia

X

Victoria KNA VA

Lebanon
Lithuania

X

Dalia SKEIVELIENE Lithuanian
Hidrometeorological
Service, Rudnios, 6
2600 Vilnius - Lithuania
Carlo CONTER
Administration des services
techniques de !'Agriculture/
Service de !'horticulture
B 1904,
L-1019- Luxembourg

Italy

Tel: ++ 972 3 9683392
Fax: ++ 972 3 9669583
Email

Tel: ++ 392 26410141
Fax: ++ 392 26412959
Email: mariani_ volpi @iol.it

Jordan
Kazakstan

!Luxembourg X

Latvian
Hydrometeorological
Agency 165, Maskavas str.
LV-1019 Riga, Latvia

Tel: ++ 371 7 11 20 52
Fax: ++ 371 7 14 51 54
Email: LHMA@ lhma.org.lv

Tel: ++ 3702 752960
Fax: ++ 3702 724160
Email:Tel: ++ 45 71 72 230
Fax:++ 45 71 72 341
Email:-

Malta
The

Netherlands
Norway
Poland
Portugal
X

Rita GUERREIRO

Republic of X
Moldova

Mironova Tatiana
JEVGENIEVNA

Romania

X

Beatrice
CUSURSUZ

Institute de Meteorologia
Rua C Aeroporto de Lisboa.
1700 Lisboa
Portugal
Hydrometeorological
Service, 193 Grenoble Str,
2043 Chisinau
Republic of Moldova
National Institute of
Meteorology and Hydrology
505 Bucuresti - Ploiesti 97
sector 1-71581- Romania

Tel: ++ 351 1 8483961
Fax:++ 351 1 8402370
Email:
Rita.Guerreiro@meteo.pt
Tel: ++ 373 2 77 36 47
Fax: ++ 373 2 77 36 36

Tel: ++ 401 230 32 401173
Fax: ++ 401 230 31 43
Email:
Bcusursuz@meteo.inmh.ro

149

Report of the RA VI Working Group on Agricultural Meteorology, 1998

Russian
X
Federation

Dina Vasilievna
KOZINETS

Slovakia

X

Olga BRASLAVSKA

Slovenia

X

Ciril ZRNEC

Spain

X

Antonio
MESTRE BARCELO

Sweden
Switzer
land

X

Claudio DEFILA

X

Nafia Al-SHALABI

Syrian
Arab
Republic

Stefkova SILVANA .

The former
Yugoslav
Republic of
Macedonia
Turkey
Ukraine

X

United
X
Kingdom
of Great
Britain and
Northern
Ireland
Yugoslavia

Viacheslav N.
LIPINSKi

Paul V. HARNER

Feder Service for
Hydrometeorology and
Environmental Monitoring
ARRIAM, Lenin st., 82,
24902, Obninsk,
Kaluga region - Russia
Slovak
Hydrometeorological
Institute, Zelena 5,
975 90 Banska Bystrica
Slovakia
Hydrometeorological
Institute of Slovenia
vojkova 1/b
1000 Ljubljana, - Slovenia
Instituto Nacional de
Meteorologia
Camino de las Moreras SIN
28040 - Madrid
Institut suisse de
meteorologie
Kriihbiihlstr. 58.
CH-8044 Zurich - Suisse
Damascus Mazzeh Jabal
Syrian Arab Republic
Ministry of Defence
Meteorological Department
Damascus No. 868 PO.Box
4211 Syrian Arab Republic
Republic Hydrometeorological Institute
Agrometeoro1ogical section
"Skupi" BB, 91000 Skopje,
- Republic of Macedonia
State Comrnitee Hydrometeo.6, Zolotovorotskaya
Street 252601 MSP, Kiev
34- Ukraine
Met. Office
Johnson House,
London Road
Bracknell
Berks RG12 254
United Kingdom

Tel: ++ 0843971233
Fax:++ 0843971446
Em ail:
adm @cxm.mskw.mecom.ru

Tel: ++ 42 1 8836305
Fax:++ 42 1 8833019
Email:
agro@hmubbsco.shmu.sk
Tel: ++ 386 61 327 461
Fax: ++386 61 133 13 96
Email:
iztok. mata i c@ rzs-hm. sl
Tel: ++ 34 1 5819705
Fax: ++ 34 1 5445823

Tel: ++ 41 01 256 91 11
Fax:++ 41 01 256 92 78
Email: cde@sma.ch
Tel: ++ 963 11 6620984
Fax: ++ 963 11 6620553

Tel: ++ 389 91 362 116
Fax: ++ 389 91 361 193

Tel: ++ 380 44 221 93 33
Fax: ++ 380 44 229 49 07
Email:
lipins@freenet.kiev.ua
Tel: ++ 44 1344 85 49 76
Fax:++ 44 1344 85 45 88
Email:
pvharner@meto.gov.uk

o unary
eollb
V.l
t
a orator
Joint
Resecrh
Centre
ofEU

150

X

Jean Michel TERRES JRC Ispra, TP 440, 21020
Ispra (V A)
Italy

Tel: ++ 39 332 785254
Fax: ++ 39 332 789936
Email: jm.terres@jrc.it

Report of the RA VI Working Group on Agricultural Meteorology, 1998

SOME PHENOLOGICAL INFORMATION
ABOUT OATS (AVENA SATIVA)
Helmut Dommermuth

Deutsche Wetterdienst
Posjach 100465, D-67004 Offenbach- Germany
tel: 49 69 80 62 2200, fax:49 69 80 62 2482, Email: hdommermuth@fiwdd400.de

Important data
Winter resistance of" avena sativa"
Temperatures for germination:
minimum:

3 to

5 eo

optimum:

25 to 30 eo

maximum:

30to 37e 0
6 to 8 eo
-4 eo

Start of growing of"avena sativa":
Toleration of coldness of growing plants:

Influence of temperature on duration and instalment of growing:
duration of growing instalment of growing
10 eo 16 eo 25 eo
10 eo 16 eo 25 eo 10 eo 16 eo 25 eo
days

115 68

50

23

20

18

g drymass/ plant

explanation
duration of growing:
instalment of growing:
the drymass of the plant:

16,2

9,8

7,4

number of days from emergence to sprouting
number of days which is necessary for tenfolding
before sprouting.

Vernalisation ofthe winter form of avena sativa
with an optimum of temperature
Resistance of avena sativa against
HF
average about 30 minutes (!J.g/m3 air)
4,2
3
1,4
average about 1 year (!J.g/m air)

30 to 45 days
0 to 2 eo

SOz
350
90

coefficient of transpiration* (litre/1 kg dry mass ofthe plant)

Hel
600
50
600 to 700

*the coefficient is not an absolute data, because it depends on the station (temperature and relative
humidity)

Reference
Geisler, G. 1980: Pflanzenbau, Paul Parey, Berlin and Hamburg 1980
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FEW PUBLICATIONS CONCERNING
PHENOLOGICAL OBSERVATION

Anleitung fiir die phanologischen Beobachter des Deutschen WetterdienstesVorschriften und Betreibsunterlagen (17)
Offenbach am Main 1991
Atlas de Plantas y aves Para observaciones fenologicas
Servicio de aplicaciones climatologicas
Madrid 1991
Dunajsky, E., Braslavskti, 0., 1996: Fenologicke pomery na Slovensku
(Phenological obesrvation in Slovakia- in Slovakian)
Zbornik Prac (38) Bratislava
Dunay, Stindor 1984: Novenyfenologiai megfigyelesek Magyarorszagon
(Phenological observation in Hungary - in Hungarian)
Legkor 29(1): 2-9

Fenologicke pozoravanie lesnych rastlin (Metodichy predpis)
(Guide for phenological observation- in Slovakian)
Slovenskj Hydrometeorologickj Ustav Bratislava 1996
Hartmut, Scharrer 1995: "Phanologie ein lndikator fiir Umweltveranderungen?"
Deutscher Wetterdienst Zentralamt Abteilung Agrarmeteorologie
Offenbach am Main

ISB - Phenology Study Group
Workshop Proceedings Offenbach May 9-11, 1995
Lancashire, P.D., Bleiholder, H., Van den Boom, T., Langeliiddeke, P., Stauss, R,
Weber, E., Witzenberger, A., 1991:
A uniform decimal code for growth stages of crops and weedsAnn. appl. Bioi. 119: 561-601

Phanologie im Deutschen Wetterdienst
DWD - Zentralamt, Frankfurter Straf3e 135, 63067 Offenbach
Scharrer, H., Lieth, H., 1995: Mitteilungen der Arbeitsgemeinschaft
Internationaler Phaenologischer Garten Arboreta Phaenologica (40)
Scharrer, Hartmut and Schmidt, Ursula 1995:
Phenological Observations and data for key agricultural crops in Germany
COST Action 79, Working Group Report
Offenbach, September 1995

Utmutatas novenyfenologiai megfigyelesekre
(Guide for phenological observation, in Hungarian)
Orszagos Meteorologiai Szolgdlat kiadvanya Budapest, 1970
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STADES REPERES DU SOJA
(Varietes de type inde:ermine}

L/11 stadt! est afteint /orsque 50% de:; p/allfL'S $('Ill aCl! sfr.de.
Lt·s c!Jiffres e11tre Jhl/"Ciltlii?st'S reprt;se11tmt la codificatioll daus Uchdle BBC H.

~t;~

~'
~

I

(05)
G~rmi

nation

VC.- (10)- Les premieres
ieuil!es unif0lities apparaissent entr~ les cotyledons et
les bords d~ leur limbe ne se
touchent plus.

Rl. -· (60)- Une tleur est epanouie

a n'importe qu~l

nceud sur la tige

principale.

R6.- (75)- L'n<! g0uss~ contient
ur.e grainc \'~rle qui remplit la
ca\·itt! sur l'un d~s 4 nl't•uds les
plus oil~\'oiS ~ur l.ltig~ prindp.1l~.
R6+ (SO)- G~r.~rakm~nl, fin du
franchis;~nwnt' ,ht ~~t•il limitc
d'a\'Orler:1~nt fJr ic'US lt"S t'rgant!S.
La graine wr:t! ,;t:eint 11 mm dt:'
long.

Vl.- (12)- Etalement CClmpl~t des feuilles unifolioies.

V2.- (32}- Deu;..il!m~ "'~ud.
L1 premiere feuille tri:'t,litie
est de\·eloppee de telle
manio!re que les bords d~s
limbes ne se touchent plus.

\'n. · (39) • :--:i~:ne
JK•~ud.

R3. - (65) - L'ne gousse a 5 mm de long
sur l'un des 4 nreuds les plus ele\·ois sur
la tige princiFale et portant une feuille
pleinement de\'eloppee.

R5.- (69)- L'ne grain!! mcsure 3 mm
dans une des gous~es pt,rtees par l'un
des 4 nreuds Ies plus ele\·es sur la tige
principale.

R7. ·(SI)· L'nc gousse CCinten.lnt au
moins tlllc gr.1ine sur la lige princip,1Ie a ,1tteint $a couleur de m.lturitt!
(m.un,n). l.1 gr.1ine s'.un,ndit dans

RS.- (99) • :\!.1turite. 95 "~ des gousse;
SL'nt .i R7 (au·d<•l,\ de c~ s!ade, 5 ,\
10 jours s0nt ntlc~ss.1ir~s pour que
l'humidit~ de la ~;;r.1i11~ ~,,it infcricurl!
.i 15 ~'o).
La gr.1int:' t.~~~ librt:- d.1n:-:; l\1 ~ou::os.~.

1.1

g0u~;.~.

Examples of phenological guides
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Stades reperes du colza
Un stade est atteint lorsque 50% des plantes sont

ace stade

A l'automne
SladeC1 (JI)
Reprise d.;" 4-;~:a:.cn.
A~pa,..i:•.:.n de l~~r.es feuilles.

Levee : les ;:·-"•• ~1an1es marquenl
laligne.

·ac:e~-----------1
Stade A
(10)

0
'C

Stade coty!econaire.

c:
0

en

-:z

•Cl

'ro

>-

Slade C2 (J2J
Enlre-noeuds visibles. On voit un
elranglemenl vert clair
la base des
nouveaux petioles. C"eslla tige.

a

c

'o
jo
·ro

en

·a...
0

u:

(.)

en

c
0

0

lC1J
i'O

Stade Fl (60)
Prernie~l1s f\e..,;rs ou"ertes.

u.·

Pas de leuilles "vraies".
Seules les dewx co:y!edons
son! visitli~s.
Stade 8 • A~parilion des leuilles.
Pas d'en:re-r.::euds entre les petioles.
Absence d: vraie tige.

Slade 01 (51)
Boutons accoles encore caches par les
feuilles :=:i.i1r.a:es

Slade F.2 (61)
Allongement de la hampe floral e.
Nombreuses tleurs ouvertes.

Stade 81 {11)
1 teuille vraie e:alee ou deployee.

Stade G1 (70)
Chute des premiers petales.
Les 10 premieres siliques ont une Ion·
gueur inlerieure 2 cm. La tloraison des
inflorescences secondaires commence
ace Slade.

a

en

•C!J

00
0

ro
en

C

E r--------------------_,
Cl

Cl

en

E

g

I

C'J

:::1
0
CD

Cl

::I

.2"
en
en

83 (13)

Au cours de ce stade, la tige atteint et
de;>asse la haut~ur de 20 cm mesuree
entre la base de la rosette etles bouquets
floraux.

3 feuiJieS V'3'eS etafe95 OU deployeeS.

... ~--------------------------4

~

en

c

Stade 82 (12)
2 leuilles vra:es etalees ou deployees.

15
I = Stade
.E

.8

Stade 02 (53)
lntlorescenceprincipaledegagee .
Boutons accohis. Inflorescences secon·
daires visibies. ~~~¥

Stade 84 (H)
4 leuilles vra:es etalees ou deploy!ies.

en

Stade E (59)
Les pEk!oncules tloraux s'allongenl en corn·
men~ant par caux de la peripherie.

C!J
'C

c:

g
ro

E
...

Slade G2
Les 10 premieres siliques ont une Ion·
gueur comprise entre 2 el4 cm.
Slade G3
Les 10 premieres siliques ont une Ion·
gueur superieure 4 cm.

a

0

LL.

Slade G4 (73)
Les 10 premieres siliques son! bosselees.

...ro

•C!J

Cl.
·Cl

en
en

c:

0
::I
0

CD

w
St;;Je Bn (ln)
(i

\)

~e~il!e~ v:-a·~s e~afaas

Ec~;(!e
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ou deploy-ees.

33CH (mise au pci.nt par Bayer, BASF, Ciba. H-:J·Js:ht)

Stade G5 (S 1) ·Grains colores.
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ITADES REPERES DU TOURNESOL

---·-·-- Germi;;tio-;.i~;-----· -·--··:-------·Phas~ vig~-t~·ti~~--------Ph~s~ bout~~·fl;~
--·. -·
-.
--·------- ... ·-- -·---·-· ··--·
-. -·.- -·. -·-------------~-

T
,.

Stade Al (1.0)
Apparition de:;
h ypocotyl<!s en
cro:;:;e.

Stade A! (1.1)
Emergence
des cotyl.!dons
et premier<!:;
feui!Ies \'isibles.

Stade BJ·B~ (!.3·2Al
La seconde pair<! d<! f<!ui!Ies
oppos~~5 ~pparait et a
endr,m ~ cm d<! k1n::;: le;
p.;tioles sont \·isibles du
dess"s.

Stade El (3.1)
Appariti,,n du bouton floral
etroitement in;~re au milieu
d0s jeLll\6 ieuilles : STADE

BOUTO:-..! ETOlLE.

Phase bouton floral
-------

Stade E2 (3.21
Le bo"ton se detache de
la co"ronne foliaire, les
ctees sont nettement
cll5tinguables des fe"illes.
Son diametre \'arie de 0,5 a
2 cm.

Stade H (3.4)
Le bo"ton est nettement
degage des feuilles, son dia·
metre \'arie de 5 a 8 cm, il
demeure horizontal. Une
pa rtie des bract.ies se deploie.

Stade F1 (Ul
Le bouton floral s'incline;
les flems Iigulees sont per·
pendiculaires au plateau.

Stade F3.2 (4.3)
Les trois cerdes de flemons
les plus externes ont leurs
an there:; \'isibles et degagees
et !ems stigmates deployes.
Les trc,is cercles suil·ants
ont !ems antheres visible;

et dt?gab~~::o.

Stade :".10 (5.0)
Chute des t1eurs Iigul.!es.
Le dos d" capitule e;;r
en~or~ \'Crt.

Stade :-.12 (5.2)
Le do:; du c,1pitule est jaLt:le.
Le; bractce:; sont a1.1x 3/4
brune;.
l'humidite d<! 1.~ grain<! a\·oi·
sln~ :!U-23.:. o.

st~de

:0.13 (5.3)

Le do:; du C<lf'itlilc e>::t m.ul,:e
cl~ brun. Le; bract~~; sc•nt
brt.tr.es. La tigc $t? c: .~$=-~ch~.
L"hL!r":1kittt! dt:- Lll;r,1iiu~ a\'0[-

.strte

St.1de :".1-1 (5.-ll
Tl'u; I~; or::;;1ne5 de la rla[\t~
s,""~nt b:-~m$ f('tK~~l'h~t:--:i: . .iitt! d(.' 1.1 graine rt\"1..1is!nt? 10"~·.

13"~.~.
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Phenological program of the Deutscher Wetterdienst

wild growing plants, forest and ornamental woody plants:
Acer platanoides
Aesculus hippocastanum
Alnus glutinosa
Alopecurus pratensis
Anemone nemorosa
Artemisia vulgaris
Betula pendula, B. Verucosa, B. alba
Calluna vulgaris
Cornus mas
Corylus avellana
Crataegus laevigata, c. oxyacantha
Dactylis glomerata
Fagus syl vatica
Forsythia suspensa
Fraxinus excelsior
Galanthus nivalis
Larix decidua, L. europaea
Picea abies, P. excelsa
Pinus sylvestris
Prunus spinosa
Quercus robur, Q. pendunculata
Robinia pseudoacacia
Rosa canina
Salix caprea
Sambucus nigra
Sorbus aucuparia
syringa vulgaris
Taraxacum officinale, T. vulgare
Tilia platyphyllos, T. grandifolia
Tussilago farfara

B

A,BO,B,F,BV,BF
B,BO
B,AB
B
B

A,BO,B,BV,BF
B
B, F
B
B,F
AB
BO, BV, BF
B
B,BO
B
BO,BV,BF
.H
.H,B
B

BO,F,BV,BF
B

B,F
B

B,F
A,BO,B,F,BF
B
B
B
B

agricultural:
Avena sativa
Beta vulgaris
Brassica napus, var.napus
Helianthus annuus
Hordeum vulgare
Secale cereale
Triticum aestivum
Zea mays
permanent grassland
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BST,AU,SCH,AE,.HR,GR,E
(summer oats)
BST,AU,BG,E (index for sugarbeet or mangold)
SCH,KNO,B,VR,E,BST,AU,RO (winter rape)
BST,AU,BB,KNO,B,E
(sunflower)
SCH,AE,GR,E,BST,AU
(winter barley)
SCH,AE,B,AB,GR,E,BST,AU
(winter rye)
SCH,AE,HR,GR,E,BST,AU
(winter wheat)
FAO, BST,AU,SCH,AE,B,MR,TR,GR,E,
(index for silage cutting, corn-cob-mix or
corn harvest)
(Mais)
ERG, 1st-hay cutting, 1st silage cutting
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Phenological program of the Deutscher Wetterdienst (continuation)

fruit and vines:
Halus domestica

SKZ,
A,B,AB,EB,F,BF (early ripening varieties)
(1992: Yellow Transparent 63.5 %)
Halus domestica
SKZ,
A,B,AB,EB,F,BF (late ripening varieties)
(1992: Boskoop 44.1 %, Ontario 10 %)
SKZ,
B,AB,EB,F,BV
Prunus avium
(1992: Hedelfinger 16.8 %, Kassins 16.4 %)
SKZ,
B,AB,EB,F
Prunus cerasus
(1992: Schattenmorelle 64 %)
SKZ,
B,AB,EB,F
Pyrus communis
(1992: Williams 15.9 %, Clapps 10 %)
B,F
Ribes rubrum, R.sylvestre SKZ,
(1992: Jonkheer 21.1 %, Rote Vierlaender 21 %)
SKZ,
A,BO,B,F
Ribes uva-crispa,
(1992: Gruene Kugel 20.1 %, Hoenings 18.4 %)
R. grossularia
SKZ
BL,A,BO,B,AB,EB,F,L,BV,BF
Vitis vinifera
("early" varieties Mueller-Thurgau or Faber)
SKZ,
BL,A,BO,B,AB,EB,F,L,BV,BF
Vitis vinifera
("late" varieties Riesling or Scheurebe)
abbreviation
of the phases:

phenological phases:

RO
SCH
TR
VR

sprouting of leaves
panide emergence, beginning of ear
full-blossom, general blossom
beginning of emergence
beginning of flowering 1 of blossom
beginning of formation of leaves
leaf I needle fall
closed stand
first bleeding of the vines
unfolding of leaves
tilling, sowing, drilling
colouring of leaves 1 needles
harvest
end of flowering
beginning of turning green
first ripe fruits (forest and ornamental woody plants)
fruit ripe for picking (fruit)
beginning of ripening (grape vines)
beginning of yellow ripeness
beginning of bud formation
grape harvest
beginning of may sprouting
beginning of milk ripeness
beginning of rosette formation
beginning of growth in height I of shooting
beginning of wax-ripe stage
beginning of full ripeness

SKZ

index-number of variety

A

AE
AB
AU
B

BB
BF
BG
BL
BO
BST
BV
E

EB
ERG
F

GR
KNO
L
M

NR
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No. 8

I

July 1997

Phenology

Journal

Information for the phenological observers of the Deutscher Wetterdienst

'

Progress, though no breakthrough in the
global phenological network "Global Phenological Monitoring" (GPM)
• by Frank·M. Chmielewski, Humboldt·University of Berlin, College of Agriculture and Horticulture,
Subdivision of Agricultural Meteorology; Cc-chair of the "Phenology Study Group" of the
"International Society of Biometeorology" (ISBI •

Good'work takes long in doing, this "rule" is also
true as far as the GPM project is concerned.
Nevertheless, for the German part we can already
speak of favourable issues. lt is not difficult to
see that the map of Germany is covered with
stations which are relatively equally distributed.
Surely, this network is not as fine-meshed as the
national one, however, nine stations are quite
sufficient.
We seize this opportunity of extending our sincere
thanks to all institutes and institutions which are
cooperating.
But also other countries in Europe and in other
continents are intensively assisting in establishing
the network.
Our Chinese participant in Beijing, for example,
has informed us that there are already five GPM
stations in China:
1. the fruit institute in Beijing (at the same time
parent garden for. China)
2. the botanical garden in the former Chinese
capital Xian
3. the fruit institute in Changli (province of
LiaoningJ
4. the experim.ental institute for agriculture in
Yucheng (province of Shandong) and
5. the agrometeorological institute of Gucheng
(province of Hebei).
lt is planned to establish a SUP'porting society
"Phenology" which shall finance the international
phenological projects. First of all, an exclusive
financial partner in Europe is see ked. Should this
search be successful in 1997, we would be well
within our time schedule.
Contributions to our scientific projects can be
transferred to the Berliner Volksbank (BLZ 100
900 00). "Verein der Freunde und F6rderer der
Landwirtscha ftlich-Gartnerischen Fakultat der
Humboldt-Universitat zu Berlin e.V. ", code
. "GPM", account No 320 825 56.
The contributions are deductible from income tax.
Also minor sums are welcome. Though tiresome
this subject might be, without financial means
even in an "honorary" international network
hardly anything will move.
By the way, since March GPM can be found on
the Internet under
http://www .student. wau.nl/ _arnold/sg2.htm.
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Hopefully the information flow will help GPM
experiencing gradually a self-supporting upswing.
I am grateful that I will also in future be able to
use this Journal as information source for the
participants in the project and national observers.

1
2
3
4
5
6
7
8
9

JORDSAND SOCIETY, Greifswalder Oie Re;erve
G:hamber of Agriculture Hannover,
Jerk Experimental Fruit Growing Institution
Humboldt·University of Berlin,
College of Agriculture and Horticulture
Agrometeorological Research Institute of
the Deutscher Wetterdienst in Braunschweig
Tree Nursery MOLLER·PLATZ in Erkelenz (parentgardenl
Research Institute Geisenheim
Federal Environmental Agency,
Measuring Point Deuselbach
Deutscher Wetterdienst. Meteorological
Obse'rv a tory Hohenpei(l,enberg
University of Stuttgart-Hohenheim,
Bavendorf Experimental Fruit Growing Station

plant- list I observation programme of the global phenological network "GPM" (Global Phenological Monitoring)
-

I

fruit species

species

' varieties '

rootstocks

almond
red currant
sweet cherry
morello
paer
apple

Prunus dulcis 'Perle der Weinstrasse'
Ribes rubrum 'Werdavia' (white variety)
Prunus avium 'Hedelfinger typ Diemitz'
Prunus cerasus 'VIadimirskaja'
Pyrus communis 'Doyenne de f./erode'
Malus domestica 'Yellow Transparent'
apple
Malus domestica' Golden Delicious' 2>
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Information for the phenological observers of the Deutscher Wetterdienst

"Global fhenological Monitoring" initiated
- by Ekko Bruns, DWD, ObseNation Network and Data Dept. in the Business Area Technical Infrastructure •

Preparations are in full progress in China, where
three stations at state fruit-growing institutes
could be planted immediately. However, most
varieties and a pear rootstock are still needed. A
fruit institute in Peking serves as "parentgarden"
and will supply the plants for the future stations.
The 14th Congress of the Biometeorologists took
place in Ljubljana, Slovenia, from 1-8 September
1996.
Meteorologists, climatologists, agrometeorologists, forestry and agriculture experts. doctors,
botanists and scientists of other faculties from all
over the world· met in order to report and ex·
change ideas on the latest scientific research in
14 working groups.
The phenologists were at home in "working
group 2".
1 61ectures were held on the subject of phenology
which played a more or less important role in
many lectures in other working groups (e.g. the
agrometeorologists).
Two representatives from the DWD participated
'for phenology; Dr. Thomas Rotzer from Weihenstephan (see page 3) and the rapporteur. Dr.
Rotzer reported on "Phenological Phases and
Urban Climate Modifications". The rapporteur
travelled to the congress with the detailed
elaboration of an observation programme for a
worldwide phenological network.
The afternoon of the 5th of September 199 6 was
taken up with discussions on this proposal, in
which experts from the USA, Canada, China.
Norway, the Netherlands, Switzerland, Estonia
and a total of six representatives from Germany
participated.
The proposal from the DWD finally found approval
and was only enlarged by "Syringa vulgaris" (lilac)
(see programme page 41.
Now begins the difficult task of "installing" the
network; first of all an initial "financial boost" has
to be obtained and clones {fruit and ornamental
plant varieties) as well as fruit rootstocks exchanged among the countries. If the first "sta·
tions" can be planted in 1997 as planned, then
the first standardized global phenological data can
be collected at the turn of the millennium.
Competent, potential managers of phenological
stations are now being sought to observe
occurrence dates on a voluntary basis.
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In Germany, five places have offered to become
"GPM" stations; the Agrometeorological Research
Institute of the DWD in Braunschweig (climate
series since 1954), the Federal Environmental
Agency in Deuselbach (see Phenology Journal no.
4), the meteorological observatory in Hohenpeissenberg {200-year-oldclimate series!) and the
research institute in Geisenheim { 100-year-old
climate series}. The question of the "parentgarden" for Euorpe has not yet been finally clarified;
however, an offer has been received from a
renowned tree nursery in Erkelenz (Lower Rhine)
with business connections all over Europe, which
would also be prepared to act as observation
station.
Plants were selected according to the significance
of the fruit varieties, the distribution of the
various types and/or the ecological cultivation
latitude. The phases have been chosen to "cover"
the whole vegetation period. In the programme
there are fruit varieties that have a high thermal
requirement (almond, sweet chestnut} and others
that are extremely hardy (e.g. sour cherry "VIadimiskaja"). The moderate latitudes can be "covered" completely with these plants. However,
it must be taken into consideration that the complete range cannot be planted everywhere.
Because flowering phases provide data of high
quality, the standard programme was extended
to include a range of ornamental plants. The
plants were selected in such a way that the year
is covered to a large extent with flowering
phases. As opposed to the fruit trees (especially
sweet cherry and sweet chestnut). the ornamental
plants require only a small habitat.
There are stations that observe the standard fruit
programme, stations that plant the flowering
phase (ornamental plants) programme and, finally,
those that collect all phases of a so-called
"maximum programme •.
Further articles on the "Global Phenology Monitoring" will follow in the next issues.
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SURVEY OF SIMULATION MODELS OF PLANT DISEASES
Lorenzo Seghi, Simone Orlandini and Bernardo Gozzini
C.NR. -Instituto per l'Agrometeorologia el Analisi Ambiente applicata all Agricoltura
CeSIA - Accademia dei Georgofili ·
Piazza le delle Cascine 18, Firenze, Italy, 1-50144
tel: 39-55-3548957, jax: 39-55-332472, E-mail: orlandini@~unserver, iata.fi.cnr.it

Introduction
The aim of this survey is to collect in a single publication the principal
applications of modeling carried out throughout the world to improve crop protection. In
this first version, the attention of authors has been focused on fungal pathogens that
represent an important element in the damage of plant and thus in the reduction of final
yield. This can be quantified in about the 30-40% of total damage, caused for the total
amount by pests, weeds, viruses.
In the last few decades, modeling has assumed a wider importance in the field of
crop protection, representing an irreplaceable tool for all the operators, teachers,
researchers, farmers, technicians of extension systems. The main benefits of the
formulation and use of simulation models in the field of plant protection can be
summarised as follow:
- reduction of fungicide use in the cultivation program;
-integration of knowledge offungus epidemiology to point out gaps in the
understanding of biological cycle, to direct scientific efforts towards their filling up;
- availability for all the agricultural areas, particularly in the marginal regions, of a system
easily adapted to various conditions and respectful of the environment;
- realisation of a tool allowing to teach the extension people, train the grower of today
and form the growers of tomorrow.
A special attention should be devoted to the integration of simulation models of
all the diseases for every crop. This procedure allows to realise a global support system to
co-ordinate the treatments application during all the growing season. The system can
take into account also other parameters concerning the cultivation techniques, the
fertilization, the irrigation, the variety and so on. In such a perspective the formulation of
crop growth and development models can led to a further improving of crop protection.
The integration of all this losses information can allow the computation of crop yield
modification in quality and quantity due to disease attacks for timing of treatments, which
have to be applied only when the estimated damage is economically significant.
The result of our research, carried out in the main reviews of plant pathology and
computer science, is a wide catalogue of models, including 58 crops and 133 pathogens.
Every model is presented by the name (where available), the contact person (with the
institution address), a short description of the main characteristics (input, output,
validation test, equation structure) and a bibliography ofthe related papers.
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ALFALFA
Leptosphaerulina briosiana (L. trifolii)
Contact person and address: W.M. THAL, C.L. CAMPBELL Dep. Pl. Path., North Carolina State
Univ., Raleigh, NC 27695-7616, USA.
Description : The model is a simple theoretical simulator, based on some of the unique factors that
appear to influence disease development in the lucerne leaf spot pathosystem.
Bibliography: THAL, W.M., CAMPBELL, C.L. ( 1988) Analysis of progress of alfalfa leaf spot
epidemics. Phytopathology, 78 (4) 389-395.
Contact person and address : O.M. OLANY A C.L. CAMPBELL Department of Plant Pathology,
North Carolina State University, Raleigh, NC 27695-7616, USA.
Description : The theoretical model of disease progress in space and time is based on the exponential
model for distance and the monomolecular model for time. A new model is based on monomolecular
model for time and a negative logistic model for distance.
Bibliography: OLANYA, O.M., CAMPBELL, C.L. (1990) Analysis of epidemics ofLeptosphaeria leaf
spots on alfalfa and white clover in time and space. Phytopathology, 80 (12) 1341-1347.

Phoma medicaginis
Contact person and address: S. BROSCIUS, PATAKI, H.W. KIRBY Department Pl. Path., Univ.
Illinois, Urbana-Champaign, IL 61801 USA.
Description : Regression model is for relating various measures of disease level to yield for the complex
of fungi that cause foliar disease on lucerne. The model to predict yield is fitted by ordinary-leastsquares regression. The accuracy and precision of the model are validated using data other than those
from which the model is developed.
Bibliography: BROSCIUS, S., PATAKI, J.K., KIRBY, H.W. ( 1987) Quantitative relationships
between yield and foliar disease of alfalfa. Phytopathology, 77 (6) 887-892.

ALMOND
Wilsonomyces carpophilus
Contact person and address : A.D. SHAW, J.E. ADASKAVEG J.M. OGAWA Department of Land, Air
and Water Resources, University of California, Davis, CA 95616, USA.
Description : A preliminary predictive model for disease is developed based on temperature and wetness
period duration when inoculum is present. Several controlled environment studies are performed to
collect field data to formulate and validate the model.
Bibliography: SHAW, A.D., ADASKAVEG, J.E., OGAWA, J.M. ( 1990) Influence of wetness period
and temperature on infection and development of shot-hole disease of almond caused by Wilsonomyces
carpophilus. Phytopathology, 80 (8) 749-756.

APPLE
Podosphaera leucotricha
Contact person and address : J.M. JEGER East Mallign Res. Station, Maidstone, Kent ME 19 6BJ,
UK
Description.: A simple model of the relationship between disease progress ad the cumulative numbers of
trapped spores is developed. The used relationships involve two epidemiological parameter: disease
asymptote and infection efficiency.
Bibliography: JEGER, J.M. ( 1984) Relating disease progress to cumulative numbers of trapped spores:
apple powdery mildew and scab epidemics in sprayed and unsprayed orchard plots. Plant pathology, 33
(4) 517-523.
Contact person and address : D.J. BUTT, M. A. HARRIS A. M. PAIN S.D. WOOD J.D. ROBINSON
East Mailing Res. Station, Maidstone, Kent ME 19 6BJ, UK
Description : The dynamics of leaf production and mildew development were coupled to provide in
temporal framework for estimate the intensity of mildew incubation. Weather data entered daily and
summarised for periods during which infection, colonisation and sporulation could occur.
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Bibliography: BUTT, HARRIS, M.A., PAIN, AM., WOOD, S.D., ROBINSON, J.D. (1986)
Management of scab and powdery mildew. In Report East Mailing Research Station for 1985.
Maidstone, Kent, LTK (1986) 107.
Contact person and address :
N. LALANCETTE, K.D. HICKEY Department Plant Pathology. The
Pennsylvania State University, Fruit Researches Laboratory, Biglerville, PA 17307, US A.
Description : This mode( has been developed to simulate the relationship between primary mildew and
fungicide concentration. The apotheosis is that trees and orchard having lower levels off primary
inoculum require less fungicide to control disease.
Bibliography: LALANCETTE, N., HICKEY, K.D. ( 1986) An apple powdery mildew model based on
plant growth, primary inoculum, and fungicide concentration. Phytopathology, 76 ( 11 ) 1 176-1182.

Venturia inaequalis
Contact person and address: W.E. MacHARDY Department of Botany and Plant Pathology,
University of New Hampshire, Durban 03 824
Description : A non-computerised technique describes apple scab infection periods on the basis of leaf
wetness duration and temperature.
Bibliography: MacHARDY, W.E. ( 1979) A simple, quick technique for determining apple scab
infection periods. Plant Disease Reporter, 63, 199-204.
Contact person and address : S. STHEFAN Institute Pflanzenschutzforschung, Kleinmachnow,
Germany.
Description : This is a SIMPHYT type of mathematical model simulating the phase of conidial infection.
Infection thresholds differ according to epidemic phase inoculum potential and varietal susceptibility.
Bibliography: STHEFAN, S. ( 1986) Epidemiological studies on apple scab as e basis for monitoring
and signalling. Nachrichtenblatt fur den Pflanzenschutz in der DDR, 40 (6) 121-125.
Contact person and address: M. P. LEGARDE Service Regional de la Protection des Vegetaux, B.P.
19-31 131 Balma Cedex, France.
Description : The model predicted the appearance of ascospore inoculum based on the correlation
between degree of ascospore maturation and cumulative temperature starting from the maturation of the
first perithecium. The aim of the model is identified the appropriate timing of fungicide application
against Venturia inaequalis.
Bibliography: LEGARDE, M.P. ( 1989) [Studies of ascospore maturation ofVenturia inaequalis (Cke.)
Wint with the aim of development a model.] Estudios sabre la maduraci6n de las ascosporas de Venturia
inaequalis (Cke.) Wint con la intenci6n de elaborar un modelo. FRUT- Revista de Fruticultura, 4 (6)
340-342.
Contact person and address:
AL. JONES, S. L. LILLEVIK P.D. FISHER T.C. STEBBINS Dep. of
Botany and Plant Pathology and Pesticide Research Centre, Michigan State University, East Lansing,
MI 48824
Description : The model is composed of several subprograms for: 1 ) monitoring leaf wetness and drybulb and wet-bulb air temperatures, 2) organising and storing selected weather and infection data, 3)
determining and displaying the hours remaining and displaying the hours remaining for effective use of
eradicant fungicides, and 4) identifying the apple scab infection periods ad predicting disease severity.
Bibliography: JONES, AL., LILLEVIK, S.L., FISHER, P.D., STEBBINS, T.C. ( 1978) Validation of
an electronic monitoring and forecasting system for apple scab infection periods. Phytopathol. News, 12:
157.
JONES, AL., LILLEVIK, S.L., FISHER, P.D., STEBBINS, T.C. (1980) A microcomputer-based
instrument to predict primary apple scab infection periods. Plant Disease, 64, 69-71.
JONES, AL., FISHER, P.D., SEEM, RC., KROON, J.C., MOTTER, VAN DEN. J. C. ( 1984)
Development and commercialisation delivery system for weather-drive.

MILLS'S TABLE
Contact person and address : W.D. MILLS Dep. Plant. Pathology, Cornell University, NY Agriculture
experiment station Geneva 14456, USA
Description : Mill's table is a milestone in plant pathology in that is was the first worming system that
included an assessment of risk and the necessary weather conditions. The basis ofMills system are: 1) a
table or figure for predicting three levels of infection by ascospores on the basis of temperature and leaf
wetness duration; 2) the criterion that the time required for infection by conidia is about one-third
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shorter than that indicated the table for infection by 1 ascospores. This scientists throughout the world
have examined the accuracy of this model with good result.
Bibliography : MILLS, W.D. ( 1944) Efficient use of sulfure dusts and sprays during rain to control apple
scab. Comell, Ext. Bull. 630.
LEWIS, F.H. ( 1976) Dr. W.D. MILLS an his system of predicting apple scab infection. Page 37-38 in:
Proc. Apple Pear Scab Workshop, Kansas City, MO. NY Exp. Station Spec. Rep. 28.
MACHARDY, W.E. GADOURY, D.M. (1989) A revision of Mills's criteria for predicting apple scab
infection periods. Phytopathology, 79, 304-310.

APPLESCAB
Contact person and address: P.A. ARNESON, T.R. OREN R. LORIA J.J. JENKINS E.D.
GOODMAN W.E. COOPER Department of Plant Pathology, Comell University, Ithaca, NY
Description : The APPLESCAB simulator has four major submodels: weather generator, tree growth,
disease development and fungicide attenuation. Weather parameters are rainfall ant temperature.
Bibliography : ARNESON, P.A., OREN, T.R., LORIA, R., JENKINS, 1.1., GOODMAN, E.D.,
COOPER, W.E. (1979) APPLESCAB: A pest management game. NACTA 1. 23 (3) 61-62.
BLAISE, P., ARNESON, P.A., GESSLER, C. (1987) APPLESCAB. A teaching aid on microcomputers.
Plant Disease, 71 (7) 574-578.
Contact person and address: L.B. MASSIE, M. SZKOLNIK Department of Plant Pathology, Comell
University, Ithaca, NY
Description : The model predicts ascospore maturity from the date of 50% leaf fall , computing the
accumulate degree days and the accumulated precipitation. The model satisfactorily predicts maturation
in Geneva area
Bibliography: MASSIE, L.B., SZKOLNIK, M. (1974) Prediction of ascospore maturation ofVenturia
inaequalis utilising cumulative degree days. (Abstr.). Proc. Am. Phytopathological Soc. 1, 140.
SUTTON, T.B., JAMES, J.R., NARDACCI, J.F. ( 1981 ) Evaluation of a New York ascospore maturity
model for Venturia inaequalis in North Carolina. Phytopathology, 71, 1030-1032.
MANCINI, G., COTRONEO, A., GALLIANO, A. (1984) Evaluation of two models for predicting
ascospore maturation of Venturia inaequalis in Piedmont (NW Italy). Rivista di Patologia Vegetale, S.
IV, 20, 25-37.
Contact person and address:
1. R. JAMES T.B. SUTTON Dep. Pl. Path., North Carolina State
University, Raleigh 27650, NC, USA
Description : The model predict pseudothecial development of fungus from the time asci begin to
develop until ascospores mature. The equation takes into account air temperature and a threshold levels
of rainfall or relative humidity are considered as indicator of leaf wetness.
Bibliography: JAMES, J.R, SUTTON, T.B. (1982) A model for predicting ascospore maturation of
Venturia Inaequalis. Phytopathology, 72, 1081-1085.
MANCINI, G., COTRONEO, A. ( 1990) Validation of a model for predicting ascospore maturation of
Venturia Inaequalis. [Validita di un modello matematico per la previsione della maturit:i delle ascospore
di Venturia Inaequalis] Notiziario sulle malattie della piante, 1111, 159-165.
MANCINI, G., COTRONEO, A, GALLIANO, A ( 1984) Evaluation of two models for predicting
ascospore maturation ofVenturia inaequalis in Piedmont (NW Italy). Rivista di Patologia Vegetale, S.
IV, 20, 25-37.
Contact person and address: M. ST-ARNAUD, P. NEUMANN Jardin Botanique de Montreal4101
rue Sherbooke est, Montreal, Quebek H 1 X 2B2, Canada.
Description: This model developed from New Hampshire data was valuated in seven apple growing
localities in Quebec, Canada. At the date of mature ascospore level the observed values were not
significant different or significantly lower from the estimates.
Bibliography: ARNAUD, M. ST., NEUMANN, P. ( 1990) [Evaluation of a model for forecasting the
end of the annual Venturia inaequalis ascospore ejection period in Quebec.] Evaluation au Quebec d'un
modele de prediction de la fin de la periode annuelle d'ejection des ascospores du Venturia inaequalis.
Phytoprotection, 71 ( 1 ) 17-23 .

ASP
Contact person and address:
M.A. ELLIS, L. V. MADDEN, L.L. WILSON Department of Plant
Pathology, Ohio Agricultural Research and Development Center, OHIO State University, Wooster 44691
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Description : The computer program is used for predicting primary apple scab infection periods. ASP is
as effective as the Mills system in predicting primary scab infection.
·
Bibliography: ELLIS, M.A., MADDEN, L.V., WILSON, L.L. (1984) Evaluation of an electronic apple
scab predictor for scheduling fungicides with curative activity. Plant Disease, 68, 1055-1057.

EPIVEN
Contact person and address: J. KRANZ, M. MOGK A. STUMPF Tropenist, Justus-Liebig-Univ.,
Giessen, Germany
Description : EPIVEN- a simulator of apple scab- is adapted from Waggoner & Horsfale's program
EPIDEM. The authors have added new parameters relevant for the development of host and pathogen.
This resulted in a satisfactory fits of simulated to observed disease progress curves of 3 years for most of
the epidemics.
Bibliography: KRANZ, J., MOGK, M., SMUMPF, A. (1973) EPIVEN- ein Simulator fur Apfelschorf.
Z. Pflanzenkr. Pflanzenschutz, 80, 181-187.
Contact person and address : W.F.S. SCHWABE, A.L. JONES, E. VAN BLERK Fruit. and fruit
technological research institute, private bag x 5013, Stellenbosk 7600 South Africa
Description : Ascospore counts from spore discharge were related to degree-days accumulated from the
date of initial spore release. The number of degree-days was approximately 500 and 900.
Bibliography: SCHWABE, W.F.S., JONES, A.L., BLERK, E. VAN. (1989) Relation of degree-day
accumulations to maturations of ascospores of Venturia inaequalis in South Africa. Phytophylactica, 21
(1) 13-16.

Botryosphaeria obtusa
Contact person and address: L.S. ARAUZ, T.B. SUTTON PI. Path., North Carolina State
University, Raleigh, NC 27695-7616 USA
Description : Models were derived empirically to indicate the duration of leaf wetness necessary at a
given temperature for specified level of infection to occur: light severe and fruit infection.
Bibliography: ARAUZ, L.S., SUTTON, T.B. (1989) Temperature and wetness Duration Requirements
for apple infection by Botryosphaeria obtusa. Phytophathology, 79 (4) 440-444.
Contact person and address: V.L. KAMCHATYI, V.P. PRIKHOD'KO
Description : The model estimates the infection of apple trees by Sphaeropsis malorum. The disease is
controlled applying clay and clay with cow dug to stems and branches.
Bibliography: KAMCHATYi, V.L., PRIKHOD'KO, V.P. ( 1989) [Method of determining infection area
of black cancer.] Zashchita Rastenii (Moskva) N° 4, 40-41.

Gymnosporangium juniperi-virginianae
Contact person and address:
H.S. ALDWINCKLE RC. PEARSON RC. SEEM Cornell University.
New York State Agricultural Experiment Station, Geneva 14456
Description : Models are developed to predict light and severe infections, caused by duration of leaf
wetness period. The models, together with available information on requirement for teliospore
germination and basidiospore formation, enable prediction of infection periods in the field.
Bibliograhy
ALDWINCKLE, H.S., PEARSON, RC., SEEM, RC. (1980) Infection periods ofGymnosporagium
juniperi-virginianae on apple. Phytopathology, 70: 10701073.

AVOCADO
Pseudocercospora purpurea
Contact person and address : J.M. DARVAS, J.M. KOTZ:E Letaba Estates, PO box 6, Letaba 0870,
South Africa
Description : This is a statistical model, suitable for forecasting the number of conidia released into the
orchard's atmosphere. The model is used to determine critical infection periods, thus facilitating accurate
timing of fungicide sprays.
Bibliography: DARVAS, J.M., KOTZE, J.M. (1987) Avocado fruit diseases and their control in South
Africa. Yearbook, South African Avocado Growers' Association, 10, 1 17-1 19. Proceedings of the First
World Avocado Congress, 4-8 May 1987.
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BANANA
Mycosphaerella fzjiensis var. difformis.
Contact person and address: T.Y. CHUANG, M.J. JEGER Dep. Pl. Path. Entomol., Natn. Taiwan
Univ., Taipei, Taiwan
Description : The model simulates the disease increase by means of a multiple regression equation
relating disease incidence, accumulated rainfall and days of RH > 90%. The model has been validated
and calibrated in the basis of 5 yr. of field data collected in 3 locations.
Bibliography: CHUANG, T.Y., JEGER M.J. (1987) Predicting the rate of development ofblack
Sigatoka (Mycosphaerella fijiensis var. difformis) disease in southern Taiwan. Phytopathology, 77 ( 11 )
1542-1547.
CHUANG, T. Y., JEGER M.J. ( 1987) Relationship between incidence and severity ofbanana leaf spot
in Taiwan. Phytopathology, 77 ( 1 1 ) 1537-1541 .

Mycosphaerella musicola
Contact person and address :
J. A. VENTURJA, Vicosa Brazil, University Vicosa
Description : Several models were proposed for predicting Mycosphaerella musicola infection using: 1 )
the sum total of the daily temperatures as affecting pathogen development; 2) stage of disease
development calculated from the growth of the host, lesion development and number of infection leaves;
3 ) a simplified version based on lesion and number of infected leaves; 4) youngest leaf on which spots
appeared; 5) regression models, calculated from a combination of significant independent variables
(proportion of spotted leaves or of leaves disease area, availability of host for infection, number of days
with rainfall:;::: 0. 1 mm).
Bibliography: VENTURIA, J.A. (1984) [Models for predicting sigatoka disease in plots with the banana
cultivar Prata.] Modelos de previsao do mal de sigatoka em bananeiras da cultivar Prata. University
Vicosa, 92 pp.
Contact person and address : F.E. KLAS, RH. POWER' Agricultural Experiment Station, Suriname
Description : The simulation model is used for the timing of aerial spray cycles. The system is driven by
interaction functions based on knowledge of the relationship between development of the pathogen and
the influence of weather conditions.
Bibliography: KLAS, F.E., POWER R.H. (1988) Timing of the control of yellow sigatoka
(Mycosphaerella musicola Leach) ofbanana: a system analytical approach. Suriname Landbouw, 36 (13) 19-44.
Contact person and address: RN. ALLEN, A.A. AKEHURST G. IRELAD, NSW Agriculture,
wollongbar Agricultural Institute, Wollongbar, NSW 2477, Australia
Description :The effect on leaf caused by Mycosphaerella musicola and Mycosphaerellaa musae can be
analysed using models ad climatic index. They consider the effect of temperature ad wetness o the leaf
retention at harvest.
Bibliography: ALLEN, RN., AKEHURST, A.A., IRELAND, G. (1992) Surveys of spraying practices
for banana leaf disease control in New South Wales, and an assessment of disease control based on leaf
retention at harvest in July. Australian Journal of Experimental Agriculture, 32 (2) 21 1-2 16.

BARLEY
Erysiphe graminis fsp. hordei
Contact person and address : D.E. AYLOR Connecticut Agric. Exp. Sta., New Haven, USA.
Description : The model described the decrease in concentration of Erysiphe graminis spores downwind
from a source of infection in a barley crop.
Bibliography: AYLOR D.E. (1982) Modelling spore dispersal in a barley crop. AgricultUral
Meteorology, 26 (3) 215-219.
Contact person and address:
B. HAU H.J. AUST J. KRANZ, Trop. Inst., Univ. Giessen, Germany
Description: The model describes the epidemics ofErysiphe graminis f.sp. hordei on barley. The
variation of adult plant resistance with weather conditions is also modelled.
Bibliography: HAU, B., AUST, H.J., KRANZ, J. (1983) Problems in modelling powdery mildew
epidemics. EPPO Bulletin, 13 (2) 259-262.
·
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EPIGRAM
Contact person and address : H.J. AUST B.HAU J. KRANZ, Tropenist, Justus-Liebig-Univ.,
Giessen, Germany
Description: The model simulates the infection by Erisiphe Graminis f.sp. hordei, the incubation and
the lesions growth. Validation against 4 yr. field data indicated that disease progress curves can be
simulated satisfactorily.
Bibliography: AUST, H.J., HAU, B., KRANZ, J. ( 1983) EPIGRAM- a simulator of barley powdery
mildew. Zeitschrift fur Pflanzenkrankheiten und Pflanzenschutz, 90 (3) 244-250.
Contact person and address : K.M. CHIN, M. S. WOLFE, Plant Breeding Inst., Cambridge, UK
Description : The mechanisms which might affect the progress of the pathogen in variety mixtures are
considered. Results from 2 field trials are used to validate the model.
Bibliography: CHIN, K.M., WOLFE, M.S. ( 1984) The spread ofErysiphe graminis f.sp. hordei in
mixtures of barley varieties. Plant Pathology, 33 ( 1) 89-100.
Contact person and address : H.A. McCARTNEY, A. BAINBRIDGE, Rothamsted Exp. Sta.,
Harpenden, UK
Description : The model simulates the deposition gradient over the first few meters from the source of
inoculum. The exponential equation can give an estimate of the self infection of every plant. Field data
were collected by measuring photometrically deposits of droplets downwind from a source in a barley
crop.
Bibliography: McCARTNEY, H. A., BAINBRIDGE, A. ( 1984) Deposition gradients near to a point
source in a barley crop. Phytopathologische Zeitschrift, 109 (3) 219-236. McCARTNEY, H.A. (1987)
Deposition ofErysiphr graminis conidia on a barley crop. II. Consequences for spore dispersal. Journal
ofPhytopathology, 1 18 (3) 258-264.
Contact person and address : S. STEPHAN. Inst. Pflanzenschutzforschung, Kleinmachnow, German
Democratic Republic
Description : The model simulates the course of epidemics on the basis of the multiplication rate. It
depends on the mean temperature and varies between spring and winter varieties. Recommendations on
the dates for fungicide application are derived from the epidemic courses simulations.
Bibliography: STEPHAN, S. (1984) [Studies on the epidemics course ofbarley mildew.]
Untersuchungen zurn Epidemieverlauf des Gerstenmehltaus. Archiv fiir Phytopathologie und
Pflanzenschutz, 20 ( 1 ) 39-52.
Contact person and address : V. GUTSCHE, U. GROLL E. KLUGE G. G'ONTER, M. OSCHMANN,
Inst. Pflanzenschutzforschung, 1532 Kleinmachnow, Germany
Description : The forecasting of outbreaks of mildew on wheat and barley and eyespot on wheat in
Germany based on epidemic models, analyses of infection and studies of the relation between disease
severity and yield loss. The models give indirect monitoring on epidemics and short-term forecasting for
15 regions, and remmendation for making local decision on control.
Bibliography: GUTSCHE, V., GROLL, U., KLUGE, E., G'ONTER, G., OSCHMANN, M, ( 1987)
[Model-aided regional forecasting and field-related decision making on control of powdery mildew on
wheat and barley and eyespot on wheat.] Modellgestiitzte Bekampfungsentscheidung fiir den Weizenund Gerstenmehltau sowie die Halmbruchkrankheit des Weizens. Nachrichtenblatt fiir den
Pflanzenschutz in der DDR, 41 ( 1 ) 16-19.

GEMETA
Contact person and address : B. HAU, Tropeninst., Justus-Liebig-Univ., Giessen, German Federal
Republic
Description : The model GEMET A has been developed from a detailed examination of the individual
stages in Erysiphe graminis f.sp. hordei infection. A Fortrand 77 program of the model is appended.
Bibliography : HAU, B. ( 1985) [Epidemiological simulators as instruments of system analysis with
particular consideration of a model of barley mildew.] Epidemiologische Simulatoren als Instrumente
der Systemanalyse rnit besonder Beriicksichtigung eines Modells des Gerstenmehltaus. Acta
Phytomedica, 9 101 pp.
LINDNER, B., HAU, B. ( 1991) [Modification ofthe simulation model GEivfETA based on new
experimental results.] Weiterentwicklung des Simulationsmodells GEMETA aufgrund neuerer
Versuchsergebnisse. Zeitschrift fiir Pflanzenkrankheiten und Pflanzenschutz, 97 (4) 341-348.
Contact person and address :
Rothamsted Experimental Station, Harpenden, Herts., UK
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Description : The patterns of eyespot development are predicted with a linear model based on weather
data.
Bibliography: Rothamsted Experimental Station Report for 1984. Harpenden, Herts., UK (1985) 127130.
Contact person and address : L. VECHET, F. KOCOUREK, Research Institute of Crop Production,
Praha-Ruzyne, Czechoslovakia.
Description: BARLEY This model simulates the following stages: determination of the time of first
occurrence of mildew, forecasting of disease development, recommendation of chemical treatment,
forecasting of yield loss.
Bibliographv: VECHET KOCOUREK; F. ( 1988) [A model of powdery mildew control in sprig barley]
Model rizeni ochrany jecmenejarniho proti padli travnimu. Ochrana Rostlin, 24 (3) 183-190.

Puccinia hordei
Contact person and address : A. C . WRIGHT, R.E. GAUNT , Department of Biochemistry and
Microbiology, Lincoln University, Canterbury, New Zealand
Description : The empirical models are specific to cultivar, sowing date and season, and they are not
applicable in all the conditions tested. The inclusion of estimation of yield improves the general
applicability of models.
Bibliography: WRIGHT, A. C., GAUNT, R.E. (1992) Disease-yield relationship m barley. I. Yield, dry
matter accumulation and yield-loss models. Plant Pathology, 41 (6) 676-687.
GAUNT, RE., WRIGHT, A. C. (1992) Disease-yield relationship in barley. 11. Contribution of stored
stem reserves to grain filling. Plat Pathology, 41 (6) 688-701.

Drechslera era teres
Contact person and address:
T.N. KHAN, W. Australian Department Agricultural, Baron-Hay Court,
South Perth, WA 6151, Australia.
Description : The relationship between infection by Drechslera. teres and percentage yield loss can be
well made using critical point, area under curve and multiple point models.
Bibliography: KHAN, T.N. (1987) Relationship between net blotch (Drechslera teres) and losses in
grain yield ofbarley in Western Australia. Australian Journal of Agricultural Research, 38 (4) 671-679.

Several disease

NORPRE
Contact person and address : H. A. MAGNUS, K. MUNTHE E. SUNDHEIM, A. LIGAARDEN,
Norwegian Plant Protection Institute, Department of Plant Pathology, Fellesbygget, I432 Aas, Norway
Description : NORPRE is a warming system for disease and pest in barley and wheat. The system is
based on growers' observation and on meteorological data. It can be accessed by an audiotex system
TELEWISE, which also provides weather reports and forecast.
Bibliography: MAGNUS, H. A, MUNTHE-iE, K., SUNDHEIM, E., LIGAARDEN, A ( 1991) PCTechnology in plant protection warning system in Norway. Proceedings of the workshop on Computerbased Plant Protection Advisory System, Copenhagen, 27-29th November, 1991, 1-6.
MAGNUS, H. A, MUNTHE, K. ( 1991) Performance ofNORPRE cereal warning system. Proceedings
of the workshop on Computer-based Plant Protection Advisory System, Copenhagen, 27-29th November,
1991, 111-117.
MAGNUS, H. A., MUNTHE, K. ( 1991 ) Validation of "NORPRE" wheat and barley yield loss models.
Proceedings of the workshop on Computer-based Plant Protection Advisory System, Copenhagen, 2729th November, 1991, 119- 125.
MAGNUS, H.A., LIGAARDEN, MUNTHE, K. (1993) An integrated PC environment for the
dissemination of plat protection warnings in Norway, together with weather reports and forecasts.
Bulletin OEPP/EPPO Bulletin 23, 669-67 I.

Rhynchosporium secalis
Contact person and address:
A. C. WRIGHT R.E. GAUNT, Department of Biochemistry and
Microbiology, Lincoln University, Canterbury, New Zealand
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Description : The empirical models are specific to cultivar, sowing date and season, and they are not
applicable in all the conditions tested. The inclusion of estimation of yield improves the general
applicability of models.
Bibliographv: WRIGHT, A. C., GAUNT, R.E. (1992) Disease-yield relationship in barley. I. Yield, dry
matter accumulation and yield-loss models. Plant Pathology, 41 (6) 676-687.
GAUNT, R.E., WRIGHT, A. C. { 1992) Disease-yield relationship in barley. II. Contribution of stored
stem reserves to grain filling. Plat Pathology, 41 (6) 688701.

BEAN
Botrytis cinerea
Contact person and address : K.B. JOHNSON M.L. POWELSON, Dep. Bot. PI. Path., Oregon State
Univ., Corvallis' 97331, USA
Description : The model has bee formulated on the basis of a multiple regression analysis and include
the number of sporulating infections before bloom, the interval between irrigation, the cumulative
duration ofleafwetness due to irrigation and rain, the canopy size. About the 82% of the variation of
infection among field experiments can be explained using this model.
Bibliography: JOHNSON, K.B., POWELSON, M.L. (1983) Influence ofprebloom disease
establishment by Botrytis cinerea and environmental and host factors on gray mold pod rot of snap bean.
Plant Disease, 67 ( 11 ) 1198- I 202.

Uromyces appendiculatus
Contact person and address: D.E. AYLOR, F.J. FERRANDINO, Dep. PI. Path., Connecticut Agric.
Exp. Sta., PO Box 1 106, New Haven, CT 06""04, USA
Description : The description of disease gradients are obtained on the basis of field experiment with
artificial inoculation of bean. Primary infection are well described with a power law. In a second time the
number of pustules per plant can be computed using a relationship with the following parameters:
distance from the inoculation source, the initial level of disease at the start of epidemics, the rate of
increase of the number of pustules with time and the shape of the gradient in space. The model is
derived for spore deposition close to a source based o the assumption that spores move in approximate
straight line trajectories within a few metres of a source. This model leads to an equation considering the
number of pustules/leaf on individual plants parameter of the model and distance from the source.
Bibliography: AYLOR, D.E., FERRANDINO, F.J. (1989) Temporal and spatial development of bean
rust epidemics initiated from a inoculated line source. Phytopathology, 79 (2) 146-15 1.
AYLOR, D.E., FERRANDINO, F.J. ( 1990) Initial spread ofbean rust close to an inoculated bean leaf.
Phytopathology, 80 ( 12) 1469-1476.

Erysiphe polygon
Contact person and address:
P. PAUVERT, Station de Pathologie Vegetale, de Phytoecologie et de
Matherbologie, BP 1232, 97184 Pointe-a-Pitre Cedex, France
Description : Regression analysis of mean disease severity with distance indicated that the log-log
disease spread model fitted the data of pathogen dispersion.
Bibliographv: PAUVERT, P. ( 1991) [Studies on bean powdery mildew in Guadeloupe.] Etudes de
gradients de dissemination dans le cas de !'oidium du haricot en Guadalupe. Agronomie, 11 (2) 109-113.

Phytophthora phaseoli
Contact person and address : R. A. HYRE, Horticoltural Crops Research Branch, Agricultural
Research Service, United States Department of Agriculture, Newark, Delaware
Description : A method for forecasting downy mildew of Lima bean from rainfall and temperature data
has been developed . Initial appearance of downy mildew is forecast after about 8 consecutive downy
mildew-favourable days, and continuing downy mildew-favourable weather.
Bibliographv: HYRE, R.A. (1957) Forecasting downy mildew oflima bean. Plant Disease Reporter, 41,
7-9.
HYRE, R.A. ( 1959) The development of a method for forecasting downy mildew of Iima bean. Plant
Disease Reporter Suppl., 257, 179-180.
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BEGONIA

Oidium begoniae
Contact person and address:
J.A. QUINN, C. C. POWELL, Dep. PI. Path., Ohio State Univ.,
Columbus, OH 43210, USA
Description : The mathematical model is constructed based on observed patterns of growth and
sporulation of race 2 of the pathogen on detached leaves of Begonia hiemalis. The model can be used in
computer simulations of colony growth as demonstrated by a computer programme.
Bibliography : QUINN, J.A., PO WELL, C. C. (1985) Growth and sporulation of Oidium begoniae:
development of a deterministic model. Annals of Applied Bology. 107 (2) 163-178.

CABBAGE

Plasmodiophora brassicae
FDS
Contact person and address : T. MONMA, H. KOMADA S. ITOH, K. OT A, S. HORIUCHI K.
OHATA, Y KITAGAWA, Aomori Agric. Exp. Sta., Japan
Description : A forecast model has been developed based on many variables. Four sub-model are
formulated. Validation tests of computer simulations suggest that clubroot incidence may be accurately
forecast.
Bibliography: MONMA, T., KOMADA, H., ITOH, S., OTA, K., HORIUCHI, S., OHATA, K.,
KITAGAWA, Y. ( 1986) [Development offield diagnosis system (FDS) for preventing continuos
cropping injury of crop. S. Development of a forecast model for infection and damage of clubroot in
Chinese cabbage, caused by Plasmodiophora brassicae. ] Nogyo Kenk)u Senta Kankyu Hokou, N° 6, 5178.
ITOH, S., KOMODA, H., MONMA, T., AMANO, T. ( 1989) [Development of field diagnosis system
(FDS) for preventing continuos cropping injure of crop. 12. Study of factor related to the development of
a prediction model of Verticillium yellows in Chinese cabbage.] Nogyo Kenkyu Senta Kenkyu Hokoku =
Bulletin of the National Agriculture Research Center, Japan, N° 16, 33-53.
ITOH, S., KOMADA, H., MOMMA, T., AMANO, T. ( 1989) [Development of field diagnosis systems
(FDS) for preventing continuous cropping injury of crop. 13. Development of a model for predicting of
severity ofVerticillium yellows of Chinese cabbage.] Bulletin ofthe National Agriculture Research
Center, Japan.
G. EINHORN, H. BOCHOW, Sektion Gartenbau, WE Pflanzenschutz,
Contact person and address :
Humboldt-Universitat Berlin, Invalidenstr. 42, I040 Berlin, Germany
Description : Regression equations are constructed for the relationship between latent period and disease
index at different temperature and pH, and a regression equation for the relation between latent period
and mean temperature is derived. Latent period is modelled using an empirical factors related to mean
soil temperature values taken at S-d intervals. recommendations are given on the optimum timing of
agronomic and biological control measures in the light of results obtained using this model.
Bibliographv : EINHORN, G., BOCHOW, H. ( 1990) [The effect of temperature and pH value on the
pathogenesis ofPlasmodiophora brassicae Wor., the casual agent of clubroot.] Die Ein:fliisse von
Temperatur und pH-Wert auf die Pathogenese von Plasmodiophora brassicae Wor., dem Erreger der
Kohlhernie. Archiv fur Phytopathologie und Pflanzenschutz, 26 {2) 131-138.

Alternaria brassicicola
Contact person and address : D.A. FONTEM, R.D. BERGER, D.P. WEINGARTNER J.A. BARTZ,
Plant Pathology Department, University of Florida Agricultural Research and Education Centre,
Hastings, FL 32405, USA
Description The progress and spread of dark leaf spot in cabbage can be simulated using growth models
(Logistic, Gompertz, Weibull, Gregory, Hoerl function, AUDPC, VUDPS) which efficacy varies
according to the considered disease parameters.
Bibliographv: PHONTEM, D.A., BERGER, R.D., WEINGARTNER, D.P., BARTZ, J.A. ( 1991)
progress and spread of dark leaf spot in cabbage. Plant Disease, 75 (3} 269-274.
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CARROT
Cercospora carotae
Contact person and address: 0. CARISSE, A. C. KUSHALAPPA, Department of Plant Science,
Macdonald College of McGill University, 21111 Lakeshore Road Ste-Anne-de-Bellevue, Que. H9x 1 CO,
Canada
Description : Richards function can be used to simulate the infection of Cercospora carotae based on
temperature and leaf wetness duration. Polynomial model shows worst results during the validation
using field data.
Bibliography: CELERY CARISSE, 0., KUSHALAPPA, A.C. ( 1990) Development of an infection
model for Cercospora carotae on carrot based on temperature and leaf wetness duration. Phytopathology,
80 (11) 1233-1238.

Alternaria porri j sp. dauci
Contact person and address :
T.J. GILLESPIE J. C. SUTTON, Department of Land Resource Science
and Department of Environmental Biology, Ontario Agricultural College, University of Guelph, Guelph,
Ontario NIG2W1
Description : A predictive scheme is developed to improve efficiency of fungicide use in management of
altemaria leaf blight in carrots.
Bibliography : GILLESPIE, T.J., SUTTON, J.C. (1979) A predictive scheme for timing fungicide
applications to control altemaria leaf blight in carrots.

CELERY
Cercospora apii
Contact person and address: R.D. BERGER, Institute of Food and Agricultural Sciences, University
of Florida, Agricultural Research and education center, Belle Glade 33430
Description: A satisfactory disease-forecasting system has been developed. Disease incidence and
infection rates for blight in susceptible celery decreased as the percentage of blight-tolerant plants in the
population increased. This protective effects was largely last at disease incidences above 25%. Tolerant
celery in mixed populations had increased blight incidence as the percentage of susceptible plants
increased but infection rates did not truly reflect such an increase.
Bibliography: BERGER, RD. (1969a) A celery early blight spray program based on disease forecasting.
Proc. Fla. State Horticultural Society, 82, 107-111.
BERGER, RD. ( 1973) Infection rates of Cercospora apii in mixed populations of susceptible and
tolerant celery. Phytopathology, 63, 535-537.
BERGER, RD. ( 1976) Computer simulation of Cercospora apii and Helmintosporium turcicum. Proc.
Am. Phytopathol. Society, 3, 217.

CEREALS
Septoria nodorum
Contact person and address : G. LECHAPT (Service de la Protection des Vegetaux, Paris, France)
Description : The model simulates the epidemiology of the main foliage disease of cereals on the basis of
weather conditions. Moreover the physiological factors are con&idered to compute the potential intensity
of infections.
Bibliography: LECHAPT, G. ( 1984) Cereales: la modelisation pour lutter contre les maladies?.
Cultivar, 1, 44-49.

Puccinia spp.
Contact person and address : R A FLEMING C. S. ROLLING Univ. British Columbia,
Vancouver, Canada
Description : A continuous mathematical model is developed by including many of the natural process
underlying each recurrent rust infection cycle.
Bibliography : FLEMING, R.A., HOLLING, C. S. ( 1982) A comparison of disease progress equations
for cereal rust. Canadian Journal of Botany, 60 ( 10) 2154-2163.
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Contact person and address : V.I. TEREKHOV AS. KAIDASH L.D.SOLODUKHINA L.D.
BESSMLEL'TSEV VI. KOLESNIKOVA VI. KORZACHENKO N.Caucasian Inst. Pl. Path.,
Krasnodar, USSR
Description : The simulation model considers the period of rust on cereal. It has shown some advantages
in comparison to the existing model.
Bibliographv : TEREKHOV, VI., KAIDASH, AS., SOLODUKHINA, L.D., BESS:MEL'TSEV, V.I.,
KOLESNIKOVA, V.I., KORZACHENKO, N.N. (1983) [Determination of the length of the incubation
period of cereal rusts using the enthalpy coefficient.] Sel'skokhozya stvennaya Biologiya, No. 9, 112116.

Erysiphe graminis
ERYPROG
Contact person and address : E. KLUGE V. GUTSCHE G. GONTER Institut fiir
Pflanzenschutzforschung Kleinmachnow der Akademie der Landwirtschaftswissenschaften, Bereich
Eberswalde, Schicklerstrasse 5, 1300 Eberswalde-Finow 1, Germany
Description: The epidemic development ofErysiphe graminis in Germany is simulated by a model each
week on the basis of weather forecast. The model is found to be reliable both at regional and at local
levels.
Bibliography : KLUGE, E., GUTSCHE, V., GONTHUR, G. ( I 989) [Computer-aided method for
prediction and control of powdery mildew in winter wheat and winter barley (ERYPROG)-test result
1986 to 1988.] Computergestiitztes Verfahren zur Prognose und Bekampfungssteuerung des Mehltaus an
Winterweizen und Wintergerste (ERYPROG)- Ergebnisse der Erprobung 1986 bis 1988.
Nachrichtenblatt fur den Pflanzenschutz in der DDR, 43 (8) 161-165.
LUTZE, G., KLUGE, E. ( 1989) [Control thresholds as aids to decision making in targeted control of
cereal diseases.] Bekampfungsrichtwerte als Entscheidungshilfen zur gezielten Bekampfung von
Getreidekrankheiten. Nachrichtenblatt fiir den Pflanzenschutz in der DDR, 43 (8) 153-156.
BBERYGET
Contact person and address : D. ROSSBERG E. KLUGE Institut fiir Pflanzenschutzforschung
Kleinmachnow der Akademie der Landwirtschaftswissenschaften, Bereich Eberswalde, Schicklerstrasse
5, 1300 Eberswalde-Finow 1, Germany
Description: BBERYGET, a user-friendly software package, has been development to assist individual
farmers in monitoring and control ofErysiphe graminis in winter cereals.
Bibliography : ROSSBERG, D., KLUGE, E. ( 1989) [Personal computer program for monitoring and
control of mildew in winter cereals.] PC-Programm zur Dberwachung und Bekampfung von Mehltau an
Wintergetreide. Nachrichtenblatt fiir den Pflanzenschutz in der DDR, 43 (2-3) 37-39.

Pseudocercosporella herpotrichoides
BBCERCO
Contact person and address :
D. ROSSBERG, U. GROLL Institut fur Pflanzenschutzforschung
Kleinmachnow der Akademie der Landwirtschaftswissenschaften, Bereich Eberswalde, Schicklerstrasse
5, 1300 Eberswalde-Finow 1, Germany
Description: BBCERCO, a user-friendly software package, has been development to assist individual
fam1ers in monitoring and control ofPseudocercosporella herpotrichoides in winter wheat and winter
rye.
Bibliography: ROSSBERG, D., GROLL, U. (1989) [Personal computer program for recommendations
on eyespot control in winter wheat and winter rye.] PCProgramm fur Bekampfungsempfehlungen gegen
die Halmbruchkrankheit an Winterweizen und -roggen. Nachrichtenblatt fur den Pflanzenschutz m der
DDR, 43 (2-3) 39-41.
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CHERRY

Monilinia fructicola
Contact person and address : A.R. BIGGS J. NORTHOVER Agric. Canada, Res. Sta., Vineland
Station, Ont. LOR 2EO, Canada
Description : The model is based on a logistic equations. This, compared to other functions, is the best
regression models to describe the incidence offruit infections. The incubation period decreased with
increasing of wetness duration, as well as, temperature pattern.
Bibliography: BIGGS, A.R., NORTHOVER, J. (1988) Influence of temperature and wetness duration
on infection of peach and sweet cherry fruits by Monilinia fructicola. Phytopathology, 78 (10) 13 52-13
56.

Blumeriella jaapii
Contact person and address :
B. LOSCHENKOHL Plantevaernscentret, Afd. for Jordbrugszoologi,
Lottenborgvej 2, 2800 Lyngby, Denmark
Description : The computer program forecasts infection period of cherry leaf spot from meteorological
observations.
Bibliography: LOSCHENKOHL, B. [Infection periods of cherry leaf spot.] Varsiling for
kirsebaerbladpletsyge. In lOth Danish plant protection conference. Pest and diseases. Denmark.
Tidsskrift for Planteavls Specialserie Beretning N° S 2237.

CHESTNUT

Endotia parasitica
Contact person and address : S. MOTTO E.DEL. SOLE Istituto di patologia vegetale, Univ. Padova,
Italy
Description : The model allow a representation of inoculum development with time, taking into
consideration plant age and virulence.
Bibliography : MUTTO, S., SOLE, E.DEL. ( 1985) [Use of mathematical model for the development of
Endothia parasitica in the Euganean Hills.] Impostazione di un modello matematico dello sviluppo di
Endotia parasitica nel territorio dei Colli Euganei. Informatore Fitopatologico, 35 (4) 51-54.

CITRUS

Colletotrichum gloesporioides
Contact person and address :
L. W. TIMJ\.1ER S.E. ZITKO Citrus Research and Education Center,
700 Experiment Station Road, Lake Alfred, FL 33850, USA
Description : The model provides short-term predictions of disease development and assist growers in
the timing of fungicide applications.
Bibliography: TIMMER, L. W., ZITKO, S.E. ( 1993) Relationship of environmental factors and
inoculum levels to the incidence of post-bloom fruit drop of citrus. Plant Disease, 77 (5) 501-504.

CLOVER

Leptosphaerulina briosiana [L. trifolii]
Contact person and address : O.M. OLANYA C.L. CAMPBELL Department of Plant Pathology,
North Carolina State University, Raleigh, NC 27695-7616, USA
Description: The theoretical model of disease progress in space and time is based on the exponential
model for distance and the monomolecular model for time. A new
model is based on monomolecular model for time and a negative logistic model for distance.
Bibliography : OLANY A, O.M., CAMPBELL, C.L. (1990) Analysis of epidemics of Leptosphaeria leaf
spots on alfalfa and white clover in time and space. Phytopathology, 80 (12) 1341-1347.
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COCOA
Crinipellis perniciosa
Contact person and address:
S.A RUDGARD D.R. BUTLER Comissao Executive do Piano da
Lavoura Cacaueria, Res. Sta., Oura Preto, 78925 Rondonia, Brazil
Description : Cocoa infection is modelled by assuming that infection is limited by either wetness periods
or turgid basidiocarp numbers; critical numbers of wetness periods when both factors were of equal
weight are defined by an exponential equation. The model is used to predict reductions in pod disease
associated with different amounts of broom removal in each year.
Bibliography: RUDGARD, S.A., BUTLER, D.R. (1987) Witches' broom disease on cocoa in Rondonia,
Brazil: pod infection in relation to pod susceptibility, wetness, inoculum, and phytosanitation. Plant
Pathology, 36 (4) 515-522.

COFFEE
Hemileia vastatrix
Contact person and address: A C., KUSHALAPPA A LUDWIG Univ. Fed. Vicosa, Minas Gerais,
Brazil
Description : This model is developed to correct adequately for host growth in calculating the infection
rate.
Bibliographv: KUSHALAPPA, AC., LUDWIG, A (1982) Calculation of apparent infection rate in
plant diseases: development of a method to correct for host growth. Phytopathology, 72 (10) 1373-1377.
KUSHALAPPA, AC., SANTOS, D.P., AKUTSU, M., LUDWIG, A, EUCLIDES, R.F. ( 1984) Patterns
of host growth and rust progress curves in bean and coffee. Fitopatologia Brasileira, 9 ( 1) 45-49.

CORN
Peronosclerospora sorghi
Contact person and address :
B.L. RENFRO N. SINGBURAUDOM Kasetsart Univ., Bangkhen,
Bangkok, Thailand
Description: The disease model has been based on progress curves corresponding to the "simple
interest". It simulates the systemic Peronosclerospora sorghi infection of maize by conidia.
Bibliography: RENFRO, B.L., SINGBURAUDOM, N. (1983) Disease development of sorghum downy
mildew in maize as influenced by inoculum density and host matrix. International Journal of Tropical
Plant Diseases, 1 ( l ) 45-51.

Puccinia sorghi
Contact person and address: J.K. PATAKY J.M. HEADRICK Dep. Path., Univ. Illinois, Urbana, IL
61801, USA
Description : Equations to simulate rust severity on sweet corn hybrid are formulated on the basis of
field data of the percentage ofthe total leaf area infected per plant. Cubic relations are used to fit
untrasformed and square root transformed severalties. Threshold damaging diseases levels can be
calculated.
Bibliography: PATAKY, J.K., HEADRICK, J.M. (1988) Relationship between common rust incidence
ad severity on a susceptible and a partially resistant sweet corn hybrid. Phytopathology, 78 (9) 11551160.

Exserohilum turcicum (Setosphaeria turcica)
Contact person and address : J.M. PERKINS L.M. PEDERSEN Department Plant Pathology,
University Illinois, Urbana, IL 61801, USA
Description : The area under disease progress curve model shows a good fit to data of yield losses
associated with Northern leaf blight. A good trend is also simulated by Critical-point model.
Bibliography: PERKINS, J.M., PEDERSEN, W.L. ( 1987) Disease development and yield losses
associated with northern leaf blight on corn. Plant Disease, 71 ( 10) 940943.
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H elrninthosporium maydis
EPIMAY
Contact person and address : P.E. WAGGONER J. G. HORSFALL R.J. LUKENS Connecticut
Agricultural Experiment Station, New Haven, Connecticut 06504, USA
Description : This model is assembled for three components: weather as observations, the pathogen in
the guise of a knowledge of how its stages react to weather, the computer program or instructions for
presenting the current weather to the pathogens and asking how it would react. With these three parts
the computer calculate whether the epidemic rises, falls or remains level.
Bibliog{aphy: WAGGONER, P.E., HORSFALL, J.G., LUKENS, R.J. (1972) EPIMAY, a simulator of
Southern Corn Leaf Blight. Bulletin of the Connecticut Agricultural Experiment Station, New Haven,
729.

COTTON
Verticillim dahliane
Contact person and address: A.P. GUTIERREZ J.E. DeVAY G. S. PULLMAN G.S.
FRIEBERTSHAUSER Division of Biological Control, Department of Entomological Sciences,
University of California, Berkeley, 94720 USA
Description : The model allows the simulation of V. dahliae infection on the basis of phenology and
growth and development of cotton plants.
Bibliography: GUTIERREZ, A.P., DeVAY, J.E., PULLMAN, G.S., FRIEBERTSHAUSER, G.E. (1983)
A model ofVerticillium wilt in relation to cotton growth and development. Phytopathology, 73 (1) 8995.
Contact person and address:
E.J. PAPLOMATAS D.M. BASSET J.C. BROOiviE J.E. DeVAY
Department of Plant Pathology, University of California, Davis, CA, USA
Description : Disease incidence, expressed as percentage of foliar symptoms, is related with inoculum
density at planting time following the negative exponential curve. Differences can be found with yield
losses and soilborne population.
Bibliography: PAPLOMATAS, E.J., BASSET, D.M., BROOME, J.C., DEVAY, J.E. (199?) Incidence
of Verticillium wilt ad yield losses of cotton cultivars (Gossypium hirsutum) based on soil inoculum
density ofVerticillium dahliae. Phytopathology, 82 (12) 1417-1420.

Phymatotrichum omnivorum
Contact person and address : D.O. KOCH M. J. JEGER T. J. GERIK C.M. KENERLEY Department
Plant Pathology Microbial., Texas Agricultural Experimental Station, College Station, TX 77843, USA
Description: The logistic model is used to simulate the progression ofPhymatotrichum root rot in
cotton. Particularly the model can be applied to evaluate the effect on disease of plant density.
Bibliography: KOCH, D.O., JEGER, M.J., GERIK, T.J., KENERLEY, C.M. (1987) Effects of plant
density on progress ofPhymatotrichum root rot in cotton. Phytopathology, 77 (12) 1657-1662

Alternaria macrospora
Contact person and address: P.C. HIREMATH M.R. ADVANI K.S. PANCHABHAVI R.K. HEGDE
Department of Plant Pathology, College of Agriculture, Raichur 584 101, India
Description : The model has been developed to estimate yield loss of cotton due to Alternaria leaf spot.
Statistical analysis of field results indicates a Gompertz type relationship between disease severity and
yield, with yield losses increasing with increasing of disease severity.
Bibliography: HIREMATH, P.C., ADVAI, M.R., PANCHABHAVI, K.S., HEGDE, R.K. ( 1990)
Gompertz model for determining the loss in yield of cotton due to Alternaria leaf spot. Karnataka
Journal of Agricultural Sciences, 3 (3-4) 276-277.

CRESS

Pythium irregulare
Contact person and address: Y. X. MAO G.A. CHILVERS J.J. BURDON Dep. Bot., Australian
National Univ., G:P:O: Box 4, Canberra City, ACT 2601, Australia
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Description : The computer model is build to simulate damping-off of epidemics by Pythium irregolare
in population of cress seedlings. The aim is to relate the rate of advance of spreading disease front and
apparent infection rates. This model is thought to be appropriate for other slow-spreading soilborne
disease with steep inoculum gradients.
Bibliography: MAO, Y.X., CHIL VERS, G.A., BURDON, J.J. ( 1988) Computer modelling of dampingoff epidemics in relation to host density and number of disease foci. :Australian Journal of Botany, 36 (5)
589-597.

CUCUMBER

Pythium ultimum
Contact person and address : W. CHEN H.A.J. HOITINK L. V. MADDEN Dep. Pl. Path., Ohio State
Univ., OARDC, Wooster, OH 44691, USA
Description : This is a preliminary mathematical model for predicting Pythium damping-off severity.
It is based on both microbial activity and biomass.
Bibliographv: CHEN, W., HOITINK, H.A.J., MADDEN, L. V. ( 1988) Microbial activity and biomass
in container media for predicting suppressiveness to damping-off caused by Pythium ultimum.
Phytopathology, 78 ( 11) 1447-1450.

DOUGLAS-FIR

Fusarium oxysporum
Contact person and address : W.J. -BLOOMBERG Forest Pathologist, Canadian Forestry service
environmental, Canada, Victoria, B. C.
Description: The simulation model is used to predict seedling infection, mortality, root growth in
various temperature regimes, root growth rates and sizes, and concentrations of inoculum.
Bibliography: BLOOMBERG, V.J.{ 1979a) A model of damping-off and root of Douglas-fir seedlings
caused by Fusarium oxysporum. Phytopathology, 69, 74-81. BLOOMBERG, W.J. (1979b) Model
simulatios of infection ofDouglas-fir seedlings by Fusarium oxysporum. Phytopathology, 69, 1072-1077.
BLOOMBERG, W.J. ( 1988) Modelling control strategies for laminated root rot in managed Douglas-fir
stands: Model development, Phytopathology, 78,403-409.

AMERICAN ELM

Ceratocystis ulmi
Contact person and address : R. IPINZA CARMONA L. GIL SANCHES Dep. For., ETSI de
Mantes, Ciudad Universitaria, 28040 Madrid, Spain
Description : The simulation model is formulated considering different phases and sub- 1systems
connected with disease control and disaster theory are used.
Bibliography: IPINZA CARMONA, R., GIL SANCHES, L. ( 1987) [Some theoretical aspects of the
epidemic caused by Dutch elm disease. ] Algunos aspectos te6ricos de la epidemia causada por la
grafiosis. Boletin de Sanidad Vegetal, Plagas, 13 (4) 39-408.

FRASERFIR

Phytophthora cinnamomi
Contact person and address : K.M. REYNOLDS H.J. GOLD R.I. BRUCK D.M. BENSON C.L.
CAMPBELL Dep. Pl. Path., North Carolina State Univ., Raleigh, NC 27695-7616, USA
Description : The model is developed to simulate the spread of this disease in Abies fraseri in nursery
beds. The major system submodels are seedling growth and pathogen spread.
Bibliography : REYNOLDS, K.M., GOLD, H.J., BRUCK, R.I., BENSON, D.M., CAMPBELL, C.L.
(1986) Simulation of the spread ofPhytophthora cinnamomi causing a root rot ofFraser fir in nursery
beds. Phytopathology, 76 ( 11) 1 190-1201.
REYNOLDS, K.M., BENSON, D.M., BRUCK, R.I. ( 1985) Epidemiology ofPhytophthora root of
Fraser fir: root colonisation and inoculum production. Phytopathology, 75 (9) 1004-1009.
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Heterobasidion annosum
Contact person and address : J. STENLID Dep. For. Mycol. & Path., Swedish Univ. Agric. Sci., Box
7026, 75007 Uppsala, Sweden
Description: The simulation model allows the control and the prediction of H. annosum spreads. Data
have been collected on two Norway spruce stands in Sweden with heavy H. annosum infections in 1957
and 1959. After 28 and 25 yr. respectively, H. annosum had infected I %and 2% of trees on control
plots. Bibliographv : STENLID, J. ( 1987) Controlling and predicting the spread ofHeterobasidion
annosum from infected stumps and trees ofPicea abies. Scandinavianjoumal of Forest Research, 2 (2)
187-198.

Phellinus [Inonotus] weirii
Contact person and address :
W.J. BLOOMBERG Pacific For. Cent., Canadian For. Serv., 506 West
Burnside Road, Victoria BC V8Z 1 M5, Canada
Description : The model mimicked key processes in disease initiation and development quantified as
function of time and space. Processes are expressed as mathematical function which are integrated in a
computer program to calculate spread of the disease and stand-growth loss and mortality.
Bibliography: BLOOMBERG, W.J. ( 1988) Modelling control strategies for laminated root rot in
managed Douglas-fir stands: model development. Phytopathology, 78 (4) 403-409.

FILBERT

Anisogramma anomala
Contact person and address : T.R. GOTTWALD H.R. CAMERON USDA-SEA, SE Fruit and tree
Nut Research Laboratory, Byron, GA 3 1008
Description : The rate of disease increase and the geographical pattern of spread from the original focus
of infection are studied. Regression analysis of disease progress curves gives disease increase values of
r= 0,265, r= 1,085, r= 1, 236 per unit per year for growth of individual cankers, disease increase within
a single tree and disease increase within an orchard, respectively.
Bibliography: GOTTWALD, T.R., CAMERON, H.R. ( 1981) Predictive models for disease increase of
Anisogramma anomala canker of European filbert in the Pacific Northwest. Phytopathology, 71, 220.

GRAPEVINE

Uncinula necator
Contact person and address: D.O. CHELLEMI J.J. MAROIS Plant Pathology department,
University of California, Davis CA 95616, USA
Description : A demographic model simulating population growth of Uncinula necator on grapes is
created using a microcomputer spreadsheet program. The model is based on the age-specific survival
and fecundity rates for Uncinula necator and is used to examine the effects of various environmental
factors and disease control strategies on population growth over a 30-d period.
Bibliographv: CHELLEMI, D.O., MAROIS, J.J. ( 1991) Development of a demographic growth model
for Uncinula necator by using a microcomputer spreadsheet program. Phytopathology, 81 (3) 250-254.
CHELLEMI, D.O., MAROIS, J.J. ( 1991) Sporulation ofUncinula necator on grape leaves as
influenced by temperature and cultivar. Phytopathology, 81 (2) 197-201.
CHELLEMI, D.O., MAROIS, J.J. (1991) Effect offungicides and water sporulation ofUncinula necator.
Plant Disease, 75 (5) 455-457.
Contact person and address : M. A. S ALL Department of Plant Pathology, University of California,
Davis 95616, USA
Description : The model describes the increase of grape powdery mildew from budbreak until fruit
softening on leaves and fruit. The basic structure is derived from Vanderplank's equation with the
integration of plant growth to calculate susceptible tissue during growing season. The basic infection
rate varies as a function of ambient temperature and moisture conditions.
Bibliographv : SALL, M. A. ( 1980) Epidemiology of grape powdery mildew: a model. Phytopathology,
70, 338-342.
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Contact person and address: D.M. GADOURY R. C. SEEM P. MAGAREY R. EMMET R.
MAGAREY Dep. Plant. Pathology, Cornell University, NY Agriculture experiment station, Geneva
14456, USA.
Description : The model forecasts the development of powdery mildew from the existing observations of
initial inoculum levels, weather, and incidence and severity of the disease.
Bibliography: GADOURY, D.M., SEEM, R.C., MAGAREY, P., EMMET, R., MAGAREY, R. ( 1994)
Development of a practical model for use in the management of grape powdery mildew. Proceedings of
the Second International Workshop on "Grapevine downy and powdery mildew modelling", Staatliches
weinbauinstitut Freiburg, Germany, 29 august-I september.

Plasmopara viticola

GOIDANICH'S TABLE
Contact person and address : G. GOIDANICH Dep. Pl. Path., University of Bologna, Italy
Description: Professor Goidanich on the basis of previous research of Muller in 1923, proposed a
incubation table. It reports the duration of incubation period computing air temperature and two
different levels of relative humidity. This table is a fundamental report for the protection of grapevine
against downy mildew and represents the internal equation of many simulation model. It has been
validated in many viticulture environment with good results (papers not reported in Bibliography).
Bibliographv: GOIDANICH, G. ( 1959) Manuale di patologia vegetale. Edagricole, Bologna,
Italy.
GOIDANICH, G., CASARINI, B., FOSCHI, S. ( 1958) I nemici della vite, calendario dei trattamenti.
REDA, Roma Italy.

3-JORULE
Contact person and address: G. GOIDANICH Dep. Pl. Path., University of Bologna, Italy
Description : This model simulate the start of primary infections on the basis of air temperature, rainfall
and shoot length.
Bibliography : GOIDANICH, G. ( 1959) Manuale di patologia vegetale. Edagricole, Bologna, Italy.
GOIDANICH, G., CASARINI, B., FOSCHI, S. ( 1958) I nemici della vite, calendario dei trattamenti.
REDA, Roma Italy.

DMCAST
Contact person and address:
E. W. PARK Division of Plant Pathology, Department of agricultural
Biology, College of Agriculture and Life Sciences, Seoul National University, Suwon, 441-744, Republic
ofCorea
Description : This model has been developed in the state of New York (USA) on the basis POM and
PCOP model. The driving variables are the weather conditions (temperature, rainfall, leaf wetness,
relative huwidity, day-lenght) and the output is the development of some phases of the plantpathosystem.
Bibliographv: PARK E.W., SEEM RC., PEARSON R.C., GADOURY D.M. (1991). Forecasting
development of grape downy mildew. Phytopathology 81, 1234. SEEM, R.C., GADOURY, E.W.,
PARK, E.W., PEARSON, R.C. (1994) Validation studies on DMCAST: A forecast model for grape
downy mildew. Proceedings of the Second International Workshop on "Grapevine downy and powdery
mildew modelling", Staatliches weinbauinstitut Freiburg, Germany, 29 august- I september.

EPI
Contact person and address : S. STRIZYK SESMA, 26 rue de Villegrages, 93260, Les Lilas, France
Description : This empirical model can be considered as one of the first attempt ··o simulate the
development of downy mildew. It computes weather variables (temperature, rainfall and relative
humidity) to elaborate the daily variation of an infection potential which indicates the level of infection
risk. The model is divided into a winter (sexual phase) and a summer (asexual phase) one. EPI has been
applied in many viticultural regions (validation paper have not been included in Bibliography).
Bibliography : STRIZYK, S. (1983) Modele d'etat potential d'infection. Application a Plasmopara
viticola. ACT A, Paris, France.
.
MOLOT, B. ( 1986) La modelisation du mildiou de la vigne. Vers une approche d'une lutte raisonnee?.
Progres Agricole et Viticole, 103, W 15-16.
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MAURIN, G. ( 198"") La modelisation du comportement epidemique du mildiou tient ses promesses.
Phytoma, Defense des cultures, Decembre, 34-37.
NALLI, R., MONTINARO, S., IMBROGLINI, G., LEANDRI, A., RAMAZZOTTI, L. ( 1990) Prove di
verifica di modelli EPI-Plasmopara ne! Lazio. Informatore Agrario, W ?9, 59-64.
VERCESI, ,A. ( 1991 ) [Evaluation ofprevisional epidemic models EPI Plasmopara and EPI Botrytis in
Northern and Central Italy] Valutazione dei modelli epidemici previsionali EPI Plasmopara ed EPI
Botrytis in Italia settentrionale e centrale. Atti del convegno "Lotta integrata in viticoltura", Firenze, 20
novembre 1991, 35-50.

POMPCOP
Contact person and address : C. TRAN MANH SUNG S. STRIZYK M. CLERJEAU INRA Centre
de recherches de Bordeaux, Station de Pathologie Vegetale, BP 81, 33883 Villenave d'Ornon, France
Description : These models have been realised to integrate for the winter phase the simulation of EPI
model. POM predicts the date of oospore maturation (DOM date of optimum maturation at the end of
winter). PCOP simulate the date of primary infections in spring. POM indicates also the intensity of
infections.
Bibliography: TRAN MANH SUNG, C., STRIZYK, S., CLERJEAU, M. (1990) Simulation of the date
of maturity of Plasmopara viticola oospores to predict the severity of primary infections in grapevine.
Plant Disease, 74, 120-124.

MILVIT
Contact person and address:
N. MUCKENSTURM Service Regional de la Protection des Vegetaux
Bourgogne B.P 177-21205 Beaune Cedex France
Description : This model indicated the risk of infection calculating the number of spores available for
the inoculation of grapevine. Four submodel are included: inoculation-survival, incubation-potential
sporulation, sporulation, diffusion of spores. Weather data are temperature and relative humidity.
Bibliographv: MUCKENSTURM, N. ( 1989) Modelisation de la phase asexuee de Plasmopara viticola
agent du mildiou de la vigne. Memorie ENS SA Dijon, 39 p. service regional de la protection des
vegetaux, Beaune.
MUCKENSTURM, N., MAGNEIN, C., JACQUIN, D. ( 1990) MILVIT, un nouveau modele de
prevision des risques du mildiou. Memorie presente le 11 ottobre 1989, Ec., Nat., Sup., Sci., Agr., Appl.,
Dijon, France.
MAGNEIN, C., JACQUIN, D., MUCKENSTURM, N., GUILLEMARD, P. ( 1991 ) MIL VIT: Un
modele descriptif et quantitatif de la phase asexuee du mildiou de la vigne. Bulletin OEPP 21, 451-460.
FOUASSIER, S., MAGNIEN, C., JACQUIN, D. (1994) Milvit: A model for the asexual phase of
grapevine downy mildew results of 4 year of validation. Proceedings of the Second International
Workshop on "Grapevine downy and powdery mildew modelling", Staatliches weinbauinstitut Freiburg,
Germany, 29 august-1 september.

VINEMILD
Contact person and address :
P. BLAISE C. GESSLER
Institute of Plant Sciences, Section
Phytomedicine-Pathology, Swiss Federal Institute of Technology, Universitat Strasse 2, 8092 ETH,
Zurich, Switzerland.
Description : This model allows the valuation of infection risk and the quantification of epidemic
development of downy mildew. VINEMILD has been implemented in a computer program written in
PASCAL and it is composed by four submcdels: evaluation of risk, host growth, ontogenetic resistance
of leaves and epidemic development.
Bibliographv: BLAISE, P., GESSLER, C. (1988) Weather based forecast ofPiasmopara viticola
epidemics on grape. (Abstr.) 5th International Congress of Plant Pathology, Kyoto (Japan), 2027/8/1988
BLAISE, P., GESSLER, C. ( 1989) Development of a forecast model of grapevine downy mildew on a
microcomputer. Acta Horticolture 276, 63-70.

PRO
Contact person and address:
G. HILL Viticultural Experimental Station. Zucherberg 19,
Oppenheim, D 6504, Germany
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Description: The basically structure of PRO is based on the classical proposal ofVanderplank for the
polycyclic disease. The multiplication factor in this cases is computed as function of temperature. The
model has been implemented in software programs written in BASIC and DB3.
Bibliographv : HILL G.K. ( 1990). Plasmopara Risk Oppenheim - A deterministic computer model for
the viticultural extension. Proceedings of "Modelli euristici e operativi per la difesa integrata in
agricultura", Caserta (Italy), 27-?9/9/1990, 182-194. HILL G.K. ( 1990). Studies on Plasmopara viticola
epidemics in the vineyard. Proceedings of "Modelli euristici e operativi per la difesa integrata in
agricultura", Caserta (Italy), 27-29/9/1990,266-273.

DM Simulator
Contact person and address: P.A. MAGAREY D. A MAELTZER P.F. KABLE P. WOODS T.J.
WICKS H.R. W ALLACE South Australian Department of Agriculture, Research Centre, P. 0. BOX 41
1, Loxton, S.A. 5333, Australia
Description: It is based on data collected in literature and considers the following biological phases:
incubation, lesion survival, sporulation, oilspot survival, inoculation. A program has been first written
in FORTRAN and later in C. Weather are required with 10 minutes of time step: temperature inside and
outside the canopy, leaf wetness and precipitation. A qualitative description of infection risk is given to
the operators.
Bibliographv: MAGAREY, P.A., MAELTZER, D.A., KABLE, P.F., WOODS, P., WICKS, T.J.,
W ALLACE, H.R. ( 1983) A management system for grapevine downy mildew in Australia - its
conception, Abst. No 292, Abstract of Papers, 4th International Congress of Plant Pathology, Melbourne,
Australia, 17-24. MAGAREY, P.A., WACHTEL, M.F., WEIR, P.C., SEEM, RC. (1991) A computerbased simulator for rational management of grapevine downy mildew (Plasmopara viticola). Plant
Protection Quarterly, 6 ( 1 ) 29-33.
Contact person and address: N. LALANCETTE M. A ELLIS L. V. MADDEN Department of
Plant Pathology, The Ohio State University, Ohio Agricultural Research and Development Center,
Wooster 44691, USA
Description : To estimate the infection efficiency of disease, the number of sporangia applied to a leaf
and the number of zoospores they produced were determined. A relationship was developed between leaf
area and the volume of inoculum retained without runoff
Bibliography: LALANCETTE, N., ELLIS, M.A., MADDEN, L. V. ( 1987) Estimating Infection
Efficiency ofPlasmopara viticola on Grape. Plant Disease, 71, 981-983.
LALANCETTE, N., ELLIS, M.A., MADDEN, L. V. ( 1988) Development of an infection efficiency
model for Plasmopara viticola on American grape based on temperature and duration of leaf wetness.
Phytopathology, 78, 794-800. LALANCETTE, N., MADDEN, L.V., ELLIS, M.A. (1988) A quantitative
model for describing the sporulation ofPlasmopara viticola on grape leaves. Phytopathology, 78 (10)
1316-1321.

PLASMO
Contact person and address:
S. ORLANDINI M. ROSA Ce.S.I.A.- Accademia dei Georgofili,
Piazzale delle Cascine, 18, Firenze, Italy
Description : The model describes the development of the pathogen through computations based on
weather data (temperature, relative humidity, rainfall, leaf wetness). The considered biological phases
are: oospore germination, inoculation incubation, sporulation and survival of spores. A software has
been implemented in PASCAL.
Bibliographv : ROSA, M. ( 1989) Un modello matematico per il controllo della peronospora sulla vite.
Tesi di laurea in Ingegneria Elettronica, Universita di Firenze. ORLANDINI, S. ( 1990) Un modello di
simulazione della peronospora della vite. Quademo Ce.S.I.A. N° 17, Accademia dei Georgofili, Firenze,
Italia. ROSA, M., GOZZINI, B., MARACCHI, G., ORLANDINI, S., SEGHI, L. ( 1994) The PLASMO
model for grapevine protection. Proceedings of the Second International Workshop on "Grapevine
downy and powdery mildew, modelling" Staatliches weinbauinstitut Freiburg, Germany, 29 august-1
september.
ROSA, M., GOZZINI, B., ORLANDINI, S., SEGHI, L. ( 1995) A computer program to improve the
control of grapevine downy mildew. Computer and electronics in agriculture, 12, 311-322.
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Botrytis cinerea

EPI
Contact person and address :
S. STRIZYK SESMA, 26 rue de Viiiegrages, 93260, Les Lilas, France
Description : The model quantifies the probability an infection to occur. It is based on the same
consideration of EPI Plasmopara and divides the vegetable season of grapevine in two period: potential
and cinetic.
Bibliography: STRIZYK, S. ( 1985) Modele d'etat potential d'infection. Application au Botrytis cinerea.
ACTA, Paris, France.
MOLOT, B. ( 1987) La modelisation de la pourriture grise de la vigne pea systeme d' EPL Progres
Agricole et Viticole, 104, N° 15-16.
MOLOT, B., STRIZYK, S., BOUREAU, F. ( 1987) L' utilisation des techniques de modelisation dans la
protection des vignes. Progres Agricole et Viticole, 104, N° 1.
BESSELAT, B. ( 1984) Pourriture grise: evolution des methodes de lutte. Phytoma, Defense des
cultures, Juillet-Aout.
ZERBETTO, F., RHO, G., VERCESI, A., CORTESI, P., BISIACH, M. ( 1988) 11 modello previsionale
EPI-Botrytis nella difesa di Riesling Italico. Notiziario sulle malattie delle piante, W 109.
VERCESI, A. ( 1991 ) [Evaluation of previsional epidemic models EPI Plasmopara and EPI Botrytis in
Northern and Central Italy] Valutazione dei modelli epidemici previsionali EPI Plasmopara ed EPI
Botrytis in ltalia settentrionale e centrale. Atti del convegno "Lotta integrata in viticoltura"
Firenze, 20 novembre 1991, 35-50.

215RULE
Contact person and address : J. BULIT R. LAFONT Not available
Description : This model is also called climatic method. It is based on the consideration that fungus
infections occur in presence of particular weather conditions: 15 hours of leaf wetness with an average
temperature of 15 °C at least.
Bibliography: BULIT, J., LAFON, R. ( 1972) Biologie du Botrytis cinerea Pers. et le developpement de
la pourriture grise de la vigne. Rev. Zoo!. agric. Pathol. veget., 71, 1-10.
LAFON, R, VERDU, D., BULIT, J. ( 1972) Mise au point sur le traitment de la pourriture grise de la
vigne. Rev. Zoo!. Agric. Pathol. Veget., 1, 31-43. GULLINO, M.L. ( 1991) Situazione attuale e
prospettive della lotta integrata alia muffa grigia (Botrytis Cinerea Pers.) mediante 1'applicazione di
parametri agrometeorologici. Atti del convegno internazionale: 1'Agrometeorologia del vigneto, a cura
di B. Gozzini, S. Orlandini, 88-93.

Guignardia bidwellii
Contact person and address: RA SPOTTS (Not available)
Description : The infection of black rot can be simulated on the basis of monitored weather conditions:
leaf wetness and temperature. Considered processes are lesion development, conidial dispersal and
conidial population on leaves.
Bibliography: SPOTTS, RA. (1977) Effect ofleafwetness duration and temperature on the infectivity
of Guignardia bidwellii on grape leaves. Phytopathology, 67, 1378- 1381.
SPOTTS, R.A. ( 1980) Infection of grape by Guignardia bidwellii. Factors affecting lesion development,
and conidial populations on leaves. Phytopathology, 70, 25?-?55.

HOP
Pseudoperonospora humuli
Contact person and address : M. DOLINAR Institut za Hmeljarstvo in Pivovarstvo, Ul. Zalskega
Tabora 2, Zalec 63310, Slovenia
Description : The influence of biotic factors and weather conditions is computed for the simulation of
infection by Pseudoperonospora humuli. The proposed model may be used in the control of the disease
development.
Bibliography : DOLINAR, M. ( 1989) [Investigation of the epidemiology of the hop peronospore
(Pseudoperonospora humuli Miy. et Takah.) and details of the model for predicting infection in
Savinjska Valley.] Epifitotioloske raziskave hmeljne peronospore (Pseudoperonospora humuli Miy et
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Takah.) in izdelava modela za napoved okuzb V. Savinjske doline. In VI Jugoslovanski Simpozij za
Hmeljarstvo. Referati. Zalec, Slovenia, 259-263.
Contact person and address: D.A. JOHNSON Washington State University, Irrigated Agriculture
Research and Extension Centre, Prosser, WA 99350, USA
Description : Degree-day models can be applied to predict the appearance in spring of the first hop
shoots infected by Pseudoperonospora humuli. These models can be used as part of a disease forecasting
system to determine when monitoring of hopyards for downy mildew should begin in order to manage
the disease in Washington hopyards.
Bibliography: JOHNSON, D. A. ( 1991) Two degree-day models for predicting initial emergence of
hop shoots systematically infected with Pseudoperonospora humuli. Plant Disease, 75 (3) 285-287.
Contact person and address: H.T. KRE1v1LHELLER R. DIERCKS Bayerische Landesanstalt fur
Bodenkultur und Pflanzenbau, Miinchen, Freising, Menzingerstr, 54, D-8000, Miinchen 19
Description : The model for downy mildew allows directed control of this hop disease. The degree of hop
downy mildew is estimated by the use of the concentration of air borne sporangia and the duration of
rain-wetness. The forecasting modelleds in the years from 1976 to 1982 in commercial hop yards to a
reduction of fungicide applications by 50% on the average and to the proper timing of sprayings.
Bibliographv: KREMHELLER, H.T., DIERCKS, R. (1983) Epidemiologie and Prognose des Falschen
Mehltaues (Pseudoperonospora humuli) an Hopfen. Z. Pflanzenkr. Pflanzenschutz, 90, 599-616.

JUNIPERUS

Phoradendron juniperinum
Contact person and address : E.D. BUNDERSON D.J. WEBER D.L. NELSON Utha Tech. CoiL,
Provo, UT 84602, USA
Description : A nonparametric model simulates the frequency of the mildew-type diseases based on
measured environmental factors. In particular field experiments have shown the effect of temperature
and of high summer and autumn precipitation.
Bibliography: BUNDERSON, E.D., WEBER, D.J., NELSON, D.L. ( 1986) Diseases associated with
Juniperus osteosperma and a model for predicting their occurrence with environmental site factors.
Great Basin Naturalist, 46 (3) 427-440.

MANGO

Colletotrichum gloeosporioides var. minor
Contact person and address: RD. FITZELL C.M. PEAK RE. DARNEL Agric. Res. Cent., Dep,
Agric., Wollongbar, NSE, Australia 2480
Description : The disease, caused by Colletotrichum gloeosporioides var. minor, spreads by water-borne
conidia from vegetative parts of the tree to attack inflorescences. The simulation of infection levels is
based on temp. and duration of the wet period.
Bibliography: FITZELL, R.D., PEAK, C.M., DARNELL, RE. ( 1984) A model for estimating infection
levels of anthracnose disease of mango. Annals of Applied Biology, 104 (3) 451-458.

MUSKMELON

Alternaria cucumerina
Contact person and address: K.J. EVANS W.E. NYQillST RX. LATIN Department of Botany ad
Plant Pathology, Purdue University, West Lafayette, IN 47907, USA
Description : The model considers the relation among temperature leaf wetness and disease, severity.
Analysis of variance with orthogonal polynomial contrast and also regression analysis are used to
determine the functional relationship between disease severity and weather factors.
Bibliography: EVANS, K.J., NYQUIST, W.E., LATIN, RX. ( 199?) A model based on temperature and
leaf wetness duration for establishment of Alteraria leaf blight of muskmelon. Phytopathology, 82 (8)
890-895.
LATIN, R.X. (1992) Modelling the relationship between Alternaria leaf blight and yield loss in
muskmelon. Plant Disease, 76 (10) 1013-1017.
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OAK
Ceratocystis fagacearum
Contact person and address : E.S. :tvt:ENGES O.L. LOUCKS Dep. Bot., Univ. Wisconsin-Madison,
Madison, Wis. 53706, USA
Description : Empirically derived this stochastic simulation model predicts tree-by-tree mortality due to
oak wilt.
Bibliographv: :tvt:ENGES, E.S., LOUCKS, O.L. { 1984) Modelling a disease-caused patch disturbance:
oak wilt in the midwestem United States. Ecology, 65 (2) 487-498.

OAT
Puccinia coronata
Contact person and address: C. C. MUNDT K.J. LEONARD W.M. THAL J.H. FULTON USDA,
ARS, Dep. PI. Path., North Carolina State Univ., Raleigh, NC 27695-7616, USA
Description : A modified version of the computerised model EPIMUL allows to study effects of host
genotype unit area and spatial distribution of initial disease on crown rust epidemics in oat populations.
Bibliography: MUNDT, C.C., LEONARD, K.J., THAL, W.M., FULTON, J.H. (1986) Computerised
simulation of crown rust epidemics in mixtures of immune and susceptible oat plants with different
genotype unit areas and spatial distributions of initial disease. Phytopathology, 76 (6) 590-598.
MUNDT, C. C., LEONARD, K.J. (1986) Analysis of factor affecting disease increase and spread in
mixtures of immune and susceptible plants in computersimulated epidemics. Phytopathology, 76 (8)
832-840.

Drechslera avenae
Contact person and address : W. RULAND J. FR.Aillv1 H. FEHRMAN Inst. Pflanzenschutz,'
Saatguntersuchungen und. Bienenkunde, 4400 Mtinster, Germany
Description : The model considers successive influence of different parameters on disease development.
It has been formulated by analysing of 500 oat seed samples and successive field assessment of
seedlings.
Bibliography: RULAND, W., FRAHM, J., FEHRMAN, H, ( 1989) [Disease development ofDrechslera
avenae on oars) Zur Krankheitsentwicklung von Drechslera avenae an Hafer. Zeitschrift fiir
Pflanzenkrankheiten und Pflanzenschutz, 96 (1) 39-46.

ONION
Alternaria porri
Contact person arid address R.B.L. GUPTA V.N. PATHAK Plant Pathology Laboratory., Sukhadia
Univ. Agric. Res. Sta., Durgapura, Jaipur 302 015, India
Description : Disease severity is computed in terms of the coefficient of disease index. A linear
relationship is found between yield and disease index.
Bibliographv: GUPTA, R.B.L., PATHAK, V.N. (1988) Yield losses in onions due to purple blotch
disease caused by Alternaria porri. Phytophylactica, 20 ( 1 ) 21-23.

Sclerotium cepivorum
Contact person and address :
P.B. ADAMS Plant Protection Institute Agricultural Research
Service, U.S. Department of Agricultural. Beltsville, MD 20705
Description : A high significant correlation, applying the forecast of disease, is found between the
inoculum density of Sclerotium cepivorum at the time of planting and white rot incidence at harvest.
Bibliography : ADAMS, P. B. ( 1981 ) Forecasting onion white rot disease. Phytopathology, 7 1, 1 178-1
181.
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PARSNIP

Phoma complanata
Contact person and address : R.F. CERKAUSKAS Agricultural Canada, Research Station, Vineland
Station, Ontario Lor 2EO, Canada
Description : Based on field data, the logistic model fits the epidemics better than the Gompertz growth
model. Regression models can also be used for ADPC (area under the disease progress curve) vs.
percentage root canker and for final foliar disease severity (critical point method) vs. percentage root
canker.
Bibliographv: CERKAUSKAS, R.F. (1987) Phoma canker severity and yield losses in parsnip.
Canadian Journal ofPlant Pathology, 9 (4) 311-318.

PEACH

Monilinia fructicola
Contact person and address : A.R. BIGGS J. NORTHOVER Agric. Canada, Res. Sta., Vineland
Station, Ont LOR 2EO, Canada.
Description : The model is based a nontrasformed polynomial equations. This compared to other
functions, is the best regression models to describe the incidence of fruit infections. The incubation
period decreased with increasing of wetness duration as well as, temperature pattern.
Bibliography: BIGGS, A.R., NORTHOVER, J. (1988) Influence of temperature and wetness duration
on infection of peach and sweet cherry fruits by Monilinia fructicola. phytopathology, 78 ( 10) 13 52-13
56.

PEANUT

Cylindrocladium crotalarie
Contact person and address : G. J. GRIFFIN G. S. TOMIMATSU Virginia Polytechnic. Inst. &
State Univ., Blacksburg, USA
Description : The simulation of disease infections is based on a pointed out clumped pattern.
Bibliography : GRIFFIN, G.J., TOMIMATSU, G.S. (1983) Root infection pattern, infection efficiency,
and infection density-disease incidence relationships of Cylindrocladium crotalarie on peanut in field
soil. Canadian Journal of Plant Pathology, 5 (2) 81-88.
Contact person and address : J.E. BAILEY C.A. MATYAC Department of Plant Pathology, North
Carolina State University, Raleigh, NC 27612, USA
Description : Model calculations are based on known relationships between disease incidence and yield
loss of resistant and susceptible cultivars. The model may be used as a means of selecting the most costeffective control measure.
Bibliography :BAILEY, J.E., MATYAC, C.A. (1989) A decision model for use of :fumigation and
resistance to control Cylindrocladium black rot of peanuts. Plant Pathology, 73 (4) 323-326.

Puccinia arachidis
Contact person and address :
Z.Z. W ANG K. X. LIN South China Agric. Univ., China
Description : The simulation of infection progress of Puccinia Arachidis can be made using several
model equations. The Weibull and Gomperz models could reflect the practical disease progress nearly
equally well, but the Logistic model overestimated at some points. All these results may be applied to
disease forecasting.
Bibliography: WANG, Z.Z., LIN, K.X. (1986) [Study on disease progress curves of groundnut rust.]
Acta Phytopathologica Sinica, 16 (1) 11-16.
Contact person and address : S. SAVARY Lab. Phytopath., ORSTOM, Cent. Adiopodoume, Abidjan,
Ivory Coast Description : The vertical distribution of disease is computed by an index, H. Field data are
collected by inoculating three plots with groundnut crops of different ages with P. arachnids. The
inoculum has been located in their centres and the development of primary gradients is studied around
these foci.
Bibliographv : SAVARY, S. ( 1987) The effect of age of the groundnut crop on the development of
primary gradients ofPuccinia arachnids foci. Netherlands Journal of Plant Pathology, 93 ( I) 15-24.
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Contact person and address: S. SAVARY P.D. DE JONG R. RABBINGE J.C. ZADOKS IIRSDA,
Institut International aAdiopodoume, BP V 51 Abidjan, Ivory Coast
Description : The model involves ? units: crop growth and development and rust epidemic. Simulated
outputs were found fairly similar to observed rust severity and crop growth data.
Bibliographv: SAVARY, S., JONG, P.D. DE., RABBINGE, R., ZADOKS, J.C. (1990) Dynamic
simulation of groundnut rust: a preliminary model. Agricultural System, 32 (2) 113-141.

CSGR-1
Contact person and address : Z.H. WANG K. S. LIN Dep. PI. Prot., South China Agric. Univ.,
China
Description : The model simulates the development of groundnut rust. Two methods, confidence range
of linear parameters and accuracy analysis, were introduced into the validation test of the model. The
former resembles to a certain extent the t-test of linear parameters in a theoretical sense but the
conclusion obtained is more directly perceivable than that of the t-test, and the latter is a method which
only presents a parameter of accuracy, giving no definite, positive or negative, statistical conclusion.
Bibliography : WANG, Z.H., LIN, K.S. ( 1987) [Computer simulation of groundnut rust: structure and
validation ofCSGR-1.] Journal of South China Agricultural University, 8 (3) 17-25.
WANG, Z.Z., LIN, K.S. (1989) CSGR-I: A computer simulator of groundnut rust. Peanut Science, 16
(2) 73-76.
Contact person and address : D.R. BUTLER D.R. JADHAV Resource Management Program,
ICRISAT, Patancheru P.Q. Adhra Pradesh 502 324, India
Description : A set of 2curves relating an infection index to leaf wetness duration at different
temperatures is proposed. Leaf wetness duration must be higher than M. The lesion density increase with
leaf wetness duration to an asymptote Dmax. Temperature effect modifies the value of M and Dmax.
Bibliography: BUTLER, D.R., JADHAV, D.R. (1991) Requirements ofleafwetness and temperature for
infection of groundnut by rust. Plant Pathology, 40 (3) 395400.
Contact person and address S. SAVARY
J.P. BOSC M. NOIROT J.C. ZADOKS
ORSTOM, Centre d' Adiopodoume, Cote d'Ivoire Description : The epidemic simulation model has been
developed to improve the protection against groundnut rust (Puccinia arachnids), one of the most
important pathogen in combination with Cercospora arachidicola.
Bibliography: SAVARY, S., BOSC, J.P., NOIROT, M., ZADOKS, J.C. (1989) [Groundnut rust in West
Africa: a new component in a multiple pathosystem.] Oleagineux, 44 ( 10) 485-488.
Contact person and address : S. SAVARY J. C. ZADOKS Institut Francais de Recherche
Scientifique pour le Developpement e Cooperation, 213 rue Lafayette, 7S480 Paris Cedex 10, France.
Description : Damage functions have been developed representing yield and relative damage response
surfaces. The proposed equations indicate significant interaction between attainable yield and injuries.
Bibliography: SAVARY, S., ZADOKS, J.C. ( 1992) Analysis of crop loss in the multiple pathosystem
groundnut-rust-late leaf spot. I. Six experiments. Crop Protection, 11 (2) 99-109.
SAVARY, S., ZADOKS, J.C. (199?) Analysis of crop loss in the multiple pathosystem groundnut-rustlate leaf spot. II. Study of the interactions between diseases and crop intensification in factorial
experiments. Crop Protection, 11 (2) 110-120.

Mycosphaerella arachidis
Contact person and address: C.S. JOHNSON P.M. PHIPPS M.K. BEUTE Dep. PI. Path., North
Carolina State Univ., Raleigh; NC 27695-7616, USA
Description : The regression model describes the relation between area under disease progress curve and
the number of days with rainfall> 0.254 mm. Use of the advisory system vs. the 14-d schedule resulted
in an av. increase in expected et return of$ 174.36/ha.
Bibliography: JOHNSON, C. S., PHIPPS, P.M., BEUTE, M.K. ( 1986) Cercospora leaf spot
management decision: uses of a correlation between rainfall and disease severity to evaluate the Virginia
leaf spot advisory. Phytopathology, 76 (9) 860-863.

Cercosporidium personatum
Contact person and address:
G.R. KNUDSEN H.W.JR. SPURR C.S. JOHNSON
ARS, USDA, Oxford Tobacco Res. Lab., Oxford, NC 27565, USA Description : A model is developed to
predict disease progression. The model is validated using independent weather and disease severity data
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from field trials with Florigiant groundnut. Simulated disease progress curves and periods of rapid
disease increase were similar to those observed in field trials.
Bibliography: KNUDSEN, G.R., SPURR., H.W., JR.; JOHNSON, C.S. (1987) A computer simulation
model for Cercospora leaf spot of peanut. Phytopathology, 77 (8) 1118-1121.

Cercospora arachidicola
Contact person and address : S.C. ALDERMAN C.A. MATYAC J.E. BAILEY M.K. BEUTE Dep.
Pl. Path., North Carolina State Univ., Box 7616, Raleigh, NC 276957616, USA
Description : The sporulation prediction model is based on a 3-d running av. of duration of humidity
90%, of mean temp. during the high RH duration, and rainfall. The model is derived from a multiple
regression analysis among the conidium, temperature, RH and rainfall.
Bibliography: ALDERMAN, S.C., MATYAC, C.A., BAILEY, J.E., BEUTE, M.K. (1987)
Aeromycology of Cercospora arachidicola on peanut. Transactions of the British Mycological Society,
89 ( l ) 97-103 .
Contact person and address : G.R. KNUDSEN H. W.JR. SPURR C. S. JOHNSON ARS, USDA,
Oxford Tobacco Res. Lab., Oxford, NC 27565, USA
Description : A model is developed to predict disease progression. The model is validated using
independent weather and disease severity data from field trials with Florigiant groundnut, simulated
disease progress curves and periods of rapid disease increase were similar to those observed in field
trials.
Bibliography: KNUDSEN, G.R., SPURR., H.W., JR.; JOHNSON, C.S. (1987) A computer simulation
model for Cercospora leaf spot of peanut. Phytopathology, 77 { 8) 1118-1121.

PIGEON PEA

Alternaria tenuissima
Contact person and address : U.P. SINGH G.H. ZARGAR M.A. F AZILI Inst. Agric. Sci., Banaras
Hindu Univ., Varanasi, India
Description : The model corrects for host growth the calculation of apparent infection rate in plant
disease. It has been modified to take into account leaf fall due to senescence-infection and applied to
Alternaria tenuissima infection of pigeon pea cv. Bahar.
Bibliographv : SINGH, U.P., ZARGAR, G.H., F AZILI, M.A. { 1986) Growth of foliage of pigeon pea
(Caianus caian (L.) Millsp.) and disease progress of Alternaria blight.

PINE

Cronartium fusiforme
Contact person and address : B.E. BORDERS R.L. BAILEY Sch. For. Resources, Univ. Georgia,
Athens, GA 30602, USA
Description : The regression model predicts the proportion of trees with one or more stem gall caused by
Cronartium fusiforme. Field data have been collected from the incorporation of these models into growth
and yield system will be evaluated.
Bibliography: BORDERS, B.E., BAILEY, R.L. (1986) Fusiform rust prediction models for siteprepared slash and loblolly pine plantations in the southeast. Southern Journal of Applied Forestry, 10
(3) 145-151.

Gremmeniella abietina
INHIBSIM
Contact person and address:
G.R. KNUDSEN G.W. HUDLER Environmental protection Agency,
Environmental Research Laboratory, Corvallis, OR 97333, USA
Description : The model predicts population dynamics of a bacterial biological control agent
(Pseudomonas fluoresces) on the foliage of red pine (Pinus resinosa) seedlings, and subsequent effects on
conidial germination of a fungal plant pathogen (Gremmeniella abietina). The model is tested under
controlled-environmental and field conditions.
Bibliographv: KNUDSEN, G.R., HUDLER, G.W. (t987) Use of a computer simulation model to
evaluate a plant disease biocontrol agent. Ecological Modelling, 35 ( 1-2) -l-5-62.
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Arcenthobium campylopodum
Contact person and address: M. A. STRAND L.F. ROTH Department of Plant Pathology,
University of California, Davis, CA 95616
Description: The model describes the population increase of western dwarfrnistletae (Arcenthobium
campylopodum) in a young ponderosa pine stands. The model predicts numbers and location of new
infections on evenly spaced trees of uniform height. Submodels are used to estimate probabilities of
occurrence of events which lead to infection.
Bibliography: STRAND, M.A., ROTH, L.F. (1976) Simulation model for spread and intensification of
Western dwarf mistletoe in thinned stands ofPonderosa pine. Phytopathology, 66, 888-895.

Sphaeropsis sapinea
Contact person and address: A KEEN T.F.C. SMITS Res. Inst, Forestry and Landscape Planning
'De Dorschkamp', 6700 AA Wageningen, Netherlands
Description : A function is proposed which approximates the curve of the mycelia! growth rate of
Sphaeropsis sapinea in relation to temperature. This function contains three free parameters
representing max. growth rate, optimum temperature and shape of the curve
Bibliography: KEEN, A, SMITS, T.F.C. (1989) Application of a mathematical function for a
temperature optimum curve to establish differences in growth between isolates of a fungus. Netherlands
Journal of Plant Pathology, 95 ( 1) 37-49.

PLUM

Cladosporium carpophilum
Contact person and address : R. PINEAU H. RAYMONDAUD M. SCHIAVON Laboratoire de
Protection des cultures, 2, Avenue de la Fon~t de Haye, 54500 Vandoeuvre-Ies-Nancy, France.
Description :The model is based on the duration of RH period favourable for fugal growth and average
temperature during this period. The model was tested for 3 years in many Mirabelle plum orchards.
Bibliography : PINEAU, R., RAYMONDAUD, H., SCHIAVON, M. ( 1992) [A model for predicting the
risk of infection of rnirabelle plum (Pmus domestica L. var. insititia) by the causal agent of stone fruit
scab (Cladosporium carpophilurn Thiimen). Elaboration d'un modele de prevision des risques d'infection
du rnirabellier (Prunus domestica L. var. insititia) par 1'agent de la tavelure (Cladosporium carpophilum
Thiimen) Agronornie, 11 (7) 561-570.

POPLAR

Hypoxylon mammatum
Contact person and address: R.R. BELANGER S.P. FALK P.D. MANION D.H. GRIFFIN Dep.
Environmental For. Bioi., Coli. Envir. Sci. For., Syracuse, NY 13210, USA
Description : Regression models are proposed to interpret the relationships among sensitivity of poplar
to metabolites produced by H. mammatum, disease incidence in the field and several other clone and site
variables.
Bibliography: BELANGER, R.R., FALK, S.P., MANION, P.D., GRIFFIN, D.H. (1989) Tissue culture
and leaf spot bioassays as variables in regression models explaining Hypoxylon mammatum incidence
on Populus tremuloides clones in the field. Phytopathology, 79 E3) 318-321.

Cytospora chzrysosperma
Contact person and address : Y. JING X. Y. ZHANG S.G. ZHAO W.M. ZHANG X.D. LIN North
Western Forest College, Yanglingzhen, Wugong, Shaanxi, China Description: From data of field on
disease severity index of poplar bark rot, is developed a estimate model for the percentage of volume
loss.
Bibliography: JING, Y., ZHANG, X.Y., ZHAO, S.G., ZHANG, W.M., LIN, X.D. (1988) [Estimation of
the loss of tree volume on poplars caused by Cytospora chrysosperma [Valsa sordida] and a study on the
targets for its control.] Forest Science and Technology, ND 11, 3-6.
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Dothiorella gregaria
Contact person and address: Y. JING X.Y. ZHANG W.Z. HOU Northwest Forestry College,
Shaanxi, China
Description : Based on a sampling investigation on poplar canker it is conclused that weather is the
main factor influencing distribution of the disease. Mathematical model is formulated on these
considerations.
Bibliography: JING, Y., ZHANG, W.Y., HOU, W.Z. ( 1990) [Economic threshold ofDothiorella canker
of poplars.] Forest pest and disease, N° 3, 1-3.

POTATO

Phytophthora infestans
Contact person and address: H. SCHRODTER J. ULLRJCH
Description : By aid of meteorological measurement and observations of the development of Phytophtora
infestans in potato crop a multiple regression equation is given for the relation between infection
progress and weather. The eduation is based on a regression statements in the mathematical-statistical
analysis of the relations between meteorological factors and the rate of fructification infection, mycelia
development and incubation time and has regard to Van Der Planks theory of epidemics. It is to point
out that factors known from laboratory experiments and concerning the physical factors influencing the
development of the inoculum are of validity even for the development under natural conditions.
Bibliography :SCHRODTER H., ULLRJCH, J. (I 965) Weitere untersuchugen zur biometeorologie und
epidemiologic von Phytophthora infestans (Mont) de By. Ein neues konrept zur IOsung des problems der
epidemiologischen prognose. Phytopathologische Zeitschrift, 54 , 87-103.
SCHRODTER, H., ULLRJCH, J. ( 1966) Weitere untersuchungen zur biometeorologie und
epidemiologic von Phytophthora infestans (Mont) de By. Phytopathologische Zeitschrift, 56, 265-278.
SCHRODTER, H., ULLRJCH, J. ( 1967) Eine mathematisch-statistiche losung des problems der
prognose von epidemienmit hilfe meteorologischer parameter, dargestellt am beispiel der
kartoffelkrautfaule (Phytophthora infestans). Agricultural Meteorology, 4, 1 19-13 5.
DANNECKER, H.W. (1985) [The regional weather-controlled chances for development ofPhytophthora
infestans according to meteorological recordings compiled over seven years.] Die regionalen
witterungsbedingten Entwicklungschancen von Phytophthora infestans nach meteorologischen
Messungen aus sieben Jahren. Zeitschrift fiir Pflazenkrankheiten und Pflanzenschutz, 92 (4) 337-345.
Contact person and address : S. C. MICHAELIDES
Meteorological Service, Nicosia, Cyprus Description : The model is synthesised mostly using
published information on the biology of the fungus. A mathematical approach is used to fit the relevant
information. The model is tested assuming different environmental condition.
Bibliography: MICHAELIDES, S.C. (1985) A simulation model of the fungus Phytophthora infestans
(Mont) De Bary. Ecological Modelling, 28, 121-137.

SIMPHYT
Contact person and address : S. STEPHEN V. GUTSCHE Ist. Pflanzenschutzforschung,
Kleinmachnow, Germany
Description : The SIMPHYT model has been used in Germany since 1981 to simulate Phytophthora
infestans epidemics and to include the effect of fungicide application. Comparison between simulated
and observed epidemics gave good results with well-known fungicides. The model enable new fungicides
io be evaluated by comparing them with well-known ones, and enables tactics of fungicide application to
be worked out in advance of field trials.
Bibliographv: STEPHEN, S., GUTSCHE, V. ( 1980) Ein algorithrnisches Modell zur Simulation der
Phitophthora-Epidemie (SIMPHYT). Arch. Phytopathol. u. Pflanzenschutz, 16, 183-191 .
GUTSCHE, V., KLUGE, E., STACHEWICZ, H. ( 1986) A combined laboratory-computer-test for the
valuation of the efficiency of fungicides against potato late blight disease. Archiv fiir Phytopathologic
und Pflanzenschutz, 22 ( 1 ) 79-8? .
KLUGE, E., GUTSCHE, V. (1990) [Blight forecasting using simulation models- results of use during
1982 to 1988.) Krautfauleprognase mittels Simulationsmodell- Ergebnisse der Anwendung 1982 bis
1988. Archiv fur Phytopathologic und Pflanzenschutz, 26 (3) 265-281.
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Contact person and address : D. SHTIENBERG M.A. DOSTER J.R. PELLETIER W.E. FRY
Department of Plant Pathology and Microbiology, Hebrew University of Jerusalem, Faculty of
Agriculture, Rehovot 76100, Israel
Description : Simulation models are proposed for early and late blight. Some works use chlorothalonil
dynamics to analyse the effect of fungicide applications on potato disease epidemics. The fungicide use
strategy is developed with the goal of reducing the number of sprays while maintaining a low risk of
severe disease caused by either pathogen. Results indicated that using the proposed strategy may save
many sprays without increasing risk from inadequate control.
Bibliography: SHTIENBERG, D., DOSTER, M.A., PELLETIER, J.R., FRY, W.E. (1989) Use of
simulation models to develop a low-risk strategy to suppress early and late blight in potato foliage.
Phytopathology, 79 (5) 590-595.
DOSTER, M.A., MILGROOM, M. G., FRY, W.E. (1990) Quantification offactors influencing potato
late blight suppression and selection for metalaxyl resistance in Phytophthora infestans: a simulation
approach. Phytopathology, 80 (11) 1190-1198.
BRUHN, J. A., FRY, W.E. ( 1991) Analysis of potato Late blight epidemiology by simulation
modelling. Phytopathology, 71, 612-616.
DOSTER, M.A., FRY, W.E. ( 1991) Evaluation by computer simulation of strategies to time metalaxyl
application for improved control of potato late blight. Crop Protection, 10 (3) 209-214.

BLIGHTGAME
Contact person and address : T.M. STEWART Department of Plant Health, Massey University,
Palmerston North, New Zealand
Description: The model BLIGHTGAME uses artificial weather data and is designed primarily for
teaching. It has the potential to be a useful research tool. The model uses equations derived from the
literature and is interactive
Bibliography : STEWART, T.M. ( I 988) BLIGHTGAME - a computer aid for teaching plant disease
management. Proceedings, New Zealand Weed and Pest Control Conference, N° 41, 293-295.
Contact person and address: D. SHTIENBERG S.N. BERGERON A. G. NICHOLSON W.E. FRY
E.E. EWING Department of Plant Pathology, 334 Plant Science Building, Comell University, Ithaca,
NY 14853, USA
Description : A model is developed for yield loss assessment in potatoes and parameterized for early
blight and late blight. Disease induced losses for any given crop are predicted relative to a reference
crop.
Bibliography : SHTIENBERG, D., BERGERON, S.N., NICHOLSON, A.G., FRY, W.E., EWING, E.E.
( 1990) Development and evaluation of a general model for yield loss assessment in potatoes.
Phytopathology, 80 {5) 466-472.
FRY, W.E., SHTIENBERG, D. ( 1990) Integration of host resistance and fungicide to manage potato
diseases. Canadian Journal of Plant Pathology, 12 (1) 111-116.
Contact person and address: W.F.T. HARTILL K. YOUNG D.J. ALLAN W.R. HENSHALL DSIR
Plant Protection, Private Bag, Auckland, New Zealand
Description : The simulation of potato late blight lesions can be obtained applying equations relating
time to sporulate with temperature and leaf wetness duration.
Bibliography: HARTILL, W.F.T., YOUNG, K., ALLAN, D.J., HENSHALL, W.R. ( 1990) Effects of
temperature and leaf wetness on the potato late blight. New Zealand Journal of Crop and Horticultural
Science, 18 (4) 181-184.
Contact person and address: F.J. FERRANDINO Department of Plant Pathology and Ecology, The
Connecticut Agricultural Experiment Station, New Haven, CT 06504, USA
Description : This is a 2-dimensional numerical simulation model for predicting the spread and
development of an aerially dispersed fungal disease. The impact of plant damage over a season on final
yield is also considerated.
Bibliography : FERRANDINO, F.J. (1989) Spatial and temporal variation of a defoliating plant disease
and reduction in yield. Agricultural and Forest Meteorology, 47 (2-4) 273-289.
Contact person and address : M. van OIJEN Centre for Plant Breeding and Reproduction Research
(CPRO-DLO), Wageningen, Netherlands
Description: The evaluation of yield losses is an important element to improve crop protection. The
integration of models of potato growth and blight population dynamics allows to quantify the different
responsible of yield reduction.
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Bibliography : OIJEN, M. van. (1992) Evaluation of breeding strategies for resistance and tolerance to
late blight in potato by means of simulation. Netherlands Journal of Plant Pathology, 98 (1) 3-11.
Contact person and address: K. WINSTEL Bezirkspflanzenschutzant Pflaz, Breitenweg 71, 6730
Neustadt-Mussbach, Germany
Description : A prognosis method based o weather factors has been used in potato region ofVrderpfalz.
Driving variables are temperature ad leaf wetness.
Bibliography : WINSTEL, K. (1992) [Late blight of potato - a new prognosis method.] Kraut und
Knollenfaule der Kartoffel- eine neue Prognosemoglich keit. Gesunde Pflanzen, 44 (12) 411-415.
Contact person and address: W.E. MacHARDY Department of Botany and Plant Pathology, University
of New Hampshire, Durban 03824
Description : A simplified, non computerized program for forecasting potato late blight development and
making fugicide control recommendation is discussed. The criteria established for forecasting and spray
recommendations are derived from BLITECAST model. The program is designed to enable commercial
potato growers to make "a location" fungicide-scheduling. New techniques and material that minimize
mathematical calculations are illustrated, including a caliper technique and scale for quick
determination of daily severity values and templates that simplify and hasten the decision-making
process.
Bibliographv : MacHARDY, W.E. (1979a) A simplifed noncomputerized program for forecasting potato
late blight. Plant Disease Reporter, 63, 21-25.

Verticilillium dahliae
Contact person and address: FRANCL, L.J., MADDEN, L.V., ROWE, RC., RIEDEL, RM. Dep. Pl.
Path., Ohio State Univ., Ohio Agric. Res. Dev. Cent., ooster, OH 44691, USA
Description : A linear regression model quantifies the reduced yields of putato. attributable to preplant
population densities of the pathologens involved in potato early dying disease. Later the effect of
environmental variables on variability in potato yield and yeld realtive to controls has been evaluated
and enclosed into the models. They allow to forecast environmental impact on yield reduction due to
potato early dying well in advance of symptom appearance.
Bibliography : FRANCL, L.J., MADDEN, L. V., ROWE, RC., RIEDEL, RM. (1987) Potato yield loss
prediction and discrimination using preplant population densities of Verticillium dahliae and
Pratylenchus penetrans. Phytopathology, 77 (4) 579589.
FRANCL, L.J., ROWE, RC., RIEDEL, RM., MADDEN, L.V. (1988) Effects of three soil types on
potato early dying disease and associated yield reduction. Phytopathology, 78 (2) 159-156.
FRANCL, L.J., MADDEN, L.V., ROWE, RC., RIEDEL, R.M. (1990) Correlation of growing season
environmental variables and the effect of early dying on potato yield. Phytopathology, 80 (4) 425-432.
WHEELER T. A., MADDEN, L. V., ROWE, RC., RIEDEL, R.M. ( 1992) Modelling ofyield loss in
potato early dying caused by Praty1enchus penetrans and Verticillium dahliae. Journal of Nematology,
24 ( 1 ) 99-102.
Contact person and address :
K.B. JOHNSON ' Dep. PI. Path., Univ. Minnesota, St. Paul, MN SS
108, USA
Description : The model is based on description of effect of V.dahliae infection on loss of crop leaf area
and tuber yield. This is accomplished by accelerating the leaf tissue aging rate as a function of V.
dahliae incidence in stems and hightemperature stress. In simulation analyses, the model indicated that
mean air temperature after infection, the proportion of individual stems infected by V. dahliae, and
timing of infection are important considerations for interpreting yield losses caused by this pathogen.
Bibliography: JOHNSON, K.B. ( 1988) Modelling the influences of plant infection rate and temperature
on potato foliage and yield losses caused by Verticillium dahliae. Phytopathology, 78 (9) 1 198-1205.
Contact person and address : K:B. JOHNSON Department of Plant Pathology, University of
Minnesota, St Paul 55108
Description : The model is coupled to a dynamic potato growth simulation model to quantitatively
describe the effects of Verticillium dahliae infection on loss of crop leaf area and tuber yield. A
Gompertz equation is used to describe the temporal incidence of V. dahliae in potato stems.
Bibliography: JOHNSON, K.B. ( 1988) Modelling the influences ofplat infection rate and temperature
on potato foliage and yield losses caused by Verticillium dahliae. Phytopathology, 78, 1 198-1205.
JOHNSON, K.B. ( 1992) Evaluation of a mechanistic model that describes potato crop losses caused by
multiple pest. Phytopathology, 82 (3) 363-369.
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Alternaria solani
Contact person and address: D. SHTIENBERG M.A. DOSTER J.R. PELLETIER W.E. FRY
Department of Plant Pathology and Microbiology, Hebrew University of Jerusalem, Faculty of
Agriculture, Rehovot 76100, Israel
Description : Simulation models are proposed for early and late blight. Some works use chlorothalonil
dynamics to analyse the effect of fungicide applications on potato disease epidemics. The fungicide use
strategy is developed with the goal of reducing the number of sprays while maintaining a low risk of
severe disease caused by either pathogen. Results indicated that using the proposed strategy may save
many sprays without increasing risk from inadequate control.
Bibliography: SHTIENBERG, D., DOSTER, M.A., PELLETIER, J.R., FRY, W.E. (1989) Use of
simulation models to develop a low-risk strategy to suppress early and late blight in potato foliage.
Phytopathology, 79 (5) 590-595.
DOSTER, M.A., :MILGROOM, M. G., FRY, W.E. (1990) Quantification offactors influencing potato
late blight suppression and selection for metalaxyl resistance in Phytophthora infestans: a simulation
approach. Phytopathology, 80 (11) 1190-1 198.
BRUHN, J. A., FRY, W.E. ( 1981 ) Analysis of potato late blight epidemiology by simulation modelling.
Phytopathology, 71, 612-616.
Contact person and address :G. D. FRANC M.D. HARRISON L. K. LAHMAN Dep. PI. Path., Weed
Sci., Colorado State Univ., Fort Collins, CO 80523, USA
Description: The model based on accumulation day-degree> 7.2 °C from the date of planting,
effectively predicts the beginning of secondary spread of the pathogen. Growers use the day-degree
information to time the initial fungicide application to minimise the cost of early blight control.
Bibliography: FRANC, G.D., HARRISON, M.D., LAHMAN, L.K. ( 1988) A simple day-degree mode(
for initiating chemical control of potato early blight in Colorado. Plant Disease, 72 (10) 851-854.

EPIDEM
Contact person and address: P.E. WAGGONER J.G. HORSFALL Connecticut Agricultural
Experiment Station, New Haven, Connecticut 06504, USA
Description : This model is represent the basis for the simulation procedure used in the formulation of
EPIMAY. EPIDEM simulates the disease of potato on the basis of observed weather conditions and
disease parameters.
Bibliography :WAGGONER, P.E., HORSFALL, J.G. (1969) EPIDEM. A simulator of plant disease
written for a computer. Conn. Agr. Exp. Sta. Bull. 698. pp.80.
Contact person and address : D. SHTIENBERG S.N. BERGERON A. G. NICHOLSON W.E. FRY
E. E. EWING Department of Plant Pathology, 334 Plant Science Building, Cornell University, Ithaca,
NY 14853, USA
Description : A model is developed for yield loss assessment m potatoes and parameterized for early
blight and late blight. Disease induced losses for any given crop are predicted relative to a reference
crop.
Bibliography: SHTIENBERG, D., BERGERON, S.N., NICHOLSON, A. G., FRY, W.E., EWING, E.E.
(1990) Development and evaluation of a general model for yield loss assessment in potatoes.
Phytopathology, 80 (5) 466-472.
FRY, W.E., SHTIENBERG, D. ( 1990) Integration of host resistance and fungicide to manage potato
diseases. Canadian Journal of Plant Pathology, 12 (1) 111-116.
Contact person and address : K.B. JOHNSON P. S. TENG Department of Plant Pathology,
University of Minnesota, St. Paul, MN 55108, USA
Description : The disease progress model has been formulated with a modified logistic with term for new
infection, lesion expansion and variable incubation period. This model was later coupled to a dynamic
potato growth model to evaluate the effect on yield of reduction of green leaf tissue.
Bibliography: JOHNSON, K.B., TENG, P.S. (1990) Coupling a disease progress model for early blight
to a model of potato growth. Phytopathology, 80 (4) 416-425.
Contact person and address : K.B. JOHNSON Department of Botany and Plant Pathology, Oregon
State University, Corvallis, OR 97331-2902, USA
Description : The simulation model provided a mechanistic framework for understanding the basis and
importance of various types of pest-pest interactions. Results obtained are discussed in relation to
development of empirical, regression-based models for estimating the impact of multiple pests on crop
productivity.
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Bibliographv : JOHNSON, K.B. ( 1992) Evaluation of a mechanistic model that describes potato crop
losses caused by multiple pest. Phytopathology, 82 (3) 363-369.

Empoasca Jabae
Contact person and address: K.B. JOHNSON Department of Botany and Plant Pathology, Oregon
State University, Corvallis, OR 973 3 1-2902, USA
Description : The simulation model provided a mechanistic framework for understanding the basis and
importance of various types of pest-pest interactions. Results obtained are discussed in relation to
development of empirical, regression-based models for estimating the impact of multiple pests on crop
productivity.
Bibliography : JOHNSON, K.B. ( 1992) Evaluation of a mechanistic model that describes potato crop
losses caused by multiple pest. Phytopathology, 82 (3) 363-369.

RAPE

Sclerotinia sclerotiorlcm
Contact person and address : D. AHLERS H. HINDORF Inst. Pflanzenkrankheiten, Univ. Bonn,
S300 Bonn 1, German
Description : Ascospore dispersal is found to depend on interaction of weather conditions which
provided the first parameters in a negative prognosis model. Particularly temperature and moisture
pattern are considered.
Bibliographv: AHLERS, D., HINDORF, H. ( 1987) [Epidemiological studies on the pathogen
Sclerotinia sclerotiorum on winter rape with regard to a prognosis.]Epidemiologische Untersuchungen
iiber den Schaderreger Sclerotinia sclerotiorum an Winterraps im Hinblick auf eine Prognose.
Nachrichtenblatt des Deutschen Pflanzenkrankheiten, 39 (8) 113-119.
Contact person and address: H. GOHARI F. BALLESTER Service Statistique de !'ACTA, 149 rue
de Bercy, 75595 Paris Cedex 12, France
Description : The model study the relationship between climatic data and the severity of attacks of S.
sclerotiorum on rape. Decision rules are presented, based on the climatic conditions which are
unfavourable to the disease.
Bibliography: GOHARI, H., BALLESTER, F. ( 1991) [Decision rules f<;:>r reducing the number of
treatments against Sclerotinia sc1erotiorurn on rape in relation to climatic conditions.] Regles de
decision pour la reduction des traitements contre Sclerotinia sclerotiorum sur colza en fonction des
conditions climatiques. Bulletin OEPP, 21 (3) 507-514.
Contact person and address : R. SIGVALD C. SVENSSON E. TWENGSTROEM Research
Information Center, Swedish University of Agricultural Sciences, P.O. Box 7044, 75005 Uppsala,
Sweden
Description : A computer-based method offorecasting S. sclerotiorum on rape in Sweden has been
applied satisfactorily.
Bibliography: SIGVALD, R., SVENSSON, C., TWENGSTROEM, E. ( 1991) Computer based method
of forecasting Sclerotinia stem rot on sprig sown oilseed crops in Sweden

Pseudocercosporella capsellae
Contact person and address:
G. PERRON D. NOURANI Service de la Protection des Vegetaux,
B.P. 95, 84143 Montfavet, France
Description : The model is formulated as an aid to decision about the necessity of fungicide treatment.
Using this model, the infection risk is calculated only when rain falls during the period of pods
susceptibility to infection.
Bibliography: PERRON, G., NOURANI, D. ( 1991) (Pseudocercosporella on rape: quantification of the
risk of contamination.] Pseudocercosporella du colza: quantification du risque de contamination.
Mededeling van de Faculteit Landbouwwetenschappen, Rijksuniversiteit Gent, 56 (2b) 527-533.
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RICE

Rhizoctonia so/ani
Contact person and address : K. YOKOYAMA Y. FUJITA T. KATOH Yamagata Prefectural
Agricultural Experiment Station, Minorigaoka, Yamagata 990-02, Japan
Description : Not available.
Bibliography: YOKOYAMA, K., FUJITA, Y., KATOH, T. ( 1989) [Adaptability of a simulation model
for rice sheath blight disease.] Annual Report of the Society of Plant Protection of North Japan, W 40,
20-22.
Contact person and address : K. OHTA K. SHIMADA Aomori Agricultural Experiment Station,
Sakaimatsu, Kuroishi, Aomori 03603, Japan
Description : Not available
BibliographY: OHTA, K., SHIMADA, K. ( 1989) [A computer simulation model for rice sheath blight
disease. 2. Effect of disease development on yield and quality.] Annual Report of the Society of Plant
Protection of North Japan, N° 40, 23-25. OHTA, K., SHIMADA, K. (I 991) [A computer simulation
model for forecasting disease development of rice sheath blight. 4. Effect of application of fungicide on
yield losses by disease.] [Rhizoctonia solani]. Annual Report of the Society ofPlat Protection of North
Japan N° 42, 16-19.
OHTA, K., SHIMADA, K. ( 1992) [A computer simulation model for rice sheath blight disease 5. A
forecast for yield loss by disease.] Annual report of the Society of Plant Protection of North Japan, N°
43, 30-33.
Contact person and address : T. HASHIBA K. KOIKE I . YUNO M. YAMADA Nat. Inst. Agri.
Sci., Yatabemachi, Ibaraki, Japan
Description : Disease development is investigated on the cultivar Koshijiwase. The two model curves
simulate the ratios of vertical development under various RHs. The final model curve of lesion
development almost coincided with development in the field during 1971-1981. These models will be of
use in forecasting outbreaks of rice sheath blight.
Bibliography : HASHIBA, T., KOIKE, K., YUNO, I., YAAMADA, M. (1982) Model of vertical
development of sheath blight lesions on rice plants caused by Rhizoctonia solani Khan. Annals of the
Phytopathological Society of Japan, 48 (4) 499-505.
Contact person and address: K. OHTA T. IMAI K. SHIMADA J. CHIBA Aomori Agricultural
Experimental Station, Sakaimatsu, Kuroishi, Aomori 03603, Japan
Description : The development of the disease caused by Rhizoctonia solani are simulated by computer
program.
Bibliography: OHTA, K., IMAI, T., SHIMADA, K., CHIBA, J. ( 1988) [A computer simulation model
for rice sheath blight disease I. Synthesis of disease model.] Annual Report of the Society of Plant
Protection ofNorth Japan, 39,74-79. OHTA, K., SHIMADA, K. ( 1990) [A computer simulation model
for rice sheath blight disease. Ill. Effect of the time of outbreak on yield losses of the disease.] Annual
Report of the Society of Plant Protection of North Japan, 41, 31-34.
Contact person and address : B.H. JI K.J. DING G.J. TAN J. WU C. Q. ZHANG X.M. LI X.D.
ANG J. C. LIU S.M. CHENG B.Z. GAO Y.H. ZHOU M. F. JI Department of Plant Protection, Anhui
Agricultural College, Hefei, Anhui China
Description : The model forecasts and controls rice sheath blight. It's composed of 4 submodels and runs
on microcomputer using rice transplanting date, N application rate, meteorological conditions and initial
disease index as variables.
Bibliography: JI, B.H., DING,.K.J., TAN, G.J., WU, J., ZHANG, C.Q., LI, X.M., TANG, X.D., LIU,
J.C., CHENG, S.M., GAO, B.Z., ZHOU, Y.H., JI, M.F. (1991) [Simulation model RSPM-1 for forecast
and management of rice sheath blight.] Scientia Agricultura Sinica, 24 (3) 65-73.

Pellicularia Corticium sasakii
Contact person and address : F. S. GOU X. Q. LI C.L.XU Res. Inst. Agric. Sci. Mianyang, Sichuan,
China
Description : The models simulate the spatial distribution of diseased plants.
Bibliography: GOU, F.S., LI, X.Q., XU, C.L. (1983) Study on the spatial distribution patterns of the
rice sheath blight plant in rice field and its practical applications. Acta Phytopathologica Sinica, 13 (4)
27-34.
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Cochliobolus miyabeanus
Contact person and address : C.L. KOHLS J.A. PERCICH C.M. HUOT Dep. PI. Path., Univ.
Minnesota, St. Paul, IV1N 55108, USA
Description : The simulation is based on a critical-point yield losses model derived from multiple
linear regression analysis of disease incidence data. The results of the computer simulation accounted for
87% of the yield losses in field experiment.
Bibliography: KOHLS, C.L., PERCICH, J.A., HUOT, C.M. (1987) Wild rice yield losses associated
with growth-stage-specific fungal brown spot epidemics. Plant Disease, 71 (5) 419-422.

Pyricularia oryzae
Contact person and address : C.H. KIM Department Plant Pathology, Agricultural. Science.
Institute, Suwon 170, Korea Republic
Description : The simulation of disease gradients for Pyricularia oryzae on rye can be performed
applying the Gregory or the Kiyosawa & Shiyomi model. The latter fits better than the other one field
data.
Bibliography : KIM, C. H. ( 1987) Disease dispersal gradients of rice blast from a point source. Korean
Journal ofPlant Pathology, 3 {2) 131-136.

LEAFBLST
Contact person and address:
W.J. CHOI E. W. PARK E.J. LEE Dep. Agric. Biol., Seoul Natn.
Univ., Suwon 170, Korea Republic
Description : The computer simulator LEAFBLST is composed of 6 subroutines representing conidial
germination, infection, latent period, lesion expansion and conidia production and dispersal, and 4
subroutines for initialisation, leaf area calculation and numerical and graphic output.
Bibliography: CHOI, W.J., PARK, E.W., LEE, E.J. (1988) [LEAFBLST: a computer simulation model
for leaf blast development o rice.] Korean Journal of Plant Pathology, 4 ( 1) 25-32.
Contact person and address : J.P. SHARMA S. KUMAR RN. VERMA ICAR Res. Complex for
NEH Region, Nagaland Cent., Jharnapani 797 106, India
Description : The model has been based on a significant negative correlation coefficient between neck
blast incidence and grain yield, found in transplanted rice in the foot hills ofNagaland, India.
Bibliography: SHARMA, J.P., KUMAR, S., VERMA, RN. (1988) A linear model for predicting the .
yield loss in rice due to neck blast. Oryza, 25 ( 1 ) 91-93.
Contact person and address : W.H. TSAI. Taiwan Agric. Res. Inst., Chia-yi, Taiwan
Description : A formula is developed for determining the percentage yield loss caused by Pyricularia
oryzae. The relationship between percentage yield loss and the disease scale panicle blast is found.
Bibliography: TSAI, W.H. ( 1988) [Estimation of rice yield losses caused by panicle blast disease.]
Journal of Agricultural Research of China, 37 ( 1 ) 86-90.

BLASTAM
Contact person and address :
T. HAYASHI Y. KOSfiTh.1IZU Tohoku Natn. Agric. Exp. Sta;
Mirioka, Iwats 020-01, Japan
Description: This program, written in ACOS-6-FORTRAN, is a simple decision model for calculating
and estimating the probability of suitable periods for infection, based on weather data and leaf wetness
duration. These data are collected from the Automated Meteorological Data Acquisition System of the
Meteorological Agency.
Bibliographv :HAYASHI; T., KOSHIMIZU, Y. (1988). Computer program BLASTAM for forecasting
occurrence of rice leaf blast. Tohoku Nogyo Shikenjo Kenkyu Hokoku=Bulh;tin of the Tohoku National
Agricultural Experiment Station n° 78, 123-138.
SAKAI, Y., KOHGUCHI, T., UEHARA, Y. ( 1990) [Some information from the forecast model
(BLASTAM) on the disease progress and its use for chemical control of rice leafblast.] Bulletin of the
Hiroschima Prefectural Agricultural Experiment Station N° 53, 21-32.
KATO, T., HASAMA, W., MORITA, S. ( 1990) [Forecast of rice blast by single decision model,
BLASTAM in Oita Prefecture.) Proceedings of the Association for Plant Protection ofKyushu, 36, 1-4.
Contact person and address : A. S URIN P. ARUNYANART R. DHITKIATTIPONG W.
RODJANAHUSDIN S. DISTHAPORN Rice Pathology Research Group, Plant Pathology and
Microbiology Division, Bagkhen, Bangkok, Thailand
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Description : A linear regression analysis is used to formulate a model to predict percentage yield loss
from leaf blast severity. The regression accounts for 78% of the variability in yield loss.
Bibliography: SURIN, A., ARANYANART, P., DHITK.IATTIPONG, R., RODJANAHUSDIN, W.,
DISTHAPORN, S. ( 1989) Estimating yield loss to rice blast (Bl) disease. International Rice Research
Newsletter, I4 (4) 35.
Contact person and address : K. ISHIGURO A. HASHIMOTO Fukushima Prefecture Agricultural
Experiment Station, Japan
Description : The model uses meteorological data, rice growth habit according to cultivar and culture
conditions, and number of spores of Pyricularia oryzae formed on the leaf lesions for initial inoculum as
the parameters. Air temperature, wind force, amount of precipitation, duration of sunshine and dew
period data is measured. As the model contained some stochastic processes, a Monte Carlo method was
applied. Occurrence of heading, fertilisation of flowers in the glume, growth of each grain of hulled rice,
susceptibility to blast at each site on the panicle and the appearance and enlargement of the lesions are
calculated daily, while spore formation, discharge, spread, deposition, penetration and colonisation are
calculated every 3h, giving a daily estimate of the severity of panicle blast.
Bibliographv : ISHIGURO, K., HASHIMOTO, A. ( 1991 ) [Development of a simulation model for rice
panicle blast epidemics.] Fukushima-ken ogyo Shikenjo Kenkyu Hokoku- Bulletin of the Fukuschima
Prefecture Agricultural Experiment Station N° 27, 1-19.
NEMOTO, F., HASHIMOTO, A., HANZAWA, S. ( 1992) [Control of rice blast forecasted by computer
simulation model (BLAST).] Annual report of the Society of Plant Protection of North Japan, W 43, 2729.
Contact person and address : L. BASTIAANS Department of Theoretical Production Ecology,
Wageningen Agricultural University, P.O. Box 430, 6700 AK Wageningen, Netherlands
Description: The simulation of yield losses due to blast in rice has to consider that photosynthesis is
reduced not only through a reduction in green leaf area, but also through an effect on photosynthesis of
the remaining green leaf tissue. A function is derived to relate the net photosynthetic rate of diseased
leaf area to the photosynthesis of comparable healthy leaf area.
Bibliography : BASTIAANS, L. ( 199 I ) Ratio between virtual and visual lesion size as a measure to
describe reduction in leaf photosynthesis of rice due to leafblast. Phytopathology, 81 (6) 611-615.
Contact person and address : A.I. KLOCHKO O.M. ZHUK A.A. MOTOVILIN D.S.
LEKSANDRIDI G.T. KAZANOK
Description : The mode! is based on weather conditions for predicting years with and without the disease
development.
Bibliography : KLOCHKO, A.I., ZHUK, O.M., MOTOVILIN, A.A., ALEKSANDRIDI, D.S.,
KAZANOK, G. T. (I 991 ) [Rice pyriculariose and its control in the Crimean and Kherson regions of
Ukraine.] Zashchita Rastenii (Moskva) N° 4, 14-16.
Contact person and address : A.D. KASHIRKIN O.A. PLATONOVA V.P. SOLOSHENKO AllUnion Research Institute ofPhytopathollogy, Bol'shie Vyazemy, Moscow region, Russia.
Description : The model determine latent infection ofPyricularia oryzae under conditions of constantly
changing temperature. The results are used for disease forecasting.
Bibliography: KASHIRKIN, A.D., PLATONOVA, O.A., SOLOSHENKO, V.P. (1990) [Regressive
correlation between incubation period and environmental temperature in relation to Pyricularia oryzae.]
Sel'skokhozyaistvennaya Biologiya, N° 1, 174-180.

RYE
Rhynchosporium secalis
Contact person and address : G. WERRES H. HINDORF Institut fur Pflanzenkrankheiten der
Universitat, Nussallee 9, 5300 Bonn 1, Germany
Description : The model uses a discriminant function in which temperature, leaf wetness and a disease
index during the infection period are used as classification variables. This function is used to decide
application of fungicide sprays.
Bibliographv : WERRES, G., HINDORF, H. ( 1991 ) Development of a forecasting model for scald,
Rhynchosporium secalis, on rye in relation to climatic conditions. Bulletin OEPP, 21 (3) 485-493.
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ROSE
Sphaerotheca pannosa
Contact person and address: H.D. FRINKING R. VERWEIJ Department of Phytopathology,
Wageningen Agricultural University, P.O. Box 8025, 6700 EE Wageningen, Netherlands
Description : Data collected over several years on colonisation of rose leaves by Sphaerotheca panosa
var. rosae are simulated by means of graphic models.
BibliographY: FRINKING, H.D., VERWEIJ, R. (1989) Colonization ofrose by Sphaerotheca panosa
(Wallr.) Lev. var. rosae Wor. Netherlands Journal of Plant Pathology, 95 (Supplement 1 ) 63-72.

RUBBER
Microcyclus ulei
Contact person and address : A. BERGAiviTN FILHO Dep. Pl. Path., ESA Luiz de Queiroz, Univ.
Sao Paulo, Brazil
Description : On the basis of field data collected from 13 epidemics caused by Microcyclus ulei over 15
yr, growth disease model are formulated.
Bibliography: BERGAMIN FILHO, A. ( 1984) Disease progress of South American leafblight of rubber
in different Brazilian regions. European Journal of Forest Pathology, 14 (7) 386-391.
Contact person and address : L. GASP AROTTO L. ZAMBOLIN L. A. MAFFIA F .X.R. Do V ALE
N.T. V. JUNQUEIRA CNPSD/EMBRAPA, CaixaPostal319, 69001 Manaus, AM, Brazil
Description : In this model is developed a multiple regression equation relating temperature and wet
period to infection of rubber trees by Microcyclus ulei.
Bibliography: GASPAROTTO, L., ZAMBOLIN, L., MAFFIA, L.A., VALE, F.X.R. Do., JUNQUEIRA,
N. T.V. ( 1989) [Effect of temperature and humidity on the infection of rubber tree (Hevea spp.) by
Microcyclus ulei.) Efeito da temperatura e umidade sobre a infecc;ao de seringueira (Hevea spp.) por
Microcyclus ulei. Fitopatologia Brasileira, 14 ( 1 ) 3 8-41.

Rigidoporus lignosus-Phellinus noxius
Contact person and address:
J. CHADOEUF H. JOANNES D. NANDRIS J.C. PIERRAT Station de
Biometrie du Centre de Recherches Forestieres, Champenoux, 54280 Seichamps, Ivory Coast
Description : The model simulates epidemiologically the spread of root disease due to Rigidosporus
lignosus and Phellinus noxius in rubber trees. For the validation data collected every 6 months for 6-year
are used The probability of pathogenic attack on a tree is expressed using a qualitative regression
method.
Bibliography : CHADOEUF, J., JOC"IVNES, H., NANDRIS, D., PIERRAT, J.C. (1988) Mathematical
analysis and modelling of epidemics of rubber tree root disease: probability of infection of an individual
tree. Forest Science, 34 (4) 831-845.

SORGHUM
Sphacelotheca reiliana
Contact person and address:
D.M. TULEEN R.A. FREDERIKSEN Texas A & M Univ., College
Station, USA
Description : The model simulates grain sorghum yields, as affected by the incidence of Sphacelotheca
reiliana.
Bibliography: TULEEN, D.M., FREDERIKSEN, R.A. (1982) Evaluating a crop loss model for head
smut of sorghun. Phytopatology, 72 (10) 1278-1280.

Peronosclerospora sorghi
Contact person and address:
J. CRAIG G.N. ODVODY G.C. WALL D.H. MECKENSTOCK ARS,
USDA, Dep. Agric., College Station, TX 77841, USA
Description: Near-isogenic populations are used to evaluate the relationship between downy mildew
incidence and grain yields and to provide data to test a previously proposed model of downy mildew
yield loss. The model is based on a linear relationship between grain yield and downy mildew incidence.
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Validation studies shown an acceptable level of agreement occurred between measured yields and yields
predicted by the downy mildew loss model.
Bibliographv: CRAIG, J., ODVODY, G.N., WALL, G.C., :MECKENSTOCK, D.H. (1989) Sorghum
downy mildew loss assessment with near-isogenic sorghum populations. Phytopathology, 79 (4) 448451.

Cercospora sorghi
Contact person and address : G. C. WALL M.J.JEGER RA FREDERIK.SEN Department of Plant
Pathology and Microbiology, Texas Agricultural Experiment Station, College Station, TX 77843, USA
Description : Multivariate models for predicting yield are validated on data collected in farmers sorghum
fields where many pest epidemics occurred. The models are tested to explain variation in yield based on
a range of variables measured on individual plants.
Bibliographv: WALL, G. C., JEGER, M.J., FREDERIK.SEN, R.A (1989) The relationship of yield loss
to foliar diseases on sorghum grown by subsistence farmers in southern Honduras. Tropical Pest
Management, 3 5 ( I ) 57-61.

Sporisurium sorghi
Contact person and address: G. C. WALL M.J. JEGER RA. FREDERIK.SEN Department of
Plant Pathology and Microbiology, Texas Agricultural Experiment Station, College Station, TX 77843,
USA
Description : Multivariate models for predicting yield are validated on data collected in farmers sorghum
fields where many pest epidemics occurred. The models are tested to explain variation in yield based on
a range of variables measured on individual plants.
Bibliography: WALL, G.C., .JEGER, M.J., FREDERIK.SEN, R.A. ( I989) The relationship of yield loss
to foliar diseases on sorghum grown by subsistence farmers in southern Honduras. Tropical Pest
Management, 3 5 ( 1) 57-61.
Contact person and address : G. C. WALL M. J. JEGER R.A. FREDERIK.SEN Department of
Plant Pathology and Microbiology, Texas Agricultural Experiment Station, College Station, TX 77843,
USA
Description : Multivariate models for predicting yield are validated on data collected in farmers sorghum
fields where many pest epidemics occurred. The models are tested to explain variation in yield based on
a range of variables measured on individual plants.
Bibliographv: WALL, G.C., JEGER, M.J., FREDERIK.SEN, R.A ( 1989) The relationship ofyield loss
to foliar diseases on sorghum grown by subsistence farmers in southern Honduras. Tropical Pest
Management, 35 (1) 57-63

Puccinia purpurea
Contact person and address: G. C. WALL M.J. JEGER R.A. FREDERIK.SEN Department of
Plant Pathology and Microbiology, Texas Agricultural Experiment Station, College Station, TX 77843,
USA
Description : Multivariate models for predicting yield are validated on data collected in farmers sorghum
fields where many pest epidemics occurred. The models are tested to explain variation in yield based on
a range of variables measured on individual plants.
Bibliography: WALL, G.C., JEGER, M.J., FREDERIK.SEN, R.A. (1989) The relationship ofyield loss
to foliar diseases on sorghum grown by subsistence farmers in southern Honduras. Tropical Pest
Management, 35 ( I ) 57-61.

Ramulispora sorghicola
Contact person and address : G. C. WALL M.J. JEGER RA FREDERIKSEN Department of
Plant Pathology and Microbiology; Texas Agricultural Experiment Station, College Station, TX 77843,
USA
Description : Multivariate models for predicting yield are validated on data collected in farmers sorghum
fields where many pest epidemics occurred. The models are tested to explain variation in yield based on
a range of variables measured on individual plants.
Bibliographv: WALL, G.C., JEGER, M.J., FREDERIK.SEN, RA (1989) The relationship ofyield loss
to foliar diseases on sorghum grown by subsistence farmers in southern Honduras. Tropical Pest
Management, 35 (1) 57-61.
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Sphacelia sorghi
Contact person and address : N. W. MCLAREN F. C. WEHNER Grain Crops Research Institute,
Private Bag X1251, Potchefstroom, 2S20, South Africa
Description: Several relationship between sugary disease and climatic variables are used for the
formulation of simulation model.
Bibliographv: MCLAREN, N. W., WEHNER, F. C. ( 1990) Relationship between climatic variables
during early flowering of sorghum and the incidence of sugary disease caused by Sphaecelia sorghi.
Journal ofPhytopathology, 130 ( 1 ) 82-88.

SOYABEAN
Fusarium oxysporum
Contact person and address: S. LEATH R.B. CARROL Dep. Pl. Sci., Univ. Delaware, Newark,
Del. 19717-1303, USA
Description : Yield reduction is predicted with both an ordinary least squares model selected with a
stepwise procedure and with a ridge regression model.
Bibliographv: LEATH, S., CARROL, R.B. ( 1985) Use of ridge regression to predict yield reduction by
Fusarium sp. in selected soybean cultivars. Canadian Journal of Plant Pathology, 7 ( 1 ) 58-66.

Phakopsora pachyrhizi
Contact person and address: X. B. YANG M.H. ROYER AT. TSCHANZ B.Y. TSAI Department
of Plant Pathology and Crop Physiology, Louisiana State University Agricultural Experiment Station,
Louisiana State University Agricultural Centre, Baton Rouge, LA 70803, USA
Description : The disease model uses physiological day of plant and physiological day of pathogen as
independent variables to calculate the disease development. Estimation of yield loss using area under
disease progress curve (AUDPC) as an independent variable resulted in a greater R'-value than using
area under defoliation curve for each cultivars. The results are significantly improved when AUDPC
adjusted for planting date effect is used as an independent variable for the regression.
Bibliography: YANG, X.B., ROYER, M.H., TSCHANZ, AT., TSAI, B.Y. (1990) Analysis and
quantification of soybean rust epidemics from seventy-three sequential planting experiments.
Phytopathology, 80 ( 12) 142 1-1427.
YANG, X.B., DOWLER, W.M., TSCHANZ, AT., WANG, T.C. (1992) Comparing the effects of rust
on plot yield, plant yield, yield components, and vegetative parts of soybean. Journal of Phytopathology,
136 ( 1 ) 46-56.
Contact person and address : S.C. BABU B. RAJASEKARAN Dep. Economics, Iowa State Univ.,
Ames, IA 5001 I, USA
Description: The dynamics model ofPhakopsora pachyrhizi can be used to identify the economic injury
level. The collected field observation from soyabean farm, are used to validate the use of the model.
Bibliography: BABU, S.C., RAJASEKARAN, B. (1989) Dynamic economic injury levels ofsoybean
rust- a dynamic programming model. Soybean Rust Newsletter, 9, 1014.
Contact person and address: L.E. WAMONTREE F.C. QUEBRAL Coli. Agric., Univ. Philippines
at Los Banos, College, Laguna, Philippines
Description : A simulation critical point model is accurate in estimating yield loss in soyabeans. The
estimated yield losses agreed closely with actual losses.
Bibliography: W AMONTREE, L.E., QUEBRAL, F.C. (1984) Estimating yield loss in soyabeans due to ·
soyabean rust using the critical point model. Philippine Agriculturist, 67 (2) 135-140.
Contact person and address : F. KUCHLER M. DUFFY R.D. SHRUM W.M. DOWLER Economic
Res. Serv., Nat. Resources Economics Div., Washington, DC 20250, USA
Description : The economic consequences if a virulent race of the soyabean pathogen, Phakopsora
pachyrhizi were to become established in the USA are analysed using an econometric-simulation model
under 2 alternative environmental and grower response assumptions.
Bibliography: KUCHLER, F., DUFFY, M., SHRUM, R.D., DOWLER, W.M. (1984) Potential economic
consequences of the entry of an exotic fungal pest: the case of soybean rust. Phytopathology, 74(8)916920.
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Phomopsis longicolla
Contact person and address: J.C. RUPE R. S . FERRARIS S Dep. PI. Path., Univ. Kentucky,
Lexington, KY 40546, USA
Description : The model relates infection of soyabean tissue by P. longicolla to environmental
conditions.
Bibliographv : RUPE, J.C., FERRARIS, R. S. ( 1987) A model for predicting the effects of microclimate
on infection ofsoybean by Phomopsis longicolla. Phytopathology, 77 (8) 1 162-1 166.
RUPE, J. C. ( 1990) Effect of temperature on the rate of infection of soybean seedlings by Phomopsis
longicolla. Canadian Journal of Plant Pathology, 12 ( 1) 43-47.
Contact person and address : D.M. TEKRONY D.B. EGLI R.E. STUCKEY J. BALLES Univ.
Kentucky, Lexington, USA
Description :The life cycle of plants was divided into two growth periods: seed development and seed
maturation. The model is based on regression analysis including minimum temperature and minimum
relative humidity during both growth periods, daily precipitation during the seed development period
and interaction between growth periods. The results of the simulation fit well with field data.
Bibliography: TEKRONY, D.M., EGLI, D.B., STUCKEY, R.E., BALLES, J. (1983)
Relationship between weather and soyabean seed infection by Phomopsis sp. Phytopatology, 73 (6) 914918.

Diaporthe phaseolorumjsp. meridionalis
Contact person and address : E.F. SMITH P.A. BACKMAN Dep. PI. Path., Alabama Agric. Exp.
Sta., Auburn Univ., Auburn, AL 36849, USA
Description Severity of stem canker, caused by Diaporthe phaseolorum f.sp. meridionalis, is found to be
primarily dependent upon plant growth stage at the time of exposure and is independent of planting
date. The relationship between disease severity and the time of inoculum application is described by
Cauchy distribution models.
Bibliography : SMITH, E. F., BACKMAN, P. A ( I 989) Epidemiology of soybean stem canker in the
south-eastern United States: relationship between time of exposure to inoculum and disease severity.
Plant Disease, 73 (6) 464-468.

Rhizoctonia solani
Contact person and address : X.B. YANG G. T. BERGGREN J.P. SNOW Department of Plant
Pathology and Crop Physiology, Louisiana Agricultural Experimental Station, Louisiana State
University Agricultural Centre, Baton Rouge, LA 70803, USA
Description : Simple linear regression of the disease variables on days after inoculation showed increases
in slopes as free moisture increased. Plant growth stage at inoculation also significantly affected the
slopes. Models to predict the development of each disease variable were developed, with accumulated
free moisture hours as the predictor.
Bibliography: Y ANG, X.B., BERGGREN, G.T., SNOW, J.P. ( 1990) Effects offree moisture and
soybean growth stage on focus expansion ofRhizoctonia aerial blight. Phytopathology, 80 (5) 497-503.
YANG, X.B., SNOW, J.P., BERGREEN, G.T. ( 1991) Patterns ofRhizoctonia foliar blight on soybean
and effect of aggregation on disease development. Phytopathology, 81 (3) 287-?93.

SPINACH

Peronospora jarinosa
Contact person and address : F. VAN DEN. BOSCH H.D. FRINKING J. A J. METZ J. C.
ZADOKS Inst. Theoretical Bioi., State Univ. Leide, Groenhovenstraat 5, 231 1 BT Leiden,
Netherlands
Description: The model computes the spore production by an individual lesion as a function of time
after victimisation and the spatial distribution of daughter lesion around one mother lesion is fitted to
experimental data. Two methods are used to estimate the gross reproduction of the pathogen: 1 )
velocities of focus expansion is estimated using field observation from artificially established foci; 2)
expected velocities of focus expansion is calculated from the time kernels, contact distributions and gross
reproduction.
Bibliographv: BOSCH, F. VAN DEN., FRINKING, H.D., METZ, J.AJ., ZADOKS, J.C. ( 1988) Focus
expansion in plat disease. Ill: Two experimental examples. Phytopatology, 78 (7) 919-925.
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STRAWBERRY

Phytophthora cactorium
Contact person and address : G. G. GROVE L. V. MADDEN M.A. ELLIS A. F. SCHMITTHENNER
Dep. PI. Path., Ohio State Univ., Ohio Agric. Res. Dev. Cent., Wooster 44691, USA
Description : A multiple-regression, logistic model accurately describes infection as a function of
wetness duration and temp. The model is validate under natural field conditions.
Bibliography: GROVE, G.G., MADDEN, L.V., ELLIS, M.A., SCHMITTHENNER, A.F. ( 1985)
Influence of temperature and wetness duration on infection of immature strawberry fruit by
Phytophthora cactorum. Phytopathology, 75 (2) 165-169. GROVE, G.G., MADDEN, L.V., ELLIS, M.A.
(1985) Space dispersal ofPhytophthora cactorum from infected strawberry fruit. Phytopathology, 75 (5)
611-615.
GROVE, G. G., MADDEN, L. V., ELLIS, M.A. ( 1985) Influence of temperature and wetness duration
on sporulation of Phytophthora cactorum on infected strawberry fruit. Phytopathology, 75 {6) 700-7o··.
ELLIS, M. A., MADDEN, L. V. ( 1991) Progress in the development of disease forecasting systems for
strawberry fruit rots in Ohio. In the Strawberry Conference, Houston, Texas, 14-16 Febrauary 1990.
Timber Press Inc., 244-251.
Contact person and address : K.M. REYNOLDS L. V. MADDEN Ohio State University, Wooster,
OH44691, USA
Description : The theory of spatia-temporal autocorrelation can be used to describe epidemic
development in time and space ofPhytophthora cactorum in strawberries.
Bibliography: REYNOLDS, K.M., MADDEN, L. V. ( 1988) Analysis of epidemics using spatiatemporal autocorrelation. Phytopathology, 78 (2) 240-246.
REYNOLDS, K.M., MADDEN, L. V., ELLIS, M.A. (1988) Spatia-temporal analysis of epidemic
development ofleather rot of strawberry. Phytopathology, 78 {2) 246-252.

Botrytis cinerea
Contact person and address : M.A. BULGER M.A. ELLIS L. V. MADDEN Department Pl. Path.,
Ohio State University, Ohio Res. Dev. Cent., Wooster, OH 44691, USA
Description : A logistic model describes the incidence of petal and stamen necrosis and incidence of fruit
infections originating from infected flowers as function of temperature and wetness duration. A
logarithmic model describes the relationship between the incidence of petal necrosis and incidence of
infected fruit from infected flowers.
Bibliography: BULGER, M.A., ELLIS, M.A., MADDEN, L.V. (1987) Influence of temperature and
wetness duration on infection of strawberry flowers by Botrytis cinerea and disease incidence of fruit
originating from infected Flowers. Phytopathology, 77 (8) 1225-1230.
ELLIS, M. A., MADDEN, L. V. ( 1991) Progress in the development of disease forecasting systems for
strawberry fruit rots in Ohio. In the Strawberry Conference, Houston, Texas, 14-16 Febrauary 1990.
Timber Press Inc., 244251.

Micosphaerella jragariae
Contact person and address:
V.J. ELLIOTT Dep. Plant Path., Univ. California, Berkeley, CA
94720, USA
Description : In the models the influence of temperature on conidiospore germination of Micosphaerella
fragariae is evaluated. Germination is modelled as a nonlinear logistic function of time. The logistic rate
of germination, calculated from this model, showed a max. rate of 22.4 °C. Moisture requirements for
conidiospore germination is determined by incubation on glass slides held at different moisture
conditions.
Bibliography: ELLIOTT, V.J. ( 1988) Response models for conidiospore germination and germ tube
elongation of Mycosphaerella fragariae as influenced by temperature ad moisture. Phytopathology, 78
(6) 645-650.

Colletotrichum acutatum
Contact person and address: L.L. WILSON L. V. MADDEN M.A. ELLIS Department of Plant
Pathology, The Ohio State University, Ohio Agricultural Research and Development Centre 1680
Madison Ave., Wooster, OH 44691, USA
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Description : Data are collected from experiment with immature ad mature strawberry fruit inoculated
with a conidial suspension of C. acutatum and incubated under various wetness durations at constant
temperature. The regression model using the logit of disease incidence as the dependent variable
accurately describes infection level as a function of wetness duration and temperature.
Bibliography: WILSON, L.L., MADDEN, L.V., ELLIS, M.A (1990) Influence of temperature and
wetness duration on infection of immature and mature strawberry fruit by Colletotrichum acutatum.
Phytopathology, 80 (1) 111-116. ELLIS, M.A, MADDEN, L. V. ( 1991) Progress in the development of
disease forecasting systems for strawberry fruit rots in Ohio. In the Strawberry Conference, Houston,
Texas, 14-16 Febrauary 1990. Timber Press Inc., 244-251.

SUGARBEET
Cercospora beticola
CERCOPRI
Contact person and address: V. ROSSI P. BATTILANI Istituto di Patologia Vegetale, Univ.
Piacenza, Italy
Description : This model uses a 3-constant logistic function of the logarithm of time, giving a reliable
Description of disease development.
Bibliography: ROSSI, V., BATTILANI, P. (1986) [A model of Cercospora beticola sacc.
epidemiological development in function of weather] Modellamento dello sviluppo epidemiologico di
Cercospora beticola in funzione del clima. Atti Giornate Fitopatologiche, CLUEB, Bologna, Italia, 2,
283-294.
BATTILANI, P., ROSSI, V. ( I 988) [Dynamics of Cercospora beticola Sacc. epidemics on sugarbeet. II.
A development model. ] Dinamica delle epidemie di Cercospora beticola Sacc. su barbabietola da
zucchero. II. Un modello di sviluppo. Phytopathologia Mediterranea, 27 (2) 69-72.
ROSSI, V., BATTILANI, P. (1991) CERCOPRI: a forecasting model for primary infections of
Cercospora leaf spot of sugarbeet. Bulleti OEPP, 21 (3) S27-S3 1.

Sclerotinia roljsii
Contact person and address : P.A. BACKMAN R. RODRIGUEZ-KABANA M. C. CAULIN E.
BALTRAMINI N. ZILIANI Department of Botany, Plant Pathology and Microbiology, Agricultural
Experiment Station, Auburn University, Aubur, Al36849
Description : Regression equations are developed to relate populations of viable sclerotia in field soil and
in truck tare soil to the percentage of sugarbeet roots infected by Sclerotinia rolfsii. By analysing truck
tare soil, the sugar beet processor can recommend appropriate rotation when loss thresholds are
exceeded. Alternatively, the processor can analyse fields soil to determine whether sugar beets can be
planted safely the following season.
Bibliography: BACKMAN, P.A., RODRIGUEZ-KABANA, R., CAULIN, M.C., BALTRAMINI, E.,
ZILIANI, N. ( 1981) Using the soil-tray technique to predict the incidence of Sclerotium rot in sugar
beets. Plant Disease, 6S, 419421.

SUGARCANE
Ustilago scitaminea
Contact person and address : L. AMORIN A BERGAMIN FILHO Department of Plant Pathology
ESALQ, University of S. Paulo, Cx. Postal 09, Piracicaba 13400 SP, Brazil
Description : Disease development can be well simulated using appropriate models for the different
infection progress phases. Logistic and monomolecular models seem to be more fitting with real data.
Bibliography: AMORIN, L., BERGAMI FILHO, A ( 1991) Sugarcane smut development models: I.
Annuals curves of disease progress. Zeitschrift fur Pflanzekrankheiten und Pflanzeschutz, 98(6)605-612.
AMORIN, L., BERGAMI FILHO, A ( 1991) Sugarcane smut development models: II. Polyetic curves
of disease progress. Zeitschrift fur Pflanzekrankheiten und Pflanzeschutz, 98 (6) 613-618.
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SUNFLOWER

Sclerotinia sclerotiorum
Contact person and address : D. PAYEN Meteorologie Nationale, Paris, France
Description : An operational model is developed to predict the duration of wetness on flowering heads
from standard weather parameters. Zones in France with climatic conditions favourable to S.
sclerotiorurn were established on the basis of a classification based on meteorological data for 30 yr.
Bibliography : PAYEN, D. (1983) [Modelling the epidemiology of Sclerotinia sclerotiorum on
sunflowers.] Modelisation de l'epidemiologie de Sclerotinia sclerotiorum sur tournesol. EPPO Bulletin,
13 (2) 277-281.

Alternaria helianthi
Contact person and address : M.L. CARSON PI. Sci. Dep., South Dakota State Univ., Brookings, SD
57007, USA
Description : The epidemiology of Alternaria can be simulated by using a logistic growth model, rather
then with the Gompertz model. Yield losses model can be based. on selected critical-point or multiplepoint regression.
Bibliography: CARSON, M.L. ( 1985) Epidemiology and yield losses associated with Alternaria blight
of sunflower. Phytopathology, 75 (10) 1151-1156.

TOBACCO

Plhtophthora parasitica var. nicotianae
Contact person and address:
C.L. CAMPBELL W.R. JACOBI N.T. POWELL C.E. MAIN Dep.
Plant Path., North Carolina State Univ., Raleigh 27650, USA
Description : The diseases progress curves can be simulated using several models, such as logistic,
Gompertz, monomolecular, Beralanffy-Richards, Weibull. A comparison on field data shows that
logistic model is most frequently appropriate for describing these data.
Bibliography: CAMPBELL, C.L., JACOBI, W.R., POWELL, N.T., MAIN, C.E. ( 1984) Analysis of
disease progression and the randomness of occurrence of infected plants during tobacco black shank
epidemics. Phytopatology, 74 (2) 230-235.

Peronospora tabacina
Contact person and address : J.M. DAVIS J.F. MONAHAN Department of Marine, Earth &
Atmospheric Sciences and Department of Plant Pathology, North carolina State University, Raleight, NC
27695, USA
Description : The model aims to simulate the transport of the sporangiopores of fungus on the basis of
an atmospheric air parcel trajectory climatology studies. Validation has been performed in specific
location in Western North Carolina.
Bibliography: DAVIS, J.M., MONAHAN, J.F. { 1991) Climatology of air parcel trajectories related to
the atmospheric transport ofPeronospora tabacina. Plant Disease, 75 (7) 706-711.

TOMATO

Alternaria solani
FAST
Contact person and address : L. IVIADDEN S.P. PENNYP ACKER A. A. MAC NAB Dep. PI. Path.,
Ohio State Univ., Ohio Agric. Res. Dev. Cent., Wooster, OH 44691, USA
Description : This system identifies periods when environmental conditions are favourable for disease
development and provides a schedule for efficient fungicide applications. The forecasting system
incorporates two empirical models based on the following parameters: maximum and minimum
temperature, leaf wettness duration's, relative humidity and rainfall.
Bibliographv: MADDEN, L., PENNYPACKER, S.P., MAC NAB, A.A. (1978) FAST, a Forecast
System for Alternaria solani on Tomato. Phytopathology, 68, 1354-1358.
PENNYPACKER, S.P. MADDEN, L.V., MAC AB, AA (1983) Validation of an Early Blight
Forecasting System for Tomatoes. Plant Disease, 67, 287-289.
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EPIDEM
Contact person and address: P.E. WAGGONER J.G. HORSFALL Connecticut Agricultural
Experiment Station, New Haven, Connecticut 06504, USA
Description : This model is represent the basis for the simulation procedure used in the formulation of
EPIMAY. EPIDEM simulates the disease of tomato on the basis of observed weather conditions and
disease parameters.
Bibliographv: WAGGONER, P.E., HORSFALL, J.G. (1969) EPIDEM. A simulator of plant disease
written for a computer. Conn. Agr. Exp. Sta. Bull. 698. pp.80.

Lycopersicon esculentum
Contact person and address : J. P ADRON SOROA M. SANTANA HERRERA Inst. Superior
Ciencias Agropecuarias, Havana, Cuba
Description : The mathematical model takes into consideration spore germination, sporulation and
overwintering of the fungus.
Bibliography: PADRON SOROA, J., SANTANAHERRERA, M. ( 1985) [A forecasting system for leaf
mould (Fulvia fulva Cooke) of tomato (Lycopersicon esculentum Mill).] Sistema de prevision del moho
foliar (Fulvia fu1va Cooke) del tomate (Lycopersicon escu1entum mill). Centra Agricola, I2 ( 1 ) 25-30.

Phytophthora infestans

I.P.I
Contact person and address : P. CAVANNI I. PONTI M. MARINELLI Osservatorio Regionale
per le malattie delle Piante, Bologna, Italy
Description: The model (I.P.I.) to forecast Phytophthora infestans on tomato is based on climatic and
epidemiological data obtained in Emilia romagna, Italy, during 1982-89, and uses the data on rain,
temperature and RH to predict the onset of this disease
Bibliography: CAVANNI, P., PONTI, I., MARINELLI, M. ( 1990) [A forecasting model for tomato late
blight.] Modello previsionale per la peronospora del pomodoro. Informatore Fitopatologico, 40 (6) 17-25
Contact person and address: S.C. MICHAELIDES Meteorological Service, Nicosia, Cyprus
Description : The model is fitted to numerous experimental results to take into account the effect of
meteorological elements on the various phases of the pathogen' s life cycle. By linking the relationships
established in a logical way, a computer sub- model is constructed which simulates the behaviour of the
disease.
Bibliography: MICHAELIDES, S.C. ( 1991) A dynamic model of the interactions between the potato
crop and Phytophtora infestans. Bulletin OEPP, 21 (3) 515-525.

Septoria lycopersici
Contact person and address: F.J. FERRANDINO W.H. ELMER Department of Plant Pathology
and Ecology, Connecticut Agricultural Experiment Station, PO Box 1 106, New Haven, CT 06504, USA
Description : The effect of disease on yield is an important element to manage crop protection.
Relationship between yield and disease measurements are considered, showing that healthy leaf area
duration is a better predictor of final yield than area under disease progress curve because of its linear
relation. Bibliography : FERRANDINO, F.J., ELMER, W.H. ( 1992) Reduction in tomato yield due to
Septoria leaf spot. Plant Disease, 76 (2) 208-211.

TURFGRASS

Pythium aphanidermatum
Contact person and address : W.F. NUTTER H.Jr. COLE R.D. SCHEIN Pennsylvania State
University, University Park 1680? Description: .. 1 forecast program is based on weather monitoring.
Two weather variables are associated by chi-square analysis with Pythium outbreaks.
Bibliography: NUTTER, F. W., COLE, Jr., SCHEIN, R.D. ( 1983) Disease forecasting system for warm
weather Pythium blight of turfgrasses. Plat Disease, 67, 1126-1128.
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WHEAT

Several disease
EPIPRE
Contact person and address: J.C. ZADOKS · Lab. Phytopath., Agric. Univ., Binnenhaven 9, 6709 PD
Wageningen, Netherlands
Description : EPIPRE is a system devised to support decision making in pest and disease control in
winter wheat. EPIPRE is one of the earliest world-wide attempts to develop computerised Integrated Pest
and Disease Management system. The word integrated has a double meaning here. EPIPRE integrates
chemical control with various aspects of varietal choice, crop husbandry, and farm economics. It also
integrates the control of six fungal diseases and three aphid pests. Moreover, the aim ofEPIPRE is to
minimise cost of crop protection measures and to reduce pesticide use.
Bibliographv: ZADOKS, J. C. ( 198 1) EPIPRE: a disease and pest management system for winter
wheat developed in the Netherlands. European Plant Protection Organisation (EPPO) Bulletin, 11 : 365369.
ZADOKS, J.C. (1984) EPIPRE, a computer-based scheme for pest and disease control in wheat. In:
Cereal production. Ed. E.J. Gallagher, Butterworths, London. p. 215-225.
ZADOKS, J.C., RIJSDIJK, F.H., RABBINGE, R. (1984) EPIPRE: A system approach to supervised
control of pest and diseases of wheat in the Netherlands. In: Pest and pathogen control. Strategic,
tactical and policy models. Ed. G.R. Conway, Wiley, Chichester. p. 344-351.
ZADOKS, J. C. ( 1988) EPIPRE, a computer-based decision support system for pest and disease control
in wheat: Its development and implementation in Europe. Plant disease epidemiology, 2, 3-29.
ZADOKS, J.C. (1988) EPIPRE: research, development and application of an integrated pest and disease
management system for wheat. Bulletin SROP 11 (2) 82-90.
FORRER, H.R. (1988) Experience and current status ofEPIPRE in Switzerland. Bulletin SROP 11(2)
91-93.
DJURLE, A ( 1988) Experience and results from the use ofEPIPRE in Sweden. Bulletin SROP 11 (2)
94-95.
EKBOM, B., EKSTROM, U. ( 1988) EPIPRE- 1988. Vaxtskyddsrapporter, Jordbruk. N° 49, 102-103.
MANGSTL, A, BERGERMEIER, J., ROSSLER, S. ( 1987) [Fertilisation and plant protection with the
help of planning and forecasting models.] Diingung
und Pflanzenschutz rnit Hilfe von Planungs und Prognosemodellen. Bayerisches Landwirtschaftliches
Jahrbuch, 64 (Sonderheft 2) 59-74.
HERITAGE, AD., STAPPER, M., SMITH, R.C.G., CORREL, R.L. ( 1988) Model of strip rust infection
and control an irrigated wheat in the Murrumbidgee irrigation areas of New South Wales. Australian
Journal ofBotany, 19 ( 1) 51-61.
DRENTH, H., STOL, W. ( 1990) [The EPIPRE-recommendation model.
Description : of the starting point for the model and the uderlying investigations.] Het EPIPREadviesmodel. Beschrijing van modeluitgangsputen en achterliggend onderzoek. Verslag, Centrum voor
Agrobiologisch Onderzoek, 115, v&,+ 130 [+76] pp.
FORRER, H.R., GUJER, H.U., FRIED, P.M. ( 1991) Experiences with and prospects of decision
support systems i cereal ad potatoes in Switzerland. Danish Journal of Plat and Soil Science - Special
Series Report, 85 (S 2161) 89100.
DAAMEN, R. A ( 1991) Experience with the cereal pest ad disease management system EPIPRE in the
Netherlands. Danish Journal ofPlant and Soil Science Special Series Report, 85 (S 2161) 77-87.
EKSTROM, U. ( 1991) [Brief report on Swedish trials with EPIPRE and EPIDAN.] Resull1e av svenska
forsok med EPIPRE och EPIDAN. Vaxtsskyddsnotiser, 55(?) 46-53.

Puccinia reconditafsp. tritici
Contact person and address : H. SINGH M. V. RAO Division of Genetics, Indian Agricultural
Research Institute, New Delhi, India
Description : The analysis of the area under the disease progress curve and of the rate of diseasedevelopment show that these indexes measure and simulate different aspects of resistance to
development of leaf rust.
Bibliography: SINGH, H., RAO, M. V. ( 1989) Area under the disease progress curve: its reliability as a
measure of slow-rusting resistance. Plant Breeding, 103 (4) 3 19323.
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Contact person and address: K.V.S. RAO G.T. BERGGREN J.P. SNOW Department ofPlant
Pathology and Crop Physiology, Louisiana Agricultural Experiment Station, Louisiana State University
Agricultural Centre, Baton Rouge, LA 70803, USA
Description: The use of logistic model adequately explains the development of leaf rust ofwheat both in
time and space.
Bibliographv: RAO, K.V.S., BERGGREN, G.T., SNOW, J.P. (1990) Characterisation ofwheat leaf rust
epidemics in Louisiana. Phytopathology, 80 (4) 402-410.
Contact person and address : K. V. S. RAO X. B. Y ANG G.T. BERGGREN J.P. SNOW
Department of Plant Pathology and Crop Physiology, Louisiana Agricultural Experiment Station,
Louisiana State University Agricultural Centre, Baton Rouge, LA 70803, USA
Description : Several regression models have been evaluated to estimate contribution to yield of the
different parts of the tiller (non foliar and foliar) and the modification due to levels of leaf damage by
rust
Bibliography: RAO, K.V.S., YANG, X.B., BERGGREN, G.T., SNOW, J.P. (1989) A multiple
regression model to estimate the contributions of leaves and the effects of leaf rust on yield of winter
wheat. Phytopathology, 79 ( 11) 1233-1238.
Contact person and address : S. S. NAVI SRIKANT KUJ;.,KARI R.K. HEGDE V.B. HARGUND
M.R.ADVANI
Dep.Pl. Path., Univ. Agric. Sci., Dharwad 580 005, Karnataka, India
Description : for predicting and forecasting spore load, both autoregression and spline function models
can be used. The autoregression model is better than the spline function model.
Bibliographv : NAVI, S.S., SRIKANT KULKARI, HEDGE, R.K., HARGUND, V. B., ADVANI, M.R.
(1988) A mathematical model for studying aerobiology of leaf rust of wheat (Triticum aestivum Linn.)
caused by Puccinia recondita f.sp. tritici Rob. ex Desm. Cereal Rust and Powdery Mildews Bulletin, 16
(1) 11-32.
Contact person and address : V.B. LEBEDEV A. N. VASILEV E. V. Y AKUBOVA N.I. Vavilov
Saratov Agricultural Istitute, Saratov, Russia
Description : The model predicts grain losses caused by brown rust on the basis of phenological stage
and disease intensity.
Bibliography: LEBEDEV, V.B., VASILEV, AN., YAKUBOVA, E. V. ( 1991) Calculation of possible
spring wheat losses from brown rust. Soviet Agricultural Sciences, N°l, 14-17.

SPIROUIL-EPURE
Contact person and address : B. DE LA ROCQUE Service Regional de la Protection des Vegetaux,
33152 Cenon Cedex, France
Description : These models allow early warning of the seasonal trend, provid advice of the dates for the
first fungicide application within micro-regions or well-defined crop zones, and assist in planning of
treatment regimes. The models mainly use meteorological data, but also some agronomic ad
phenological data. The models have been used for 5 years in support of extention service in France.
Bibliography: ROCQUE, DE LA B. (1991) [Two operational models for forecasting the risk of wheat
brown rust and dates for treatment.] Rouille brue du ble: prevision des risques et des dates de traitement.
Presentation de deux modeles operationnels. Bulletin OEPP, 21 (3) 469-476.
Contact person and address : K. V. SUBBARAO X.B. Y ANG J.P. SNOW Department of Plant
Pathology, University of California, Berkeley, Keamey Agricultural Center, 9240 S. Riverbend Ave.,
Parlier, CA 93648, USA
Description : The model estimates wheat leaf rust severity at different positions from the tiller/whole
plant.
Bibliographv: SUBBARAO, K.V., Y ANG, X.B., SNOW, J.P. (1992) A model to estimate disease on
cereal leaves at different position from whole plant severity data. Phytopathology, 82 (?) 184-190.
Contact person and address : R. A DAAMEN Research Institute for Plant Protection (IPO-DLO),
P.O. Box 6700 GW Wageningen, Netherlands
Description :The advisory model based on rust monitoring on leaves. Its number can be related to the
number of rust sori per leaf, growth rate, yield loss. The application of economic thresholds is allowed.
Bibliography: DAAMEN, R. A ( 1991) An advisory model for control ofPuccinia recondita in winter
wheat. Netherlands Journal of Plant Pathology, 97 (5) 275-288
V.B. LEBEDEV AN. VASILEV E. V. Y AKUBOVA Vavilov Saratov
Contact person and address :
Agricultural Institute, Saratov, Russia
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Description : The model considers grain losses caused by brown rust basing on phenological stage and
disease intensity with and without irrigation.
Bibliography: LEBEDEV, V.B., VASILEV, AN., Y AKUBOVA, E.V. (1991) Calculation of possible
spring wheat losses from brown rust. Soviet Agricultural Sciences, N° 1, 14-17.
Contact person and address : M. SECK AP. ROELFS P. S. TENG ENDA T.M. BP 3370 DakoY,
Senegal
Description : The effect of leaf rust on wheat yield is an important element for the evaluation of
economical threshold. A relationship has been found between disease severity on the 3 upper leaves and
grain yield losses.
Bibliography: SECK, M., ROELFS, AP., TENG, P. S. ( 1991) Influence ofleafposition on yield loss
caused by wheat leaf rust in single tillers. Crop Protection, 10 (3) 222-228.

Puccinia striiformis fsp. tritici

WINDOW
Contact person and address :
S.M. COAKLEY R.F. LINE L.R. MC DANIEL Nat. Cent.
Atmospheric Res., P.O. Box 3000, Boulder, CO 80307, USA
Description : The model predicts stripe rust on winter wheat cultivars on the basis of meteorological
factors. A computer program WINDOW is used to analyse meteorological data during 1967-84 in
segments of 21-65 d beginning on 29 July. of each year and ending on 24 Jul. of the following year.
Meteorological factors is used as the independent x-variables in multiple regression with disease index
used as the dependent y-variable.
Bibliography : COAKLEY, S.M., LINE, R.F., MC DANIEL, L.R. ( 1988) Predicting stripe rust severity
on winter wheat using an improved method for analysing meteorological and rust data. Phytopathology,
78 (5) 543-550.
Contact person and address : F. V AN DEN. BOSCH H.D. FRINKING J. A J. l\1ETZ J.C.
ZADOKS Inst. Theoretical Bioi., State Univ. Leide, Groenhovenstraat 5, 231 1 BT Leiden,
Netherlands
Description : The model has been proposed for the spore production by an individual lesion as a function
of time after victimisation and the spatial distribution of daughter lesion.
Bibliography: BOSCH, F. V AN DEN., FRINKING, H.D., l\1ETZ, J.A.J., ZADOKS, J.C. ( 1988) Focus
expansion in plant disease. ITI: Two experimental examples. Phytopathology, 78 (7) 919-925.
BOSCH, VAN DEN F., VERHAAR, M.A., HOOGKAl\1ER, AM., ZADOKS, J.C. (1990) Focus
expansion in plant disease. IV: Expansion rates in mixtures of resistance and susceptible hosts.
Phytopathology, 80 (7) 598-602.

SRESM
Description: The model SRESM simulates the epidemics ofP. Striiformis. Preliminary evaluation of
this model, using data for 5 resistance components derived from field studies of 6 cultivar inoculated
with 3 races ofPuccinia striiformis in 198586 in Beijing, showed that the simulated epidemics generally
conformed to the observed epidemics.
BibliographY: LUO, Y., ZENG, S.M. ( 1987) An epidemic simulation model of stripe rust (Puccinia
striiformis) on slow rusting cultivars of wheat (11). Scientia Sinica (Science in China), B, 3 1 (4) 457468.
Contact person and address : Y. LUO S.M. ZENG Dep. PI. Protect BeiJing Agric Univ Beijing
China
Contact person and address : R. Y. XIAO S.M. ZHENG Beijing Agric. Univ., Beijing, China
Description: On the basis of previous studies of unilateral and circular spread, the elliptical model
simulates disease spread caused by prevailing winds during a short period of time. It uses the ratios
between the velocities of down-wind and up-wind, and those of down-wind and side-wind direction.
Bibliography : XIAO, R. Y., ZHENG, S.M. ( 1986) [Computer simulation of disease spread from the
focus of wheat yellow rust Il. Elliptical spread.) Acta Phytopathologica Sinica, 16 ( 1) 3-10.
Contact person and address:
J.S. BROWN Dep. Agric. and Rural Affairs, Victoria Crops Res. Inst.,
Private Bag 260, Horsham, Vie. 3400 Australia
Description : The relationship between disease severity and yield losses in wheat are analysed with
regression models. Among best estimator of yield loss is the estimate of disease severity at the end of
anthesis-early berry growth stage.
Bibliography: BROWN, J. S. ( 1988) Relationschip between stripe rust severity and grain yield loss at
Dooen, Victoria. Australian Journal of Agricultural Research, 39 (4) 563-567.
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SIMYR
Contact person and address : Y. XIAO S. ZENG W. ZHANG P. WANG Beijing Univ. Agric.,
China
Description : Prognostic equations have been developed on the basis of daily multiplication factor,
probability of appearance and rate of sporulating lesion expansion.
Bibliography: XIAO, Y., ZENG, S., ZHANG, W., WANG, P. ( 1983) [SYMIR-a simple simulation
model for epidemic of wheat stripe rust, Puccinia striiformis West.) Acta Phytopatologica Sinica, 13 (1)
1-13.
Contact person and address: Y. Y. XIAO S.M. ZENG Dep. PI. Prot. Beijing Agric. Univ., Beijing,
China
Description : The models are formulated to predict the development of stripe rust on wheat, determined
mainly by accumulated temperatures.
Bibliographv: XIAO, Y.Y., ZENG, S.M. (1985) Comparison ofthree prognostic equations for
probability of apparition of stripe rust of wheat. Scientia Sinica, B, 28 (7) 729-735.
G.J. ASH J.S. BROWN R. G. REES Queensland Wheat Research
Contact person and address:
Institute, Toowoomba, Qld 4350, Australia
Description : A multiple regression model incorporates weather parameters to explain the seasonal
variation in the severity of stripe rust. The model explains almost 90% of the variation in the data.
Bibliography: ASH, G.J., BROWN, J. S., REES, R.G. ( 1991) Prediction of severity of stripe rust on
wheat in Australia using regional weather data. Plant Protection Quarterly, 6 ( 1 ) 43-44.
S. M. ZENG Dep. PI. Prot., Beijing Agric. Univ., China
Contact person and address:
Description : In airborne diseases, such as wheat stripe rust, an infection gradient model predicts the
distance of spread brought about by one cycle of infection.
Bibliography : ZENG, S.M. (I 985) [Preliminary study on the prediction of distance of disease spread
based on the infection gradient model.) Acta Phytopathologica Sinica, 15 (2) 95-102.
Contact person and address: Y. LUO J.C. ZADOKS Department of Plant Protection, Beijing
Agricultural University, Beijing, China.
Description : The model is constructed to provide a method for selecting the optimum strategy of variety
mixing. Frequency changes of pathogen races are simulated in polycyclic epidemics during 1 growing
season. The model simulates race frequency changes based on all possible combinations of varieties in a
mixture
Bibliographv: LUO, Y., ZADOKS, J.C. ( 1992) A decision model for variety mixtures to control yellow
rust on winter wheat. Agricultural Systems, 38 (1) 17-33 .
Contact person and address: R.E. GAUNT M.J. COLE Department of Biochemistry and
Microbiology, Lincoln University, Canterbury, New Zealand
Description : The spatial dispersion of stripe rust on wheat is analysed using frequency models,
dispersion indices and regression. Consistent results are obtained considering the top 3 green fully
expanded leaves.
Bibliography: GAUNT, RE., COLE, M.J. (1992) Spatial analysis of wheat stripe rust epidemics. Crop
Protection, 11 (2) 131-137.
Contact person and address : J.N. ZHANG Centre for Extension of Agricultural Technique, Jingning
Country, Gansu, China
Description : The model is based on overwintering of Puccinia striiformis and rainfall. It predicts agreed
well with the ocurrence of the disease in the field.
Bibliography: ZHANG, J.N. (1992) [A simple and easy model for forecasting wheat stripe rust disease.)
Plant Protection, 18 (2) 4-6.
Contact person and address : K. CHRISTENSEN L.N. JORGENSEN B.J.M. SECHER
Plantevaernscentret, Afd. for Plantepatologi, Lottenborgvej 2, 2800 Lyngby, Denmark
Description : Three forecasting models are developed. They are based on historical temperature data and
disease data. Variables based on temperature in January and February are highly correlated with yellow
rust severity on wheat.
Bibliography: CHRISTENSEN, K., JORGENSEN, L.N., SECHER, B.J.M. (1993) [Development of a
yellow rust model based on historical data.) Udvikling af gulrustmodel ud fra historiske data. In lOth
Danish plant protection conference. Pest and diseases. Lyngby, Denmark. Tidsskrift for Planteauls
Specialserie Beretning N° S2237.
Contact person and address : Z. W. Y ANG H. S. SHANG H.Z. PEI Y. L. XIE Department of
Plant Protection, Northwest Agricultural University, Yangling 712100, Shaanxi, China
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Description : Among five models for temporal analysis (logistic, Gompertz, Weibull, Richards and
sinesquare) logistic model seems to be more suitable for describing the infection of stripe rust on winter
wheat.
Bibliographv: YANG, Z.W., SHANG, H.S., PEI, H.Z., XIE, Y.L. (1991) [Dynamic forecasting of stripe
rust of winter wheat.] Scientia Agricultura Sinica, 24 (6) 45-50.

Puccinia graminis f.sp. tritici
Contact person and address : L.A. KASHEMIROVA G. G. FILIPPOVA S. S. SANIN YU.A.
STRIZHEKOZIN A. A. AGAEV
Description: Following experiment which involved races ofP. graminis varying in virulence and 20
winter and spring wheat cultivars differing in resistance to these races , simulation model is proposed.
Laboratory assessment is based on an empirical model developed for field conditions, which depicts the
relation between yield loss and amount of inoculum and weather conditions. Using the equations of the
model with a method of estimating the relative tolerance of the cultivar from plant resistance and
aggressiveness of the pathogen, it is possible to calculate the expected loss in yield.
Bibliographv: KASHEMIROVA, L.A., FILIPPOVA, G. G., SANIN, S.S., STRIZHEKONIN, YU.A.,
AGAEV, A. A. (I985) [Use of mathematical models in the study of resistance of wheat to stem rust. ]
Mikotogiya i Fitopatologiya, 19 ( 1) 61-66.
Contact person and address: M. G. ANDERSON Agric. Canada Res. Sta., Kentville, NS B4N
1J5.From Biological Abstracts 77, 86655
Description: The simulation model of the wheat-wheat stem rust system is constructed which
incorporated the ecology, epidemiology and genetic evolution of the pathogen population.
Bibliography: ANDERSON, M. G. (1983) A long-term model for plant disease host-pathogen
simulation. Ecological modelling, 20 (2/3) 201-222.
Contact person and address : S.V. MAHAJAN S.B. THOI\.1BARE Mahatma Phule Agric. Univ.,
Rahuri, Maharashtra, India
Description: Quadratic and power-function models to estimate the yield losses caused by Puccinia
graminis f.sp. tritici and P. recondita.
Bibliographv : MAHAJAN, S. V., THOI\.1BARE, S.B. ( 1983 ) Statistical model for the estimation of
loss in yield due to black-rust and brown-rust in "Kalyan Sona" wheat. Indian Journal of Agricultural
Sciences, 53 (8) 718-72 1.

Erysiphe graminis fsp. tritici
Contact person and address : R RABBINGE W.A.H. ROSSING Dep. Theoretical Production
Ecology, Agric. Univ., Bomsesteeg 65, Wageningen, Netherlands
Description: The combination models simulates the level of yield reduction caused by diseases and
allow the evaluation of economic injury level for different conditions.
Bibliographv : RABBINGE, R, ROSSING, W.A.H. (1988) Dynamic explanatory models as a tool in the
development of flexible economic injury levels. Bulletin SROP, 11 (2) 48-61.
Contact person and address: RA. DAAMEN Res. Inst. Pl. Prot, 6700 GW Wageningen, Netheralds
Description : Mildew profiles from top to bottom of the canopy can be described by an exponential
equation, considering the cumulative pustule number and the cumulative leaf area.
Bibliographv: DAAMEN, RA. (1989) Assessment of the profile of powdery mildew and its damage
function at low disease intensities in field experiments with winter wheat. Netherlands Journal of Plant
Pathology, 95 (2) 85-105.
Contact person and address : D.I. ROUSE RR NELSON D.R. MacKENZIE Pennsylvania State
University., University Park, USA
Description : A statistical model for fungal colonies on leaves is based on parameters representing
sporulation potential and infection efficiency. A possible application ofthis model is for the detection of
relative levels of these components of horizontal resistance.
Bibliography: ROUSE, D.I., NELSON, RR, MacKENZIE, D.R. (1980) A stochastic model of
horizontal resistance based on frequency distribution. Phytopatology, 70 (10) 951-954.
Contact person and address: H.Y. W ANG Institute of Plant Protection, Henan Academy of
Agricultural Sciences, Zhengzhou, Henan, China
Description : A regressive forecast model is established on the basis of data from quantitative analysis of
average air temperature and relative humidity.

208

Report of the RA VI Working Group on Agricultural Meteorology, 1998

Bibliography : W ANG, H. Y. ( 1992) [A study of the forecast model of infection probability by the wheat
powdery mildew pathogen Erysiphe graminis f.sp. tritici.] Acta Agriculture Universitatis Henanensis, 2S
(3) 255-258.
Contact person and address : V. GUTSCHE U. GROLL E. KLUGE G. GUNTER M. OSCHMANN
Inst. Pflanzenschutzforschung, 1 532 Kleinmachnow, Germany
Description : The forecasting of outbreaks of mildew on wheat and barley and eyespot on wheat in
germany based on epidemic models, analyses of infection and studies of the relation between disease
severity and yield loss. The models give indirect monitoring on epidemics and short-term forecasting for
I S regions, and remmendation for making local decision on control.
Bibliography: GUTSCHE, V., GROLL, U., KLUGE, E., GUNTER, G., OSCHMANN, M. (1987)
[Model-aided regional forecasting and field-related decision making on control of powdery mildew on
wheat and barley and eyespot on wheat.] Modellgestlitzte Bekampfungsentscheidung fiir den Weizenund Gerstenmehltau sowie die Halmbruchkrankheit des Weizens. Nachrichtenblatt fur den
Pflanzenschutz in der DDR, 41 ( 1) 16-19.
Contact person and address: 0. CHRISTEN Institute of Crop Science and Plant Breeding, Christian
Albrechts Universitat Kiel, Olshausenstr. 40, 2300 Kiel 1, Germany
Description : Yield losses caused by Erysiphe graminis and Gaeumannomyces graminis, has been
evaluated with 2 methods to combine sequential assessments of disease progress and different critical
point models using a regression approach.
Bibliography : CHRISTEN, 0. ( 1992) Yield-loss relationships in winter wheat affected by the
interaction between fungal disease and husbandry practices - a comparison of methods.

Mycosphaerella graminicola
Contact person and address:
H.R FORRER J.C. ZADOKS Swiss Federal Res. Sta. Agron., Zurich,
Switzerland
Description : A model to simulate leaf necrosis progress curve uses a sigmoid curve. It could be usefully
transformed into a logic lines. The integral of leaf necrosis over time is highly correlated with loss of
weight
Bibliography: FORRER, HR, ZADOKS, J.C. (1983) Netherlands Journal of Plant Pathology 89 (3) 8798.,
Contact person and address:
S.M. COAKLEY L.R. MCDANIEL G. SHANER Dep. Biol. Sci.,
Univ. Denver, NCAR, P.O. Box 3000, Boulder, CO 80307, USA
Description: A statistical model is developed to predict severity of S. tritici blotch on susceptible Monon
winter wheat. Model selection and validation were based on the use of different regression analysis
techniques, including mallow's Cp. statistic, Alien's PRESS statistic, and the variance inflation factor.
Bibliography : COAKI.EY, S.M., MCDANIEL, L.R., SHANER, G. (1985) Model for predicting severity
ofSeptoria tritici blotch on winter wheat. Phytopathology, 75 (11) 1245-1251.
Contact person and address : G. M. MURRAY RH. MARTIN B.R CULLIS NSW Agriculture &
Fisheries, Agricultural Research Institute, Wagga Wagga NSW 2650, Australia
Description : To simulate the severity of epidemics of Septoria tritici blotch in wheat, a multiple
regression model has proposed, considering environmental and management factors.
Bibliography: MURRAY, G.M., MARTIN, RH, CULLIS, B.R (1990) Relationship of the severity of
Septoria tritici blotch of wheat to sowing time, rainfall at heading and average susceptibility of wheat
cultivars in the area. Australian Journal of Agricultural Research, 41 (2) 307-315.
D. SHTIENBERG Department of Plant Pathology and Microbiology, Faculty of Agriculture, Hebrew
University of Jerusalem, Rehovot 76100, Israel
Description: The model is used to evaluate the interrelationships between moisture and
disease stresses on wheat yield under semi-arid conditions. Simulation
experiments revealed that moisture availability plays a role in determining the
relationship between disease and yield.
Bibliography: SHTIEBERG, D. ( 1991 ) Effects of moisture and Septoria tritici blotch stresses
on wheat yields under semi-arid conditions: a simulation study. Phytoparasitica,
19 (4) 301-310.
Contact person and address: A.M. MAGBOUL S. GENG D.G. GILCHRIST L.F. JACKSON
Department of Plant Protection, King Faisal University at Al-Hassa, Saudi Arabia
Description : The model quantifies the effect of temperature and duration of leaf wetness and
their interaction during the infection process on major disease components.
Bibliography: MAGBOUL, A.M., GENG, S., GILCHRIST, D.G., JACKSON, L.F. (1992)
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Environmental influence on the infection of wheat by Mycosphaerella
graminicola. Phytopathology, 82 ( 12) 1407-1413.

Pseiudocercosporella herpotricoides
Contact person and address : D. PAYEN F. RAPILLY M. GALLIOT Meteorologie Nationale,
Paris, France
Description : The simulation ofP. herpotrichoides in relation with weather data is based on a
biometeorological index. It is used to forecast the increase in incidence as a result of earlier sowing and,
consequently, earlier harvesting
Bibliography: PAYEN, D., RAPILLY, F., GALLIOT, M. (1983) [Effect of the sowing date on the
climatic potentialities of winter infections of soft winter wheat by eyespot in France.) Influence de la date
de semis sur les potentialites climatiques de contaminations hivemales du ble tendre d'hiver par le
pietin-verse en France. Comptes Rendus des Seances de l'Academie d'Agriculture de France, 69 (No. 7)
473-481.
Contact person and address : G. SIEBRASSE H. FEHRMANN Inst. Numerische und Angewandte
Mathematik, Univ. Gottingen, 3400 Gottingen, German Federal Republic
Description : Infection probability is ·computed at different sites and a regression function is developed
for growth ofP. herpotrichoides mycelium inside wheat tissue after infection. The model simulates
disease development with infection before growth stage EC ;2 and the decisions about fungicide
application depend on simulation date.
Bibliography: SIEBASSE, G., FEHRMANN, H. (I 987) [An enlarged model for the chemical control of
the eyespot fungus Pseudocercosporella herpotricoides in winter wheat.] Ein erweitertes Modell zur
praxisgerechten Bekampfung des Erregers. Der Halmbruch krankheit Pseudocercosporella
herpotricoides in Winterweizen. Zeitschrift fur Pflanzenkrankheiten und Pflanzenschutz, 94(2)137- 149.

·CERCOPROG
Contact person and address : WHEAT U. GROLL V. GUTSCHE Institut fur
Pflanzenschutzforschung Kleinmachnow der Akademie der Landwirtschaftswissenschaen, Bereich
Eberswalde, Schicklerstrasse 5, 1,00 Eberswalde-Finow 1, Germany
Description: The model calculates regional differences i epidemic development ofPseudocercosporella
herpotrichoides and determines the necessity for control under the environmental conditions prevailing
in a specific field. The model is found to be reliable both at regional ad at local levels and the control
threshold is a reliable criterio for assessing the need for funicide treatment. The model is recommended
for large-scale commercial application from 1989.
Bibliographv : GROLL, U., GUTSCHE, V. ( 1989) [Computer -aided method for prediction of eyespot i
winter wheat (CERCOPROG)- tests results 1986 to 1988.) Computergestiitztes Prognoseverfahren fur
die Halmbruchkrankheit an Winterweizen (CERCOPROG)- Ergebnisse der Erprobung 1986 bis 1988.
Nachrichtenblatt fur den Pfanzenschutz in der DDR, 4; (8) 157-160.
Contact person and address : V. GUTSCHE U. GROLL E. KLUGE G. GUNTER M.
OSCHMANN Inst. Pfanzeschutzforschung, 1532 Kleinmachow, Germany
Description : The forecasting of outbreaks of mildew on wheat and barley and eyespot on wheat in
germany based on epidemic models, analyses of infection and studies of the relation between disease
severity and yield loss. The models give indirect monitoring on epidemics and short-term forecasting for
15 regions, and remmendation for making local decision on control.
Bibliography: GUTSCHE, V., GROLL, U., KLUGE, E., GONTER, G., OSCHMANN, M.( 1987)
[Model-aided regional forecasting and field-related decision making on control of powdery mildew on
wheat and barley and eyespot on wheat.) Modellgesttitzte Bekampfungsentscheidung fur den Weizenund Gerstenmehltau sowie die Halmbruchkrankheit des Weizens. Nachrichtenblatt fur den
PflanzenschutzinderDDR, 41 ( 1) 16-19.

Septoria nodorum
Contact person and address : M.J. RICHARDSON Agric. Sci. Services, East Crais Edinburgh UK
Description : Relationships between diseases severity and weather data can be usefully applied to
classify region in order to identify the relative incidence on crop.
Bibliographv : RICHARDSON, M.J. (1980) Crop loss and disease incidence classified by climatic
parameters. EPPO Bullettin, 1; (2) 87-95.

EPISEPT
Contact person and address :
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Description : With model EPISEPT the components of partial resistance are ranked by their likelihood
to reduce infection rate, and results obtained in breeding for partial resistance ad its expression in
relation to climate can be evaluate.
Bibliography : RAPILLY, F. ( 1988) Partial resistance of wheat to Septoria nodorum Berk. : from the
mathematical simulation of the study of resistance chromosomes. Zeitschrift fur Pflanzenkrankheite und
Pflanzenschutz, 95 (4) 419-427.
Contact person and address : R.M. BRENNAN B.D.L. FITT G. S. TAYLOR J. COLHOUN
Rothamsted Exp. Sta., Harpenden, United Kingdom
Description : The model simulates with an exponential model distribution of splash droplets, sporecarrying droplets and spores with distance travelled.
Bibliographv: WHEAT BRENNAN, R.M., FITT, B.D.L., TAYLOR, G.S., COLHOUN, J. (1985)
Dispersal of Septoria nodorum pycnidiospores by simulated raindrops in still air. Phytopathologische
Zeitschrift, 112 (4) 281-290.
BRENNAN, R.M., FITT, B.D.L., TAYLOR, G.S., COLHOUN, J. (1985) Dispersal ofSeptoria
nodorum pycnidiospores by simulated rain and wind. Phytopathologische Zeitschrift,ll2 (4) 291-297.
Contact person and address: F. RAPILLI P. DELHOTAL INRA, Station de Pathologie Vegetale,
Versailles, France
Description : The model showed the advantage of taking into account a new parameter, the summation
over time of the infection density /cm3 of healthy leaf area.
Bibliography : RAPILLI, F. , DELHOTAL, P. ( 1986) [Durability of partial resistance to Septoria
nodorum Berk. in wheat (Triticum aestivum 1.): forecasting studies using simulation.] Sur la durabilite
de resistance partielles Septoria nodorum berk. chez le ble (Triticum aestivum L.): etudes prospectives
realisees par la simulation. Agronomie, 6 (4) ;35-355.
Contact person and address: J.A. VERREET G.M. HOFFMANN Technical University of Munich,
Freising-Weihensteihan, Germany
Description : The population dynamics of pathogen is described by simulation model. The effect of
fungicide applications oriented to threshold levels at growth stages are considered.
Bibliography : VERREET, J.A., HOFFMANN, G.M. (1990) A biologically oriented threshold decision
model for control of epidemics of Septoria nodorum in wheat. Plant Disease, 74 ( 10) 731-738.

a

BBSEPTOR
Contact person and address: D. ROSSBERG E. KLUGE K. SCHLIEBENOW Institut fiir
Pflanzenschutzforschung Kleinmachnow der Akademie der Landvr.irtschaftsvr.issenschaften, Bereich
Eberswalde, Schicklerstrasse 5, 1300 Eberswalde-Finow 1, Germany
Description: BBSEPTOR, a software package has been development to assist individual farmers in
monitoring and control of Septoria nodorum.
Bibliography : ROSSBERG, D., KLUGE, E., SCHLIEBENOW, K. (1989) [Personal computer program
for monitoring and control of Septoria nodorum in vr.inter wheat. J PC-Programm zur Dberwachung und
Bekapfung von Septoria nodorum an Winterweizen. Nachrichtenblatt fiir den Pflanzenschutz in der
DDR, 43 (2-3) 41-42.
Contact person and address: J.A. VARIETY G.M. HOFFMANN Department ofPhytopathology,
Technical University of Munich, 8050 Freising-Welhenstephan, Germany
Description : The model is formulated in which pycnidia on certain indicator leaves is used as a control
threshold value. The threshold model is delineated with respect to various crop growth stages. Moreover
sampling procedures for diagnosis and morphological criteria for an exact determination ofgrowth stage
are proposed. The model is evaluated with regard to its applicability for experimental, advisory and
practical work.
Bibliographv: VERRET, J.A., HOFFMANN, G.M. (1989) A threshold oriented decision model for
control of Septoria nodorum (Berk.) Berk. epidemic in wheat. Mededelingen van de Faculteit
Landbouwwetenschappen Rijksuniversiteit Gent, 54 (2b) 665-697.
VERRET, J.A., HOFFMANN, G.M. (1990) A biologically oriented threshold decision model for control
of epidemics of Septoria nodorum in wheat. Plant Disease, 74 ( 10) 73 I -738.
Contact person and address: A DJURLE J.E. YUEN Department of Plant and Forest Protection,
Swedish University of Agricultural Sciences, PO Box 7044, 750 07 Uppsala, Sweden
Description : WHEAT A disease model simulating Septoria nodorum epidemic is coupled to a wheat
growth model. The structure of the composite model includes delays for latency and infectious periods
and procedures for simulation of lesion growth and vertical spore distribution.
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Bibliography: DJURLE, A. , YUEN, J.E. ( 1991) A simulation model for Septoria nodorum in
winterwheat. Agricultural Systems, 37 (2) 193-218.
Contact person and address: J.G. HANSEN B. J.M. SECHER L.N. JORGENSEN B. WELLING
Landbrugscentret, Afd. for Jordbrugsmeteorologi, Forskningscenter Foulum, 8830 Tjele, Denmark.
Description : The model for Septoria in wheat is based on precipitation data and growth stage.
Bibliography: HANSEN, J.G., SECHER B.J.M., JORGENSEN, L.N., WELLING, B. (1992) A simple
forecasting model for Septoria spp. in wheat based on precipitation and growth stage. In 9th Danish
plant protection conference. Pests and diseases. Lyngby, Denmark; Landburgsministeriet Statens
Planteavlsforsog, 115-125.

Gaeumannomyces graminis
Contact person and address : A.R. WERKER C. A. GILLIGAN Department of Applied Biology,
University of Cambridge, Pembroke Street, Cambridge CB2 3DX, UK
Description : Linear models are used to simulate the effects and interactions of treatments for the
control of Gaeumannomyces grarninis. The model is validated on field data collected in 3 successive
season.
Bibliography: WERKER A.R., GILLIGAN, C.A. (1990) Analysis of the effects of selected agronomic
factors on the dynamics of the take-all disease of wheat in field plots. Plant Pathology, 39 ( 1) 161-177.
Contact person and address: AD. HERITAGE AD. ROVIRA G. D. BOWEN R.L. CORREL
CSIRO, Div. Water Resources, PMB Griffith, NSW 2680, Australia
Description : The interaction between microbial and root as affected by soil condition is modelled. The
system wheat and Gaeumannomyces grarninis var. tritici is considered in comparison to degree of soil
pore saturation.
Bibliography: HERITAGE, AD., ROVIRA, AD., BOWEN, G.D., CORREL, R.L. {1989) Influence of
soil water on the growth of Gaeumannomyces graminis var. tritici in soil: use of mathematical model.
Soil Biology & Biochemistry, 21 (5) 729-732.
Contact person and address: C.A. GILLIGAN P.R. BRASSETT Botany School, University of
Cambridge, Downing Street, Cambridge CB2 ; EA, UK
Description : The model estimates the number of infections of seminal roots of wheat. The model is
based on the probability of escape from infection by individual roots of the crop plants. A model has
been fitted to data for infection of roots from the soil inoculum.
Bibliography: GILLIGAN, C.A, BRASSETT, P.R. ( 1990) Modeling and estimation of the relative
potential for infection of winter wheat by inoculum of Gaeumannomyces graminis derived from
propagules and infected roots. Journal of Phytopathology, 129 ( 1) 58-68.
Contact person and address : 0. CHRISTEN Institute of Crop Science and Plant Breeding, Christian
Albrechts Universitat Kiel, 40, 2300 Kiel1, Germany
Description : Yield losses caused by Erysiphe grarninis and Gaeumannomyces grarninis, has been
evaluated with 2 methods to combine sequential assessments of disease progress and different critical
point models using a regression approach.
Bibliography: CHRISTEN, 0. (1992) Yield-loss relationships in winter wheat affected by the
interaction between fungal disease and husbandry practices - a comparison of methods.

Gibberella zeae
Contact person and address : C.H. ZHOU Ruian Disease & Pests Observation Station, Zhejiang, China
Description : The model forecasts epidemic of wheat scab. It has been formulated using environmental
parameters and 17 years' disease data.
Bibliography: ZHOU, C.H. (1990) [Principal components in epidemic factors of wheat scab and a
forecasting model.] Acta Phytophylacica Sinica, 17 (4) 317-321.
Contact person and address : Z.LIANG Z.HUANG Station of Plant Protection, Haimen Couty,
Jiangsu, China
Description: Prediction models for 3 stages of wheat scab disease are based on the relations between
wheat scab and climate, the activity of the pathogen and other factors. The models including the time for
control.
Bibliography: LIANG, Z., HUANG, Z. (1991) [Study on stage prediction models for wheat scab
disease.] Acta Phytophylacica Sinica, 13 (2) 117-122.
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GENERAL MODELS
Contact person and address: P. H. GREGORY Rothamsted Experimental Station, Harpenden,
England
Description : Incidence of a plant disease over a field sometime shows a definite trend increasing or
decreasing in a particular direction in such a way that when number of infections per unit area of ground
surface or plant tissue are plotted against distance traveled they yield a sloping line. The slope of this
line is the gradient. Infection gradient are two main kinds: environmental gradients, due to variation
across a field of such factors as ecoclimate or soil; and dispersal gradient, due to spatial variation in the
amount of inoculum arriving. Environmental gradients, although outside the scope of this review, must
be remembered because infection gradients can be of dual origin. Dispersal gradients results from
various factors which operate during the dispersal process, such as eddy diffusion, splash bollostics,
insect movement, or the pathogen dying during transport. The review aims at surveying the fact about
dispersal gradients. It is not intended to discuss the physical basis underlying them, as these are treated
else where.
Bibliography: GREGORY, P.H. ( 1968) Interpreting Plant Disease Dispersal Gradients. Annual Review
ofPhytopathology, (6) 189-212.
MUNDT, C. C., LEONARD, K.J. (I 985) A modification of Gregory's model for describing plant disease
gradients. Phytopathology, 75 (e) 930-935.
Contact person and address: RD. BERGER Institute of Food and Agricultural Sciences, University
of Florida, Agricultural Research and education center, Belle Glade ;3430
Description : The purpose of this work is to categorise many of the epidemiological principles that have
recently been put to conscious use in the control of plant disease. Particular attention is directed to
quantifying the epidemiological response following the application of the technique.
Bibliography : BERGER, RD. ( I 977) Application of epidemiological principles to achieve plant
disease control. Annual Review Phytopathology, 15, 165-183.
Contact person and address : M.J. YEGER East Mallin Maidstone, Kent, UK
Description : A new mathematical analysis is formulated that links the rates of change of total, infectious
and removed diseased plant tissue.
Bibliography : YEGER, M.J. (1983) Postinfectious diseased plant tissue. Phytopatology, 72 (9) 11851189.
Contact person and address : M.J. YEGER East Mallin Maidstone, Kent, UK
Description : Simple models are developed by considering the rate of isopath movement from a focal
centre. Linear equations for simultaneously estimating parameters of temporal progress and spatial
spread are derived for different types of epidemics.
Bibliography: YEGER, M.J. ( 1983) Analysing epidemics in time and space. Plant Pathology, 32 (1) 511.
Contact person and address: H. 0. STERGAARD Ris.Natn. Lab., 4000 Roskilde, Denmark
Description : A mathematical model for the development of an epidemic on plant cultivar mixtures
illustrates the influence of the infection efficiency, spore production rate, proportion of deposited spores,
frequency of autodeposition and composition of the mixtures on the genetic composition of the pathogen
population and on the long-term rate of disease increase.
Bibliography: OSTERGAARD, H. (1983) Predicting development of epidemics on cultivar mixtures.
Phytopatology, 73 (2) 1 66-172.
OSTERGAARD, H. ( 1987) Estimating relative fitness in asexually reproducing plant pathogen
populations. Theoretical and Applied Genetics, 74 ( 1) 87-94 ..
Contact person and address : L. EDELSTEIN Y. RADAR I. CHET Y. HENIS, L.A SEGEL
Lefschetz Cent. Dynamical System, Brown Univ., Providence, RI., USA
Description : A model relating branching kinetics to colony shape in filamentous fungi was used to
study the growth of Sclerotium rolfsii.
Bibliographv: EDELSTEIN, L., RADAR, Y., CHET, I., HENIS, Y., SEGEL, L.A (1983) A model for
fungal colony growth applied to Sclerotium rolfsii. Journal of General Microbiology, 129(6)1873 -1881.
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Contact person and address: R.EPAYSOUR W.E. FRY Cornell Univ., Ithaca, NY, USA
Description : A model of disease gradients is used to compute the relative quantities of aerially
dispersed, infective inoculum lost from and exchanged between experimental field plots.
Bibliography : PAYSOUR RE., FRY, W.E. (1983) Interplot interference: a model for planning field
experiments with aerially disseminated pathogens. Phytopatology, 73 (7) 1014- 1020.
Contact person and address : W.M. THAL C.L. CAMPBELL L. V. MADDEN Department Plant
Pathology, North Carolina State University, Raleigh 27650, USA
Description : Sensitivity of estimates of Weibull Parameters (a, b, c) to alterations in factor controlled
or not controlled by investigators can be examined by using simulated disease progression data
generated from the monomolecular, Bertalanffy-Richards, Gompertz and logistic models.
Bibliography: CENTRAL MODELS THAL, W.M., CAMPBELL, C.L., MADDEN, L.V. (1984)
Sensitivity ofWeibull model parameter estimates to variation in simulated disease progression data.
Phytopathology, 74 ( 12) 1425-1430.
Contact person and address: D. SCHOORL J.E. HOLT Redlands Hort. Res. Sta., Ormiston, Qd.,
Australia
Description : The ripeness of horticultural plants and the level of disease show a interactive and
synchronous nature. A temperature-time framework can be used to explain the behaviour of the system.
Bibliography: SCHOORL, D., HOLT, J.E. (1984) The evaluation of post-harvest disease control
measures using a temperature-time framework. Agricultural Systems, 13 (2) 91-111.
Contact person and address: P. WINER Department Statistics, Australian Nat. Univ., Canberra,
Australia
Description: Simulation models can be used to simulate the meaning of vertical and horizontal
resistance of pathogen.
Bibliography: WINER, P. ( 1984) Additive and multiplicative models for resistance in plant pathology.
Euphytica, 33 (3) 963-971.
Contact person and address : RD. BERGER J. W. JONES Dep. PI. Path. Agric. Engineering, Univ.
Florida, Gainesville, FL 3261 I, USA
Description: A disease-progress model is derived by combining an infection model with a host-growth
model. Variants of common growth functions were used as the basic equations to calculate infection and
host growth in time. The model may have benefits for decision-making in disease management and to
estimate potential crop loss.
Bibliography: BERGER, RD., JONES, J.W. (1985) A general model for disease progress with
function for variable latency and lesion expansion on growing host plants. Phytopathology, 75(7)792797.
Contact person and address:
S.P. EISENSMITH R. RABB INGE J.C. ZADOKS Dep. Theoretical
Production Ecol., Agric. Univ., Wageningen, Netherlands
Description: The concept of dose (log. time)/response (percent germination) is introduced into a parallel
box car model, where each spore in a population passes through its own box during its change from an
ungerminated to a germinated state, the time until germination being a stochastic random variable.
Effect of inoculum density, infection efficiency and variable temperature are incorporated into a
computer simulation programme.
Bibliography: EISENSMITH, S.P., RABBINGE, R, ZADOKS, J.C. (1985) Development of a stochastic
spore germination model. Netherlands Journal ofPlant Pathology, 91 (3) 137-150.
Contact person and address : J.M.DAVIS C.E.MAIN North Carolina State Univ., Raleigh, NC, USA
Description : Computer generated atmospheric trajectory analyses are very useful in identifying
potential inoculum source regions for large-scale plant disease epidemics.
Bibliographv: DAVIS, J.M., MAIN, C.E. (1986) Applying atmospheric trajectory analysis to problems
in epidemiology. Plant Disease, 70 (6) 490-497.
Contact person and address : N. LALANCETTE K.D. HICKEY Dep. PI. Path., The Pennsylvania
State Univ., Fruit Res. Lab., Biglerville, PA 17307, USA
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Description : Simulation models are proposed to simulate disease development as a function of plat
growth. Several approaches can be followed, such as logistic, Gompertz, monomolecular, power and so
on.
Bibliography: LALANCETTE, N., IDCKEY, K.D. (1986) Disease progression as a function of plant
growth. Phytopathology, 76 ( 1 I) 1171-1175.
Contact person and address: M.J. JEGER Dep. Path. Microbial., Texas A & M Univ. System,
College. Station., TX 77843, USA
Description : Criteria threshold and asymptotic behaviour in plant disease epidemics can be well
explained with Vanderplank's differential-difference equation. The use of linked differential equations
can be useful.
Bibliography : JEGER, J.M. ( 1986) Asymptotic behaviour and threshold criteria in model plant disease
epidemics. Plant Pathology, 33 (3) 355-361.
HAU, B. ( 1988) [Remark on asymptotic behaviour and the threshold theorem in models of epidemics of
plant disease.] Anmerkungen zum asymptotischen Verhalten und dern Schwellentheorem bei Modellen
fur Epidemie von Pflazekrankheiten. Zeitschrift fiir Pflanzenkrankheiten und Pflanzenschutz, 95 (4)
372-376.
Contact person and address : J.E. VANDERPLANK Plant Protection Research Institute, Pretoria,
South Africa
Description: Vanderplank approach is based largely on infection rate and on the relation between the
amount of inoculum and the amount of disease it produces. Two models, the logistic and monomolecular
form the basis of the system, although some references were made to the exponential model.
Bibliographv : VANDERPLANK, J.E. ( 1963) Plant Disease: Epidemics and Control. Academic, New
York, pp. 344. VANDERPLANK, J.E. ( 1984) Disease resistance in plants. Academic Press
Inc. Ed 2, XIV+ 194 pp. HAU, B. ( 1988) [Remark on asymptotic behaviour and the threshold theorem
in models of epidemics of plant disease.] Anmerkungen zum asymptotischen Verhalten und dern
Schwellentheorem bei Modellen fur Epidemie von Pflazekrankheiten. Zeitschrift fur
Pflanzenkrankheiten und Pflanzenschutz, 95 (4) 372-376. ONSTAD, D.W. (I 992) Evaluation of
epidemiological thresholds ad asymptotes with variable plant densities. Phytopathology, 82 ( 10) 10281032.
Contact person and address : M.L. CARSON Dep., South Dakota State Univ., Brooking, SD 57007,
USA
Description : Genetic models can be used taking into account the following systems: the interaction for
resistance, interaction for susceptibility, Parlevliet and Zadok's addition, Fleming and Person's additive,
Fleming and Person's multiplicative, and a multiplicative interactive model.
Bibliography : CARSON, M.L. ( I 987) Assessment of six models of host-pathogen interaction in
horizontal pathosystems. Phytopathology, 77 (2) 241-246.
Contact person and address : M.J. JEGER Dep. Path. Microbial., Texas A & M Univ. System,
College. Station., TX 77843, USA
Description : The dynamics of root infection, as reprinted by symptom expression above ground, can be
followed using simple simulation models. More detailed ones incorporating root extension and loss of
inoculum due to infection and cases with and without lesion expansion can be used.
Bibliography : JEGER., M.J. ( 1987) The influence of root growth and inoculum density on the dynamics
of root disease epidemics: theoretical analysis. New Phytologist, 107 (2) 459-478.
Contact person and address : B.D.L FITT P.H. GREGORY A.D. TODD H. A. MCCARTNEY 0.
C. MACDONALD Rothamsted Experimental Station, Harpenden, UK
Description : The description of the decreasing with distance in deposition of air-or splash-borne
spores, or pollen, or in arounts of plant disease caused by fungi, bacteria or viruses can be made using a
power law or exponential models. Fitted to 325 sets of data, the models show generally little difference
in the goodness of fit.
Bibliography : FliT, B.D.L., GREGORY, P.H., TODD, A.D., MCCARTEY, H.A., MACDONALD,
O.C. Spore dispersal and plant disease gradients; a comparison between two empirical models. Journal
ofPhytopathology, 118 (3) 227-242.

215

Report of the RA VI Working Group on Agricultural Meteorology, 1998

Contact person and address: M. G. EVERSivfEYER C. L. KRAMER Department Plant Pathology,
Kansas Agriculture. Experimental Station, Kansas State University, Manhattan, KS 66502, USA
Description : In this model are discussed techniques and problems in determining thresholds, in
particular spore concentration and disease severity estimates. Moreover meteorological and
biometerological parameters are considered to develop thresholds for foliar disease.
Bibliography: EVERSMEYER, M.G., KRAivfER, C.L. (1987) Components and techniques of
integrated pest management threshold determination for aerial pathogens. Plant Disease, 71(5)456-459.
Contact person and address: G. HUGHES Sch. Agric., University Edinburgh, West Mains Rd.,
Edinburgh EH9 3JG, UK
Description : The computer simulation allows the investigation of qualitative effects of spatial
heterogeneity of pathogens on yield loss estimates.
Bibliography : HUGHES, G. ( 1988) Spatial heterogeneity in crop loss assessment models.
2Phytopathology, 78 (7) 883-884.

DISTRAIN
Contact person and address: J.R. TOivfERLIN T.A. HOWELL Germplasm Quality & Enhancement
Lab., Plant Genetics & Germplasm Inst., USDA, ARS, Beltsville, MD 20705, USA
Description : A special training program mimics 8 common diseases of small grains and the user's
estimate is compared with the actual disease area.
Bibliography: TOMERLIN, J.R., ROWEL, T.A. (1988) DISTRAIN: a computer program for training
people to estimate disease severity on cereal leaves. Plant Disease, 72 (5} 455-459.
Contact person and address : J.A. BARRET Dep. Genet., Univ. Cambridge, Downing St., Cambridge
CB23EH,UK
Description : A simple genetic model concerning the evolution of host-parasite interactions is
formulated. Its applicability and limitations with respect to plant-fungus interactions can be discussed.
Bibliography: BARRET, J.A. ( 1988) Frequency-dependent selection in plant-fungal interactions.
Philosophical Transactions of the Royal Society of London, B (Biological Sciences) 319(1196) 4 73-483.
Contact person and address: P.R. BRASSET C.A. GILLIGAN Dep. Applied Biol., Univ.
Cambridge, Cambridge CB2 3DX, UK
Description : The model describes epidemics resulting from 2 contemporary sources of infection,
primary infection arising from a reservoir of surviving inoculum, such as initial inoculum in soil, and
secondary infection arising from infected tissue. The model derives from a differential equation
combining properties of monomolecular and logistic models.
Bibliography: BRASSET, P.R., GILLIGAN, C.A. (1988) A model for primary and secondary infection
in botanical epidemics. Zeitschrift fur Pflanzenkrankheiten und Pflanzenschutz, 95 (4) 352-360.
Contact person and address : H. W AL THER Biol. Bundesanstal fur Land- und Forstwirtschaft, Inst.
fur Resistenzgenetik, 8059 Griinbach, Germany
Description : .This model is used to demonstrate the dynamics of a disease population in response to
incorporation of qualitative or quantitative crop resistance genes which, in turn, determine unstable or
durable types of resistance.
Bibliography : W ALTHER, H. ( 198 8) Strategies for quantitative resistance breeding and their impact
on resistance assessment techniques. Plant Research and Development, 27 115-127.
Contact person and address: W.D. GROSSMANN J. SCHALLER International Institute for Applied
System Analysis (IIASA), Luxenburg, Austria
Description : A mapping method is used for analysing past, present and future development of forest
dieback, based on a hierarchical ecosystem approach. Its use is discussed for evaluating hypotheses of
forest dieback and damage-control policies, and for continuous monitoring of their effectiveness.
Bibliography: GROSSMANN, W.D., SCHALLER, J. (1986) Geographical maps on forest die-off,
driven by dynamic models. Ecological Modeling, 31, 341-353.
Contact person and address: P. J. W ALKATE. AFRC Ist. Arable Crops Res., Rothamsted Exp. Sta.,
Harpenden AL5 2JQ, UK
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Description : In disease epidemiology the upward transport of splash droplets is an important element
of plant infection. This based also on the Ulbrich's empirical model.
Bibliographv : W ALKLATE, P.J. ( 1989) Vertical dispersal of plant pathogens by splashing. Part I: the
theoretical relationship between rainfall and upward rain splash. Plant Pathology, 38 ( 1 ) 56-63.
WALKLATE, P.J., MCCARTNEY, H.A., FITT, B.D.L. (1989) Vertical dispersal of plant pathogens by
splashing. Part II: experimental study of the relationship between raindrop size ad the maximum splash
height. Plant Pathology, 38 ( 1 ) 64-70.
Contact person and address : S. W. AHN M. F. KOCH IRRl, PO Box 933, Manila, Philippines
Description : In this study is described a model for the relationship between quantitative resistance and
its 2 main components, 1) the ability of qualitative resistance to eliminate the avirulent portion of the
available inoculum and 2) the ability of partial resistance to lower disease infection caused by virulent
isolates.
Bibliography: AHN, S.W., KOCH, M.F. (1988) A conceptual model of disease resistance in rice
pathosystems, and its implications for evaluating resistance. International Rice Research Newsletter, 1 3
(6) 12-13.
Contact person and address : C.H. KIM De. PI. Path Agric. Sci. Inst., Suwon 170, Korea Republic
Description : The model divides a whole epidemic into several pieces of simple linear regression based
on changes in pattern of disease progress in the epidemic and then incorporates the pieces into a single
mathematical function using indicator variables. The model is fitted into the piecewise linear regression
model, logistic model and Gompertz model to compare statistical ft.
Bibliography: KIM, C.H. ( 1987) A flexible statistical growth model for describing plant disease
progress. Korean Journal of Plant Protection, 26 ( 1 ) 31-36.
Contact person and address:
SCDPM X. XIE Shaanxi Acad. Agric. Sci., Yanlin, Shaanxi
Province, China
Description : The model is a simplified computerised pest and disease management system for wheat,
maize, millet, cotton and rapeseed crops to assist extension personnel in the field of plant protection.
Bibliography: XIE, X. ( 1988) [SCDPM- Computer based crop pest ad disease management system in
Shaanxi Province, China.) Scientia Agricultura Sinica, 21 ( 1) 12-18.
Contact person and address : D.J. GATES M. WESTCOTT J.J. BURDON H.M. ALEXANDER
Div. Mathematics & Statistic, CSIRO, GPO Box I 965, Canberra, ACT 2601, Australia
Description : A deterministic mathematical model is formulated for competition between 2 plant species
in the presence of a host-specific pathogen capable of attacking only 1 of the species. The complexity of
the plant-plant-pathogen interaction precludes precise mathematical description of all possible long-term
outcomes. Extensive computer simulation shows that stability is not an inevitable consequence of the
differential interaction.
Bibliographv: GATES, D.J., WESTCOTT, M., BURDON, J.J., ALEXANDER, H.M. (1986)
Competition and stability in plant mixtures in the presence of disease. Oecologia, 68 (4) 559-566.
Contact person and address : J. M. DAVIS Dep. Marine, Earth, and Atmospheric Sci., North Carolina
State Univ., Raleigh, NC 27695, USA
Description: The application of trajectory analysis and atmospheric-transport and diffusion models to
problems in epidemiology can be very useful.
BibliographY : DAVIS, J.M. ( 1987) Modeling the long-range transport of plant pathogens in the
atmosphere. Annual Review ofPhytopathology, 25,169-188.
Contact person and address:
J.C. ZADOKS Laboratory of phytopathology, P:O: Box 8025, 6700 EE
Wageningen, Netherlands
Description: The analytical model is developed by Van den Bosch and eo-workers to describe focus
expansion in time and 2-dimensional (horizontal) space as a function of 3 biological parameters that are
relatively easy to measure: gross reproduction, time kerneal and contact distribution.
Bibliography: ZADOKS, J.C. (1988) Twenty-five years of botanical epidemiology. Philosophical
Transactions of the Royal Society of London. Series B. Biological Science, 321 (1207) 377-387.
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Contact person and address :
S. BARTICKI-GARCIA F. HERGER G. GIERZ Department of
plant pathology, University of California, Riverside, CA, USA
Description : The model is proposed to explain the generation of a fungal hip ha from a growing cell.
Bibliographv: BARTICKI-GARCIA, S., HERGER, F., GIERZ, G. (1989) Computer simulation of
fungal morphogenesis and the mathematical basis for hipha (tip) growth. Protoplasma, 153 (1-2) 46-57.
Contact person and address : R. RABBINGE S. A. WARD H.H. van LAAR Wageningen,
Netherlands
Description : This book is intended for agriculturists, biologists and crop-protection researchers
wishing to use systems analysis and simulation in their work, and is organised such that the reader is
introduced step by step to the modern techniques and their application in crop protection and
management. The theory of modeling and systems management and basic techniques of dynamics
simulation are explained, and models of population development in time and space are described.
BibliographY: RABBINGE, R., WARD, S.A., LAAR, H.H.van. (1989) Simulation and systems
management in crop protection. Centre for Agricultural Publishing and Documentation (PUDOC)
xiv+420 pp. ISBN 90-220-0899-1.
Contact person and address : D.I. ROUSE Dep. PI. Path., Univ. Wisconsin, Madison, WI S3706, USA
Description : Models are developed to quantify the interaction between crop and pathogen are
reviewed. Crop growth-based epidemic and yield-loss models are compared favourably with models
which do not explicitly model crop growth.
Bibliographv: ROUSE, D.I. (1988) Use of crop growth-models to predict the effects of disease. Annual
Review of Phytopathology, 26, 183-201.
Contact person and address: M.W. SHAW D.J. ROYLE Dep. Agric. Sci., Univ. Bristol, Long
Ashton Res. Sta., Bristol BS 18 9AF, UK
Description : The mathematical method allows to estimate yield loss associated with different disease
patterns.
Bibliographv: SHAW, M.W., ROYLE, D.J. ( 1988) Conceptual basis for estimation of disease-induced
crop loss in field experiment. Bulletin SROP, 11 (2) 62-63.
Contact person and address : F.M. GUMPERT Institute for Plant Breeding, Seed Science and
Population Genetics, University ofHohenheim, 7000 Germany
Description : A measure is presented that quantifies disease progress of fungal pathotypes during the
exponential phase of the epidemic.
Bibliography: GUMPERT, F.M. ( 1989) Measuring disease progress in pure and mixed stands of plant
cultivars. Phytopathology, 79 (9) 968-973.
Contact person and address : S. ENZIAN K. RODER V. GUTSCHE Institut fiir
Pflanzenschutzforschung Kleinmachnow der Akademie der Landwirtschaftswissenschanen, Bereich
Eberswalde, Schicklerstrasse 5, 1300 Eberswalde-Finlow 1, Germany
Description : A comprehensive software package for monitoring and forecasting is designed for use on
microcomputers. It includes programs for disease monitoring at country and national levels coupled with
a database giving several years' infection data, a program for processing weather data for use with a
program for forecasting potato blight and a database giving phenological data. The package is tested at
plant protection offices and is now available for general introduction.
Bibliographv: ENZIAN, S., RODER, K., GUTSCHE, V. (1989) [Use of personal computers for
monitoring and forecasting in plant protection) PC-Anwendung fur Dberwachung und Prognose im
Pflanzenschutz. Nachrichtenblatt fur den Pflanzenschutz in der DDR, 43 (2-3) 27-29.
Contact person and address : G. LUTZE D. ROSSBERG E. GROLL H.J. MULLER Institut
Pflanzenschutz, Kleinmachnow, Germany
Description : The computer program is designed to formulate integrated crop protection control
measures using data supplied from regional advisory personnel.
Bibliographv : LUTZE, G., ROSSBERG, D., GROLL, E., MULLER, H.I. (1988) [Novel computer-aided
solutions for targeted crop protection under complex soil ad crop stand management practices.] Neue
computergestiitzte Losunge zum gezielten Pflanzenschutz in Rahmen der komplexen Boden- und
Bestadsfiihrung. Feldwirtschaft, 29 (10) 452-454.

218

Report of the RA VI Working Group on Agricultural Meteorology, 1998

Contact person and address : P.R. BRASSETT C. A GILLIGAN Department of Applied Biology,
University of Cambridge, Pembroke Street, Cambridge CB2 3DX, UK
Description : The properties of a number of non-linear models is considered in relation to the
Description and interpretation of curves for disease progress of soilborne pathogens. All models are
fitted to 2 disease progress curves.
Bibliography: BRASSETT, P.R., GILLIGAN, C.A. (1989) Fitting of simple models for field disease
progress data for the take-all fungus. Plant Pathology, 38 (3) 397-407.
Contact person and address: W. HEIDEL B. ENDLER M. KRUGER R. SCHNEIDER
Pflanzenschutzamt bein Rat des Bezirkes Neubrandenburg, Seestrasse 13, 2001 Neubrandenburg-Broda,
Germany
Description : A software package written in Turbo Pascal facilitates analysis of pest population density
and disease severity data and enables characterisation of current infestation-infection levels.
Bibliographv: HEIDEL, W., ENDLER, B., KRUGER, M., SCHNEIDER, R. (1989) (Outline of a
microcomputer program for characterisation of the current state of infection in field vegetables.]
Vorstellung eines BC-Programmes im Feldgemiisebau. Nachrichtenblatt fiir den Pflanzenschutz in der
DDR, 43 (2-3) 29-33.
Contact person and address: M.W. ZAWOLEK J.C. ZADOKS Lab. Phytopath., Agric. Univ.,
Binnenhaven 9, 6709 PD Wageningen, Netherlands
Description : The theory is a subset of the Diekmann-Thieme theory. It is formulated as a system of 2
partial differential equations: 1) the diffusion equation and 2) the generalisation Vanderplank equation.
Bibliography : ZAWOLEK, M. W., ZADOKS, J. C. (1989) A physical theory of focus development in
plant disease. ( 1989) Wageningen Agricultural University Papers, No 3, 229 pp. ISB 90-6754-159-1.
Contact person and address : M.J. JEGER Overseas Development Natural Resources Institute, 56-62
Gray's Inn Road, London WC 1 X 8LU, UK
Description : The amount of initial disease and the rate of disease increase, are used to analyse the
epidemiological consequences of combined disease control actions applied at one time only but with
effects on either or both parameters. The analysis is general but can be directly applied to the case of
fungicide mixtures.
Bibliography : JEGER, M.J. ( 1989) Synergy of disease control actions: an epidemiological analysis.
Zeitschrift Pflanzenkrankheiten und Pflanzenschutz, 96 (5) 526-534.
Contact person and address: Y.R. CHUNG H.A.H. HOITINK P.E. LIPPS Department of Research
and Development Center, Wooster, OH 44691, USA
Description : Organic-matter transformation that occur in soil are tested as a model to determine effects
of organic-matter decomposition level in soil systems. Both R. solani and its antagonist Trichoderma
hamatum developed to high population levels in a substrate amended with fresh organic matter.
Bibliography: CHUNG, Y.R., HOITINK, H.A.H., LIPPS, P.E. (1988) Interactions between organicmatter decomposition level and soilborne disease severity. Agriculture, Ecosystems and Environment, 24
( 1-3) 183 -193.
Contact person and address : van. M. OIJEN Foundation for Agricultural Plant Breeding (SVP),
Postbox 117, 6700 AC Wageningen, Netherlands
Description : Simulation models can be usefully applied to evaluate the relationships between the
resistance components and the overall disease increase. The resistance of plant can be evaluated in
infection efficiency, latent period, lesion growth rate, infectious period and sporulation intensity.
Bibliography : OIJEN, van. M. ( 1989) In parental line breeding and selection in potato breeding.
Proceedings of the joint conference of the EAPR Breeding Section and the EUCARPIA Potato Section,
Wageningen, Netherlands, 11-16 December 1988. Wageningen, Netherlands; Pudoc 26-37 ISBN 90220-0981-5.
Contact person and address: V. KOTOV S.V. RESHETNIKOV Institute of Botany, 2 Repin St.,
252601 Kiev, USSR
Description : The model incorporates the essential processes involved in colony formation, namely
apical extension and branching of individual hyphae. The core of the model is a stochastic branching
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process, which links events at the hypha level to an understanding of phenomena at the mycelial level.
The application of the model is illustrated by experimental data of the growth of mycelia.
Bibliographv: KOTOV, V., RESHETNIKOV, S.V. (1990) A stochastic model for early mycelial
growth. Mycological Research, 94 (5) 577-586.
Contact person and address : C. A GILLIGAN Department of Applied Biology, University of
Cambridge, Pembroke Street, Cambridge, CB2 3DX, UK
Description : The development of polycyclic and monocyclic infections can be followed using disease
progress curves. A method of analysis can be used to test the effects of measures to disease control on the
dynamics of epidemics.
Bibliographv : GILLIGAN, C.A. (1990) Comparison of disease progress curves. New Phytologist, 115
(2) 223 -242.
GILLIGAN" C.A. (1990) Antagonistic interactions involving plant pathogens: fitting and analysis of
models to non-monotonic curves for population and disease dynamics. New Phytologist, 115 (4) 649665.
Contact person and address: D.E. AYLOR Department of Plant Pathology and Ecology, The
Connecticut Agricultural Experiment Station, PO Box 1106, New Haven, CT 06504, USA
Description : Horizontal :fluxes of spores close to a source are considered using observations of spores
concentrations and windspeed above bare ground. Markov-chain random-flight simulation model has
been used.
Bibliography: AYLOR, D.E. (1989) Aerial spore dispersal close to a focus of disease. Agricultural and
Forest Meteorology, 47 (2-4) 109-122.
Contact person and address : W. KLEIN Bayerische Landesanstalt fur Bode:rikultur und Pflanzenbau,
Menzinger Str. 54, 8000 Munich, Germany
Description: The EDP-supported decision models simulate and forecast some disease of wheat, barley,
potato, cucumber, apple and rape. Driving variables are weather and field data.
Bibliography: KLEIN, W. ( 1991) Bavarian concept of environment-compatible plant production.
Danish Journal of Plant and Soil Science- Special Series Report, 85 (S2161)29-35.
Contact person and address : X.B. Y ANG D.O. TEBEEST Department of Plant Pathology,
University of Arkansas, Fayetteville, Arkansas 72701, USA
Description : In the simulation of disease dynamics the logistic increase can be modified by the spatial
pattern and aggregation of plant pathogen propagules.
Bibliography : Y ANG, X.B., TEBEEST, D.O. (1992) Dynamics pathogen distribution and logistic
increase of plant disease. Phytopathology, 82 (4) 380-38;.

2DCLASS'
Contact person and address: S.C. NELSON P.L. MARSH C.L. CAMPBELL Department OF
PLANT Pathology, North Carolina State University, Raleigh 27695, USA
Description : The microcomputer software allows for rapid and concise analysis of the spatial pattern of
binomial data within a 2-dimensional matrix.
Bibliography: NELSON, S.C., MARSH, P.L., CAMPBELL, C.L. (1992) 2DCLASS, a two-dimensional
distance class analysis software for the personal computer. Plant Disease, 76 (4) 427-432.

EPIPHYT
Contact person and address : P. BLAISE C. GESSLER Institut fur P:flanzenwissenschaften, Bereich
Phytomedizin, Eidgenossische Technische Hochschule, Universitatstr. 2, 8092 Zurich, Switzerland
Description : The model is a new version of Vanderplank's epidemic equations corrected for removals.
Incorporation of functions for host growth and variable latent period allowed a more realistic modelling
of epidemic development while preserving the semplicity and biological meaningfulness of the original
model.
Bibliography: BLAISE, P., GESSLER, C. ( 1992) An extended progeny/parent ratio model. I.
Theoretical development. Journal of Phytopathology, 134 (1) 39-52. GESSLER, C., BLAISE, P. (1992)
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An extended progeny/parent ratio model. II. Application to experimental data. Journal of
Phytopathology, 134 (1) 53-62.
Contact person and address: M. BEGON R.G. BOWERS N. KADIANAKIS D.E.
HODGKINSON Department of Environmental and Evolutionary Biology, University of Liverpool, P.O.
box 147, Liverpool L69 3BX, UK
Description : The model provides insights into the manner in which self and pathogen regulation
combine in determining the coexistence, or otherwise, and the structure of biological communities
generally.
Bibliography: BEGON, M., BOWERS, R.G., KADIANAKIS, N., HODGKINSON, D.E. ( 1992)
Disease and community structure: the importance of host self regulation in a host-host-pathogen model.
American Naturalist, 139 (6) 1131-1150.
Contact person and address: I. MUNTEANU Statiunea de Cercetari Agricole, 3350 Turda, Romania
Description : The model of pathogenesis describes pathogenic action on the host and the host pathogen
interaction.
Bibliography: MUNTEANU, I ( 1989) [Pathogenesis, pathosystems and genetics of the host-pathogen
interaction in plants. Part I. General model of disease and pathosystems.] Patogeneza, patosistemele si
genetica interactiunii gazda-patogen la plante. Partea I. Modelul general de imbolnavire si
patosistemele.
Studia Universitatis Babes-Bolyai. Series Biologia, 34 ( 1 ) 25-51
Contact person and address : C. A. GILLIGAN Botany School, University of Cambridge, Dowing
Street, Cambridge CB2 3EA,
Description : The logistic and monomolecular functions can be applied to explain the increase in
disease over time. They allow the analysis of the effects of treatment to control infections. More
complete models achieve greater biological realism.
Bibliography: GILLIGAN, C.A. ( 1991 ) Modelling of crop pathogens. Aspects of Applied Biology, No
26, lll-121.
Contact person and address: M.W. ZAWOLEK J.C. ZADOKS Institute for Plant Breeding and
Acclimatisation, Cereals Development, Zawila 4a, 30-423 Cracow, Poland.
Description : In the model a form of sensitivity analysis allows not only the effects of input parameters
on output parameters to be assessed, but also the effects of their interactions.
Bibliography : ZAWOLEK, M. W., ZADOKS, J.C. (1992) Studies in focus development an optimum for
the dual dispersal of plant pathogens. Phytopathology, 82 ( 11 ) 1288-1297.
Contact person and address : N. S. MURAL! B. J. M. SECHER Research Centre for Plant
Protection, Lottenborgvej 2, 2800 Lyngby, Demark
Description : In Denmark plant protection is based on several models which allow to reduce rates of
pesticide application by recommendation about infection risks.
Bibliography: MURAL!, N.S., SEHER, B.J.M. (1991) Status on the computer-based plant protection
systems i Denmark. Danish Journal ofPlant and Soil Science-Special Series Report, NoS 2161, 7-10.
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OPERATIONAL CROP DEVELOPMENT MONITORING USING
DAILY METEOROLOGICAL DATA
Jaroslav V alter
Czech Hydrometeorological Institute
14306 Prague 4- Komorany, Na Sabatce 17, Czech Republic
tel: 42-02-44032206, jax: 42-02-44032128, E-mail: valter@chmi.sun15. cz

Summary

The aims of this short summary to highlight the plant growth modelling activity in
the Czech Republic. This explanatory introduction to the following main WG aims:
(a) in the sense of providing
- Model ofthe development ofthe spring barley in terms of phenological stages (the
same software as sub (e), but in different application);
- Comparative phenological classification table (FEEKExZADOKSxCHMI model)
named PHENSCALE including definitions of phases and corresponding codes by the
three standard phenological scales;

(e), where presentation ofthe model ONTHO_SP should be done in accordance with the
text below. Here agrometeorological aspects of the work have to be stressed,
whereas simulation of crop's phenological timing is rather a matter of the item (a).

Note:
The model ONTHO_ SP is now adjusted for spring barley but it is relatively easy
to rebuild it for oats, too. In that case, it could be formally put under the item (f). The
problem is, that real phenological data is oats are rare.
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Outlines

The main efforts of this contribution is to present the agrometeorological model
ONTHO _ SP mentioned above. It is just now adjusted for spring barley; an easy
adjustment for oats and spring wheat shall be enabled; moreover, an analogue for winter
crops is under preparation.
The model is designed to give three different types of operational information:
- simulated rate of seasonal development ofthe selected crop both in the shape ofvalues
of a continual simulation function and discrete estimated terms of phenological phases
- soil moisture estimation
- leaf area estimation
- probable occurrence of adverse agrometeorological phenomena
possible to gain directly from the author during the session.
In case this proposal will be qualified as acceptable, the final product could be
prepared during next year. Any kind of eventual help or collaboration is invited. A
proper closing date should be considered during session, too.

Appendices:
- phenological scales comparative table
-adverse phenomena on spring cereals (table)
- ONTHO_ SP model: an output graph
- crop development: ouput text file for the same case

224

Report of the RA VI Working Group on Agricultural Meteorology, 1998

Phenological scales comparative table
CHMI- FEEKES- ZADOKS Pli-'\SE
DDEG PETRsc. rDKOm ACRONYMS
0
0.1
0.2
0.3
0.4
0.5

00
01
02
03
04

0.6
0.7

06

0.9

09

0

1

1.1
1.2
1.3
1.4

1.7
1.8
(1.9)

1.1

10
10
10
10
11
11
11
12

1.6
1.7

1.9
1.2

2

2

21

3.1

21
21
21

2.1
-:>?

3

l.leaf picks up out from
koleoptile
emergence, top of l.leafvisible

Lleaf fully grown

15
16

1.9

-

EM

(12)
13
14

17
18
19
20

l.S

2.3

koleoptile "llisible

12
(1.2)

1.3
1.4
1.5

2.4
2.5
2.6
,.,~ . .'
2.8
2.9

primary root visible

07

os

sowing (dry seed)
begin of swelling of grains
grain is swollen

05

0.8

1.5
1.6

so

DESCRIPTIONS

TL

2 .leaf fully grown
3 .leaf fully grown
4.leaf J:i.Jlly gro-wn
5.leaffully grown
6.leaf fully grown
7 .leaf fully grov.n
S.leaffully grown
9.leaffully grown
2 .leaf fully grown,
stage tight): before tillering
begin of til!ering
( 1. tilier just grov.n out above
the sheath by 5-10 rrun)

1. tiller fully developed

22

3.2

..,..,
'-'22

2. tiller futly developed

22
?'

-"
..,,

3.3

..,,
"""

.:..)

3. tiller flJlly developed,
full tillering

225

Report of the RA VI Working Group on Agricultural Meteorology, 1998

ctiivn- fEEKES- ZA.DOKS PHASE
DDEG PETRsc. (DKOD) ACRONYMS
23

3.1

.-::.0

;t
__
'?

3.3
3.4
3.5
3.6
3.7

.,~

3.4

24

3.7

.,...,.

3.8
4

29
29

LE

tiller fully developed
tiller fully developed
tiller fultr developed
tiller fully developed

sheaihs start to lenghten,
9. tiller fully developed - ZADOKS

29
29
29
29
29

4.1
4 •.:>·~

4.4
4.5

4.6
4.7

4.8
5

30
30
30
30
30

5.1
5.2

30

~

30
30
30

fulllenghtening,stem begins to
grow,its apex about lcm above
terrain; canopy starts to erect

30

,,)

5.4
5.5

31
31
31

5.6
"i...,.

-.I

5.8
5.9
6

5.
6.
7.
S.

25
26

"''
28

4.2

-"i

4. tiller fully developed

25
3.5
3.6

4.9
5

23
24
24

24

3.8

3.9
4

DESCRIPTIONS

6

31
31

NI

I. node, possible to find it
jllilt above the base of plant

6.1
6.2

6.3
6.4
6.5
6.6
6.7
6.8
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31
31
31
31
31
31
32

32
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Cli?v!I- FEEKES- ZADOKS PHASE
DDEG PETRsc. (DKOD) ACRONYMS
6.9

,.,
I

7

7.1
7.2
7.3
7.4

32
32
32
32
,.,
.).)

7.7

33

7.8

33
34
35
36
37
37
37
37
37
37
37
37
37
39
39
39

7.9
8

8.1

8.2
8.3
8.4

8.5

9

9.1
9.2
9.3
9.4

39
39
41
41

9.5
9.6

43

9,.,
• .I

43

9.S
9.9
10

43

10.01
10.02
10.03 .
10.04
10.05
10.06

3 .node possible to find

33
33

7.5

8.6
8.7
8.8
8.9
9

2.node possible io flnd

32

7.6

8

N?-

DESCRIPTIONS

4.node possible to t1nd
5.n~..xie possible to find
6.node possible to tind
top of last leaf just visible

ligula of last leaf just visible,
blade fully gro\'Jll out from sheath

sheat11 of last leaf grown out
but not yet swollen

41

45
10

45

sheath of last leaf
begius to swell (thicken)

ss

sheaths of last leaves swollen,
lears are yet hidden)

45
45

47
47
4'"',.

sheath just OJ.">ens, ear visible,
but not yet picked up

47
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c:rrr.n- FEEKES- ZADOKS PHASE
DDEG PETRsc. (DKOD) ACRONl1vfS
10.07
10.08
10.09
10.1
10.11

10.1

10.12
10.13
10.14
10.15
10.16
10.17
10.18
10.19
10.2
10.21
10.22
10.23
10.24
10.25
10.26
10.27
10.28
10.29
10.3
10.31
10.32
10.33
10.34
10.35
10.36
10.37
10.38
10.39
10.4
10.41
10.42
10.43
10.44
10.45
10.46
10.47
I0.4S
10.49
10.5
10.51
10.52
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49
49
49
51
51
51
51

DESCRIPTIONS

arirue jusi appear out of sheath
upper part of ear just apppears

51
51

,,

_J

53
53

,,

53
10.2

upper 1/4 of ear out

_J

53
53

,,

53

_:>

53
55
5.5
55
55
10.3

55
55

HE

begin of heading (1/2 of ear out)

55
55
55
55

55
57

57

.

57
10.4

.;;

- I

3i4 of ear out

'i7
-I

57

57
57
57

59
59

59
10.5

59
59

59
59

ear just completely out of sheath
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Cillvii- FEEKES- ZADOKS PHASE
DDEG PETRsc. (DKOD) ACRONTh1S
10.53
10.54
10.55
10.56
10.57
10.58
10.59
10.6
10.61
10.62
10.63
10.64
10.65
10.66
10.67
10.68
10.69
10.7
10.71
10.72
10.73
10.74
10.75
10.76
10.77
10.78
10.79
10.8
10.81
10.82
10.83
10.84
10.85
10.86
10.87
10.88
10.89
10.9

10.91
10.92
10.93
10.94

10.5.1

10.5.2

59
59
59
61
61
61
61
61
61
61
61
61
61
65
65
65
65
65
65
65
65
65

BF

DESCRIPTIONS

begin of flowering

full flowering on the top of ea.r

65

10.5.3

69
69
69
69
69

10.5.4

69
69
69
69
69
71
71
71
71
71

full t1owering on the base,
end of flowering by ZADOKS

EF

end of t1owering, grain contents
i.n the medil.llll pa.rt of ear yet
watery; begin of grain fommtion.,
end of flowering by FEEKES

71
71
71
,.,.,
/;)
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cm.rr- FEEKES- ZADOKS PHASE
DDEG PETR se. (DKOD) ACRONTh'!S
10.95
10.96
10.97
10.98
10.99
11
11.01
11.02
11.03
11.04
11.05
11.06
11.07
11.08
11.09
11.1
11.11
11.12
11.13
11.14

73

73
73
73
73
73
73

73

75
11.1

75
75
75

1-fR.

milky ripe-mOOium stage

75

77
77

mill.:y ripe-late stage

77
83
83
83

11.16
11.17
11.18

11.19

230

milky ripe-early stage

73
73
73
73
73

11.15

11.2
11.21
11.22
11.23
11.24
11.25
11.26
11.27
11.28
11.29
11.3
11.31
11.32
11.33
11.34
11.35
11.36
11.37
11.38
1!.39
11.4

DESCRIPTIONS

wax ripe-early stage

85
11.2

wa.x ripe

85

85
85

11.3

11.4

87
87
87
87
91
91
91
91
91
91
91
91
92
92
92
92
92
9:2

yellow ripe by ZADOKS

·yR

yellow ripe (full ripe by ZADOKS)

FR.

full ripe (dead ripe by ZADOKS)
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Cillvll- FEEKES- ZADOKS

DDEG PE1R se.

PHASE

DESCRIPTIONS

(DKOD) ACRONYN!S

I 1.41

92

11.42
11.43
11.44

92
92
92
HV
94

95

96
97

9S
99

harvest
dead ripeness
l.donnancy of grains (in ear)
downfall of l.dol1llD.1lc.y
(vital grains recover their
ability to germinate at 50%)
l. dormancy lost
2. dol1llD.1lcy occurred
2. doml.Bncy lost
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riDVERSE AGROt1ETEOROLOGICAL PHENOMENA
ON SPRING CEREALS
CODEj

D E F I

N I T I 0 N S

1

EXPLICATION

1

---,-------------------------------r---------------------------+·
I

'win~er

1 (TSN<=3)or(TX(6)or(SHO>Ol

.

1

c

I (WI06=·)and(VREL<O.
II WG>5

F

D

1
E

. -

WG">O (vertical filtratic-•n)

N

6)

~ ~~~ 3 =~~7d~~~ ~~1.1re,

ar.dCVW:>O.

8)

wit.ho1.1t. rainfall)

CWK< 3=·) and ( VREL<O. 6) andCDDEG<=2 · l)
(loH soil moisture,
1
lo;.1 development rate)
1

I

I

G

C'

I

!

G'
D'

Q

'nit.rat.e leaching t.o S1.1bsoiL'

I1

'lo~oo1

1

and(R>3)

temperatures,Het. soil, •

'!~~;=:;:~osion,muddy soil

II

'drought., '

I

'gro~oo~t.h

t.oo speedy:
1
small number of t.ilers/flowers,' 1

cmoald1 /1 ~o 1en1.t1mwl::•eerat 0hefrg:
6
I
1 :
1

4
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METEOROLOGICAL AND CLIMATOLOGICAL ASPECTS OF
DROUGHT AND DRY SPELL MONITORING.
Zoltan Dunkel
Hungarian Meteorological Service
H-1525 Budapest PO Box 38
tel: 36-1-2125445,fax: 36-1-3158040, E-mail: dunkel@met.hu

Introduction
The drought is a compound concept. On the one part it means a prolonged absence or marked deficiency of precipitation, on the other side the yield decreasing caused
by the precipitation deficit. Many drought definitions are known. Several of them use
some meteorological parameters.
Dealing with the drought the problem we can take the following approaches from
the meteorological point of view:
- using a long meteorological data series (for 30, 50 or 100 years) the drought frequency could be examined,
- for a given territory (region, country) generating homogeneous data series the territorial distribution of drought tendency can be determined,
- during a given year (vegetation period) drought detection and forecast can be done
using weather information
- direct detection ofthe plant water supply (water stress detection), quality and quantity irrigation advice can be run.
To describe the temporal and spatial distribution of drought or dry spell situation
we can use mostly meteorological parameters. The practice is that a simple meteorological element is not able to identify a drought situation alone or there are not uniform categories for drought. A more or less acceptable approach is to use somehow a combine of
meteorological variables and to develop an index, a so called drought index. Some of
them could used only among special circumstances the other ones could be used for
wider are. Anyway it is very difficult to give a general categories for drought situation
could be suitable to determine the drought situation anywhere and any time, and it could
identify the drought for any type of vegetation. The expectation of everyday agronomic
practices more or less differs from the climatoligical approach but the drought index and
any kind of irrigation decision sign are not far from each other from the meteorological
point ofview.
Up till now many kind of drought indices were developed using classical meteorological variables. In this short paper we would like to give some short categorisation
of drought and dry spell decision indices dealing with not only the traditional indices but
with some possibilities use remote sensed information.
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The knowledge of temporal and spatial distribution of drought allows us to prevent its damage choosing proper (drought-resistant) species or to build up a wellworking irrigation system on the endangered area. The use of remote sensing technique
gives new possibilities to detect the water deficit or drought situation.
Vegetation indices derived from satellite's measurements give information about
the plant cover of large area and can be the basis of the detection of general condition of
vegetation. From this information we can derive a temporal change of water supply and
water stress status too.
The surface temperature measured from satellite or near-to-surface inform us
about plant water supply too. The practical use of the near-to-surface gradient and water
vapour deficit combining with other standard meteorological observation gives new possibilities not only in the every-day coping with water deficit and drought but in the climatological detection too.
In meteorology it is a very common way to approach drought situation to generate an index uses meteorological data. If an index is properly formulated and its limitations are well recognised then the index could be very useful. With very moderate critics
of different type of indices in the following we try somehow to group the used indices.

Drought Categories and Definitions
Drought is undoubtedly one of man's worst natural enemies. Drought may be
studied from a number of different point of view. But what is the drought at all? If would
like to give any kind of quantitative criteria for the drought we must identify it quality
before parametrisation. Drought first approach has been defined as a period of precipitation deficiency. It seems to be a nice definition but nobody speaks about drought in case
of Sahara only about dry weather. In any case if we discuss about drought we have to
somehow involve into calculation the agricultural product or more simply anyway the
vegetation production and life cycle. It seems to be very easy to produce any kind of
combination of meteorological elements and define a threshold value but if we neglect
the behaviour of natural or artificial vegetation we are not able to determine neither good
nor acceptable categories, threshold values to identify drought situation.
The WMO (1992) vocabulary, the most authentic source, give two very simple
definition for the drought:
(1) Prolonged absence or marked deficiency of precipitation.
(2) Period of abnormally dry weather sufficiently prolonged for the lack of precipitation to cause a serious hydrological imbalance.
Both of them is very simple but if we compare them with the definition was given for the
,dry season",
Period of the year characterised by the (almost) complete absence of rainfall. The term
is mainly used for low latitude regions,
we can state that is not very simple task to answer the question. An other definition is
given in the vocabulary, - ,dry spell"-, which is more or less close to the drought:
Period of abnormally dry weather. Use of the term should be confined to conditions
less severe than those of a drought.
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Drought may be identified from a number of different point of view, therefore, it means
various things to various people, depending on their specific interest or historical, economical background. It is difficult to find a completely adequate definition of drought
could be acceptable everywhere in the world. Sometimes the definition is confused with
categories. According to the later used computation or imagination we can exactly define
the drought some other categories have been introduced, namely we speak about

- atmospheric drought occurs if too high saturation deficit was measured. This category
more or less refers to the dry spell category.
- meteorological drought means a longer period oftime with considerably less than average precipitation amounts. The definition is more or less the same is given for drought in
general.
- agricultural drought has got two approaches. The first one is: ,the available soil moisture is inadequate", the second one is: ,yield is considerably less than the average because of water shortage". As it was earlier mentioned the real drought definition somehow should involve the less then normal vegetation production, so the agricultural
drought seems to be close enough the expected definition.
- hydrological drought refers to a period of below-normal stream-flow. An other import
approach is expressed in this category that the drought is not at all a very local phenomena, it is not an microclimatic event, it occurs on a larger area, for example at least a
problem of a catchment.
Finally we have to mention

-physiological drought, when the plant is unable to take up water in spite of the present
sufficient soil moisture. This situation refers to the circumstances when plant shows
drought symptom but there is no drought at all taking into consideration the standard
atmospheric conditions. This phenomenon could be caused by an abnormally cold
weather or the plant is infected.
Anyway we can determine drought as a period of reduced plant growth with a
prolonged and abnormal moisture deficiency.

Drought indices
To compare drought or dry spell events either spatial or temporal scale it is required any kind of quantitative expression. Drought indices appear to be more or less the
simplest way to carry out this work. Notwithstanding any kind of definition finally we
can use or a simple meteorological value with more or less "natural" thresholds or a
combination of meteorological elements, sometimes without any physical meanings. Recently we can find many type of drought indices. Following Farago et a/.(1989) a compendium of indices are shown where the indices are grouped according to their similarity.
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Indices ofprecipitation anomalies

All forms of drought are related to some antecedent and relative precipitation
amounts for the pervious period. This period could be last from 3-4 weeks to years. The
drought occur after the anomalous rainy season or period. For example, agricultural
drought could be a consequence of dry autumn and winter period. Therefore the simplest
drought index drought is the deviation from a normal value. We can generate some
combination of deviation, or can somehow normalise the deviation values for a better
comparison of generalisation. We have to stress that a good drought index is unimaginable without a long-term comparison with yield values before establishment of threshold
value.
Precipitation index

M>=P- M(P)
where P denotes the longer period's precipitation sum, M(P) is its mean, climatic standard, value for the same period. It could be expressed in standard precipitation unit, i.e.
in mm. It is desirable to use as long as possible period for the generation of mean value.
The anomalies for non homogeneous regions or larger areas with different dimatic
conditions are not comparable. To avoid this problem, either relative amounts, or standardised values should be introduced. The relative values could be:
Relative precipitation amount

p

M(P)
Relative precipitation anomaly index

p

P-M(P)
In practice both ofthem are multiplied by 100, and the index is used in percentage form.
Standardised precipitation anomaly index

P-M(P)
D(P)
where P denotes the longer period's precipitation sum, M(P) is its mean, climatic standard, value for the same period and D(P) is the standard deviation. Every relative index
could be a drought indicator if its value is less than some previously established threshold
value, e.g. 75% on an annual basis, or 50 % for a shorter period for example for a
month.The use of other, slightly different levels was suggested by Wl\40(1975). For a
recent world-wide drought assessment, to outline desertification, smaller than 60% annual value was given for the relative precipitation anomaly index for more than two consecutive years. For a single stations, the usual probability levels can be applied to choose
particular threshold values in accordance with the hypothetical distribution of standard
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precipitation anomaly index. For example gamma or Gaussian distribution for a longer
period will provide a good statistical fit.

Indices of atmospheric drought
The water vapour saturation deficit is commonly used for the characterisation of
atmospheric drought, although the temporal scale for similar analysis is usually much
shorter than a month, sometimes only few days, but the consequence of these days could
be catastrophic in case of few species. These indices are not the commonly accepted
drought indices, but sometimes it is worth to introduce them mostly in the irrigation
practice. Only one form is shown which is alone is only a simple meteorological element.
Saturation deficit
E-e

= E(l-f)

where E saturation water vapour pressure, e water vapour pressure, f relative humidity.
Threshold values for the identification of atmospheric drought, the so called
,atmospheric dryness", for a shorter period are 20-29 hPa in case of weak, 30-39 hPa,
moderate, 40-49 hP a intensive and more than 50 hPa in case of very intensive dry spell.
Dry conditions of longer period can be described with the number of days of at least
weak or moderate dryness.

Aridity indices
In climatological practice it is very frequently supply-demand indices are used for
categorisation of aridity of climate of certain region. Many types of these balance indices
are known. Precipitation is the dominant form of water supply for the soil moisture balance. It is evident that for a more precise delineation of aridity conditions, the other side
of this balance must also be considered. Water demand is usually expressed through the
potential evapotranspiration. It seems to be very easy to give the one side of the balance,
because the precipitation is a measured meteorological elements. To express the other
side is a much more difficult problem because there is no simple way to calculate the
potential evapotranspiration. According to the approximation of evapotranspiration calculation we can find many type of aridity index. The general form of the aridity index
and in or case of aridity type drought index is, the precipitation/evaporation
(evapotranspiration) ration balance/ratio

-

p

PE '

p
or u
_L'-n

L

where P is the rain amount for the given period as it was used before, PE the potential
evapotranspiration for the same period. Theoretically the upper limit of the potential
evapotranspiration is the water equivalent of radiation balance (net radiation). In this
expression Rn is the radiation balance, L is the latent heat of water. According to the
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approximation of potential evapotranspiration we can found many type of aridity index.
The simplest way to approximate the evaporation to use or temperature alone or use
some kind of temperature sum, degree days.
The well known types from this category are the follows:
Lang's rainfall index

p

T
where T is the mean air temperature for the examined period. An other type from this
category is the
De Martonne aridity index

12P
T+ 10
for monthly calculation and,

p

T+ 10
for annual index.
A degree day approximation is used in Selianinov index. This index, known as hydrothermical index too, uses daily values for the calculation of the period index:
Selianinov's hydrothermical coefficient

p

HTK=

t

I

10

where t denotes the consecutive daily mean air temperature above 10°C, The threshold
values or categories for drought or aridity are 0.4- 0.7 very dry, 0.7- 1.0 dry, 1 - 1.3
insufficiently wet, and ifHTK> 1.3 wet.
Thornthwaite Index
10

1.65[ T +p12.2 ] 9
Ped's drought Index, 1st approximation
LlT
D(T)

LlP
D(P)

-----
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Both ofthem use a simple approximation to approach the (potential) evaporation.
Theoretically we can evaluate indices containing directly the potential evapotranspiration,
namely

Potential or climatological water deficit

P-PE

'

Potential evapotranspiration ratio,

p

PE
sometimes given in reciprocal form. A threshold value could be for the very dry period, if
it is less than 0,3. To express the potential evapotranspiration, as a first step, we can introduce the

PE~ Rn

L
approximation. Finally let us consider indices with (actual) evapotranspiration instead of
the precip~itation amount. These indices more closely express the drought-flood conditions from the agricultural or hydrological point of view. Firstly Thorthwaite suggest the
use of this index type as
Thornthwaite moisture index
P-ET
ET
Relative evapotranspiration index
ET
PE
expresses the actual/potential evapotranspiration ration. Much more useful the so called

Crop Water Stress Index
PE-ET
PE
Its value changes between 0 and 1. In case of maximum value we can speak about no
water stress circumstances, the opposite situation suit to the total stress.
In the agrometeorological parctice it is well known the Bowen ration. In practice
it is not used as drought index, but theoretically it could be used as dry situation index.
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because of measurement difficulties before the continous data logging the Bowen ration
was determined only among very restrictect trial circustances. Not only of its theoretical
importantce but its growing direct measuring practice we have to mention as an ,aridity
index" among the drought indices. Theoretically the

Bowen ratio
H
LE
where H denotes the sensible heat flux and LE the latent heat flux. A simpe approximation for the fluxes are

Soil moisture indices
Relative soil moisture content

w
AWC

with W and AWC denoting the actual soil moisture and the available (or disponsible)
water capacity for a fixed soil depth (e.g., the upper 1-meter layer or the root zone for a
given plant).
Besides this well-known ratio, an extended form of Ped's drought index incorporates the standardised value of the soil moisture amount,

Ped's Drought index, 2nd approximation
<1T

LlP

<1W

-------l)(T) l)(J>) l)(W)
where D(W) denotes the standard deviation of soil mositure content, as it was calculated
for temperature and precipitation in the 1st approximation ofPDI

Recursive indices

Indices describing the moisture conditions for a relatively long time period
through the integrated values of the related meteorological elements provide only a
rough picture of the potentially adverse conditions within this period. It is thought that
above al the cumulative effect of prolonged moisture deficits (month by month) should
be properly expressed. For this purpose "recursive indices" are formulated. These indices
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proved to be of highest utility in the delineation of meteorologically determined droughts,
or dry spell at all, which posses some kind of memory that is which actual values depend
also on previous values of the related meteroological variables. Because of their calculation methed they could be called as ,recursive" indices.
F oley's cumulative Anomaly index

FAI1 =

~P1 ,

FAik = FAik-I + ~pk
where the second expression is used for the kth month. The calcualtaion starts with a
sip le differnec for the 1st month.
For the comparability of FAI-values of various stations and periods, normalisation can be made,

LK [flPk I P] I

K, where

P is the annual precipitation amount for

J

the given station.
Bhalme and Mooley (1980) defined a "recursive" drought/flood index based on
monthly precipitation amounts. Conceptually, this index (the BMDI) can be considered
as an essentially simplified version of the well-known Palmer Drought Severity Index
(Palmer, 1965).
Bhalme-Mooley Drought Index

io

= 0_;

ik

= qik-1 + (SAl )k I

c2 monthly index

for a period of K months.
The coefficients were derived for Indian observations: c 1 = 0,5 and c2 = 0,4855.
The regional extent of drought is expressed as a Drought Area Index, being defined as
the percentage of area with averaged BMDI value below a certain negative threshold.
A very commonly used and accepted index is the Palmer Drought Severity Index,
(PDSI). The index is based on the thorough analysis of the elements of surface water
balance and on the comparison of their actual values to their climatically or physically
potential values (ET~PE for the evapotranspiration, W ~A WC to estimate soil moisture
amount, etc.).
By a recursive equation is derived the
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Palmer Drought Severity Index

PDSI~c = PDSI~c-r + zk -0,103 PDSik_ 1•
3

The initialisation depends on criteria for determining and ending times of wet and dry
periods. Palmer scaled his index in accordance with a prescribed set of categories, which
was recently adopted for the derivation of the BMDI: <-4.0 =extreme drought, (-4, -3)
=severe drought, (-3, -2) =moderate drought, (-2, -1) =mild drought, (-1, +1) =near
normal, and similar categories of slightly, moderately, very wet and extremely wet periods. The growing season can be characterised with the average PDSI values for the corresponding months.

Use of remote sensing

The spectral reflectance of vegetation is markedly different from that of most soil
materials. It is determined by the absorption of chlorophyll at blue and red wavelengths.
In the near infrared the radiation is scattered by leaves. This results in generally high reflection which depends mainly on the geometry and size of the leaves. By contrast,
vegetation reflectance is low in the visible region with small secondary maximum around
0,55 J-Lm. When vegetation is stressed by shortage of water, and also at the end of growing period, the chlorophyll absorption weakens and the ration of near infrared to red or
visible reflectance decreases. This ratio, called

Vegetation Index
NIR
VIS'
where NIR denotes to the reflected radiation in the near infrared interval and VIS to the
red or visible according to the satellite channel, is therefore a measure for physiological
activity of plants. In practice, the

Normalised Difference Vegetation Index
NDVI = NIR- VIS
NIR+ VIS
is often used to characterise the state of vegetation. Because the state of vegetation
highly depends on the water supply condition we can use the normalised vegetation difference index as drought index. Stress induced by water shortage results in a reduction
of the magnitude of the vegetation index. The NDVI is difficult to interpret in case of
sparse vegetation because also the reflectance of most soils increases slightly with wave-
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length. In order to discriminate between sparsely vegetated and bare soil therefore additional information has to be used. The other limitation of any kind of vegetation index is
the resolution of satellite channel were used in the generation of vegetation index. Practically it is the tool of examination of large areas. In the near future it seems to be the most
effective element of space-born climatology.
Using of remotely sensed surface temperature a simple approximation could be
given for the earlier mentioned CWSI. If we express the surface-air temperature difference from the surface energy balance equation and introducing Monteith approximation
for the air and plant resistance, we can get
y(l + fc)

Tc _ Ta = r a1 Rn
ra
P Cp ~+y(l+ fc)

E-e

where ra and re are air and canopy resistance, Rn the radiation balance, as it was used
earlier, le the ratio of radiation used for heating and evaporating, pis the air density, E-e
the saturation deficit, r is the psychrometric constant, Ll is the first derivative of water
saturation curve. Using this equation we can calculate the upper and lower values will be
mentioned in the 2nd approximation of

Crop Water Stress Index

CWSI= (Tc-Ta) -(Tc-Ta)L
(Tc-Ta)u- (Tc-Ta)L
where U and L refers to the upper and lower bordering line. This index in contrast with
NDVI or later mentioned SWI is a tool of small scale monitoring, mostly it could be used
for dry spell detection and can promote the irrigation palnning, because it needs ,only" a
simple surface temperature measurement together with collection of standard agrometeorological information.
Two application or passive remote sensing was mentioned. The first one uses a
simple combination of results of satellite different channels measurements, the second
one uses the surface temperature with any problems of calculation and calibration of skin
temperature. In case of near-to-surface application some atmospheric corrections could
be neglected. Ifwe would like to derive surface temperature we have to face not only the
resolution problem but the emissivity problem too. Both introduced indices use the results of passive remote sensing.
Closing the survey of ,drought indices" an example of active remote sensing will
be shown. For the time being any satellite radiometer data are depending on the sun as
source of illumination. In case of cloud cover there are almost no surface information, or
it is difficult to calibrate the visible and the infrared channels. These problems do not exist in the case ofERS Scatterometer which is a radar operating in C-band, at 5.3 Ghz due
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to negligible atmospheric interference in this part of spectrum. Use the reflection of radar
wave an index was developed which able to characterise the surface water content.

Soil Water Index
t-ti

Ie.(t)er

SWI =_,i_ _ __
Hi

I e-r
i

where Bs(tJ denotes to the ERS Scatterometer retrieved relative surface soil moisture
content at the time 1;. The SWI can be interpreted (Wagner et al. 1996) in the following
way:
- it gives an indication about the total water content over a soil layer of unknown depth.
The larger the characteristic time length T is chosen the larger the depth of its layer
would be,
- the smaller the rate of transpiration and the smaller the loss of water due to deep percolation the better SWI is related to the total water content. This means that for dry
conditions the SWI conveys a more accurate picture of the soil water state than wet
conditions.
-Because of its small resolution it could be, as NDVI, the toll oflarge temporal and spatial
drought detection.
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Introduction
The compendium includes the most important issues could be interesting in the
agrometeorology not only the ,clear" agrometeorological books but some climatological, or
mathematical issues too. The remote sensing is an effective and relatively new tool in the agricultural meteorology so the compendium is completed with some references concerning remote
sensing applications.
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ORGANISATION METEOROLOGIOUE MONDIALE •

COMMISSION DE METEOROLOGIE AGRICOLE

WORLD METEOROLOGICAL ORGANIZATION

~

3

~

COMMISSION FOR AGRICULTURAL METEOROLOGY

BUREAU DU PRESIDENT

OFFICE OF THE PRESIDENT
Prof. C.J. STIGTER
Wageningen Agricultural University
Depl Meteorology
Ouivendaal2, 6701 AP WAGENINGEN
TSI: lnt + 31.8370.83981 The Netherlands
Fax: lnt + 31.8370.82811

1

Dr. Zoltan Dunkel, Chairman
RA VI Working Group on
Agricultural Meteorology
Hungarian Meteorological Service
P.O. Box 38, H-1525 Budapest, Hungary
[Fax 36 1 2125153]
Our ref.: TTMI/ST/97/440
Date: 21/11/'97
Dear Dr. Dunkel,
thank you for your faxed letter of November 17th and your
recent telephone call. I feel honoured that you ask me for some
input into policy matters of your Working Group. Unfortunately I
will not be able to address your meeting, because of my departure
tomorrow for Indonesia. However, last August I wrote a paper to
contribute to the festivities of 100 years Russian meteorology
and hydrometeorology (in which I could also not participate
because of commitments in China!). I think your first request, to
give
some
information
about
the
WMO Agrometeorological
activities, is well covered by that paper of which I enclose a
copy. By reading the WMO-Bulletin under Agricultural Meteorology,
you get a good impression on the details of particular events.
In that same paper there are also core ideas on how the Working
Groups on agrometeorology could be more effective, how they can
promote agrometeorological activities in the present times and
how to connect with CAgM activities in general. Such items have
also been point of discussion in our recent meeting of the
Advisory Working Group (AWG) of CAgM.
I think that I read in your letter and heard in your voice some
despair about getting people to contribute to our "extramural"
activities (work outside the walls of the institutions where we
work). This is a general complaint throughout the Technical
Commissions of WMO but the same applies for example to COST
activities. Only when we are able to single out real core
activities, that fall within the (sometimes narrowly defined)
priorities of our institutions, could there be any improvements.
Yes, perhaps the main difficulty is the isolation of our local
institutions. The answer to that problem is regionalization,
moving away, from often historical particularities that shape the
agenda of our national institutions, towards regional priorities.
It is exactly there where the CAgM regional Working Groups come
in as far as for example agrometeorology is concerned.
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As to Europe, what are the regional priorities for establishing/
expanding/refocussing operational agrometeorological activities,
that is the question that should be asked by the members of your
Group. What are the
bottlenecks of
getting locally more
agrometeorological
knowledge
operationally
applied? It is
unlikely that there are many topics that have been identified byb
each and every member of the Working Group as a priority, if any ..
This has to be established first. What are the main priorities·
identified throughout the RA VI countries?
If for
a large group for example (i) agrometeorology of
sustainable agriculture with minimum inputs, reducing soil and
water pollution, would be such a priority subject, or (ii)
regional climate forecasting as an early warning activity, or
(iii) the scarcity or quality of fresh water resources, or (iv}
protection of crops against a certain kind of extreme events,
even when only for 25 50% of the members such subjects are
recognized as priorities, these topics have to be singled out. I
assume that subsequently specific agrometeorological aspects of
each of these topics have to be defined by a sub-group of the
Working Group, perhaps getting some outside expertise as well.
This approach has to be prepared for your next Working Group but
it must be possible for your present Group to identify such
priorities, to collect information on who is presently working
actively (and where) on (subfields of) these regional priorities
and what are the main operational problems. With respect to
presently available tools to tackle such priorities, the EU
Support Group on Agrometeorology (Vossen, Rijks et al.) is
planning a review that should be used. CAgM itself will be put on
this same track of regional prioritization by its AWG, and the
CAgM reports issued over the last 10 years or so, as well as the
forthcoming ones to be presented at CAgM XII, contain parts of
this puzzle as well.
It should be realized that the wheel has not to be found out
again. Organizations, from IPCC to the World Watch Institute,
from Green Peace and other NGOs to UN Institutes
(UNCED and
beyond), as well as from formal Ministerial Advisory Boards to
local pressure groups, publish problem analyses that could be a
starting point of identification of supposed agrometeorological
aspetcs, after scientific scrutinizing of data and reasonings. Of
course parts of these processes are taking place in Working
Groups as yours at present as well, but it has to be done more
explicitly, in a wider context and with the sincere wish to show
the capacities of agrometeorology and agrometeorologists to
assist in solving priority problems.
The above has also to be seen against the strong needs of
quantitatiye impact assessment in Long Term Planning of WMO as
our ~mbrella organization. In a world that has ever increasing
means of· fast and to the point analysis, information and
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communication systems, the successes, the failures and the
deficiencies (and of course sometimes the dishonesty) of present
attempts to keep the world going locally as well as globally can
be recognized and itemized. Political will can be influenced by
hard data (even when sometimes manipulated), certainly in RA VI
and RA IV (with
carbondioxide production
and ozon layer
destruction as just two large scale examples), while the rest of
the world will at least follow here. This must be applied to
regional problems by regional Working Groups.
Finally, for this attempt to show some structural approaches for
the work of your Working Group, I quote from a review of the
major items of what was suggested at our AWG meeting. It says:
"CAgM's constituency
of users involves NMHSs, agricultural
research scientists, agricultural advisers and farmers.
It is
important that the CAgM outputs (including outputs of WGs of RAs,
KS) are relevant to these groups. Within these groups, it is
important to assess the CAgM products to evaluate their relevance
to user requirements. The AWG proposes that this assessment
includes user selected pilot surveys from a few developed and
developing countries."
This quotation exemplifies an increasingly serious wish of CAgM
to show, quantitatively wherever possible, the impact of our
eff6rts. To help organizing this at the regional level, together
with the regional exercise to select priorities as dealt with
earlier above, should be the main tasks of Working Groups like
yours. A
very important rema~n~ng additional task is the
colle·ction .of quantitative case studies on economical benefits of
operational agrometeorology in the region. We in the AWG, the
CAgM secretariat as well as myself as president of CAgM would be
very much assisted by a discussion on these matters in your
meeting. We would very much appreciate it when in the report of
your meeting as well as in its final report we could recognize
the results of such a discussion as well as the work that was
done and planned along these lines. I would then use part of it
in one of my forthcoming Circular Letters.
Perhaps this letter before you and the paper enclosed could be
multiplied and be used as starting point of such discussions in
your meeting. I hope the above may be of some guidance. I wish
you and your fellow members a good meeting.
I can be reached till Christmas in Indonesia by fax 62 322 41761
("Please hold for Prof. Stigter"). After that again in the
Netherlands, from 19/1 onwards. I wish you also a good month of
December in personal affairs. Many regards
~,
6;A~~
~:z=;
-.
~Prof. Kees Stigter
.
President of CAgM
cc. CAgM Secretariat
Vice-president CAgM
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WORLD METEOROLOGICAL ORGANIZATION
M/RA VI, ANNEX

Questionnaire
Related to the elaboration of an Uniform Scale
for the Assessment of Forest Fire Danger
(RA VI Working Group on Agricultural Meteorology- Resolution 9 {XI-RA V/J Item g(iiJ)

Please complete and cross the desirable replies
1.

COUNTRY: . . . . . . . . . . • . . . . • . . • . . . . . . . . . • • . . . . • . • . . . .

2.

PERSON COMPLETING THE QUESTIONNAIRE:
Name
Address:
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•
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...........................................

Telephone: . . . . . . . . . . • . . . . . . . • . . . . . . . . . • . . • . • . . . . . . .
Fax:
.•..............•................•.••••...•
E-mail:

.............................................

3.

TECHNICAL ASPECTS

3.1

Are there forest fires in a significant number in the country?
yes 0
no 0

3.2

Total forest surface in the country: ....•.••......••. • • • • km 2
Forest surface in percentage of the whole country . . . . • • • • • . . . %

3.3

Mean (last 5 years) of the yearly burned area as a percentage of the
forested surface:
.••••.•.•...... %

3.4

Main causes of forest fires ignition in percentage
Natural causes
. . . . . . . . . . ... ..
Land work activity •...........
Human activities
Leisure activity . . • . . . . . . . . . . .
Criminal action .•...•........

%
%
%
%

3.5

Normal forest fires prevention period • . • • . . . • . . Months

3.6.

Is· a meteorological fire danger index used at a national level?
yes 0
no 0

3.6.1

Is a meteorological fire danger index used at a regional level?
yes 0
no 0
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yes 0
yes 0
yes 0

3.6.2

Actual index
Forecasted index
Both

no 0
no 0
no 0

3.7

Meteorological fire danger index description:

3.7.1

Parameters:

Yes
Air temperature
0
Air humidity
0
Wind direction
0
Wind intensity
0
Precipitation
0
Soil water content 0
Other parameters?
......•...........•..............

3. 7.2

Fire danger index formulae: .•...•....••••...•.............
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3. 7.3
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Other important detailed information needed for the index calculation:
•••••oooooooeooooo•••••••eooooooooooooooooooooooo
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Evaluation of the index performance: ....•••..••.............

. . . . . . . . . . . . . ......................... .............. .
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3. 7 .4. 1 Users acceptance of the index performance:
Very good 0
Good 0
Regular 0
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3.8

Other meteorological information used to support forest fires prevention:

..................................................
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3.9

Ways of delivering meteorological information to support forest fires
prevention?

Others:

3.10

•••••••

Fax 0

Internet 0

Briefing 0
0

Telephone 0

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

.

National or Regional entities collaborating in the forest fires prevention?

. . . . . . . . . . . . . . . . . ............................... .
. . . . . . . . . . . . . . . . . ................................ .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . .... . . .. .. ..
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .....
. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .. .. . . .. . ... ... . ..
"

3.1 1

Meteorological station network to support forest fires prevention:
Synoptic station network
Special station network

0
Fixed 0 Mobile 0

3.12

Remote sensing support used to forest'fires prevention and fight:
Satellite imagery 0
Airborn digital radiometer imagery 0
Other supports . . . . . . . . . . . . . • . . . • . . . . . . . . . . . . . . . . . . . •

3.13

Please present any further remarks and suggestions concerning this
subject: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. .. . . . . . .. . . . . .. . . . . . . . . .. ..... . . . . . .... . . .. . . . ..
.

. . . . . . . . . . . .. . . . . . . . .. . .......................... .
\
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3.14

Please send any paper regarding the forest fire danger index used in your
country

Remarks:

If there are any doubts ln f1lling in this questionnaire, please do not hesitate to
contact:

Mr R. Mata Reis
Institute de Meteorologia
Rua C Aeroporto de Usboa
1700 Lisboa
Portugal
+351 , 848 39 61
Telephone
Fax
+351 1 840 23 70
E-m ail
Raui.Reis@meteo.pt
or

Dr D. Rijks
Agrometeorological Applications Associate S.A.R.L.
B.P. 102
F-01213 Ferney Voltaire Cedex
France
Telephone
+ 33 4 50 40 88 41
Fax
+ 33 4 50 40 88 42

Please mail the answers to this questionnaire to:
World Meteorological Organization
Case Postale 2300
CH-1211 GENEVE 2
Switzerland
not later than
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WORLD METEOROLOGICAL ORGANIZATION
M/RA VI, ANNEX

Questionnaire
Related to Phenological Observations and Networks
(RA VI Working Group on Agrometeorology)

Please complete and mark the desirable replies and send it back as soon as possible

1.

COUNTRY:

2.

PERSON COMPLETING THE QUESTIONNAIRE:
Name .. ·. . . . . . . . • . . • •· ••.••••.•.•...•........•........•..
Address: . . . . . . . . . . . . . . • . . • • . . . . •
. . . . .. .
. ;,, .•
0

o

o

0

•

o

•

e

e

e

e

,.

o

e

•

e

o

I

~

,.

•

Telephone: • • .

Fax: ............ _.. , .. ·.·

e

•

•

.

"

~

'

e

"

,.

e

e

•

e

•

o

o

o

o

o

I

o

o

o

o

o

o

o

o

. .•••••.••..•.•••••••.•.•••••..

.... · · · · · · · · · · · · · · · · · · · · · · · · · · · ·

E-mail: ..•••...•...•....••.••••••...•...•••..•••.••••..•.
3.

OBSERVATIONS

3.1

Are there regular phenolo.gica}· observations in your country?
yes 0
no n
If yes, identify the company(ies) which is(are) running the network of
phenological stations (with the addresses):

•••••••

3.2

11

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Define:
The area of your country:
The number of phenological stations:
Phenological observations since:

.

km

3.3

Is the phenological network classified?
yes 0
(e.g. common phenology, phenology of agricultural plants ... )

3.4

Specify number of observations at following categories of stations:
Botanical gardens: •.•...••.•.•••...••••.....•.•....•..•••.• •
Experimental stations (various kinds): .••.........•.•••...•.•...•.•
Productive farms: ........••.•••...•.•...•.......•.•..•...•••
Orchards:
.•..•.•..••...•..•...••..•..•.•••..•..•....
Forest stations:
.. , .....•••....•.•.•.••.•.•••••.•.••..••...
Others (what type?): •......••..•..........•...••........•....

2

no 0
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3.5

Are the observers partly "professionals"?
(foresters, agronomists, etc.?)

yes 0

no

0

If yes and the phenological stations are classified, quote the number of
"professionals" in percentage:

Type of station

Percentage of "professional"
observers

Common phenology
Phenology of agricultural plants
Forest phenology
Orchards
Others

3.6

3. 7

Define period of obser.tatlons:
During the whole year
Seasonal observations

yes 0
yes 0

no 0
no 0

What is the frequency of the observations in days?
Type of observations

During the season
{annual)

Out of season
{perennial)

Common phenology
Phenology of agricultural plants
Forest phenology
Orchards
Others
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3.8

What is the frequency of collecting phenological data?
Seasonally 0
Monthly 0
Weekly 0
Various frequency (describe)

3.9

What are the channels of data collecting?
Telephone 0
Telex 0
Internet 0
Mailing 0
Others ••.••.•••••.•.•••.••••...•.•.•.•••••••..••..••••••••

3.10

Do the observations include the variety specification?

3.11

Estimate number of observed plants:
Agricultural plants including vegetable: ...•..•.•...••............•.
Fruit trees and shrubs: ..••.•.•.......•.•..•.•••••••...•....••
Forest trees and shrubs ..•..•.••...•..•••.•.•••...•...•.......
Wild plants: .•.•••...•..••.••...•..•...•.•. • • • · · · · · ...•..•.
Others (plant in parks eg.): •••••••.••.•••••..••••.••••••.••....

3.12

Do the observations include the application of:
Fertilizers
yes 0
Chemicals
yes 0
Other agricultural practices
yes 0

yesO

no 0
no 0
no 0

noD
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3.13

Do the observations include the yields:
yes 0
Agricultural + orchards
Forest + wild
yes 0

no 0
no 0

3.14

Do the observations include the disaster information?

3.15

Was the method of observation changed?
In the recent years
Since 1961
With the respect to previous method
(the results of observations are comparable)
Completely new methods

tl

yes 0

no 0

yes 0
yes 0
yes 0

no 0

yes 0

no 0

no 0
no 0

4.

DATA STORAGE

4.1

What kind of archiving is used to store data?
Paper sheets
yes 0
no 0
Computer media
yes 0
no 0

4.2

Data stored since:
On paper: ••.•.........•.......•....••.....•..•...•..•.•.••
On computer media: ....••.•.••.•...........•.......•....•••.

4.3

Do you use any coding of phenological data?
If yes, what kind?
yes 0
Local code
yes 0
Decirrk; scale
Other standard code (describe)

yes 0

no 0?

no 0
no 0

4.4

What is the approximate volume of computer st.ored data [Mb]:

5.

DATA USAGE

5.1

What is the usage of the phenological data
(Try to express in percentage)
Agroclimatic evaluation: •........•.•..•......•....•...••....••
Research: ••.....•....•.....•..........•.•......•..••..••.
Crop modelling: •...•...•.....•..•............... · · · • • · • · · • ·
Agrometeorological reports and bulletins: ...•.............. : ........ .
Other operative use: . • • . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . • . . • .

5.2

Define the data customers
(Try to express in percentage):
Researchers: •......•..........•................•....•.••.•
Agencies for yield estimation (statistics): ..•................••.••..
Farming advisory: ...•.•.......•.....•......•...•...•....•••.
Environmental agencies: ..•.............•...........•..•...•..
Others (who?): •....................••.....•..•..•.......•..
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5.3

What are the channels to disseminate the data in operative use to the
customers?

. ' ...................................................... .
. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Remarks:
If there is any doubts filling in this questionnaire, please do not hesitate to
contact:

Pavol Nejedlik
Slovak Hydrometeorological Institute
Jeseniova 17
833 15 BFlATISLAVA
Slovakia
+421 95 6339272
Telephone
Fax
+421 95 6320591
nejedlik@shmuke.shmu.sk
E-mail
or

Attila Bussay
Hungarian Meteorological Service
P.O. Box 38
1525 BUDAPEST
Hungary
Telephone
+ 36 1 2124244
Fax
+ 36 1 2125159
E-mail: bussay@met.hu

Please mail the answers to this questionnaire to:
DrZ. Dunkel
chairman of the RA VI Working Group on Agricultural Meteorology,
Hungarian Meteorologir;a/ Service
P.O. Box 38
1525 BUDAPEST, Hungary
not later than 23 February 1998
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