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INTRODUCTION
This volume was long planned to be complementary to the Special Issue of Agricultural and Forest
Meteorology (Volume 103 (2000) 1-227), edited by M.V.K. Sivakumar, C.J. Stigter and D. Rijks, in
which appeared the Papers from the International Workshop on "Agrometeorology in the 21st
Century: Needs and Perspectives", held in Accra, Ghana, from 15 to 17 February 1999.
The organizers had distributed drafts of the papers to be presented at the Workshop by invited
authors well in advance to all CAgM members. Simultaneously we had requested contributions on
operational applications in agrometeorology, related to the subjects of the papers, from or through
these members. Later we had also invited several agrometeorologists, members and non-members
of CAgM to be discussants for these papers.
lt was therefore possible to have more than 80% of the material in the first part of this volume, which
holds the contributions on operational applications received, already referred to in the final versions
of the papers as presented during the Workshop. This gave the right feeling of participation and
ownership by as many members of CAgM as possible. The other less than 20% contained important
contributions of which the contents could not immediately be used and referred to by the invited
authors of the workshop papers, although the material was related.
Moreover, also 50% of the pages in the second part of this volume, containing the invited
contributions from discussants, holds material already referred to in the papers. That this was not a
higher percentage was due to the fact that the discussants were not required to submit their material
in advance. Moreover some invitations had been issued at the meeting, when the actual participants
were known to the organizers.
Because we received copies of contributions from the invited discussants and many notes from those
contributing to the discussions from the floor, those responsible for the Workshop summary and for
the workshop recommendations on needs and perspectives for agrometeorology in the 21st century
(Stigter, Sivakumar, Rijks: Agric. For. Meteorol. 103 (2000), 209-227) could use all this material in
addition to the contents of the papers.
We therefore trust that these many contributors have found much of their main issues and items
represented in the Special issue that appeared earlier this year. However, the finer details of these
contributions can be found in this complementary volume as one of the many CAgM reports.
We trust as well that this experiment with a CAgM Workshop in Accra prior to a CAgM session, that
also very positively influenced the participation of members from developing countries in the Accra
session, has set a trend for future opportunities in highly participatory agrometeorology in the context
of CAgM. Without that thorough participation of its members, from a regional perspective, the CAgM
and WMO lose much of their justification.

Wageningen, The Netherlands
March 2001

Prof. C.J. Stigter
Immediate past President (1991-1999) of CAgM
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Analysis of Rainfall Event During 1994 Flood Over East of Egypt
H. A. Abu-Taleb and M.A.A. Dawod, Egyptian Meteorological Authority

Abstract
The rainfall event during the November 1994 flood is analyzed by using the average Sea Surface
Temperature (SST) at the area 20N 208 and 40E 80E, for the period 1950-1997 during October
and November. Also satellite images, the synoptic features and vertical profiles of both wind speed
and direction from surfaces to 5 km height at 31 October 1994, 1-2 November 1994 at Aswan
station were used. lt was found in this study that the role played by a low level jet stream (height
2-3 km, maximum wind speed 30 ms·1 and direction 150°-200°) in providing the water vapour from
the Indian Ocean to the south and eastern parts of Egypt before the flood event is relevant. The
temporary change in the direction of the low level jet stream is investigated through the breakdown
of the ITCZ on the eastern part of Africa. Also it was found that SST anomalies of October and
November in the Indian Ocean were above normal conditions during these months and helped to
bump moist and warm air to the lower layer of the troposphere which caused the unstable
conditions over the east of Egypt.
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Systeme ISOP: Modelisation de la production des prairies
Nicole Bonneviale 1, Richard De/ecolle 2, Victorine Peramaucf
1
Ministere de /'Agriculture, 2 /NRA, 3Meteo-France

Contexte
L'obtention de donnees objectives sur les niveaux de production des prairies pose des difficultes
liees au mode de gestion de ces productions. De plus, les prairies souffrent facilement d'un deficit
hydrique conduisant a des pertes plus ou mains importantes selon la saison, demeurant difficiles
chiffrer. Dans un tel contexte, le Ministere de !'Agriculture a initie une operation d'lnformation et
de Suivi Objectif des Prairies (systeme ISOP) reposant sur la modelisation de la production
fourragere. Cette operation engage deux autres partenaires, qui sont L'INRA (lnstitut National de
Recherche Agronomique) et Meteo-France. La zone d'etude s'etend a la France metropolitaine,
hors pourtour mediterraneen et petite couronne parisienne.

a

Objectifs
A travers !'operation de modelisation de la production fourragere, le SCEES poursuit un double
objectif:
apprehender, a l'aide d'un modele, le potentiel de production des prairies en annees
climatiques normales, ainsi que les variations inter-annuelles en annees seches,
fournir des estimations objectives de rendements
(departement ou zone equivalents).

a une

echelle suffisamment fine

L'inten3t d'utiliser un modele reside dans le fait que les estimations de production ne reposent plus
uniquement sur des declarations d'agriculteurs (subjectivite des reponses, coGt de collecte
annuelle de !'information) mais sur un outil de simulation prenant en compte la diversite des
climats, des terroirs et des systemes de production des prairies.

Partenariat
Cette operation repose sur un partenariat etroit permettant de rassembler des "savoir-faire"
specifiques et complementaires pour satisfaire les objectifs poursuivis:
INRA : unites de bioclimatologie d'Avignon et systemes agraires de Toulouse.
I'INRA met a disposition un modele de simulation de la production fourragere deja
existant, le modele STICS-Prairies, et se charge de !'adapter aux differents contextes
pedo-climatiques et agronomiques locaux. La prise en compte des diverses categories
de sols, leur niveau potentiel de reserves hydriques, s'appuie sur la carte pedologique des
sols de I'INRA.
Meteo-France: service agro-meteorologie de Toulouse.
Meteo-France est responsable de la fourniture des donnees meteorologiques et du choix
de la methode de calcul pour generer les series de donnees meteorologiques necessaires
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en entree du modele. De plus, Meteo-France est charge de !'elaboration de la maquette
ISOP et de la realisation et mise en place du systeme sur le site d'accueil pour la phase
operationnelle.
SCEES: bureau des statistiques vegetales et forestieres de Toulouse.
Le SCEES assure la collecte des donnees sur les pratiques culturales dans le cadre d'une
enquete sur les prairies lancee specialement pour le systeme ISOP. Ces informations
permettront d'identifier localement les pratiques dominantes des agriculteurs: types de
prairies, niveaux de fertilisation, frequence de coupe, mode de recolte (fauche, pature),
rendements. Le decoupage de la France en regions fourrageres permet de rend re compte
de la diversite des systemes de production. L'estimation des surfaces en prairies est issue
de l'enquete annuelle du SCEES sur !'utilisation du territoire (TERUTI).

Methode
11 s'agit d'adapter le modele de production fourragere STICS-Prairies, conc;u par I'INRA, aux divers
contextes pedo-climatiques et couverts prairiaux rencontres en France et de l'implanter sur un site
a partir duquel seront compilees !'ensemble des donnees (sols, pratiques culturales, climat). La
prise en compte des divers contextes locaux repose sur un decoupage de la France en 199
Regions Fourrageres etabli dire d'experts. La Region Fourragere constitue la plus fine maille
d'observation sur laquelle seront restitues les resultats de modelisation. Ces derniers reposeront
sur les pratiques culturales dominantes, les sols dominants et la serie climatique attribuee a
chaque region fourragere (constitution d'une base de donnees agro-pedo-climatiques).

a

Les estimations de production seront fournies par region fourragere et par type de prairies (prairies
artificielle, temporaire et permanente). Elles seront produites annuellement en fonction des
donnees climatiques.de l'annee en cours et comparees a la "normale" (moyenne calculee sur la
serie climatique 1982-1996).
Les travaux se deroulent en deux phases :

Phase experimentale: conception du systeme ISOP (1997-1998)
L'objectif de cette phase est de rassembler des informations pour pouvoir constituer une base de
donnees agro-pedo-climatiques partir de laquelle le modele STICS-Prairies sera alimente. Cette
base de donnees, etablie selon le decoupage des regions fourrageres, permet de definir des unites
geographiques homogenes sur lesquelles sont croisees un type de sol, un mode d'exploitation de
la prairie et une serie de donnees climatiques. Une region fourragere peut etre decoupee en
plusieurs categories de sols si ces derniers presentent des niveaux de reserves hydriques tres
differents. Les parametres meteorologiques sont restitues par des methodes d'interpolation
adaptees, afin d'obtenir des valeurs representatives de la region fourragere.

a

Les modes d'exploitation des prairies tiennent compte des pratiques dominantes des agriculteurs
recensees par l'enquete du SCEES dans chaque region fourragere. Un mode d'exploitation est
defini par la frequence des coupes et les niveaux de fertilisation azotee qui permettent de
caracteriser les types de prairies (artificielle, temporaire ou permanente) et la destination de la
recolte (ensilage, foin, pature).
Le modele STICS-Prairies est cale sur des donnees experimentales (46 situations) prenant en
compte la diversite des especes, des niveaux d'alimentation hydrique et azotee, des rythmes
d'exploitations et des saisons de cultures. Le modele est ensuite valide a partir de 230 situations
experimentales.
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La conception du systeme ISOP est testee a partir de la realisation d'une maquette permettant
d'appliquer le modele STICS-Prairies des zones tests (sept Regions Fourrageres enquetees en
1997).

a

Les simulations sont effectuees pour chaque unite geographique homogene selon les scenarios
prealablement definis (base de donnees). Apres reagregation, les estimations de production sont
etablies par region fourragere et par type de prairie dominant. Durant la phase experimentale, les
simulations seront realisees sur la periode 1982-1996 afin de determiner les rendements "moyens",
consideres comme la "reference".

Phase operationnelle: fournir des estimations en "temps reel" (1999)
En phase operationnelle, le modele STICS-Prairies, implante sur le site de Meteo-France de
Toulouse, sera alimente par les parametres meteorologiques de l'annee en cours. Les simulations
doivent fournir le potentiel journalier de production des prairies, ainsi que les niveaux de production
cumules depuis le debut de l'annee. En entree, le modele est alimente par les donnees
rneteorologiques (temperatures, evapotranspiration, pluies, rayonnement). Les simulations sont
parametrees pour chaque region fourragere a partir des composantes de la base de donnees agropedo-climatiques constituee lors de la phase experimentale. Les estimations de rendement, par
region fourragere et par type de prairie, sont diffuses deux fois par an par Meteo-France vers le
SCEES pour la production de printemps et la production d'ete/automne, en valeurs brutes
(quintaux ou tonnes par hectare) et en ecarts par rapport a la normale (%). Lors d'evenement
climatique particulier (secheresse), !'evolution de la production peut etre suivie au pas de temps
decadaire.
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Africa: Challenges and Future Perspectives
J.J. Burgos

The problem of anthropogenic climate change, which has generated so much worry in the scientific
community members linked to forecast on ecology in current world, is especially important for the
African Region. This continent suffers from national economies with high deficit rates, despite these
nations being rich in human and natural resources.
Due to its geographical location, Africa is far from polar front activity since its territory lies mainly
in equatorial, tropical and subtropical zones. Moreover, the latter is under the trade winds inversion
axis, which has below it all the great deserts of the earth. This situation gives rise to the formation
of extensive desert and semi-arid areas.
To better understand the major earth's biomass temporal dynamics it is necessary to express them,
in a quantitative and qualitative manner, by means of edaphic and phitoclimatic models that could
point out to the trends of these dynamics.
In five previous papers (Burgos 1956, 1982, 1985, Burgos and Maronna unpublished) we tried to
apply three factors from Thornthwaite's water-energy balance that could summarize:
growth conditions
evapotranspiration;

of vegetation

or

heat

availability

in

relation

to

potential

the hydrophytic conditions of the area for vegetation in relation to water excess; and
the xerophytic conditions of the area for vegetation in relation to water deficit.
To do this, statistics from 1,074 meteorological stations, compiled from different sources, were
analyzed.
The map presented in this work was prepared by digitalization using the Autocard Programme
which gives more geographic accuracy than the Griffiths-type map used previously (Burgos 1986).
The partial error for each Bioma and the total error generated have been obtained applying the
Burgos-Maronna discriminating analysis (unpublished). Both errors have notably diminished with
the help of this new methodology.
The values calculated are the following:
Biomas
Rain forest
Hygrophytic forest
Hygrophytic park
Pampa or grassland
Xerophytic forest
Xerophytic park

Percentage

4
19
0

Average general error: 13%

3
3
7

Biomas
Thorn scrub
Steppe
Tundra
Mountain plateau
Desert

Percentage
1
100
0
0
0
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These results, together with the regional and local level climate validated predictions of
anthropogenic climate change, allow us to draw a complete landscape of the very serious problem
for Africa that will arise from higher temperatures and rainfall scarcity next century.

lt is essential to be aware of this in order to prepare communities for adaptation to the new
conditions in order to survive.
Nevertheless, some empirical models, such as those elaborated in the St. Petersburg State
Hydrology Institute, Russia, predict smaller changes (Borzenkova, Budyko and lzrael, 1998).

References
Borzenkova, 1.1., M.l Budyko and Yu.A. lzrael. 1997. Climate Change in the Cenozoic (in
Russian). State Hydrological Institute, St. Petersburg, Russia.
Burgos, J.J. 1959. El regimen hidrico de Sudamerica y su vegetaci6n. Simposio: "Bases para la
Programaci6n del Desarrollo Hidraulico Integral en las Regiones Aridas y Semiaridas
Argentinas", pp. 73-78, Univ. Nac. de Cuyo, Mendoza, Argentina.
Burgos, J.J. 1982. Bases climatol6gicas para la planificati6n de recursos naturales y artificiales
renovables en la Amazonia Brasilera. OMM-PNUD-SUDAM, 93 pp.
Burgos, J.J. 1985. Clima del extremo sur de Sudamerica. Cap. 2, dellibro "Transecta Botanica
de la Patagonia Argentina", 0. Boelcke, D. M. Moore y F.A. Roig (Eds.), p.10-40. CONICET,
Argentina; lnstituto de la Patagonia de Chile y Royal Society de Gran Bretafia, Buenos
Aires, 1985..
Burgos, J.J. 1986. Equilibrium and extreme climatic conditions of the World's Biomes and
Agrosystems. Chapter 2, pp. 12-56 in Technical Note No. 184, Land use and agrosystem
management under severe climatic conditions. WMO, 1986, Geneva, Switzerland.
Burgos, J.J. y Y R. Maronna, inedito. Verificaci6n estadistica de modelos fito y edafoclimaticos
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Agrometeorology in the 21st Century:
The Needs and Prospects in China
Chinese Society of Agrometeorology, Beijing 100081

Nowadays, agrometeorology in China is defined as a subject to study the relationships and
interaction between agricultural production and meteorological conditions. lt includes relationships
and rules between agricultural biota/production and weather/climate, meteorology-dominated
agricultural problems and their solutions, impact and adjustment of agricultural techniques and
countermeasures to the agricultural environment. Agrometeorology is a marginal applied subject
and has advanced from a descriptive to an experimental and quantitative science.

Review of Agrometeorological Development in China
Agrometeorology in China was established in 1953 in cooperation between the Ministry of
Agriculture, the Central Administration of Meteorology and the Chinese Academy of Sciences.
Since then, Chinese meteorology consisted of a rapid but fluctuating development. During the 45
years of growth, a number of research. education and service institutions have been founded and
activities of education, research and service have been undertaken.
Before 1983 the most critical issue in China's agriculture was to increase cereal production in order
to feed a huge population. The situation of the low cereal unit per capita stayed for several dozen
years at the level of 250-300 kg. In such a situation, most agrometeorologists searched for a
solution to increase cereal production and reduce cereal losses caused by natural disasters by
using traditional techniques. Most advisory information, including regional agroclimatic planning and
zoning, were provided to the government for the needs of the planned economic system. An
agrometeorological service network was set up at the end of the 1950s but was destroyed twice
in the 1960s and 1970s. lt was restarted in 1983.
Since the reformation of the economic system in early 1980s, agriculture in China has grown
rapidly and successfully so that most farmers no longer suffer food and fibre shortage or absolute
poverty. To obtain some revenue, more good quality animal products, fruit and vegetables have
been required and produced. During this period, agrometeorological research shifted to and
focused on cash crops and food quality. Computerized and numerical crop-weather modelling,
environment engineering and climate resource management emerged and developed. An advisory
service system, using a computer network and remote sensing, was set up in most provinces and
great success was achieved.
In China today agrometeorology is characterized as an applied subject that has an important role
in various agricultural fields and has advanced from being a descriptive to a quantitative science,
focusing on exploiting the solutions of many agricultural problems.

Agrometeorology in China: Progress and Achievements
During the past 45 years, agrometeorology in China has played an important role in agricultural
development. Meanwhile, several generations of agrometeorologists have devoted their skills to
the development of agrometeorology. Nowadays agrometeorology has been developed into an
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integrated subject and has yielded a system and achievements (ref. the National Progress Report
of China in Agrometeorology).

Agroclimatology and the Efficient Use of Climate Resources
Reports and charts of agroclimatic zoning, including different fanning systems, crops, vegetables
and fruits and animal husbandry at the national, provincial and county levels, were completed in
1980s. These results have been applied comprehensively to the regional integrated development
of agriculture, as well as to the reasonable distribution of different varieties, crops, farming systems
and the exploitation of potential productivity.

Disaster Reduction and Mitigation
Various disasters or stress, such as drought in the north, hot-dry-wind of wheat, chilling of rice in
the south and of maize in the north-east, frost, flood and wet stress in the south, cold damage of
tropical crops and over-wintering damage, etc., has been studied since the 1960s. Some important
conclusions and results have been obtained, including damage mechanism and distribution in
spatial and temporal, forecast and monitoring, by ground observation combined with remote
sensing, risk analysis and a decision support expert system and protection techniques. There are
many examples of reducing losses and damage from disasters, such as overcoming severe
drought in 1997 and the Youngtze River flood in the summer of 1998.

Micro- and Topographic Agroclimatology and Environmental Engineering
Since the 1970s more Chinese agrometeorologists have studied microclimatic behaviour,
characteristics and controlling mechanisms. Structure and micro-environmental control of
greenhouses, shelters, storage and animal housing were designed and developed to promote
agricultural industrialization. Plastic tunnels are now widely used in vegetable nurseries, seedling
cultivation and transplanting to avoid frost and chilling damage in the earlier development of crops
in temperature-limited region. Since the 1980s agroclimatology and knowledge of the efficient use
of climate resources have been studied and transferred to the south sub-tropical mountainous and
hill area, one of the poverty areas of China. Such applied agrometeorology has harvested local
economic growth and enhancement in many poor mountainous regions.

Regional Comprehensive Development of Agriculture
Since the 1980s, agrometeorology has been applied to and embedded in the regional
comprehensive development of agriculture and has played an important role in the development
of the Huang-Huai-Hai Plain, the Loess Plateau, dryland farming in the north and the red and
yellow clay area in the south. In those programmes agrometeorology has contributed mainly to
agricultural structure optimization assessment and explorative techniques of regional crop potential,
water conservation in irrigation and rainfed farmland, improving water use efficiency, soil moisture
regime and balance, environment protection, agro-ecosystem construction, etc.

Disease and Pest Control
Disease and pest occurrence of army-worm, boil-worm~ aphids, rice borer and rust of wheat rely
largely upon meteorological conditions. Since the 1970s, the occurrence patterns and controlling
conditions have been studied. The results have been used successfully in plant protection to
improve pesticide efficiency and to reduce the dosage according to weather conditions. In addition,
several insecticides of higher penetrability have been developed by agrometeorologists in order
to reduce the cost of chemicals and their residue for environmental protection.
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Foundational Theoretical Studies and their Applications
Foundational theoretical fields of agrometeorology include crop-weather modelling, canopy
microclimate, the relationship between plant growth and the meteorological environment,
assessment of crop water requirement and water balance, etc. In the early 1950s a study on the
rubber tree, temperature and topoclimatology was implemented. lt resulted in a northward shift of
the growth boundary of the rubber tree to 18-24'N, the highest latitude of rubber trees in the world.
In the 1970s agrometeorologists found and established the relationship between crop leaf age and
temperature. This discovery was used in the control of cross population in rice and wheat
production. In the 1980s studies of meteorological conditions on hybrid rice yielded great progress
in reducing the risk and cost of planting hybrid rice. Crop modelling research has been used in
recent years to guide agricultural practices such as the development and application of CERES,
GCMs, RCSODS, WheatSM, COTGROW, COTSYS, etc.

Agrometeorology: Facing the Challenges
The 21st century is the era of peace and development. China will realize her modernization, the
target being to be a developed country by the end of the 21st century. The Chinese Government
has therefore implemented the strategies of "Prospering the Country by Science and Education"
and "Sustainable Development" and various steps have been planned. Table 1 shows the
estimation and prospect of China's socio-economic growth in the 21st century.
Table 1. The Estimation of Socioeconomic Growth of China*.
2000
2010
2030
2050
ITEM /YEAR
1.3
Population
1.4
1.6
1.45
(billions)
900
1.600
4.000
10.000
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capita)
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30
45
60
80
Education
9
10
12
14
(Year)
Tend to
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Environmental
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worse
controlled
controlled
quality
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But slower
Needs for
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More animal
Better
quantity
Better quality
agricultural
products
environment
And quality
products
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Labour and
Scale and
Solution of
Scale and
labour
technique
high
improving
technique
Intensive
intensive
technology
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AgrometeoroGovernFarmers and
Enterprises
logical service
Computer
ment and
government
and farmers
mainly provide
end-user
Farmers
to

2100
1.0
50.000
90
16

Better quality
Recovery of
ecological
balance
Information
and biotechnology
Public and
family
end-user

*"China's Agenda 21 51 Century" (1994) and "China: Human Development Report" (1997).
In the procedure, the most difficult epoch is the first 30 years and an expectation of fast GNP and
population growth is evident. lt is estimated that the gross population will gradually increase to a
peak of 1.6 billion by 2030. The shortage of natural resources that feed such a population,
especially the arable land and water, will become a critical limitation to agriculture. In addition, the
pressure of production and the impact of global climate change will, however, yield a worse

16
ecological environment. Therefore, meteorologically extreme events, such as drought in the north
and flooding in the south, will be more frequent and severe.
Besides, as the GNP increases, more animal products and cereal for forage will be are needed.
Simultaneously, the process of urbanization will grow fast. Farmers, therefore, may shift their
attention to cash crops instead of cereal, or lose their interest in farming altogether.
The solution, therefore, to a shortage of resources and environmental degradation will be a critical
issue to food security and will become more important than other issues for sustainable
socioeconomic development. Climate change, degradation of the agro-ecosvstem, hazardous
events, as well as environment pollution, will also add to difficulties in agriculture. All these will
challenge agrometeorology in the building of intensive and sustainable modern agriculture in the
future.
(By Zheng Dawei and Mei Xurong)

Agenda 21C of Agrometeorology in China: Needs and Prospects
Climate Resources and Regional Development
Description
Climate resources are vital for primary production compared to other resources, such as soil and
water. Secondary production, i.e. husbandry and fishery, also depend on climatic resources and
primary production. Optimum utilization of climatic resources in agriculture is one of the most
important things for both agriculture and regional development. The main task of research on
climatic resources is to adopt every possible measure to reasonably use and protect the resources
and to support sustainable development of agriculture on a regional scale.
Needs
One of the possible ways to solve the problem of food security during the population peak period
is to improve the efficient use of natural resources. On the other hand, agricultural production will
cause greater loss if there is a minor mistake in managing any of the resources. Therefore, climatic
resources in the future are needed to obtain greater outputs from the agro-ecosystem, both in
quantity and quantity, while keeping environments reasonable through selecting agricultural
activities combined with other resources.

Strategies
Regional development is a more complicated process in which climatic resources play a significant
role. Much work on climatic resource usage has been done in China. lt can roughly be divided into
several categories: inventory and regionalization of climatic resources, crop adaptation to
environments, cropping systems and yield potential calculation. The following items should be
highlighted:

(1)
Data capture and database management
Although some data required for the guidance of agriculture are relatively easy to obtain, other
data, in contrast, such as plant requirements and responses to climatic condition, must be
emphasized in the data capture. Research on database management should be done on the
efficient storing and indexing of data for different agricultural activities.
(2)
Improvement of climatic resource analysis methods
Spatial and temporal analysis of climatic resource should be done by conventional methods
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combined with high-tech methods, such as geographic information system (GIS), global positioning
system (GPS), remote sensing and DSSAT. Priority should be given to the capability of forecasting
important weather elements, e.g. precipitation and temperature.

Technology to optimize climatic resource use and to reduce agricultural disasters to a
minimum
Several aspects would be included in this item:
adaptation of plants including rare or specific species to environments;
•
optional living conditions analysis for rare or specific species; and
•
decision-making on agronomic management.

(3)

(4)

Integration of knowledge of different majors to make regional development sustainable
from a research point of view

(5)
Transferring knowledge and research outputs into application
More attentions should be paid to extension services for regional development, optional usage of
climatic resources and environmental protection.

(By Wu Lianhai)

Mitigation and Reduction of Agrometeorological Disasters
Description
China is one of the countries with frequent and severe disasters due to a continental monsoon
climate and historic ecological damage. In the early 21 51 century, because of an expanding
population, the exhaustion of natural resources and environmental degradation, damage caused
by extreme events will be more severe.
In the past 50 years, the number of deaths caused by disasters had decreased but GDP losses still
increased. In normal years, 1/4 field and 20% of the population suffered different disasters in which
meteorological extreme events accounted for more than 70%, particularly drought and flood.
Fluctuation of cereal production or loss of GDP at the national level is about 4%, 11% at the
provincial level, and much higher at the country level.
Disasters caused by meteorological extreme events and the strategies of reduction are studied in
agrometeorology, e.g. drought, flood, chilling, frost, freezing injury, wind damage, hail, hot wave,
typhoon, snow storm and some other disasters related with meteorological conditions, such as
desertification and air pollution.

Needs
(1)
(2)
(3)

Disasters bring huge loss of profile and cross output in agriculture. lt is possible to reduce.
One example is the big flood control along the Youngtze River in 1998.
All poor areas with fragile ecological conditions have both frequent and severe disasters.
As climate change and productive levels rises, there will be some new types and
characteristics of disasters, such as hot stress and ultra-violent radiation, more serious
drought and flood in the north and south respectively.

Strategies
(1)
(2)

Avoiding measures: adaptive distribution of crops and varieties in temporal and spatial
reasonable sowing or transplanting date.
Preventing selection: increasing hardiness of varieties and seedlings, acclamation by
chemicals, shelter, damps and so on.
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{3)
{4)
(5)
(6)

(7)

(8)

Defending measures: irrigation for drought, draining for flood, spraying for frost and so on.
Recovering and remedying opportunities: managing injured seedlings.
Compensation: risk assessment and insurance.
To improve the ecological environment: shelter forest belt, water conservation and runoff
control.
Research highlights:
Technical system of diagnosing, methodology of monitoring and forecast;
Mechanism of some important stress and disasters in most field crops;
Making a pre-plan of disaster reduction on different types and levels in ecological
regions;
New techniques of mitigating stress by physics and chemistry;
Hardiness test of varieties;
New characters and types as climate change and productive level rises;
Assessment of risk and making a policy of insurance in agriculture; and
Relationship between ecological environmental hardiness and disaster reduction.
Awareness and training for disaster mitigation:
Knowledge and mitigating techniques of the most frequent disasters for local
agrometeorological technicians, agronomists and farmers;
Methodology of disaster monitoring, forecast, risk assessment, mitigating measures
for provincial agrometeorologists;
Management, risk assessment and decision making for local officers; and
To publish booklets and handbooks for farmers and local technicians.

{By Zheng Dawei)

Agrometeorology in Water Management and Conservation
Description
Water management and conservation in agriculture depend largely upon climate and weather
conditions. Its agrometeorology aspect can be described as follow:
(1)
Monitoring and assessment of water resources and its regime and balance of various
agricultural ecosystems.
(2)
Soil-Plant-Atmosphere Continuum and yield-water relationships.
(3)
Interaction of climate conditions and water conservation in agriculture.
(4)
Impact of water shortage on the agricultural environment and production, as well as its
feedback action.
Needs
China's water shortage and scarcity in the 21st century seems severe. lt is estimated that there will
be no significant increase in irrigation water for agriculture in the future. In addition, it is reported
that water use efficiency in agriculture is as low as 45% and 0.87 kg m-3 • Water is the critical
limitation to food security in China. Furthermore, water scarcity in the north and excessive rainfall
in the south produce severe drought and flood.
From a scientific point of view, such a condition is determined by the monsoon climate (spatial and
temporal distribution of rainfall) and a special geology and topography, as well as a lack of
awareness regarding water conservation. Although many studies have been undertaken and the
results have been published and publicized, there still exists gaps and incapability among needs,
sciences and practices:
(1)

Lack of integrated studies following a typical agro-ecosystem to consider water shortage
and conservation;
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(2)
(3)
(4)
(5)

Weakness of linkage between sciences and agricultural production;
Diversification of methodologies in water research and the application sector;
Producers' under-awareness of water conservation, especially the danger of over-irrigation
in the short- and long-term period; and
Environmental issues of the water sector.

All the above factors contribute to a need in agrometeorology to have some answers and solutions
in the future.
Strategies
(1)
Normalization of monitoring and assessment of the water balance: monitoring,
methodology, crop water requirement, evapotranspiration, the relationship between
environmental stress and plant physiology and morphology, crop productivity.
(2)
Rainwater harvesting and conservation in various climates and agroecosystems, such as
farmland, pasture, forestry, etc. Water catchment for anti-desertification and savanization
in degraded or marginal regions;
(3)
(4)
(5)

Scheduling irrigation by meteorology-driven models in different agroclimates and intensive
agriculture, as well as a means of desalinization and field smoothing.
Environmental and economic evaluation of water use in agriculture.
Probability study of impact of water scarcity on food security.

(By Mei Xurong)

Climate Change and Sustainable Agriculture
Description
The objective of the Framework Convention on Climate Change (FCCC) involves the interpretation
of "dangerous anthropogenic interference with the climate system" which depends on the ability
of managing risks associated with climate change and variability, with the risks to ecosystem
adaptation, food production and sustainable economic development being mentioned specifically.
Agrometeorologists have noted the importance of recognizing uncertainty, better understanding
adaptive processes and considering dynamic responses to climate vulnerabilities.
Definition
Adaptation: refers to adjustments in practices, processes or structures of systems to potential or
actual changes in climate and can be spontaneous or planned and can be carried out in response
to or in anticipation of the potential or actual changes.
Climate change: human activities are increasing the atmospheric concentrations of greenhouse
gases which tend to warm the atmosphere and in some regions the aerosol tends to cool the
atmosphere.
Greenhouse gas (GHG): any gas that absorbs infrared atmosphere.
Mitgation: an anthropogenic intervention to reduce emission or enhance the sinks of greenhouse
gases.
Sustainable: a term used to characterize human action that can be undertaken in such a manner
as to not adversely affect environmental conditions (e.g. soil, water quality, climate) that are
necessary to support those same activities in the future.
Vulnerability: refers to the degree to which a system or sector is imperilled by (exposed to,
endangered by, threatened by, jeopardized by) climate change.
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Needs
The need to meet a 2% or greater annual increase in food demand will put enormous stresses on
the Chinese economic system. Climate change will likely further stress it. Crop production will be
differently affected by global change in different parts of the world. So climate change makes the
task of producing additional food more uncertain.
On the other hand, the management of agricultural lands, range lands and animal husbandry can
play an important role in reducing current emissions of C0 2, CH 4 , and N20 and in enhancing carbon
sinks.
Climate change is expected to impact different ecosystems and socioeconomic sectors in various
ways. The nature, magnitude and timing of these impacts are uncertain. Nevertheless, it should
be possible, in many cases, to manage some of the potential impacts. For example, the risk to the
food supply due to climate change may be reduced by changing crop types, strains, planting or
harvesting dates, providing irrigation in dry areas, increasing food storage, trade and reasonable
distribution and providing insurance to cope with crop failures.
Risks are often related to location, frequency and intensity of disasters and extreme weather events
which could be managed by developing emergency responses and early warning systems;
implementing land use control in vulnerable areas; developing insurance and compensation and
international sharing mechanisms.
But we still need to explore different stabilization scenarios and the potential to reduce impact and
adaptation consequences. We should answer: can we validate our estimates of the relationship
between emissions levels and impacts?

Strategies
Agriculture is a flexible system because of the short time span of management decisions affecting
living resources relative to the time frame over which impacts of climate change become manifest.
However, non-climate stresses may reduce this flexibility. Moreover, timely planning and
preparation of adaptation is essential as the vulnerability of agriculture is not so much related to
changing trends but to the changing speed including extreme events. Critical thresholds, such as
frosts, winter chill requirements and maximum temperature limits also play an important role. Many
adaptation opportunities suitable for climate change have been applied by some farmers. Most
available options take advantage of the general flexibility of agricultural systems related to the short
management cycles involved. lt is likely that autonomous adjustment by farmers will continue to
be important as the climate changes provided that farmers have access to the right information and
tools. However, some agricultural systems are less flexible because they are constrained by soil
quality and water availability, or they are facing economic, technological, institutional or cultural
barriers. In such cases, autonomous adjustments may not be implemented in time because of lack
of awareness and anticipatory planned adaptation would be required to provide the right conditions
(i.e. information and tools) to farmers for autonomous adjustment.
Anticipatory planned adaptation to climate change and climate variability aims to increase flexibility
so as to allow adjustments to be made. The response strategies include changing land topography
to reduce runoff, improving water uptake and reducing wind erosion, introducing artificial systems
to improve water use availability and to control soil erosion, changing farming practices to conserve
soil moisture and nutrients, changing farm operation time to fit new climatic conditions and using
different crops or varieties to match variations in the water supply and temperature conditions.
However, as the climate changes, the response options may not be sufficient and a need may arise
for the development of new technologies to allow farmers to cope with anticipated impacts of
climate change better and to reduce the costs of adaptation, such as the use of biotechnology,

21
improving irrigation systems to minimize evapotranspiration and opportunities for improved longterm weather and short-term climate forecasting capabilities.
Some agricultural practices could reduce emissions of GHGs, especially CH 4 and N20, e.g.
promoting agro-forestry, altering the management of agricultural soils and range lands, using
biogas from stored manure and improving the diet quality of ruminants.
(By Lin Erda)

Environmental and Ecosystem the Protection of Agriculture
Description
China's rural and agricultural development is confronted with a number of serious problems.
Pollution of the agricultural environment is becoming more serious. Over 20 million hectares or one
fifth of cultivated lands have been contaminated to some extent. Land degradation is a serious
problem and severe natural disasters are common.
Due to rapid economic development, the limited agricultural resources have been over-exploited,
e.g. non-agricultural use of farmland, over-grazing and deforestation. Furthermore, pollution and
environmental degradation accelerate the process of resources destruction. The protection and
rational utilization of natural resources has become an urgent problem that must be solved.
At present, as a result of industrial development and the excessive use of chemicals, the
agroecological environment is suffering from serious pollution. Each year, 7-13 million hectares of
farmland are directly affected by fertilizer or pesticide contamination. Greenhouse gas emissions
and waste eventually affect the agroecological environment. Moreover, due to the irrational use of
lands and bio-resources and the lack of adequate measures to protect the agricultural environment,
resources depletion and soil degradation continue to be serious concerns. In general terms, the
degradation of the agroecological environment has become one of the main factors limiting the
capacity of aggregate agricultural production.
There are a large number of threatened and endangered species in China: 15-20% of plant and
animal species are threatened.

Definition
The main task of agrometeorology in agricultural environmental protection should focus on the
recovery of degraded agricultural soil and reducing the pollution caused by agricultural practices.
With regard to the degradation of agricultural soil, the main tasks are to deal with soil erosion
caused by wind and runoff, soil degradation caused by land use change which enhances C0 2
emissions and the reduction of CH 4 uptake from atmosphere and soil degradation caused by the
increased use of non-organic fertilizers. With regard to the reduction of pollution caused by
agricultural practices, the main task is to deal with water pollution caused by the excessive
application of mineral fertilizers.
Needs
The acreage of arable land will decrease annually because of industrialization, urbanization, soil
erosion and so on. The gap between farmland resources and population will become more serious
in 21st century. Therefore, the general need is to prevent soil erosion, recover degraded land and
improve soil fertility to ensure sustainable agricultural development.
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On the other hand, shortcoming exist today in the environmental and ecosystem protection of
agriculture and the inability of both scientific research and its publicizing, as well as putting it into
practice. For example, insufficient research on N pollution caused by excessive fertilizer
application, over-irrigation or weather factors. The main goal of a farmers is to increase the yield
of his crops. Most of them have not adopted the balance fertilization technology and this will result
it a lower fertilizer efficiency and cause water pollution.
Another problem is the reclamation of land unsuitable for farming due to climatic conditions. The
total output can be increased but the yield is very low. Several years later it will become wasteland
due to soil degradation and the natural ecosystem will be destroyed. When the natural ecosystem
reforms into an agroecosystem, C0 2 , CH 4 and N20 emissions will increase and thus changes of
land use will also cause the greenhouse effect. lt was estimated that the agroecosystem
contributed 15% to global warming. Research into the effects of land use change in different
ecosystems is still insufficient.
Shortage of investment leads to the inability to protect the agroecosystem protection. lt costs a lot
to restore degraded soil and to prevent soil from erosion.

Strategies
(1)

(2)
(3)
(4)
(5)

Studying technology related to agricultural meteorology to prevent soil erosion caused by
intensive rainfall, strong winds and land use change and to recover degraded soil caused
by mining, brick making and so on.
Researching the C and N cycling in different ecosystems (cropping land, range land and
forest) or related to land use change.
Providing suggestions to policy makers to improve the agroecosystem structure and soil
fertility and to reduce greenhouse gas emissions, etc.
Studying the technology to reduce water pollution (both underground and surface), to
prevent acid rain and adaptation strategies.
Studying the relationship between climate factors and the most suitable environment
needed by endangered plants and animals species.

(By Mrs Li Yu'e)

Microclimate, Topoclimate and Environmental Engineering
Description
Microclimatology, topoclimatology and environmental engineering have been developed rapidly in
China since the 1980s. As an example of its success, according to the microclimate principle,
greenhouses and plastic tunnels are widely used in vegetable production. As a result, it is not a
serious problem to provide sufficient vegetables in the winter. The high income per unit area
enables growers to invest in control equipment so as to improve and facilitate production, such as
heating, carbon dioxide enrichment, supplementary lighting, day length control, screening, cooling,
soil cooling and heating, etc. At the same time, as income increases, people need more animal
products. Research work on microclimates inside animal houses and environmental engineering
has been encouraged, e.g. temperature and day length control, structure design of slope and frame
of greenhouses, etc. In the late 1980s and early 1990s the topoclimate in some subtropical areas
in the south was studied by agrometeorologists which resulted in the elimination of poverty of many
farmers in the poor mountainous areas.

Definition
Microclimate means the meteorological conditions near the ground and at the soil surface with a
small scale of space and time. In agriculture, microclimate is usually studied in the following cases:
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(1)
(2)
(3)

Man-made facilities: animal shelters, plastic covers, greenhouses, food storage,
processing workshops, etc;
Micro-geographical features: effects of ridge, furrow, windbreak, soil temperature,
moisture, etc;
Biological features: plant canopy, animal groups and other ecosystems.

In general, most agricultural processes occur in the microclimatic environment where animals and
plants live. The main research fields of microclimate include the following three areas: to
understand the mechanism of the microclimate, to improve the microclimate in order to enhance
the growth and development of animals and plants and to increase the efficient use of microclimatic
resources.
Topoc/imate means the meteorological conditions affected by topographical features on a larger
scale than the microclimate but smaller than that of a macroclimate, e.g. plateau, mountain, hill.
slope, desert, forest, grassland, lake, river and reservoir. Topoclimate is very important for the
application of local climate resources with a complex topography.
Agricultural environmental engineering means the human design of facilities providing suitable
microclimates for crops and animals and microclimate modification, control and management.

Needs
China has the largest population of farmers in the world. lt is, therefore, difficult to increase a
farmer's income due to very limited small-scale farming. Because of population pressure the
process of urbanization cannot be too fast. And as living standards rise people need higher quality
products and a greater variety. One of the possible solutions is to develop indoor agriculture, e.g.
greenhouses, seedling beds, animal houses, food storage and processing, etc. On the other hand.
in order to increase the yield, multiple and inter-cropping systems will need to be extended.
Microclimatology will be useful in these fields.
China is a country with many mountainous areas where most of the poor farmers live. One of the
ways to eliminate poverty is the reasonable utilization of topoclimatic resources and the
development of cash crops.

Strategies
Microclimate control in greenhouses
Microclimate control is one of the most important techniques for greenhouses. In the past it has
been managed artificially and by experience, e.g. heating, shading and ventilation, but in the 21st
century it should be controlled and managed optimally by computer and automatic observation of
microclimatic factors. Some new materials of greenhouses and techniques will be popularized,
such as C0 2 enrichment, the application of colour film and spectrum transform film, ground and
wall mirrors materials cover, plastic roofing with adjustable angle, etc. The relationship between
plants and the microclimate will be also studied deeply so as to improve efficiency, quality and yield
and at the same time lower costs. The greenhouse is a controllable dynamic system. For a certain
crop, there are two methods of decision-making and of determining the control parameters for
optimum management: (1) mimicking the action of expert growers; and (2) model-based
optimization. The former looks easier but it relies on experience. The latter relies on mathematical
models and may lead to significant control errors, especially under extreme conditions for which
data are scarce. The task we are facing is to combine both methods
Computer control technology and data acquisition
Computer control systems are quite common in greenhouse installation in Europe, Japan, the
United States and other developed countries, but are rare in China. Computer systems can provide
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fully integrated control of greenhouse environments, including temperature, humidity. irrigation and
fertilization, C02 and light and shade. Precise control over a growing operation enables growers
to realize savings in water, pesticide application, chemicals and 15-50% in energy. A data
acquisition system not only keeps track of all relevant microclimatic information, but also enables
the grower or researcher to gain a comprehensive understanding of all factors affecting the quality
and timeliness of production. Decisions also depend on a continuous flow of quantitative data, most
of which are based on measurements of physical, chemical or phenomenon in and around the
greenhouse, and need the use of advanced sensors connected to an automatic data acquisition
system.
Microclimate control animal houses and other agricultural facilities
Compared to greenhouse research, research on the microclimate in animal houses and other
agricultural facilities is quite weak in China. The following fields should be reinforced: optimal
design of different animal houses, the effects of microclimatic factors on animal growth and
development, controlling methods of microclimatic factors inside animal houses and food storage,
optimal management of the microclimate by computer and advanced environment monitoring
system.
Application of analyzing techniques with small grids using computer and G/S
From the 1950s to the 1980s meteorologists investigated topoclimatic resources in mountainous
areas, usually by traditional observation which requires many technicians and high cost and was
not accurate. Using the technique of small grids analysis combined with GIS will be much easier
and more effective.

(By Yu Qiang and Zhu Zongfu)

Crop Simulation Modelling
Description
Crop modelling, and also agricultural modelling, are new disciplines of modem agricultural science,
initiated in the 1960s-1970s and developed rapidly in the 1980s-1990s. Different to traditional and
empirical crop sciences, crop modelling explores the internal mechanism of crop physiology, crop
ecology, crop growth and development.
Crop modelling is a very useful tool and different from the traditional methods:
(1)
many important elements can be included in simulation modelling, but only a few could
be considered by traditional methods;
(2)
some crop's internal processes, such as development, yield formation and benefit
constriction, may be reflected in crop simulation modelling, while the single 'reason-result'
analysis could be obtained by traditional methods;
(3)
crop production processes can be made in different environments and various climatic
conditions but in the traditional model the result must be restricted to experimental sites
and duration. We can simulate crop development and other physiological processes
dynamically (per day and per hour): this could not be done by traditional methods; and
(4)
crop simulation should be combined with an optimization theory and various suggestions
could be made on this basis. lt is very important to serve agriculture. Three types can be
found:
(a) crop simulation model combined with sensitivity analysis or simulating experiments
on the computer, such as CERES and OSSAT;
(b) crop simulation model linked with an expert system, for example GOSSYM
combined with COMAX; and
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(c)

crop simulation models related to an optimization theory, e.g. RCSODS and
WCSODS (in China).

Definition
Agricultural models include simulation models, optimization models, expert system models,
decision support models, etc. They also simulate various processes using computers
(morphological, phonological, physiological, ecological, genetic, etc.) in various fields of agricultural
sciences (agronomy, horticulture, soil and fertilizer, plant protection, forest sciences, sciences,
agricultural biotechnology, animal sciences, agricultural environmental protection, agricultural
economics, etc.).
Crop modelling transforms crop sciences from qualitative to quantitative. lt is the only field of crop
science that deals with crop growth and production mainly with digits. In all fields of crop science
a common language was found, which is digits, and also computer programming. By using this
common language, scientists in different fields of crop science can communicate with each other
easily. And their research achievements can be combined as a whole.
Needs
Currently the main problems are:
(1)
The exact methodology system has not yet been set up. For example, the mathematical
models and their parameters have not been exactly examined;
(2)
Up to now, research into crop simulation has concentrated on crop development,
photosynthetic production, organ forming and so on, but very little research has been
undertaken into relationships between crop production and pests, disease, weeds, various
technology measures and economic factors, and there is a particular lack of research into
special vegetable crops, fruit, storage and transport; and
(3)
There are fewer models that can be used to guide production directly, most of them being
only in the research stage, or explaining crop production process.
In brief, crop modelling will promote research, education and the extension of crop scientists to a
new level of systematic science and information technology. lt will make great changes to
agricultural sciences in the 21st century in the following ways:
converting whole agricultural sciences from empirical into theoretical, from qualitative into
quantitative analyses;
combining all the different disciplines of agricultural sciences together by the use of
mathematical models and computer language;
helping scientists to deal to a much greater extent with agricultural sciences (from the
molecular to the global scale) and to time the duration (from hours to millions of years);
and
promoting to a much greater extent the abilities of agricultural research, education and
extension.
Strategies
Tasks and direction of agrometeorological modelling in the 21st century:
(1)
Extending research into crop simulation on the basis of physiology, microclimatology and
biotechnology;
(2)
Strengthening the combination of crop simulation with optimum theory;
(3)
lt is vital to pay more attention to the suitability and application of a crop simulation model.
We would like to see crop modelling providing more valuable decisions for production;
(4)
Modelling in the next 10-20 years must be more comprehensive. Many factors, such as
crop variety, cultivation, physiology, ecology, weather, soil, disease and pests, climate
change and so on, will need to be considered in the field; and
(5)
Application of information techniques.
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The 21st century will be a great era of information. All kinds of information technology could be
applied to agriculture. Modelling will certainly help crop sciences conjoin with rapidly developing
information science and technology. RS, GIS, GPS, WWW, LAN, etc. will be used by crop
scientists through modelling.
(By Li Bingbo)

Guarantee of Agrometeorological Information Service for Food in 21 C
Description
There are more than 700 agrometeorological stations with one observation item and service for
farmers, such as crop growth, natural phenomena and soil moisture. In central and provincial
administrations there are special services for agricultural forecasts, e.g. crop yield, development
stage, sowing and maturing dates, soil water and other stresses. Since the 1980s remote sensing
has been broadly used to assess crop area, growth and yield and to monitor disasters. In order to
counter the need for strategic decisions on agriculture, comprehensive exploiting, defence against
weather disasters, many kinds of meteorological guarantees were made by means of providing a
service of meteorological information and forecasts for weather/climate disasters, as well as
weather modification and other techniques. In the last ten years in particular great progress has
been made in the field on crop yield prediction by meteorological methods and remote sensing
applications on monitoring the status of crop growth. Because of its objectivity, timeliness and
accuracy, the predictions have won the favour of the departments responsible for decision-making
and production. Those predictions supply the objective, dynamic and accurate agrometeorological
information to the government and related departments on time, and also provide a decisive basis
for guiding agricultural production and reducing loss from disasters. A forecast model of the
national total output of cereals has been developed, considering not only the main meteorological
factors, but also cultivation structure and input, and this proved to be more than 90% accurate. The
ratio of the national input to the benefit of the national economy by meteorological services is 1:40,
in which the benefit in agriculture is 45%.
Definition
The Agrometeorological Information Service is comprised of three parts:
(1)
The past: agrometeorological data and reports in decades, months, seasons and years
and special reports for disasters and certain other items;
(2)
The present: monitoring and assessment of agrometeorological conditions and climatic
resources; and
(3)
The future: agrometeorological forecasts, e.g. crop yield, growth and development, dates
of sowing and harvesting, disease and pests, forest fires, meteorological stresses and
disasters.
Needs
China is affected by a monsoon climate with violent fluctuations of precipitation and temperature.
Weather/climate disasters severely endanger the national economy. The present meteorological
services still do not adequately meet the demands of agricultural production. We need to create
an assembling information guarantee service system.
China is facing problems of a population explosion, environment aggravation and resource
shortages. Any violent fluctuation in meteorological conditions, especially the abnormal
weather/climate events, will severely interrupt the stable development of agricultural production and
the security of a guaranteed food supply.
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According to the demands of agricultural development, we are planning to apply all kinds of modern
meteorological techniques to aid development.

Strategies
A synthetic operational service system with high technology for the agricultural eco-environment
will be developed. The system will provide a meteorological information guarantee of monitoring,
evaluating, predicting, adjusting and advising, at any period of agricultural production, comprising
four parts:
Subsystem 1: the monitoring, collecting, communicating and processing of meteorological data
The upper air/ground meteorological monitoring network, weather radar sounding satellite and
aircraft monitoring network and high speed computer network regarding to guarantee agricultural
production will be adopted, and other information related to eco-environmental conditions will also
be used. By communicating and processing, integrated information/data will be created for
application to analysing, diagnosing and predicting.
Subsystem 2: information guarantee for the agricultural eco-environment
This will provide: (1) weather forecasting for different crops and special growing periods; (2)
weather forecasting of 48, 24, 12 and 6 hours for agriculture in meso-scale; (3) the application of
a seasonal and annual climate forecast product service for agriculture, especially to cope with
extreme events, and to evaluate damage to production; and (4) an agrometeorological diagnosis
service for weather/climate conditions and crops, soil moisture/irrigation prediction and prediction
date for key growing periods, as well as insect and pest prediction.
Subsystem 3: damage reduction for the agricultural eco-environment
This will be developed to provide a set of techniques for the short-term defence of agrometeorological disasters, long-term strategic adjusting/control and disaster damage evaluation. The
former includes techniques for preventing soil water loss and evapotranspiration, water-saving
irrigation and so on. The later, which will be adopted, includes crop distribution, controlling
countermeasures of cropping system and sowing period according to the climatic regulations.
Subsystem 4: weather modification and water enhancement adjusting service
Artificial precipitation techniques have been studied and been in operational service since the
1950s in China, usually for emergency drought situations. Because water shortage is extremely
serious and drought is the most dangerous disaster, water resources should be exploited from the
atmosphere so as to store water in reservoirs and lakes to be used in the dry season. The system
will be developed to search for good opportunities and cloud location.
In the 21st century remote sensing with high spectrum resolution, GIS and GPS will be used widely
in agrometeorological services. The Internet will be installed in all agrometeorological stations at
the beginning of the 21st century.
(Based on Mr Sha Yizhuo and Mr Wang Chunyi)

Education, Training and Advisory
Description
Over half of the technicians in local stations have only a secondary level of education and find it
difficult to understand modern techniques and instruments. There are three universities with an
agrometeorological faculty (China Agricultural Universitz, Nanjing Meteorological College and
Shenyang Agricultural University) and about 200 undergraduate and postgraduate students in
China. The WMO has set up an international regional agrometeorological training centre in the
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Nanjing Meteorological College. There are also some technical secondary schools with the facility
to train agrometeorological technicians for local stations. The China Meteorological Administration
and The Chinese Society of Agrometeorology hold training classes for special services and
research fields.
Definition
Agrometeorological education includes secondary technical schools for observation technicians in
stations, agricultural or meteorological universities with an agrometeorological faculty for
researchers and engineers and post graduate students for masters and doctors degrees for senior
researchers.
Agrometeorological training classes include different patterns and levels depending on the area and
requirements. Farmers need practical technical training, e.g. water saving, microclimate
management of greenhouses and disaster reduction. Professional technicians and agronomists
need training methods and theory for new techniques and instruments. Young. researchers need
new knowledge and academic reviews.
Advisory systems should meet the requirements of public facilities and farmers for special
objectives, e.g. decision of the date for crop sowing, transplanting or harvesting, condition of
dressing, spraying, and irrigation, yield and quality forecast, etc.
Needs
There are about 5,000 technicians, researchers and teachers of agrometeorology in China, 80%
in different meteorological services and the rest in agricultural or educational organizations. As
meteorological science develops, more and more observations will be replaced by automatic
instruments. Fewer technicians and researchers, but a higher standard of education, will be
required. At the same time agrometeorological knowledge should be transmitted to agronomists
and farmers. By 2010 the number of technicians and researchers with a bachelors degree will
increase from 35% to 55% and those with masters or doctors degrees will increase to 10%.
Strategies
Developing post graduate agrometeorological education to master and doctor degree level
in most important meteorological and agricultural universities;
Increasing lectures on new technology, e.g. RS, GIS, GPS and Internet;
Replacing technicians in local stations with highly qualified professionals; and
Organizing different training classes by the China Meteorological Administration (CMA)
and the Chinese Society of Agrometeorology (CSA) with the help of WMO.
(By Or J. Lamas and Prof. Zheng Dawei)

Recommendations
A monitoring network should be set up as soon as possible. The monitoring component
should involve ground-truth combines with weather near the canopy;
The transfer of technology and international cooperation must be emphasized;
Agrometeorological education should be strengthened; and
Water shortage awareness and environmental protection should take precedence over
all other issues. Publicity of water conservation to extension bodies and producers, as well
as services by enterprises for water conservation, are encouraged.
(Edited by Mei Xurong and Zheng Dawei)

29

Specialists
Mr Mei Xurong, Ph.D., Senior Research Fellow, Vice Chairman and General Secretary, Chinese
Society of Agrometeorology, Deputy Director,. Agrometeorology Institute (Centre for
Water Resources and Conservation Technologies), Chinese Academy of Agricultural
Sciences, 30 Baishiqiao Road, Beijing 100081, China.
Mr Zheng Dawei, Professor, Vice Chairman, Chinese Society of Agrometeorology, Deputy Director,
College of Resources and Environment, China Agricultural University, 2 West
Yuanmingyuan Road, Beijing 100094.
Mr Jakob Lomas, Professor, Director, WMO Regional Meteorology Training Centre, P.O. Box 25,
Bet Dagan 50250, Israel.
Mr Lin Erda, Senior Research Fellow, Director, Agrometeorology Institute, Chinese Academy of
Agricultural Sciences, 30 Baishiqiao Road, Beijing 100081, China.
Mr Wu Lianghai, Ph.D., Professor, College of Resources and Environment, China Agriculture
University, 2 West Yuanmingyuan Road, Beijing 100094, China.
Mrs Feng Yuxiang, Senior Research Fellow, Agrometeorology Institute, Chinese Academy of
Agricultural Sciences and Commissioner, Chinese Society of Agrometeorology, 30
Baishiqiao Road, Beijing 100081, China.
Mrs Li Yu'e, Ph.D., Section Deputy Director, Agrometeorology Institute, Chinese Academy of
Agricultural Sciences, 30 Baishiqiao Road, Beijing 100081, China.
Mr Yu Qiang, Ph. D., Senior Research Fellow, Institute of Geology, Chinese Academy of Sciences,
Beijing 100101, China
Mr Li Bingbo, Senior Research Fellow, Institute of Agricultural Modernization, Jiangsu Academy
of Agricultural Sciences, Nanjjng 210014, China
Mr Sha Yizhuo, Senior Engineer, Deputy Director, Agrometeorological Research Center, China
Academy of Meteorological Science, Beijing 100081, China.
Mr Wang Chunyi, Senior Research Fellow, Assistant Director, China Academy of Meteorological
Science, Beijing 100081, China.
Mr Zhu Zongfu, Senior Research Fellow, Section Director, Agrometeorology Institute, Chinese
Academy of Agricultural Sciences, 30 Baishiqiao Road, Beijing 100081, China.

0£

31

Climate Change Impacts on Rangeland and Cattle Production
in Mongolia
D. Dagvadorj, National Agency for Meteorology, Hydrology and Environment
Monitoring of Mongolia

Introduction
Studies by Dagvadorj et al. (1994) show that global climate change has been observed in
Mongolia. Since 1940, the annual mean air temperature of the territory generally increased by
0.7°C. The intensity of this warming tendency differs in various natural and climatic areas. For
example, the temperature increased 1.8°C in the Great Lakes Basin, which is the coldest location
in Mongolia; 1oc in the basin of the Selenge and Orhon rivers, which is a major agricultural area;
and 0.3°C in the Gobi and steppe areas. These findings suggest that parts of the country are
experiencing warming that exceeds the global average. The intensity of temperature increases also
varies seasonally. The temperature increases during the winter, but decreases during the summer
months.
Changes in the amount of precipitation also vary in different areas of the country. The Gobi and
steppe areas have recorded decreases in precipitation, while other areas have shown a small
increase.
Because of these findings, high priority is being given to the assessment of the potential impacts
of climate change on the biophysical environment. Due to the specific structure of the Mongolian
economy, the effect of climate change on pasture and livestock production in Mongolia is an
important issue. The Simulation of Production and Utilization of Rangelands (SPUR2) model
developed by the USDA-ARS Great Plain Systems Research Unit and Colorado State University
and different climate change scenarios from GCM were used for the assessment of the climate.
The impact of climate change on pasture production is estimated to be negative in the Gobi desert
area and favourable in colder regions. Livestock intake and livestock weight are estimated to
generally decline in late summer when digestibility is lower.

Results
Rangeland Production Change
The GCM predicted various climate changes for different locations and times in Mongolia. These
estimated temperature increases range from 1. 7 to 12.5°C depending on the location and the
scenario, and precipitation increases range from 40% to 167%. In the mountainous north average
precipitation could increase by 8% in the growing season, but in the south precipitation averages
are estimated to increase by only 2%. Consequently, the estimated effects of climate change on
plant and animal production varied by month, scenario, and location.
Under the scenario of current climate conditions and doubled C02 , the peak standing biomass did
not increase greatly at the ten sites. But when C0 2 doubling was combined with changes in
temperature and precipitation, the peak standing biomass increased significantly at most study
sites under most scenarios. At the sites in mountainous regions, the increase in peak biomass may
be due to increased temperatures. Results show that in the cold and elevated regions of the
country, climate change could prove to be favourable for rangeland production because
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precipitation would be higher under global warming than it is today. But, at Tsetserleg (partially
wooded steppe) and Moron (high mountains), the GFDL and GISS scenarios predicted decreases
in precipitation during the growing season, so the decrease in biomass of peak standing crops
under these climate scenarios would be expected.
The south steppe region and the Gobi region of Mongolia are warmer and drier. For the sites in
southern Mongolia, the UKMO predicted a drop in precipitation in the first part of the growing
season, and the CCCM and GISS showed decreased rainfall in the last part of growing season.
At some sites in the southern part of the country, the UKMO and GISS scenarios predicted
decreased rainfall throughout the growing season. Thus, the peak standing biomass in these
regions is not estimated to increase significantly. From the simulation results in the Altai mountains
and in the steppe and Gobi desert areas standing biomass would not increase under the GCM
scenarios.
Under the GCM scenarios, the time of peak standing boimass is simulated to be 6-37 days earlier
than under current climate conditions and the vegetative growing period is simulated to be 13-49
days longer than under current climate conditions. Plant growth could start early because of
precipitation and temperature increases for a short period in the spring. These results are similar
to those from Hunt et al. (1991) and Baker et al. (1993), which indicated that changes in
temperature increased the length of the growing season in the United States. Because of climate
change, green biomass accumulation on pastures may begin from March-April at most sites but,
from June onwards, standing biomass would be lower than the baseline scenario.
Simulated potential evapotranspiration generally increases under climate warming. For Mongolia,
larger increases of potential evapotranspiration are simulated for April, May and June. In the Gobi
desert areas, potential evapotranspiration increases start from March.
Soil evaporation projections for Mongolia are different under the different GCM scenarios. The
differences depend on precipitation projections and on plant cover. The water available to plants
generally decreases for the entire growing season (April to October) at the study sites.
With increasing temperatures, evapotranspiration and transpiration are estimated to be higher and
the water available to plants is estimated to be lower. The combination of these factors could have
an unfavourable effect on plant growth. Because of early plant growth, plant nitrogen contents were
higher from March to May and lower later in the year under climate change scenarios.
Increases in soil organic carbon were predicte,d under all GCM scenarios for sites in the northern
regions and conditions would therefore be suitable for an increase in carbon sequestration and an
increase in potential nutrient storage. At the same time, decreases in soil carbon were predicted
for the southern regions.
The soil nutriment deficit could increase desertification. However, in the simulations soil inorganic
nitrogen did not significantly change (Appendix 3.2.6). The simulation found that in the spring the
simulated C:N ratio was higher than in the baseline scenario, but after flowering the C:N ratio could
potentially be decreased. The C:N ratio of the aboveground biomass is used to indicate the change
in plant tissue quality. A decline in the C:N ratio may indicate lower plant quality.

Animal Husbandry Production Change
Steer production generally declined under the climate change scenarios. In first period of the
growing season (beginning in April), when grude protein and digestibility were greater, livestock
intake was increased. During summer (June to August) the temperature increased, so estimated
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livestock intake was decreased. In the current climate of Mongolia, the weight of the Mongolian
genotype of steer, which graze year-round, declines in winter and spring and increases in summer
and autumn.
Simulation results showed that the average daily gain decreased at the Tsetserleg (wooded steppe)
site under GISS, GFDL and UKMO scenarios, and at Halhgol (steppe) under the GFDL scenario.
At other sites in spring, when plant growth starts and plant quality is higher, the average daily gain
of steer increased; however, over the full year, steer weight gain was lower than under the baseline
scenario. The study results show that meat production of the Mongolian genotype of steer could
generally decline. In summer and autumn, daily weight gain of Selenge and Halhgol genotypes of
steer, which receive supplemental feed in winter and spring, increased under the climate change
scenarios. Livestock weight was estimated to decrease in Dalanzadgad (Gobi and desert). This
appears to be due to an estimated decrease in available forage.

Adaptation Alternatives
As a result of the study, the impact of climate change on rangeland and cattle production was
generally unfavourable. We consider the following adaptation options may be suited to Mongolian
conditions to keep agricultural production at its present level:
Improve vegetation cover through soil fertilization and seeding of perennial plants in the
southern part of the country.
Change in the management of the current grazing system in Mongolia and encourage the
animals to put on weight by moving the steers to better pasture in early spring.
Intensify the breeding of the cattle in the northern part of Mongolia.
Strengthen supplemental feed reserves for Mongolian cattle and supply fodder during
winter and spring.
Change pasturage technology of cattle in desert areas of the country connected with hot
weather.

Conclusions
Results from this study demonstrate that changes in the global climate could affect pasture and
livestock production in Mongolia. The impact of climate change on pasture production in the Gobi
desert areas may be negative. In colder regions, climate change could have favourable effects on
plant production. Because precipitation would increase in spring (March to May) under global
warming, plant biomass accumulation could start early, the length of growth stages would be
changed, the time of peak standing crop would occur earlier and the growing season would be
longer. Consequently, pasture plant biomass and its tissue quality may be higher in the first period
of the growing season and lower in the second period. With global warming, potential
evapotranspiration would rise, and the amount of water available to plants would decrease. The
soil organic carbon pool is estimated to increase in the north and decrease in the south under GCM
scenarios. After flowering, with decreased aboveground standing biomass and plant nitrogen
content, the C:N ratio and crude protein would potentially be decreased. With increased
temperatures and lower plant quality, livestock intake and livestock weight could decline in late
summer when digestibility is lower. The average daily weight gain of Mongolian steers that have
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only pasture forage could be lower by 0.2 kg in the second part of the summer. All of these effects
would mean a decrease in meat production of the Mongolian steer. Steer weight could be lower
by approximately 15-30 kg at the end of the autumn.
In conclusion, the impact of potential climate change on growing season length and pasture plant
production would be positive in the northern part and negative in the southern part. But at all sites,
plant quality and livestock production declined under climate change scenarios.
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Impacts of Drought on Pasture and Livestock Production in Mongolia
D. Dagvadorj, National Agency for Meteorology, Hydrology and Environment
Monitoring of Mongolia

Introduction
Mongolia is a country with severe continental dry climate located in the Central Asian plateau.
Pastures and pastoral animal husbandry are strongly affected by climate and weather conditions
and climate affects the economic condition of the country.
There are many different types of pasture and, within these types, different amounts of standing
biomass in Mongolia. Pasture production is unstable from year to year and in some years it is quite
low because of prolonged dry and warm weather conditions during the growing season. The mean
of peak standing biomass varies from 100 to 1,000 kg ha·1 and decreases from north to south in
Mongolia, depending on the natural features of the regions. In the northern and western part of the
country, there are high mountains and mountain wooded steppe, in the east and south east is
steppe, and in the south is the Gobi desert.
The Mongolian economy relies heavily on livestock production. Mongolia has pastoral animal
husbandry and breeds mainly five kinds of livestock: camels, horses, cattle, sheep and goats.
Drought is a typical weather phenomenon influencing the agriculture of Mongolia, especially
pastoral animal husbandry, due to its dry climate features. Drought leads to loss of pasture and
crop yield due to a deficit in precipitation and soil moisture and hot weather in summer in Mongolia.
lt causes decreased strength (fatness) of livestock in summer and autumn and the death of much
pastoral livestock in the winter and spring seasons.

Description of Droughts in Mongolia
Drought frequency is variable and its duration and areas have a different character from year to
year. According to the studies, drought occurs 3-6 times per ten years in the Gobi desert area and
three times in the steppe area in the spring and summer seasons. Droughts occur over 50 days
in the mountain and steppe areas and 40-45 days in the Gobi desert area each year. The
maximum number of drought days is about 100-200 a year. The study shows that during the last
45 years drought has occurred in 100% of the territory twice, in 75% of the territory three times,
in 50% of the territory seven times and in 25% of the territory 21 times. In other words, drought has
occurred once every 2-2.5 years in 25% of the territory and every 14-15 years in 75% of the
territory. Drought spread in 25% of the territory has usually occurred in the southern and western
regions, correspondingly 75% in western and central regions.

Drought Impact Assessment Results
In Mongolia drought has unfavourably influenced agriculture. Ultimately droughts do much damage
to the national economy. According to statistics, in an average year the yield losses are 14-15%
of the total yield, livestock losses are 300,000-400,000 head and direct losses are approximately
US$18.5 million.

36
The basic factors causing drought in Mongolia are hot weather, rare precipitation and a loss of soil
moisture. The impact of the drought depends on local features, the drought area and its intensity.
Mongolian animal husbandry is exposed to the influence of drought because pastoral livestock is
raised in natural climatic conditions. The relationship between the amount of precipitation for the
vegetative period and the area exposed to drought is negative (r -0.66). Therefore, the areas
exposed to drought depend on precipitation for the growing season (April to August) (Figure 1).
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Figure 1. The dynamics of precipitation amount (R) and areas exposed to drought (Da)
during the period 1940-1996.
During a drought period, livestock intake is decreased due to deficit of pasture plants. Also,
livestock intake is reduced because of a deficit of water and discontinues of grazing time due to
hot weather. So livestock cannot fatten in the summer and autumn seasons. The study results
show that sheep did not graze and grazing is interrupted on sunny days without wind when the air
temperature reached 16-19°C in the high mountain zone, 22oc in the mountainous wooded steppe
and steppe zones and 26°C in the Gobi desert zone in Mongolia. Grazing will be restored when
wind appears on the pasture (Figure 2).
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Figure 2. Assessment criterion of unfavourable hot weather conditions (by conjugates of
air temperature and wind speed, hot conditions is on the right side of the curves).
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Notes:

A1

N
B

c

D

E
F

for grazing sheep in the high mountain zone (>2500 m above sea level)
for grazing sheep in the high mountain zone (2000-2500 m above sea level)
for grazing sheep in mountainous wooded and steppe zones
for grazing cattle in the steppe zone
for grazing sheep in the Gobi desert zone
for grazing horses in the steppe zone
for grazing camels in the Gobi desert zone

Consequently, the temperature will be 42°C on the wool surface of the sunny side of the sheep's
body and 36°C on the wool surface of the shady side when the air temperature reaches 26°C. At
that time, the respiration rate of sheep is increased three times and body temperature is increased
by 1.2°C above normal. Therefore the sheep cannot graze because of overheating.
The time of grazing discontinuance of livestock became longer when the air temperature increased
to over 26°C in the Gobi desert (Figure 3).
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Figure 3. The relationship of grazing discontinuance time {Dt) of sheep with maximum air
temperature (T0 C} of days.

The average weight gain of sheep (ewes) in the summer and autumn seasons is about 48% in the
Gobi desert zone. When drought occurs in this part of the territory the average weight gain will
become 18.6-30.0 %, depending on the duration of the drought. Consequently, reductions in the
strengthening and production of livestock are large. Our study estimated that if pasture maximum
yields reduce by 50%, weight losses of sheep will be 7% lower than usual and correspondingly
70%-11% in winter and springtime. Livestock deaths due to drought are few in summer and autumn
in Mongolia. However, much pastoral livestock dies in the following winter and spring seasons
because they cannot build up strength because of a deficit of pasture grass and because of snowy
and cold conditions. In other words, the number of dead livestock after a drought winter and spring
is dependent on increasing drought impacted area (Figure 4 ).
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Figure.4. Number of dead livestock {N, in %) and areas exposed to drought (Da, in %)
between 1940-1996.
Steer production generally declined under the climate change scenarios. In the first period of the
growing season (beginning in April) when crude protein and digestibility were greater, livestock
intake was increased. During the summer (June to August) temperatures increased and so the
estimated livestock intake was decreased.
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Long-Range Forecast of Seasonal Rainfall on the North Coast
of Egypt
M.A.A. Dawod, Egyptian Meteorological Authority

Abstract
Knowing future rainfall fluctuations is very important to water resources for the cultivation of wheat
on the north coast of Egypt. The aim of this study is to assess seasonal rainfall from October to
February. Using the Sea Surface Temperature (SST) monthly data from Climlab software and four
stations on the north coast during the period 1961-1994, it was possible to estimate two rainfall
periods (October-November and December-January-February) as function (SST) in the southern
Atlantic Ocean, the southern Pacific Ocean and the Mediterranean. The two statistical models used
for the forecast were tested by using two methods (cross-validation and simulation). They give
results which are statistically significant.
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Agrometeorologie au Service d'un Developpement Humain
Durable au Mali
Birama Diarra, Chef Division Recherche de Developpement, Direction Nationale
de la Meteorologie, Bamako

La secheresse des annees 1972 et 1973 a provoque dans les pays du Sahel la famine et la
desolation. 11 y a eu des marts. Des troupeaux ant ete decimes. Face a ce fleau, les pays du Sahel
regroupes sous le CILSS (Comite lnter-Etat de Lutte contre la Secheresse dans le Sahel) ant
decide de mettre en place en 1973 le programme AGROYMET.
L'objectif vise etait de contribuer a l'alerte precoce et a l'accroissement de la production agricole
en appliquant les conseils agrometeorologiques.
C'est ainsi qu'au Mali, depuis 1983 un groupe de travail pluridisciplinaire dont les activites sont
coordonnees par la Meteorologie elabore to us les 10 jours au cours de la saison des pluies un
bulletin d'information agro-hydro-meteorologique. Ce bulletin est radiodiffuse et informe les
autorites et le public de !'evolution de la saison.
Cette information a un caractere d'alerte precoce puisqu'elle determine periodiquement la qualite
de la saison sur !'ensemble du pays et permet de prendre des decisions au moment opportun.
Ainsi, en liaison avec d'autres informations fournies par le systeme d'alerte precoce, les autorites
prennent des dispositions, afin d'eviter que la situation des annees 1972 et 1973 ne se repete plus.
Un exemple : on peut citer qu'en 1983 -1984 la saison des pluies a ete plus severe que celle de
1972 et 1973, cependant , l'effet n'a pas ete durement ressenti parce que des dispositions avaient
ete prises en tenant compte par ailleurs des informations agrometeorologiques.
Ces types d'informations sont difficiles a evaluer quantitativement, mais, en tout etat de cause, sa
contribution dans le developpement humain durable est indeniable, suite des enquetes menees
sur le terrain.

a

Aussi !'application de ces informations par le monde rural, a permis d'ameliorer considerablement
leur productivite.
Des augmentations de rendement de plus de 20% ant ete constatees dans les zones agricoles ou
les paysans appliquent les avis et conseils agrometeorologiques.
C'est ainsi que les activites agricoles du monde rural sont rationalisees (choix des varietes,
periodes favorables de semis et d'entretien des champs, etc ... ) grace aux avis et conseils
agrometeorologiques.
Aussi certaines activites des femmes sont concernees, notamment celles relatives
et aux changements du climat.

a la variabilite

En somme l'agrometeorologie au Mali a contribue a :
l'alerte precoce des autorites et du public par la fourniture d'information reguliere;
la reduction des pertes de semences au semis en application des calendriers
previsionnels de semis;
la reduction des pertes d'energie en prenant compte les previsions quotidiennes;
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la rationalisation de !'utilisation des produits chimiques contre les ennemis de cultures;
!'augmentation des rendements d'ou le revenu des paysans;
l'autosuffisance et la securite alimentaire.
Tout ceci etant de nature a favoriser le developpement durable de !'agriculture et !'exploitation
durable des ressources naturelles.
Pour cela, cette activite agrometeorologique merite une attention particuliere et un appui des
autorites et des organismes si l'on sait que le developpement humain durable au Mali passe par
une agriculture forte qui est tributaire des aleas climatiques.
Cet appui necessitera alors:
la decentralisation et !'amelioration du reseau de collecte en vue d'exploiter le maximum
d'information;
!'automatisation de la collecte et le traitement des donnees agrometeorologiques;
!'amelioration de la diffusion des produits agrometeorologiques mieux elabores (Radio,
Tele, Internet);
!'application du systeme d'information geographique (516) et la teledetection en
agrometeorologie;
la formation de specialistes en traitement de donnees.
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Fruitfulness of Climate is the Basis of the General Concept
of Agrometeorological Adaptation Strategies to Climate Variability
and Climate Change
V.P. Dmitrenko, Ukrainian Hydrometeorological Research Institute

Important features of the atmosphere are the global mobility or the atmospheric circulation and in
the direct participation in other spheres and any organisms. The concept of climate, in my opinion,
is based on these atmospheric spatial and temporary properties. These properties of climate may
be expressed by Climate Values, Climate Resources, Climate Variability and Climate Change. As
a rule, the Climatic Values are described as statistical structures. However they have physical,
genetic, spatial, temporary and specialized structures. The connection between properties of
Climate and corresponding objects is based on the above-mentioned values. We pay attention to
specialized structure of Climate Values. The concept of fruitfulness of climate offers, in
agrometeorological research, the way towards Agrometeorological Adaption Strategies to Climate,
to Climate Variability and Climate Change. We distinguish the concepts of general fruitfulness of
climate and specialized fruitfulness of climate. The general fruitfulness of climate is the possibility
of atmosphere to meet some needs of humanity and corresponding effectiveness of economics on
the whole by means of climatic resources in a given territory and gowing period. Specialized
agricultural fruitfulness of climate is the possibility of atmosphere to provide some level fertility of
soil and condition for crop culture in a given territory and growing period. Further, under term
'fruitfulness of climate', we use the specialized concept. The fruitfulness of climate consists of
interscale part Em, microclimatic scale part fJE, part of elemental hydrometeorological phenomena
fJEcm and part of Climate Variability and Climate Change !J.Ex,

E =EM +&M +&cm +A..E.K.

{1)

lnterscale partE is determined by the amount of solar radiation Q, temperature air T and humidity
of soil W. Here W is an integral index of atmospheric humidification. The specialized structure of
Climatic Values maintain parameters which reflect the objective needs of agricultural production,
such as optimum and critical parameters of biological cardinal points. To indicate these
parameters, as Climatic Values, but with index '0'. General appearance of interscale part of the
fruitfulness of climate, without concrete mathematical structure, may be written as:

W)

EM =EM(_g_ !_
Q'fo'Wo .

(2)

In dependence from peculiarity of relief and agrolandscape, taking into account determined Climate
Variability, Climate Change, Repeatness and Unprofitable of hydrometeorological appearance
Xp(a), general expression of the fruitfulness of climate may be written as:

_ E(Q + AQM + AQ:: ,. _T + Ar.u: +AT:: ~. W + AW.u: + AWr. .•"~p(a )~ .

E-

g,

To

Wo

(3)
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where indexes in formula (3) are identical to indexes in formulas (1) and (2). The offered approach
about concept of the fruitfulness of climate allows the development of the concept of the
economical estimate of agricultural lands. lt is well known that the efficient fertility of soil Fe
consists of natural (Fn) and anthropogenical (Fa) components:

Fe=Fn+Fa.

(4)

The important features of the fertility of soil are density of soil p, quantity and composition of humus
y, acidity pH, mass and composition of microorganism 3. Needs of plants in these properties are
expressed by the above-mentioned symbols with index '0'. In this case the natural fertility of soil
may be written as:

F.

=F.( L;L; pH.')
.8 •
0·

,...

DR ,

(5)

~

The anthropogenical component of the fertility of soil (Fa) consists of cultivation which changes soil
density (L1p), the application of organic fertilizer (D) and mineral fertilizer (NPK), and changes to
the properties of soil due to the influence of predessors or green fertilizer (p) and chemicals (().
The general appearance of the anthropogenical component of the fertility of soil may be written as:

Fa =Fa ( ~p, DJ NPK,p, ().

(6)

Cultivation and fertilizing of the above-mentioned substances change the main properties of soil
on relative significance !1. The efficient fertility of soil which takes into consideration formulas (5)
and (6) may be give as:

F.= P.(p+Ap; y+Ay(D,NPK,p);pH +ApH;P+AjJ;(l.
Po
To
PHo
Po )

(7)

All components natural and efficient fertility of soil may express themselves only in the presence
of soil moisture under certain thermal regimes. But these factors depend on climate. Crop Y of any
culture is defined by its biological maximum Y&, fertility of soil Fe, fruitfulness of climate E, and
anthropogenical influence A as follows:

Y= YsFeEA.

(8)

Using equation (8) logicality define the economical yield (or biomass) 8 as a function of the
properties of soil, fruitfulness of climate and crop level of the individual culture as the following:

B=FeEA=!..

r.

(9)

If we use total cultures n in equation (9) we determine 8 or economical yield (or biomass) of
agricultural lands:

.8 = .!.L ~ =.!. I:<Jf:Y~)~ - 1l:O~EA>S;
n

n

)S

--:-~-~-.

n

(10)

The offered point of view is universal. Using the above-mentioned results we show the principal
direction of Agrometeorological Adaption Strategies, taking into consideration the fruitfulness of
climate and other mentioned properties.

45

Operational Aspects of Agrometeorology
Discussion by H. Dommermuth, Deutscher Wetterdienst, Geschaftsfeld Landwirtschaft

AGROMET -On line Individual
Introduction
The 'AGROMET-online individual' advisory product (AGROMET) was developed by CLAAS and
Deutscher Wetterdienst to provide local advice for large-scale agricultural and business
enterprises.
Its contents can be retrieved by means of a PC (at least 486) via Internet. Menu-driven, the user
can call up relevant information on the screen or in print-outs.

Scope of Performance
AGROMET consists of:
(a)

a general introductory regional weather prognosis, which is updated three times a day and
can also be called up via the telephone announcement service;

(b)

local meteorological prognosis data, updated twice a day, that are processed on the spot
in tabular and graphic form with the aid of software;

(c)

local agrometeorological prognosis data, updated twice a day, that are also processed on
the spot in tabular and graphic form; and

(d)

radar composite pictures which can be called up every 15 minutes.

The General Regional Weather Prognosis
The weather forecast is identical to the weather forecast provided for the corresponding region and
broadcast via the telephone announcement service PlO 0190-1164. lt gives an overview of the
expected weather developments without going into detail.

Local Meteorological Prognosis Data
While the service named in 2.1 is a formulated text, the relevant agrometeorological prognosis data
are provided for graphical processing by the in-house PC. These data refer to the site of operation.
The data are derived from the nearest grid points of the Deutschland model for the first two days,
from the Europa model for the 8th day and the Global model for the 4th to 7th days. The following
parameters/derived data are provided:
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Table 1.
Air temperature
Hourly values

Precipitation
6-hourly intervals

Wind:
Speed
Direction

Humidity
Hourly values

Duration of sunshine
diurnal values

Weather development
Diurnal pictogram

hourly values
6-hourly values

Agrometeorological Prognosis Data
From the meteorological prognosis data available, agrometeorological prognosis data are derived
that are adapted to the development of the vegetation. For example, the prognosis data for grain
moisture is only provided during the time of the grain harvest, i.e. from the end of June to the
beginning of September. At present the following data are being provided:

Table 2.
Soil temperatures
Hourly values

Leaf wetting
hourly values

Evaporation
Diurnal values

Soil moisture 0-60 cm
Diurnal values

Grain moisture
hourly values

Crop temperatures
Hourly values

Soil moisture 0-5 cm
Hourly values

Soil surface temperature
hourly values

Hay drying
Silage making

Radar Picture Information
lt sometimes occurs that, in certain weather situations, information in the nowcasting range is
crucial for the user, e.g. when thunderstorms or showers are expected.
This requirement is fulfilled by the provision of processed radar information (so-called composite
pictures) from the radar network of the Deutscher Wetterdienst. Wrong information due to
anomalous propagation conditions are filtered out for the most part with the aid of satellite pictures.
The pictures are made available every 15 minutes and can be retrieved when required. The
customer's decision whether or not to retrieve the pictures will depend upon the general regional
weather prognosis.

Provision and Transmission of the Advisory Products
The general regional forecasts (2.1) are provided by DWD's regional centres as part of the normal
catalogue of responsibilities and passed on to the CLAAS company via DWD's central computing
facilities.
The prognosis data (2.2 and 2.3) are prepared at the computer centre of the DWD in Offenbach
·with the soil parameters and the phonological state of development at the customer's location taken
into account.
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The advisory contents are made available in compressed form on the central computer of the DWD
to be retrieved by CLAAS for further transmission of the advisory product AGROMET-online to the
customers.
The effort on the part of the DWD consists of:
development of software for the provision of data;
recording specific customer data;
data processing and control; and
provision of forecasts
Apart from control, the provision of data is fully automatic.
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Early Diagnostics of the Diseases Erysiphe Graminis and
Puccinia Graminis v.sp. Tritici in Winter Wheat Crops Using
Remote Sensing Measurements
V. Kazandjiev, National Institute of Meteorology and Hydrology,
1184 Sofia, 66 Tsarigradsko Chaussee, Bulgaria
E-mail: Valentin. Kazandjiev@meteo.bg

All countries with intensive wheat cultivation have to cope with diseases. To ensure a high and
steady yield, the availability of an effective system for fighting the diseases is essential. The main
diseases attacking wheat in Bulgaria are Erysiphe graminis and Puccinia graminis v.sp. tritici.
The study in the visual and in the infrared ranges of the electromagnetic spectrum for winter wheat
sowings that have fallen ill with Erysiphe graminis and Puccinia graminis v.sp. tritici made it
possible to determine the advent of the diseases and diagnostics. The average loss caused by
Erysiphe graminis on the yields of sensitive wheat varieties range from 10-25%. At a given
combination of agrometeorological conditions these losses may be even considerably higher.
Spectrometric measurements allow the occurrence of a timely indication of the Erysiphe graminis
disease on winter wheat. Certain signs of this are the spectral coefficients of brightness in the blue,
green and yellow-green areas of the spectra. This indication is to be observed after the appearance
of the second leaf tilling of winter wheat.
The disease Puccinia graminis v.sp. tritici makes wheat development difficult and decreases yields.
About 30 physiological types of this disease are known. To successfully fight this disease,
diagnosis needs to be made as early as possible.
To determine the appearance and early diagnostics of the diseases Erysiphe graminis and Puccinia
graminis v.sp. tritici, four vegetative experiments were carried out on the tchernozem-smolnitsa soil
type in three repetitions. This experiment used winter wheat variety Sadovo-rareripe which is very
sensitive to Erysiphe graminis. The strains used were 1159a - type 7430, 1154a - type 3431 and
1155a- type 5431.
The most virulent was type 7430 and the least virulent was type 3431; type 5431 had vitality
relative to type 3450. These three types were taken with different virulence to determine with
remote spectral reflectance measurements in the case of differences between types.
After germination the disease appeared in two ways - on the first stage leaf and on the second
stage leaf. From the beginning of germination spectral measurements of all plants were provided,
including controls.
As well as spectral measurements, biometrical observations from the germination to the coming
tilling stage were made. Data analysis shows that the height of wheat with the disease Erysiphe
graminis type 1159a race 7430 is smaller after the second stage leaf. The visible appearance of
pathogen was registered at the beginning the third leaf stage. The main characteristic of this
disease is that they touch down situated leaves of juvenile plants. The first symptom of this disease
is the appearance on the upper leaf surface of little grey-white spaces. Later this becomes powder
and mould fur growth and covers all leaves surfaces after the third leaf. After some time this fur
acquires a light brown colour and on the separate parts yellow bodies appear which later become
dark brown.
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In diseased plants we observe poorly developed root system in comparison with the controls with
healthy plants because the overground parts grow slowly. As a result of deviation of live processes
and mainly of photosynthesis on the plants that are diseased with Erysiphe graminis, yellow
colouring of the tissue emerges and then premature death. This condition causes serious
deviations in the plant's development and tilling stages. In the case of our experiment, the diseased
plants were types 1159a, 1154a, 1155a.
To check the results of previous experiments we made a second experiment that was carried out
simultaneously in Sofia and General Toshevo. During these experiments plants with the diseases
with Erysiphe graminis and Puccinia graminis v.sp. triticiwere used. For this experiment we used
species Sadovo and Michigan because these two species are more sensitive to these diseases.
The type of soil for this experiment was chernosem smolnitsa from the Dobrudja region on the
three repetition.
As emphasized, the purpose of this investigation was to obtain advisability for application remote
sensing methods and measurements for indications and early diagnostics of diseases. For this
reason, two independent series of spectral measurements in visible and near infrared bands were
used on plants diseased with Erysiphe graminis use spectrometer Agrospecter-1 0, so that the
results could be accepted with higher reliability. The data of the second spectral measurement
confirmed the results obtained by the first measurement.
Figure 1 shows that spectral reflectance coefficients (SRC) in blue, green and yellow-green spectral
bands increase slowly up to stage 11-leaf. After that there is a slight and then sudden decrease of
SRC. We think the reason for this is chlorophyll blockage from the Erysiphe graminis spores. Later,
when visible signs of the disease signs appears because there is no reversible damage to parts
of the leaf surface, a decrease of SRC values in red spectral band was observed, which is a sign
for particular yellow of the leaf. The same was observed in plants diseased with Puccinia graminis
v. sp. Tritici. The reflectance coefficient in the three channels of near infrared band was not
changed very sharply. For check and confirm all which we made to these moment conclusions we
calculate the next vegetative indexes:

R(7)

11

= R(4)

R(4)
lz = R(2)
R(2) * R(7)
13 =
R(4)
R( 4)- R(7)

NVI = R( 4) + R(7)
TV! =JNV1+0.5

and

Where: R(2), R(4) and R(7) are spectral reflectance coefficients in green, red and near infrared
bands; V/1, V/2, V/3 _vegetative indexes which are sensitive to the different changes; first one is
sensitive to leaf turgor, the second to the chlorophyll content in the leaf, and the third at the same
time to the two; NVI- normalized vegetative index which is relatively permanent, when the leaves
are green and sharply changing when their colours change; TV/- transformed vegetative index
which is more sensitive than NVI. The value of vegetative indexes shows that in each concrete
case there is a clearer reaction on the V/3, NVI.
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Because full biometrical measurements are not provided on the healthy and diseased plants, it is
very difficult to estimate with high accuracy the existence of growth losses and what the size of this
loss is in the dependence of different types of Erysiphe graminis. During this experiment the height
of plants was measured at different stages. The analysis of this data shows that high growth is
smaller after the second leaf stage on the plants that have disease type 1154a.
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Figure 1. Spectral brightness coefficients (SBC) for wheat diseased with Erysiphe graminis
in blue, green and yellow-green spectral bands and SBC of control in blue spectral band.
The testing of the remote measurement's method of assessing the condition of agricultural sowings
goes on. To determine the advent and diagnostics of the Erysiphe graminis and Puccinia graminis
v. sp. tritici diseases, spectrometric measurements have been carried out by means of the
spectrometer Agrospecter 10, set up in the section of agrometeorology. This indication may be
observed after the second leaf appearance of wheat and continues until the beginning of the tilling
phase during growth.
These results allow us to carry out activities to protect plants by localizing the pests and destroying
them. One of the important applications of the remote sensing method for scientific and practical
purposes in agrometeorology was the utilization of these measurements in visible and NIR range
waves.
The influence of soil pollution with heavy metals such as cadmic chrome, nickel and lead is
successfully indicated by means of spectral measurements on maize, alfalfa and forage crops with
the help of the Agrospecter 10 spectrometer. The remote sensing of soil pollution with heavy
metals combines very well with exact quantitative measurements of plant pigments such as
chlorophyll and carotene. Investigation in this field continues and when we have more precise
results we announce it.
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The Advisory Service of the Business Unit Agriculture in the
Deutscher Wetterdienst (DWD)
Discussion by R. KrOger, Deutscher Wetterdienst, Geschaftsfeld Landwirtschaft

The Business Unit Agriculture comprises two central divisions in Offenbach, branches in Schleswig,
Bonn, Geisenheim, Halle, Freiburg and Weihenstephan, as well as the agrometeorological
research department in Braunschweig.
The Business Unit Agriculture arose from the department of agrometeorology, as a result of the
reorganization of the DWD. The aim of the reorganization was the orientation towards the market,
although public tasks are also still fulfilled by the DWD.
These conditions are the reason why the Business Unit Agriculture is focussing its attention on
'Customer Agriculture'. Products have to be made more effective and 'sold better' without any
reduction in scientific quality. Increased effectiveness is easily achieved due to technical advances
in information and communication techniques, but it also is a necessary consequence because of
the pressure to reduce costs, which also means a reduction of staff.
The advisory service is orientated towards securing quality and crop and 'agriculture, according to
the rules of a sustainable farming'. The predominant aims are grain and root crop cultivation,
grassland and special crops such as vines, fruit and vegetables. The advisory service mainly
contains statements about water and temperature budget, matter dynamics in soil, agrometeorological developments in view of plant disease and pests and, last but not least, advice for
planning the work itself.
Most advisory products are offered by agents. These agents are responsible for the technical and
financial part, the activities of the DWD are reduced to producing and delivering the advice. The
agents are ministries, associations such as the German Farmers Association, and private
enterprises.
For the transfer of products all modern media are used, such as phone and fax, Internet, file
transfer protocol (ftp), TV-video text, and also print media and postal services. Thus the fastest
supply of advisory products to the customer is guaranteed.
The following products are offered:

Real-Time Products
The routine advisory service is divided into three parts:
1.

Advice for larger areas at a very low price and accessible to all (Tel. 01 90 11541 0 of the
Private Informations Dienst (PlO) of German Telecom information of 29 regions is
obtainable.

2.

Advice for smaller areas at a low price and accessible to a great number of users:
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3.

2.1

The AGRAR-Fax is offered by the German Farmers Association to each farmer who
has suitable fax equipment (polling) and has subscribed to this service. Special fax
offers are prepared for vine growing and water management, and additional offers
for fruit and vegetable growing are planned.

2.2

Meteorological data are made available by Pro Plant GmbH via the advisory system
PROPLANT. Based on these data, the software PROPLANT derives the conditions
for the propagation of pests and disease, as well as the conditions for the
application of plant protectives. Pro Plant GmbH develops and distributes the
software; the DWD delivers the nessesary data.

Advice for selected sites at a high price for 'big' customers:
AGRO-MET online is a team effort by CLAAS and the DWD. This product is offered via
the Internet to subscribers only. The agrometeorological data are available in the form of
tables and graphs. In addition rt-precipitation-radar pictures can be obtained.

This product is divided into:
3.1

AGRO-MET online national: a forecast for Germany, 36-hour prediction and
satellite pictures (free access);

3.2

AGRO-MET online regional: content of the AGRAR-Fax (planned);

3.3

AGRO-METonline local: regional forecast and prediction of agrometeorological data
for meteorological stations; and

3.4

AGRO-MET online individual: regional forecast and prediction for selected sites.

Agrometeorological Reports
Both the central office and the branches publish agrometeorological reports. These reports
describe agrometeorological weather conditions and the phonological development of the past
(week, month). The reports are distributed by mail or via the Economy Information Services (VWD)
or news agencies such as Reuters.
Users of these reports are official and private organizations, private individuals and farmers.

Delivery of Data and Expert Reports
Agrometeorological and other data are supplied to universities, colleges and research institutes of
agriculture and forest cultivation mainly for research purposes. These data are real-time and nonreal-time data.
In expert reports the effects of the industry on agriculture, for example the influence of cooling
towers on vine growing, are estimated. (For all products files are available and/or brochures
offered.)
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Evolution of Seasonal Climate Forecasting in Zimbabwe
W. Marume, Department of Meteorological Services,
Box Be 150, Belvedere, Harare, Zimbabwe

Seasonal climate forecasting in Zimbabwe started on a small scale as a result of requests from
users, particularly those in agriculture who needed the information for planning purposes. Initially,
forecasts were based on climatology and then statistical relationship between meteorological
parameters during the pre-season and rainfall. In the 1970s, the discovery of an 18-year quasicyclic pattern in southern Africa's rainfall offered new prospects for seasonal forecasting, through
extrapolation of the cycles (Ngara et. a/. 1983; Tyson and Dyer 1978; Tyson 1991 ). As the
understanding of climate systems advanced, other methods for seasonal forecasting continued to
evolve with various degrees of success. Predictors such as the build-up of heat energy from the
winter season (June-July) to early October as indicated by a gradual increase in temperature, frost
frequency and intensity, the position and intensity of the Inter-Tropical Convergence Zone (ITCZ)
and the strength and fluctuations of pressure gradient between the coast of South Africa and the
Island of Marion and Gough (Torrance 1983, 1995) were identified. However, with time some of
these indicators failed, for example, in the 1980s and 1990s the cyclic pattern in rainfall was
disrupted, and the method of monitoring pressure gradients over the sub-region also failed. In the
meantime other methods were being developed.

Current Status of Seasonal Forecasting in Zimbabwe
Droughts of the 1980s and 1990s resulted in much pressure being put on the National
Meteorological Services to be more open about seasonal forecasting and actively participate in
providing policy makers and other clients with early warning information on the annual variability
in rainfail, particularly when an adverse meteorological phenomenon, such as drought, is likely to
occur. This information would enable end-users to make strategic and tactical decisions. The
Department currently employs these methods to produce a seasonal climate forecast.

Telecon nections
The principle behind these methods is teleconnectivity between the modes of global phenomena
and the country's summer rainfall. Research has shown that global phenomena, such as the El
Nine/Southern Oscillation (ENSO), Quasi-Biennial-Oscillation (QBO), Outgoing Longwave
Radiation (OLR) and stratospheric winds are related to the country's rainfall by varied degrees.
ENSO is the method that is popularly used because of its predictability and timeliness.

Regional Scale Methods
A number of studies have been carried out to establish the relationship between regional and
synoptic scale features and rainfall in Zimbabwe. On a regional scale, these features are
monitored:
synoptic scale circulation;
activity and movement of the ITCZ,
behaviour of frontal systems during the winter season, and
cloud bands during the pre-summer season period.
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Local Scale Methods
These are nested on the broad regional features and they include the build up of energy over the
region as indicated by increases in temperature at particular stations; winter wind strength and
direction also at selected stations and frost frequency.
When producing a seasonal forecast, a combination of outputs from the different methods is used
to arrive at a consensus forecast (Makarau 1993). Arriving at a consensus forecast has so far been
subjective. Insufficient information has been aggregated to statistically analyze the performance
of the different forecasting methods. However forecasts from the different methods have not
diverged significantly and the results are encouraging.

Dissemination
Seasonal forecast information is disseminated through user forums, the press, fax, electronic
media, print, phone and post. Efforts are also being made to include this information on the
Department's home page on the Internet.

Applications in Agriculture
Seasonal forecasts were initially made and distributed on a small scale to large-scale commercial
farmers who used the information for making strategic and tactical decisions. However the group
of clientele has widened to include Government policy planners, food security planners, people in
agri-business; financing houses, economic analysts and brokers.

User Requirements
Seasonal forecasts are more useful for planning if they are made 3-4 months before the
beginning of the season. Forecast information is usually available at the end of
September.
Presentation/format should be simplified to make the information understandable by
everyone.
Forecasts should be downscaled.
Publicity of information should be the same in all years. There is usually more publicity of
seasonal forecasts during potentially dry seasons than there is for other situations.
The Department needs to be proactive about information from other sources and to
provide periodic up-dates of their seasonal forecasts.
Forecasts should also indicate the distribution of rainfall during the rainy season because
this also has impacts on agricultural production.
Forecasts should come with advice on to how to respond to forecast information.
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Matching Plants, Soils and Climates
Discussion by E.A.R. Mel/aarl, ARC-Institute for Soil, Climate and Water, Agricultural
Research Council, Pretoria, South Africa

The decreasing profit margins on agricultural products, due to competition, oblige farmers to grow
products under optimal conditions and, conversely, farmers have to select crops and varieties
which would produce optimally under given soil, climate, management and marketing conditions.
Crop growth and/or evaluation models such as NTSC (Matching Plant, Soil and Climates) can be
beneficial to farmers to establish which are the major production constraints for a particular variety.
The results can be used for advice on how these constraints can be overcome, i.e. by
supplementary irrigation or fertilization.
The MPSC model is based on the PLANTGRO model from Hackett (1991). lt gives, for a relatively
large number (24) of soil and plant parameters, for each month of the year, the effect thereof on
plant growth and development, in a scale ranging from 0 (optimal) to 9 (immediate death). The
model will allow the user to check whether the crop of interest will grow under the given climate and
soil conditions, or whether there are constraints, and it is up to him to see whether those
constraints can be overcome.
The results are rather complicated which make them more useful for consultants than individual
farmers. Farmers are not interested in general advice on alternative crops for the whole area but
are interested in what can be cultivated successfully on their own field(s). Therefore, the more
representative the input parameters (climate, soil) of the farming site, the better would the matching
result be for the specified site.
This MPSC programme gives full opportunities to adjust those parameters for particular varieties.
An extensive research effort funded by OUTSPAN and the ARC-Institute for Soil, Climate and
Water has been conducted in South Africa to establish the temperature parameters for different
citrus varieties. Currently ARC-ISCW is combining these temperature parameters with the MPSC
model to improve the citrus variety parameter set.
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Quelques exemples de produits et services a destination de
1•agriculture diffuses par Meteo-France
V. Perarnaud et 0. Hamelin, Meteo-France

Depuis de nombreuses annees, Meteo-France travaille pour fournir des produits et des services
meteorologiques adaptes aux besoins de !'agriculture. Les previsions meteorologiques a echeance
de 7 jours accessibles par telephone ou par Minitel ont toujours beaucoup de succes.
Les produits et services presentes ci-dessous sont nouveaux et ont ete developpes pour repondre
aux besoins de !'agriculture a savoir des informations plus precises sur le plan local et accessibles
dans des delais tres courts.

la meteorologie pour une agriculture de precision
Les acteurs du monde agricole et les industries qui y sont liees, en amont comme en aval, sont,
plus que d'autres, tributaires de la meteorologie. Les previsions meteorologiques locales courte
echeance, disponibles sur la gamme Atmo-Service de Meteo-France, /eur permettent de
rationaliser leurs activites.

a

Une finesse d'analyse locale
Elabon§es par les specialistes departementaux de Meteo-France a partir de modeles et de
directives nationaux, les previsions issues de la gamme Atmo-Service sont d'une grande finesse
geographique. En moyenne, un departement compte 5 10 zones d'analyses specifiques soit,
pour !'ensemble de la France, 700 zones climatiques homogenes. Les previsions sont, en outre,
reactualisees toutes les 3 heures a echeance de 36 heures pour donner une vision claire de la
situation meteorologique du jour et du lendemain, par tranche de 3 heures.

a

Des presentations attrayantes et rapidement accessibles
Les informations transmises sous forme de graphiques, de cartes ou de tableaux sont attrayantes,
aisees a lire et a interpreter. Trois moyens d'acces sont proposes : telecopie, micro-ordinateur ou
Minitel. Pour la reception par telecopie, a la demande ou sur abonnement forfaitaire, l'usager definit
avec Meteo-France la frequence et les heures de reception souhaitees. L'usager peut interroger
le Minitel ou le micro-ordinateur quand il le souhaite. Les modules de la gamme Atmo-Service
peuvent etre couples avec d'autres produits de previsions meteorologiques et notamment avec le
Bulletin a Moyenne Echeance jusqu'a 7 jours).

les avertissements meteorologiques
Pour avertir /es professionnels du secteur agricole de l'arrivee de phenomenes meteorologiques
dangereux pour /eurs exploitations et leur permettre de prendre des mesures de protection, MeteoFrance a conqu Meteoflash. Ce service de messages d'avertissement
courte echeance
fonctionne par telecopie.

a
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Les phenomimes et parametres meteorologiques sous surveillance
Le message Meteoflash avertit, par telecopieur, de l'arrivee d'un phenomene meteorologique
pouvant avoir une incidence sur les cultures, le betail, les materiels et le programme de travail. Les
messages d'avertissement portent sur les phenomenes tels que orage, forte pluie, gelee, tres forte
gelee, forte chaleur ou sur certains parametres susceptibles de depasser un seuil defini:
temperature, force du vent et precipitations. Cet avertissement permet a l'agriculteur d'etre en etat
de vigilance et de prendre, a temps, toutes les decisions qui s'imposent.

Un produit a la carte
Meteoflash donne la liberte de choisir le domaine geographique a couvrir, les phenomenes a
surveiller et le choix des seuils, le delai d'anticipation par tranche de 6 heures, la duree de
l'abonnement (par mois ).
En outre, Meteoflash peut etre complete pendant la periode d'avertissement par un suivi regulier
d'informations sur une ou plusieurs zones.

Les donnees climatologiques pour le suivi efficace
de la campagne agricole
Les instituts techniques, Jes semenciers, /es entreprises phytosanitaires et agro-alimentaires, les
centres de recherches et les techniciens agricoles ont frequemment besoin de donnees
climatologiques pour affiner /eurs etudes, alimenter des mode/es de simulation ou estimer les
productions. Le systeme Colchique, developpe par Meteo-France, rassemble toute /'information
dont ont besoin ces professionnels et en don ne l'acces en Jig ne.
Le logiciel Colchique instal le sur le micro-ordinateur de l'usager, equipe d'un modem Transpac,
donne l'acces immediat au catalogue complet des donnees climatologiques de Meteo-France.
Grace
l'interactivite du systeme, l'usager formule ses demandes en selectionnant ses
parametres, points de mesures et periodes utiles. 11 rec;oit tres rapidement les resultats sous forme
de fichiers directement affiches sur son ecran et enregistrables pour des utilisations ulterieures.
Avec Colchique, l'utilisateur peut alimenter ainsi ses modeles de production vegetale ou de
developpement de maladies par des donnees climatologiques en quasi temps reel, ou conforter
ses previsions de recoltes et suivre ses experimentations.

a

L'interrogation de Colchique donne acces a la totalite des donnees enregistrees et verifiees par
la base de donnees (sous ORACLE, Systeme de Gestion de Base de Donnees Relationnelle) est
alimentee chaque jour par plus de 1 000 points de mesure repartis sur le territoire. Les parametres
horaires ou quotidiens couvrent les donnees de base telles que temperature, precipitation,
humidite, vent, rayonnement, insolation, nebulosite ou pression. Les parametres decadaires
permettent d'acceder a des produits plus specifiquement adaptes a l'agriculture, tels que les
sommes de temperatures en differentes bases (0°, 6°, 8°, 10°), l'evapotranspiration potentielle
{ETP) ou les sorties de modele de bilan hydrique (contenu en eau du sol et ecoulement).
Outre l'interactivite, Colchique integre des fonctions d'assistance qui simplifient !'interrogation.
Parmi elles, un automatisme generant a une frequence definie les resultats d'une requete
preetablie, une memorisation des requetes precedentes et la consultation en ligne du devis de la
demande et du compte client.
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La foudre sous surveillance

a

Grace son reseau de surveillance des orages et ses capteurs d'enregistrement d'impacts foudre
(plus d'un million par an), Meteo-France a elabore une base de donnees qui permet de faire des
evaluations du risque de foudre pour les professionnels du secteur agricole qui ant decider de
/'implantation de batiments techniques sensibles ou du niveau de protection a prevoir pour leurs
installations.

a

a

a

Grace son n§seau et !'acquisition des donnees en temps-reel, un service Alerte Foudre a ete
mis en place pour la securite des b~Himents technique (silos, ... ). Pour garantir un service pertinent,
la zone a surveiller est definie en fonction du delai necessaire a l'usager pour se proteger et
securiser ses installations. 11 s'agit en moyenne de 25 km de part et d'autre du site pour un preavis
d'}-2 heure. La surveillance de la zone permet d'etre averti de la connaissance de l'arrivee
imminente d'un orage et de suivre sa progression. Cette surveillance est operationnelle 24h/24 et
365 jours par an. Des qu'un premier impact de foudre est detecte dans la zone surveillee, l'usager
est averti. 11 peut alors prendre les precautions necessaires a la mise en securite de ses machines
avant l'arrivee des perturbations electriques (demarrage de groupes electrogenes par exemple).
Un avertissement signale la fin d'alerte.
Deux modes de diffusion sont utilises pour prevenir de l'arrivee de phenomenes orageux: le
telephone, le telecopieur .

179

65

Preliminary Assessment of the Biophysical Impacts of Climate
Change on Forests and Main Crops in Camaguey, Cuba
Roger E. Rivero Vega 1, Roger R. Rivero Jaspe 1, Nestor E. Rivero Jaspe 2 ,
Manuel Sanchez Hernander, Ada R. Roque Miranda 1, Dositeo R. Garcia Bargados 1
and Estre/la M. Lavado Parrados 1
1

Centro Meteorof.·.gico Territorial. Carretera de Nuevitas Km 7'Y2, CamagOey, Cuba
2
Unidad Provincial de Media Ambiente (CITMA). Cisneros 105 e/ Angel y Pobre,
CamagOey, Cuba
3
/nstituto de lnvestigaciones Horticolas "Liliana Dimitrova". Carretera a Quivican Km 33'Y2.,
Buenaventura, Habana, Cuba

Abstract
The impact of climate change on yields and water use of main crops in CamagOey, Cuba, as well
as the potential biomass density, net primary productivity and sustainability of forests, have been
preliminarily assessed using climate scenarios created from a 1961-90 climatic line-base and the
HADCM2 general circulation model without aerosols. In the case of crops, impact was derived from
the WOFOST 4.1 biophysical model of the World Food Studies Center in Wageningen, Holland,
but, in the case of forests, it was made from an evaluation of key parameters of forests using the
modified Week's climatic index and the Hold ridge's life zone model. Results in the case of crops
show similar decreasing trends in yields with global warming, but some striking differences in
variability of yields and water use according to their photosynthetic pathway, warm or cool climatic
preferences, and whether they are cultivated in rain fed or irrigated conditions. Results in the case
of forests show a drying trend with associated decrease of potential biomass density, net primary
productivity and sustainability which, according to its initial status, could lead to the transformation
of actual dry forests in savannahs with global warming of 1oc already. Implications of these findings
are summarily discussed.

Introduction
Preliminary assessment of the biophysical impacts of climate change on main crops and forests
was made for guiding purposes through the definitive assessment stage of a national research
project belonging to the National Program of Science and Technology devoted to the problems
related to Global Change. This project has been sponsored by UNEP and the Government of
Denmark.
Another very important objective of this preliminary assessment was to develop the methodological
aspects involved. The work was guided by internationally recommended procedures (USCSP
1994). Besides, it seemed to be necessary to provide a broad view of the range of biophysical
impacts that should be expected during the definitive stage of the project.
Crops to be studied were selected taking into account theirs photosynthetic pathway as well as
their climatic or seasonal preferences. lt was also considered if they were usually cultivated in
rainfed or irrigated conditions. Only staple crops were studied as the problem of cash crops
assessment was delayed for the definitive stage of the project. The selected crops were potatoes,
rice, field bean and cowpea. The assessment of biophysical impacts on agricultural systems and
forests requires rather complex and detailed climate scenarios, which is not necessarily so in other
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impact sectors. This requirement imposed a limitation to the number of sites that could be studied,
which is why only CamagOey was chosen at this stage.
No definite attempt to date future climate scenarios was made in this report as we are introducing
a new idea about scenario building, which is oriented to conserve the validity of our results with any
of the greenhouse gas emission scenarios that may be chosen or actually realized in practice. If
we assume that the HADCM2 general circulation model (Hadley Centre 1995) gives a true picture
of future climate, and that C02 atmospheric concentrations will continue to rise at a 1% compound
interest rate, approximate dates for any result presented in this report may be derived from the
expressions,

=

Date (Dt) 1990 + 28 * Dt
Date (nC02 ) = 1990 + 231.408 *log (n)
Where Dt is the global warming realized and n is times actual C0 2 concentration in 1990.

Methods
Climate Base line
Climate base line used in the assessment consists in the time series of temperatures, relative
humidity, global solar radiation, precipitation, rainy days and wind speed for CamagOey
Meteorological Station 355, at the Territorial Meteorological Center, for the reference period 196190. A special climate line base for temperatures, relative humidity and precipitation, was made for
the locality of Monte Grande located about 80 km to the north-east of the city of CamagOey, Cuba.

Climate Scenarios
Climate scenarios were derived from rates of change of climate variables as predicted in the 1C0 22C02 climate change simulation done by the HADCM2 general circulation model (Hadley Centre
1995). Values of these rates given by the HADCM2 model were used to derive future values of
climate variables. These climate variables were then scaled by the sensitivity of the HADCM2
model and multiplied by arbitrary increments in global temperature from 0-6°C with temperature
steps of 0.5°C. This procedure is similar to what is done in the SCENGEN system (WWF/CRU
1996) with the results of the MAGICC model (Kenny et al. 1995), but independent of any
greenhouse gas emission scenario and climate simple model adopted. This climate scenario has
been named semi-synthetic by Rivero and Rivero (1998a). As the HADCM2 data files in the
SCENGEN system do not contain global solar radiation data, this variable conserves its values as
in the reference period 1961-90 as it is done in a Bultot's scenario (van Diepen et al. 1993).

Impact Models
Impact models were selected taking into account the feasibility of integrating them with a
Geographical Information System or a CLIMPACT type system (Kenny et al. 1995). They consist
of a biophysical crop model and a set of forest bioclimatic indexes.

Biophysical Crop Model
The biophysical crop model used in the assessment was model WOFOST 4.1 (van Diepen et al.
1988) created at the World Food Studies Center in Wageningen, Holland. Management and direct
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physiological impacts of C02 concentration on photosynthesis and water efficiency are not included
in this version of the model.
In the case of irrigated crops such as potato and rice, the model was run on a year-to-year basis
for the 30 years of the climate line base and of the scenario-generated future climates. Only
potential yields and corresponding water use, as well as resultant phonology and its variability,
were assessed.
For rainfed crops, meaning cowpea and field bean, the model was run using 30-year mean data
for all climatic variables, but a rainfall stochastic generator was used to simulate 100 yeas rainfall
in the climate line base and in the scenarios generated future climates. Only estimated potential
rainfed yields and water use in water stress conditions, as well as phonology and its variability, are
addressed in this report.
Forest Impact Model
The Biomass Potential Density of forests was estimated by the procedure described in lverson et
al. (1993). First the modified Week's climate index is calculated as,
We= [ SHG (P 1 +SQUARE ROOT (P2 )] I (100 T m)
With,
S G H P1 P2 T m-

Mean
Mean
Mean
Mean
Mean
Mean

day length during forest growth period (hours)
duration of growth period (months)
annual relative humidity (%)
annual precipitation to 200 cm
annual precipitation minus 200 cm
temperature of the warmest month of the growth period (°C)

Then the biomass potential density in points is calculated as:

=

BPD (points) -0.000042685 We 2 + 0.057033306 We + 0.543753206 + AP (points)
+ Rest (points)
Where AP is the value in points assigned to annual precipitation in mm (maximum 25 points) and
Rest is the value in points assigned to physiographical and edafological conditions (maximum 50
points).
Finally, potential biomass density in T I ha is found from,
BPD (T I ha)

=6.67 BPD (points)

Net primary productivity as a function of Week's index was derived from a cross calibration
procedure using Riabchikov's index (Riabchikov 1976) and the CVP Paterson (1956) index, as
used in Garcia and Rivero (1997) and in Rivero et al. (1998).
NPP (T I ha-year)

=0.168208576 We

While nutrient use is given by,
CEQ

= 0.015 NPP
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A sustainability factor was defined as,
F

= NPP I BPD

Finally, using Holdridge (1947) life zones model as modified by Cramer and Leemans (1993), a
discriminant dry forest/savannah function was derived as,

F (T, P) = T- 0.08525146 P + 51.2514919
So if F (T, P) < 0, then the ecosystem is in the dry forest life zone but if F (T, P) > 0 the ecosystem
is in the savannah life zone. The main parameters of forests for different degrees of global warming
for CamagOey and Monte Grande, Cuba, are shown in Table 1.

Table 1. Main parameters of forests for different degrees of global warming for Camaguey
and Monte Grande, Cuba.

Global
Warming ( C}
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5

fBPD

CamagOey
fNPP
F

1.00
0.99
0.99
0.98
0.93
0.92
0.91
0.91
0.89
0.88

1.00
0.95
0.93
0.86
0.81
0.78
0.74
0.71
0.60
0.59

G

f(T,P)

fBPD

Monte Grande
fNPP
F
G

-36
-32
-28
-25
-21
-19
-16
-13
-11
-9

1.00
0.99
0.96
0.92
0.91
0.91
0.90
0.90
0.84
0.80

1.00
0.95
0.78
0.74
0.71
0.68
0.66
0.64
0.62
0.40

f(T,P)

0

0.15
0.14
0.14
0.13
0.13
0.12
0.12
0.12
0.10
0.10

·a
8
8
8
8
8
8
8
7
7

0.10
0.10
0.08
0.08
0.08
0.08
0.07
0.07
0.07
0.05

7
7
6
6
6
6
6
6
6
5

-3

-0
+2
+5
+7
+9
+11
+12
+14
+16

I

fPBD = Fraction of PBD with respect to the 1961-90 reference period
fNPP =Fraction of NPP with respect to the 1961-90 reference period

Limitations of the Assessment
Limitations of this preliminary assessment derive from many sources. First of all are the limitations
of the general circulation model to describe what the future earth's climate will be, which have been
discussed exhaustively in the scientific literature and will not be detailed here. Second is the rather
arbitrary way in which climate scenarios are constructed.
The biophysical model adopted does not simulate the direct effect of C0 2 fertilization on the
photosynthesis rate and water use efficiency of crops. Though the biophysical model was calibrated
with crop calendars and fields experiments from the Ruta lnvasora Rice Research Station in
Camaguey and from the Horticultural Plants Research Institute "Liliana Dimitova", no detailed
validation was possible because experiments specifically designed for this purpose were lacking.
The forest impact model awaits validation with field measurements in some of the relationships
adopted.
In spite of these limitations the authors are of the opinion that a major step in the evaluation of the
impact of climate change has been taken with this assessment, as it is the first time that detailed
climate scenarios and impact biophysical models have been used for this purpose in our country.
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Results
Future Climate
Results of the HADCM2 model for the cell that represents the eastern part of Cuba (Table 2) show
a warming trend for all months which is greater for the rainy season which extends from May to
October. A drying trend is observed for all months of the rainy season and some months of dry
season, with an increase in November-January.

Table 2. Monthly increases in temperature {0 C} and percentage variation in precipitation
(%), for each degree of global warming, for the eastern region of Cuba.
J
Temp. 0.66

A
0.95

0.66

M
0.82

-0.76

-11.07 0.58

F

M
1.14

J
1.17

A
1.24

J
1.27

s

0

1.17

1.11

-8.07

-0.40

N
. 1.05

D
0.85
'

Prec.

5.90

-15.90 -8.82

-12.28 -6.45
-

---

----

__:::.

15.96

8.61

I

The values of temperature and precipitation in Monte Grande for 1C0 2 and 2C0 2 climate (Table 3)
depict a warming and drying trend that coincides with the observed trend since 1951 (Rivero 1995).
The annual increase in mean temperature amounts to 2.5°C, which by chance coincides with the
sensitivity of the HADCM2 model, while annual precipitation values amount to a reduction of 13.4%.

Table 3. Mean monthly temperatures (°C) and precipitation values (MM) for 1C02 and 2C02
climates in Monte Grande, according to the HADCM2 general circulation model.
I C02
Temp.
Prec.
2C02
Temp.
Prec.

J
23.4
28.3
J
25.1
32.4

F
23.5
19.6
F

25.2
19.2

M
24.3
29.4
M
26.4
21.3

A
25.3
42.3
A
27.7
42.9

M
26.5
139.3
M
29.4
83.9

1
27.7
158.2

J
30.6
123.3

J
28.4
71.7
J
31.6
49.7

A
28.4
96.0
A
31.5
80.5

s

0

N

27.7
133.3

26.8
131.5

25.6
77.1

s

0

N

30.6
106.4

28.2
29.6
129.2 1107.9

D
24.2
13.9
D
26.3
16.9

I

Crops
Use of the impact model selected with the climate line-base and the eight future scenarios
generated a wealth of information that has been only summarily analyzed. For the sake of clarity
the results obtained will be discussed separately for each crop.

Potato Crop
Potato is cultivated in the winter season in Cuba and, being sown in the dry period, is always
irrigated. Results obtained by running the biophysical model with different emergence dates
(Rivero, Rivero and Roque 1998) and climate data from the 1961-90 reference period, gave a
functional dependence between potential yields and water use with emergence date. To study the
effect of global warming on the potato crop, 1 December was selected as the emergence date
because it is very near the predicted one that is conducive to higher potential yields and minimum
water use. Because of the relationship obtained, it is possible to compare yields obtained with
different degrees of global warming for the optimum emergence date and the one which would be
obtained with another emergence date in actual climate conditions.
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Dry matter potential yields for potato (Figure 1) shows a decreasing trend with global warming and
an increasing variability as climate change proceeds. For warming higher than 4.5°C, not shown
here, this variability of yield attains values so high that national economy could not take the risk of
growing potatoes in CamagOey. An analysis of crop phonology shows that the onset of the
tuberization phase will be progressively delayed as temperatures increase, shortening the time
available for the formation of the useful part of the crop. Potato potential water use grows very fast
with global warming, in such a way that the water demand of the crop could not be satisfied with
e~pected levels of precipitation and irrigation technology. The variability of water use will also be
enhanced.
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Figure 1. Potential yields and water use for potato at Camaguey, Cuba, for different degrees
of global warming with emergence date of 1 December.
Being potato, a C3 crop natural to cold climates, with a temperature optimum in the range 18-20°C
for growth and development, these impacts were expected. They imply that, with progressive global
warming, cultivation of potato in CamagOey will not be possible. Including possible beneficial effects
of C0 2 fertilization on water use and the rate of photosynthesis, it is doubtful that they will alter this
picture. As potato is grown in CamagOey with an efficiency of yields very near the one that is
attained in highly developed countries (Beukema and van der Zaag 1990), it does not seems likely
that this problem could be solved by technological developments which could lead to an acceptable
level of real yields.
When global warming reaches 4.5°C, growing potato at the site studied with an optimum
emergence date would be equivalent to growing it now with an emergence date in July, in respect
to expected yield. Water use will be 89.3% of that necessary now for that emergence date and
2.73 times higher than on the optimum emergence date with actual climate.

Rice Crop
Rice crop is grown in our province throughout a large part of the year. The results of the biophysical
model with 1961-90 climate data and IR-8 cultivar show two different maximums in yields
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corresponding the principal one to the winter season. Water use behaviour is similar but with a
phase displacement of 40-50 days. An emergence date of 17 December was chosen as the one
to be used in the impact study, being dry matter potential yield with actual climate higher than 7.5
T/ha.
Both potential yields and water use (Rivero and Rivero 1998b) depict a decreasing trend with global
warming (Figure 2), but not so impacting as in the case of potato. Variability, both in yield and in
water use, does not change appreciably as warming proceeds. lt seems that with the use of
cultivars with resistance to higher temperatures, and through the use of not imposing advances in
technology, it will be possible to cultivate rice efficiently in Camaguey during the expected warming
period. We still need to study whether, with an emergence date in July-August, where actual yields
are the lowest, there is a breakdown in yields, as was observed in potato.
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Figure 2. Potential yields and water use for rice at Camagi.iey, Cuba, for different degrees
of global warming with emergence date of 17 December.
Field Bean Crop
Field bean is usually grown during the last months of the year, so to have a dry harvest period in
December-January. Field bean is so sparsely irrigated that it can be considered as rainfed. Under
such conditions yields and water use are highly variable. As discussed by Garcia, Rivero and
Rivero (1998), there is a decreasing trend in potential rainfed yields and variability of yields with
global warming (Figure 3). lt is interesting to note that water use shows no appreciable trend at all.
As actual yields are considerably lower than these potential rainfed yields, it seems that affordable
improvements in technology will make it possible to continue the cultivation of field bean in the
future, but lower yields will be obtained with the same crop water use.
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Figure 3. Rainfed yields and water use for field bean at Camaguey, Cuba, for different
degrees of global warming with emergence date of 14 October.
Cowpea Crop
Some cultivars of cowpea have traditionally been cultivated in Cuba, but a new group of cultivars
with determinate growth habits have recently been introduced and are gaining in popularity.
Cowpea differs from the other crops studied because its development rate is maximum when the
mean temperature reaches 28°C and decreases afterwards. This leads to a very interesting
response by cultivars to climate change, whose impact on the crop was studied by Sanchez,
Rivero, Rivero and Lavad0 (1998). Cowpea is a crop normally sown in spring and summer, and is
usually cultivated in rainfed conditions. For that reason an emergence date of 1 May was chosen.
Potential rainfed yields for cowpea depict a stabilizing trend for warming lower than 2°C, but a fast
decreasing trend appears for higher warming (Figure 4 ). This occurs because the crop cycle is
progressively longer. After an initial indifferent behaviour water use display a rapidly increasing
trend, combined with a decrease in yields, with increments in global warming higher than 1-2°C.
According to this, cowpea is an attractive crop for warming not exceeding 2oC but it seems that,
for the selected emergence date, its cultivation would not be possible afterwards. In the future a
more complete study will be undertaken with a whole hierarchy of emergence dates and genetic
parameters from other cultivars. This would lead to a whole strategy in adaptation measures
related to the cowpea crop.
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Figure 4. Rainfed yields and water use for cowpea at Camaguey, Cuba, for different degrees
of global warming with emergence date of 1 May.
Impact on Forests
Forests are a major concern in CamagOey and, during 1991-95, a research project into successive
reforestation was undertaken (Perez et al. 1995) in the dry forests of Sierra de Cubitas. In this .
project a scientific approach was developed through the use of an Abiotic Tension Index very
similar to the PBD approach of lverson et al. (1993). A similar project is now going ahead directed
at the reforestation of Monte Grande, a very dry forest at risk of disappearing, and which is located
in the northern part of the province. This forest has been the subject of numerous attempts at
reforestation (Rivero, Rivero and Rivero 1998). For both sites studied (Table 3), a decreasing trend
in potential biomass density, net primary productivity and sustainability factor is depicted with global
warming. This trend is related to the temperature rise and precipitation decrease depicted by the
HADCM2 model, which is reflected as a progressive decrease in the modified Week's index and
the PBD index for both localities. Associated to this, there occurs a shortening of the growth period
with a global rise in temperature. In this way the months of July and August, which in actual climate
are the summer drought months (Rivero 1989), cease to belong to the forest growth period. For
the month of July this occurs with 4 oc and 1oc warming in CamagOey and Monte Grande
respectively, while August ceases to belong to the growth period in Monte Grande with a 4.5°C
warming.-, he very existence of a forest with a growth period broken ·in two by an intense summer
drought is debatable. The forest/savannah discriminant function shows an aridizing trend for the
site of CamagOey and a transition from dry forest to savannah in Monte Grande, this last transition
occurring with a very modest increment in global temperature. All this makes the reforestation of
Monte Grande a very imposing task.
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If the results of the HADCM2 model for the eastern region of Cuba are not very far off the climate
stage that will eventually be attained in the future, this implies a sizeable increase in area for the
actual regions with a dry sub-humid climate (Rivero, Lapinel and Rivero 1995; Carnet, Rivero and
Lapinel 1996) in Cuba, and will lead to an enhancement in the intensity of the actual desertification
processes.

Conclusions
•

The HADCM2 general circulation model depicts a warming and drying trend during the
next century for the eastern region of Cuba, which is compatible with actual trends in
temperature and precipitation in this part of the country since 1951.

•

Results of the biophysical impact model describe a progressive decreasing trend in
potential rainfed yields for all the crops studied. Only cowpea shows an initial stability of
yield during the first part of the warming process, but yields decrease later as both
warming and drying proceeds.

•

Cold climate C3 crops depict an increase in potential water use under irrigated conditions
and an enhanced variability in both yields and water use, while warm climate C3 crops,
under irrigated conditions, show a decrease in potential yield and water use with no
appreciable increase in variability.

•

There is a sustained decreasing trend in potential biomass density, net primary
productivity, nutrient use, length of growth period and sustainability of forests during the
next century in CamagOey and Monte Grande. Aridization processes lead to the evolution
of today's dry forests to savannahs. Depending on the initial status, the savannah stage
could be reached with global warming as low as 1°C.
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Los factores agrometeorol6gicos como desencadenantes de
problemas toxicologicos en animales
E. Sequeira, Uruguay

En 1995, el area de Toxicologfa de la Facultad de Veterinaria (Uruguay), inici6 el desarrollo de
un Sistema de advertencias contra el Hongo de la Pradera (Pithomyces chartarum).
Dadas las condiciones ambientales prevalentes durante Ios veranos y otofios de 1996 y 1997,
no se desarroll6 esta problematica a nivel de Ios establecimientos. Pero sf aparecieron otros
problemas toxicol6gicos, que suelen ser comunes bajo condiciones de falta de agua en Ios
suelos.
En este articulo, lo que se realiza es un resumen de algunas toxicologias que se han estudiado
y tratado a nivel de campo bajo distintas condiciones ambientales.

Condiciones de falta de agua en el suelo
Problema toxicol6gico: intoxicaci6n por nitrates - nitrites:
Frecuente en: pastoreo en avena, trigo y cebada.
Causa: Ios nitrates y nitrites absorbidos por las plantas, lo son en bajo volumen de
agua debido a su falta en el suelo, y no son metabolizados con la suficiente velocidad
debido a una reducci6n de la superficie foliar. Pasan directo al torrente sanguineo.
Efecto: muerte subita.
Prevenci6n: pastoreo intensive, pero por poco tiempo (menos de una hora y media).

Condiciones de exceso de humedad ambiental
Problema toxicol6gico: intoxicaci6n por micotoxinas en raciones:
Frecuente en: anirnales con programas intensivos de alirnentaci6n, coma productores
de leche, destete precoz, engorde para terminaci6n.
Causa: condiciones de alta humedad y temperatura en el cultivo favorecen el
desarrollo de hongos productores de toxinas.
Efecto: el general es reducci6n del peso corporal y estado del animal, reducci6n de las
defensas con posible desarrollo de problemas sanitarios vir6sicos o bacteriales, y
dependiendo del tipo de toxina y del nivel de intoxicaci6n, problemas reproductivos
(incluyendo abortos) y muerte.
Prevenci6n: analisis preventive de las raciones, especialmente las que fueron
realizadas con materias primas provenientes de zonas con condiciones
agrometeorol6gicas favorables al desarrollo de micosis.
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Problema toxicol6gico: intoxicaci6n par micotoxinas en pasturas:
Frecuente en: animales que pastorean praderas artificiales sean s61o de leguminosas,
o mezcla de estas y gramineas.
Causa: presencia de abundante materia muerta a nivel del suelo, unido a condiciones
favorables para el desarrollo y esporulaci6n del hongo (temperaturas superiores a
12°C, humedades relativas superiores a 80% durante mas de la mitad del dia,
precipitaciones superiores a las normales 30-45 dias antes de la aparici6n de la
intoxicaci6n, uno o dos periodos de dos a tres dias continuados con poca o nula
insolaci6n).
Efecto: fotosensibilizaci6n, danos en el higado, abortos, muerte.
Prevenci6n: eliminaci6n de Ios excesos de materia muerta, conteos preventivos
especialmente en predios donde las condiciones agrometeorol6gicas hayan sido
proclives.
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Resultado economico de Ios pronosticos meteorologicos para la
esquila en el Uruguay
E. Sequeira, Uruguay

Desde 1983, un Grupo lnterinstitucional formado por la Direcci6n Nacional de Meteorologfa del
Uruguay (DNM), el Secretariado Uruguayo de la Lana (SUL), y reparticiones del Ministerio de
Ganaderla Agricultura y Pesca, iniciaron de mutuo acuerdo un Programa de Pron6sticos
Especiales.
El mismo resultaba totalmente novedoso, por lo que se fue aprendiendo sobre la marcha. Lo
que no se dej6 de tener siempre como objetivo primordial, fue la de desarrollar una herramienta
para ayudar a reducir las perdidas que producen Ios fen6menos atmosfericos en las majadas
recien esquiladas.
En Uruguay, existe un control anual de la cabafia ganadera a efectos fiscales. Por este medio,
se incluy6 en la de 1992/93, una hoja adicional que intentaba recoger una evaluaci6n de las
dos campafias precedentes.

Metodologia
El total de encuestas recibidas fue 2451, provenientes de igual numero de establecimientos.
Las mismas involucran mas del 10% del rodeo lanar de ambos ciclos. Cuando se inici6 el
Programa, la informaci6n disponible indicaba una mortandad anual de aproximadamente 2%
del rodeo en el perfodo de post-esquila.
En estas encuestas, las mortandades declaradas por este concepto fueron las que se muestran
en el cuadro 1.

Cuadro 1. Animales muertos post-esquila
Totales
91/92
37.804
Adultos
14.411
Corderos

y proporci6n del total esquilado.
%
92/93
0,98
41.694
1,90
09.703

%
1,12
1,48

Como se aprecia, en ambas temporadas la proporci6n de corderos muertos es mayor que la de
adultos. Ello es esperable, dado que es una categorfa mas sensible a las condiciones adversas
de tiempo.
Lo destacable es que la proporci6n de animales muertos es aproximadamente la mitad del 2%
del cual supuestamente se habla partido.

Efectividad de las advertencias
Desde el punto de vista del servicio y de Ios usuaries, lo que mas importa son las diferencias de
perdidas entre Ios que declaran escuchar el pron6stico y quienes no.
En ambas temporadas, el 76% declara escuchar las advertencias, en tanto el 24% no lo hace.
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Cuadro 2. Proporci6n de animales muertos segun categorias de escucha y de animales.
91/92
92/93
Adultos
Adultos
Corderos
Corderos
Escucha
0,90
1,96
1,38
1 '12
1,57
No escucha/no contesta
1,49
2,08
1'10
Del cuadro 2 surge una diferencia a favor de aquellos que escuchan las advertencias, mas alia
del uso que les den a las mismas.
En Ios seguimientos de las campafias, se aprecia que en 1991, aproximadamente uno de cad a
tres dias presento caracteristicas parcial o totalmente adversas para Ios ovinos recien
esquilados. Ese numero baja a uno de cada seis en 1992. Este hecho muestra una menor
rigurosidad de la temporada 1992, lo que puede haber influido en una menor toma de
precauciones. Ello podria explicar en parte el mayor porcentaje de muertes de adultos entre Ios
que escuchan el pronostico, y su similitud con Ios que no escuchan. La menor rigurosidad de la
temporada en si, podria explicar el comportamiento de lo sucedido con Ios corderos.
Tambien se realizo un analisis cualitativo de las advertencias, que se brinda resumidamente en
el cuadro 3. Los porcentajes que faltan son Ios de las falsas alarmas, pero ellos no pueden
tomarse como errores de igual peso que un imprevisto. La sorpresa es un riesgo cierto para el
productor esquilando, la falsa alarma solo un exceso de celo.

Cuadro 3. Proporci6n de advertencias segun categorias.
91/92
Correcta
Sorpresa
Porcentajes
95
3

92/93
Correcta
90

Sorpresa

2

De las cifras del cuadro 3, se puede apreciar una reduccion de Ios mensajes "correctos", y un
aumento importante de las falsas alarmas.
Esa evolucion de la confiabilidad de las advertencias puede haber provocado un cambio de
actitudes con respecto a la misma, incidiendo tambien en la poca diferencia apreciada en 1992,
en la mortalidad de adultos en las dos categorias de productores considerados.
El que las mortandades de corderos no haya seguido la misma tendencia, deben3 ser analizado
mas detalladamente, procurando identificar la mortalidad y Ios totales de animales encuestados
segun las zonas, e incluso segun el manejo informado.

Relacion costo/beneficio del servicio
Este analisis interesa tanto desde el punto de vista del sistema en su conjunto, asi coma de la
economia del subsector productive.
Para el mismo, se usara el supuesto que Ios que escuchan el pronostico representan a Ios
usuaries, y por lo tanto su efectividad, y Ios que no escuchan o no contestan, representan la
situacion que se daria en caso de no existir el servicio.
A nivel institucional, el costa estimado de cada campafia es de U$8 10.000 (diez mil dolares
EEUU).
Para ambas campanas, se usaran solo las cifras de adultos, siendo la referenda el Censo
General Agropecuario de 1990.
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La campafia 1991, tal como se indicaba al inicio, fue la de mayor numero de situaciones de
riesgo, de las dos evaluadas. En ella se observ6 una mortandad de adultos de 0,59 % menor
entre aquellos que escuchan el servicio. Si esa diferencia se extrapola a la totalidad de Ios
animales de vell6n esquilados, el servicio representaria la muerte de 128.300 animales menos.
El costo por animal "salvado", serfa de 0,08 d61ares a diciembre de 1997. El valor estimado de
Ios animales "salvados" superaba a esa fecha largamente Ios 1:500.000 d61ares.
La campafia 1992 no present6 diferencias, pero se indicaba la menor rigurosidad de la misma.
Este caractor no puede aun ser pronosticado de antemano.
Por lo tanto, en la medida que se siga difundiendo su uso, y se vayan ajustando las
predicciones en si, y la asociaci6n pron6stico-manejo que realicen Ios usuaries, Ios beneficios
para el sector cada vez seran mayores. Y aqui Ios beneficios no derivan de un aumento de la
producci6n, sino de evitar las perdidas considerando al tiempo atmosferico como un factor mas
de producci6n y actuando en consecuencia.
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Meteorological Data and Regulatory Applications in Agriculture:
Application Examples, Data Status and Future Meteorological Data
and Modeling Needs
R.A. Sequeira, USDA-APHIS-PPQ-CPHST, Ra/eigh, NC, USA
(Rsequeira@msn. com)

International weather monitoring is fundamental to risk assessments, emergency response
planning, and strategic forecasting. Weather monitoring is thus fundamental to US trade stability
and national security. Predictive models of global productivity, environmental trends and policy
evaluation are key elements in the elaboration of US trade and agricultural policy. Given the US
public interest nature of weather monitoring, federal agencies play a central role in the
expansion and coordination of international weather observations, climate characterization, data
archival and distribution. This article describes how an agricultural regulatory agency, the US
Dept. of Agriculture's Animal Plant Health Inspection Service - Plant Protection and Quarantine
(USDA-APHIS-PPQ) drives several of its key applications with meteorological data and weather
characterization. Two recent examples, a risk assessment for a disease of wheat and a fruit fly
eradication program, will be used to illustrate the applications. The article then concludes with a
description of current data status and desiderata.
The first application exemplifies regulatory risk assessments. The general risk model as applied
to USDA-APHIS-PPQ operations proposes that agricultural risk is the combination of the
probability of an undesirable pest's establishment and the expected outcome from such an
event. In the case of the example described here, Karnal Bunt (Tilletia indica), the outcome of
the introduction of this pest is trade disruption and the potential for deleteriously affecting wheat
production and quality. The elements necessary to assess the probability of establishment
component of the model are: probability of entry, probability of survival in transit -these two
elements are commonly studied together using what is referred to as 'pathway analysis',
probability of colonization and probability of spread. The key objective of this study was to
integrate all relevant available scientific knowledge of Karnal Bunt behavior to complete the
factors missing for an integrated risk assessment using the general risk model. The output
generated by this study consisted of 'risk regions' categorizing wheat production regions in the
United States according to the assessed risk of Karnal Bunt establishment.
The basic approach used to produce these risk regions was based on the epidemiological
notion that in order for a disease to develop there must exist a susceptible host, environmental
conditions conducive for pest development and the pest property.
Current climatic trends show that long-term historical weather may not be representative of
current conditions (e.g. Casti 1991). Coakley and McDaniel (1988) have suggested a minimum
of eight years of historical weather data be used in plant disease forecasting.
In the risk assessment, United States weather records from 1986 to 1996 were summarized for
9,068 first order and co-op weather stations nationwide (these stations include locations in Alaska,
Hawaii and Puerto Rico, which were excluded in this risk assessment). That is, where there are more
counties, there are more reporting stations. Weather records were daily. A second metafile including
geographic reference information (latitude, longitude, and elevation) was also produced for all 9,068
stations. Calculating the daily averages for each station over all ten years produced a third file. Where
ten years of data were not available for a given station, the available data was used and the average
adjusted to reflect available data. This average file was used in the analysis and categorizations.
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In order to obtain data for points in between weather stations, an interpolation algorithm was used.
Wheat susceptibility was determined by using a phenomenology model (a computer-based
simulation model to predict when different plant physiological events such as flowering occur).
Environmental conditions were determined by analyzing weather patterns for the ten years and
9,068 weather monitoring sites. Pathogen inoculum was assumed uniformly present. All
necessary data types were integrated using a Geographic Information System (GIS).
Whether climatic conditions prevalent in a given region were conducive to disease development
was determined by evaluating which regions had conditions appropriate for pathogen
development during wheat production periods. The weather conditions appropriate for Karnal
Bunt development include a relatively cool regime (maximum temperatures between 14°C and
20°C) and an elevated humidity or repeated rainfall. The periods of susceptibility for the plant
were determined by using the wheat phenomenology model to predict when reproduction
(anthesis and grain fill) occurred (planting date and weather) in the different regions.
Where an intersection of reproductive plants and weather conditions conducive to the disease
were noted, a region of significant probability of colonization (high, medium, low) was
determined. A categorization of the probability of colonization into 'high', 'medium', and 'low'
areas was determined based on how close the average climatic conditions were to the optimal
for Karnal Bunt. A further mapping of these 'probability of colonization' regions over productivity
maps (with conservative assumptions of propagule entry/survival in the pathway) provided a
final assessment of risk. The results are described in the article.
Resolution refers to the density of observations used to characterize a region. The scale of a
study is defined by the unit of observation/analysis and can be an individual plant, a field, a
farm, a county, a landscape, etc. The total number of observations or 'points' per area is also
referred to as 'the granularity' of the study. An important consideration was thus the resolution
or level at which risk zones should be established. Historical weather data and wheat
distribution may be examined at scales ranging from individual fields to multi-state wheat
growing 'belts'. However, the purpose of risk assessment is the support of (regulatory) risk
management/risk mitigation procedures. lt thus behooves the production and trade industries to
regulate the smallest area that will result in mitigated risk. The assessment should then be
conducted using the smallest possible resolution. There exists another important reason to use
as fine a granularity as possible: weather is highly variable. The characterization of a state, for
example, with data from a single weather station would be informative but very limited in its
usefulness. To the extent possible, the number of monitoring stations used in a wide-area
forecast should be maximized.
The second application exemplifies meteorological applications in the Mediterranean Fruit Fly
Eradication program in and around Tampa, Florida, USA in 1997. A large scale eradication
program was begun after a May 1997 detection of a Mediterranean Fruit Fly (medfly) invasion
near Tampa, Florida. The medfly, as are all insects, is a poikilotherm. Weather monitoring in
addition to simulation models permitted forecasting the time of emergence of this pest. This
information was critical, as only the adult is susceptible to eradication tactics. Finally, the
monitoring of wind (magnitude and prevailing vectors) allowed prediction of movement and of
the behavior of sterile insects released as control agents (in addition to wide are application of
baits laced with a pesticide).
Current utilization of meteorological data and climatological characterization in USDA-APHIS is
in its infancy. The potential however is that risk assessments, emergency programs and the
conduct of key regulatory activities will be enhanced by a better characterization of the
environment in which a potential pest has or may be introduced. Further, forecasting of
expected trends and pathway analysis will benefit from the use of both historical and forecast
weather data. At this time, USDA-APHIS is conducting formal work on the characterization of

85
data needed. The resolution (area surrounding a weather station that can be considered as
'typical' of the data recorded at that station) required for most regulatory actions is at the subcounty level, with a minimum of 5-10 stations used to characterize a county (depending on the
size of the county). Data records should include at least the previous ten years and consist of
daily observations. Minimum observations include temperature maximum, temperature
minimum, rainfall and snowfall. Additionally, windrun, wind vectors, relative humidity or dew
point and soil temperature are desirable.
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Operational Agrometeorology in India
Discussion by S.K. Shaha, Agricultural Meteorology Division, Pune, India

Suggestions for Future Improvements
Agrometeorological information on sowing time, preparation of fields, application of fertilizers
and pesticides, protection against adverse weather, irrigation scheduling, harvesting and postharvesting operations and on being weather sensitive are available for crop growing areas. But
the judicious application of this information, under the guidance of experts of associated
aspects, is essential for good agricultural production. Apart from data generation on the
information listed above, their dissemination at the appropriate time to farmers and other end
users are the main functions of such agencies (governmental or non-governmental) engaged in
such activities.
The accrued benefit of well managed agrometeorological information (data), has an important
role to play in the agro-based national economy of a country. For this the agency engaged in the
task has to be well informed as to who the users are of such agrometeorological information,
what information is required and when, and lastly how this information should be disseminated
to the users.
The main function of the Agricultural Meteorological Unit is to advise end users and farmers in
their farming and other such activities, keeping in view the impending weather vis-a-vis normal
weather of the area. The advisories are framed in consultation with local available agricultural
experts. Bulletins contain weather information, crop conditions, yield prospects and hazardous
or beneficial weather for crops. These bulletins are: then disseminated through the audio-visual
media, local radio, newspapers, etc.
Weather forecasting for different regions in India is carried out by weather forecasting centres of
the region. lt is an ongoing practice with these centres to issue farmers' weather bulletins along
with the weather forecast for the region. For farming FWBs, agrometeorological information of
the region, together with information on crop stages, extent, intensity and periods of favourable
and unfavourable weather parameters for the crop grown in the region is required. The
headquarters unit of Agricultural Meteorology prepares and updates such information in the
form of crop weather calendars (CWCs) for each region in India and caters to the weather
forecasting centres as a support tool for framing FWBs.
The Agricultural Meteorological Unit issues Agromet Advisory Bulletins through the Agromet
Advisory Service (AAS) twice a week in the local language. The bulletins give information on
past weather and the weather forecast for a specific period with the outlook for the succeeding
short period. Locally available experts in agronomy, plant physiology, plant pathology,
entomology and agricultural staff of the State Government, etc. are consulted in the preparation
of the bulletins.
The coordination, logistics and guidance are provided to the other 17 Agrometeorological
Advisory Service units in India by the Agricultural Meteorological Unit HQ. These sub units of
the AAS are situated in the state capitals and are in constant touch with the Headquarters Unit
at Pune through telecommunication links.
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Certain parts of north-west India are vulnerable to the menace of desert locusts. A network of
observatories has been established for the monitoring of agrometeorological parameters and
are manned by India Meteorological Department personnel. During the season, required
weather forecasts are issued to plant protection and quarantine services.
Meteorological support is provided to the national agency for the mitigation and prevention of
the desert locust in India.
Information on dry spell/wet spell distribution in any given area is very important for strategy
planning by end users. Hence, it has been decided to include dry spell/wet spell climatology in
an area in the AASBs at an appropriate time, from all the AAS centres in India, which perhaps
may help in reducing losses in agricultural production.
In India the activities of farmers as end users of AASBs are not limited only to the cultivation of
various crops but also to other activities to subsidize their income and to utilize their spare time
and energy. The activities in general are involved with fresh water aqua culture, sericulture,
social forestry and animal husbandry. Recently farmers are more and more taking up such
activities and hence some scientific guidance in its full exploitation becomes essential. Under
the most developed Agromet Advisory Services, advisories and information pertaining to the
above-mentioned activities will find an important place. Perhaps the dissemination of AASs will
need to be made all through the week instead of only twice a week, each day of the week
pertaining to each one of the aspects of day-to-day activities of end users.

Expectations from Operational Agrometeorology
Except for the developed countries, the response from would-be clients for agrometeorological
information is very poor because of the age-old traditional methods of agriculture. Such end
users can be approached through their cooperative organizations in agriculture or agro-based
industries. For them the contents of agromet advisories should periodically bring out the
differences in production or other achievements as a result of the adoption of new techniques,
etc. disseminated through AAS. bulletins.
In developing countries food (processed) product industries, based on agro-based raw
materials, store their raw materials after procurement in the respective zonal godowns. To
maintain the quality of stored materials, more or less the same meteorological parameters are
required, as in the case of food grain products in farmers' storage. Hence the requirements of
these new clients can also be incorporated into operational agrometeorology.
In the forecast, extreme weather contingency plans for alternate crops, etc. are suggested but,
in such situations, crisis managers in advisory farming should include government agencies
dealing with seed varieties, fertilizers and other such input suppliers so that suggested
packages become freely available (i.e. without difficulty) to end users.
Under the climate change scenario, for sustainable agricultural production, various changes for
various crops growing in any area are the solution to coping with the changing climate. The
development of suitable area-specific crop weather models, practical oriented detailed
information from satellite imagery may serve some purpose. Operational agrometeorology (OA)
in its advisories suggests the introduction of a crop variety or varieties based on experimental
results conducted by the authorities on government-funded farms, etc.
To make the advisories attractive, the 'variety' of advisories should be framed covering various
fields/aspects of end users' problems and scheduling them in the dissemination in such a way
that the end users concerned look forward to its particular dissemination programme.
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OA, without the evaluation of advisories and feedback, will be like a strong racehorse in the 21st
century. This aspects has to be developed fully with the enhanced awareness amongst end
users. Expectations will be more, but in the absence of strong feedback, mechanism demands
and improvement in OA output may be lacking. Motivating grass roots level extension workers
to interact with end users (in particular the agricultural farming community) to identify their
requirements small area wise and cropwise and to pass this information on to the appropriate
authorities for consideration.
A useful technique which has emerged out of necessity to economize in water use and which is
gaining popularity in areas with water scarcity, is drip irrigation method. The technique involves
using the minimum quantity of water by supplying it directly to the root zone, avoiding
unnecessary wastage by way of soil surface water evaporation, etc. lt utilizes water frequently
and with a volume of water approaching the consumptive use of the plants. Thus minimizing
such conventional losses as deep percolation, run-off and soil water evaporation, use is made
of plastic lateral lines with devices called 'emitters' or 'drippers'.
In India farmers started to use drip irrigation in 1986. Within a decade more than one lakh ha. of
land came under the system. As a result, the water table reduction was been arrested, soil
salinity stopped and an increase in brackishness of well water has also been stopped. The
system is now well established and has become a way of life to farmers in the region. Crops
such as grapes, sugarcane, bananas, citrus fruit, pomegranates, vegetables, flowers,
strawberries, mulberries, ber, mangoes, sapota, guavas, coconuts, papayas, custard apples,
tamarind, cashew nuts, figs, beletvine, aonla, arecanut, tomatoes, chillies, capsicums and brinjal
(eggplant) have been brought under the system and are being successfully cultivated. A total of
96,000 farmers have adopted the system in one region of Maharashtra alone.
The demand from these farmers for agrometeorological inputs are expected to increase. The
inputs are also expected to increase. The inputs are expected to be in terms of weather
forecasts, emphasizing particularly rainfall, dry spell/wet spell periods, strong winds, hours of
sunshine, etc. More progressive farmers may demand inputs in terms of the volume of water to
be supplies to the crop, or the crop coefficients or crop factors for pockets of the region so that
they can estimate the required volume of water for irrigation.
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The Global Greenhouse Effect, Agroecosystems and the
Future of Agriculture
0. Sirotenko

The assessment of climate change effects on global agriculture is still a vital problem. This
conclusion is borne out by recent studies which showed that the adverse effects of climate
change on agriculture seem to be much overestimated by reason of insignificant consideration
of its adaptation potential. The proposed report includes the following sections.

Methodology
The principal method of study, i.e. simulation mathematical modelling, is realized via a
developed simulation system, Climate-Soil-Yield (CSY), consisting of:
weather-yield simulation dynamic models of agroecosystem productivity with the day
interval (Sirotenko 1981 );
stochastic models permitting the generation of an annual series of daily meteoelements corresponding to specified climate norms (Sirotenko and Pavlova 1988);
a database including hydrometeorological information over a 100-year period,
scenarios of possible climate changes and data about physical and agrochemical soil
properties for the former USSR territories (Sirotenko 1991 ).
In addition to calculations of variations in productivity of principal crops and their maturity dates,
CSY permits the assessment of variations in soil moisture, actual and potential
evapotranspiration, temperature sums, moistening coefficients and other parameters.

Prediction of Agroclimatic Resources
As scenarios of future climate we take anomalies in the nodes of temperature and precipitation
regular grids calculated by GCM-GFDL R30 and CCC T32. The simulation system CSY enables
a variety of agroclimatic indicators to be calculated. Because of the limited scope of the report,
Table 1 includes only some of them.
Table 1. Prediction of heat and water availability of
scenarios.
Geographic
Deviation from the
region
ccc
3T
AE PE
HTK
N
561
-13 26
Russia
22
98
-.13
Baltic
23
460
-11 84
121
-.20
Byelorussia
22
432
-7 67
96
-.18
521
Ukraine
21
-10 30
76
-.10
Moldovia
22
590
-18
9
61
-.06
Kazakhstan
20
658
12 -2
66
-.10
Former USSR 22
562
-10 25
91
-.12

w7

crops in 2030 under CCC and GFDL
baseline levels
GFDL
N
3T
15 461
-10
23
522
-10
19
647
-4
16 450
-7
17
511
-32
10
12 457
15 461
-8

w7

AE
27
87
69
33
5
7
28

PE
77
123
92
62
52
50
72

HTK
-.08
-.17
-.15
-.06
-.04
-.04
-.08
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Note: N is the number of days in the time period with temperature T above 5°C, 3T is the
temperature sum, HTK is the ratio of total precipitation amount to temperature sum multiplied by
0.1, AE, PE-actual and potential evapotranspiration, Wrsoil humidity in the layer 0-100 cm,
July.
Table 1 shows that by 2030 the length of growing periods will increase by 15 and 22 days, on
average (under (GFDL and CCC scenarios respectively); the heat availability of agricultural
crops by 460-560 degrees. However, at. the same time the aridity will increase. In this case the
potential evapotranspiration will increase more than the actual one. So, according to the GFDL
scenario, PE will increase on average by 77 mm and AE by 27 mm only. For the CCC scenario
this difference will be more significant.
The soil moisture content in a warm season, especially in early summer, will generally decrease
to an extent that may be catastrophic for some arid regions of Russia.

Predictions of Productivity
Results of analyzing the sensitivity of present-day agriculture to climate and other variations
presented in Table 2 show that simultaneous C02 increases (+15%) may compensate for
negative climate change-induced effects (-15% for cereal crops). However, increased
atmospheric contamination with ozone (-9%) and other pollutants, as well as soil
dehumidification, make this possibility rather problematic. At the same time, the present-day
technological level achieved by Russian agriculture could increase its productivity by about
120%. The combined effect of all considered factors allows the conclusion that cereal crop
productivity will drop by 26% if technology is not changed and it will grow by 67% if the
technological lagging is overcome (last two lines in Table 2).
Table 2. Grain crop and fodder production response (changes in % of present-day level)
for all of Russia to possible changes in environmental conditions by the year 2030.
Possible changes in environmental conditions
Grain
Fodder
-15
Climate change (GFDL)
-3
+15
C02 increase
+13
Ozone increase
-9
-6
Soil degradation
-13
-8
Optimized soil conditions
+119
+99
Changes of ·two factors
Climate changes and C0 2 increase
-2
+9
Climate change and soil degradation
-27
-14
Soil degradation and C02 increase
0
+3
Changes of three factors
Climate change, ozone concentration increase and
-35
-21
soil degradation
Climate change, C02 and ozone increase
-12
0
Changes of four factors
Climate change, C02 and ozone increase and soil
-26
-9
Degradation
Climate changes, C02 and ozone increase,
+67
+136
optimized soil conditions

Note: The C0 2increase means a 20% rise, the surface air ozone increase a 30% rise. The soil
degradation here means a 20% decrease in the humus budget.
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Prediction of Bioclimatic Potential and Physico-Geographical Territorial
Zonality
The physico-geographical zonality of Russia will change significantly as a result. of warming
(Table 3). Tundra and taiga areas will sharply reduce (by 4.4 and 1.4 million km 2). The areas of
leaf-bearing forests and steppe will greatly increase (by 4.1 and 1.1 million km 2 respectively).
The arable zone of Russia should increase by 1.5 times. The bioclimatic potential of the country
will grow on average by 30% with no account of C02 increase. Warming will also result in a
cardinal improvement of wintering conditions for agricultural crops (Sirotenko and Abashina
1998).

Table 3. Areas S (thousands of km 2 ) of principal types of plant cover in Russia
warming and their variations )S as compared to the present-day climate.
Plant cover
Present-day climate
GFDL
S
S
)S
s
5355
1584
-3771
917
Tundra
8898
6384
-2514
7459
Taiga
1343
5087
37 44
Leaf-bearing forest
5488
45
45
65
Subtropical forest
3487
2255
2364
1232
Steppe, wooded steppe
650
206
-444
434
Mountain steppe
275
19
-256
97
Dry steppe
750
750
607
Savannah
190
190
320
Desert

in global

ccc
)S
-4438
-1440
4145
65
1132
-216
-178
607
320

Summary
A more complex approach (with allowance for adaptation potential) requires the conclusions
about warming effects on agriculture to be revised. Despite aridization of the present-day steppe
zone, global warming causes a significant. increase in industrial potential of agriculture in
Russia which may be the largest world producer of food in the 21st century. However, it is
possible only if the national economy rises and if it adapts to the expected variations in the
environment. Otherwise, and possibly in a transition period, the productivity of agriculture could
drop and its instability increase.
A developed methodology combined with simulation models and classical agroclimatic indices
also seem to be applicable to other world regions.
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An Agrometeorologicallnformation Service to Wine Farmers
Discussion by J. Strydom, ARC-Institute for Soil, Climate and Water, Agricultural Research
Council, Pretoria, South Africa

The clients for agrometeorological information are all members of the Robertson Wine Trust.
This is basically all the farmers in this area. Other clients are KWV (a wine farmers cooperative),
Novartis and Bayer (pesticide companies) consultants.
From the beginning there was a need by the client for the monitoring of weather conditions so
that it would be a useful tool to farmers in a more cost-effective and environmentally friendly
way. The KWV consultants and members of the Wine Trust committee approached the ARCInstitutes for Viticulture and Oenology and Soil, Climate and Water. A proposed project from the
ARC followed.
The aim of this project was to give useful information, such as water consumption, early
warnings for downy and powdery mildew, and cold and heat units on a regular basis to the
client. Thirteen automatic weather stations, sponsored by Novartis, were installed. The
information was distributed on a weekly basis to the client.
To show the client the value of the product, the ARC did the following. During the launch of the
project a meeting was held in Robertson (Western Cape Province). All the farmers, sponsors,
researchers, as well as the press, were invited. Regular press releases followed. After the first
season, the project team held a road show in the Robertson Valley. Six meetings were held at
different places in the area. A need for data on a more regular basis was the biggest complaint.
The next action was to improve the service by distributing the data twice a week. A 24-hour
telephone answering service followed. To improve the service and still keep the costs low, an
automatic dialler was developed to download data during the night when telephone costs are
lower. lt is also much faster to download data with cell phone communication. To keep up with
the technology, an Internet site is in the process of being developed to provide information in a
even faster and more convenient way to the client.
For the coming season (1998) Novartis convinced some farmers to spray some of their
vineyards only according to the information received from the ARC. They will also sponsor the
fungicide. lt costs the farmer around R15,000/50 ha for one systemic spray. Since it may be
possible to spray two times less per season than in the normal programme, is it possible for the
farmers to save R30,000/50 ha per season by only spraying when recommended.
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Rational Exploiting of Hydrometeorological Conditions- a Scientific
Base for Preserving National Food Security
Nguyen Van Viet, Agrometeorological Research Centre, Institute of Meteorology
and Hydrology, HMS of Vietnam

Introduction
In order to increase and stabilize agricultural production, together with advanced scientific and
technological measures, it is necessary to know how to use effectively the available natural
conditions of the country and, among them, hydrometeorological conditions in general and
agroclimatic conditions in particular. Speaking about the importance of hydrometeorological
factors for agricultural production, academic N.P. Vavilop (SNG) said: "Mastering
hydrometeorological conditions in agricultural production, we can know crop yield and
production in each territory. lt will be stronger than economy and techniques". So in order to
preserve national food security it is necessary to solve the following hydrometeorological
problems.

Mastering Quantitative Influences of Hydrometeorological Conditions for
Agricultural Production and Food Security
lt is clear that agricultural production and food security is dependent on hydrometeorological
and climatic conditions, especially for Viet Nam, a less developed country, which is very poor in
materials and its ability to confront nature is very limited. So the role of weather and climatic
conditions are particularly important for agricultural production development and food security.
Moreover, Viet Nam is located in a belt of tropical climate where weather is very complicated,
and floods, typhoons and drought are common.
Recently, because of global climate change, atmospheric warming has had a considerable
effect on the economy and on agricultural production around the world. lt is a warning of new
difficulties to come for agricultural production in many regions.
In Viet Nam, although radiation, heat and water resources are rich and uniform, agricultural
production is not stable and many favourable conditions of the tropical climate are not exploited.
According to our primary assessment, only 40-60% of agroclimatic resources are utilized and
about 1% of photosynthetic active radiation (PAR). Based on recent research results, the yield
oscillation of rice crop caused by climatic fluctuations is in the region of 6-25% and 9-15% for
the maize and potato yield.
So it is clear that the success of the country's agricultural production and food security depends
on climatic and hydrometeorological conditions. Recently, in the 1990-1991 winter-spring crops,
because of the warm weather, the rice yield in the provinces of the North Vietnam war was 42%
lower, in the mountainous regions 65% lower, in the Red River Delta 49,5% lower and total rice
production in the whole northern part of Viet Nam decreased by 1.6 million tons.
In order to ensure future stability of agricultural production we have to design a strategy based
on the exploitation of our tropical environmental resources.
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Rational Exploitation of Hydrometeorological Conditions of
Agroecological Zones
lt is known that hydrometeorological factors have a different distribution in each agroecological
zone. In these zones dangerous weather phenomena are very different and do not occur at the
same time. The growing periods begin and end in the same way, so crop and livestock patterns
in every zone are different. Each agronomist should know how to use to best effect the available
natural conditions to avoid possible calamities and reduce damage from pests and disease. We
have to learn how to develop biological measures to overcome the worst effects of pests and
disease but at the same time without damage to the environment. The introduction of useful
insects also needs studying.
Also, agronomists should apply hydrometeorological information and agrometeorological
warnings and forecasts to agricultural production management. Since climate is objective,
agriculture production should be adapted to the climate. Because of this, farmers must select
crop varieties able to adapt to each climatic condition and need to consult crop-weather
calendars in order to avoid unfavourable conditions such as cold wind, hot wind, floods,
typhoons during important crop development stages, and aiso need to develop other crop
varieties capable of utilizing solar radiation. Moreover, it is necessary to preserve the balance
between climate and creatures in each agroecological zone. For our agricultural production to
be successful and our national food security to be ensured, the above-mentioned problems
need to be solved, in cooperation with various organizations, scientists in different fields and
production managers.

Designing a System of Agrometeorological Crop Monitoring and
Yield Forecast
Agricultural development and food security are the responsibility of the State. Therefore,
forecasting the yield in each region for each crop season is necessary in the planning of food
distribution and the importing and exporting of food. The earlier the yield prediction can be
obtained the better. The need for this important economical information shows the necessity to
strengthen crop yield and harvest forecasts for each crop season. In recent years, the
Agrometeorological Research Centre of the Institute of Meteorology and Hydrology of the
Hydrometeorological Seryice (HMS) of Vietnam has established operational methods for
agrometeorological warning and forecasting of crop yield of some main crops such as rice,
potatoes and maize. The problem now is to develop technology for crop yield and harvest
forecasting all over the country. At the same time it requests the attention and cooperation of
organizations such as the Ministry of Agriculture and Rural Development, the State Planning
Committee and the Statistical Department to increase the accuracy of agrometeorological
forecasts for crop yield and food security. The Agrometeorological Research Centre of the
Institute of Meteorology and Hydrology, HMS of Vietnam, is responsible for carrying out the
FAO projects "Establishment of an operational crop forecasting system for food security" and
"Development of agrometeorological advisory services to farmers". We have to design different
technologies for collecting and processing agrometeorological data in order to cooperate with
these projects.
At present the Agrometeorological Research Centre of the Institute of Meteorology and
Hydrology, HMS of Vietnam, is carrying out operational agrometeorological forecasts for the
main phenomenological stages and rice yield in some provinces of the Red River Delta. In
future it will do the same for maize and potato and other crops for each area of our country.
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The Application of Dynamic Models for the Assessment of
Agrometeorological Conditions on Yield Formation and Prediction
of Crop Yields in Viet Nam
Nguyen Van Viet, Agrometeorological Research Centre, Institute of Meteorology and
Hydrology, HMS of Vietnam

Dynamic mathematical models can be used as sophisticated tools in the study and
quantification of the effects of environmental factors on crop production. For a number of crops
applied crop production models were designed including the user-tailored models used in
agrometeorological services to agriculture. This paper discusses some results of the application
of dynamic models for the assessment of agrometeorological conditions on yield formation and
prediction of some crop yields in Viet Nam.
To estimate the degree of accuracy we use calculating data which is compared with
observational data. The formula for calculating relative is described as

I S =(Ye- Yo )1/ Yo

.100

(1)

Where S is the relative mistake in%; Ye is the calculating data; Y0 is the observational data.
The results of calculating relative mistakes of the parameters of influence of temperature regime
to photosynthesis and respiration is smaller than 2%; calculating mistakes of daily temperature
and night-time temperature are smaller than 5%; calculating mistakes of photosynthesis active
radiation is more than 15%. Therefore the degree of accuracy of these formulas are more than
77-95%.
From there check results we have been applying the dynamic model for estimation of
agrometeorological conditions on yield formation for some main crops by a decade time in
winter season that is compared with perennial data by formula:

Ci

=Mi I Mai or Ci =Mip I Mipa

(2)

Where Cj is th~ estimation coefficient of agrometeorological conditions of yield formation in
decade J, M, Mpa are the dry matters of plant and of reproductive organs which ?re calculated
from the actual agrometeorological data for a particular year in decade j: Ma. Mpa are the dry
matter of plants and of reproductive organs which are calculated from perennial data in decade
J.
The value of parameter Cj in decade J is near at one; it shows that the condition of yield
formation of this decade is near of perennial value. The value C<1 shows that condition of yield
formation is smaller than perennial value. If C>1 shows that condition of yield formation is
favourable, it may increase crop yield.
After that we have been using dynamic models for the calculation and prediction of crop yield for
individual fields, which are different agrotechnological regimes. The formula is described as:

Yp

=k. Mp

(3)

Where Yp is the calculating yield in 100 kg/ha, k is the coefficient showing characteristic of
agrotechnological regimes.
For calculation of average yield of the province or district we have been using the formula:
Ypa = Cp.Yta = Yta . (Mp I Mpa)

(4)
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Where Yta is the crop yield prediction from the trend by the method of harmonic weights, Ypa is
the predicted average yield for the province.
The results of calculating the average of some major crop yields in some provinces by formula
(4) are shown in Table 1.
Table 1 shows that calculating mistakes of some major crop yields in some provinces are 5-10%
(in 100 kg/ha) with relative mistakes being 0.3-22% compared to real yields. Therefore the
degree of accuracy of yield prediction yields increased more than 85% with long term before 1
month and 2 decades of harvest time.
So in conclusion we can say that the designed and set parameters of dynamic models on yield
formation of some major crop yields can be used for the assessment of yield formation
conditions and prediction of crop yield in sorne provinces of Viet Nam.

Table 1. Results of calculating crop yield in some provinces in Viet Nam.
1. For potato yield in Hai Zuong province
;}.Y
Yp
V real
Yt
Cp
Season winter
(100kh/ha} (100kg/ha} (1 OOkg/ha) (100kg/ha}
(100kg/ha}
crop
94.78
-5.86
1.06
88.92
1985-1986
83.89
77.75
67.98
+9.75
90.39
0.86
1986-1987
81.54
-10.67
70.17
1.01
70.87
1987-1988
97.36
107.58
-10.58
90.15
1.06
1988-1989
2. For winter spring rice yield in the Red River Delta
Cp
Yp
Yt
Season winter
(100kh/ha} (100kg/ha} (100kg/ha)
crop
33.7
1991-1992
42.12
0.80
32.70
1.10
36.0
1992-1993
36.8
35.05
1.05
1993-1994
34.2
35.25
0.97
1994-1995
35.0
1995-1996
33.60
1.04

V real
(100kg/ha}

33.8
33.2
34.6
33.7
36.1

Is I
(%)

6.2
14.3
13.1
9.5

Is I

;}.Y
(1 OOkg/ha}

(%)

-0.1
+2.8
+2.2
+0.5
-1.1

0.3
8.4
6.6
1.5
3.0
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The Influence of Climatic Variation on the Production
Of Winter-Spring Rice in the North Delta of Viet Nam
and the Means to Cope with it
Nguyen Van Viet, Agrometeorological Research Centre, Institute of Meteorology and
Hydrology, HMS of Vietnam

The yield of plants in general, and particularly the yield of winter-spring rice in the North Delta of
VietNam, usually varies. There were unusual winter-spring crops as in 1967-1968, 1978-1979,
1986-1987 and 1990-1991. The production of winter-spring rice was very low compared with
many other crops. On the other hand, there were many other seasons which had a bumper crop
of winter-spring rice, for example in the seasons 1973-1974, 1975-1976, 1984-1985 and 19871988. Many factors caused the quantity of production of winter-spring rice. Among these,
climatic and weather factors are the most important. But what kind of climatic elements were the
most critical to the production of winter-spring rice? Dao The Tuan and Dao Huy Thanh
contributed to explain the causes of low or high product1on of rice as influenced by climate and
weather.
We are attempting to solve the problem through research in order to discover the influence of
climate on the production of winter-spring rice and to propose some means to cope with it.

Research into Various Climatic Elements and the Production
of Winter-Spring Rice
For research into the variation of agro-climatic elements and the production of rice we have
divided the winter-spring season into three periods:
The first period is from the first decade of November to the second decade of December:
the planting period.
The second period is from the third decade of December to the third decade of March:
the vegetative growth period.
The third period is from April to May: the reproductive growth period.
We have used the meteorological data of the Hanoi station from the 1955-1956 to the 19901991 cropping seasons and the yield data of winter-spring rice of the North Delta for the
cropping seasons from 1959-1960 to 1990-1991.
For the research into the variation of agrorneteorological elements for the formation of winterspring rice, a comparison was made between the current and the normal values. The Fecner
coefficient /4/ was used.

0 = (Kd - Kk) I (Kd + Kk)
Where: 0 - Fecner coefficient:
Kd - is the number of the same sign,
Kk - is the number of a different sign.

(1)
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The Fecner coefficient 0 = 1.0 when Kk = 0; 0 > 0 when Kd > Kk, and 0 < 0 when Kd < Kk. The
Fecner coefficient also helps us to know other climatic elements over similar areas. The results
of the analysis of the variation of the meteorological elements in the decade for season 19901991 with the 1987-1988 (bumper crop), 1986-1987 (loss crop) and 1978-1979 (loss crop)
seasons are shown in Table 1.
The values of the Fecner coefficients in Table 1 showed that temperature variations in the
season 1990-1991 are the same as in season 1986-1987 in the first and second periods (0 =
0.60-0.80) and, on the other hand, in the last period (0 = -0.67). The comparison with season
1978-1979 (the loss season) is the same as season 1986-1987 but the temperature was
different in the first period (0 = -0.60). lt is the same sign in the second period (0 = 0.80). The
comparison with season 1987-1988 with variation of temperature of season 1990-1991 shows
the same sign in the third period but not very high (0 = 0.33).
Table 1. Fecner coefficients of the meteorological elements in the decade of season
1990-1991 was compared with other seasons.
The air average
Sunshine duration in the
Rainfall in the decade of
temperature in the
decade of season 90-91
season 90-91 comparison
decade of season
Periods
comparison with season
with season
90-91
78-79 87-88 86-87
78-79
87-88 86-87
87-88
86-87
78-79
1/XI-2/XII
-0.60
0.20
-0.20
0.60
0.20
0.20
0.60
-0.20
0.60
3/XII-3/111
-0.20
0.80
0.20
-0.20
0.10
0.80
0.00
0.80
0.20
1/IV-3N
1
-0.33
0.67
0.33
-0.83
-0.67
0.00
0
0.33
All
0.10
0.43
-0.25
0.25
0.10
0.15
0.33
0.43
0.05
seasons

Sunshine duration in the season 1990-1991 is same sign as in the season 1987-1988 (the high
yield season) in the third periods {0 =1 .0), season 1978-1979 (the loss yield season) in the first
and third periods (0 = 0.60, 0.67) and a different sign in the second period (0 = -0.20).
Correlation of sunshine duration in all seasons of 1990-1991 with season 1987-1988 (0 = 0.43)
carries the same sign but in another season the correlation is very small (0 = -0.25, 0.25).
Correlating rainfall in.the 1990-1991 season with the 1986-1987 season (the loss season) in the
first and second periods is positive (0 = 0.60-0.80) which in the third period is negative. From
the analyses in Table 1 we could not conclude that the season 1990-1991 and some other
seasons were loss yields because of sunshine duration or rainfall; this means that temperature
in the vegetative growing period of the rice from the third decade of December to March is more
important. High temperatures (warm winter) are a bad influence on the process of saving dry
matter of rice at the vegetative growth period. There was a temperature variation in the season
1990-1991, and the same with seasons 1986-1987 and 1978-1979 (the loss season) in the
second period (0 = +0.80).
Discussion of the role of temperature is most important for the yield of winter-spring rice. We
have calculated the quality days with different integral temperatures in the winter-spring season.
Table 2 shows the results of our calculation.
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Table 2. Showing quality days with different temperatures in the wintermspring season
(days).
Period in
Yield
Asses>20oc
>25oc
s20°C
s15°C
Season
>29°C
decade
(100kg/ha)
ment
26
24
0
0
0
81
20
40
0
0
73-74
32.20
good
0
3
58
33
4
110
102
33
Total
40
4
22
28
0
0
0
58
18
43
8
0
78-79
21.37
loss
4
57
35
0
4
Total
18
84
128
43
4
21
29
1
0
0
44
57
12
5
0
86-87
22.10
loss
4
57
43
0
10
5
69
143
56
Total
10
22
18
3
10
0
0
27
77
25
0
very
87-88
39.90
8
35
0
53
8
good
Total
37
117
96
38
8
13
1
37
8
0
51
1
50
0
13
90-91
18.30
losses
7
54
41
0
9
71
Total
14
141
50
9

The Influence of Quality Days with an Average Temperature(~ 20°C)
on the Yield of Winter-Spring Rice
To show how days with an average temperature (s20°C) influence the yield of winter-spring
rice, we have to show other elements such as total air temperature, sunshine duration and
rainfall. First we have calculated the statistical characteristics, average values dispersion (cr)
and coefficient of variation (Cv) for 36 seasons (from 1955-1956 to 1990-1991 ). The result of
these calculations is shown in Table 3.

=

In Table 3 we show the total active temperature which has a very small variation (Cv 0.0210.071 ). The highest variation is rainfall (Cv = 0.269-0.660). After that, there is sunshine duration
and quality of day with temperatures less than or equal to 20°C. For every climatic element in
the period (from the third decade of December to March) there is the biggest variation. But
climatic elements which have a very high variation may be not have a greater influence on the
yield of winter-spring rice (for example, the rainfall in irrigated conditions) and sunshine duration.
Table 3.
season.
Statistical
characteristic
Ave
(J

Cv

Some statistical characteristics of the climatic element in the winter-spring

Total of active temperature

Quality day
w/temp. ::;2ooc

Sunshine duration

Rainfall

All
seasons

3/XIIIll

IV-V

All
seasons

3/XIIIll

All
seasons

3/XIIIll

IV-V

All
seasons

3/XIIIll

IV-V

4368
158.4
0.036

1800
126.9
0.071

1557
32.80
0.021

96.60
13.54
0.140

69.50
11.82
0.170

7118.5
101.5
0.140

204.6
71.83
0.351

275.0
43.0
0.156

9450
120.8
0.269

103
6817
0.660
...

287.6
109.26
0.380

~'Zia'}Z::WS

uo;;;

-~~ ~
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In Table 4 we show that the total active temperature has a negative effect on the yield of winterspring rice (0-0.36), a quality day with temperature less than or equal to 20°C has a positive
effect on the yield of rice (see Figure 1). Sunshine duration and rainfall have no clear effect on
the yield of winter-spring rice.

Table 4. The value of the Fecner coefficient between various yield and climatic element
variations.
Total active
temperature

Quality day
w/temp. :-::;20°C

Sunshine duration

Rainfall

Fecner

0

All
seasons

3/XIIIll

All
seasons

3/XIIIll

All
seasons

3/XIIIll

IV-V

All
seasons

3/XIIIll

IV-V

-0.36

-0.36

0.61

0.68

0.20

0.10

0.20

0.10

-0.10

-0.20

From this we have built a simple equation for predicting the trend of rice yield before harvesting
time, from two to three months. This equation is as follows:

Yt + 1 =Yt + 0.37 ( Nt + 1 - N t ) - 0.2

(2)

R = 0.80
Where:

Yt+ 1 is prediction of yield (100 kg/ha),
Yt is the yield of the previous season,
N1 + 1 is quality days with temperature :-::; 20°C from the third decade of December
to March in this season,
N 1 is quality days with temperature during the same period in the previous
season,
R is relation coefficient.

The average error for calculating the yield of dependent variable is 13.11% and the same sign
with yield trend is 71% and of independent variable average error of rice prediction is 13.2% and
the same sign with yield trend is 78%. More than 85% of the yield winter-spring rice variation in
the North Delta could be explained by the temperature variation in the 2-3 month period before
harvest.
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Figure 1. The variation of rice yields and of quality days with temperatures s; 20°C (Dn)
from the third decade of December to March.

Means of Coping with Climate and Weather in the Winter-Spring Season
The results of the research and the fact of productivity of agriculture in many years show that if
the winter-spring season is warm we usually have low production and when the winter-spring is
cold the production of rice is better. In other words, the greater the number of quality days with
temperatures less than or equal 20°C in the middle season (from the third decade of December
to March), the higher the production of rice will be. Therefore, a strategy must be designed for
the winter-spring season to increase and maintain rice production with every change of climate
and weather (cold or warm winter).
The research results (Le Quang Huynh and Nguyen Van Viet 1991) show that it is advisable to
plant winter rice from 16-20 November, and spring rice from 5-10 December. These planting
dates ensure an 80% germination rate and a good survival rate of the seedlings. Flowering time
will be the last decade of April to the first decade of May which are very favourable. All this will
result it good production.
Another way to grow good seedlings is to select from the array of new varieties of winter-spring
rice introduced by agricultural technology. These varieties are resistant to extreme weather
conditions and easily adapt in seasons where flower initiation has higher sunshine requirements
(last decade of April to first decade of May). These varieties also require less conventional
seedling preparation.
Based on the results obtained (Table 5), it was found that the most beneficial temperatures for
growing winter-spring rice range from 20-25ac and flowering requires about 25-29°C, and these
temperatures predominantly occur from the last decade of April to the first decade of May. lt is
advised, therefore, that planting winter-spring rice should be adjusted to take advantage of such
higher temperatures during the flower initiation stage.
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Table 5. Showing the probability of quality days with different interval temperatures in
April and May.
Month
IV

V

Decades
1
2
3
1
2
3

Probability of quality days with different temperature (%)
25.1-29oC
15.1-20C
20.1-25°C
<29°C
28.6
56.2
15.2
0
5.7
60.5
33.8
0
38.6
60.0
1.0
0.4
27.6
65.7
0.5
6.2
66.2
0
10.5
23.3
7.7
65.9
31.4
0

~15oC

0
0
0
0
0
0

From the results in Table 5, it is shown that the most favourable season for rice flowering is from
the last decade of April to the first decade of May with warm or cold winters. Therefore, using
any variety of rice, it is advisable to plant in such a way that the reproductive stage will start on
the said decade.
For a warm winter, we recommend the following:
Do not use old seedlings for transplanting.
Avoid planting/transplanting seeds/seedlings that will flower before 20 April.
Use an early-maturing variety (<100 days) of rice by direct seeding in the middle of
February when we know that' the probability of temperatures <20°C on the third decade
of December to March is less than the normal average. If we follow this and are always
aware of this procedure, we can regulate rice flowering in the last decade of April to the
first decade of May and we can be sure of obtaining a higher yield of winter-spring rice in
its respective climatic and weather conditions.
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Sustaining Crop Yields in the Semi-Arid Tropics:
Agrometeorological Needs
S.M. Virmani, Principal Scientist, Natural Resource Management Program
International Crops Research Institute for the Semi-Arid Tropics (/CRISAT)
Patancheru 502 324, Andhra Pradesh, India

Summary
Weather has a profound impact on sustainable agricultural production in the water-limited
environments of the semi-arid tropics (SAT). In order to increase the productivity of the SAT
regions, it is suggested that land and water be managed as a landscape watershed unit. it will
ensure stability of the crop growing season and enhance yields and soil quality. The results of a
long-term experiment are described. These show that by appropriate management of natural
resources and crop agronomy, the productivity of rainfed agriculture could be raised to >4 t ha-1•
The watershed management system was also found to be conservation-effective and
environment-friendly.
To sustain crop production in the SAT in the next millennium, the agrometeorological services
will have to reorient their research and development paradigm. They will have to provide speedy
weather data and in a systems format in order to help solve increasingly complex crop x
weather interactions.

Introduction
The agroecologies in the semi-arid tropics (SAT) are generally defined in climatic terms as
areas where the rainy season is short, extending from 2 to 7 months, and almost 80-90% of the
total annual rainfall is received during the rainy season. The rainy season may be uni- or bimodal but the total annual rainfall meets the total annual evaporation needs only by a factor of
0.2-0.6. Thus inadequate water is one of the basic constraints to stable and sustained crop
production in the SAT. Agrometeorological and edaphic endowments of the SAT ecologies have
an overriding influence on their agricultural productivity.
The SAT lies geographically between 23' W N and S of the equator between the Tropic of
Cancer and Tropic of Capricorn. This ecological region thus has high temperatures throughout
the year; the average ambient temperature exceeding 18'C for at least 10 months during the
year. The rainy season coincides with the summer months; generally the post-rainy season is
cool and dry.
The crop growing season in the SAT can be divided into: (1) the dry SAT- in this ecoregion the
possible length of the crop growing season is >60 days and extends up to 120-130 days. The
annual rainfall is 400-600 mm in the uni-modal rainfall areas and 500-700 mm in the bi-modal
rainfall areas. The seasonal rainfall in this ecoregion barely meets the crop evapotranspiration
needs; and (2) the wet-dry SAT - in this ecoregion the possible length of the growing season
extends up to 200-210 days; the seasonal rainfall varies from 700-1,100 mm in the uni-modal
areas and 800-1,300 mm in the bi-modal areas. This SAT zone receives excess rainfall, higher
than the water requirement of crops. The rainwater can be stored in the soil profile or in on-farm
water harvesting and storage systems. This stored water may be used to extend the growing
season, to recharge the groundwater acquirers, or for a life-saving irrigation in case drought
occurs during the crop growth period. In traditional agriculture the farmers generally let this
water go as surface runoff. lt carries with it a considerable amount of surface soil in sheet or rill
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erosion; these later form deep gullies. Thus the semi-arid tropical ecologies are exposed to soil
degradation; their productive capacity is always on a decline if the land and water resources are
not properly harnessed (Arnon 1972).

The Rainfall Environment in the SAT
The inter-annual and intra-seasonal rainfall in the SAT is highly variable. As an example, Figure
1 shows the annual rainfall recorded at the International Crops Research Institute for the SemiArid Tropics (ICRISAT) Center, Patancheru in India (17' 27' N; 78' 16' E; altitude 545 m) during
the past 20 years (1978-97). The annual rainfall (average of 30 years) of the Patancheru area is
800 mm. Note that in seven out of the 20 years the rainfall was below normal. On average, in
the Patancheru area, the rainfall during one year in five is above average {#25% of normal), two
years are about average (± 25% of normal), and another two years are below average (# 75% of
normal). Since the average potential evapotranspiration needs of rainy season crops in the
Patancheru area is 600 mm, the below average two years can be broadly termed as drought
years. Another characteristic feature of the SAT is that there is "no memory in the system". Low
rainfall years may be preceded by low or high rainfall years, or sometimes there may be a series
of lower than average or higher than the average rainfall years. Such a rainfall scenario
destabilizes the agriculture of the region. The coefficient of the variability of the annual rainfall is
27% based on rainfall recorded over 30 years ( 1961-90).

Annual rainfall (mm) at ICRISAT
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Figure 1. Annual rainfall at ICRISAT Center, Patancheru, India, during 1978-97.
A peculiarity of the intra-seasonal rainfall distribution is its marked variability during the rainy
season in the SAT. Figure 2 shows that October was relatively dry during the years 1988, 1991
and 1992 during the 10-year period between 1988 and 1997. This is an excellent feature of the
Patancheru climate for crop production because rainy season crops are harvested in October. A
large amount of rainfall received during this month creates problems for harvesting the rainy
season crops and often the quality of the produce suffers as the seeds deteriorate due to
excessive humidity.
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Monthly rainfall (mm) at ICRISAT
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Figure 2. Monthly rainfall at ICRISAT Center, Patancheru, India, during 1988-97.
The daily rainfall (24-h totals) during five years ( 1993-97) clearly demonstrates that the SAT
regions oscillate between droughts and floods during the rainy season (Figure 3). lt is not
uncommon to receive 50% of the total seasonal rainfall in high-volume, high-intensity
rainstorms. The 24-h total rainfall of >40 mm dai1 occurs 6-1 0 times during a given rainy
season at Patancheru. This amount of rainfall exceeds the water intake rate of most tropical
soils when their surface is wet to field capacity. The effective rainfall, therefore, in the SAT is a
fraction of the total rainfall received, which leads to reduced rainfall-use efficiency caused by the
occurrence of droughts or excessive rainy periods in a series of weather events.
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Figure 3. Daily rainfall at ICRISAT Center, Patancheru, India, during 1993-97.

Geographical Extent and Land Use of the SAT
The SAT is spread over 39 countries and is home to some 800 million people. The most
important and extensive zone of SAT lies in the Indian peninsula which meteorologically lies
under the summer monsoon regime; it covers an area of approximately 1.3 million km 2 • In
tropical Africa, south of the Sahara, the SAT region extends to >4 million km 2 • In addition, a
significant belt of the SAT is present in the continental South American region (particularly
Brazil) and northern Australia (Mattei 1979).
Land use in the dry SAT rainfed agriculture is simple monocropping made up of millet- or
sorghum-based systems, or it comprises animal-based farming systems where the soils are
sandy and aridity is high. The crop yields are low: 200-400 kg ha-1 of grain and 400-800 kg ha-1
of stover. The biomass yield is about 1-1.5 t ha-1 . Land use of the wet and dry SAT or partially
irrigated agricultural systems is more complex. lntercropping of sorghum or maize with
pigeonpea in the Indian subcontinent or with cowpea in sub-Saharan Africa is commonly
followed. Groundnut and cotton are also extensively grown. Sometimes, depending on the
nature and properties of the soil, sequential cropping is followed particularly in heavy-textured
deep soils.
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Considerable research effort has been devoted by national and international institutions to
increasing our understanding of the agroenvironment and to devise sustainable farming
systems for the SAT. There are quite a few successes recorded in the field of germplasm
enhancement. Several new high-yielding cultivars of crops adapted to the SAT have been
identified and high quality seeds are available. In the SAT environments, G x E (genotype x
environment) interactions are strong. Since weather is a major controlling element in sustaining
agricultural productivity in the SAT, it is essential that high quality empirical data on crop
performance in variable SAT environments are available. Unfortunately, only limited data are
available. One such dataset collected at ICRISAT is included here as an example to show how
the understanding of the agrometeorology of the region could lead to the development of
sustainable agricultural production options.

Agrometeorology and Watershed-Based Farming Systems
The Patancheru area typifies the SAT climatic environment. The June rains, at the time of
sowing, are unstable and wide variations are noted at the onset of the rainy season. During the
rainy season the amount and distribution of the rains vary widely (Figure 3). lt was therefore
decided to develop land and water management methods along the lines of the watershedbased system (Figure 4). In this system the land is cultivated ahead of the onset of the rainy
season and crops are sown in the dry seedbed. In 1973, ICRI SAT developed a set of Vertisol
watersheds at Patancheru. This approach to natural resource management was based on the
strategy that if the land is properly graded and the seedbed is prepared in such a way that the
rainwater is given enough opportunity and time to seep into the soil the crop-growing season
would be secure against water deficits. Further, the seedbed was laid out on contoured broadbeds and furrows. A schematic layout of the broad-bed and furrow system is shown in Figure 5.
Grassed waterways were laid out in the watershed hydrologic units, so that when heavy rains
are received the water does not stagnate in the field but is safely conducted through the furrows
and grassed waterways to the dug-out tanks or small reservoirs. These water reservoirs were
strategically located in a series to capture all (or most) surface runoff. These agricultural
watersheds were used to gain an insight into our understanding of weather and rainfed
agriculture production options for sustaining crop yields.

Figure 4. A schematic sketch
of a landscape watershed.
Source: MYRADA and IIRR 1997
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Broad fumlwa and ridges

Contour cultfvl!tion

Figure 5. (a} a schematic diagram of broad-bed and furrow system; and (b) contour
cultivation ensures increased rainfall-use efficiency in the semi-arid tropics.
Source: MYRADA and IIRR 1997
The two watersheds were used to evaluate the impact of the SAT climate on alternate methods
of soil and water conservation and crop productivity and the impact of weather aberrations on
the crop yield (Figure 6). The improved watershed-based technology (A) was used to grow two
crops per year in a rotation which consisted of maize (95 days to maturity) followed by chickpea
(120 days to maturity) in year 1, and sorghum (1 05 days to maturity) intercropped with
pigeon pea (21 0 days to maturity) in year 2. The crops were planted on the graded contours on
broad-beds (1 05 cm). Each broad-bed was separated by a furrow (45 cm). A standard dose of
fertilizers, 60-80 kg, N ha-1 and 40 kg P20s ha-1 was applied each year. All other crop
management practices were maintained at the same level throughout the course of this longterm experiment.
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Figure 6. Three-year moving average of grain yield under (a) improved arid (b) traditional
technologies on a Vertisol watershed at ICRISAT (1977-98) and the impacts of El Nifto
and la Nifta.
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The traditional technology (B) consisted of growing one crop, either sorghum or chickpea,
during the post-rainy season in conserved soil moisture on lands fallowed during the rainy
season. No chemical fertilizers were applied; only farmyard manure was incorporated at 10 t ha 1
every 2 years. This traditional system is followed by farmers in the Patancheru area.
The results of this experiment for the past 21 years from 1977 to 1998 are shown in Figure 6. lt
is evident that by the appropriate management of natural resources and by the application of
graded amounts of hybrid seeds, the judicious use of fertilizers, integrated plant protection, and
by the proper management of land and water, the improved rainfed production system (A) has
consistently produced 2-crop yields exceeding 4 t ha-1 . The soil quality has continuously
improved, mainly due to increased organic carbon accumulation and because of a better C:N
ratio in the organic matter of the soil, resulting in the current levels of production which have
surpassed crop yields observed in maximum yield research. The improved system has utilized,
on average, 80% of the seasonal rainfall received; it has endured the climatic risks (seasonal
rainfall variability, El Nino and La Nina) and soil erosion has been controlled at <1 t ha-1 in the
improved management of natural resources in a watershed schema [against >6 t ha-1 observed
in the traditional system (B)]. A comparison of the current production levels in production
systems A and B also shows that the carrying capacity of the land can be rated at five persons
per ha-1 y( 1 in the traditional production system B, while the carrying capacity of the land is 30
persons per ha- 1 y( 1• The improved system has no deleterious side effects and no pollution. lt
addresses the issue of building up soil water resources and is labour intensive.

Agrometeorological Data and their Use for Sustained Agricultural
Production in the Future
The whole paradigm of agricultural research and its linkages with agricultural development have
undergone a major revision over the past decade or so. Today we are concerned with
sustainable development, poverty alleviation, equity, environment and conservation (effective
use of natural resources). The agrometeorological services, led by the World Meteorological
Organization (WMO), Switzerland, and national meteorological departments must be saluted for
systematically collecting, collating, digitizing and making available to the agricultural research
and development community standard agrometeorological data. Today, when we are at the
threshold of the new millennium, the issues that need to be considered by the meteorological
community are:
First, will the meteorological data that we are currently collecting meet future needs for
intensifying and sustaining agriculture? The answer is not an unqualified yes.
Observations made twice daily by class A meteorological observatories around the
developing world provide only first approximation data. These are mostly located in
peri-urban or urban surroundings; the fetch is generally inadequate. Equipment
maintenance and quality control need strengthening (Baier 1967). To meet the needs
for weather information in the 21st century we need to install, maintain, and interlink
automatic weather stations. New installations must be established in rural settings in
well-defined ecoproduction zones.
Second, farming systems in the 21st century will have to increasingly utilize decision
support systems tools in order to sustain production as near to the ecological potential
as economically feasible in order to feed the burgeoning populations. Translated in
terms of the provision of meteorological information, land managers in a given
production zone would like to receive data on the amount and intensity of rainfall
received, and the solar radiation and thermal environment that prevailed during the
day, within the following 24-48 hours. According to Rabbinge (1995), extensive
information technology tools will have to be employed to disperse weather information
so that farm-level decisions are made in time to ensure high and sustained yields.
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Initially this programme may be used in areas where high-value crops are grown or in
ecoregions which significantly contribute to national food security.
Third, WMO and the Food and Agriculture Organization of the United Nations (FAO),
Italy, may consider collaborating with international agricultural research centres
(IARCS) and national agricultural research systems (NARS) for laying out operational
scale long-term interdisciplinary field studies at some well-defined benchmark locations
in order to evaluate agricultural and meteorological data needs for systems modelling,
the transfer of technology and the technical support required by the farming community
at large to sustain agricultural development in the next millennium.
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The Guarantee of Agrometeorological Information for
Food Security of the 21st Century in China
Yizhuo Sha and Chunyi Wang, Agrometeorologica/ Research Center, CAMS
People's Republic of China

China is one of the largest agricultural countries in the world; the requirement for food products
is very large. China has 7% of the global total cultivated land to support its 22% of the world's
population. The food situation will be serious for a long time to come, especially by 2030 when
China's population will have reached 1.6 billion and the food requirement will have increased to
640 million tons. Fluctuation in agricultural production significantly affects the national economy
is mainly caused by natural disasters, especially by weather/climate disasters. So, the
requirement for meteorological information urgent.

Present Status and Requirement
China is located in the eastern part of the continent of Europe-Asia which is influenced by a
monsoon climate. The timing of the winter/summer monsoons and their intensity will result in
violent interannual fluctuations of precipitation, temperature and so on. Weather/climate
disasters, such as drought, torrential rain, flooding, cold injury, frost and hail occur frequently
and these disasters severely endanger the national economy. According to statistics, the loss
resulting from weather/climate disasters was 60% of the total. The annual loss of grain
production caused by meteorological disasters is 5-10 million tons and the annual average
direct economic loss from 1990-1994 was over US$12 billion, 3-6% of the GNP of China.
For many years much work on weather services for agriculture has been carried out in China.
The relationship between the climate and agriculture, the occurring regularity of weather
disasters andtheTr influence on agriculture have been thoroughly studied. Meanwhile, to counter
the need of strategic decision on agriculture, comprehensive exploiting and defence against
weather disasters, many kinds of meteorological guarantees were made by means of providing
a meteorological information service and weather forecasts for weather/climate disasters, as
well as weather modification and other techniques. Particularly in the last ten years great
progress has been made in the field of crop yield prediction by meteorological methods and
remote sensing applications on the monitoring status of growing crops. Owing to its objectivity,
timeliness and accuracy, the predictions have won the favour of the departments responsible for
decision making and production. Those predictions supply the objectives, dynamics and
accurate agrometeorological information to our government and related departments on time,
and also provide a decisive basis for guiding agricultural production and reducing loss from
disasters. Significant benefits both to society and economy were obtained.
Nevertheless, the present meteorological service work is not suitable for the demands of
agricultural production. Each part of the work is still separate and independent. An assembling
information guarantee service for the agricultural eco-environment has not yet been established.

Further Development and Tentative Plan
At present the population explosion, environment aggravation and resource shortages are
becoming a global problem. China faces an even more serious situation. Any violent fluctuation
of meteorological conditions, especially abnormal changes of any kind of weather/climate
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events such as drought, flooding, typhoon and hail will severely interrupt the stable development
of agricultural production and the guarantee of supplying sufficient food.
The sustainable development of agriculture demands relatively stable and safe environmental
conditions, but the unstable factors affecting agricultural production and the eco-environment
are weather and climate. According to the present demands of agricultural development, we are
planning to apply various meteorological and other techniques to develop a synthetic
operational service system of meteorological information guarantee for the agricultural ecoenvironment. This system will provide meteorological information guaranteeing monitoring,
evaluating, predicting, adjusting and advising at any period of agricultural production. The
system comprises 4 parts:

1.

Subsystem of monitoring, collecting,
meteorological data

communicating

and processing of

Based on an experimental demonstration area, a synthetic monitoring-collectingcommunicating-processing system will be established. The upper air/ground meteorological
monitoring 11etwork, weather radar sounding, satellite and aircraft monitoring network and high
speed computer network regarding the guarantee to agriculture production will be adopted, and
other information related to eco-environmental conditions will also be used. By communicating
and processing, an integrative information/data will be created for the application of analyzing,
diagnosing and predicting.

2.

Subsystem of information guarantee for the agricultural eco-environment

The system will provide: (1) disaster weather and agricultural weather forecasts for different
crops and special growing periods; (2) mesoscale weather forecasts of 48 hrs, 24 hrs, 12 hrs
and 6 hrs in agricultural production; (3) the application of seasonal-to-interannual climate
forecast product services for agricultural production, especially to cope with extreme events
such as drought, flooding, cold injury and other abrupt climatic events, and to evaluate the
damage to agricultural production; and (4) an agrometeorological diagnosis service between
weather/climate condition and crops. Soil moisture/irrigation prediction, date prediction for key
growing periods, as well as insect and pest prediction will also be provided.

3.

Subsystem of damage reduction for the agricultural eco-environment

This subsystem will be developed to provide a set of techniques for the short-term defence
against agrometeorological disasters, long-term strategic adjust/control and disaster damage
evaluation. For the former, techniques for preventing soil water loss, prevention
evapotranspiration techniques, water saving irrigation techniques and so on will be used. For
the later, according to the climatic regulations, crop distribution, cropping system control and
sowing period control countermeasures will be adopted.

4.

Subsystem of weather modification and water enhancing adjusting service

China began to research rain-making techniques in the 1950s and put it into operational service.
But in general, it often works for emergency situations in dry areas and dry periods. Because
water resource shortage is serious and drought is a common disaster in China, we must exploit
the water resources in the upper air. Though utilizing upper air water resources we hope to
alleviate the harmful impacts of drought on agricultural production. The object is to develop
techniques for finding a good location of cloud to enhance water in non-dry areas and non-dry
periods. Water stored in reservoirs and lakes can be used in the dry season.
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Though establishing this synthetic system, we hope to provide an efficient meteorological
information guarantee service for China sustainable agriculture and food security in the 21 51
century and to keep disaster damage to agricultural production to the lowest limit.
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Agrometeorological Aspects of Agriculture
in the Eastern Zone of El Salvador
R. Zimmermann, Meteorological Service of El Salvador.

The rainy season crops were severely damaged in the eastern zone of El Salvador in 1997 due
to the drought influenced by the ENSO and there was loss of yield in the second semester.
Soil water depletion in dry spell periods is the principal limitation of agricultural production in the
country, so much so that the hydric behaviour for affected zones is being studied with the help
of water, climatic and agronomic balances.
The hydric agronomic balances for various crops at different sowing dates and soil conditions
are being determined in order to discover critical periods of water reserve that can damage the
selected crops.
Also, phenomenological observations in the crop zone are being conducted to follow up the
development of crop stages. This information will be used in determining the hydric agronomic
balance and giving advice on irrigation in the areas where that technology is available.
According to actions and policies of the Agriculture Ministry, during the following year the
construction of rainwater reservoirs is projected in order to minimize the negative effects of
extended dry periods in the rural sector of the eastern zone.
Continued research on the hydric, climatic and agronomic balances on different aspects (soil
condition, sowing date, root depth, water reserve) for every rainy season will serve for the
implementation of such projects, besides giving agronomic recommendations, agricultural
predictions for special situations that can affect the season crops and advising on fighting the
desertification threat in this zone.
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SECTION 2
Contributions for Discussants of the Papers Presented at the
International Workshop "Agrometeorology in the 21st Century, Needs
and Perspectives"
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Agricultural Meteorology: Evolution and Application
J.l. Monteith
Discussion by W. Baier, Canada

Agrometeorology in the 21st Century- Setting the Scene
The evolution and application of agricultural meteorology from 1968 onwards described in this
paper is primarily based on publications in Agricultural and Forest Meteorology. Indeed this journal
has played a major role in promoting agricultural meteorology on the international scene and
scientists have used this medium to present their research findings. Over the years, other
international journals broadened their scope and new journals appeared on the scene, with the
result that agricultural meteorologists now have a choice to present their research in a variety of
publications which focus on emerging issues such: climate change and variability, sustainability of
agroecosystems, biometeorology, greenhouse gas fluxes, desertification, and environmental
protection. This trend is part of the healthy evolution and application of agricultural meteorology.
There were however significant changes over time.
People - researchers, extension personnel, policy makers, farmers and other clients - all
contributed in their own way to the progress of agricultural meteorology. The agrometeorologists
and micrometeorologists of the 1970s were joined by climatologists and meteorologists, soil and
crop scientists, land resource and remote sensing specialists, economists, ecologists and experts
from other disciplines. To these people, recognition is due for their dedicated efforts to develop new
methodologies and to apply them to the specific management and climate/soil/crop conditions at
local, regional and global levels. Examples for this development, for improved ways of
communicating agrometeorological information, and for new approaches to education and training
of agrometeorologists are given in the papers presented at this workshop.

Organizations such as WMO (including NMHSs and CAgM), FAO, CGIAR and other regional
agricultural research institutes, universities, and regional training centres provided the framework
for research, services and training of personnel for the application of agrometeorological knowledge
to the farming community and other clients. These contributions are recognized in relevant
documents presented at CAgM-XII.
Events, such as workshops/training seminars, roving seminars and sessions of Regional
Associations and CAgM (reported in CAgM-XII/INF.2 and in the Presidents' Circular Letters),
helped to promote the advancement of agricultural meteorology in collaboration with other
disciplines.
Publications, such as proceedings, technical notes, CAgM Reports, training manuals, the Guide
to Agricultural Meteorological Practices and the History of CAgM accounted for the diversity of
services provided to the agricultural community and the general public.
These are the driving forces that contributed to the remarkable evolution and application of
agricultural meteorology during the past 30 years or so, which coincides with the most active period
of expansion of the WMO Commission for Agricultural Meteorology.
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Agricultural Meteorology: Evolution and Application
J.L. Monteith
Discussion by R.L. Desjardins, Agriculture and Agri-Food Canada, Ottawa

Agrometeorology in the 21st Century- Setting the Scene
The paper by Or Monteith was very effective because after reading it, I was tempted to comment
on a wide range of topics. Like Or Monteith, I decided to focus on the Agricultural and Forest
Meteorology Journal. I will present the geographical breakdown of the subscriptions and discuss
who buys the journal. I will also present the geographical breakdown of the authors and of the
editorial board.
This journal is of interest to at least three areas of science: agriculture, forestry and meteorology.
We can see how this journal ranks in comparison to other journals by calculating an impact factor.
The impact factor is based on the number of times all the articles published in a journal over a two
year period are cited the following year in the following three citation sources: science, social
science as well as arts and humanities. This number is then divided by the total number of articles
published in those two previous years by that journal. Using this ranking among the agriculture
journals, the Agricultural and Forest Meteorology Journal ranked second after the Agronomy
Journal, with an impact factor of 1.6. Among the forestry journals, Agricultural and Forest
Meteorology again ranked second after Tree Physiology. Among the meteorology and atmospheric
science journals, Agricultural and Forest Meteorology ranked eleventh. The Global Biochemistry
Journal ranked first with an impact factor of 3.6.
Finally I would like to get your comments on this impact factor and suggestions on how to improve
the journal. For example, do you prefer special issues to the more standard issues? If yes, what
subjects would you suggest?
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Agrometeorology and Sustainable Agriculture
M.V.K. Sivakumar, R. Gommes and W. Baier
Discussion by M.J. Salinger

A central tenant of three global environmental treaties, the Framework Climate Chance Convention
(FCCC), the Convention to Combat Desertification (CCD) and the Biodiversity Convention (CBD),
collectively termed the 'Trialogue', is sustainable management of climate, drylands and biodiversity.
As such the Trialogue has many implications for agrometeorology. Amongst those highlighted by
Sivakumar et al. ( 1999) are increased understanding of natural climate variability and
agrometeorological adaptation strategies to climate variability and climate change. This contribution
will examine the commitment of countries with ratification of the Trialogue, as well as a better
understanding of climate variability and traditional adaptation strategies to variability.
Accession to the three Trialogue conventions means that nations of the world have agreed on
certain commitments. For the FCCC, the binding commitment is the prevention of "dangerous
anthropogenic climate change" for the globe. There are then prevention strategies required, which
impact on agriculture, which is a contributor to greenhouse gas emissions. The interactions
between agricultural processes, climate and greenhouse gases is extremely complex and warrant
detailed analysis as greenhouse gas mitigation processes may have unforeseen consequences.
The prime requirement is the sustainable development of drylands to prevent their degradation.
Here agriculture management must be such that the carrying or cropping capacity of the land must
not go beyond the limits of its natural carrying capacity. For agrometeorology a principle here is to
farm to the natural climate resource of the region. The last of the three, the CBD, requires the
preservation of biodiversity. A consideration for agrometeorology is the impact of climatically
unsustainable agriculture, which leads to encroachment on biologically diverse ecosystems.
Understanding natural climatic variability is essential to sustainable agriculture. Too often farming
considers the climate of the last decade in a region, which can be uncharacteristic. The recent
strong 1997/98 El Nino and current moderate 1998/99 La Nina events demonstrate how climatic
variability can cause major disruption of agriculture. The best farming strategies 'climate-proof
agriculture by treating climate as a risk factor and develop management that accounts for the range
of climatic variability shown in the historical record.
Finally, traditional agriculture management techniques evolved over the last few centuries and
earlier were used by native peoples to cope with a wide range of climate variability. These should
be combined with new techniques for 'climate-proofing' agriculture to the increasing climate
variability and climate change expected during the 21st century.
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The Clients for Agrometeorologicallnformation
D. Rijks and M.W. Baradas
Discussion by E.A.R. Mel/aart, J. Kruger, M. Holmes and N. Human, ARC-Institute for
Soil, Climate and Water, Agricultural Research Council, Pretoria, South Africa

The windbreak research project in South Africa was initiated by OUTSPAN and the ARC-Institute
for Soil, Climate and Water. Its objective was to show that windbreaks could increase the
economical benefit to the farmer by decreasing wind blemish. To keep research costs as low as
possible the start has been modest. The extent of the research has been increased in relation to
the already obtained information. After obtaining proof that some types of windbreaks (i.e. Ficus)
were not efficient, the project focussed only on the major type of windbreaks (e.g. Casuarina). A
shift was also made from research orchards to commercial orchards under good management. Due
to high variability, the number of observations has been increased in order to obtain reliable data.
The data were often analyzed immediately in order to be able to decide the extent of additional
data (repetitions) needed to obtain reliable results.
The research was not limited to just the scientific effect of wind on fruit blemish, but was also
extended to the economical benefit to the farmer. This was done by taking into account: (i) both
the effects of windbreak on production and fruit size distribution on the rows adjacent to the
windbreaks; and (ii) by considering the space lost by the windbreaks in the calculation of the final
financial income per unit area. Unfortunately there was not enough funding available to quantify
the advantages of spraying (more working hours available) and the disadvantages of not spraying,
and the effect of less wind on the increase of diseases (greening) and pests in the more humid
zones around the windbreaks, but those elements were taken into account and discussed with the
farmers. Discussing results and checking estimated figures with the real values with farmers proved
to be a necessity. Another disadvantage was the limitation of standard layout orchards, justified
by the abundance of this type of layout. But measurements in an orchard with a non-standard
layout showed that the system applied on that farm seemed to be superior. Observations were not
only done in orchards with well established windbreaks, but also, at the farmers' request, in an
orchard with inadequate windbreaks, to estimate the effect thereof on the fruit quality. Windbreaks
may become ineffective due to poor management, illness, wind damage and the ageing of trees.
The project ended prematurely due to the Citrus Board's reprioritization of its research aims and
the fact that citrus research was no longer the concern of just one single exporter (OUTSPAN) but
that of the Citrus Board, representing export farmers. The good results obtained in one of the
seasons (1995/96) closed the eyes of the decision-makers to the possibility that single years might
not have been representative. Once preliminary results are obtained is it difficult to explain to
farmers that research has to be conducted over several years to obtain reliable results and that it
should not be limited to the standard orchard layout, but should also incorporate other layouts
which might be effective, as proved.
Client-funded research, at low input costs, could lead to a too limited research effort. Research
limited for financial reasons may lead to too few replications and thus unrepresentative research
results.

0£~
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The Clients for Agrometeorologicallnformation
D. Rijks and M.W. Baradas
Discussion by G. Munthali, Meteorological Department, Chileka, Malawi

Introduction
The Meteorological Department, under the Malawi Environmental Support Programme, have
recently created the Long Lead Climate Forecasting Project. Its objective is to build the capacity
of the department through increasing communication between the suppliers and users of climate
information. it also aims at developing reliable and credible climate products, including the
dissemination and uptake of such information.

Identification of Users
A survey was carried out to assess what users think of the current services and also of their future
requirements. Malawi's economy is heavily dependent on agriculture and most users of climate
information are in this sector. The list of current users of agrometeorological information is based
on requests to carry out the following tasks:
crop monitoring within the Natural Early Warning System for Food Security;
the onset of the season and planting dates;
drought management, planning for crop diversification, switching to drought tolerant crops;
simulation of yield and other variables;
crop water requirements in irrigation schemes;
crop protection, incidence of pest and disease;
farming operations; spraying activities, land preparation, application of fertilizer, weeding
and transplanting;
crop models and water balance;
determination of choice of crops;
multi-dimensional impact of extreme weather such as drought;
livestock production, availability of pasture;
animal protection, extreme weather;
harvest operations, transportation of produce, storage, curing of crops and seed treatment;
fishing operations, sun drying of fish; and
forestry research.

Value of the Product and Feedback from Clients
The survey showed that weather and climate influence agriculture and natural resources in various
proportions. The economic benefits accrued from the utilization of agrometeorological information
can be assessed from responses by clients as follows:

Agriculture
A combination of heavy rainfall and reasonable temperatures results in vigorous tea
growth and hence a favourable yield (tea estates).
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High temperatures reduce shoot growth and hence low yields (tea estates).
Drought reduces rubber yields (rubber estates).
High agricultural production is a boon for the transport industry; more passengers
transporting their produce (transport company).
Good rainfall and harvest increases disposable incomes; higher passenger demand
(transport company).
The importance of selecting the correct planting time (farmers).
The delayed onset of rains, despite early garden preparations, frustrates farmers (nongovernment organization).
lt is difficult to advise farmers on planning the exact dates to plant (agricultural project).
Fertilizer application and onset of pests and disease is influenced by weather and climate
(tea estates).
High humidity promotes the incidence of pests and disease (commercial farmers).
Planning for impending drought by introducing drought tolerant crops (Ministry of
Agriculture).
Planning for the impending rainfall season by selecting the type of livestock to rear
(Agricultural Development Division)
Seasonal forecast; planning operational activities especially in relation to planting in new
areas and replanting in existing areas (tea estates).
Seasonal forecast; advisories to smallholders (NGO's Agricultural Development Division).
Climatic information can be used to identify the type of crop to be grown (Department of
Irrigation).
Good rains necessitate the growing of tomatoes, maize, tobacco, pulses, chillies and root
crops (Extension Planning Area).
Drought causes food insecurity at household level and people are less responsive to
development work (Agricultural Marketing Board, NGOs).
Food aid organizations need to know which areas/populations are badly affected by
climate and weather in terms of floods and droughts so that they can target food aid to the
most vulnerable (World Food Programme).
Seasonal forecast for planning and implementing interventions (donor community).
Seasonal forecasts for strategic planning and monitoring and authorization of loans to
farmers (banking and finance).
The need to tailor food security programmes within each agroecological zone in line with
climate and weather (NGOs and donor community).

Environment and Natural Resources
Reduction in biomass production for livestock feeding and for improvement of soil structure
and fertilizers (Agricultural Development Division).
High temperatures for areas that are normally cool affect the upkeep of animals (parks and
wildlife).
Heavy rainfall retards wildlife conservation outreach education programmes as roads
become impassable (parks an wildlife).
The use of rainfall intensity maps for conservation planning (Malawi Environmental
Monitoring Programme).
Heavy rainfall accelerates soil erosion and results in excess run-off (land resources
conservation).
The reduction of ground and open water resources for irrigation and livestock (Agricultural
Development Division).
Interactions between terrestrial and aquatic ecosystems due to water level fluctuations
(Fisheries Department).
Drought affects crop yield and quality (Agricultural Extension and Research Trust).
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Design of Questionnaire
The questionnaire was seeking to address, among other things, the following:
sources of climate information;
type of information received;
use of information received;
methods for receiving the information; and
accuracy level.
An analysis was made for the source of information against timeliness, ease of access and the
usefulness of the current products. The demand from the agricultural sector and natural resources
stands at 60%, with agriculture contributing 57%.
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The Clients for Agrometeorological Information
D. Rijks and M.W. Baradas
Discussion by J. T. 0. Pratt, Director and PR of Sierra Leone with WMO

The above subject matter is very interesting when one realizes that the clients are the end users
of the whole exercise in agrometeorology. In treating the subject one has to look at it from two
perspectives: (a) clients in the developed countries with well organized and advanced
communications systems, and (b) the developing and third world countries with less developed
communications systems which have little or no access to such information. On the whole
agrometeorology is vital as it holds the key to improving food security for the global population. If
properly utilized it will promote sustainable agricultural development in the 21st century.
lt is common knowledge that during the early days, meteorology was mainly directed towards
aviation needs. Most meteorological departments were established principally for the needs of
aviation. As the records show, since its inception the Sierra Leone Meteorological Service has been
under constant pressure to provide improved and more elaborate facilities for the meteorological
protection of aviation and the bulk of the manpower and materials resources available has been
devoted to that end. However in the recent past, because of the stronghold of agrometeorology in
developed countries, their level of awareness in this field has increased considerably. This has
encouraged developing and third world countries to put more emphasis on agrometeorological
activities to aid food production in their respective countries. As such, most countries have started
establishing functional agrometeorological and climatological units within their national
meteorological services.
The objective of this new development is to familiarize people in the agricultural sector with the
practical application of agrometeorological information:
the training and education of agricultural extension workers;
the routine publication of economically-relevant agrometeorological information and
advisories as published in the Ten-Day Rainfall Bulletin and the Early Warning Information
System;
dates of application of fertilizers to crops for optimum benefits;
procedures in the estimation of soil-moisture deficit on a routine basis from meteorological
data, etc.;
the sensitization of farmers to the benefits of the application of agrometeorological
information; and
the regular provision of operational agrometeorological advice for dissemination to farmers
(who are the ultimate users) in a language and manner that permit their immediate use.
In my opinion, an approach to the Identification of Clients (Users) is to organize seminars and
workshops and to send out questionnaires explaining the use and importance of agrometeorology
in everyday life.
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Secondly, it is very important, especially in developing countries, to establish a National
Multidisciplinary Committee (team), comprising key experts closely associated to such a discipline,
to sensitize the public to agrometeorology.
A pilot project in agrometeorology in which agronomic and climatic data are used by a
multidisciplinary team to make advisories for a small group of farmers in order to assess how the
use of weather information in farming practices made known to the clients.
What I actually mean is this. Give a piece of land about one-half hectares in size to the farmer.
Then divide it into two equal plots, A and B. On Plot A, the traditional plot, the farmer uses his crop
calendar and empirical knowledge. On Plot B, the test plot, he is to execute only recommendations
made by the multidisciplinary team according to climatic conditions. This team will be comprised
of agronomists, meteorologists, agrometeorologists, entomologists, crop protection specialists and
functional literacy specialists. The recommendations are provided to the farmers via extension
workers who receive the instructions by radio or other means.
For your information, some educated farmers in developing countries are now beginning to get a
feel of agrometeorological information and the duty for us as agrometeorologists now is to intensify
our efforts by using radio and television services to continue to educate poor illiterate farmers.
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Agrometeorological Aspects of Agriculture and Forestry in
the Arid Zones
E. De Pauw, W. Gobel and H. Adam
Discussion by M. Smith, FAO, Rome, Italy

The availability of water is the determining factor in crop production systems in arid zones.
Increasing water use efficiency in both irrigation and rainfed agriculture will be the major challenge.
In paragraph 7 the various options (Development pathways of the agricultural production systems)
to increase water use efficiency in irrigated agriculture are well elaborated, expecting savings in
distribution and application losses and a shift in the cropping pattern.
However, what are the options of increasing water use efficiency in rainfed agriculture?
The assumption is made (Chapter 8) that the extensive research on methods for calculating
potential evapotranspiration has found application mainly in the design and management of
irrigation systems.
Why is it assumed that ET methods are not applicable under rainfed conditions, in particular as well
described procedures exist to determine yield response to water under restricted water use?
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The Application of Climatic Data for Planning and Management of
Sustainable Rainfed and Irrigated Crop Production
M. Smith
Discussion by S. Walker, Department of Agrometeoro/ogy, University of Orange Free State,
Republic of South Africa

First I would like to compliment Martin Smith on a good paper and also on all his efforts towards
the new FAO Irrigation and Drainage Paper No. 56 "Guidelines for Crop Evapotranspiration". This
book is most welcome as a clear layout of the Penman-Monteith equation with calculation details
will provide a good base for those working in irrigation planning and scheduling, as well as being
a wonderful teaching aid.
The description of the CROPWAT models is good and the applications are many and varied. A
South African team headed by Mr Charles Crosby has further adapted it for our local conditions
and also so that it runs through Windows. The explanation of the base crop coefficient and the
peaks following irrigation to obtain an adjusted Kc value and the detailed Figure 1 will prove most
useful. However, there are still some practical field situations encountered that need to be
addressed and discussed as to the best proposals to incorporate the effects in the Kc values.
The recommendations for the Kc for multicropping situations are unknown. There are many
situations where intercropping is the standard practice and used on a regular basis. These include
field crops and vegetables. How are these incorporated into the computation of Kc? Another
situation is the use of mulches in row crops that affects the evapotranspiration from the crop and
soil surface. Changes in the soil surface by the addition of farmyard manure also play a role in
subsistence agriculture. Some procedure to incorporate these factors into the calculation of the Kc
should be discussed.
A further issue, which is of importance in the semi-arid and arid zones, is the effect of advection.
lt would have been good for Mr Smith to have addressed this issue. Under some circumstances
the maximum value for the crop coefficients have been increased to accommodate these effects,
despite the fact that it is not really a 'crop' effect but an environment and location effect.
The CROPWAT model includes a daily water balance to allow the user to formulate an irrigation
schedule. lt would be interesting to discuss the details of this part of the programme and whether
two critical climatic factors have been addressed. Can the Penman-Monteith equation be used to
assess the effect of evaporative losses of water during irrigation? What adjustment can be made
to accommodate perhaps different air temperatures for the advected air and is a change in the wind
speed necessary? If the effective rainfall has been used, how was the runoff incorporated into the
water balance model? Are there any ways of incorporating the type of rainfall or the rainfall intensity
so as to calculate the effective rainfall under different situations and the resultant runoff?
The new FAO No. 56 will be a useful document for the irrigation practitioner and will serve as a
handbook for the calculation of reference and crop evapotranspiration for student training.

ov~

141

Applications of Geographical Information Systems and Remote
Sensing in Agrometeorology
G. Maracchi, V. Perarnaud and A.D. Kleschenko
Discussion by R.L. Desjardins, Agriculture and Agri-Food Canada, Ottawa

Collection, Management and Analysis of Agrometeorological Data
The paper describes in detail GIS and remote sensing applications in agrometeorology. lt presents
a list of the main products from four different satellites. lt also presents an excellent section on the
methodology to improve satellite utilization.
I would like to supplement the information in this invited paper by presenting a technology which
has the potential to further improve the value of satellite data. This is called aircraft-based flux
sampling. Such a system provides flux measurements at an instant in time at a scale comparable
to satellites. Flux measurements of sensible and latent heat and carbon dioxide have been
available from tower-based systems for several decades. We can now, with similar accuracy, using
the same techniques, that is the eddy-covariance technique, measure fluxes of sensible and latent
heat and C0 2 using aircraft-based systems.
Such systems complement the various tools available to micrometeorologists to measure fluxes.
The time and space scales observed by the various flux measuring systems will be discussed.
Examples of data available from aircraft-based systems to develop spectrally-based algorithms will
be presented.
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Applications of Geographical Information Systems and Remote
Sensing in Agrometeorology
G. Maracchi, V. Perarnaud and A.D. Kleschenko

Discussion by P.C. Doraiswamy

Comments of Paper Review
The role of remote sensing in agrometeorological practices to manage or monitor resources in
developed and developing countries is important as discussed in the paper. The paper presents
important contributions of both GIS and remote sensing. Remotely-sensed data is only one layer
of a GIS. However, there are parameters that can be derived from remotely-sensed data that can
be valuable for agrometeorological applications. Examples of uses in agrometeorological
applications could be elaborated in the paper. In situations where little or no data is available,
remotely-sensed data becomes a surrogate for ground-based data. How we use the information
derived from remote sensing in agrometeorology still requires the skills of a specialist.
There are certain issues that could be addressed in the context of GIS and remote sensing
applications in agrometeorology

Spatial Aspects of GIS Application
Data collected and maintained in a GIS are from various sources and are not usually acquired at
the same spatial resolution. Integration of this information to solve a specific question such as
runoff, water balance or crop yield assessment is an important consideration. Once this basic
understanding of data integration is addressed the next important task would be to determine the
constraints placed by the data on moving towards interpretation at a lower or higher spatial
resolution. This would probably depend on the problem being addressed. One should be aware of
these issues because in developing countries the GIS data layers may not be available and
knowing ahead what the needs are would help in deciding the level of spatial resolution that should
be collected from the data.

Point Source Information to Field and Regional Scales
This may be an important point of discussion because of the limited agromet spatial data that is
collected. Under certain conditions temperature, humidity and solar radiation data may be
interpolated in a GIS over limited distances but rainfall may not be interpreted between stations.
How does one run a crop yield model in a GIS? Are simulations made at a climate station and then
used to interpolate the yields between stations? We need to make users aware of pitfalls and how
GIS should be properly used to resolve a particular question.

Integration of Remote Sensing Data with Agromet Data
In this situation crop parameters such as phonology, biomass and leaf area index and crop yields
(field) are collected very sparingly and could be interpolated using remote sensing data with a
physically-based model. These techniques are promising and need to be mentioned. By integrating
remote sensing data in crop simulation models, ground-based point measurements could be
extrapolated to farm or regional levels.

145

Contribution of Agrometeorology to the Simulation of Crop
Production and its Applications
G. Hoogenboom and G.L. Hammer

Discussion by W Baier, Canada

Agrometeorological Applications
The paper describes in detail the concept of simulation of crop productivity and its application. 1t
also recognizes the role of agrometeorology as a component in the application of crop simulation
models to help provide guidance in solving real-world problems related to agricultural sustainability,
food security and protection of the environment. I fully agree with this recognition although I have
some doubt about the statement that "Agrometeorology has a significant impact on crop growth
and development". Apart from this minor semantic problem, this is an excellent paper introducing
the many complex aspects of crop modelling and its applications to agrometeorologists and
therefore deserves their thorough attention. The section "Future Issues" lists recommendations
which could well be addressed in future work of the Commission for Agricultural Meteorology.
Moreover some 210 references are included so that the paper by itself is almost a 'mini CAgM
report'.
I would like to supplement the information in the invited paper by referring to a technical report 1
which came out just before I departed for Accra. In this publication we present selected agricultural
research models such as: crop development models, soil-water models, crop-weather models and
soil-crop environment models. As an example of the use of these models in more complex
analytical systems, the Decision Support System for Technology Transfer (DSSAT) is also
discussed. But the primary purpose of the report is to review the use of these models in climate
change scenarios for addressing areas of concern or interest in Canadian agriculture with respect
to climate change and climatic variability.
There is an interesting link between the invited paper and the technical report. For example,
Canadian researchers found that EPIC is a valuable tool for relative long-term comparisons, but
further improvements are necessary to better replicate annual yield variability. The CERES-Wheat
model gave reasonable estimates of long-term average wheat yields. Both models showed
potential for climate change assessments. Weather generators were also tested under Canadian
conditions. CLIGEN-generated weather data were found to correspond well with observed mean
values, whereas WXGEN was found to more accurately simulate the variability of data. Both
CLIGEN and WXGEN underestimated the normal frost-free period by as much as 20 days, which
could cause problems if the data were used in crop-yield models. Both publications close with an
optimistic view. Sod-crop-weather models can be further improved with respect to their input,
design and output. There will be more scope for the application of crop simulation models to
provide agrometeorologists with a tool for advising users including farmers, extension specialists
and policy and decision makers about the potential interaction between agriculture and climate
change and variability.

1

Baier, Wolfgang and Bootsma, Andrew. 1999. Climate input requirements of soil-crop-weather
models for climate change assessments. ECORC Contr. No. 981348, Agriculture and Agri-Food
Canada, Ottawa, Canada. 33 pp.
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Contribution of Agrometeorology to the Simulation of
Crop Production and its Applications
G. Hoogenboom and G.l. Hammer
Discussion by M. Molendijk, Royal Netherlands Meteorological Institute

Review of Farm-Specific Agrometeorological Decision Support Models
In 1998, Dutch farmers could choose between more then ten operational agrometeorological
models for farm-specific advice (Table 1). These models are almost all crop protection models; one
model provides planning information on irrigation of grassland. A large number of models are being
used in arable farming, mainly for protection against Phytopthora infestans in potato. However, in
horticulture the use of DSS is more extensive if the relative number of farmers is considered. In
1998, there were five commercial companies supplying agrometeorological decision support
models.
Table 1.
Operational agrometeorological models for farm-specific advice in The
Netherlands.
Crop
Disease/Pest/Farm operation
3 Farmers
Brussel sprouts
Mycospaerella brassicola
Approx. 50
Sceptoria apiicola
Celeriac
Approx. 30
Bremia lactucae
Lettuce
Approx. 10
Phytopthora infestans
Potato
Approx. 750*
Potato
Aphis fabae
Approx. 10
Onion
Onion

Botrytis squamosa
Perenospora destructor

Approx. 170*
Approx. 10

Lily
Rose
Tulip

Botrytis elliptica
Sphaerotheca pannosa
Botrytis tulipea

Approx. 40
Approx. 60
Approx. 20

Grassland

Irrigation planning

Approx. 700

Apple
Venturia inaequalis
Apple
Adoxophyes orana
Pear
Venturia pirina
Apple/pear
Cydia pomonella
* Model output also available for regional advice

) Approx. 200*

Example of an Agrometeorological Decision Support System:
PLANT-Plus
One of the agrometeorological DSSs for potato in the Netherlands is PLANT-Plus. DACOM
Automatisering B.V. in Emmen, The Netherlands, has developed this model. PLANT-Plus is
actually a crop, however, each year a significant reduction in both number and cost of sprayings
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was achieved by farmers using the PLANT-Plus DSS. If the results of the period 1995-1997 are
indicative of other years, it can be calculated that the use of PLANT-Plus is advisable for areas
larger then ten hectares. The total market in The Netherlands in 1998 for agrometeorological
decision support systems for farm-specific advice was estimated to be 0,7-0,9 million euros. A
rough estimate of the present total Dutch agrometeorological market is 1,3-1 ,6 million euros.

Costs and Revenues of Agrometeorological Decision
Support Systems
One of the major reasons why the introduction of DSSs in agricultural practice is hampered may
be the fact that the revenue resulting from the use of these systems is not clear. In fact, in most
systems they are unknown. This may not be surprising since reliable trial results are difficult to
obtain. This might be the result of the large number of variables present affecting the occurrence
and the control of diseases such as Phytopthora infestans. lt is extremely difficult to obtain equal
conditions in order to compare alternate farming operations, such as spraying regimes. Objective
test results may certainly speed up the introduction of agricultural DSSs.
In 1998, the annual cost of an agrometeorological decision support system were 450-560 euros,
depending on the complexity of the system. This cost consists of a software-update of the model,
subscription to a agricultural weather forecast and a maintenance fee for the use of a weather
station. Maintenance costs range from 45-180 euros annually, depending on the number of farmers
sharing the weather station and the company. Due to investments in weather stations (the cost of
a weather station is about 6, 750 euros and up to 15 farmers may share this cost), this amount is
somewhat higher in the first year, being approximately 1,000-1,250 euros. In fruit growing, costs
are in general lower. In this sector, an average DSS costs about 135-180 euros and weather
stations are generally purchased and maintained by fruit cooperatives, thus reducing the costs for
individual farmers. Some DSSs are also used for regional advice (see Table 1). The cost of this
advice is much lower and is often included in the farmer's annual subscription to his farm
cooperative. This regional advice is often delivered to the farmer by fax at a fixed time and may be
a good way of introducing DSS to farmers. However, the advice is considered to be less accurate
compared to the advice at farm level. This could result in a negative perception by the farmer to
DSS, if the information provided is often considered wrong.
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Applications of Seasonal to lnterannual Climate Prediction in
Agricultural Planning and Operations
LA. Ogallo, M.S. Boulahya and T. Keane
Discussion by H.P. Das, Agricultural Meteorology Divison, Pune, India

Introduction
As is well known, the success of Indian agriculture depends mainly on the monsoon rains. The
farmer anxiously looks forward to the onset of the monsoon, its intensity and distribution in time and
space. There is considerable variation not only in the dates of establishment over any particular
region, but also in the speed with which the monsoon current moves from one region to another.
As the major agricultural operations have to synchronize with the monsoon rains fir better yields,
the importance of predicting the date of establishment of the monsoon and its likely performance
during the season cannot be overemphasized.

Weather and Crops
There can be no doubt that the farmer stands to benefit by warning of adverse weather if this could
be expeditiously communicated. For example, if he knows when the monsoon rains are likely to
begin, and later how the rainfall will vary from time to time, when 'breaks' are expected and the
subsequent resumption of wet weather, he will be able to time various agricultural operations such
as the preparation of seed beds, sowing, transplanting, manuring, weeding, harvesting, threshing,
winnowing, drying, etc., with minimum risk and utilization of labour, manure, etc., to maximum
advantage. There are critical periods in the life history of a crop from sowing to harvesting. Sowing
time is one of great anxiety to the Indian farmer. He knows that a heavy shower just after sowing
will wash away the seeds and seedlings and depress germination considerably. Again, if after
sowing is completed a prolonged drought follows, the tender seedlings would wither away,
necessitating resowing. lt is also well know that the weather at sowing time determines even the
nature and variety of the crop that the farmer decides to grow.
Even after the entire season has passed safely, the crop is not free from the danger of adverse or
unexpected weather. A heavy shower of rain or hail could do incalculable damage to a standing
crop ready for harvest. If warned in time, the farmer could hurry up his harvesting operations.

Farmers and the Weather Service
In order to provide the farmer with an efficient weather service, it is essential that the forecaster
should be familiar with the farmer's special needs. The farmer or grower should, for his part,
become familiar with the weather bulletins and their interpretation. lt is one of the functions of
agricultural meteorology to tell the farmer on the one hand how the 'weather forecasts' can come
to his aid and to tell the 'weather expert' on the other hand what the exact weather warning
requirements of the farmer are. With this object in view, a detailed questionnaire was drawn up and
circulated to agricultural departments in the various states. The detailed information collected was
condensed and presented in a pictorial form called Crop Weather Calendars. Crop weather
calendars indicate the dates of sowing, flowering, harvesting, etc. districtwise for each crop. Such
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diagrams help the weather forecaster to see at a glance what warnings are to be issued for a
particular district during a given weather situation and during a particular phase of the crop. These
calendars are of equal interest to agriculturalists and the general public as well as to the various
government departments concerned with agriculture and food production.
There is no doubt that the farmer stands to benefit from weather warnings if he is able to get these
in time. To help farmers, the Indian Meteorology Department inaugurated its weather service for
the farmer in 1945. Under this scheme, special farmers' weather bulletins are prepared by regional
forecasting offices and disseminated through All India Radio for broadcasting daily in regional
languages in rural programmes. The forecasting offices prepare these bulletins on the basis of the
information contained in the crop weather calendars described above.
These bulletins indicate: (i) dates of the first onset of rain at sowing time and the probable rainfall
intensities and duration; (ii) breaks in the rain and their probable duration; (iii) date of a return of
a period of rain; (iv) spells of heavy rainfall, (v) untimely rainfall; and (vi) occurrence of adverse
weather phenomena such as heavy rain, frost, hail, squalls, etc. and their probable intensity,
duration and distribution in space.

Long Range Forecasting of the Monsoon
India is one of the countries which has taken a leading part in the subject of long range or
seasonable forecasting. The India Meteorology Department commenced issuing these forecasts
in 1886 and has been attempting for many years to foreshadow the total monsoon rainfall from
April to September, which constitutes the monsoon season. The methodology consists of finding
any major weather factors over India and any extra regional locations that have a significant
influence on monsoon rainfall.
Seasonal forecasts play a vital role in long-term agricultural planning which in turn has to adopt
different strategies to meet different weather situations for the benefit of agriculture. Seasonal
forecasts predict major climate trends over a period of several months to a few seasons. They
indicate areas where there is an increased likelihood of some deviation from the climate mean,
such as wet or dry, warm or cold, conditions. The value of seasonal forecasting has already begun
to be useful for disaster reduction and mitigation. A knowledge of general weather patterns a few
months in advance can be used in all stages of handling national disasters: awareness and
education, preparedness and prevention, and disaster detection, prediction and mitigation.

Crop Yield Forecasts
The India Meteorological Department has also developed empirical-statistical regression models
for paddy and wheat on a sub-divisional basis for major regions of the country where these crops
are grown. Based on these models, forecasts are also issued during the crop growing seasons for
these crops. Weather parameters such as rainfall, temperature, relative humidity, amount of cloud,
etc., as well as technology, are introduced into the analysis as independent parameters and crop
yield as dependent parameters.

Coping with Extreme Events
Floods and droughts clearly bring out all the major rainfall abnormalities during the monsoon
season. While isolated weeks of floods and droughts do not materially affect the crop, prolonged
spells of such extreme events tend to jeopardize agricultural production. Attempts are being made
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to forecast the dry and wet spells in the different regions of the country so that farmers can take
appropriate steps for their agricultural operations.
The forecasting of cyclone formation, development, movement and intensity is the most important
function of cyclone warning centres. Fixing the current cyclone position is the first step in making
a track forecast. As the accuracy of track prediction is dependent on the accuracy of the initial fix,
considerable care is taken in this regard. This helps to find the expected time of landfall and the
associated heavy rain and squally weather a day or two ahead. On receipt of a warning,
agriculturalists can take steps to possibly save growing crops, stored grain, livestock, etc. Warnings
of heavy rains, especially during sowing and harvesting periods, is most useful, as the date of
sowing could be postponed and the harvesting hastened. Against large-scale floods and severe
squalls the cultivator can perhaps do little but, if forewarned, substantial savings can be made in
life and property. The prompt and efficient reception of weather bulletins and warnings against
adverse weather by the user is a very imported component of the system.

Medium Range Forecasts
During the crop growing period, a farmer is particularly interested to know the weather conditions
likely to be experienced by the crop for a shorter interval, say 3-10 days in advance. This
information over different climatic zones is most important for agricultural operations and the
management of multipurpose water management projects. Such forecasts are operational in nature
and may be used as important components of AASs aimed at the farming community. Medium
range weather forecasts help the farmer to schedule farm work, i.e. to decide whether to advance
or postpone cultivation, sowing, harvesting, etc. These decisions limit the use of resources to
optimal levels, i.e. there need be no over-supply of labour, power, water, chemicals, machinery,
etc.

Future Challenges and Needs
Monsoon forecast on all time and space scales and early warning of the calamity and drought and
flood occurrence provide important inputs for making policy decisions or for coping with extreme
situations. Future challenges and needs could be:
(i)

Continue the research effort to enhance our capability to forecast monsoon rains on local,
regional and national bases on different temporal scales.

(ii)

The delineation of different agroclimatic zones and soil types to help in specific measures
in agricultural planning and adopting agricultural activities on a climatological basis.

(iii)

Evaluating new copping patterns in place of the traditional ones to suit the agroctimatic
zoning. The introduction of 'drought-resistant' and 'flood-resistant' varieties of crops in the
drought prone and flood prone areas respectively should be another agroclimatic
measure.
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Applications of Seasonal to lnterannual Climate Prediction in
Agricultural Planning and Operations
LA. Ogallo, M.S. Boulahya and T. Keane
Discussion by M.J. Salinger

Seasonal-to-lnterannual climate prediction is a relatively new, but developing, climate science. This
type of climate prediction in some regions now probably has the skill of weather forecasting 30 to
40 years ago. However, it is in tropical and subtropical latitudes that the predictive skill of these
climate predictions is greatest and research efforts will ensure that seasonal climate prediction for
these areas will become quite reliable. This then gives an opportunity for agrometeorologists to
provide risk and disaster management, particularly in regions with drier climates. The UN
Convention on Combating Desertification has a clear requirement to mitigate the effects of drought.
There are thus two appropriate responses that agrometeorologists can use involving seasonal
climate prediction:
1.

Preparation of farm property plans where land is not managed beyond the capacity of
natural climate variability that has been measured over several decades, where
agriculture is rainfed.

2.

Preparation of farm management and decision support systems to mitigate the effects of
drought, when these are predicted from seasonal climate forecasts.

A suitable strategy is the provision and dissemination of seasonal climate forecasts on a routine
basis from either national meteorological services or regional forecasting centres. This would then
provide a basis for the routine planning of farming operations over the season, a very critical time
period for the making of crucial management decisions. When severe droughts are predicted in the
seasonal climate projection, land-users in affected regions would be in a position to implement their
farm management strategies and decision support systems to mitigate the effects of the expected
drought, thus preventing losses to themselves and the local communities.
The combination of farm management plans with the provision of seasonal climate forecasts would
then provide a level of risk and disaster management to increasing climate variability to local
communities. The measures could provide large savings to life and property, as well as preserving,
in particular, drylands from entering a cycle of degradation.
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Agrometeorological Adaptation Strategies to Increasing Climate
Variability and Climate Change
M.J. Salinger, C.J. Stigter and H.P. Das
Discussion by T.M. Hyera, Directorate of Meteorology, Oar es Salaam, Tanzania

Scope of Adaptation Strategies
In view of the possibility of climate change, adaptive measures to lessen or overcome adverse
effects on agriculture need to be taken. Both anticipatory and reactive, as well as incremental and
major actions, are needed. Anticipatory actions in physical or operational aspects of systems are
to be made in advance of the impending climate change or of the appearance of its impacts. When
and if actual impacts, either positive or negative, do indeed occur, reactive adaptations will have
to be undertaken by agricultural decision-makers. Examples of adaptations are the release of
reservoir water, if available, during drought periods for supplemental irrigation and the planting and
establishing of plantations, installation of irrigation systems, or building storage and transportation
facilities for commodities appropriate to the new conditions.
At the farm level, adjustments may include introducing early maturing, drought and heat tolerant
crop varieties or species, changing cropping sequences, adjusting the timing of planting and other
field operations, conserving soil moisture through appropriate tillage methods, improving irrigation
efficiency and changes in fertilizer application.
Possible economic adjustments may include increased investment in agricultural infrastructure,
reallocation of existing resources, e.g. land and water according to economic returns, reclamation
of additional arable land and the use of additional inputs as a response to higher commodity prices.
In view of the present uncertainties over the trajectory of climate change, the most promising policy
options for agricultural adaptation are ones for which benefits accrue even if no climate change
takes place, the so-called 'no regrets' options.

Integrated Assessment for Decision-Making in Climate Change
In its 1995 Second Assessment Report, the IPCC discussed the potential utility of integrated
assessment (lA) methods for climate change-driven decision-making, in order to combine
knowledge from a wide range of disciplines into the analyses of key issues related to policy
formulation. Some of the key issues include land use, soil degradation, desertification, food security
and water. IPCC supports initiatives in this area. lA uses different scientific methods and inputs
from policy and society including the assessment of social and economic development
perspectives, national resources, regional environmental problems and future GHC emissions,
impacts, adaptation and mitigation policies and international policy efforts such as technology
transfer and joint implementation. lA methods include the use of climate change scenarios as
bases for impact assessments, economic models and participatory methods. Thus lA of climate
change policies can contribute to the improvement of regional and international policy development.
The IPCC has held two workshops on lA (Asia-Pacific: Tokyo, March 1977; and Africa: Zimbabwe,
November 1998).
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Adaptation Strategies in Tanzania
In Tanzania, the importance of agrometeorological advice in planning and investment in large scale
development projects has been learned the hard way. [The East African Groundnut Scheme of the
late 1940s is an example of a costly miscalculation of land use that might have been prevented by
climatic assessment.] At the site of this scheme in central Tanzania rainfall variability is very high.
Soil-moisture data derived for Dodoma for 30 years show that in the period mid-January to midApril the probability that the topsoil will remain dry for at least 16 consecutive days is 57%, and
drops only to 37% for 21 or more consecutive days- even though this is the 'rainy season'. The
analysis further indicates that the elimination of the most serious periods of moisture shortage
would require irrigation, at least once a year, in about 75% of the years. Moisture supplies are
optimum for December through April in only about 3% of the years.
In Tanzania climate variability has been studied by a number of people on the basis of rainfall
probabilities. In one such study these probabilities have been combined with crop water
requirements resulting in the identification of four reliability zones for maize, sorghum and root
crops. Farmers are being dissuaded from maize cultivation in areas marked as unsuitable and are
advised to grow other suitable crops such as millet, sweet potatoes or cassava or to change to
grazing.
Some parts of Tanzania have a bimodal rainfall pattern. Rainfall in these areas is unreliable
throughout the seasons with peaks appearing at end of November, early December and in April.
During the NE monsoon, generally referred to as first or short rains, maize will yield properly during
only 20% of the years. The probability increases to about 60% during the long rains and the
probability of dry spells decreases significantly only during April. Maize should be discouraged at
least during the short rains and very short cycled, drought resistant crops should be recommend.
Farmers are advised to carry out conservation tillage of the land during the short rain season so
as to accumulate soil moisture. Farmers in West Kilimanjaro have discovered that they can get
higher yields of wheat if they plough land with a chisel plough and leave it bare during the short
rains and only plant crops during the long rains. The ploughed land accumulates water during the
short rains which complements the rainfall of the long rains, thus giving the crops a better chance
of growing without water stress.
The 'ngoro pit' system, traditionally practiced by farmers of southern Tanzania, is a way of
manipulating the micro-environment to exploit the climate. The pits trap run-off rain water, enhance
infiltration and prevent soil erosion.
lt has been demonstrated that crops produce higher yields in the dry season than in the wet
season. This is due to the fact that solar radiation is higher during the dry season than during the
wet season. Fungal diseases are also less common in the dry season. Farmers are therefore
advised to grow crops on banks of rivers and streams and on beds of ephemeral rivers during the
dry season using soil moisture that accumulates by seepage.

Current Weather Advisories
The Directorate of Meteorology broadcasts daily weather forecasts through radio, TV and the daily
papers. These forecasts help farmers plan their daily activities. For instance, sugar plantations
which burn the trash before sugarcane cutting find these forecasts useful in deciding whether to
burn or to defer burning, since delayed cutting after burning results in deterioration of the cane and
reduction of the sugar content. Another use is in decisions on spraying crops and irrigation to avoid
wastage of chemicals and to schedule irrigation in case of rain.
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The Directorate of Meteorology also make seasonal forecasts that are issued through bulletins to
the press and important organizations such as ministries of agriculture, transport, fisheries and the
disaster relief department, for planning purposes. Advisories to farmers such as early planting,
cultivating on high ground in case of flood, forecasts and planting drought tolerant varieties in case
of drought forecasts, form part of the bulletins. Monthly bulletins update these forecasts and
advisories. While forecasting skills need to be improved, the dissemination methods also have to
be addressed with a view to improvement. Communication between the Directorate of Meteorology
and the farming community need to be improved so that a greater number of farmers have access
to the forecasts and can give feedback.

Crop Monitoring and Early Warning System for Food Security
In Tanzania the use of weather-based crop-yield estimates are being employed since weather
variability is the most important factor affecting year-to-year crop production. The water satisfaction
index is used successfully in Tanzania to obtain estimates of expected yields that crops will be able
to produce at harvest with a lead time of several months. Such information is required for planning
national food strategies regarding export, import, local distribution, marketing and relief.

Climate Change
Meteorologists have noticed that over the last 15-20 years there has been a steady increase in
temperature in some parts of the country, notably in areas around Kilimanjaro. This has
implications on ice melt from the top of the mountain which is a source of water for irrigation and
other uses to residents at the foot of the mountain. The high temperatures could also affect coffee
yields and production in the area.
Tanzania is also one of the countries which undertakes studies of climate change impacts and
adaptation. Climate change scenarios for a doubled atmospheric greenhouse gas concentration
predict a decrease of rainfall of about 10% and an increase of temperature of about 3°C over the
next 100 years in Tanzania. The implications for agriculture are a reduction in maize yields of 30%
and a reduction in area suitable for maize cultivation of one third. Modelling irrigation as an
adaptation measure has shown maize yields to improve through irrigation under both baseline and
changed climate scenarios. However, irrigated agriculture could face stiff competition from other
sectors such as energy and industry. The other measure is to discourage farmers from growing
maize in areas marked as unsuitable and to advise them to grow other suitable crops such as
millet, sweet potatoes and cassava or to change to grazing.
Agriculturists and meteorologists are encouraged to work more collaboratively to identify and
address weather and climate problems facing farmers. In Tanzania, this collaboration is embodied
in the existence of the National Agrometeorological Committee, which is a forum for convergence
and exchange of ideas on meteorology and agriculture.
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Communicating Agrometeorological Information to Farming
Communities
A. Weiss, L. Van Crowder and M. Bernardi
Discussion by R. Motha

The Role of the New Information Technologies
This paper addresses one of the most important issues that challenge us in the field of agricultural
meteorology as we move into the 21st Century, namely, how do we resolve two conflicting trends?
First, rapidly developing and innovative technologies allow data to be collected from even the most
remote sites, quality assured, and processed in a timely manner for a multitude of applications. As
pointed out, information delivery systems via the Internet, utilization of remote sensing products
and the geographic information system (GIS) display capabilities all enhancing these new
technological advances. However, while we see these exciting new developments proliferate, the
second trend is disturbing. Tighter fiscal restraints have imposed limits on government spending,
forcing the need to evaluate user fees for value-added products. A feasible solution is a partnership
between responsible agencies and organizations to avoid duplication and to achieve a costeffective approach for the benefit of all end users.
The ultimate goal is to get the right information to the right user at the right time. What is meant by
the right information? In developing a new information technology infrastructure, the right
information can be basic data observations in a timely fashion for 'self decision making; it can be
output from statistical, phenological or physiological models for analysis of optimum conditions or
it can be advisories for planning and response. The right user may be the farmer, the agricultural
extension or cooperative service or the public broadcast media. The right time, is of course, when
the user needs the information to make the appropriate decision. What are some of the
standardized requirements that are necessary to achieve this goal?
The need for agrometeorological information will not diminish in times of austere budgets. The new
information technology infrastructure offers an opportunity to develop a strong cooperative
partnership between the public and private sectors. There is a well defined role of data collection
and archival, which includes quality control and processing, and information delivery systems. How
can we organize a more effective means of identifying the proper roles and establishing the right
partnerships?
Some notable examples were presented in this paper which focus on applications of information
and communication technologies (ICTs). How information can be delivered through a Multi-Purpose
Community Telecentre offers an excellent opportunity to reach many rural residents through a
single access point. The issue of user fees for agrometeorological information raises two questions.
First, at which category of data does the product become value-added? Second, how is a fair
market price for a service determined, especially at the level of a small family farm?
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Communities
A. Weiss, L. Van Crowder and M. Bernardi
Discussion by E. Mukhala

The Role of the New Information Technologies
The authors have presented an excellent overview of the possible Information and Communication
Technologies (ICTs) that may be used to communicate agrometeorological information, especially
in developing countries where communication technology is still limited in rural areas. The authors
have recounted a number of experiences from various countries to illustrate the application of ICTs
in communicating agrometeorological information. I would like to mention a probably unique
situation in Zambia as far as providing services on a fee basis is concerned. This is in response
to one of the critical questions in the paper: "Given diminishing public support for agricultural
advisory services, what alternatives exist for the communication of agrometeorological information
and under which circumstances can it be provided on a fee basis?" The National Meteorological
Service in Zambia has been under-funded for the last few years. Due to this low funding the
department approached individuals and institutions in the rural areas to assist in data collection on
a voluntary basis and in return they would receive information and the Crop Weather Bulletin. With
the implementation of the FAO Project GCP/ZAM/039/NET Early Warning for Food Security in the
1980s, the volunteers received training in all aspects of crop monitoring including rainfall
observation. This situation creates a problem in that you cannot ask the farmers for a fee when
they are assisting the meteorological service, as depicted in Figure 1 below.

Rainfall reporting
Crop monitoring

---Schools
Small-scale farmers
Commercial farmers
Farmer Training Institutes

Meteorological
Department

Training
Crop Weather Bulletin

Figure 1. Diagram of interdependence of the meteorological service and volunteer
observers.
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This scenario leaves a limited number of clients, as farmers are excluded from a potential paying
client base for weather data/information. I believe that governments in developing countries should
reassess their priorities and start taking proactive measures rather than reactive. This is in view
of the fact that the amount on money spent on procuring emergency food is far more than would
be spent on strategic measures. High level discussions between FAO, WFP, WMO and
government representatives should be proposed to highlight the advantages of governments
investing in ICTs as far as food security is concerned.
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A. Weiss, L. Van Crowder and M. Bernardi
Discussion by G. Munthali, Meteorological Department, Chileka, Malawi

Introduction
Climate affects all economic sectors including agriculture, forestry and fisheries, all of which are
served by agrometeorology. These sectors are the most sensitive and indeed vulnerable to climatic
variability. Clients in agriculture exist in the fields of irrigation, crop protection, crop management,
the livestock industry, forestry and fisheries. In Malawi, a survey was conducted across various
clients to assess, amongst other things, their response in terms of delivery, distribution and
communication of information. Some of the results are displayed in the second chapter of this
contribution paper.

Response to Clients in General
Reliability, Precision, Spatial Coverage and Timeliness
The survey showed that the percentage for government institutions was higher than for any other
users, followed by the private sector. However, the list of clients was based on current trends and
could well have been biased. Thus, most users who completed the questionnaires were from the
government sector, as opposed to parastatals.

Table 1. Type of sector.
Type
Government
Private
NGO/Donor
Parastatal
Total

Frequency
53

36
14
5
108

Percent
49

33
13
5
100

These are the sectors which received the survey questionnaire and the number of users who
returned them.
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Table 2. Organizational sector.
Organizational Sector
Agriculture
Energy and Mining
Water
Natural Resources
Transport
Commerce and Industry
Media
Local Authority
Integrated Development
Education
Food Security and Disaster Preparedness
Finance and Banking
Library and Information
Tourism
Total

Percent

Frequency

47

43

2
4

2

3
6
5
2
2
6

4
8
9
10
3
5
5
2
2
5

1
1

1
1

109

100

9

10
11

Most of the questionnaires for this project were sent to the agricultural sector because, as
expected, all farming activities depend on climate and weather. The table below shows how users
rank the timeliness of the information they receive. The results are quite positive with most users
finding the information they receive acceptable and quite a number finding it very good. Examining
Met. alone, the picture is the same but there are still users who have found the information too slow
in arriving. The numbers are high compared to the number of users who have received information
because each number refers to a particular type of information and one user may receive many
different types of information. Whilst having a majority of users ranking the timeliness as acceptable
is a positive result, the Meteorological Department should strive towards having most users in the
very good bracket. Furthermore, meeting the needs of new customers and services will require
standards of timeliness. The Meteorological Department should also set about eliminating the
complaints of those users who found the service slow. Analyzing these results by type of
information shows a similar picture to users of particular types of information proportionally divided
across the various evaluations.
Table 3. Source of information against timeliness.
So slow as
So slow as
to make
to damage
information
usefulness of
almost useless
information
Met
5
8
Media
FEWS
1
lndep.
Chancel
ICLCT
RDPs
TRF
Ha rare
liED
Total
5
9

Acceptable

Very good

57
3
3
10
2

14
1
1

4

1
1
6
1

2
84

22
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Table 4. Source of information against case of access.
Sometimes difficult
Always difficult
Met.
1
18
Media
FEWS
1
lndep.
Chancel
ICLCT
RDPs
1
TRF
1
Ha rare
liED
21
Total
1

Acceptable
37
3
4

-

Easy
31
1
1

4
-

10
2

1

5

-

2

49

53

1

The results In the above table are even more positive, with most people finding the access to
climate information "easy". This is particularly the case with independent observers which is
probably because users are usually near the independent observer that they acquire information
from. The Meteorological Department has a more positive response on this question. However,
there are still a considerable number of users who find access "sometimes difficult" and a greater
number who find it only "acceptable". Analyzing this by type of information shows again
proportional representation across the evaluations (see appendix for tables). However, most users
found weather forecasts received from the Meteorological Service "easy" to access, whereas on
real-time summaries most users found access "acceptable: As many forecasts were received
through direct and quick communication, i.e. fax, phone, radio communication, perhaps users find
such modes of communication "easy". However, if that is the case, the timeliness of the information
should be very good.
Table 5. Source of information against usefulness.
Not useful
Sometimes useful
Met.
6
4
Media
FEWS
2
lndep.
Chancel
ICLCT
RDPs
TRF
2
1
Ha rare
liED
Total
5
10

-

Generally useful

40
3
3

6

-

Very useful
37

1
1
8
2
1

1

2
-

1
2

55

54

1

Nearly all users find the information they receive to be "generally useful" or "very useful". Few have
little use for the information. Of course, some use for the information should be expected since the
user is making an effort to receive it. However, the large number of responses in the "very useful"
category indicates the importance many recipients attach to the information. Examining the
meteorological service shows that most users find the information they receive "generally useful",
with many finding the information "very useful". This is a positive result given that it is not possible
to tell whether the information is found "generally useful" because of the nature of the business or
because of the nature of the information received. When analyzing this information by type of
information, some differences were noted. The majority of users of real-time rainfall information
found information "very useful", although there was only a small difference between them and
those who found the information "generally useful". On the other hand, users of real-time climate
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summaries found it "generally useful". Users of weather forecasts from the meteorological services
were almost evenly divided across the four categories.

Table 6. Geographical location for which information is needed.
Percentage
Geographical location
Frequency
31
Throughout Malawi
54
37
District-specific
63
8
Region/ADD-specific
14
8
Lakeshore/river areas
14
2
Station-specific
4
4
Town-specific
7
9
Smaller than district
16
1
Outside country
1
100
To~l
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Most users said that they wanted information throughout the year, with a high proportion
mentioning the season. Real-time rainfall and weather forecasts were evenly divided between
'throughout the year' and 'during the rainy season' with long lead seasonal forecasts and real-time
climate summaries being preferred throughout the year.

Table 7. Accuracy level.
To be of some use
Accuracy level (%) Frequency
6
60
15
70
28
80
28
90
100
8
Total
85

%
5.5
13.8
25.7
25.7
7.3
77.0

To be very helpful
Frequency
2
4
14
46
19
87

%
1.8
3.7
12.8
42.2
17.4
76.9

The totals do not add up to 100% and 109 for the frequency because some of the questions were
not answered.

Capacity of End-Users
The survey in commercial farms showed a sophisticated awareness of how agrometeorological
information could be used to their advantage. The results also showed that there was need for the
Meteorological Department to discuss with each user their detailed needs and come up with a
package, for which an annual subscription might be raised. Suggested information in the package
included planting dates, agrometeorological parameters for monitoring and long lead climate
forecasts. Much of the farming community in this area have access to e-mail and highly trained
staff. Conversely, in the smallholder sector, the requirement for agrometeorological information is
channelled through agricultural field assistants. The majority of farmers require long range
forecasts for planning purpose. Their knowledge of agrometeorological data information is very
limited.

Options to Diminishing Public Support
A number of studies have shown that the work of meteorologists may have an economic value
which does show up in economic output. As a result, it is not included in the Gross Domestic
Product (GDP), although it is extremely useful to the nation. With the current trend of a decreasing
national budget for meteorological services, the department need to take the following measures:
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Conduct a national workshop to sensitize decision makers, particularly those from the
Treasury and the economy. Meteorology is not very different from the army; it cannot be
fully commercialized. lt should be understood by policy makers that meteorology is
essentially a service component of the government system.
Develop a strategy to make a substantial contribution to the budget through the sale of
products.
Invest through development of human resources, aiming at having enthusiastic and highly
skilled staff dedicated to the success of the organization.
Aim to grow through customer appreciation of quality and innovative services.
Utilize electronic media, particularly e-mail and Internet facilities.
The World Meteorological Organization should facilitate the organization of training
sessions on business administration, with special emphasis on operations management
and the marketing of meteorological products.

Remuneration Package
As regards 'remuneration' for the products delivered, the results of the survey in Malawi showed
that the agricultural commercial sector was willing to pay for some services
Respondents were asked if they would be willing to pay for the services they had outlined. Over
half of all users, 56%, said that they would be willing to pay for services, 30% said that they would
not pay, while the rest abstained. This is a positive initial indication of the willingness of users to
pay for specific information. However, this does not mean that the users in question will definitely
pay and it may also mean that users are only willing to pay for the services they have specifically
outlined, i.e. the type, format, media, etc. Some users said they would pay only if the services were
being charged to all users. Clearly, there is scope for investigating this matter further. One option
is to provide a general bulletin free of charge for specific services.

gg~
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Discussion by R. Stringer

Some Australian Experiences in Communicating Meteorological and
Hydrological Information to the Public
The most efficient and effective means of communicating meteorological and hydrological
information to the public at large has been through cooperative partnerships with the mass media.
Television, radio and newspapers each have their own particular strengths as delivery media,
though user surveys reveal that evening television is the most utilized source of such information,
both in the agricultural community and the broader community.
Advances in computing and communications technology have made several new modes of access
feasible and increasingly popular, including dial-up fax services, telephone recorded message
services, and lnternet-based services (such as World Wide Web and ftp). Beneficial features of
these access systems include:
availability: the information is not restricted to the broadcast schedules of the mass media
but is available when requested;
selectable information: the user can directly obtain the required information, without
extraneous material;
detailed information: greater detail can be provided than in the limited time and space
available in the mass media;
new product formats: graphical formats can be utilized on fax and the Internet; and
interactivity: it is possible to provide services which accept user-specific parameters, such
as latitude and longitude, and then return user-specific information.
These beneficial features have enabled increasingly detailed and specific information to be made
available to rural Australia. The "Farmweather" dial-up fax service provides information tailored to
regional agricultural communities and has proven popular. The 'SILO Services for Agriculture' site
on the World Wide Web provides information specifically for agriculture.
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Education and Training in Agrometeorology: Current Status and
Future Needs
J. Lomas, J.R. Milford and E. Mukhala
Discussion by S. Walker, Department of Agrometeorology, University of Orange Free State,
Republic of South Africa

The authors have presented a good overview of the current status of agrometeorological education
with reference to various institutions and centres. As the University of the Orange Free State
(UOFS) at Bloemfontein in South Africa is mentioned as the only place in Africa that one can study
agrometeorology at undergraduate level, I thought it appropriate to discuss the programme in
further detail.
The structure of the course is within the Faculty of Agriculture and is in the format of a four-year
B.Sc. agriculture degree. During the first year the student will take pure science classes including
botany, chemistry, mathematics, physics and biometry. In the second and third years they cover
general agriculture including agronomy, soil and grassland science, plant pathology and breeding,
together with specialist agrometeorology courses. The agrometeorology specialized courses
offered are as follows:
Animals and climate (energy balance, indices for adaptability, production, comfort);
The influence of climate on management practices (combating frost, production risks of
crops and animals, planning for drought, demarcating marginal areas, use of data for
decision-making);
Crop growth modelling (influence of weather on crop growth and development, radiation,
evapotranspiration, photosynthesis rates, testing sensitivity analysis and statistical
verification and applications of crop weather models);
Micrometeorology (temperature, water vapour, radiation and wind; energy balance and
exchange processes in plant canopies);
Operational meteorology (use of weather information for frost, disease and drought
predictions, calculation of ET, crop potential yields and risk assessment);
Physical meteorology (physics of clouds and precipitation, thermodynamics of the
atmosphere, solar, terrestrial radiation); and
Synoptic and dynamic meteorology (general circulation, typical weather patterns, synoptic
analysis for weather forecasting, methods and models used for weather forecasting).
The methods used follow the normal lectures and practical as well as resource-based self study
from journal articles and the Internet. During the final year the students must complete a seminar
course that entails library research on a selected topic and presentation of a written script, as well
as an oral presentation to the rest of the department.
Following the B.Sc. agriculture degree, there are agrometeorology majors in a B.Sc. Honours
degree, an M.Sc. degree and a Ph.D. programme which entails the usual full-scale research
project. Graduates from the UOFS are working in various fields, including the government
departments of Agriculture, Meteorology, Environment and Water Affairs in research and
operational types of work. They are also employed by agrochemical companies and as consultants
for irrigation and dryland farming corporations.
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Sustaining Crop Yields in the Semi-Arid Tropics:
Agrometeorological Needs
S.M. Virmani
Discussion by M. Smith, FAO, Rome, Italy

The long-term study demonstrates the important increase in productivity which can be achieved
by in integration of land and water conservation technologies in a landscape water shed unit. Figure
6 illustrates this convincingly for both improved and traditional technologies.
An interesting feature demonstrated in Figure 6 is the large annual variability in grain yields under
improved technologies, probably caused by variability in annual rainfall. The yield of traditional
technologies on the other hand shows a very smooth curve with little annual variability. One would
expect that both improved and traditional technologies would show corresponding yield fluctuations
due to rain variability. What is the explanation?
The article makes a strong plea for better knowledge of agrometeorological information.
What were the agrometeorological factors considered in the analysis carried out to clarify the
effects of climate on crop production in the water conservation study?

175

Sustaining Crop Yields in the Semi-Arid Tropics:
Agrometerological Needs
S.M. Virmani
Discussion by S. Walker, Department of Agrometeorology, University of Orange Free State,
Republic of South Africa

This paper poses some questions as to the current status of the weather data available and its
usefulness in promoting sustainable production in the semi-arid areas.
If one takes into consideration the advancement in technology, then there are many options open
to answer the question about the availability of weather data and distribution of the weather
stations. There are already many databases with weather data available for locations all over the
world (e.g. CLIMWAT, Smith 1999). If one takes a look at the opportunities provided by satellite
remote sensing of weather parameters, then the possibilities are endless. There are even several
web sites that will give satellite photographs of various parts of the globe (e.g.
http:l!cnn.com!WEATHER/africa/satellite_image.html) and weather forecasts for the whole world
(e.g. http://accuweather.com; http://cirrus.sawb.gov.za). So it appears to me that the systems are
already in place to collect and store weather data. The technology is also in place to disseminate
the information. However, the tools to interpret this data in a meaningful way need further
development. What appears to be lacking is new innovative and applicable indices to transform the
raw weather data into useful and meaningful indices. These indices can be developed together with
the end user for specific application in the broader agribusiness, including farming production, food
processing and transport industries. For example, look at the impact and success of the technology
transfer action in general around the El Nino. Probably about ten years ago the general public did
not know what El Nino was. Today, in most parts of the world, the general public has a good grasp
of sea surface temperatures and understands the El Nino phenomenon and how it can affect life
in their own region. This shows us that it is possible for scientists to make a success of increasing
the level of the understanding of the general public, from the El Nino example. So as
agrometeorologists, what indices can be developed to help focus our efforts in sustaining crop
production in semi-arid areas in the 21st century?

