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Abstract
Agrometeorology can represent an important tool for the
improvement of agricultural producer activity. The development of
agrometeorological application, also by using World Wide Web, can
produce and disseminate elaborated information to the users, representing an
important decisions support system. In this paper the results of a survey of
agrometeorological applications in Europe are presented, showing several
examples collected on different countries. An important activity is also
performed by COST Action 718, Meteorological Applications for
Agriculture. The main objective is to improve the meteorological
applications to agriculture and environment protection identifying and
defining the requirement in terms of scale and time resolution and end-users'
needs.
Introduction
Even in developed countries, the availability of weather/climate
based information can represent the basis for the improving production
methods, so making the notion of precision farming a real possibility.
Accordingly, economical and environmental benefits can be obtained,
realising “sustainable agricultural systems which optimise inputs, conserve
resources and are environmentally friendly, socially acceptable, profitable
and competitive in a global economy” (Seeley, 1994). On this basis, there is
often expressed a commitment to improve the contribution of
agrometeorology to the agricultural production and so a particular attention
should be addressed to the areas of research, education and service. At
present, research and education in academic setting have been the major
focal points. Services constitute the most neglected area (Hollinger, 1994).
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They have been left to the national or local structures, but generally in a
non-agricultural oriented organisation. As a result weather/climate
information for agricultural purposes have not been a high priority except
for high value horticultural crops or irrigated regions.
It is then crucial that agrometeorological services will be improved
and their activity increased. Many authors discussed the future of challenges
and opportunities for serving agriculture with real time and forecast weather
data, as well as with products concerning tactical and strategic management
of the farm (Seeley, 1994; Maracchi, 2002). In future, important improvement
will be obtained by the availability in real time of high resolution weather
data, elaborated by the numerical weather forecast models. The major
challenge to agrometeorologist is to educate producers to use weather data
and elaboration in various management decisions. Several examples of how
these data can be used by farmers are described by many authors, concerning
when to plant spring crop (Huda, 1994), the risk of nitrogen leaching losses
(Shaffer et al., 1994), the timing of pesticide application (Rosa et al., 1995),
the assessment of crop yield and quality (Bindi et al., 1997).
At present efforts of the agrometeorological community to provide
weather/climate information service to agriculture are shaped by tradition,
transition and technology (Seeley, 1994). The perspective of many
agrometeorologists are based upon long standing traditions about the types
of information expected by their agricultural users. The potential for
expanding services to agriculture is growing as a result of changes which are
presently underway in developed countries (farm number has declined, farm
size has increased, manager has become more educated, the environmental
regulation is increased, etc.). Finally advances in electronics, especially in
computers, communication and measurements technologies have a major
impact which are strongly related to the progress of collection of weather
data and elaboration and dissemination to the agricultural producers
(Orlandini, 1998).
On these bases a survey of the European agrometeorological
applications is presented in this paper, describing several examples per each
country based on World Wide Web (WWW). This represents a very
important tool for disseminating real time information among the farmers,
and an increasing number of services base their activity on this network. In
the second part of the paper, the structure and activity of COST Action 718
“Meteorological Applications for Agriculture” is reported, focussing on the
general objectives and the activity of the three Working Groups.
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Survey of European Country Applications
Reports of agrometeorological activity were found in many
countries. So only one example per country was described, also taking into
account the wide range of possible applications (pest and disease, irrigation,
phenology, crop monitoring, etc.).
In Austria, the Universität für Bodenkultur in Wien performed a
comparison of airborne and ground measurements of surface temperature
and surface soil water content in field crops. This is based on the
investigation of the agreement of ground based measurements with data of
soil surface temperatures and soil water content (upper layers) recorded
from a helicopter. Also additionally information concerning the
characteristics of surface area is necessary. In Austria the European Pollen
Information is also active, which produces forecast about the pollen
distribution in Europe both in maps and charts format sorted by pollen-type.
The same activity focused on the Mediterranean area is realised by the
MedAeroNet network. This provides information about the allergenic risk
due to pollen, with a weekly time step. The participants to this activity are
Spain, France, Italy, Greece, Israel and Albania.
In France an important activity is organised to improve the control of
potato late blight (Phytophthora infestans) by Cimel Electronique. The
system simulates the pathogen infection and determines the theoretical dates
for the first treatment and the following ones. Fungicide efficiency and variety
sensitivity are also taken into account. IRRISOFT system is available in
Germany, providing information on irrigation of many crops. It contains
metalinks to servers with information on the software packages and further
data, as well as it forms a broad base for efficient information exchange and
discussion. Other models are part of a complex Agrometeorological model
toolbox of the German Weather Service. AMBAV calculates the potential and
real evapotranspiration, soil water balance under different crop covers.
Recommendation for irrigation amounts scheduling are disseminated by fax.
ASCHORF can be used to improve the control of apple scab (Venturia
inaequalis) (Fig. 1), while PERO is a model developed for the primary and
secondary infections of grapevine downy mildew (Plasmopara viticola). The
biological cycle of the latter is simulated by PLASMO (Plasmopara
Simulation Model) developed by the Italian National Research Council
(CNR-IATA) and Department of Agronomy (DISAT-UNIFI). This model
allows a better identification of the suitable periods for spraying fungicides,
increasing their efficacy. In Italy a wide range of activities are also realised by
the Regional Agrometeorological Service of Sardinia. It provides
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agrometeorological information to the farmers, along with weather forecast to
any interested users. Model running and available information updating are
performed online (Fig. 2).

Figure 1. ASCHORF model has been proposed for the simulation of
apple scab.

Figure 2. SAR output for the control of Lobesia botrana attacks.
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The Wageningen University in The Netherlands is the Centre of the
European Phenology Network. Correlation of the timing of phenophases
with climate characteristics are available, and they represent an important
early warning mechanism. The SWAP model (Soil – Water – Atmosphere –
Plant) is the successor of the agrohydrological model Swatrer (Fig. 3). The
model addresses both research and practical questions in the field of
agriculture, water management and environmental protection. Different
types of input are required, concerning meteorological variables, crop,
irrigation, soil, heat flow, solute transport and transformation. The model
generates water and salt balance over a flexible time period. Water balance
terms include evaporation by intercepted rainfall, bare soil and crop,
irrigated gift, runoff, infiltration and drainage. Other examples of output are
water contents, pressure heads, leaf area index, soil temperature, and they
can be generated in form of ASCII output files. They can be directly used as
input for pesticide and nutrient models.

Figure 3.

SWAP (Soil – Water – Atmosphere - Plant) model
structure for the water balance.

The Institute of Arable Crops Research in United Kingdom realised
a site containing a scheme for forecasting the severity of light leaf spot of
winter oilseed rape crops (Pyrenopeziza brassicae) (Fig. 4).
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Provided in Autumn of the ongoing year, it is constantly updated and
foresees the situation for the next Spring. This system is based on crop and
weather factors. At the start of the season, prediction for each region taking
into account of the average weather conditions expected for that region are
disseminated. During the season periodical update to take into account
deviations in actual weather away from expected values are elaborated.
Several parameters are taken into account, such as the amount of pod
disease the previous summer, summer temperature, the number of winter
rainy days above the regional average and the susceptibility of variety.

Figure 4.

Light leaf spot forecast in United Kingdom.

IRRIFIB is a computerised model applied in Slovenia giving soil water
balance and available water around rooting system. Together with the
weather forecast parameters it estimates the soil water consumption for the
next three days. The model is characterised by several input variables (ET0,
phenology, root depth, crop coefficients, etc.) and optional parameters
(synoptic weather forecast, soil water depletion, type of irrigation, etc.).
Planning and management of irrigation are also possible applying
CROPWAT decision support system developed by the Land and Water
Development Division of FAO. A global Agrometeorological Integrated
Information System is available in Bulgaria for the management of crop
protection, irrigation, etc. (Fig. 5).
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Figure 5. Agrometeorological services developed in the National
Institute of Meteorology and Hydrology of Bulgaria
COST Action
Founded in 1971, COST is an intergovernmental framework for
European Co-operation in the field of Scientific and Technical Research,
allowing the co-ordination of nationally funded research on a European
level. COST Actions cover basic and pre-competitive research as well as
activities of public utility. The goal of COST is to ensure that Europe holds
a strong position in the field of scientific and technical research for peaceful
purposes, by increasing European co-operation and interaction in this field.
COST has clearly shown its strength in non-competitive research, in prenormative co-operation and in solving environmental and cross-border
problems and problems of public utility. It has been successfully used to
maximise European synergy and added value in research co-operation and it
is a useful tool to further European integration, in particular concerning
Central and Eastern European countries. Ease of access for institutions from
non-member countries also makes COST a very interesting and successful
tool for tackling topics of a truly global nature. To emphasise that the
initiative came from the scientists and technical experts themselves and
from those with a direct interest in furthering international collaboration, the
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founding fathers of COST opted for a flexible and pragmatic approach.
COST activities have in the past paved the way for Community activities
and its flexibility allows COST Actions to be used as a testing and
exploratory field for emerging topics. The member countries participate on
an "à la carte" principle and activities are launched on a "bottom-up"
approach. One of its main features is its built-in flexibility. This concept
clearly meets a growing demand and in addition, it complements the
Community programmes. COST has a geographical scope beyond the EU
and most of the Central and Eastern European countries are members.
COST also welcomes the participation of interested institutions from
non-COST member states without any geographical restriction. COST has
developed into one of the largest frameworks for research co-operation in
Europe and is a valuable mechanism co-ordinating national research
activities in Europe. Today it has almost 200 Actions and involves nearly
30,000 scientists from 32 European member countries and more than 46
participating institutions from 11 non-member countries and Non
Governmental Organisations. This and other information can be found in the
Web site: http://cost.cordis.lu/src/home.cfm.
COST Action 718
On these bases, the Memorandum of Understanding for the
implementation of a European Concerted Research Action designated as
COST Action 718 "Meteorological Applications for Agriculture" was
proposed. The main objective of the Action is to improve the meteorological
applications to agriculture and environment protection identifying and
defining the requirement in terms of scale and time resolution and end-users'
needs.
In general terms, the project seeks to see what the current use of
weather data is in agrometeorological products with a review of current
methods and how they are used. This ought to help fix objectives and to
provide verification. The weather input data to such schemes should be
reviewed together with the uses of such information. The following tasks
cover such topics as how the weather data can be improved (aerial coverage,
timeliness, etc.) and if remote-sensing data can make an impact.
Improvements can be made then a pilot trial could be done to verify the
practicalities of such improvements and if the uptake by the users has
increased. A bespoke database of agreed surface and remotely sensed data to
a common European standard and to an agreed protocol would have value.
This database could be made available to each member country to allow the
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running and possibly integration of the largely empirical models - pest,
disease, water quality.
In particular these are the main objectives of the Action:
1. obtain detailed information on the all end-user’s needs for data
inputs, outputs and interpreted information and knowledge;
2. compile a meta-database of all available data and appropriate
ancillary information;
3. identify omissions in the available data and methods such as remote
sensing data of obtaining additional data to remove the omissions;
4. select models with outputs that satisfy the exacting needs of users; in
the absence of any such models consider how best to provide them
and at what scale.
In addition, the project will demonstrate the practicality of such
applications to management and planning of agriculture sector at the
national/regional/local level. Regional models are often successful, but local
models are notoriously hard to define - local topography, microclimate and
crop development all have an influence here. How are these problems to be
addressed will have a great bearing on the types of exploitation of the data.
Both spatial and temporal resolutions at which the meteorological data are
available don't correspond to the specific needs of applications in agriculture
and represent one of the main constraint for certain operational applications.
One of the main objectives of this Action is to write down protocols for the
validation, implementation and use of models, bearing in mind user
requirements and operational constraints related to the data and the
information currently available. The scientific community defining the
content and goals of the protocols will make an organised attempt in this
topic.
An estimation of the benefits arising from the utilisation of
agrometeorological models can be made with a strict collaboration with the
end-users. This kind of approach would be extremely beneficial to advance
and strengthen the presence of the meteorological community in the field of
agriculture and the related environment. The beneficiaries of this COST
action will be the agricultural extension services and the planners for
agricultural sector. This kind of end-users that will be involved in the Action
will benefit from the existence of common procedures for data collection,
archiving and spatialising and for model utilisation in co-operation with the
meteorological services.
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All the sequences of operations will be analysed from data acquired
in the requested format from meteorological network, numerical weather
predictions, satellite and airborne sensors up to the use of models at local,
regional and national scale. A specific evaluation will be done concerning
the ancillary information such as phenology, soils characteristics and
methodologies for computing derived data as evapotranspiration, beginning
of the growing season, degree days, etc., collecting and comparing
methodologies for their calculation and estimation in order to establish a
standardised approach and a harmonisation of methodologies useful in this
field throughout Europe.
The problem of spatialisation will deal with the availability of
surface data at a scale of time and space useful for the input in the models.
The aim of the project will be to investigate whether data can be produced in
good time with the requested format and accuracy useful for operational
models in order to provide an enhanced service to meet growers needs.
Requirements and availability of climatological data will be investigated
considering different sources (classical weather network, satellite images,
grid data produced by high-resolution climate models, by building spatial
weather generators, in short-term forecast from high-resolution weather
models).
A special attention will be paid to define rules and procedures of
scientific validation of some selected models to establish a common
protocol. The following aspects of validation will be investigated in terms of
statistical methodologies and sensitivity of the models to the different
meteorological parameters. One of the main goals of this issue would be to
establish a common protocol in the European framework for the validation
and application of models in the field of crop management, including the
effect of adverse weather, at national/regional/local level.
The results of the action should be the improvement of the
application of meteorology to agriculture and environmental protection and
in particular:
1. provide climate model community with characteristic sizes (time
frequency and ground resolution) of weather data needed by
agriculture at regional and national level, identifying a compromise
between feasibility and needs.
2. Identify needs for and promote development of some paradigms of
models adapted to large spatial domains (models for crops, pests and
diseases, effluents, consumption), eventually useful for regional
monitoring (of crop production, of environmental costs) and
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management (scenarios of changing, agricultural systems,
dimensioning of environmental taxes or subsidies).
3. Integration between ground-based and remotely-sensed data to
improve the accuracy of the model performance.
4. Estimate the cost-effectiveness of such a methodology (cost of
model development plus cost of inputs - climate and remote
sensing).
The Memorandum of Understanding has been signed by 21 countries:
Austria, Belgium, Bulgaria, Cyprus, Denmark, Finland, France, Germany,
Greece, Hungary, Ireland, Italy, The Netherlands, Norway, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden and United Kingdom.
The activity of COST 718 Action is organised in three Working
Groups and one Sub Working Group (Fig. 6). These are their general
objectives:
1. WG1: Identification of meteorological data requirement for
agrometeorological models and the analysis of their availability, at a
scale of time and space useful for the inputs in the models.
2. WG1.1: 1.Comparison of satellite data accuracy in space and time
with the accuracy of surface meteo data. 2.Differentiation and
separation of the remote sensing data that are used as weather
variables from the data that are used into crop and pest and disease
models.
3. WG2: 1.To study ability of crop and pest-and-disease models to fit a
domain (landscape, region or country). 2.To check off components
of models and their resilience to upscaling. 3.To check their ability
to receive regionalized weather data. 4.To perform validation study
of crop and pest-and-disease models (test and check their ability to
predict and forecast short and long-term outputs).
4. WG3: 1.To identify with a selection of current and future end-users
needs with respect to selected applications or models. 2.Usefulness
and delivery of agrometeorological information to those who can
make best use of it in planning operation. 3.To encourage
exploitation of advances in technology transfer and visualisation
techniques. 4.Harmonise model application where possible.
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A specific WEB site has been realised to present the activity of the
COST Action 718 at the following address: http://agrometcost.istea.bo.cnr.it/ (Fig. 7).

Meteorological
MeteorologicalApplications
Applicationsfor
forAgriculture
Agriculture

WG1
Use and availability of
meteorological information for
agrometeorological models
WG1.1
Remote sensing
WG2
Crop, pest & disease and plant
models

WG3
Current dissemination of
agrometeorological information
(data and products)
Figure 6.

Organisation of COST Action 718.
Conclusions

In Europe there is an intense activity if the field of agrometeorology.
Many applications have been proposed to support the decision activity of
agricultural producers, disseminating a wide range of information in the
field of crop protection against pests and diseases, water balance and
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Figure 7.

Home page of COST Action 718 web-site.

irrigation management, crop growth and development monitoring. There is
an increasing use of WWW applications, allowing a real time dissemination
of information, the interaction with the end users, a reduction of cost
bulletin elaboration and distribution.
In this ambit, the activity of COST Action 718 can represent a
fundamental element to co-ordinate the different activities performed in the
European countries. The most important topics are considered from data
collection, data elaboration and model running, elaboration of bulletins and
dissemination of information to the end users.
It is very important that co-ordinated activities in this field are
realised, particularly with an interdisciplinary approach, so that all the
involved experts (biologists, agronomists, agrometeorologists, etc.) can
cooperate to a single goal. Only in this way, important tools can be realised
to support the decision activity of farmers, with real benefits in terms of
income and environment.
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