User Requirements For
Agrometeorological Services
cpyoceedings

of ;4.n

Internationa{ <Wor~liop

10- 14 November, 1997, Pune, India

EDITORS
M.V.K. Sivakumar
U.S. De

K.C. Sinha Ray
M. Rajeevan

SPONSORS

India Meteorological Department (IMD)
Shivajinagar, Pune- 411 005
India
World Meteorological Organisation (WMO)
41, Avenue Giuseppe-Motta,
1211 Geneva 2
Switzerland

India Meteorological Department
Shivajinagar, Pune, India

4998

@

INDIA METEOROLOGICAL DEPARTMENT, 1998
All rights reserved
Proper citation is requested wherever this material is used.

CITATION: Sivakumar, M.V.K., U.S. De, KC. Sinha Ray, M. Rajeevan (Ed.). 1998
User Requirements for Agrometeorological Services. Proceedings of
an International Workshop held at Pune, India, 10-14 November, 1997.
India Meteorological Department, Shivajinagar, Pune, India, pp iv + 336

ABOUT THE EDITORS
M.V.K. Sivakumar

Chief, Agricultural Meteorology Division,
World Meteorological Organisation
Geneva, Switzerland
U.S. De
Additional Director General of Meteorology (Research)
Pune, India
K.C. Sin ha Ray

Director
Office of the Addl. Director Gen. of Met. (Research)
Pune, India
M. Rajeevan
Meteorologist
Office of the Addl. Director Gen. of Met. (Research)
Pune, India

Typesetting

Meteorological Office Press, Pune

The views expressed in these proceedings are those of the authors, not necessarily those of the
sponsors. Maps are reproduced as submitted by the authors; they are not intended to show
political boundaries and the sponsors hold no responsibility whatsoever in this regard.

)

CONTENTS
Foreword

iv

Session 1 - Workshop Opening
Opening Address
U.S. De

1-2

Opening Address
M.V.K. Sivakumar

3-6

Inaugural Address
Y.S. Nerker

7- 11

Session 2 - User requirements for agrometeorloiqcal services some key issues
Addressing •the User Requirements for Agrometeorologica! Services
Keynote address
U.S. De
.....
.....
.••..
••...
.....
.....
12 - 35
Meeting User Requirements- Recent.Development and Future Challenges
M.V.K. Sivakumar
.....
.....
.....
.....
.....
.....
36- 52
FAO's Experience in the Provision of· Agrometeorologicallnformation to the
User Community '
Rene Gommes
.....
.....
.....
.....
.....
.....
53 - 77
Climate Information to the User Community for Making Sound WeatherRelated Decisions : Australian Experience
John Cramb·
.....
.....
.....
.....
.....
.....
78 - 87
The Role of Meteorological Services in meeting near chalanges to sustain
India's Agri.culture
S.M. Virmani
.....
.....
.....
.....
.....
.....
88- 94
Summary of Discussion

95

Session 3 - Furnishing agrometeorological information to the users approaches from National Meteorological and Hydrological Services
Agrometeorological Information for the User Community : Experience of
Nigeria
LE. Akeh
.....
.....
.....
.....
.....
.....
96-119
Agrometeorologicallnformation to the Users : Experience of Chile
B. Piuzzi
.....
.....
.....
.....
.....
.....
120- 129
Agrometeorological information for the User Community : Experience of
Islamic Republic ollran
Gho/amali Kamali
.....
.....
.....
.....
.....
.....
130 - 134
Agrometeorologicallnformation for the User Community : Kenyan
Experience
S.M. Gachara

.....

.....

.....

.....

.....

.....

135 - 146

Agrometeorologicallnformation for the User Community : Experience of
Belize
Raman Frutos
147-168
User Requirements for Agrometeorological Services : A South African
Perspective
Karl A. Monnik
.....
.....
.....
.....
.....
.....
169 - 177
Agrometeorological information to the Users : Experience of Mongolia
D. Erdenetsetseg
.....
.....
.....
.....
.....
.....
178 - 188
Agrometeorological information for the User Community : Experience of
Malaysia
Ah Kee Chan
.....
.....
.....
.....
.....
.....
189-198
Agrometeorological Planning Aids for the Farmer
B. Rudolph

199-201

Agrometeorological information for the User Community : Eltperience of
India
A Kashyapi
.....
.....
.....
.....
.....
.....
202 - 216

Agrometeorological Information to the Users through Agromet Advisory
Services of NCMRWF
Nisha Mendiratta
.....
.....
.....
.....
.....
.....
217 - 231
Summary of Discussion

.....

.....

ii

.....

.....

.....

232

Session 4 - Aqrometeoroloqical Information - Perspectives from
Departments of Agriculture and Research Communitv
Agrometeorological Information for the User Community : Experience of
China
233-240
Wu Hongyao
land and Agrometeorological Information for Agriculture Development
Planning : Experience of Indonesia
lstiqlal Amien
......
.....
.....
.....
.....
......
241 - 257
Agrometeorological Services in Paraguay
Development of Agrometeorological Services in Paraguay
Edgar Mayergerer

258-259

Agrometeorology Status and Future Prospects
C.V.S. Sastri

260-276

Summary of Discussion

277

Session 5 : Agrometeorologicallnformation - Perspective from Farmers
A Users' Perspective of needs for Agrometeorological Information in
Germany and Austria
Jose! Wiedemann
.....
.....
.....
.....
.....
.....
278 - 288

Focus of Indian Soybean in relation to Agroclimatic conditions
B.P. Singh

289-304

Agrometeorologicallnformation for the User Community in Orissa
R.C.Rout
.....
.....
.....
.....
.....
.....
305-312
Summary of Discussion

313

Session 6 - Brain Storming on Issues

314-319

Session 7 - Brain Storming on Prioritization

320-322

Recommendations of the Workshop .....

323-324

Conclusions of the Workshop

325-326

Workshop Evaluation

327-329
330-336

List of Participants

iii

FOREWORD
Crop production and farm output are more dependent on weather
than any other single factor. While extreme weather events can significantly
reduce ·crop yields, adverse agrometeorological parameters at critical
stages influence crop growth and may be conducive to attacks by pests
and diseases.
Hence, agrometeorological advisories have to be specially tailored
to the requirements of farmers. This is a challenging task.
An international workshop on 'User Requirements for Agrorneteorological Services' was organised by WMO to comprehensively
address the subject of user requirements. India Meteorological Department
offered to host the Workshop which was held in Pune from 10 to 14
November, 1997.
Twenty-three papers were presented by international experts
during the five sessions of the Workshop: A brainstorming session was
also held for identifying the reasons for inadequacies in the existing
Agrometeorological Services and suggesting strategies to overcome thern.
I arn sure that the proceedings of this Workshop will be of great
value to the Member countries of WMO and that the recommendations
of the Workshop will be considered for implementation. I take this
opportunity to thank Prof. G.O.P. Obasi, Secretary-General, WMO and
Dr. M.V.K. Sivakumar, Chief, Agricultural Meteorology Division of WMO
for arranging the event in India. I look forward to continued and fruitful
collaboration between WMO and IMD.

~
(R.R. Kelkar)

Director General of Meteorology
India Meteorological Department,
New Delhi

p.i.
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Opening Address
U.S. De
India Meteorological Department
Pune - 411 005, India

Dr.

Nerkar,

Hon.

V"1ce

Chancellor,

Mahatma Phule Krishi

Vidyapeeth, India; Dr. Sivakumar, Chief, Agricultural Meteorology Division
of the World Meteorological Organization, distinguished resource persons,
participants, invited guests, ladies and gentlemen.
On

behalf

of

the

Director

General of Meteorology, India

Meteorological Department, I extend to you all a warm welcome to the
Workshop on User Requirements for Agricultural Services. Dr. Nerkar is a
well known scientist in the field of agriculture who now heads the Agricultural
University of Rahuri, Maharashtra. I thank him for kindly consenting to
inaugurate this Workshop despite his busy schedule. University of Rahuri
and Agromet Division of IMD have close links. His presence will further
strengthen these bonds. The World Meteorological Organization designed
this Workshop which is unique in many ways. Prof. Obasi, the Secretary
General, WMO is well known for his keen interest in the development of
Agrometeorology. On behalf of the IMD, I extend our sincere thanks lo
him for his decision to organize this Workshop in Pune, India. Dr. N. Sen
Roy, DGM and the Vice President of the WMO executive council is not
present here today because of his prior commitments. He is expected to
address the workshop later and meet all the delegates. His guidance has
been very encouraging to the organisers. I thank him on behalf of the
organising committee. I also thank Dr. Sivakumar for being personally
present at the Workshop and for his active involvement in organising the
Workshop.
The IMD, Pune is the hub of the agricultural meteorological activity
in this country. The Division of Agrometeorology was set up here nearly 50
years ago. Outstanding works of the pioneers in agricultural meteorology
like Prof. Ramdas and others, were conducted during their tenure of work
at IMD Pune. Agriculture is highly dependent on weather and climate.

1

Though the broad seasonal patterns are quite stable, but no two years
are same weather-wise. Thus, weather forecasts are required for making
important management decisions on the farm. I hope this Workshop will
come up with useful recommendations to make the agricultural advisories
and services more tuned to the user requirements.
I welcome all the delegates and participants who have come from
different parts of the world to the historic city of Pune. Once again my
hearty welcome to all.
I now request Dr. Sivakumar to say a few words on the occasion.
Before, I conclude my address, I once again thank him for his keen interest
in the organisation of this Workshop and for his excellent rapport with the
Local Organising Committee in conducting this event.
Thank you all
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Welcome Address
M.V.K. Sivakumar
World Meteorological Organization
41, Avenue Giuseppe Motta,
1211 Geneva 2, Switzerland

On behalf of the Secretary- General of WMO, Prof. G.O.P. Obasi,
I extend to you all a warm welcome to this Workshop on User Requirements
for Agrometeorological Services. At the outset, I would like to convey my
sincere thanks to the Government of India and the India Meteorological
Department for having agreed to host this important workshop. lt is indeed
befitting that the India Meteorological Department should be hosting this
seminar as it is one of the oldest national meteorological departments in
the world and it carries a long tradition of providing meteorological
information to the users in this ancient country. Indeed, I would welcome
the participants to consult the catalogue of publications of the India
Meteorological Department which lists publications from 1875, dating back
to 122 years, a remarkable achievement. For example, the volume 1 of
the Indian Meteorological Memoirs carries publications of H.F. Blanford on
analysis of 10 years of hourly observations of winds in Calcutta published
back in 1876. Volumes 21 to 24 carry the remarkable work of Sir Gilbert
Walker published between 1910-1925, which indeed paved the way for the
now world famous forecasting system of EI-Nino Southern Oscillation. One
can also study the remarkable research work of Drs. K.R. Ramanathan,
L.A. Ramdas and many other distinguished reserchers that worked in this
Department.
I wish to convey my sincere thanks to Dr. De and his colleagues
in IMD who have been working very hard over the past several months
to ensure that all arrangements for this Workshop are made in time and
efficiently. I am grateful for the full co-operation they have extended to me
in preparing for this workshop.
Please allow me a few minutes to highlight the importance of
this workshop for WMO. The topic of user requirements is of particular
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interest to WMO and its Members. The growing interest in the possible
impact of natural and human induced climate variability and long-term
climate change on agriculture and forestry have created new demands
for information from, and assessments by agrometeorologists. Also, the
growing demand for food and concerns with the need for achieving greater
efficiency in the natural resource use while conserving the environment are
placing a much greater emphasis on understanding and exploiting climatic
resources for the benefit of agriculture and forestry. The Commission
on Agricultural Meteorology (CAgM) of WMO at its eleventh session in
Havana, Cuba, recommended that weather forecasts should be more and
more tailored towards the requirements by agriculture in order that day-today tactical decisions could be taken with greater confidence, especially
during seeding and harvest periods. Similarly, weather services should
provide strategic information e.g., onset of monsoons in the monsoonal
areas, that could serve the needs of agriculturists. These resolutions imply a
strong interaction with users in ascertaining from them their requirements for
agrometeorological services. In the developed countries these services are
being supplied increasingly through partnership between meteorological
services and complementary service organizations, some in the private
sector. In the developing countries, user requirements are not easy to
identify and because of financial constraints, such countries have difficulties
in providing tailored products to the users. Other problems are the lack
of basic data and poor communications. lt must not be forgotten that
meteorologists are basically concerned with information and the diffusion
and assimilation of this information is crucial.
User requirements are invariably highly specific and should be
identified, defined and supplied through close co-operation between the
meteorological and agricultural
community, relevant
users and
intermediaries. Agriculture is very weather and climate sensitive and the
products needed by the users should be tailored to be location/time/crop
specific and should be marketed correctly. Forewarning of weather
vagaries is crucial not only in food production but also in plant protection
and preservation of seeds as well produce held in storage. The demand
for reorienting and recasting meteorological information, fine tuning of
climatic analysis and presentation in forms suitable for agricultural decision
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making and insulation of marginal farmers with small holdings from the
adverse impacts of weather vagaries has become most pressing. Hence,
communication with the farming community, especially in the developing
countries, is very important and should form part of a multi-faceted rural
development programme.
The

main objective of this

workshop is to

provide a forum

for participants from different National Meteorological and Hydrological
Services and users of agrometeorological information in order to develop
and implement more useful products and services for agrometeorological
applications. To this end, we have strived to invite two participants from
each Regional Association of WMO : one from the National Meteorological
and Hydrological Services and the other representing user community
e.g., agricultural scientists, farmer associations and non-governmental
organizations involved in agricultural development. We will try to address
the following specific issues during the course of this workshop :
•

Analyses of a few case studies prepared by participants from
different Regions and from the user community.

•

Ways of improving communication between agrometeorologists
and users of agrorneteorological information.

•

Means to achieve a better recognition of the value and benefits of
agrometeorological information.

•

Developing guidelines and procedures to identify user needs and
requirements.

•

Methods to improve the national capacities in the provision of
agrometeorological information.

Dealing with all the above important issues is not any easy task
and we have designed the workshop programme in such a way as to allow
time for presentations by participants from the National Meteorological and
Hydrological Services describing the current procedures being followed by
them to provide agrometeorological information to the user community and
hear responses from the representatives of the user community describing
their needs and requirements. An important part of this Workshop is the

5

sessions on the last two days for brainstorming and analysis of different
issues mentioned in order to seek the divergent views from the participants,
engage the participants in discussion and arrive at a consensus view on
future approaches to meet the user needs and requirements.
We have much work to do over the next five days, but more
importantly a very important message to convey to the much larger audience
in the real world outside the confines of this conference room on the
future strategies that should be adopted for taking the agrometeorological
information to the users in a timely, cost-effective and efficient manner.
Let us work together to make sure that our efforts will result in a fruitful
set of conclusions and recommendations.
Once again, a warm welcome to this workshop and to this historic
city of Pune. Thank you.
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Inaugural Address
Y.S. Nerkar
Mahatma Phu/e Krishi Vidyapeeth,
Rahuri, India

Dr. M.V.K. Sivakumar, Dr. U.S. De, subject matter specialists and
participants from India and abroad, distinguished scientists, ladies and
gentlemen, good morning to you all.
I am extremely delighted and honoured to be here with you, a galaxy
of dedicated scientists and workers, for the inauguration of the workshop on
"User Requirements for Agrometeorological Services" sponsored jointly by
World Meteorological Organization and India Meteorological Department.
Agricultural production is the pulse of this country with its agrobased
economy. With the enhancement of production prosperity looks up and
developmental activities start in all aspects of life. Quality, automatically
follows and the nation progresses forward.
At this juncture of time, I feel, it is most appropriate to have
this type of workshop where you plan to deliberate in detail
different agrometeorological
requirements of the users, primarily
the agrometeorological requirements of the farming cornrnunity and the
other allied user communities engaged in rnore or less similar activities
like livestock, farming, horticulture, floriculture, silviculture, pisciculture,
agroforestry, etc.
In the context of 'user requirements', two very important points
corne to the fore.
One of them is the greenhouse gases and their role in clirnate
change. The consequences are far reaching and affecting agricultural
production on a large scale, in space and time. The shifting of cropping
zones due to increase in temperature and rainfall, what is being projected
in different scenarios of IPCC, will present a plethora of problems for crop
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cultivation and agricultural production. The technology which at present is
thought of as most efficient may have to be discarded partially or fully in
future crop cultivation. The future technology so adopted may turn natural
agriculture to aritificial vegetation, the full impact of which at present is
beyond our conception.
The second point which is forcing the scientists and technologists
to put their heads together is the management of expected population
pressure in future, say by middle of the next century. Demographical
projections indicate an additional 6.5 billion mouths to be fed by the year
2050. In terms of agricultural production it translates to doubling of food
production, to meet the demand. The only solution is to enhance the
production by all available means now and in future. The onus, thus
now lies on Agroclimatologists, Agriculturists and Scientists to evolve such
technologies, means and methods to meet the impending challenge head
on. And perhaps this type of workshops are the first step towards the
goals.
Tremendous progress has been made in the concepts and
technology
in
agriculture
related
activities viz.,
floriculture,
horticulture, sericulture, silviculture, agroforestry, pisciculture, livestock
production and most recent boom in tissue culture. All these cultures have
to depend on the agrometeorological information at every stage of growth
and development. Though with the introduction and marketing of low
cost plastic houses, production of export quality cut flowers under semicontrolled conditions,
has been
enhanced, their preservation,
handling and transport require specific temperature and humidity
conditions. Similarly, horticultural crops which involve high cost of
production, require agrometeorological information at every stage of their
growth and development. Monitoring of agrometeorological parameters
for irrigation, plant protection, fumigation, dust spraying are very essential
but for which the whole production may be lost as poor quality may not
fetch any return.
Apart from cultivation of crops and livestock farming, modern
I present farmers indulge in agro-forestry to substantiate their income.
Agroforestry has more or less become way of life with the urban and
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rural population.
Like annual crops, agroforestry also requires
agrometeorological information in its upkeep and sustenance. The entire
range of agroforestry products is vast.
Total amount of rainfall is not just the only parameter that matters
in farming but it is its distribution, intensity and frequency that matters a lot
in farming practices. Accurate information of these on different probability
levels help tremendously in day to day strategy I planning of the farmer or
any end user.
In agriculture, the weather information, to be useful, is required
in advance. Accurate medium range weather forecasting is very much
required by the farming community. Dissemination of this information
through agrometeorological services, in user friendly ways, on a smaller
scale of time and space will be most valuable.
Crop yields are affected by sudden incidence of pests and diseases.
Post-harvest weather conditions many a times damage agricultural produce
during storage and transportation to market yards. Recently, onions and
grapes worth millions of rupees were damaged due to untimely rains and
gale in Maharashtra. Advance warning may help in such cases and losses
cou Id be reduced.
Drought like conditions during kharif season are becoming routine
in the Deccan plateau since last two seasons. Predictions made
on probability levels of rainfall for selection of suitable crops and their
varieties can be resorted to as contingent risk management measure.
The information can be updated from time to time, commensurate with
weather during the season to modify cultural practices. This is possible with
computer based output with agrometeorological services of the area. The
probabilities of dry spell and wet spell based on climatological information
may help in the matter.
A very important area in which perhaps all the user communities
may be very much interested and looking forward is crisis management
schemes and measures for different weather calamities. The user
requirement here, in my opinion, may be to somehow maintain optimum
production irrespective of quality so that life is sustained and farming
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activities in future are continued. With the plethora of agrometeorological
information available, perhaps it may not be difficult to achieve this.
User requirements are mostly location, crop, variety, durationspeci~ic, which makes it very difficult to transfer knowledge and information
about one crop from one place to another and hence the task of
collection and cataloguing of such information becomes very voluminous,
but extremely important.
A tall vegetation can be used to modify the surroundings
for the delicate vulnerable ones.
Temperature can be lowered.
Evapotranspiration can be reduced substantially by intercepting radiation
and wind velocity. Relative humidity can be increased. By using techniques
of mixed cropping, multi-storeyed cropping and wind breaks and shelter
breaks, many problems can be solved. Flower drop and fruit drop can be
reduced. By modifying the micro-climate with management, a variety of
fruits and vegetable crops are being grown in arid and semi-arid areas. All
these are possible with accurate agrometeorological information and their
proper timely application.
I am told that during the working sessions, you all will be very
busy in interactions and deliberations. You all, particularly the participants
are going to be benefited by the presentation from the invited experts in
different fields from other countries - and perhaps with intense interaction
all will enhance their knowledge about the subject. Finally, it is the user
community at large, who will be benefited with the practical application of
such knowledge and information.
Since 1986, a useful technique which has emerged out of
necessity to economize water use and which is gaining popularity in areas
with water scarcity, is the drip irrigation. This technique involves use of
minimum quality of water by supplying it directly to the root zone,
avoiding unnecessary wastages by way of soil surface water evaporation
and minimising conventional losses as deep percolation and run off. Within
a decade, more than one lakh ha land has come under the system in
Maharashtra as a result water table receding has been arrested, soil
salinity stopped as well as brackishness of well water has also been
stopped. The system is now well established and has become a way of
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life for some 96,000 farmers in Maharashtra. The important point to note
here is that these farmers are going to demand more agrometeorological
inputs in terms of weather forecasts, emphasizing particularly for rainfall,
dry spell, wet spell periods, strong winds and bright hours of sunshine to list
a few. A more progressive farmer community may demand input directly
through its interne! facilities of the computer based user friendly output for
day to day or perhaps hour to hour agrorneteorological information suitable
for the crops grown by thern.
Selection of the city of Pune as the venue for this workshop is rnost
appropriate. it is one of the best centres in the World for agrometeorological
studies and discussion. The University of Pune, India Meteorological
Department, Indian Institute of Tropical Meteorology and the Agricultural
College Campus, growing a variety of crops, offer unique and excellent
facilities. These organizations are situated very close and hence provide
free access to plethora of information as well as specialists in different fields.
Besides, this beautiful historical city is a centre of typical Maharashtrian
culture. I hope you all will enjoy its hospitality during your stay.
I have a great pleasure in declaring this workshop open. I wish
a grand success for the deliberations and fruitful recommendations will
emerge for the users.
I thank the organizers for giving me an opportunity to be with you
and thank you all for patient hearing.

11

Jne~odde~

senss1
A9)1 ewes - S90!1\J9S
I eo6!0IJ09:J-9WOJ6'V

JO:J.

s:J.uewaJ!nbe~

Jesn

Addressing the User Requirements for
Agrometeorological Services
U.S. De
Meteorological Office,
Pune - 411 005
India

Abstract
In the recent years due to growing human population,
degradation of soil, and future projected climate change scenario,
the agrometeorological services have assumed immense importance
to meet the need of the growing population by producing sufficient
crops. In India, Agricultural Meteorological Services started nearly 70
years back. At present there are over 200 agromet observatories
and pan evaporation stations and a large number of soil moisture
observatories, lysimetric observatories and dewfall stations to support
agrometeoro/ogical services. In India, agrometeorological services are
being provided to the farming community mainly through Farmers Weather
Bulletin (FWB), Agromet Advisory Service (AAS) Bulletin, Medium Range
Weather Forecast (MRWF) and Long Range Forecast (LRF). Besides
these; Dry Farming Meteorology, Desert Locust Meteorology, Water
Use Management, Remote Sensing Applications, Satellite Instructional
Television Experiment (SITE) are also aimed at lending support to
agriculturists and planners by giving them advance information relating
to weather, to plan the agricultural operations.
Crop Weather Calendars (CWC), Crop Yield Forecast, Drought
studies using aridity anomaly index, Rainfall Climatology in determining
optimum sowing dates, Agroclimatic Classification for determining crop
potential are some of the climatological analyses done to meet further
the various requirements of the agricultural community in choosing the
crop type, delineating the drought prone areas and taking operational
decisions like irrigating the crops, spraying and weeding.
In summary, crop specific requirement of meteorological
parameters are being used to give user friendly information to the
12

farmers. Crop simulation models will also be very useful in meeting the
future needs of the farming community.

Introduction
Agriculture is broadly defined as the work of cultivating the soil,
producing crops and raising livestock. lt has been relatively successful
in meeting the food needs of the growing human population due to
increase in agricultural labour, crop breeding and research and input
of fertilizers and use of pesticides. With the global population projected
to reach 10 billion by the year 2050, global agricultural production
must expand 2.5 to 3 times to provide an adequate diet for this huge
population. This expansion of agricultural production can be achieved
to some extent by using different agricultural resources (e.g. seeds,
water, fertilizers, pesticides, growth hormones etc.) and meteorological
information efficiently and effectively. The world's food production has
to-date outpaced its population growth, but regional imbalances show
reasons for concern (Fig. 1).
The global landscape has also changed profoundly with the
growing population. Between 1700 and 1980 forest and woodland was
estimated to have declined globally from about 6.2 billion ha. to 5.1
billion ha. i.e by nearly 20%. Over the same period, crop land increased
from about 270 million ha. to about 1.5 billion ha. i.e. by about 46%.
The expansion of global agriculture has taken a heavy toll on
soil health. lt is estimated that since World War 11, 1.2 billion ha. i.e.
about 10.5% of the world's vegetated land suffered at least moderate
soil degradation as a result of human activity. The principal causes of
soil degradation are overgrazing, deforestation and agricultural activities.
The most widespread degradation has occurred in Asia and Africa.
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Figure 1. Index of per capita food production by region, 1970-92
Source : Food and Agriculture Organization of the United Nations
(FAO) Agrostat PC on diskette (FAO, Rome 1993).

Development of Agricultural Meteorology in India
On the recommendations of the Royal Commission on Agriculture
a collaboration between Agricultural and Meteorological Department was
evolved. In 1932, in consultation with experts a new division of Agricultural
Meteorology was established in the India Meteorological Department
under the leadership of Dr. L.A. Ramdas, to study agroclimatology and
to carry out experiments on physical environment related to crop growth.
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With these aims and objectives, various projects like crop weather
scheme, setting up specialised observatories (in crop environments) and
studies on climatic parameters like evapotranspiration (ET), solar and
net radiation and their impact on the crops were taken up.
A co-ordinated crop weather scheme was organised in 1945 in
collaboration with the Indian Council of Agricultural Research (ICAR), Indian
Central Cotton Committee and Indian Central Sugarcane Committee.
This has resulted in further growth of the agrometeorological services
and their applications to new areas.

Present network of observatories
Observations are being recorded systematically with the existing
211 agromet observatories, 216 pan evaporation stations, 43 soil moisture
observatories, 39 lysimetric observatories (for ET) and 83 dewfall stations.
All these provide necessary data for the operational meteorological
support to agriculture in India.

Weather services for farmers
Agriculture is one field of human activity which is specially
sensitive to weather and climate. From sowing to harvesting the entire
life cycle of a crop is dependent on weather. The sensitiveness of crops
to weather depends upon the stage and state of the crop, its variety, the
season, the climatic zone etc. So the type of weather information and
advisories needed by users is area, season and crop specific (De 1992) .
. In many countries, losses due to weather sometimes reach as
much as 30% of the annual agricultural production. According to an
estimate at least 10% of these losses could be avoided by proper use of
weather forecasts and climatological information. For areas in the tropics
where the rainfall shows considerable intraseasonal and interannual
variability precise weather forecasts in short and medium range are
keenly needed by the farmers. In fact for the subsistence of small and
marginal farmers, the weather to come is a matter of life or death.
In India about 99 million ha. of land supports rainfed agriculture
which accounts for nearly 70% of the net cultivated area. Fluctuations in
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agricultural production may occur in these areas from year to year due
to its dependence on rain. Figure 2 shows the fluctuations in the kharif
production vis-a-vis the southwest monsoon rainfall. Therefore, weather
services to agriculture in the country have been given considerable
importance. This is needed to stabilise the agricultural production in
these areas and if possible to augment.
The various types of operational weather services to agricultural
users in India are enumerated below:
Farmers' Weather Bulletin (FWB)

Weather services for the farmers in India were started by the
India Meteorological Department in 1945. These services called 'Farmers'
Weather Bulletins' indicate the onset of rains, probable rainfall-intensity
and duration, weak or break monsoon conditions, occurrence of frost,
hail, squall etc. The bulletins also contain the daily districtwise forecasts of
weather including heavy rainfall warnings and low temperature warnings
which are injurious to plants.
Weather service to farmers is one of the most important
operational services rendered by the India Meteorological Department.
In India there are 17 Regional Meteorological Centres I Meteorological
Centres to cater to the needs of the farmers in all the states over
the country. Since 1945, Farmers Weather Bulletin have been issued
throughout the year for broadcast in different regional languages through
All India Radio Stations. initially there used to be only one broadcast
in a day in the evening programme. A second bulletin was also issued
for the morning broadcast during the rainy season. Since 1990, the
Farmers Weather Bulletins are being issued throughout the year twice
a day. These bulletins and the daily weather reports prepared by these
centres are also published in the newspapers. There are at present 70
Radio Stations which broadcast the Farmers Weather Bulletins in India.
These are shown in Figure 3. The validity of these forecasts is for 48
hours with an outlook for subsequent two days.
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Contents of the Farmers Weather Bulletin
(a) Summary of the past weather
(b) Districtwise forecast of weather during the next 48 hours
and special weather warnings for cyclonic storms etc.
(c) Outlook for the subsequent two days.
A sample of Farmers Weather Bulletin is given in Appendix-!
Agromet Advisory Service (AAS) bulletin

Short and medium range weather forecasts can be effectively
utilized by the farmers in making immediate and tactical decisions in
their day to day and week to week work. In this field also it is necessary
to prepare the forecasts which are specific and worded in such a way
that users understand immediately what it means. Keeping these in view
and in order to render a more effective and purposeful service to the
farmers, the Meteorological Service in India in co-ordination with the
State Agricultural Department has formulated a scheme called Agromet
Advisory Scheme. Bulletins under this scheme are issued twice a week
from 14 meteorological centres, once a week from 3 centres (Fig. 3).
These advisories are prepared by taking into account the stage
of the crops, agricultural operations in progress, prevalence of pests
and diseases and the immediate impact of weather on crops. Routine
weekly I bi-weekly discussions are arranged between the Agricultural
Meteorologists of the Department and Agricultural officers of the concerned
State Department for preparing these bulletins. The bulletins contain
specific advice for the farmers for protecting their field crops from adverse
weather or to make best use of prevailing favourable weather to increase
production. These bulletins are broadcast in the regional languages from
Radio stations of the concerned region. These are also telecast over
some of the National TV network stations of the specific region. The
medium of newspapers, particularly those in regional languages, is also
used for the dissemination of weather information. A sarnple of AAS
Bulletin is given in Appendix-11.
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Medium Range Weather Forecasting (MRWF)

Although scientific weather forecasting began in the last
century, yet till a few decades ago medium range weather forecasting
did not receive much attention. The emphasis was mainly focussed
on the short range forecasting due to its need for aviation and other
operational activities. However, in the recent years need for MRWF is
being increasingly felt, especially in the fields of agriculture and water
resources management. MRWF finds highest applications in planning
agricultural operations mainly due to its typical validity period of 3-10
days which is the most significant period for various agricultural
operations. Realising the importance of MRWF, a National Centre for
Medium Range Weather Forecasting (NCMRWF) was established at
New Delhi by the Government of India. This centre aims at providing
MRWF to help farming communities in the planning of agricultural
operations.
Long Range Forecast (LRF)

Agricultural planning of the nation is primarily dependent on
the reasonably accurate prediction of total amount of rainfall from the
beginning of June to the end of September. This kind of prediction
comes under the category of long range forecast. At present, LRF
issued by the India Meteorological Department pertains to the seasonal
rainfall for the country as a whole. Knowing about the seasonal rainfall
in advance, would definitely help proper planning. On the basis of
LRF, various pre-emptive and relief measures can be undertaken. For
example, in the case of a likely below normal rainfall situation adequate
arrangements could be made for the procurement, transport, and storage
and distribution of foodgrains. Various plans and strategies to combat
such a situation could put in place percolated to various levels such
as states, districts, talukas, villages and so on. Instead of an adhoc
response one could have a rational basis for a planned response to
meet the situations.
Long range forecasts are useful to following areas which are
closely related to agriculture :
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(i) In planning relief operations if failure of monsoon is expected.
Agriculture and hydro-electric power sectors can plan their
strategies by using seasonal monsoon forecast.
(ii) In deciding cropping pattern in areas where more than one crop
can be grown during the kharif season it is possible to plan for
alternate crops if the nature of seasonal rainfall distribution is
known from the long range forecast.
(iii) In water resources management from major reservoirs, the
quantum of rainfall on monthly/seasonal scale if accurately known
can be used to regulate the discharge from the dams, and
for optirnizing the use of water from these reservoirs can be
ensured.
(iv) In organising relief measures like maintaining buffer food stock,
organising relief measures in the drought hit areas and providing
jobs to agricultural labourers can be planned and executed in
a cost effective manner by using LRF.
Other fields of application of agrometeorological services
Some other activities tailored to the user requests are the Dry
farming meteorology, Desert locust meteorology, Water use management,
Remote sensing applications, Drought climatology and so on. They are
all aimed at lending support to agriculturists and planners by giving
them advance information relating to weather to plan the agricultural
operations. These acitivities are summarised below :
Dry farming

Dry farming tract is defined as the area where the annual
rainfall ranges between 40-100 cm and practically with no irrigation
facilities. In India, 87 districts spread over Haryana, Punjab, Rajasthan,
Gujarat, Uttar Pradesh, Madhya Pradesh, Maharashtra, Andhra Pradesh,
Karnataka and Tamil Nadu are under this category. A close study is
being taken up of short period of rainfall and to make best use of it
in areas of marginal rain. This can minimise ultimately the uncertainty
of rainfed agriculture. Studies on probabilities of assured rainfall have
21

been undertaken by using weekly rainfall data. Such inputs are being
increasingly required by the users.
Desert locust meteorology

These studies are aimed at providing inputs for issuing warning
about the migrations of locust in relation to low-level flow and to support
to the Plant Protection Quarantine and Storage (PPQS) Directorate in
their locust eradication programmes (Rajasthan and adjoining areas).
At present there are 7 Pilot Balloon - cum - rnicrorneteorological
observatories, in North West India supporting this effort.
Satellite Instructional Television Experiment (SITE)

As application
items to contribute to
broadcast programme
mass communications

and instructional objective among many other
the improvement of agricultural practices, SITE
was started functioning from 1975 catering to
by:

(a) giving weather information
(b) advising on sowing operations
(c) or an application of insecticides
(d) cautioning regarding flooding etc.
which proved to be quite useful.

Application of Climatology to Cater to User's Needs
Crop weather calendars

Optimum conditions of rainfall, temperature, wind, sunshine etc.
are required for the healthy growth and good yield of crops. But the
weather conditions, experienced by a crop during a given season, often
deviate considerably from the (statistically determined) mean conditions
during its life cycle. The farmers would,therefore, require knowledge in
advance of the weather elements influencing a crop for their planning
agricultural operations and taking up precautionary measures.
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To facilitate this, CROP WEATHER CALENDARS are prepared
for the important crops grown in various districts of the country. These
·calendars comprise of
(i) agriculturist's requirements of various weather warnings and
(ii) life history and mean dates of important epochs of crop growth.
A sample of crop weather calendar is given in Appendix-Ill.
yrop yield forecast

Crop yield forecast models are being used to estimate the crop
yields much before harvest. The data needed for this include not only
past and present meteorological - climatological information but also
agro-weather forecasts.
Crop yield models have been developed using the correlation
and regression techniques. With the meteorological parameters in the
different stages of the growth of plants and with the technological trends
employed suitably, yield estimation models have been prepared for rice
and wheat.
Based on these models, monthly interim forecasts are prepared
during the respective crop growing seasons and supplied to Planning
Commission, Directorate of Economics and Statistics, Ministry of
Agriculture and Irrigation and other user organisations.
Different rainfall pattern, dry and wet spells, soil moisture, crop
and climate classification have all been studied to try the yield, and
inter-relationship predictions by evolving statistical models. A crop yield
forecast model used in IMD is given in Appendix -IV.
Drought studies

In India and many other countries in the tropics and semi-arid
tropics, food production is closely related with the behaviour of seasonal
rains.
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India had several years of drought during the twentieth century.
All of these major droughts are essentially due to failure of the seasonal
monsoon rains.
Having seen the disastrous droughts with consequent crop
failures in the years 1965-66, a unit called - Drought Research Unit
(DRU) has been started at Pune in 1967 at the instance of the
Planning Commission.
The Unit prepares aridity anomaly maps for the country as
a whole during kharif season (i.e. June - September) and for the 5
meteorological sub-divisions (Coastal Andhra Pradesh, Rayalaseema,
South Interior Karnataka, Kerala and· Tamil Nadu and Pondicherry)
during nortlleast monsoon (October - December) season, in order to
monitor droughts over the country on a real time basis.
These maps are prepared on a fortnightly basis. These
provide infCtrmation about the crop stress conditions and its intensity
experienced by plants and thus help to monitor the drought situation
in the country. This information is disseminated to the AAS Units
and other agricultural organisations in India. A typical aridity anomaly
map is shewn in Figure 4.
Rainfall climatology

One of the most important agrometeorogical information required
by agriculturists is the suitable time for starting the sowing operations
in their fields. Sowing dates for the states of Karnataka, Rajasthan,
Gujarat, Madhya Pradesh, Uttar Pradesh and Maharashtra based on
the climatology of daily rainfall data, soil type and cropping pattern
have been prepared by the India Meteorological Department. Based
on such studies, it is also possible to identify areas which may need
supplementary irrigation to sustain crop growth. By super-imposing
results of the analysis on the soil map of the state, areas experiencing
different degrees of drought proneness have also been demarcated.
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Agroclimatic classification for crop potential

Use of meteorological/hydrological information alongwith a
detailed analysis of varieties/cropping systems and management
options available to the farmer makes it possible to tailor the cropping
systems and management practices to the specific soil-climatic regimes
so as to achieve maximum sustainable productivity in the face of
climate variability. However, such an analysis and hence identification
of optimum strategies is possible only at a few stations where
systematic research is carried out. In order to use this over larger
regions it is first necessary to identify zones which are homogeneous
with respect to the important features of the soil-climatic regimes i.e.
agroclimatic zones.
As rainfall is the most important climatic element in the
tropics, most of the studies on identification of climatic regimes have
focussed on some features of rainfall such as rainfall distribution
pattern within the year (Gadgil and Joshi 1983), moisture regime
(Rao et al. 1972; Gadgil and lyengar 1980; Biswas 1982), and length of
the growing season (Krishnan 1980). Sehgal and Mandal. (1996) have
divided the Indian region into 20 agro-ecological regions based on soil
map, bioclimatic map and length of growing season. De and Biswas
(1994) have shown that risk of failure of rnonsoon on a seasonal scale
is variable in different areas of the country and more importantly that
the probability of poor performance initially (June and July) being made
up in the later part of the season (August and September) is also area
specific. This can be used as a good input for determining strategies.
An alternative approach was suggested by Gadgil (1989), who
determined the agroclimatic/agroecological zones as regions which are
homogeneous with respect to the traditional cropping patterns. Joshi
et al. (1981) and De and Joshi (1993) have also identified zones
where behaviour of monsoon rains during a season appears statistically
homogeneous (Fig. 5).
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Agroclimatic zoning is also required for planning based on
regional potential which aims at a scientific utilization of available
resources, both natural and man made (Aiagh 1989). Based on the

Figure 5. Patterns of contingency indices for the rainy season
(June - September) in India. Area hatched denote the degree of
contingency indicated.

27

soil type, rainfall, temperature, water resources etc., the country was
divided into 15 agroclimatic zones and a scheme of agroclimatic planning
was developed (Aiagh 1988, 1989; India : Planning Commission 1988,
1989). Subsequently these zones have been further sub-divided into 127
agroecological zones by the National Agricultural Research Programme
(Ghosh 1990).

Concluding Remarks
In conclusion, it is stressed that the impact of weather on
crops is complex and this ultimately decides the yield at the end of
the season. The crop specific requirement of meteorological inputs to
optimize the yield have been identified in a broad sense. These are
being increasingly used to give user friendly inputs to the farmers in
choosing the crop type, and taking operational decisions like irrigating
the crops, spraying and weeding.
Now with crop simulation possible on computers it is possible
to quantify these impacts and make a real break-through in providing
tailored agrometeorological services to the farmers.
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Appendix - I
FARMER WEATHER BULLETIN, RECEIVED FROM METEOROLOGICAL
CENTRE
COLABA (BOMBAY)
c 507 00820
BE V 23 VABB 101 320
FROM
TO
RPT

: METEOROLOGICAL CENTRE COLABA
: METEOROLOGICAL OFFICE PUNE/AGRIMET (AAS UNIT)
: METEOROLOGICAL OFFICE NASIK

REGIONAL WEATHER SUMMARY : MONSOON WAS ACTIVE IN
MADHYA MAHARASHTRA AND MARATHWADA AAA RAINFALL
OCCURRED AT MOST OF THE PLACES IN SOUTH KONKAN GOA
AAA WEATHER WAS MAINLY DRY IN GUJARAT STATE AND NORTH
KONKAN AAA CHIEF AMOUNTS OF RAINFALL IN CM AMLANER
7 GADHINDLAJ JALNA AND JALGAON 6 EACH CHALISGAON 4
EDLABAD KOLHAPUR NANDED NANDURBAR SHAHADA KOYM
AND AUSA 3 EACH KOYNA RATNAGIRI VENGURLA AND SANGLI
2 EACH AND TASGAON VITA AURANGABAD AND OSMANABAD
1 EACH AAA ON FRIDAY TEMPERATURES FELL APPRECIABLY
IN SOUTH MADHYA MAHARASTHRA AND MARATHWADA FELL
IN NORTH MADHYA MAHARASHTRA AND NORTH KONKAN AND
CHANGED LITTLE ELSEWHERE AAA THEY WERE BELOW NORMAL
IN MADHYA MAHARASHTRA AND MARATHWADA ABOVE NORMAL
IN SAURASHTRA KUTCH AND NORTH KONKAN AND NORMAL
ELSEWHERE AAA 30 DEG C RECORDED AT PORBANDAR WAS
THE HIGHEST TEMPERATURE IN THE REGION AAA NIGHT
TEMPERATURES CHANGED LITTLE OVER THE REGION AAA
THEY WERE ABOVE NORMAL OVER THE REGION EXCEPT IN
SOUTH KONKAN AND SOUTH MADHYA MAHARASHTRA WHERE
THEY WERE NORMAL AAA 7 DEG C RECORDED AT MALEGAON
WAS THE LOWEST TEMPERATURE IN THE REGION AAA FARMER
WEATHER BULLETIN- LIGHT TO MODERATE RAINFALL MAY OCCUR
AT MANY PLACES IN ALL THE DISTRICTS OF MARATHWADA
30

AAA WEATHER WILL BE MAINLY DRY IN SAURASHTRA KUTCH
AAA

WARNING : HEAVY RAIN MAY OCCUR AT ONE OR TWO
PLACES IN KONKAN PATTI GOA MADHYA MAHARASHTRA AND
MARATHWADA DURING THE NEXT 48 HRS WINDS REACHING
SPEED OF 40-50 KMPH ARE LIKELY IN NORTH KONKAN AND
NORTH MADHYA MAHARASHTRA AND MARATHWADA DURING
THIS PERIOD AAA OUTLOOK: LITTLE CHANGE AAA
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Appendix - 11
GOVERNMENT OF INDIA
INDIA METEOROLOGICAL DEPARTMENT
METEOROLOGICAL CENTRE THIRUVANANTHAPURAM
AGROMET ADVISORY BULLETIN NO. 47/92
Issued on 31.08.1992 tor Kerala
(Prepared by Meteorological Centre and Kerala
Agricultural Department, Thiruvananthapuram)

SUMMARY OF WEATHER FOR THE PERIOD 27.8.92 TO 30.8.92 :
Monsoon was active on 28th to 30th and weak on 27th. Rain was
reported almost at all places daily from 28th to 30th and at a few
places on 27th.

CHIEF AMOUNTS OF RAINFALL (IN cm) :
27th August

Ottapalam 6. Thaliparamba 2.

28th August

Kannur 13, ldukki 8. Manjeri 8 & Vayithiri 6 each.
Perinthalmanna Ottapalam, Alappuzha, Kumarakom,
Thrissur, Kochi A.P., Kunnamkulam & Piravom 5
each.

29th August

Kodungallur 6, lrikkur, Kochi AP & Peermade 4
each. Kannur, Thalasserry, Hosdurg, Kasaragod,
Quilandy, Mancomur, Kottayam, Thiruvalla& Thrissur
3 each.

30th August

Kodnugallur 7. Kochi AP 6, Peermade 5. Mancompur,
Kollam, Varkala, Paravur, Kayamkulam, Thodupuzha
& Munnar 4 each.

FORECAST VALID UNTIL 2nd SEPTEMBER 1992 :
Rain will occur at many places in all the districts of Kerala.
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OUTLOOK FOR SUBSEQUENT TWO DAYS :
Decrease of rainfall over Kerala.
STATE AND STAGE OF CROPS :
Paddy - Virippu is in the milky to ripening stage. Flowering continued in
some places. Stray incidence of rice bug was noticed and controlled by
adopting plant protection measures. Pepper berry development stage.
Vegetables - Flowering and fruit formation of onam vegetables continued.
Harvesting continued.
AGRICULTURAL ADVISORY FOR THE COMING 3 DAYS :
Attack of rhinocerous beetle, bud rot etc. to coconut likely to be observed.
If the incidence exceeds threshold level adopt control measures in
consultation with local Krishi Bhavan staff. Harvesting of virippu paddy
crop can be continued.
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CROP WEATHER CALENDAR
CROP

STATE : TAMILNADU

RAG I

DISTRICT: RAMANATHAPURAM
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APPENDIX -Ill
NON-IRRIGATED

PR-292, C0-7, C0-12,
INDAF-5, SARATHA
100-120 DAYS

VARIETY
DURATION

Rain

>50 MM/DAY

>80 MM/DAY

Duration of wet spell

> 30 MM FOR 5 DAYS

> 40 MM FOR 5 DAYS

SOIL: SANDY TO BLACK

ANY RAIN

Cloudy weather

.

Drought
High winds

Temperature
Hall storm
~

l!l:

.,.
UJ

!lit

Pests

BEETLES

CATER PILLERS

Weather

HEAVY AND CONTINUOUS
RAIN
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Weather
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Appendix - IV
The Crop Yield Forecast Model used by India Meteorological
Department
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Meeting User Requirements - Recent
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Abstract
Given that agriculture is probably the most weather-dependent of
all human activities, user requirements for agrometeorological services
are numerous and varied. Among the recent developments that have a
major bearing on user requirements is the current concern for increasing
food production in the light of the growing populations and declining per
capita food supply, especially in the developing countries. This aspect was
reviewed using statistics on per capita food supply, grain production per
person, world carry-over stocks of grain etc. Another development relates
to growing user demands including multi-year, seasonal and within season
forecasts. Technological advances in the recent times including enhanced
computing power, advances in forecasting techniques and information
highway were reviewed. In order to adequately meet the user requirements,
agrometeorologists have to address several future challenges. These
include the adoption of a bottom-up approach, recognition of the ·need for
a paradigm shift from data to information, operationalization of forecasts
and promotion of pro-active actions. Improved communication between
farmers, policymakers and researchers is crucial to continuously update
and improve the nature and quality of the information provided to the
users.

Introduction
In today's information age, the requirements of users in any field
of activity, not just agrometeorological services, are becoming increasingly
demanding and sophisticated. Developments in communications and
electronic media, in particular the ever expanding cyberspace linkages
through Internet and World Wide Web are changing the way people view
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information dissemination and exchange. The potential to enhance the
international exchange of ideas, concepts, data and information at the
global level is expanding rapidly. In the light of these developments, it is
pertinent to evaluate the increasing needs of users for agrometeorological
services, especially in the developing countries.
Agriculture is the world's single largest employer and is probably
the most weather-dependent of all human activities. A healthy agricultural
sector has been shown to be a prerequisite for sustained economic
growth in most countries (Watson 1996). Thus adequate supplies of
affordable food are seen as essential for poverty alleviation and economic
development. Climate and its variability has been, and continues to be,
the principal source of fluctuations in global food production, particularly
in the semi-arid tropical countries of the developing world. Throughout
history, extremes of heat and cold, droughts and floods, and various
forrns of violent weather have wreaked havoc on the agricultural systems
that depend on for food. Farmers had to adapt to the range and frequency
of shocks that climate variability brings and they have tried to use the
available knowledge and information to develop their coping strategies.
Developing countries are projected to increase their cereal demand
by about 80% between 1990 and 2020, while the world as a whole
will increase its cereal demand by about 55% (Pinstrup-Anderson 1996).
Hence, in the formulation of more sustainable policies and strategies
to promote food production, a thorough understanding of the impact
of climatic variations on crop growth and yield, in both qualitative and
quantitative terms, is one of the prerequisites. There is also a growing
realization that both long-range and short-range climate forecasts can
be usefully employed in operational decisions at the field level for
more efficient and cost-effective crop production. Hence the demand for
agrometeorological services is expected to grow and in developing these
services, it is important to consider carefully the user requirements.

Recent Developments - Concerns with Food Production
World population continues to grow at an unprecedented rate.
Historically, when agriculture was first developed on earth some 12,006
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years ago, the world population was about 10 million. From the beginning
of the Christian era 2000 years ago, until the industrial revolution in
the eighteenth century, it reached more than the first one billion. The
second billion took another 100 years. In the thirty year period between
1961-63 and 1990-92, population in the developing countries almost
doubled from 2.1 to 4.1 billions (Table 1), while in the developed world
population growth during this period represented about 27% increase
(from 1.0 billion to 1.3 billion). In 1995 alone, the world added an
estimated 87 million people to its population, as many people as live in
the United Kingdom, Belgium, Denmark, Norway and Sweden (Brown
et al. 1996). Projections indicate that by the middle of next century,
the world population would grow to 11 billion and level off, perhaps, at
around 11.6 billion towards the middle of the 22nd century.
The per caput food supply in the developing countries of 2, 520
calories day-', is 25% below that of the developed countries. More than
a billion people in the world earn less than a dollar a day, most of
them are in the developing countries and face chronic under nutrition
(Table 2). One out of every six persons in developing countries does
not have access to the food for a healthy and productive life. One third
of all pre-school children in developing countries - 185 million children
are malnourished and are underweight for their age (Pinstrup-Anderson
1996). Although the total number of undernourished people in the world
decreased from 917 millions in 1969-71 to 839 millions in 1990-92, in
some regions the situation is quite alarming. In sub-Saharan Africa,
the undernourished population has become more than doubled (from
103 millions to 215 millions) during this period. An unprecedented 43%
of the total population in sub- Saharan Africa is now estimated to be
undernourished.
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Table 1. World population and per caput food supply
1961-63 to 1990-92
Population
(millions)

Period

Developing
countries

1961-63
1969-71
1979-81
1990-92

2
2
3
4

Per Caput Food Supply
(Calories/day)

Developed
countries

139
612
265
107

989
1 075
1 169
1 260

World
3
3
4
5

Developing
countries

128
687
434
368

1
2
2
2

Developed World
countries

965
135
330
520

3
3
3
3

025 2 300
180 2 440
270 2 575
330 2710

Source: FAO (1996)

Table 2.Estimates of the incidence of chronic
undernutrition in developing countries
Undernourished

Region
Persons
(millions)

Percentage of
Total Population

1969-71

1979-81

1990-92

103

148

215

38

41

43

48

27

37

27

12

12

475
238
53

378
303
48

268
255
64

41
33
19

27
34
14

16
22
15

917

904

839

35

28

21

Sub-Saharan
Africa
Near East &
North Africa
East Asia
South Asia
Latin America
& Caribbean
Total

1969-71 1979-81

1990-92

Source: FAO (1996)

The world added 1.15 billion metric tons of food grains between
1950 and 1990, but with the present trends, the next four decades
will see the addition of only 369 million metric tons. Thus while the
annual increase from 1960 to 1984 was 30 million metric tons, .between
1984 and 1992, it dropped to"12 million metric tons (Jain 1996). With
39

population continuing to grow by nearly 90 million per year, the amount
of grain produced per person is decreasing. Grain harvest per person
showed a continuous decline from 1984 onwards. The 1995 harvest of
293 kg per person is 15 percent below the peak of 346 kg in 1984
(Brown et al. 1996).
The levelling off of grain yields coupled with increased food
consumption has greatly reduced the carry-over stocks of grain and
world grain stocks are dropping to an all-time low. World carryover stocks
of grain for 1996 are projected to drop to 229 million tons, down from
296 million tons in 1995 (Brown et al. 1996). This decline will reduce
stocks to only 48 days of world consumption, the lowest level on record.
Experience from 1973 (when grain stocks reached a low of 55 days of
consumption), showed that when grain carryover stocks fall below 60
days of consumption, markets can become very volatile, easily influenced
by weather.
Accelerated industrialization and urbanization is consuming large
amounts of cropland. Each year, Indonesia loses an estimated 20,000
ha of cropland in Java alone, which is enough to supply rice to 378,000
people. While the world food needs are growing, the world grain harvested
area has been dropping since 1981 when it was at a peak of 732
million ha. In 1995, the world grain harvested area totalled 666 million
ha, down from 675 million ha in 1994. In per caput terms, the grain
harvested area per person has shrunk from 0.23 ha in 1950 to 0.12
ha in 1995. Developing countries are projected to increase their cereal
demand by about 80% between 1990 and 2020 while the world as a
whole will increase its cereal demand by about 55% (Pinstrup-Anderson
1996). The projected demand for cereals, meat and roots and tubers
varies significantly among the developing-country regions. Sub-Saharan
Africa is projected to increase its demand for these three commodity
groups by at least 150%. Net cereal imports of the developing countries
are expected to increase from 90 million tons in 1990 to 190 million tons
by 2020 (Pinstrup- Anderson 1996).
A specific climatic event can have a considerable effect on
commodity prices (Maunder 1989). For example, a very hot and dry
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1980 season in the United States caused a dramatic rise in the price of
soybeans to $ 294 per ton by November 1980, while in the previous
season when conditions were normal, corresponding price in November
1979 was around $ 230 per ton . Such weather-induced prices, often
coupled with similar price increases in other key food commodities,
can play a major role in the overall price structures, both nationally
and internationally (Maunder 1989). Between 1521 and 1821 in Mexico,
88 droughts were recorded, with the worst in 1749, 1771 and 1785.
Florescano (1969) has linked variations in the price of maize in the
sixteenth and seventeenth centuries to droughts and other climatic events.

Recent Developments - User Demands
lt is now well understood that the food needs of future populations
have to be largely met from increasing the productivity per ha. Meteorology
has a very important role to play in developing effective strategies for
coping with climatic variability, as of all the environmental sciences,
meteorology has the most immediate impact on society (Ramage 1986).
We can help develop adaptive strategies as adaptation is the natural
response of human beings to the environment lt is based on our
observations of the setting in which we live, our knowledge of the
historical variations and on our projections of future occurrences. lt is
through adaptation, that man has learnt to survive the extremes that
occur within the normal climatic variation. In the highly variable climates
such as the semi-arid regions, adaptive responses mean the difference
between a dry spell with some economic losses and a deadly famine
(Ribot et al. 1996).
Weather events such as the arrival of a storm can be predicted
around 3-5 days in advance and such short-range forecasts have been
useful to issue quick advisories to the farming community. However, one of
the persistent demands from the agriculturists is to have reliable forecasts
of seasonal weather patterns as it could help them take appropriate
decisions as to which crops/cropping systems should be chosen well
ahead of the sowing rains so that undue risks could be avoided. Even after
the crop is sown, favourable weather conditions during critical stages of
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crop growth can greatly enhance crop productivity and hence availability
of reliable weather forecasts can assist the farmers in scheduling farm
operations and in adoption of appropriate tactics to reduce the impact of
unfavourable weather conditions. However, quantitative forecasts of the
amount and temporal distribution of rainfall during the growing season
are difficult to make.
Farmer demands can vary from multi-year to seasonal to
within-season forecasts. The activity for which each of these forecasts is
needed and the scale of forecasts vary, but their utility is unique. Hence
it is pertinent to discuss user demands for each of these forecasts.
Multi-year forecasts
Multi-year forecasts in agriculture are generally pertinent to
farming activities such as forestry, plantation and orchard crops, livestock
management and seed production. In addition they also carry much
relevance to programs on drought recovery and management of herds
implemented by national governments.
Climate forecasts with a 5-1 0 year outlook are needed in the
forestry, plantation crops and orchard sectors for the purpose of plantation
establishment Much of this information could help in the choice of
appropriate sites and species and in deciding the appropriate spacing
between the species. Operational de<;isions such as spacing are crucial
for forestry and orchard species as there is little flexibility for subsequent
alterations in the light of the high costs involved.
Seed production sectors require multi-year climate forecasts in
order to decide on the appropriate ranges of crops and varieties. Seed
bulking activity could also use long-range climate forecasts in order to
decide on the need for irrigated sites.
Livestock management is another activity where long- range
forecasts are often requested because they can greatly assist in making
decisions regarding herd management such as culling policy, retention
of young females in the herd and grazing development.
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Drought recovery programs also could make use of multi-year
climate forecasts as they would be useful for better management of the
subsidies provided by the national governments. The process of decision
making on the issue of appropriate seeds, distribution of hardy small
stock, implementation of appropriate water conservation measures etc.,
could be facilitated by long term climate forecasts.
Seasonal weather forecasts
Seasonal weather forecasts are considered most useful by
farmers all over the world because of the unique position they occupy
in determining cropping strategies for the season eg., choice of crops
and varieties, tillage systems, timing of field operations, investments in
the level of inputs etc.,
One of the most important applications of the seasonal forecasts
relates to planting decisions i.e., when to plant and what to plant. This
is particularly critical in the dryland regions where farmers often plant
with the first sowing rains and it is important to determine when these
sowing rains are likely to occur. While the cost of the seed is not
usually large for hardy cereal crops such as pearl millet and the farmers
can afford to resow if the first planting fails, for cash crops such as
groundnut, investments in seed and labour are often quite large and
hence sowing decisions are quite crucial. Also in most dryland regions,
intercropping or growing two or more crops on the same piece of land
is a common practice. Often a cereal crop such as sorghum or pearl
millet is sown in association with a pulse crop such as pigeonpea or
cowpea in row arrangements of one row of a pulse crop for two to
several rows of a cereal crop. Seasonal forecasts of rainfall can assist
in operational decisions concerning the densities and row arrangements
of the component crops in the intercropping system.
Seasonal forecasts are also important to plan irrigation schedules
in the case of irrigated crops and supplementary irrigations, when
necessary, for other crops.
In tropical areas where winter rains permit growing a second
crop after the summer rains e.g., northeast monsoon following southwest
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monsoon in India, estimation of the amount and distribution of winter
rains could help the decision-making of farmers in the choice of optimum
winter crops and the level of investment in inputs for these crops.
In areas where frost tends to be a problem, prediction of the first
and last dates of frost could assist the farmers in deciding on the planting
date for late planted crops, the cut off planting date for frost sensitive
crops, the date of winter cereal planting to avoid frost at anthesis and
planning spring plantings under irrigation. Equally, information on the
frequency of frost over the winter could help adopt appropriate strategies
to minimize frost damage on winter horticultural crops.
Seasonal weather forecasts are also crucial for planning harvest
operations and storage of produce.
Within season forecasts
A number of crucial operational decisions on crop management
during the growing season such as planting, intercultivation, spraying,
top dressing, irrigation etc., require information on the expected amount
of rainfall. In addition, for irrigation scheduling, estimates of potential
evapotranspiration are required.
For most crops, decisions on when to apply the first dose of
nitrogen fertilizer are also linked to the timing of rainfall as farmers often
apply the fertilizer following a weeding operation in order to maximize
the efficiency of use of fertilizer by the crop. Small rain showers of 5-10
mm facilitate these operations while heavy rains following the application
of nitrogen fertilizer can induce losses through ammonia volatilization
and hence considerable loss of investment.
While expected rainfall information is most crucial for most farming
operations, certain other decisions require information on dry weather
and wind. These include for example, operations for pasture and fodder
management involving hay making and silage and crop spraying.
For crops such as groundnut which need to be pulled out for
the harvest, small showers before the harvest can render the operation
faster and much easier. On the other hand, farmers tend to "field dry"
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the produce of most dryland crops after harvest and heavy rains at this
time could cause considerable economic losses.

Recent Developments - Technological Advances
Better tools
The enhanced computing power that is available today is making
data manipulation much easier than ever before. For example, the
United Kingdom Meteorological Office currently works on a global grid of
1,187,424 points at which weather data could be gathered at a resolution
of 100 km. Data on European weather could be gathered at a resolution
at 50 km while that of UK weather at 15 km. lt is covering, conditions
not only just above surface, but ranging upto 31 vertical levels. it is
important to review how the enhanced computing power could be better
utilized to meet the user demands in a fast and effective manner.

Advances in forecasting techniques - example of El Nino models
As our understanding of the various components of atmospheric
circulation and of the interlinkages between them continues to improve,
rapid advances in forecasting techniques are being made. We begin to
understand what causes interannual variability and the most prominent,
promising and well defined pattern of interannual variability is the global
set of clirnatic anomalies referred to as ENSO, the El Nino-Southern
Oscillation (ENSO) phenomenon. El Nino, an anomalous warming of
surface water in the equatorial Pacific, occurs at irregular intervals
in conjunction with the Southern Oscillation, a massive seesawing of
atmospheric pressure between the southeastern and the western Pacific
(Bjerknes 1966). When SOl, the Southern Oscillation Index (calculated
by subtracting the atmospheric surface pressure at Darwin, Australia,
from the pressure at Easter Island) is positive, the east-west pressure
gradient is greater than normal and the trade winds are stronger.
A negative index indicates weak trade winds. The idea that
stronger than normal trade winds are a reliable predictor of El Nino
gained further support from the work of Rasmusson and Carpenter (1982).
El Nino episodes typically start around March-April and last around
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twelve months. If the SOl is strongly negative around June-July, then
an El Nino has usually commenced and will last into the following year.
Monitoring the SOl can provide drought predictions, given our current
state of knowledge (Nicholls 1993). Three different types of models have
been developed to predict El Nino: physical- statistical models (Barnett
1984; Barnett et al. 1988), linear dynamical models (lnoue and O'Brien
1984) and coupled ocean- atmosphere models (Cane 1986). Despite
some problems, increased skill of forecasts of El Nino episodes, through
improved coupled models, should be useful for early warning systems
(Nicholls 1993).
Quinn et al. (1987) identified the 1925-26 and 1982-83 events as
the most severe of the 20th century. The 1982-83 ENSO event has been
held responsible for widespread incidents of droughts, floods and severe
storms in 5 continents, resulting in $ 8 billion in damages and the loss
of two thousand lives (Canby 1984). Peru was one of the countries most
severely impacted by this event having suffered hundreds of deaths and
an estimated$ 2 billion in damages to agriculture, fisheries, transportation,
housing and other sectors of the economy. lt is the occurrence of the
very strong 1982-83 event that motivated unprecedented amounts of
research directed towards predicting these episodes.
The best example of a nation applying recent scientific findings
about ENSO in an effort to mitigate the socio-economic impacts associated
with this natural phenomenon can be found in Peru (Lagos and Buizer
1992). Following the disastrous consequences of the 1982-83 event, a
network of communications to receive extra-regional climate - related
information was set up in Peru. In September of each year, scientists at the
Peruvian Geophysical Institute (IGP) analyze the pertinent oceanographic
and meteorological data, consult with modellers in the U.S. and elsewhere
and prepare a November forecast based on the current understanding of
the evolution of ENSOs and cold events and their impacts to climate in
the northwestern region of Peru. Once the forecast is made, on behalf
of the farming community, the Head of the non-governmental agrarian
organization and Government officials meet to arrive at a production
strategy. Decisions are made, based on the outlook for the coming rainy
season, regarding the appropriate combination of crops to be sown in
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order to maximize the yield of the area planted. This means that every
year, a forecast of the character of the upcoming rainy season has been
incorporated into national planning of Peru for the agricultural sector.
Information highway • changing the way we obtain information
Today, the world globalization issues are in the forefront of
every discussion. Although this is generally viewed as being relevant
only for global economy, current trends point out that globalization is
likely to affect all human activities in one way or other. it means moving
away from well known, traditional structures, organizational forms, and
hierarchies and entering the unknown; it means change (Bonte-Friedheim
and Sheridan 1996).
Recent developments in communications and electronic media,
in particular the ever expanding cyberspace linkages through Internet
and World Wide Web, have the potential of doing more to enhance the
international exchange of ideas, concepts, data and information at the
global level to forge alliances, both at the technical and political level, to .
quickly deal with the impact of extreme climatic variations. Information is
becoming available rapidly and at low cost through modern communication
tools such as interne!. Revolutionary changes in audio-video media
make it easy to take the information to users. Geographical Information
Systems (GIS) and other spatial modelling tools rnake it possible to
integrate biological, physical and socio-economic factors in a holistic
manner. Hence the opportunity exists, more than ever before, to obtain
and provide information to users through a variety of sources. Also it is
now possible to reach a global audience using cost- effective means that
were just not available even a few years ago. Hence it is important to
carefully assess how the information highway could be better employed
for the full benefit of the users.
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Future Challenges
Adopt a bottom-up approach
lt is generally agreed that a great deal of agrometeorological
information is available today from a wide range of sources. Despite
the rapid technological advances, in most developing countries this
information does not reach the small farmers with limited means. Even
where information is available, the rate of its application at the farm
level often tends to be very low.
The challenge to agrometeorologists and agronomists therefore
is to get back to the basics and involve the users right from the beginning
i.e., adopt a bottom-up approach. Most case studies on adoption of
technologies by farmers point out that farmers are more likely to adopt new
technologies if they have been involved right from the beginning i.e., from
the design phase to testing of technologies. Meeting user requirements
for agrometeorological services should be treated no differently. lt is
important to recognize that users are many and they have diverse needs.
If they have a say in what kind of services are designed and how they
are provided, .users are most likely to use such services and benefit
from them.

Recognize the need for a paradigm shift
For many years, agrometeorological bulletins have placed heavy
emphasis on providing meteorological data to the decision makers. With
the analytical and mapping tools available today, it is perhaps necessary
to emphasize a paradigm shift from data to information. There are three
components to this paradigm shift:
First, it is important to recognize that data collection in itself is
a futile exercise if no information is generated from the data.
Second, information generation is an important activity, but it will
be good to remember that information in itself is of no value if nobody
uses it. Hence one can re-emphasize here the need for a bottom-up
approach discussed above.
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Third, out-dated information serves no one. If information can
not be generated on time for the end user, one can ask why one should
even bother to produce it ?
Operationalize the forecasts
Despite the advances made in our ability to provide inter-annual
to seasonal forecasts, operational applications of these forecasts are
indeed quite variable. Multi-year forecasts are for the rnost part untried
and are at the experimental stage at the global/hemispherical scale.
Seasonal forecasts however, are operational in parts of USA, Australia
and a few other areas while in a number of promising areas including
southern Africa they are at the pre- operational stage. In some equatorial
and high latitude areas, they still remain untried. Within season forecasts
are operational in well researched areas including USA and Europe while
in some developed economies they are at the pre-operational stage. In
many areas including southern Africa, they are still at the experimental
level and it is fair to say that in most other developing countries they
remain untried. Hence one of the future challenges is to operationalize
the forecasts and provide them to the users in a timely and easily
understandable manner.
Promote pro-active actions
A climate forecast has economic value only if it affects governmental
action and social behaviour. Pro-active action, rather than a "wait and
see" attitude, on the part of the governments can help the local population
cope with the consequences of droughts, floods etc., Ad-hoc measures
of drought relief should be replaced by more concerted, systematic long
term action programs that provide sustained support and advise to the
local populations..
Conclusions
Exciting opportunities exist today to help the agricultural world
through agrometeorological services. A better understanding of the user
needs can help provide agrometeorological information in a timely and
useful manner. More active collaboration among agrometeorologists,
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agronomists, extension agents and non-governmental organizations is
needed and should be promoted for provision of accurate and reliable
agrometeorological information.lmprovedtwo-waycommunication between
farmers, pol.icymakers and researchers is crucial to continuously update
and improve the nature and the quality of the information provided.
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FAO'S Experience in the Provision of Agrometeorological
Information to the User Community
Rene Gommes
Environment and Natural Resources Service
FAO, Rome

Abstract
The paper presents a compilation of activities of FAO in the
broad field of agricultural climatology and agricultural meteorology.
In fact, climate per se is not part of the mandate of
the Organization, but the relevance of climate is so obvious in
crop and livestock agriculture, fisheries, forestry and socio-economic
issues associated with agriculture (warning for food security. ..) that
all sectors actually build climate considerations into their planning
and monitoring. An estimate is given of the resources allocated by
FAO to climate-related activities.
The user community is understood in a broad sense, covering
the spectrum from institutions and governments to farmers at subsistence
level; the methodologies and products used to reach the different
categories of users vary greatly.
The paper describes especially agroclimatic services provided by
FAO in the fields of monitoring and warning for food security, including
desert locust and weather, the development and standardization of tool
and methods (including software), databases, training and publications
and finally advisory services to farmers.

Introduction
Weather and climate affect agriculture and agricultural decisionmaking, directly and indirectly at the national and sub-national (provincial)
levels (planning, impact assessments ... ) as well as at the farm-level.
All "sectors", i.e. crop agriculture, livestock, forestry and fisheries are
concerned.
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In fact, in an organization of the size of FAO, it is difficult to
exactly delimit the "mandate" of Agrometeorology. The "Agrometeorology
Group", was recently aggregated with Remote Sensing and Geographic
Information Systems - GIS -, the "Rural Energy Group", to establish the
new Environment and Natural Resources Service under the Sustainable
Development Department. This constitutes a logical decision in so far as
climate encompasses some of the main renewable natural resources.
A number of other services with a marked agroclimatic component'
are provided by the Organization. For instance, irrigation scheduling is
dealt with by the Land and Water Development Division, Water Resources
Development and Management Service. Microclimate manipulation is
an essential component of many of the projects of the Plant Production
Service, in particular for vegetables. The same could be said about plant
protection and production (including forestry), aquaculture development,
etc.
The only group with an explicit mandate to cover agricultural
climatology is the Agricultural Meteorology Group. Its principal activities
include

2

3

•

agroclimatic databases, a collection of worldwide monthly time
series and normals for about 25000 stations. This is a service
provided to all the departments of FAO';

•

agrometeorological and remote-sensing based crop monitoring
and forecasting, mainly in Africa, based on ten-daily rainfall
reports from FAO country representatives, GTS data and a
number of secondary sources;

Agroclimatology is assumed to include agrometeorology.
The technical departments include the Agriculture Department (AG), the Forestry
Department (FO), the Fisheries Department (FI), the Economic and Social Department
(ES), the Sustainable Development Department (SD). The General Affairs and Information
Department (GI) could be added as they play a key role in the dissemination of all
products, in particular through the World Agriculture Information Centre (WAICENT)
and the WWW. This includes agroRclimatological products.
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•

international collaboration in the field of climate and weather,
including field projects and ad-hoc activities (e.g. El Nino impact
assessments ... )

This note starts with an estimate of the resources allocated by
FAO to activities with a marked agroclimatic services component. lt is
followed by a section illustrating some of the activities.

Resources Allocated by FAO to Agroclimatic Activities
Climate is not mentioned in the fundamental texts of FAO and
climate is thus not part of the mandate of FA0 4 .
The section below is therefore a subjective estimate based on
the knowledge of the activities of the Organization. This was originally
prepared as background material for the Inter-Agency Committee on
the Climate Agenda and applies to the 1996/97 Programme of Work
and Budget. The 1998/99 budget is under preparation, and it is obvious
by now that an increase over 1996/97 in real or relative terms is
unlikely. However, the orders of magnitude should be correct in spite
of adjustments which are being made, in particular in the structure of
the Organization.
The Climate Agenda lists several thrusts of which two are of
relevance to FAO: thrust 2 ("Climate services for sustainable development",
short "Services") is the most relevant in the current context. Thrust 3
(short: "Impacts") covers studies of climate impact assessments and
response strategies to reduce vulnerabilities. Both thrusts thus include
a "service" component.
Agrometeorological services

Based on Table 1 and the corresponding budget and staffing, it
can be estimated that FAO has just above two people (2.1) involved in
agrometeorological services. "2.1" is the sum, about 0.5 person working
on water development in the Department of Agriculture, 0.25 person on

4

This is no doubt one of the reasons why FAO and WMO have very early signed
agreements of cooperation (Gommes 1995b)
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Table 1. A conservative estimate of the climate-related activities
of FAO, arranged according to the Programme of Work of the
Organization. The column labeled PCC ("Percent Climate") provides
an estimate of the relative share of time/budget allocated to
activities with a climate component. The two last columns attempt
to further split PCC into "services" and "impacts". The columns
are meant to be multiplicative, i.e. 0.10 x 0.05, i.e. 0.005 or 0.5 %
of the budget/time of activity 2.1.1.1 (Land and water resources
assessment) is fully spent on climate.
Programme and activities

2.1

2.2

Agric. production
2.1. 1 Natural resources
2.1.1.1 Land water resources assessment
2.1.1.2 Land use and LU planning
2.1.1.3 Plant nutrition
2.1.1.4 Water dev. conservation
2.1.1.5 Soil management
2.1.2 Crops
2.1.2.2 Crop management and diversification
2.1.2.4 Crop protection
2.1.2.5 Grassland and forage
2.1.3 Livestock
2.1.3.2 Peri-urban and intensive prod. and supply
2.1.3.3 Mixed farming systems
2.1.3.4 Pastoral and extensive grazing
2.1.3.5 Transboundary animal diseases
2.1.5 Agric appl. of isotopes and biotechnology
2.1.5.1 Improvement of crops and livestock
Agric. policy and development
2.2.2 Food and Agric information
2.2.2.1 Statistics
2.2.2.5 Global information and EWS
2.2.4 Food and agric. policy
2.2.4.1 Agric towards 2010
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PCC
(Percent
Climate)

Services
Percent
of PCC

Impacts
Percent
of PCC

10
10
2
25
5

10
10
10
10
10

5
10
0
15
10

2
5
2

10
20
10

10
20
10

2
2
2
2

10
10
10
10
10
10

0
0
0
10
0
10

5

0
0

10
30

1

0

5

1

1

Programme and activities

PCC
(Percent
Climate)

Services
Percent
of PCC

Impacts
Percent
of PCC

1
1

10
10

0
10

5

10
10
10

10

1
1
1
1

10
10

10
10

50
5

20
5

25
10

2.3

Fisheries
2.3.2 Resources and aquaculture
2.3.2.1 Marine resources
2.3.2.2 Inland resources
2.4 Forestry
2.4.1 Forest resources
2.4.1.1 Assessment and management
2.4.1.2 Protection
2.4.1.3 Conservation
2.4.3 Forest policy and planning
2.4.3.1 Institutions and policy
2 .4.3.2 Statistics
2.5 Sustainable development
2.5.4 Environmental information
2.5.5 Coord. and promotion of sust. dev.

0
10

desert locust monitoring and control, also in the Department of Agriculture,
and about one person in the Sustainable Development Department
(agrometeorology and remote sensing, essentially weather monitoring
for food security). The remaining 0.35 person covers the rest of FAO.
This regards only the "core programme", i.e. the Regular
Programme (RP) covered by the ordinary budget of the Organization.
For the programmes under consideration, the extra-budgetary funds
amount to about 3 times the RP budget. We could assume that we
have 6 persons dealing with agrometeorological services in our Field
Programme, although this is probably now on the low side, particularly
since we have launched the Special Programme on Food Security
(SPFS).
Similarly, the estimated budget of agrometeorological services
is about 420000 US $ per annum (of which about 290000 for staff
and 130000 for non-staff costs) and the extra-budgetary contribution is
close to 1200 thousand US $ per annum. If we assume the same
staff/non-staff ratio, the staff component on the extra-budgetary funds
would be about 770000 US $ per annum, and the difference of 440000
US $ would be non-staff).
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Agroclimatic impacts
FAO has about 2. 7 people supporting impacts: 0. 7 person
working on water development in the Department of Agriculture, 0.3
person on desert locust monitoring and control, also in the Department
of Agriculture, 0.2 working for the Global Information and Early Warning
System (GI EWS) and about 1.2 person in the Sustainable Development
Department (agrometeorology and remote sensing, essentially weather
monitoring for food security). The difference (0.3 person) is spread over
the other Services and Divisions.
The Field Programme is estimated to have 8 persons on impacts,
with a budget of 550000 US $ per annum (of which about 380000 for
staff and i 70000 for non-staff costs) and the extra-budgetary contribution
to about 1200 thousand US $ per annum (composed of extra-budgetary
funds amounting to 800000 US $ for staff component plus 400000 US
$ covering the non-staff component).

The User Community Defined
The user community includes very different categories which
can only be outlined here.
Institutional users, in particular governments, have so far received
a lot of attention, in particular in the broad domain of Food Security:
national programmes have been set up to inform governments and food
donors of the impending food situation . The types of applications under
consideration are analyses derived from crop monitoring, warnings,
maps, agrometeorological crop production estimates, etc.
At an intermediate level, we find technical users, from scientists
working in Universities or National Agricultural Research Centres (NARCs)
to the professional agrometeorologists of the National Agrometeorological
Services (NAmS). They require tools and methods (models, statistical
packages ... ), mainly software to analyze crop and weather data and
issue warnings and advice to governments and farmers. A set of related
issues concerns the standardization of the above-mentioned software
tools.
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Finally, farmers no doubt constitute the most important target:
they feed the nations, and they often depend on farm management
decision, including agrometeorological decisions for most of their income
and their very livelihood.
Several products and services are of relevance for more than
one category of users, for instance, publications can cover the whole
spectrum from the researchers in universities to technicians in the NAmS
to officers of Agricultural Extension Services (AExS). On the other hand
many units in FAO cover the whole range of users from decision
makers to operations. They sometimes play a direct role in field work,
like for instance the desert locust control group: FAO undertakes field
assessment missions and coordinates survey and control operations as
well as assistance during locust plagues.
Recently, FAO has set up a WWW home page (www.fao.org)
which is regularly used to disseminate studies, data and information
pertaining to climate and climate impacts.
The Land and Water Development Division (AGL) is found under:
http://www .fao.org/WAICENT/Faolnfo/AgricultfAGL/Aglhomep.htm

while the Global Information and Early Warning System can be
consulted at the address below:
http://www .fao.org/WAICENT/Faolnfo/Economic/giews/english/giewse.htm

A number of documents made available by the Agrometeorology
Group can be viewed or retrieved from
http://www .fao.org/WAICENT/Faolnfo/Sustdev/Eidirect/X

where X is clirnate/Eisp0002.htm with down-loadable digital climate
maps, Elan008.htrn with an El Nino Primer, AGROMET/FORECAST.HTM
for a note on agrometeorological crop forecasting, Elan006.htm for
an analysis of the interactions between the Rwandan crisis of 1994
and weather pattern (in French), Elan005.htm for a note on planning
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strategies against the effects of drought (in French), Elan004.htm for a
note on Rainfall Variability and Drought in Sub,Saharan Africa, etc.
Altogether, on 4 November 1997, the FAO website had about
640 references to climate and weather.

Services Provided
Monitoring and warning for institutional users
Food security

FAO has established the Global Information and Early. Warning
System for Food and Agriculture (GIEWS) in 1975 in the wake of a
major world food crisis precipitated by climatic events, including the
Sahelian droughts of 1972 and 1973. A unique network was developed
for collection, assessment, analysis and dissemination of up-to-date
information, and for identification of countries and areas where food
supply problems appear imminent.
Sources of information of GIEWS, which is operated from the FAO
headquarters in Rome, include, next to country assessments and reports,
qualitative assessments of crop condition based on agrometeorological
analyses, remotely sensed data and others. Starting in 1978, FAO
has established or given support to a number of "Early Warning
Systems" (EWS), in Africa, Asia and Latin America where more detailed
assessments are carried out.
National EWS come under a variety of names'; at the national
level, they contribute to:
informing national decision makers in advance of the magnitude
of any impending food production deficit or surplus;

1
'

For instance "Food Early Warning and Information System (EWFIS)", "Crop Monitoring
and Early Warning System(CMEWS) 11 , "Crop Forecasting and Monitoring System

(CFMS)", National Early Warning Unit (NEWU)
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improving the planning of food trade, marketing and distribution;
establishing co-ordination
government agencies;

mechanisms

between

relevant

reducing the risks and suffering associated with the poverty
spiral.
Early Warning Systems now typically include three elements:
(i) an economic component dealing with food marketing, storage,
imports and exports, etc.; (ii) a component monitoring the national
food production (agrometeorology, remote sensing and agricultural
statistics), and (iii) a household food security and nutrition component
which assesses food availability at the level of final consumers, i.e.
individual households.
In Early Warning Systems, agrometeorology and remote sensing
play an important role in crop monitoring (qualitative) and forecasting
(quantitative).
Desert locusts

The FAO Emergency Centre for Locust Operations (ECLO)
provides direct inputs into the analyses of the Gl EWS.
The mandate of ECLO includes providing information on the
general locust situation to all interested countries and to give timely
warnings and forecasts to those countries in danger of invasion. All locust
affected countries transmit locust data to FAO who in turn analyzes this
information in conjunction with weather and habitat data and satellite
imagery in order to assess the current locust situation, provide forecasts
up to six weeks in advance and issue warnings on an ad-hoc basis.
FAO prepares monthly bulletins and periodic updates summarizing the
locust situation and forecasting migration and breeding on a country by
country basis. These are distributed by e-mail, tax, and post. All locust
information is archived at FAO Headquarters.
Desert locust monitoring also requires upper-air data (upto 850
hPa) as locust swarms are largely driven by wind.
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Operational tools and methods for technical users
Software

Mo5>t agrometeorological tools and methods were developed in
the ambit of the above-mentioned food security programmes, starting
with the well known "FAO water satisfaction index" by Frere and Popov
(1979, 1986) and, until recently, closely following the development of
hardware and operating systems (Gommes 1983, 1985).
Schematically, three groups of software can be listed in the
present context (Gommes 1995a), dealing with (i) agrometeorological
data storage and processing (the "Agromet group"), (ii) the analysis
remote sensing imagery (the "IDA group"; Hoefsloot 1996a and
1996b), (iii) general tools like multivariate statistical analyses (the
"ADDATI group"; Griguolo 1996), spatial interpolation of agroclimatic
data (COKRIG; Bogaert et al. 1995) etc. Most programmes can be
downloaded from the FAO FTP site FTP://FTP.FAO. ORG/SDRN.
In the early stages (roughly around 1980), methodology and
software developments remained very much a local ad-hoc and
project-driven exercise. lt soon became clear that food security has to be
dealt with regionally, not only to better take into account trans-boundary
movements of food, but also to take advantage of regional availability
of food stocks.
Regional Early Warning Systerns (REWS) were established in
Harare (latter rnid 1986, covering the SADC region") and in Djibouti
(1989, covering the IGADD countries 7 ). Since mid 1988, two "sister"
regional.

6

SADC, the Southern African Development Community presently includes the following
10 countries: Tanzania, Zambia, Malawi, Mozambique, Zimbabwe, Botswana, Lesotho,
Swaziland, Namibia and Angola.

7

The Inter-government Agency on Drought and Development is composed of Djibouti,

Eritrea, Ethiopia, Sudan, Uganda , Kenya and Somalia.
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projects have been providing remote sensing inputs, mainly in the form
of Normalised Difference Vegetation Index (NDVI) imagery and rainfall
estimates based on Cold Cloud Duration (CCD).
it is one of the main activities of the regional projects to
co-ordinate and consolidate the analyses carried out in the National
Early Warning Systems (NEWS).
This has obviously led to the gradual standardisation of some
of the methods and analytical procedures and data exchange formats,
and FAO has been playing a central role in Early Warning software
development, ensuring co-ordination and continuity under a variety of
funding sources8 . An area particularly worth mentioning is the use
of remote sensing methods and data for food security applications
(Gommes i 991 and i 993; Snijders 1992; Hielkema and Snijders i 993;
Gommes et al. 1996).
For instance, the AGRHYMET Centre in Niamey, where the
SUIVI" programme was originally developed (Hoefsloot 1993), is a
multi-donor undertaking supported by CILSS10 , WMO, UNDP, FAO and
a number of bilateral inputs. Version 1.0 of SUIVI was a French language
programme covering only the CILSS

R

9

Italy (GCP/RAF/256/ITA in Djibouti: ADDATI, CARTE, ABC .•.), Belgium (TF/INT/439002/BEL/AGRT in Rome: AGDAT and FAOCLIM, the GMS shell for the FAO
agroclimatic database), EEC (GCP/INT/534/EEC and GCP/INT/535/EEC in Rome: GIEWS
workstation- and the risk mapping project), Japan (GCP/RAF/232/JPN in Harare: the
international version of SUIVI, FIS and SMIDA), UNDP (URT/91/024 in Dar Es Salaam
for FIS), Denmark (GCP/RAF/270/DEN in Maseru for the early AGDAT data base) •.•
SUIVI is a "monitoring database" used for temporarily storing data and formatting
them for publication in agrometeoro1ogical and other bulletins.

° CILSS, the Comit Inter~Etats pour la Lutte contre la Secheresse au Sahel is composed

1

of Cape Verde, Guinea-Bissau, Senegal, Gambia, Mauritania, Burkina Faso, Mali, Niger

and Chad.
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countries where the cropping season coincides with the northern
hemisphere summer. Subsequently, it was further developed in one of
the FAO remote sensing projects in Harare to include countries where
the cropping season spans over a 4 to 7 months period of two calendar
years during the southern hemisphere summer. SUIVI also evolved
into a multi-language package (English and Portuguese in addition to
French). The structure of the programme is now such that any language
can be added easily.
IDA, a DOS based public domain software developed jointly
between FAO and USAID's Famine Early Warning System (FEWS) for
displaying, processing and analysing satellite images, followed a similar
history. lt was developed with funds frorn different sources, narnely
USAID (Famine Early Warning System), FAO (Dutch funded ARTEMIS
programme) and USGS/EROS Data Centre 11
WinDisp3 is the Windows-based successor to IDA, and was
developed with funding for the European Union as part of the FAO Global
Information and Early Warning System "GIEWS Workstation Project".
Recently the SADC Food Security Technical Unit, FAO ARTEMIS, USAID
FEWS, the USGS EROS Data Center and the US Forest Service have
contributed funds to add additional analytical features to WinDisp3.
Databases

Several databases have been developed by FAO, many of which
are relevant for agrometeorological operations, for instance soil maps leading to soil water holding capacity -, agricultural statistics - relevant
for the calibration of agrometeorological crop forecasting methods - etc.
A database specifically designed for crop monitoring purposes is the
IGAD Crop Production System Zones by van Velthuizen et al. (1995).

11

"This joint funding is an example of how donor agencies that share common goals
can work together to achieve those goals more efficiently than would otherwise be
possible" (quoted from the IDA manual).
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This section focuses on ECOCROP, two very useful programmes
for crop diversification and modeling developed jointly by the Land
and Water Development Division and by the Plant Production and
Protection Division in the Agriculture Department (Sims et al. 1994). Crop
diversification has the potential to promote under-exploited horticultural
species, opening up new market opportunities and broadening the food
base.
The information in ECOCROP 1 permits the identification of
1710 plant species whose most important climate and soil requirements
match the information on soil and climate entered by the user. lt
also finds plant species for defined uses. lt can be used as a library
of crop environmental requirements and it can provide plant species
attribute files on crop environmental requirements to be compared with
soil and climate maps in Agro-Ecological Zoning (AEZ) databases or
Geographical Information System (GIS) map-based display.
Why is it useful for crop diversification? ECOCROP 1 matches
the eco- physiological requirements of crop or tree species requirements
with specific environmental conditions. Based on information about local
climate and soil conditions, such as temperature, rainfall, light, soil
texture, depth, pH, salinity and fertility, ECOCROP 1 identifies the
plant species with key climate and soil requirements that match the
requirements. ECOCROP 1 can also identify crop or tree species for a
defined use, or be a library of crop environmental requirements.
The database in ECOCROP 2 is designed as a library of studies
on crop responses in relation to environmental and management factors.
The programme is created to provide information for crop modeling
and at the same time as a tool for scientists to organize and retrieve
their own specific information on plant species of interest to them.
At present the database holds information on a number of varieties
for 20 crops of world-wide importance. Each crop file contains on an
average 200-220 separate crop environmental response studies or data
sets extracted from 40-50 sources. After selecting certain environmental
or management factors and crop responses, such as yield, biomass
production or photosynthesis rate of interest, the information contained
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in the database can be illustrated on the screen in the form of response
curves or it can be written out in statistical form.
Standardization of methods, tools and data
International organisations like FAO and WMO have a clear role
to play in the standardization of methods and tools. For instance, FAO
hosted a very successful meeting on the harmonisation of the estimation of
crop water requirements, leading to recommended methods of calculation
for potential evapotranspiration (Smith 1991 ). On crop forecasting in
general, FAO and EU jointly organised an expert consultation on crop
forecasting methods (FAO/EU 1997).
At a more technical level, the Agrometeorology Group has
been advocating the idea that agroclimatic software compatibility can
be improved through the standardization of data files. This is largely
also the approach of CLICOM.
Below are some of the features that describe "standard data
files":
(i) they are self descriptive (name, contents, structure, format),
(ii) they are not user-specific,
(iii) they are not programme or application specific,
(iv) they are not location specific (cropping seasons) and they are
language tolerant and, finally
(v) they are not proprietary.
it is also suggested that software should adopt a modular
approach, i.e. it should ideally be regarded as the succession of
interlocking building blocks. Needless to say, this must be kept in
mind at the development stage. The advantages of modular software
include (i) reduced development overhead, (ii) reduced training
overhead, (iii) ease of maintenance (even by different people!), (iv)
ease of upgrading and (v) robust and sustainable systems.
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Standard data files and modular application software, together
with the complete separation of data management and data analysis
are proposed as the three keys to solving most of the problems listed
above.

The views above largely result from an expert consultation
organised by FAO in Rome in 1993 (FAO 1995; Gommes 1996).
Training and publications
The Organization plays a very active role in training. For instance,
a number of training seminars have been organized by FAO to familiarize
staff in National Agrometeorological Services with the use of remote
sensing for crop (vegetation) and rainfall monitoring. Several roving
seminars have been organized jointly with WMO on irrigation planning
and management.
Training manuals, or manuals which can be used for training,
are also published on a regular basis by several Departments. For
instance, the Water Resources, Development and Management Service
has a series on irrigation water management training manuals. This
series is prepared by FAO in cooperation with ILRI, Wageningen. The
manuals are intended for use by field assistants in Agricultural Extension
Services (AExS) and irrigation technicians at the village and district
level who want to increase their ability to deal with farm-level irrigation
issues. They contain material that is intended to provide support for
irrigation training courses and to facilitate their conduct.
Some titles are listed below as examples:
•

Introduction to irrigation, 1985 (A E F S)

•

Elements of topographic surveying, 1985 (E F S)

•

Irrigation water needs, 1986 (A E F S)

•

Irrigation scheduling, 1989 (E F S)

•

Irrigation methods, 1988 (E F S)

67

•

Scheme irrigation water needs and supply, 1992 (A E F S)

•

Canals, 1992 (E F S)

•

Structures for water control and distribution, 1993 (E F S)

•

Drainage of irrigated lands, 1996 (E)

Whenever possible, such publications are available in several
languages and constitute a long-term commitment and effort.
Similar series are available for agrometeorology, plant production
and protection, desert locust. ..

Advice to farmers
While FAO has a long and good record in agricultural extension
at all levels, agrometeorological advisory services to farmers have so far
received little attention. lt is well recognized that this is an important and
potentially very useful field (Gommes 1992) and the Agrometeorology
Group is currently trying to develop some activities in this area.
Microclimate manipulation

In addition to well established traditional methods brought into
focus by Stigter (1988a and 1988b) and his colleagues (Karing et
al. 1992), microclimate manipulation benefits from innovative modern
technologies which are now inexpensive enough to be used in several
developing countries.
The Horticulture Group of FAO (Plant Production and Protection
Division) plays an active role in promoting "non-woven" row covers, a
very thin permeable fabric that is used as a crop cover: it can raise the
temperature of the soil and the air during the day, diminish heat loss
during the night and raise minimum temperature. Its permeability to air,
water and light insures a uniform heat and water transfer in order to
create a balanced microclimate under the cover.
Table 2 illustrates some of the benefits of using non-woven row
covers. lt is taken from the WWW homepage of one of the manufacturer
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of non-woven row covers and clearly shows the agrometeorological
approach.

Table 2.Some effects and advantages of
non-woven row covers on vegetable crops
Favour....

Protect against...

An early germination
A good quality of vegetables
A better plant growth
An earlier harvest
A better yield

Cold and frost
Rain abundance
Hail and violent wind
Storms
Insects

Advisory services to farmers

Many services described above are directed at the technically
more advanced users. However, another way to contribute towards greater
food security is by helping farmers to develop less weather-dependent
practices. This can be achieved by more efficient agrometeorological
advisory services to farmers to stabilise their yields through better
management of agroclimatic resources as well as other inputs (fertilisers,
pesticides). The section below is based on a project document which
was recently prepared for the main rice-growing areas of Vietnam.
Agrometeorological advisory services to farmers can be improved
only through better co-ordination between the Agricultural Extension
Services (AExS), the National Agrometeorological Services (NAmS)
and the media. In particular, "response farming" has to be "evolved"
(experimented) first under local pilot conditions with improved data
collected by NAmS and AExS before it can be applied on a wider scale.
The general approach includes several steps: the preparation
of the methodology (development of the decision tools) by NAmS and
AExS, the experimentation of the management scheme by several pilot
areas (farmers, communes), the critical evaluation of the impact of
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the advice on farm output in terms of quantities and regularity, and
eventually the adoption of the method in a larger area. Public information
and the involvement of the media constitutes an essential component
of the methodology at all stages.
The decision tools are tables/flow-charts or software that assist
farm-level management decision-making based on three types of inputs:
•

the knowledge of local environmental/agricultural conditions
(reference data 12 );

•

the measurement of local "decision parameters" by local extension
officer or farmer;

•

economic considerations.
In practice, the following steps (objectives) are proposed:
Identification of main focns for agrometeorological advisory services
and <espouse farming

12

•

Work out the technical and operational details of the pilot work
to be conducted in several geographical areas and several
thematic fields, for instance pest and disease risk for some of
the main crops, flood and typhoon warnings, cold weather risk,
irrigation water salinity ...

•

Through contacts with the responsible government offices (mainly
AExS) assess the interest/willingness of farmers to be involved
on a pilot basis, and select several (5?) "pilot" farmers in some
pilot areas (municipalities, communes; 12 ?)

A simple example of this could be, for instance, a threshold of air moisture or

sunshine duration to decide on pest risk, or a threshold of salt content of water to
decide on irrigation-salinity risk. Nonnally, other parameters (economic) also play an
important part.
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•

Provide each pilot area with the minimum required equipment 1 ",
and brief farmers and train observers on their use as part of a
more comprehensive training package.

•

Work out operational detail of the collection of the local parameters,
as well as their regular and timely transmission to the NAmS
and AExS to help develop/evaluate the experimental "decision
tools".
Tested decision tools

13

•

Find out the most suitable institutional arrangement for the
development of the Decision Tools. This includes the level
of involvement of central (AExS, NAmS) and regional offices,
agronomic research, etc. Briefing and training sessions will be
necessary at the regional offices (sub-offices). A more sustainable
system can be developed if the provincial/regional offices are
fully involved.

•

Carry-out the statistical, agronomic and economic analysis of
the response of the local crop production system as a function
of the local Decision Parameters. This takes into consideration
"reference" data, i.e. knowledge about statistical behaviour of
variables like rainfall and water salinity, soil types, likely yield with
and without the management decision. Additional parameters
can be estimated by the sub-offices or the NAmS , for instance
estimates of local (pilot area) radiation based on the interpolation
carried out at the sub-office using ground and satellite data.

This will include maximum and minimum temperatures, air moisture, rainfall, wind
speed and direction (all stations) and water salinity (MD only).
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•

Transmit the experimental advice to farmers through the agreed
channels, and monitor implementation. Make provision to be
able to compare output "with" and "without" advice. lt is
also necessary that the farmers participating in the exercise
should be, if necessary, compensated for losses due to the
advice. The quantitative evaluation of the economic gain of the
agrometeorological advice will be given due consideration.

•

Phenology forecasts (which should be routinely produced by
NAmS), yield forecasts, regular weather forecasts and price
information should be made available and their use monitored,
in order to assess their potential for the farmers' population at
large at a later stage of the project.

•

Ensure regular contacts with the local and national media (written,
radio and television) and ensure that farmers are made aware
of the rationale, methods etc. behind the agrometeorological
advisory services outside the pilot areas as well.
Agrometeorological advisory services are expanded beyond the pilot
area

•

AExS and NAmS jointly critically evaluate the outcome of the
pilot phase, and make final decision on the methodology and
the feasibility and relevance of expanding the approach to a
wider area (several provinces).

•

Based on the analyses above, prepare detai Is of plans to
expand the method, i.e. decide which geographic areas to
cover, print the documentation about the methodology, prepare
the new decision tools (inclusive of programmable calculator
programmes), prepare training and briefing material and train
provincial officers in the relevant ministries, work out the most
appropriate channels to develop the new decision tools and
channel the advice, etc.
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A comprehensive plan to improve agrometeorological advisory services
nation-wide

•

Based on the experience gained during the pilot phase, prepare
an economic evaluation of agrometeorological advice to farmers
in the whole country, including different agro-economic and
agro-climatic zones. Evaluate the potential to apply the experience
acquired so far in other fields, for instance grain drying, crop
insurance, planting dates ...

•

Critically assess the shortcomings and successes of the activity
carried-out so far, in particular as regards institutional working
arrangements and bottle-necks, the potential role of other partners
beyond AExS and NAmS, but also the role of agricultural research,
University, etc. Identify areas where additional information/studies
will be required to improve the efficiency of agrometeorological
advice to farmers.

•

Institutionalise the working arrangements developed during the
pilot and subsequent phase, and prepare long-term plan to
cover more areas and more crops, in particular cash crops ...

Conclusions
FAO and other international organizations play a rather "central"
part due to their formal links and regular contacts with a number of
inter-regional and national institutions. lt is thus their role to favour
collaboration across borders, institutions and also, to some extent,
across technical subjects.
The central position leads to recognizing the large diversity of
agrometeorological problems, institutional arrangements, methods, etc.
International organizations ensure that links are established between
technically interested people, and ensure continuity over time. FAO
has contributed towards the development of some "solutions" (methods,
tools, software ... ) that are of wide applicability.
This is best achieved also through the collaboration of related
organizations, starting with WMO (including the Commission for Agricultural
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Meteorology, CAgM) and the institutes under the Consultative Group on
International Agricultural Research (CGIAR), in particular IRRI, ICRISAT,
ICARDA and CIAT which all have a marked interest for agroclirnatology.
This paper lists only some examples of the services which can
be provided to the rather large community of users of agrometeorological
services. The need for such services continues expanding, as a result
of increased demand -resulting from development-, but also because
new methods keep evolving, for instance in the field of remote sensing
applications.
The challenge will be to continue serving the users under
conditions of shrinking resources, and this can be achieved only through
improved collaboration.

References
Bogaert, P., P. Mahau and F. Seekers. 1995. The spatial interpolation of
agro-climatic data, co-kriging software and source code, User's
manual. FAO Agrometeorology Working Paper Series N. 12,
FAO, Rome. 59 pp., in print.
FAO, 1995. Standardization and Harmonization of databases and
software for agro-climatic applications. Proceedings of an expert
meeting held in FAO, Rome, 28 Nov. - 3 Dec. 1993. FAO
Agrometeorology series working paper N. 13, 313 pages.
FAO/EU, 1997. Crop Yield Forecasting methods. Proceedings of
the seminar, Villefranche-sur-mer, 24-27 Oct. 1994:35-39.
Luxembourg, Office for official publications of the European
Communities, 438 pp.
Frere, M. and G.F. Popov. 1979. Agrometeorological crop monitoring
and forecasting. FAO Plant Production and Protection paper No.
17, FAO, Rome. iii + 64 pp.

74

Frere, M. and G.F. Popov. 1986. Early Agrometeorological crop yield
forecasting. FAO Plant Production and Protection paper No. 73,
FAO, Rome, 150 pp.
Gommes, R., 1983. Pocket computers in agrometeorology. FAO Plant
production and protection paper No. 45, FAO, Rome, 140 pp.
Gommes, R., 1985. The potential of inexpensive portable computers in
agrometeorology. WMO Bulletin, 34(1 ):17-22.
Gommes, R., 1991. The FAO approach to crop monitoring and
forecasting. Pages 187-197 in Proceedings of the Conference
on the Applications of remote sensing to agricultural statistics,
Belgirate, Italy, 26-27 Nov. 1991, EEC. 142!)2 EN, EEC/JRC,
lspra, Italy.
Gommes, R., 1992. Applications agrometeorologiques pour le petit
exploitant agricole. Pages 29-37 in Proceedings of a
workshop on La radio rurale et la diffusion des informations
agrometeorologiques, Bamako, Mali, 18-22 May 1992. WMO and
CTA, Geneva. (Agrometeorological applications for small-scale
farmers)
Gommes, R. 1993. The integration of remote sensing and agrometeorology
in FAO. Adv. Remote Sensing, 2(2):133-140.
Gommes, R., 1995a. A note on FAO Early Warning Software. Pages
111-126. in FAO, 1995.
Gommes, R., 1995b. Collaboration between FAO and WMO. WMO
Bulletin, 44 (3) : 224-229.
Gommes, R., 1996. Crops, weather and satellites: interfacing in the
jungle. Pages 89-96 of EUR 16924 EN, EU Directorate-General
Science, Research and Development, Luxembourg : Office for
Official Publications of the European Communities Proceedings
of COST 77 workshop on The Use of Remote Sensing
Techniques in Agricultural Meteorology Practice. Budapest,
19-20 Sept. 1995.
75

Gommes, R., F.L. Snijders and J.Q. Rijks, 1996. The FAO crop
forecasting philosophy in national food security warning systems.
In press (EU-JRC official publications of the EU paper series).
Griguolo, S. 1996. ADDAPIX, Pixel by pixel classification for zoning and
monitoring. FAO, Rome, SDRN (GCP/INT/578/NET). 66 pp. and
2 diskettes. Manual by S. Griguolo; programme by S. Griguolo
and M. Mazzanti
Hielkema, J.U. and F. Snijders. 1993. Operational use of environmental
satellite remote sensing and satellite communications technology
for global food security and locust control by FAO, the ARTEMIS
and DIANA systems. FAO Remote Sensing Centre, AGR, 21 pp.
Hoefsloot, P. 1993. SUIVI Ver. 4.11. Programme for input and analysis of
agrometeorological data. FAO Agrometeorology Working Paper
Series N. 4, FAO, Rome. 129 pp.
Hoefsloot, P. 1996a. IGT manual for version 1.1 0. SADC Regional
Remote Sensing Project Working Papers N. 5. Harare, 54 pp.
Hoefsloot. 1996b. lOA for DOS v. 4.2. User Manual. FAO, Rome, SDRN
(GCP/INT /578/NET). 110 pp. and 1 diskette.
Karing, P.H., C.J. Stigter, W. Chen and G.C. Wilken, 1992. Application
of microclirnate management and manipulation techniques in
low external input agriculture. CAgM report no. 43 WMO/TD-no.
499, WMO, Geneva., ii + 192 pp.
Sims, D., P. Diemer and U. Woods-Sichra, 1994. ECOCROP, the
adaptability level of the FAO crop environmental requirements
database. AGLS, FAO, Rome (two diskettes).
Smith, M. 1991 (ed). Revision of FAO Methodologies for Crop Water
Requirements, Report on the Expert consultation held at Rome,
28-31 May 1990 .. Land and Water Development Division, FAO,
Rome, 54 pp.

76

Snijders, F.L., 1992. The FAO-ARTEMIS Programme for operational
production and calibration of satellite based rainfall estimates
over Africa. Paper presented at the International Workshop on
"Rainfall estimation by satellites", Niamey, Niger, 7-9 April 1992.
14 pp.
Stigter, C.J., 1988a. Microclimate management and manipulation in
traditional farrning. CAgM report no. 25, WMO, Geneva, i + 79
pp.
Stigter, C.J., 1988b. Aspects of traditional techniques of microclirnate
management and manipulation or A micrometeorological basis
for understanding such techniques. A selectively annotated
bibliography (1960-1985). Based on Appendix VI c of Stigter,
1988a, WMO, Geneva, 56 pp.
van Velthuizen, H., L. Verelst and P. Santacroce. 1995. Crop production
System Zones of the IGADD sub-region. FAO Agrometeorology
Working Papers Series No. 10, FAO, Rome. 89 pp., one AO-sized
map and one diskette.

77

Climate Information to the User Community for Making
Sound Weather - Related Decisions
Australian Experience
John Cramb
Bureau of Meteorology
PO Box 1370, West Perth,
WA 6872, Australia

Abstract
In the past decade Australia has seen a marked increase in the
general awareness of climate, in demand for climate information and in
the range of other services available. Widely publicised links between
recent severe drought episodes and El Nino have contributed to this
increase. Government policy has endorsed the need to 'manage for climate
variability', both for short-term economic and for longer- term environmental
reasons. Many research, development and extension projects have been
directed towards assisting farmers to do this more effectively. These
projects have frequently involved partnerships among the many separate
agencies with relevant responsibilities and expertise.
The redevelopment of the national climate data archive has greatly
facilitated the flow of data and its rapid entry into a wide range of analysis
and modelling applications. PC-based decision support packages have
proved useful tools in assisting farmers manage climate risk. Special
sites on the Internet are revolutionising opportunities for access to climate
information.
Seasonal climate predictions are important elements of 'managing
for climate variability'. Increasing their usefulness is a subject of ongoing
collaborative effort.
The availability of so much extra, more complex, climate
information is accompanied by the demand for much greater user
education. This is being addressed on many fronts, again involving
partnerships among stakeholders. The need for strong communication
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links between service providers and on-farm decision-makers is seen
as particularly important.

Introduction and Background
In the words of a poem learnt by generations of Australian
school children, Australia is a land 'of droughts and flooding rains'. The
highly variable nature of the nation's · clirnate, and its irnpact on
the success or failure of farrning and grazing activities, have long been
respected. The need to understand our climate, and the importance of
climate data, was widely recognised during the last century and we
have inherited an invaluable climate record from those years as a result.
Meteorologists of the period, seeking an understanding of the climate
processes, began to investigate the patterns of rainfall coherence. Sir
Charles Todd, for example, working in South Australia in i 888, noted
a tendency for coincidence in the failure of the Indian and Australian
monsoons.
Understandably, agriculture has always remained a rnajor focus
of Australian climate services. Over the past decade, however, we have
seen an unprecedented increase in the level of interest in climate, in
demand for climate information and in the range of services available.
This upsurge has no doubt been largely in response to the advances
in climate science and technology worldwide. In Australia it has been
heightened by extended periods of severe drought and the publicity
given to links with the El Nine-Southern Oscillation (ENSO) phenomenon.
Total losses resulting from the i 994-95 drought in eastern Australia
have been estimated at more than $ 2 billion. El Nino is now a common
topic of discussion among farmers and in some parts of Australia the
latest value of the Southern Oscillation Index is routinely presented after
certain radio and television news bulletins. Degradation of land and water
resources has also been a growing problem in scattered areas across
rural Australia. There has been a increasing realisation, encouraged by
government policy, that it is possible and indeed necessary to 'manage
for climate variability'.
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Australian Climate Service Providers
The responsibilities of Australia's national meteorological service,
the Commonwealth Bureau of Meteorology, include the maintenance of
meteorological observing networks and the national meteorological data
bank. The Bureau provides climate data and advice to the community,
delivers climate monitoring and prediction services and promotes the
use of climate information by the community. A Drought Watch service,
based on rainfall percentiles, has been a part of the climate monitoring
service for many decades. The Bureau also has an important climate
research role to play. Many of the services directed to agriculture are
performed in collaboration with other organisations having agricultural
responsibilities and expertise.
Prominent among these organisations are the Federal, State
and Territory Departments of Agriculture (variously named), which are
themselves delivering an increasing amount of enhanced climate information
to users. So also are a number of other research bodies, particularly
Australia's largest scientific research agency the Commonwealth Scientific
and Industrial Research Organisation (CSIRO), alongwith universities and
other tertiary institutions. Commercial providers also play an important
role in supplying specialised monitoring, prediction and advisory services
to the agricultural community.
Over recent years, Federal and State Governments have greatly
encouraged climate research, development and extension activities
relating to agriculture. Initiatives such as the National Drought Policy,
based on the principle that farmers should be responsible for the
management of climatic risks, and the National Landcare Program,
designed to ensure the maintenance of the natural resource base, have
supported a range of climate related initiatives. These have included
the National Climate Variability Program (NCVP) and a series of climate
variability workshops designed for property managers and other rural
decision makers.
Research funded through the NCVP, carried out at many scientific
institutions, aims to improve management response to climate variability
by increasing the skill and value of seasonal climate forecasts in
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agriculture, broadening the use of these forecasts in agricultural and
water resource management, improving drought monitoring and farm
production at the regional and national levels, and developing decision
support approaches in farm management. Many of the initiatives and
applications described in this paper stem from projects funded through
the NCVP.
Coordination of agrometeorological activities in Australia is
provided by the National Committee on Agrometeorology (NCA), a
body including representatives of the Bureau, government agriculture
departments, universities and the National Farmers' Federation. The
NCA's role includes the development of strategies for climate data
acquisition and use in agricultural applications, and promotion of the
development of agrometeorological services. Among its most important
initiatives has been the development of a National Benchmark Network
for Agrometeorology (NBNA). In consultation with primary industry
organisations and researchers, the NCA chose 180 stations across
Australia as a minimum network to meet certain agricultural research,
monitoring and management objectives. The Bureau has commenced
implementation of the NBNA.

Climate Data and Some Applications
Until very recent years the usefulness of Australia's climate
archive was severely limited by the structure and poor accessibility
of the database. With the 1994 implementation and the subsequent
development of the Australian Data Archive for Meteorology (ADAM),
most climate parameters are now held on direct access disc storage
and managed by an industry standard relational database management
system. ADAM allows much easier extraction and analysis of climate
data and the rapid provision of a much wider range of climate information
products. lt is a current objective to have the data directly accessible
by users over the Internet so that the full potential of the ADAM
development can be realised in the community. Progress has been
made, but before this capability can be widely adopted it will be
necessary to satisfactorily address a number of issues including security
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of the database, scalable systems, and recovering the additional costs
of establishing and maintaining the access infrastructure.
Agricultural researchers are among the major users to take
advantage of the new capabilities. Large sets of data are provided
as input to Geographic Information Systems (GIS) that enable the
distribution of climate and related factors to be used in the assessment
and management of rural activities. Large climate datasets are also used
as input to a wide range of other models involving agricultural systems.
The Australian Bureau of Agricultural and Resource Economics,
for example, uses models in its calculation of crop yield estimates.
Climate data are also being used in models developed to combat
diseases, pests and weeds.
A real-time Australia-wide drought alert system is being developed by
the Queensland Department of Natural Resources (QDNR) in collaboration
with CSIRO and other states' agricultural agencies. Climate information
is an integral component of the pasture and crop growth models that
form the basis of that system.
The Sustainable Land Use Information System (SLUIS), a
collaborative development at the Bureau of Resource Sciences, models
meteorological and biological processes to examine the effects of climate
variability on the Australian land surface and the activities that the land
supports.
Many other models have been developed as decision support
systems to aid in climate risk management in various primary industry
sectors. As just one example, CSI RO in collaboration with other groups
has developed the GRAZPLAN series of tools, in widespread use in
the grazing industries of southern Australia.
A very popular software package assisting primary producers
to manage climate variability is Australian Rainman, developed by the
Queensland Department of Primary Industries (QDPI) with assistance
from the Bureau of Meteorology and Agriculture Western Australia.
Rainman allows users to explore climate variability and estimate current
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rainfall probabilities for their own location. The package includes long-term
climate data and analyses for daily, monthly and seasonal rainfall,
drought, temperature, humidity and evaporation for thousands of locations
around Australia. Rainfall probabilities are calculated and segregated on
the basis of averages or trends in the Southern Oscillation Index or
Indian Ocean sea surface temperatures over designated periods.
CSIRO's Met. Access is another software package that has
greatly facilitated the use of climate data for decision making by primary
producers. lt can perform a range of analyses using weather records
for eighteen elements. Data stored on CD-ROM from any station in the
Australian climate data archive can be accessed.
The Internet is revolutionising access to historical and real-time
information, potentially bringing within reach of up-to-date climate data
to assist in property rnanagernent strategies even for remote rural users.
The Long Paddock (http://www.dnr.qld.gov.au/longpdk!), an award
winning website developed by QDNR and QDPI, provides a regularly
updated interactive searching facility of more than 14,000 maps, including
Australia-wide rainfall patterns, seasonal rainfall outlooks, vegetation
greenness analyses, and Queensland Drought Declaration areas.
A new site, SILO (http://www.bom.gov.au/silo/), has been designed
by a number of organisations in partnership 'to provide a rich source of
national meteorological and agricultural data and to develop a coordinated
information service that will facilitate further adoption of climatic risk
management techniques by landholders and agribusiness'. Data frorn the
most recent period are available in forrnats including gridded rainfall data
sets, high resolution rainfall rnaps, and national rainfall and temperature
data files that can be customised to the client's area of interest. Archives
of meteorological data are available through the site by subscription.
Data can be easily transported from SILO into spreadsheets or into GIS
systems or crop models. A much greater range of climate information
will become available from SILO over the next two years.
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Seasonal Climate Prediction
Information about past climate variability is in itself important in
the management of climate risk but its value can be greatly enhanced
if there is a seasonal climate prediction capability.
Efforts at climate prediction in Australia go back many decades
but it is only since 1989 that the Bureau's National Climate Centre
(NCC) has been issuing its formal Seasonal Climate Outlooks. These are
released near the beginning of each month for rainfall over the coming
three-month period. They are available through the media, through the
lnternet(http://www.bom.gov.au /climate/ahead/) and through a poll lax
service. More detail is provided in a monthly printed publication available
by subscription.
The outlooks are prepared following a monthly meeting of
scientists, usually including a representative of a state agricultural
agency. The methodology employed continues to evolve but remains
primarily based on refined statistical techniques. The skill relies largely
on the influence of ENSO and varies considerably across Australia. The
outlooks indicate those areas where there is a significantly increased
probability of rainfall in either the upper or the lower tercile range.
Surveyed rural users have indicated, in many cases, that a shift of ten
per cent or more in either of these probabilities might be sufficient to
alter their decision strategies.
Changes in content and presentation of the outlooks have resulted
from user feedback. lt has proved an elusive goal, however, to present
the probability information for the entire country in a map or graphical
form that satisfies all user requirements. Furthermore, surveys have
shown that about one user in three lacks the necessary understanding of
basic quantiles and probabilities to interpret such probabilistic forecasts.
Collaborative studies in several parts of Australia have identified
particular additional seasonal forecasting requirements for agricultural
activities in those areas. Subsequent research and development work
has been directed at satisfying some of these requirements. A number
of Regional Offices of the Bureau have tested outlooks for certain
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predictands and periods. More tailored climate predictions are being
issued by commercial meteorological providers and have also been well
received by sections of the agricultural community.
Other development projects involve the use of climate outlooks
as input to models of agricultural systems. QDNR, for example, is
developing a risk alert system for land and pasture degradation using
seasonal rainfall forecasts along with real-time seasonal data.

Education and Extension
it is recognised that for the agricultural sector to derive maximum
value from the available climate information there must be an ongoing
user education programme. The Bureau of Meteorology and government
agricultural agencies, frequently in collaboration, widely promote climate
data applications at agricultural shows and field days, at meetings and
conferences, through rural organisations and through the media, and in
one-on-one discussions with users in the normal course of their work.
In some cases they also conduct climate workshops, generally
aimed to equip farm managers with the skills and information required
to manage climate risk. Other people whose activities are affected by
climate variability in rural areas also participate. The workshops typically
last one day and involve some instructions in elementary meteorology
and on the major climate influences on the area. They introduce
probability concepts, include training in the interpretation of seasonal
climate outlooks, and in particular they demonstrate appropriate farm
management responses to these outlooks. Software packages such as
Australian Rainman and MetAccess are often used as training tools. The
newly developed SILO is also expected to be widely used in education
and extension activities.
Almost all of the above activities involve a two-way flow of
information, which is important for the ongoing development of the most
useful range of services.
Educational institutions are also heavily involved in raising the
level of climate understanding among agricultural decision-makers. In
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New South Wales (NSW), for example, some of the education and
extension activities are facilitated by a consultative committee involving
certain tertiary institutions, Federal and State agricultural departments,
the Bureau and the NSW Farmers Association.
The Queensland Centre for Climate Applications was established
in 1997 with a major aim of improving both on-farm and off-farm methods
for managing the impacts of climate variability and change.
Elsewhere, a lax-back service has been tested by wheat farmers
in areas of Western Australia and South Australia. The farmers provide
their rainfall recordings as input to a crop/soil simulation model and in
return receive updated crop yield forecasts and other decision support
material generated by the rnodel.
Educational pamphlets and other literature promoting services are
widely distributed. A popular video package, developed collaboratively,
has been the video and work manual Farming a Sunburnt Country. This
kit was designed to build an awareness of the value of using historical
weather records, decision support systems and climate prediction tools
in making on-farm decisions such as those regarding crop planting and
stock levels.

Conclusions
The major lessons we have learnt in Australia have been:
•

the importance of a well-designed relational database structure
for the national climate archive, with on-line accessibility;

•

the importance of strong partnerships between the national
meteorological service and the various components of the industry
sector;

•

the particular need for a collaborative and multi-disciplinary
approach to research and development; and

•

the particular need for strong communication channels between
service providers and on-farm decision-makers.
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The Role of Meteorological Services in Meeting
New Challenges to Sustain India's Agriculture
S.M. Virmani
International Crops Research Institute
for the Semi-Arid Tropics (ICRISAT)
Patancheru 502 324, Andhra Pradesh, India

Abstract
With a grain production that exceeded 195 million tonnes during
1996-97, Indian agriculture enjoys the status of being one of the ten
largest food producers in the world, but India's planners of agriculture are
far from optimistic about its future growth and sustainable development.
One nagging question that worries the farmer, the man in the street,
and the government alike is the impact of weather on food production.
Vagaries of the climate are perceived as a threat to food security of the
country. In order to narrow the impacts of the uncertainties of weather
and for taking advance preventive measures to contain weather-triggered
crop production risks, we need to invest continuously in meteorological
research and development as it is vital to sustainability of agriculture.
Prompt and well planned actions and land use policies based on detailed
climate information should lead to productive and sustainable agriculture.
it is imperative that we make a start by linking weather indicators to crop
production.

Weather and Development
The dependence of mankind on the weather is so deeply ingrained
that ancient histories of almost every race and civilization include tales
of floods that have destroyed large parts of the Earth, and of droughts
that led to famine and the decimation of the populations. But, there
are also stories of astute societies who stockpiled sufficient food during
years of plenty to ensure adequate supplies in years of drought and
food shortages that almost certainly followed. The name of the game
therefore is to harvest the 'good' years to the maximum so as to cushion
the impact of losses in the 'bad' years. Indebtedness to those who had
food, in some instances led to the domination of those who had none.
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Our interest in the weather is near universal, and perhaps
a primitive feature in the makeup of mankind reflecting the intimate
relationship between weather and all living things. The patterns of weather
occurring in any region or country are connected to those elsewhere
over areas of the size of the continents. Nowhere is the concept of
'oneness' of environmental natural resources better demonstrated than
in the behavior of the atmosphere, and in the progression of our daily
weather and the resulting patterns of climate. The ravaging impacts of
El Nino may be cited as an example.
India Meteorological Deparfrnent (IMD) is the apex weather
gathering organization of the country. Together with its weather offices
spread across the country, and in selected institutions of learning it
observes, monitors, understands, and predicts the weather. Seasonal
forecasts are issued by IMD while 4-10 day forecasts are issued in
India by National Centre for Medium Range Weather Forecasting. This
unique service is intended to provide information to all those millions
of farmers, who for a multiplicity of economic, social and crop-related
reasons, each day adapt some of their farm activities to the variations
of the weather. While considerable progress has been made, several
questions still remain unanswered. Some of these questions are:
(1) Are the current activities of the weather services adequate?,
(2) What are the elements of weather-related information necessary
for sustaining agricultural production? and
(3) Are we providing relevant meteorological and hydrological
information to the farmer to support sustainable agriculture?
Newly emerging issues in sustainable development include sustained
agricultural production, security of food for the burgeoning population,
environmental safety for clean air and water, and the maintenance of
an acceptable quality of the global atmosphere.

Weather Impacts on Day-to-Day Agriculture
Millions of farmers seek weather information each day for one
main reason-to help them make on-farm management decisions that may
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range from the seemingly trivial (e.g., cutting of grass) to one that could
lead to crop disasters (e.g., pesticidal spray). All weather observations are
complementary and may be imagined as a part of the ever changing crop
environment; therefore these have to be observed and recorded at fairly
short intervals. Afterwards these observations (or pieces of information)
are put together for a series of locations and predictions are made on
regional weather patterns for a day or for periods extending to several
days. The main links in the· chain connecting the national weather system
are a sequential sets of meteorological observations. This chain can be
described as local/regional weather observations -+ numerical weather
predictions and forecasts -+ interpretation of weather effects on crops
-+ individual farmer and community actions to contain weather impacts.
As the weather monitoring and prediction technology is growing
at a fast rate due to computerization, the complexities of the system '
linking the national weather services to the local meteorological offices,
the agricultural universities and the mass media are also increasing.
However, farmers get some generalised advice on weather for their region
but often times they just tend to ignore it because it is not presented in
a user- friendly or in a practical mode.

Current Status
The meteorological office and the climatologists at large should be
justifiably proud that 5-day weather forecasts-once a dream some 20-30
years ago - are now a routine practice in India. These achievements, in
some ways, rank alongside other attainments of the space age. Such
forecasts given on an operational basis have saved millions of lives
through warnings of cyclones, floods, and other severe weather events.
For example, the tropical cyclones world-wide account for 30% of the
weather related losses. Thanks to the disaster preparedness schemes,
and in particular the provision of timely warnings to the public, the losses of
life due to weather-led disasters are nevertheless on the decline. The India
Meteorological Department and the World Meteorological Organization
have jointly conducted activities during the International Decade for Natural
Disaster Reduction (IDNDR). There is now an increasing realization that
in the developing countries, the setback due to weather disasters has
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serious social disruptive and economic consequences and that it takes
a long-time to put things back to the normal order.
There are two types of weather-related impacts that get media
and public attention. In first kind include the extreme weather events such
as cyclones or hurricanes. Because of their ferocity such phenomena
leave a trail of human misery. They get immediate political attention
worldwide. The recent damage done by cyclone and tidal waves in the
coastal Andhra and Orissa may be stated as an example. The second
type of extreme weather events are related to high or low amounts
of rainfall. These events cause flooding of fields and the countryside
and wash away top soil, crops and homes. The very low amounts
of rainfall cause droughts. Droughts reduce crop yields and result in
water scarcity for agriculture and for a city dweller alike. In both types
of weather-led disasters knowledge-based risk management rather than
crisis management tools should be applied.
The \MD has archived over 100 years of daily weather records for
some 150 locations spread across the four-corners of the country. These
data sets have been quite thoroughly analyzed to assess stochastical\y the
return period of extreme weather events. Maps showing risks to different
weather related disasters and their frequency are readily available. The
main question is whether any operational use of the information is made
or not. For example, the coastal areas of Andhra Pradesh, Tamil Nadu
and Orissa located on the fringes of the Bay of Bengal are highly prone to
cyclone or hurricane darnage. Thousands of people lose their dwellings
every few years and thousands of hectares of land are denuded of the
crops due to high velocity winds and the accompanying rains. A study
commissioned by the Andhra Pradesh State Government in 1977-78
recommended that in the coastal areas shelter belts be planted, that the
house construction materials and designs be changed forthwith, and that
communication network be strengthened. The progress has been slow. 11
is time that we take losses due to weather risks more seriously and make
a phased program to develop strong infrastructure in the cyclone-prone
areas. Peoples' participation is essential in any such program. A similar
line of argument can be built for flood or drought affected regions. A
landscape watershed (soil and water) conservation approach fine-tuned
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to different agro-typologies of the country needs to be firmly put-in-place
so that excess water (received during high rainfall years) is properly
conserved over- or below-ground. This water can then be used during
lean periods (or years) to sustain production.

New Challenges
Let me enumerate a few areas in which meteorologists can play
an important role in sustaining the development of Indian agriculture.

1. Intensifying meteorological data collection and use in high potential
areas: There are about 100 "green revolution" districts in India where
crop yields are at least 4-5 fold of yields harvested through traditional
agriculture. In this region, even minor deviations from the 'normal'
weather impairs seriously the efficiency of the externally applied inputs,
groundwater quality, and food security. As an example, out of a total of
134 districts in the lndo-Gangetic Plains (IGP) of India where rice+ wheat
is a popular cropping system; in 17 districts the two crop productivity
averages 6.9 t/ha; and in another 38 districts it averages 4.7 t/ha [see
figure]. In this region the first critical meteorological input is the date of
onset of the monsoon season. Each day's delay in transplanting rice after
July 1 reduces the yield by about 70 kg/ha. Similarly it has been •observed
that the amount of solar radiation at the reproductive stage of the rice
crop is highly significant for the grain yield and must range between 9
and 21 MJ/d. Excessive flooding at the grain filling stage together with
high velocity winds could damage the crop of rice and reduce its yield by
20-30%. lt is suggested that in this set of 55-odd green revolution IGP
districts, there is an urgent need to establish a highly dense network of
agrometeorological stations equipped with automatic weather recording
devices so that crop-related advisories are disseminated to the farmers,
district by district on real time basis. Further, in these districts the fertilizer
use exceeds 250 kg/ha of plant nutrients. The N fertilizer use efficiency
at the farm level hardly exceeds 40-50% in the rice crop. lt has been
experimentally shown that a correct prediction of high rainfall events,
could save at least 20 kg N/ha without reducing the crop yield. Since
the area covered under rice in these districts totals 5 m ha, even
a conservative saving of 10 kg N/ha would save 100,000 tonnes
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of urea fertilizer. Similar savings in the use of energy (for lifting water)
and pesticides can be achieved if reliable locally applicable weather
predictions are operationally available. Investments in weather services
have always proven to be cost effective.
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2. Improving infrastructure for water security: The necessities of improving

capabilities to counter-act climate-led natural disasters are compelling.
The nation spends considerable amounts of money on relief operations.
Dro~ght is of particular· importance. One of the best ways to tackle
water deficits in rainfed agriculture is to implement watershed-based
land and water management technologies which could help insure the
length of the crop growing season. However, to apply this technology
it is necessary to determine the size of the watershed, the ratio of
catchment to commend area, the capacity of the water storage device.
All of these depend to a large degree on the amount, distribution and
intensity of rainfall. Climatic information is invaluable baseline data for
infrastructure development in rainfed agriculture. Since a wide range
of water management practices with differing goals in relation to crop
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production and conservation appropriate to different natural resource
regimes and economic circumstances are available, therefore, to be
effective, these have to be tempered with appropriate climatic information.
3. Meteorological services and eco-technology: As we stand poised to
enter the next millennia, we face many challenges related to environmental
degradation. Loss of soil quality and water pollution perhaps top the
list. Soil erosion occurs due to improper ways by which we manage
our land and water resources. In areas where wind erosion is a major
problem it is essential that complete data on wind profiles from the
soil surface to 5 to 10 m height are available on a continuous basis
(at 15 min. to 30 min. intervals). Agrometeorological observatories in
North-Western India should be equipped with automatic wind recording
equipment. These data can then be used to advise on the type of wind
breaks and land management techniques to be employed. Similarly for
the areas exposed to water erosion, rainfall intensity and volume data
should be made operationally available. Such data are currently being
collected by automatic raingauge stations in 'A' Class observatories, but
because these are not available in digitized formats therefore these are
rarely used by agricultural development agencies for operational-scale
applications.

In the times ahead, now that we have adopted UNCED's
Agenda 21, the conservation and appropriate use of natural resources
would be key indicators of sustainable development. The meteorological
services will be called upon to play an active role in the development
of eco-technological innovations and the introduction of sustainable
livelihoods. M.S. Swaminathan, whose Foundation was awarded the 1996
Blue Planet Prize said recently that "in spite of the political will and
public understanding generated at Rio de Janeiro in 1992, the world is
still witnessing continued damage to basic life support systems of land,
water, forests, biodiversity, oceans and the atmosphere". In my view,
the meteorological office can undergird a science-led approach to solve
many of the inter-linking natural resource related agricultural problems
basic to life support systems.
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Summary of Discussion
1. Finances for observational network services and communication
in India are mainly obtained from central government and partly
.from co-operative observatory of the state agricultural department.
2. A few teed-back studies have been made in India which indicate
a positive response to agrometeorological services provided.
3. Communication system for disseminating information in India
needs improvement.
4. Environmental stress on livestock productivity is an important
component. it will be useful to consider integrated crop livestock
systems in the advisories.
5. The role of impact studies in evaluating the extent to which the
information we are providing to farmers was stressed. Scientists
can benefit from the feed-back so received to improve the agromet
information provided to farmers.
6. The importance of relational data base management system to
make the acrhive of climate data to users was highlighted.
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Abstract
In addition to various other responsibilities like issuing weather
forecast and promoting services to aviation, operational hydrology, marine
meteorology, biometeorology, environmental pollution etc., National
Meteorological Services of Nigeria give agrometeorological services and
also conduct training in Agricultural Meteorology. The agrometeorological
services include publishing decadal and monthly agromet bulletins,
providing biometeoro/ogical information for poultry production, providing
phenological observations on crops and vegetables, providing advisories
and information to users and sending data to FAO (Food and Agriculture
Organization) for early warning system and assessing drought annually.
The agrometeorological information is disseminated to the users through
conventional methods, like persona/communication, post, press, telephone,
radio and television. Use of new technologies like videotext, teletext
(facsimile) and computers is to be improved. Agroclimatology for land
use planning and crop zonation, crop weather modelling and crop
monitoring statistics regarding planting dates and crop calendars, weather
requirements for crop and input application, forecasting and management
of droughts and floods, pest and disease monitoring and microc/imatic study
are some of the aspects which could not be adequately addressed due
to shortage of funds, lack of advanced communication facilities, absence
of a National Committee on Agrometeoro/ogy, improper functioning of
observing stations etc. Despite these shortcomings, the agrometeorological
services provided to the farmers in Nigeria have been found to be of
significant economic importance.
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Introduction
The mission statement for the Nigerian National Meteorological
Services can be summarised as follows:i) Establishment of a fully automated i.e. Computer-Satellite based
collection and dissemination of atmospheric and environmental data,
internal production of sufficient basic meteorological equipment
for the nations and ECOWAS Subregional Met. Services.
ii) Uninterrupted monitoring and assessment of our air space,
atmosphere and environment in addition to issuance of more
than 80% reliable weather forecasts and advisories as vital
components of the national early warning system for public safety,
national food sufficiency and security, attainment of sustainable
development and other national socio-economic activities.
From these objectives, it is clear that there is a national awareness
that weather and climate have a first order effect on agriculture (Balogun,
1996) and that appropriate utilisation of the scientific knowledge of
weather and climate can achieve national food self sufficiency and
security (Obasi, 1996). Attainment of this noble objective lies heavily on
availability of facilities for meteorological data and information acquisition
and exchange.
To understand the agrometeorological information exchange for
user needs in a large country like Nigeria (size and population) where
more than 90% of the agriculture is rainfed, this paper is structured in
three sections as follows :
•

A brief overview of the country (geography, population, socioeconomic activities).

•

Background information (history, structure, network of observation
stations, facilities and services) of the National Meteorological
Services (NMS).

•

Experience of the National Meteorological Services on the provision
of agrometeorological information for the user community.
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Country Overview
Extending North East from the gulf of Guinea Coast in West Africa,
Nigeria lies between latitudes 4° North and 14° North and longitudes
3° West and 15° East. The country has an area of 923,766 square
kilometres. it shares borders with Benin Republic to the West, Niger
Republic to the North, Chad to the North-East and Cameroon to the
East. (See Map of Nigeria Fig. 2)
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Nigeria is a land of dramatic contrasts. lt falls into four main
geographic zones. A belt of mangrove swamps and creeks stretches along
the coast and often as much as ninety kilometres inland. To the north of
this lies a large area of tropical forest. Further north, extensive savannah
woodland and grassland stretch as far as the Sahel. They are broken
only by the Jos Plateau, from which nearly all streams flow north-east
into Lake Chad and southward into rivers Niger and Benue. The later are
the largest rivers confluencing at Lokoja above and enormous delta that
. leads to the coast. (Unicef 1990, Federal Government of Nigeria 1995).
This large country which extends from the moist tropical zone in
the south to the semi-arid and Sahelian savannah zone in the north has
an estimated population of over 100 million. A majority of the population
engages in farming and other agricultural related activities. Apart from
petroleum, agriculture is the second largest foreign exchange earner
for the country. With the ever increasing population, food production
is becoming less adequate for domestic consumption and for industry.
Moreover in recent years, most of the country's food and agriculture
production system have suffered from highly variable climate especially
low rainfall and frequent droughts. Furthermore, most parts of the country
have been invaded by outbreaks of desert locusts, grasshoppers and
other pests and diseases such as cassava blight. All these have resulted
in considerable reduction in food production and in the country's capacity
to feed its population.
Crop-water requirements vary considerably in relation to seasonal
rainfall and evaporation. In this country, rainfall varies from 400 mm in
the extreme north (14°N) sahel zone to 1400 mm in southern Guinea
savannah (8°N). Total rainfall and total evaporation balance at about 7°N.
Beyond this, rainfall in the country decreases by about 115 mm and total
evaporation increases by 61 mm with each degree increase in latitude.
The difference between total evaporation and rainfall is rnaximum in the
Sahel region (1600- 1800 mm) thereby increasing the seasonal irrigation
needs. Therefore irrigation water is a critical input in the savannah. In the
drought prone Sudan and Sahel savannah, sowing of crops is normally
undertaken after establishment of rainfall which often delays the sowing
of dry season crops. Pre-sowing irrigation at the onset of rain always
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increases yield of cotton and groundnut (1 00 - 400%) and also allows
timely sowing of dry season's wheat (Kumar et al. 1987).
Accordingly, the Government has decided to take steps to improve
its food and agricultural production so as to ensure food self-sufficiency
and security both in quality and quantity. In order to achieve this, it has
become important to utilize to the full extent possible the country's land,
climatic and water resources.
Consequently, one of the primary objectives of Government
Agricultural Policy in recent years is investing of 15% of its agricultural
sector allocation to the development of River Basins and Dams. The main
aim of these dams is for irrigation to increase agricultural production.
The essence of the irrigation projects is to reduce risks of crop losses,
provide year-round farming activities with increased total yield (output)
and revenue for farmers. lt is in this respect that agrometeorology
and hydrometeorology are required to play an important role since the
efficient operation of these systems depend largely on the availability of
adequate and timely agrometeorological and hydrometeorological data
and information (JICA and FMWRRD 1993).

National Meteorological
Information

Services

(NMS) - Background

History
Meteorological Services in Nigeria started in 1892 by the Public
Works Department, Race-Course, Lagos where the oldest rainfall station
was established. lt became one of the constituent services of the
British West African Meteorological Services in June 1937. 11 became
a full-fledged department in April, 1949 and since then, it has been
moved from one Ministry to the other. The attachment of the Nigerian
Meteorological Services to Aviation became more sharply emphasised
during the Second World War when the services of the Department were
directed mainly to the needs of Aviation. As a result of this attachment,
most meteorological stations in the country were located at Airports or
Aerodromes where the needs for Aviation could be best served. Since
the end of the Second World War, however, it has become increasingly
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necessary to re-orient the activities of Meteorological Services towards
other user requirement in order to enhance their interests and national
economy. (Akeh et al. 1996)
Objectives
The Nigerian Meteorological Services was established to provide
services that would contribute to the economic and social development
of the country. The objectives of the Department, therefore, include the
following:(i) to collect, preserve and analyse weather information data
throughout the country and disseminate such weather information
to the general public;

(ii) to supply weather forecasts for the promotion of safety and
efficiency of aircraft operations and smooth functioning of
agricultural, hydrological, commercial and industrial activities;
(iii) to give adequate warning of dangerous weather hazards with a
view to facilitating timely action to prevent or reduce damage
to property and loss of life;
iv) to provide consultation and guidance on matters relating to the
effect of atmospheric and industrial pursuits, defence, and air,
sea and land transport performances. (Akeh et al. 1996)
Functions I Responsibilities
The Department of Meteorological Services which is headed by
a Director, is charged with the responsibility for the following services:
(i) Issuing weather forecasts for the safe operation of aircraft, both
civil and military;
(ii) promoting the services of Meteorology to agriculture and
desertification activities;
(iii) the promotion of Meteorological Services to operational hydrology
and water resources activities;
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(iv) providing weather services to marine, environmental pollution
and biometeorological (climate and human health) activities;
(v) the collection, processing and dissemination of all meteorological
data within and outside the country;
(vi) the safe custody of meteorological records kept in the National
Meteorological Archive;
(vii) advising Government on all aspects of Meteorology;
(viii) projecting and interpreting government policy in the field
of meteorology when dealing with National Meteorological
Organization;
(ix) ensuring uniform standard of observations of all meteorological
phenomena in the country;
(x) training, conducting and guiding research particularly in the
field of Tropical Meteorology, Agricultural Meteorology and
Hydrometeorology etc.;
(xi) monitoring environmental pollution and ozone concentration;
(xii) the publication of meteorological data and weather bulletins for
the country. (Akeh et al. 1996)
Structure of the department
In order to carry out its functions as outlined above, the
Department is divided into five divisions and a number of branches,
sections and units. The divisions are:
Weather Forecasting Services (WFS)

This division comprises the Weather Forecasting Services Section
and the Central Forecast Offices located at the following international
airports, viz., lkeja, Kano, Abuja, Port-Harcourt, etc.
The main duties border on forecasting for aviation activities,
general public weather forecasting and the responsibility of disseminating
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Nigeria's meteorological data, forecasts and information to the outside
world in accordance with the regulations of the United Nations Organization
through the Global Telecommunications System. (Akeh et al. 1996)
Applied Meteorological Services division (AMS)

The division is made up of three sections: The Agro-meteorological
Services Section, Hydro-meteorological Services Section and Marinemeteorological Services Section.
The Agro-Meteorological Services Section was established to primarily provide

weather services in aid of food production system in the country. Such
services include generating products in aid of farming (crops, livestock,
poultry, etc) land management, selection of improved varieties of plants
and breed of animals adaptable to climatological conditions and variability;
insect pesticides application, etc. This section also offers services in
the mitigation of natural disasters and the effective management of
our environment. To give the officers practical training, in addition to
having degrees in meteorology, the officers take advanced degrees in
Agricultural Engineering and Irrigation and Environmental Sciences.
The Hydro-Meteorological ServicesBection provides weather and hydrological

information and services to the planning, development and management
of national weather services. Such services border on areas like
dams/reservoir operations; forecast of levels of rivers and estuaries for
navigation; hydro-power generation; ground water variabilities; flood and
drought forecasts and management of disasters. Besides a degree in
Meteorology or Physics, the officers also study Civil Engineering and
acquire advanced degrees in Engineering Hydrology or Water Resources.
The Marine Meteorological Services Section provides weather information for

maritime activities in the country (i.e. for the main sea ports and harbours
and high seas) in the areas of fishery, ocean navigation,. operations of
oil companies, oil spillage and recreational activities. The professionals
in this section have degrees in meteorology and advanced degrees in
Marine Sciences and Coastal EngineerillQ. (Akeh et al. 1996)
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Climate services division

This division consists of Meteorological Data Archives, Climate
Investigations Section and Computer Services Section.
The main duties consist of quality checks and archiving of
meteorological data; supply of climatological data and advice for planning
and implementation of programmes in our national economic life in
such areas as forestry, deforestation, .agriculture (agro-climatic), health,
recreation and tourism, building industry, town planning and architectural
design. The computer section of the division handles the department's
computer processing of meteorological data, systems analysis for research
and the training of computer programmers and operators.
The officers in the division are drawn from graduates of
Meteorology or Climatology and Computer Sciences/Engineering who
have undergone relevant training in their areas of specilization. (Akeh
et al. 1996)
Division of Meteorological Research and Training and Regional Meteorological

Training Institute (RMTC) Oshodi

This division consists of the Meteorological Research Section
and the WMO Regional Meteorological Training Institute (RMTC) located
at Oshodi. The Research Section is preoccupied with finding a better
understanding of Nigerian and West African atmospheric systems,
their associated climatic and weather patterns and the effects on our
socio-economic activities, be it agriculture, water resources, aviation
etc, as well as the general environment. Tailored research into the
improvement of our economic activities vis-a-vis the current global climate
change is a priority. The Meteorological Training Centre (established in
1964), which in 1975 became the World Meteorological Organization's
Regional Meteorological Training Institute (RMTC), has been the centre
for training all classes of Meteorological Personnel, including students
from English-speaking African countries. The RMTC designs and conducts
regular, part-time and ad-hoc courses for meteorological and related
personnel as well as perform training consultancy services.
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The personnel here have varied background which include
basic and higher degrees in Meteorology, Hydrologic Engineering,
Water Resources Engineering, Environmental Engineering, Physics,
Mathematics, etc. as well as further training in education system
management. (Akeh et al. 1996)
Technical services division

The division provides support engineering services to the
department. it is made up of the following sections: Electronics, Instrument,
Printing and Mechanical Workshop. The main duties evolve around
the design, fabrication, installation and maintenance of electronic and
general Met. Instruments and equipment (e.g. radar, rain gauges,
radio telephones, DCP/DRS, teleprinters, Single-Side Band transmitters
(SSB) etc.); printing of charts, forms, maps etc.; and the services and
maintenance of motor vehicles. Instruments design and fabrication are
also extended for sale to other Meteorological Departments in ECOWAS
sub-region.
The personnel of the division are drawn mostly from the
.engineering cadres and specialised in electronic/electrical engineering,
mechanical engineering, horology and printing, for both professional
(University graduates, higher degrees) and sub-professional personnel.
(Akeh et al. 1996)
Station network and facilities
Observational network

Observations are the lifeblood of operational meteorology.
Forecasts of significant meteorological phenomena which result in
issuance of advisories and warnings for sufficiently long lead times are
of tremendous value to socio-economic sectors of the nation particularly
as early warnings against natural disasters. Rendering Meteorological
Services to such a diverse socio-economic groups cannot be affected
without a sufficiently dense and well co-ordinated network of meteorological
stations.
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The network of the Nigerian Meteorological Services has depleted
over the years due to unavailability of funds. This is as a result
of lack of appropriate and adequate equipment and spares, obsolete
equipment and shortage of transportation facilities to maintain a normal
myriad of Meteorological Observing Stations. Indeed, a dense grid of
isolated meteorological stations would serve little purpose since tracking
of large meteorological systems such as thunderstorms and other
significant phenomena on a national and global basis, require real-time
telecommunications network to integrate, co-ordinate and disseminate
activities and data of various weather stations. In fact radio communication
led to the exchange of meteorological information on a real-time basis
and hence the introduction of operational weather forecasting. This
has continued to develop with the availability of sensitive sensors,
weather radars, satellites for remote sensing and telecommunication
and computers for the fast processing, transmission of information on
various time and space scales. (Akeh et al. 1996)
The telecommunication for data collection and dissemination is
currently in a very poor state. The trend of development shows that
meteorological data were sent and collected internally in the early
1940s and 50s by the Post and Telegraphs (P & T). Data were also
transferred through the Aeronautical Fixed Telecommunication Network
(AFTN) which made use of Morse code and the Telex land lines. On the
international scene, meteorological data were transferred using Telex
and Society International Telecommunication Systems (SITA) operated
by the Aviation Department. This was followed by EXPOMA - EXTRAD
Computer and microwave link to Cotonou to cover the sub-Sahara
airports in Africa. Currently, the HF (SSB) Transceiver radio introduced in
the 1960s for national meteorological data collection and dissemination
from Airports and Synoptic Stations on real-time basis have remained
the main telecommunication system of the department. Except the five
sets of HF Radios brought under the Agromet project No. NIR/88/004
other sets are now old and obsolete and sourcing of parts have also
become a major problem. However, in 1994 the situation improved with
the introduction of the Meteorological Data Dissemination system (MOD).
This links meteorological station at lkeja Airport to Rome, Bracknell and
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Toulouse. Other Satellite equipments at Oshodi meteorological station
including the Automatic Picture Transmission DCP/DRS are currently
unserviceable.
Infrastructural set-up

The observational and infrastructural set-up consists of
(a) 45 Synoptic stations based principally at all the state capital
and airports
(b) 500 rainfall and Agromet stations for agricultural, forestry,
livestock, land management activities
(c) Two main meteorological forecast offices at Kano and Ikeja,
eight dependent meteorological forecast offices (Abuja, Zaria,
Sokoto, Maiduguri, Kano, Ilorin Port-Harcourt and Enugu) and
a central forecast office at Oshodi.
(d) Three weather surveillance radars (Oshodi, Kano, Port-1-iarcourt)
(e) A new hydrometeorological station for water resources
development. (Table 1 and Fig. 1) for the historical growth
of Network of Meteorological Observation Stations in Nigeria.
(f) An Automatic Picture Transmission (APT) equipment at Oshodi
for receiving satellite cloud pictures.
(g) Meteorological Data Distribution System (MOD) for global reception
of alpha-numeric and pictorial data (from Toulouse, Rome and
Bracknell).
(h) A network of conventional Meteorological Instrument Workshop at
Kano, Oshodi, Enugu and Jos for prompt equipment maintenance
and installation.
(i) Two Electronic Maintenance and Installation Workshops at Kano
and Oshodi.

(j) Network of three coastal Marine Meteorological stations Eke!,
East Mole and Brass.
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TABLE 1. Decadal analysis of meteorological stations in Nigeria
Type of
Station
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1.

Rainfall
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1

S.No.
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3
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1

0

3
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1991 1996

TOTAL

27
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3
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Hydromet

0

0

0

0
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0

0

0

0

0

0

10.
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11.

Radiation

12.
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13.

BAPMoN
GAW

(k) A WMO Regional Meteorological Training Centre for Africa
located at Oshodi.
(Fig. 2: Map Showing Some National Stations Network)
High lech acquisition

More recently, the following high-tech equipments have been
acquired and are located at the meteorological Central Forecast Office
(CFO) Oshodi.
(a) AFDOS Workstation i.e. Analysing, Forecasting Data Processing
and Operation System. State-of-the-art computer-based numerical
weather forecasting facility.
(b) PDUS (Primary Data User System) for receiving satellite cloud
images.
(c) Media Station for the preparation and recording of weather
forecast for the print media, radio and television broadcast for
socio-economic activities of the nation and public safety.
(d) Surveillance weather radar for effective viewing of local weather
systems to enhance accurate weather forecast.
(e) Total ozone measuring instrument at Oshodi (Dobson Ozone
Spectrophotometer) for measuring total column ozone in Nigeria
for monitoring global warming and climate change.
(f) Global Atmospheric Watch (GAW) located at Oshogbo to monitor
surface concentration, solar and ultra-violet radiation etc., for
the study of the pollution of our atmosphere, global warming
and climate change.
(g) Digicora equipment, computer-satellites based for upper
atmosphere sounding and measurement, located at Oshodi.
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Provision of Agrometeorological Information for the User Community
Functions
The functions of the Agrometeorological Services branch of the
Applied Services include:

(i) Preparation of general policy and guidelines in the development
of Agrometeorology.
(ii) Technical and high level administration as related to Agricultural
Meteorology.
(iii) Liaison with Federal and State Ministries of Agriculture and Water
Resources, River Basin authorities, Faculties of Agriculture at
the National Universities, National Research Institutes and other
related agencies.
(iv) Liaison with International Organisations, via WMO, FAO, UNDP
etc., on Agricultural Meteorology matters.
(v) Processing and publication of decadal, monthly agrometeorological
bulletins, rainfall summaries and other routine publications for
the benefit of user agencies.
(vi) Preparation of agrometeorological forecasts required for maritime
activities, water resources, agricultural management and planning
and ensuring the dissemination of such forecasts to user
communities.
(vii) Responsible for matters related to WMO Technical Commission
for Agrometeorology.
(viii) Planning and co-ordinating the existing and proposed networl<
of Agrometeorology.
(ix) Development of programmes and projects on "weather and crop
monitoring, weather and early warning systems" in support of
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food production, irrigation schedules and river dams management
in the country.
(x) Co-ordination of research activities for agriculture and hydrology
throughout the country.
(xi) Strengthening of weather advisory services for agriculture and
hydrology throughout the country.
Presently, the Agrometeorological Station has a staff of seven (7)
Class I meteorologists and 80 supporting Class 11 and Ill meteorologists
at the Headquarters and seventy (70) observers at various stations. The
Hydrometeorological Section has a staff of live (5) Class I meteorologists
and twenty (20) Class 11, Ill and IV out of which five (5) Class I and eight
(8) Class 11 and Ill posted at the Headquarters and the rest as observers
at out stations. This staff is responsible for the control, co-ordination
and planning of Agrometeorological and Hydrometeorological activities
for conducting limited operational research in the relevant fields. (Akeh

et al. 1996)

Agrometeorological services
The Agromet Branch renders the following services:
(i) Publication of Agromet Bulletins (decadal and monthly).
(ii) Provision of Biomet information for poultry production.
•

Poultry farm - (studies on micro-climatic effects on poultry
production in Lagos).

•

Making Biometeorological observations on different breeds
of birds in terms of measurement of average weight of
eggs produced, mean elliptical length and diameters of
eggs.

•

Correlating the observed meteorological variables with
the rate of production of eggs and sizes of eggs from
different breeds of birds.
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•

Monitoring and recording of outbreak of diseases and
subsequent mortality in order to ascertain breeds that
are most resistant to diseases.

•

Monitoring the trend of production with increasing age
of birds from different breeds.

(iii) Provides phenological observations on crops and vegetables.
(iv) Provides advisories and information to users.
(v) Send data to FAO for Early Warning System.
(vi) Annual drought assessment.
(vii) Training of pupil agrometeorologists.
(See Table 2 for general application of agromet data)
Objectives of biometeorological experiments
(i) Study the effects of weather and climatic factors in the productivity
and longevity of various poultry breed under humid tropical
conditions.
(ii) Select poultry hybrids to be raised successfully in the country

(iii) Make useful choice of raw materials for processing poultry feeds
in Nigeria.
Agrometeorological data collection in Nigeria
Currently agrometeorological data and information are partly
collected at the network of stations, the State Capital stations and the
Zonal Centres. All the data are sent to the Meteorological Headquarters
in Lagos by surface mail and they arrive a month late. The other
part of the data are sent through old model 3030 SSB Transceiver
Radio on a decadal basis. The data are manually checked by the
network section and are manually processed by Agrometeorological and
Hydrometeorological sections and are used in the publication of their
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Table 2. Production decisions, weather information required,
economic impacts and behavioural responses by economic sector
Sector

Agriculture

Production

Information

Economic

Behavioural

Decisions

Required

Impacts

Responses

soil preparation,

temperature, frost, humidity,
wind, rainfall, sunshine/cloud

yield, crop damage, cost of

spraying, fertilisation costs,

timely spraying, seeding and
accurate fertilising,

labour costs, fungal diseases
and infestations

frost protection, manpower
scheduling, sheltering livestock.

seeding, spraying,
~
~

-)>.

Forestry

fertilising, harvesting,
drying, frost protection,
livestock care.

cover, haiL

fire suppression, hazard

wind, precipitation, temper-

loss of timberlands, danger,

reduction, seeding, spraying,

ature, humidity.

loss of wildlife, labour &

allocation of suppression and
other iesources, scheduling

materials.

flights.

danger, equipment damage,

fishing-site selection, suspend

loss of catch.

activity, retrieve equipment.

harvesting, construction.
Fishing

fishing area and activity.

storm warnings, fog, winds.

Source: AES · Atmospheric Environment Services, 1985 (Environment, Canada)

monthly bulletins. The bulletins are used by agricultural, water resources,
environmental and other socio-economic sectors.

Dissemination of agrometeorological information
The way in which meteorological information is provided, its
contents and its forms are important tor effective utilization.
The variability of dissemination method is high, it ranges from
verbal contact through the telephone, radio, television or person to
person (as in meteorologist to the user) to much more sophisticated
methods such as electronic computers. The system of dissemination of
agroclimatic information can be effective mainly through (a) conventional
methods and (b) new technologies.
(a) Conventional methods include: Personal Communication, Post,
Press, Telephone I Facsimile, Radio and Television
(b) New technologies consist of Videotext and Teletext (Facsimile)
and Methods using computer to computer link are not yet
acquired. (WMO/TD - No. 629).

Problems of weather data collection and interpretation towards
sustainable agriculture
Aspects of agrometeorology yet to be adequately addressed.
In Nigeria, there are certain areas of weakness in the practice
of Agrometeorology. For instance, there is a general awareness among
agrometeorolgists of the wide variety of agrometeorological fields of
practices that can be applicable to Nigerian conditions. These are:
(a) agroclimatology tor land use planning and crop zonation;
(b) crop weather modelling and crop monitoring;
(c) rainfall reliability statistics with respect to planting dates and
crop calendars;
(d) weather requirements tor crops and input applications;
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(e) forecasting and management strategies for droughts and floods;
(f) pest and disease monitoring;
(g) microclimatic manipulation, etc.

Factors responsible for lack of performance
However, the Agrometeorologists in Nigeria have not been able
to implement these practices adequately. The factors responsible for
this are:
(a) Shortage of funds, lack of communication facilities, inadequate
mobility, obsolete and outdated equipment.
(b) Out of the total number of 1214 rainfall stations registered with
Federal Department of Meteorological Services, only about 360
stations are currently active, the rest have either ceased to
report or report very irregularly due to broken down raingauges
with no spare parts to repair them.
(c) lt has been noted also, that there is a dearth of mobility for rainfall
inspectors and instrument technicians. Most of the vehicles
previously used are not functioning as they have become old,
and thus the rainfall stations in the network are not adequately
inspected.
(d) There is no National Committee of Agrometeorology for
interdisciplinary data analysis, dissemination and wide for
application for more effectiveness and awareness.
(e) Lack of spares (Service Parts).
(f) Lack of expertise for servicing and repair.
(g) Lack of support facilities e.g. unsteady and irregular power supply
from the National Grid and no back-up power generators.
(h) Congestion in the circuit switching systems. (CAgM, REPORT
No. 39, 1992)
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lt is important to note that certain crops such as maize, groundnuts and
cowpeas grown under irrigation by the Sokoto River Basin Development
Authority in Sokoto State as well as irrigated maize in the Lake Chad
Basin Authority failed due to improper matching of crops to prevailing
weather conditions. Most of the agromet and rainfall stations in these
areas are not operational due to lack of adequate equipments, inspection
and maintenance of the network. Most worrisome is that phenological
observations are also not made in the existing stations. (JICA and
FMWRRD 1993; Akeh & lkoi, 1997)

Conclusions
The Nigerian Department of Meteorological Services since its
inception in i 937 has been the major weather observing and forecasting
agency in the country. Over the years, Government has been the sole
financier of the service and its investment, therefore implementation of
research, operations, applications computerisation, satellite and state-of
-the-art communications equipment had been slow and lean.
This has led to:
(i) spares being non-uniform and constantly deteriorating observation
network;
(ii) gaps in collected, processed and exchanged meteorological and
hydrological data and information;
(iii) research activities still in embryonic stage and limited to operational
research; and
(iv) )...ack of technical capacity and weak co-operation mechanisms
at national, regional and international (exception of WMO and
ECOWAS) level.
However, this study shows that the economic value of the weather
information products generated by the department is significant in view
of the steadily increasing public demand over the years particularly
in the area of agriculture, livestock and forestry. The department has
established a good network of observation stations across the country for
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data collection. Facilities were also put in place between 195 i -1990 for
data quality and quantity, processing, analysing and issuance of products
for socio-economic activities. Also provided were back-up maintenance
workshops to service the existing network stations. Most of the equipment
in use were donated by WMO member countries through the VCP.
However, the department is making impact in certain sectors of
the economy such as Agriculture, Aviation and Water Resources, more
so now that the Central Forecast Office aided by a newly installed
weather radar MOD, AFDOS numerical systems for improved agromet
forecasts.
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Agrometeorological Information to the Users
Experience of Chile
Benito Piuzzi
Direccion Meteorologica de Chile
Casi/la 717 Correo Central
Santiago, Chile

Abstract
In Chile, agriculture plays an important role in the national economy
as it helps to generate income while providing gainful employment to
the people.
The Direccion Meteorologica de Chile, official organization of
meteorology in the country, conscious of the importance of Agrometeorology
for agriculture, has been placing emphasis on the operational aspects
as well as on research. The Agrometeorological Information Service
provides information, especially of operational type, to the users in the
agriculture sector, principally to the small farmers.
The most important aspect related with this Service is the liaison
between Meteorological Service and Agricultural Department and its
technical organs (Forest Service, Agricultural Service, etc). Additionally
the small. farmers participate in the operation of meteorological stations
establishing a good relationship between the Service and the users. In
climatic or meteorological aspects in multidisciplinary studies, we have
collaborative agreements with Forest Service, Agricultural and Livestock
Service, Universities, etc.
Agrometeorological Services provided to the users include forecasts
and early warning, bulletins, statistical analysis, technical publications,
instruction and press communiques.
The data generated by the agrometeorological network are stored
in ORACLE database. In a short time, the Meteorological Service will
have other tools for generating better services to the customers.
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The agrometeorological Information Service from Direccion
Meteorologica de Chile, is a young Service and it has been accepted
by farmers because of quick dissemination of the generated data and
it also maintains good communication with several organizations from
the Agriculture Department. The development of the regional centers
permits a good diffusion of information which is generated according to
the agricultural setting in every administrative region in the country.

Introduction
In Chile, agriculture plays an important role in the national economy
as it helps to generate income while providing gainful employment to
the people.
Among the variables that condition agricultural development,
either indirectly or directly, are the atmospheric variables, whose incidence
conditions the potential of the growth and development of both plants
and animals.
The Direccion Meteorologica de Chile (DMC), official organization of
Meteorology in the country, conscious of the importance of agrometeorology
for agriculture, has been placing emphasis on the operational aspects
as on research. In a Project on "Agrometeorological applications for
agricultural development" which was carried out from 1988 to 1992, we
established the basis for an Information Service meant tor several users
of the agriculture sector.

The Agrometeorological Service of the Direccion Meteorologica
de Chile
This Service provides information, especially of operational type, to
the users in the agriculture sector (farmers, forestry experts, horticulturists
and cattlemen).
This system was conceived and managed by the Agricultural
Meteorology Department and operates currently in close collaboration with
the Regional Secretaries of Agriculture Ministry (SEREMI of Agriculture),
of the administrative Regions IV, V, VI and VII in Chile.
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Basically the Agrometeorological Service is supported by three
principal aspects:
e

The agrometeorological station network which generates data.

e

The Regional Centers of agrometeorological information (CRIA)
which centralise the data and diffuse information about services
to the users.

e

Analysis of data from the agrometeorological stations network
which generates services and studies.

Agrometeorological station network
In each administrative region of the country, where it has
implemented the Agrometeorological Service, the DMC has designed and
implemented the agrometeorological station network, in which various
agricultural institutions, farmers and agroindustrial companies participate.
Based on features of the agrometeorological stations, their use of
conventional equipment and according to the variables that are measured,
the stations are classified into three types:
Type 1: Maximum and minimum temperature and relative humidity.
Type 2: Variables in Type 1 plus evaporation and soil temperature at 5
and 20 cm soil depths.
Type 3: Variables in Type 2 plus sunshine hours, solar radiation intensity,
and soil temperature at 10, 30, 50 and 100 cm soil depths.
The observations, in each station are recorded three times daily
at 8, 14 and 20 hrs (during winter) and at 9, 15 and 21 hrs
(during summer).
The data are gathered from the CRIA by phone or radio equipment.
Once the data are gathered, these are transmitted to the Forecast
Center.
These data are complemented with information about the main
field activities which farmers in each region are carrying out, or news
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about the plant development (pest and diseases, damages caused by
meteorological phenomena, etc).
Actual agrometeorological station network

The agrometeorological station network actually operative is as
follows:
Region
Region
Region
Region
Region

IV
V
Metrop.
VI
VII

11 stations (which are being set up currently)

12
13
17
11

stations
stations
stations
stations

(in
(in
(in
(in

operation
operation
operation
operation

from
from
from
from

1992)
1991)
1989)
1990)

Regions Ill, VIII, IX and X will receive attention in the coming
years.
The Regional Center of Agrometeorological Information (CRIA)

The objective of CRIA is to centralise and transmit to the
Meteorological Service, the data from the agrometeorological networks
and rapidly provide the agrometeorological services to the regional
communities.
The functions of CRIA are:
•

To use the different communication links existing in the Region
to diffuse the services.

•

To collect agrometeorological data and transmit them in a timely
manner to the DMC.

•

To ensure adequate operation of the station network in the
Region.

•

To develop mechanisms, that permit training of users in the use
of the agrometeorological information, the cooperative observer
training and contribute to the improvement of the regional service.
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•

To maintain contact with farmers and agricultural companies, to
identify requirements from the users and to coordinate the diffusion
of information with the Agricultural Meteorology Department.
The CRIA is located in each Region, under the supervision of

the Regional Secretary of Agricultural Ministry (SEREMI).
Staff of the CRI A include an agronomist, an engineer commissioned
by the CRIA and one or two agricultural technicians or administrative
staff that carry out the duty of operators of this office.

Agrometeoro!ogical services
As mentioned previously, this Service has mainly an operational
feature and maintains a permanent communication with the CRI As, where
some contact is maintained with the farmers.
Routine services provided include the following:
- Meteorological forecasts for agriculture;
- Meteorological alerts about frost occurrence, conditions that favour
spread of forest fires or any phenomenon that could affect the
agricultural activities of a region (strong winds, heavy rains, heat
waves, etc.).
Early warning regarding conditions for the proliferation and
development of some pests and diseases.
- Weekly bulletins providing information on decadal, rnonthly and
weekly cool hours and on degree-days at weekly intervals.
- Agrometeorological Yearbook which provides data on agroclimatological statistics, agrometeorological synoptic summaries
for frosts, forest fires, crop pests and diseases and phenology.
- Agroclimatic statistics.
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Occasional services
Occasional services provided by DMC include Press communiques
on "El Nino" phenomenon, droughts, heat hours, cool hours and ozone
cap. In addition, studies are also undertaken on a regional basis.

Training
Training is provided through developing the following manuals:
manual tor Operation of Agrometeorological Stations, manual tor Phenology
Observations, manual tor the Users of Agrometeorological Information,
booklets on Meteorological Instruments and Technical Notes providing
summary of Agrometeorology.

Information dissemination
Information is disseminated through agricultural exhibition, lectures
to students of agricultural schools, booklets, agriculture seminars, University
Students Service of Agronomy and Forest Sciences and creation of WEB
page.

Interaction with Other Agrometeorological Organizations
In climatic or meteorological aspects in multidisciplinary studies,
we have collaborative agreements with Forest National Corporation
(CONAF), Agriculture and Livestock Service (SAG), Agricultural Research
Institute (INIA), Agronomy School from the Universities of Chile and
Catholic of Chile, Center of Natural Resource Investigations (CIREN),
and Agrometeorological Communications Foundation (FUCOA).

Services for the Users
Agrometeorological services provided to the users include
meteorological forecasts tor agriculture.
The morning forecast is transmitted to each Region at 0930 1000 hrs and has validity until 2000 hrs (winter) or 2100 hrs (summer).
These forecasts contain a synoptic description of the current situation, in
each Region, the regional meteorological forecast, divided by sectors within
each Region (coast, dry areas, valleys and mountains) and a forecast for
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some variables of interest. These include maximum temperature, direction
and intensity of the wind and minimum relative humidity, the value of an
index of forest fires (October to April), and meteorological perspective for
the next 48 and 72 hours. This forecast permits the farmer to carry out
the activities planned the previous day, to take appropriate precautions
before the onset of extreme agrometeorological phenomena and adopt
operative management measures, such as managing of pests, etc.
The afternoon forecast is transmitted to each Region at 1600
- 1630 hrs and carries a validity of 24 hours. lt contains the following
information: a general description of the current situation, regional
meteorological forecast, divided by sectors within each Region and
a forecast of the minimum temperatures, maximum temperatures and
significant meteorological phenomenon. In addition, the value of the index
of forest fires and meteorological perspectives for the next 48 and 72
hours, that include a short commentary on the incidence of the conditions
or predicted parameter ranges and on the agricultural activities that are
being planned or implemented in each Region are also included in this
forecast.
Meteorological alerts for the agriculture
These are not periodic type, because they are issued only when
the manifestation of a phenomenon that can produce a negative impact
to agriculture is anticipated.
Frost alerts (April - October)

lt is a notice of urgent character that anticipates with a high
degree of probability of occurrence, a meaningful temperature decrease
that can have negative effects on the state of the crops or animals.
These contain, a general description on the genesis of the predicted
temperature decrease, a commentary that indicates the impact of the
temperature decreases on the cropping activities that are being carried
out and on the phenology of the principal crop. Finally, the probability
occurrence by sector and the confidence placed on predicted minimum
temperatures are described.
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Alert for forest fires (October - April)

These alerts are based upon a permanent monitoring of the
variables which include maximum temperature, relative humidity and
wind characteristics and the local manifestations of the Foehn effect.
Also it includes monitoring of satellite images of contingent fire areas.
This information is transmitted especially to the Forest Service (CONAF),
National Emergency Office (ONEMI) and CRIAs.

Significant meteorological phenomena
These notices refer to the manifestation of exceptional synoptic
conditions for the season e.g., intensive rains, strong winds,

hail,

thunderstorms, heat or cold surges, etc. This alert is transmitted to each
CRIA, and in cases where the events are significant, to the National
Emergency Office, ONEMI.
Crop pests and diseases (September · March)

lt provides early warning information regarding conditions for the
proliferation and development of certain pests and diseases permitting
fruit farmers to take timely control measures and limit the economic
damage.
The coverage of this service is variable, depending on the
available trap informatron in each Region. The pests currently monitored
include the moth of the peach tree or Grafolita, moth of the apple tree
or Eulia and moth of the pear tree.
Bulletins
The bulletins are issued in support of the operational activities and
to facilitate planning relative to the incidence of the weather cohditions
i.e., phytosanitary applications, control of weeds, soil preparation, product
transportation, cultivation protection, etc.
Weekly bnlletin

The weekly bulletins are published in "Revista del Campo" and
also available on INTERNET. A weekly statistical summary of the following
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variables is provided: mean and normal temperature, degree day, cold
hours, days with frosts and amount of rainfall, registered among the
Regions Ill and X. Then, a summary of the synoptic conditions which
occurred in the previous week is included, emphasizing those phenomena
with an impact on agricultural activities.
Then, a forecast for the following week and the respective
agrometeorological recommendations is presented.
All this information is complemented with graphical information
of most parameters of interest, registered during the previous week and
is compared to previous periods or normal values.
10-day bulletin

This Bulletin is prepared for each Region, based on the data
of the agrometeorological network, gathered each 10 days and includes
information on temperature, degree - days, rainfall and evaporation.
Summaries on the use of this information in planning of agricultural
activities are also presented.
Bulletin of cold hours

This information is prepared specifically for fruit farmers in order
to provide them timely information on the accumulation of cold hours.
This bulletin is elaborated mainly for localities of the central zone,
between 1 May and 30 August.
Bulletin on degree-days (every 10 days)

This bulletin results from a follow-up of the degree- days
accumulated on a daily basis using specific thresholds. This bulletin
is available for those farmers who use this information in the forecast
of crop development (in relation to the sowing date and the thermal
requirements of the crop).
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Agrometeorological monthly bulletin
Agrometeorological yearbook
Agroclimatical statistical service

Supplementary Information
•

The data generated by the agrometeorological networks are
stored in ORACLE database.

•

In a short time the DMC will have a workstation which permits
obtaining information from NOAA satellites.

•

The Agrometeorology Department operates on an experimental
basis, two automatic agrometeorological stations generate frost,
irrigation and phytosanitary warnings.

•

Next year, we hope to start using the Geographical Information
System (GIS) which permits agroclimatic zonation.

Conclusions
At present, the main orientation from the Agrometeorological
Service from the DMC is the operational type, generating timely information
according to the basic requirements of the farmers. Because it is only
operational since 9 years, advanced statistical analysis is not available.
But in the near future when long term serial data with statistical validity
are available, we will make use of the methods of advanced statistical
analysis.
The most important aspect of this Service is the way it operates
in coordination with regional centers from Agriculture Department. This
is an important feature because it's the only one operational service in
Latin America.
Moreover, it's important to mention that the regional centers
permit easy and faster dissemination of forecasts and bulletins to the
users to help them in their short range decisions.

129

Agrometeorological Information for the User
Community : Experience of Islamic Republic of Iran
Gholamali Kamali
Islamic Republic of Iran
Meteorological Organization,
P.O. Box 13185-461,
Tehran, Iran

Abstract
This paper is based on the organizational and functional structure
and also objectives of Islamic Republic of Iran Meteorologist Organization
(IRIMO) services to the public and activities are outlined and an example
of agrometeorological services is given. Contribution of these services
to growth of national economy is estimated and future priorities are
mentioned.

Introduction
The Islamic Republic of Iran is located in the Eastern hemisphere,
in the South-West Asia and Western part of Iranian plateau. In the North
it is bordering with the newly independent states of former USSR, in
the east with Pakistan and Afghanistan, in the West with Turkey and
Iraq and in the South with Persian Gulf and Oman Sea.
Climatic conditions of the country are very diverse and are in
such a way that in a particular time of the year mean temperature
differences may reach up to 45°C. Two main mountain ranges of Zagros
and Elburz stretch from north-east to the east and from north-east to
the south respectively. This has caused a great deal of variability in the
climatic pattern of the country. In the northern fringe of the Caspian Sea
the climate is of a moderate type with considerable rainfall, sometimes
exceeding 1000 mm in some parts. In the west, cold humid weather
prevails and in the south, hot summers and moderate winters dominate
and high humidity and hot weather is the main characteristics of this
area. In the east and south-eastern part of the country arid and semi-arid
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condition is the main feature and a considerable proportion of the land
is desert.

Objectives and Organizational Structure of I.R.
Meteorological Organization (IRIMO)

of Iran

IRIMO is the national meteorological service under the authority
of Ministry of Roads and Transportation which has been functioning for
more than 40 years. The main objectives of IRIMO are : to provide the
planners and policy makers proper information regarding different aspects
of climate and weather, to forewarn public of hazardous climatic events,
to provide all the economic sectors adequate climatic information, to
analyze short and long term climatic data for future forecasting related
to national economic activities, to monitor and measure environmental
criteria for improvement and enhancement of quality of environment.
For this purpose a relatively large and widespread weather observation
network has been established with adequate equipment and facilities as
follows (Table 1).

Table 1. Network of observational stations in Iran
Type of station I observations
Synoptic
Upper Air
Basic Climatology
Agrometeorology
Marine
Radiation
Climatology
Rainfall
Global Atmospheric Watch (GAW)
Automatic Weather Stations
Mountain Station
Dobson Ozone Station
Vertical Ozone
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Number in Network
154
9
15

16
9

28
192
1157
1
12
1
1
1

Meteorological Data Users
Data users are mainly aviation, shipping and fishing authorities,
road, house gas, oil, power and dam constructing sectors. lt is aimed
at focussing more on applied aspects of climate. For this purpose an
example of the agrometeorological data users is given

Agrometeorological Observations
Agriculture is an important economic activity in the country. This
sector provides jobs to 28% of population and contributes the same to
the GNP of the country. Agrometeorological activities started 20 years
ago. In this case different aspects of crop growth and development are
monitored and measured. Observations are taken at synoptic hours and
includes observations of plant, soil and weather. All data received are
transferred to data processing department.
Relevant users are Ministries of Agriculture and Jihad Sazandegi
which are involved in agricultural activities in the country.
lt has been estimated that on an average 200 kg/ha increase in
wheat yield is contributed by provision of this service to the users. An
example is shown in Table 2.

Table 2. Economic benefit from provision of
agrometeorological services in Iran
Years

Predicted increase
of farmers' income
(ton)

Weight of
increased
wheat
kg/ha

Increase of rainfed
wheat per acre
Increase
of Yield

Yield

Area under
cultivation
of rainfed
wheat (ha)

1994

339753.9

107

11%

697

4590509

1993

365689.8

77

9%

856

4749217

1992

339752.9

73

8%

915

4654149

132

Modelling crop-weather relationship based on the present and
future trends of climate is another acitivity. In this case appropriate
models have been developed to forecast crop yield.
Based on forecasting made on different weather events, in 1995,
warnings were issued to the authorities involved related to drought, and
attacks of pests and diseases. A committee for prevention of crisis was
established and protective measures were adapted. However in 1996 a
reverse trend was observed.
Determination of water requirements for different agricultural
plants is an important factor in a country with scarce water resources.
This has been done under collaboration with ministry of agriculture for
25 crops in 700 fields. Results will be published in 25 volumes. This
will be considered as a national agenda and reference. An attempt has
been made to prepare cropping patterns for the whole country based
on different technical, social and economic aspects.
Pest and disease forecasting is another joint effort with ministry
of agriculture and a project is being carried out for 25 provinces. A pilot
project was first launched for Khorasan Province.
Main users of agrometeorological data
•

Major Universities in agriculture and water research institutes in
the field

•

Research committees for desertification and forests and pastures
organization

,.

Agriculture Research Organization

•

Agriculture promotion organiztion

•

Research institutes for seed breeding parks and greenery
organization

•

Watershed Research Center

•

Agro/Mechanization Development Center
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"

Water Engineering Center

"

IDNDR Committee

w

Pests and Disease Research Institute

..

Material and Energy Center

..

Environment Protection Organization

~

Nuclear Energy Organization (Agricultural Division)
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Agrometeorological Information for the User
Community : Kenyan Experience
S. M. Gachara
Institute for Meteorological Training and Research
P. 0. Box 30259 , Nairobi

Abstract
Information helps users reach decisions that will prove most
profitable under actual circumstances. Agrometeorological information
is of economic value only through its effective use in the decision
making process and this will only occur if users receive information
in suitable time and form to translate it into profitable action. The
network of observing stations in Kenya has gradually declined over the
years because of escalating cost of maintaining them. From mid-1996
the department could no longer offer free information & services and
consequently introduced 'cost sharing' and 'customer service' packages
for all agrometeorological products. Due to changes in technology and the
user environment in general the products offered and also the way they
are offered has changed considerably. Kenya Meteorological Department
is currently approaching users and impressing upon them on available
products especially corporate bodies who have strong financial base. In
reaching the farmers effectively it is proposed that social institutions such
as schools, colleges, farmers unions & societies, be used to sensitize
them. The department should also embark on serious public education
campaign through media, films, posters, pamphlets and booklets with
simple explanations, graphics and photos which should be educational
and entertaining . This approach will ensure user needs and aspirations
are met and sustainable development is realized.

Introduction
Agrometeorological services were started in the then East African
Meteorological Department comprising of Kenya, Uganda and Tanzania in
1974 with the objectives of assisting researchers in selecting appropriate
breeds and cultivators so as to attain a sustainable food production
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system in the region. Apart from creating a sound data base, the
agrometeorological information system would provide decision and policy
makers with agrometeorological information of economic value which would
be tr<:mslated into profitable action. After 1977, East Africa Community
broke down and each country managed its own agrometeorological
service. Agrometeorological information and advice has been widely
used in Kenya for agricultural management and although it is hard to
point out its direct economic benefit, it has contributed greatly to food
production. Better application of Agrometeorological resources contributes
not only to increased production but also to appreciable reduction in loss
and damage of agricultural products through transportation and storage.
Agrometeorological information may be in the form of data or reports
of current weather conditions, forecasts of future events, or analysis of
past weather. Alone or in combination, all can be useful in agricultural
research management. The information required for management decisions
depends on the nature of those decisions. Present weather and short period forecasts are most useful in making operational decision while
analysis of past weather is especially useful for planning decisions.
Planning decisions are mainly based on climatology while predictions
concerning yields; fires, pests and diseases are usually based on
current, past weather and agricultural data respectively, rather than on
weather forecasts. The analysts tend to use weather data or forecasts
in combination with relationships established between biological and
weather parameters or ecological factors and this constitutes an important
type of agrometeorological information. Meteorological services issue
most of the agrometeorological information for research and agricultural
management, but the researcher, farmer or user may make his own
observations. Efficient management depends on useful, timely information
presented in an easy-to-understand format.
Direct economic effects are determined not by mere supply of
information but by actual weather and non-weather events. Information
helps the user reach the decision that will prove most profitable under
actual circumstances for example, by choosing the best time for certain
operations or selecting the best plant varieties or livestock breeds for
the anticipated conditions. Agrometeorological information is therefore of
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economic value only through its effective use in the decision process. For
this to occur, it is necessary that users receive information in suitable
time and form to translate it into profitable action.

Existing Sources of Agricultural Information
Up to the end of 1980s Kenya Meteorological Department
maintained a dense network of observing stations numbering over 2500,
most of which were rainfall stations. However since 1990 this network
has gradually declined considerably and currently the observing stations
stand at below 1000. Most of these stations are manned by volunteer
observers who fill prepaid cards each month-end while Meteorological
Department inspects and maintains them. lt has become increasingly
difficult to maintain and regularly inspect these stations because of the
cost involved especially under current structural adjustment programmes
affecting all sectors of the economy. The department collects and analyzes
rainfall and agrometeorological data from these stations but only 32 do
actually report on a timely basis that is useful for operational monitoring.
Of the 32 only 13 stations report agrometeorological information on
crop phenology and soil moisture in addition to other meteorological
information but the rest supply agroclimatology information.

Collecting and Disseminating Information
Meteorological observations are carried out on a 24-hour basis
while soil and phenological observations are carried out once per decade
and then relayed to headquarters via radio-calls or telephone for analysis.
Before 1995 the agrometeorological information was received, analyzed
and disseminated to over 300 users in the form of a monthly or decadal
bulletins free of charge. After 1995 however the escalating cost of
preparation, production and circulation made it almost impossible to
continue giving free services. Consequently the department introduced
the concepts of "cost sharing" and "customer services" by mid-1996. This
applies not only to agrometeorological products, information & services
but also to all sectors of Kenya meteorological service and. to all users.
What was the cost of giving free information and services?
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Estimated cost of supplying agrometeorological bulletins is
tabulated in the table below and does not include the cost of observing,
communicating and analyzing information. Table 1 is prepared from the
mailing list and are categorized according to the nature of work.

Table 1. Showing the cost of distributing
agrometeorological bulletins per month
Category
Farmers' unions &
cooperative societies
Primary & Secondary schools
Universities
Governments' farms,
research institutes
& farmers training centres
Individual farmers
Agricultural extension
officers & field
meteorological stations
Administrators;
Provincial commissioners,
District officers( Dos),
chiefs & sub-chiefs
Forestry and wildlife
Private farms, ranches
& institutions
Embassies, International
organizations, NGO
Radio,· Televisions,
Newspaper
Other government
departments
Others
Total

No.of
users

Estimated
cost in Ksh

10
13
9

1,400
1,820
1,260

30
48

4,200
6,720

74

10,360

22
18

3,080
2,520

39

5,460

17

2,380

3

420

23
12
318

3,220
1680
44,520

The total cost of Ksh 44,520 per month (1 Ksh = $ 2) might look
small but it compares with salary of 10 meteorological observers and
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therefore it is substantial and unaffordable under the current economic
climate in Kenya. A recent review on commericialization of meteorological
services in the developing countries by Mukolwe (1996) is relevant in
the context.

What Agrometeorological Products are Available to the Users?
The following information and services are available for all ranges
of users;
•

Agrometeorological data and information on weather
elements as well as on soil and plant phenology to a
limited extent

•

Agrometeorological bulletins available on decadal or
monthly basis

•

Advisory services on request through telephone, (lax,
e-mail not widely used), letters and visits to the department
mainly by large scale farmers, ranche corporate bodies
like British American Tobacco, Breweries, Horticulture
farms, Wild Services, Large scale tea & coffee farms
and plantations etc.

•

Requests for specialized agrometeorological forecasts for
a particular region/area or crop. This has not however
been very successful due to limited skills.

•

Setting up agromet stations and installation of equipment
by various users.

•

Long range forecasting, especially on drought & planting
dates, hail and frost damage and other adverse weather
trends.

•

Inspection and maintenance
stations and instruments.
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of

agrometeorological

•

Training in agrometeorology through attachment or on-job
training. Consultancy and specialized observations mainly
tor specific projects.

Challenges Facing Availability of Agrometeorological Services
and Information to Users in Kenya
Market forces
In the liberalized world economy it has become increasingly
difficult to provide information and services tree of charge the way the
department was able to do five years ago. This is mainly because all
sectors of the economy including public sectors are currently driven by
market forces. The Kenyan labour market has been marked by regular
industrial unrest as seen even in meteorological department and other
private & government sectors. As a result of this unrest, the government
is exploring ways and means of making the department autonomous to
control this unrest as early as possible. This rneans that the department
has to generate its own revenue. Generating adequate revenue means
the wage guidelines will be relaxed and hence allow low wage earners
significant compensation for increased cost of living. The department
is already experiencing structural adjustment impacts experienced by
private institutions. Therefore there must be serious reforms in various
information and services to generate the much needed finances.
Structural adjustment programs are medium macro - economic
and structural adjustment policy measures which aim at correcting
or remo\ting market distortion in the economy. The main purpose
"'
is to establish an economic
environment which promotes growth of
the economy through the establishment of free competitive markets
of goods and services. Agrometeorological products and services are
not exceptional to this since they are under the same environment.
All products and services from Kenya Meteorological department to
users are currently prepared and marketed by a new section, (formed
in 1996) called customer services and since then agrometeorological
section deals with customers or users only through customer service
section. Apart from restructuring of the department, there has been rapid
changes in technology which are affecting; methods of observations,
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preparation of products and the communication. methods whereby, users
are now making use of modern electronic systems like; e-mail; lax and
the Internet. This means that the way we present products to users
has to change to accommodate these changes as we enter the next
Millennium. The electronic communication and computer technology is
revolutionizing the way we present products to users. However most
African countries are far from using these advanced electronic technology
and the only way is to call for international cooperation in ensuring the
necessary support and assistance.

Modernization and Development of Agrometeoro!ogical
Products and Services to Meet User Needs
There has been significant changes in technology and even in
environment hence affecting the following areas;
Observation
There has been a wide use of automatic weather stations
especially by individuals and organizations and hence less reliance on
agrometeorological data from the department. These institutions and
individuals seldom involve or consult agrometeorological experts when
installing such stations and at times the products are not very reliable.
Agrometeorologists cannot afford to sit and wait to be consulted rather
they have to approach private and public institutions, NGOs, international
organizations and individuals and offer a range of recipies that are
appetizing to users. lt is in this line that the department has drawn
Memorandums of Understanding with various organizations so as to
offer better agrometeorological products and services.
Farmers
Large scale farmers

lt has been fairly easy to deal with and reach the large
scale farmers especially those in horticulture, ranching, agriculture
(maize, wheat, tea, coffee etc.). These farmers often request tor
agrorneteorological information and services through writing, telephoning
or !axing or even visiting the department This range of farmers have

141

access to modern communication equipment and therefore providing
agrometeorological products and services is easy. These products include
irrigation scheduling; hail and frost protection, spraying outbreak of pest
and diseases; and post harvest operations especially in horticulture,
tailor-made agrometeorological forecasts etc.
lt is therefore recommended that in future, agrometeorologists
should go out of their way and make themselves valuable and
available to users especially corporate bodies and companies in tobacco,
breweries, tea, coffee, wheat and sugar-cane plantations which are
mainly multinational with good financial base and are therefore potential
users of agrometeorological products and services.
Small scale farmers

Reaching these farmers and providing agrometeorological services
and products in usable format has been very difficult. This is because
of the assumption that agrometeorological information and services
successfully reach farmers through agricultural extension services and
while this has not been the case.
The big question is, how do we effectively reach and involve
the farmers and the community at large and yet be able to sustain
quality products and services without giving free services? Only when
community is involved probably through synergies can appreciable and
sustainable development be realized in Kenya, but how do we involve
them?

Future approaches and recommendations for new and emerging
areas
Use of schools /colleges

The community especially the youth (who constitute 75% of
population) should be more effectively be involved in agrometeorological
activities which include; introducing agrometeorological clubs and
establishing simple or mock-up agrometeorological stations in these
schools. Teachers should also trained to become resource persons on
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weather education on topics related to agrometeorology to their fellow
teachers and the school in general. This can be achieved through
(a) distant learning courses for teachers;
(b) workshops for teachers;
(c) seminars for teachers. Others include agrometeorological
public lectures, essay writing, debates in schools, colleges
and universities.
Farmers unions and societies

The small scale farmers or peasants can be reached more
effectively through their marketing cooperative societies, unions, dairy
coffee tea or cotton boards etc. This can be through establishing advisory
services including community based and maintained agrometeorological
stations.
Extension services

Local administrators like district officers, local chiefs, sub-chiefs,
councillors, religious and community leaders should be used in
disseminating and diffusing agrometeorological information and services
to the community. The number of agricultural extension officers should
in future be doubled to that of agrometeorological officers already
working in the fields when visiting farmers to give advisory services.
Public education

General agrometeorological information can be disseminated
through television, radio and newspaper on vital agricultural operations
like planting dates, spraying , storage etc. Films, slides and posters
could be used in rural public education in liaison with other organizations
already working there. Simple agrometeorological information should be
issued in form of pamphlets and booklets with simple explanations,
graphics and photos which could be educational and entertaining. Such
pamphlets and booklets may be subscribed by various users and where
possible in local dialects. Participation in all agricultural shows and
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trade fares and other general public exhibitions in rural areas may be
encouraged.
Information on wildlife and forestry

There is a high potential for use of agrometeorological information
and services in this sector which include remote sensing. This information
is valuable to conservators in monitoring wildlife distribution, migratory
patterns, grazing areas etc. On forestry it is important in Kenya to
monitor potential fire outbreak areas for better control and mitigation
strategies. Water catchment areas need to be closely monitored so
that they are not degraded by farming and pastoral communities and
to avoid conflicts. Agrometeorologists need to contribute and participate
much more in this sector.
Early warning systems

Agrometeorologists should offer more information and services to
the community based warning systems currently established & operating
in the arid and semi arid lands (covering Turkana, lsiolo, Samburu,
Marsabit, Wajir, Mandera, Pokot and Garissa district which covers about
60% of Kenya) which are prone to drought. These warning systems
are special for pastoral communities and posses unique features in
that observers/monitors are recruited frorn the community by leaders to
monitor relevant indicators which include; - agrometeorological indicators
on weather, rainfall, drought, vegetation (NDVI), - agricultural, - livestock
(death, sale, birth etc.), and -welfare (migration, health nutrition etc.). This
information when analyzed assists central government, donors, NGOs in
mitigation of drought impacts in these semi-arid areas. Agrometeorologist
have a vital role in this sector in assisting local communities by offering
their products. Agrometeorologists also have a major role to play in
future in evaluating the impacts of weather anomalies especially related
to the El- Nino phenomena on food production in the country. There
is a strong evidence linking this global phenomenon to droughts/floods
occurrence in east Africa and hence food availability. There should be
intensive research in this area.
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Conclusions
Needless to say, agrometeorological resources contribute a great
deal to increased food production as well as to reduction in loss and
damage of agricultural products through transportation and storage. This
information is required for management decisions by users depending
on the nature of those decisions. The agrometeorological information
and services to users have changed because of changes in environment
as well as changes in technology. The user needs and aspiration have
also changed and there is a great need to adjust the way products
and services are provided so as to meet these needs as we enter
the next MiLlennium. In the Kenya Meteorological Department, we have
commenced a market approach in offering information and services
due to the over-head cost of these products. In the past we had a
'passive approach', where the users approached agrometeorological
section for products and services. But now is the high time the department
approached the users and offer them an appetizing recipe of products.
In future the idea is to meet the user needs and aspirations when
preparing and offering agrometeorological information and services so
as to realize sustainable development. This can be achieved through
schools, colleges, farmers' unions extension services and the Media.
Users should participate in evaluating and assessing impacts of such
phenomena as El Nino on crop production and on environment is general
and put in place coping and mitigation strategies. This will ensure that
Kenya and Africa at large do not lag behind as we approach the next
Millennium.
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Agrometeorological Information for the User
Community : Experience of Belize
Raman Frutos
National Meteorological SeNice, Belize,
Central America

Abstract
Climate is an integral part of the crop-soil-enviroment triangle.
Crop development and yield rest on efficient crop management practices
and this is directly affected by the vagaries of the weather. This
paper summarises the climatic and agricultural situation in Belize and
outlines some agrometeorological parameters, and agricultural activities
that are directly and indirectly influenced by the weather. Three forms
of agrometeorological advisories are presented that are issued to the
user community in Belize.

Introduction
Belize is strategically located in the northern sector of Central
America, facing the western Caribbean sea and sharing borders with
Mexico in the north, and Guatemala in the west and south (Fig. 1).
The country spans about 2.5 degrees latitude (from 16.0° N - 18.5° N),
encompassing an area of 8867 square miles. The southern half of the
country is a plateau, bisected by the relatively low-rising Maya mountain
range running north-south. An isolated group of peaks, the Cockscomb
Range, rises close to the irregular seaward edge of the plateau at its
northern extreme. The highest of these granite peaks, the Victoria Peak
is 1127 m in height. A large part of the mainland is forest.
The country experiences a tropical I subtropical climatic regime,
with temperatures ranging from 50 - 96° F (1 0-36°C) along coastal
areas, and more extremes in the interior and higher elevations. Mean
annual rainfall ranges from less than 1500 mm in the extreme north and
northwest, to above 4000 mm over the southern foothills of the Maya
mountains in the south. Figure 2 shows the mean annual rainfall isohyets
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for Belize (Walker 1973). A north-south rainfall maximum straddles the
southeastern slopes of the southern plateau.
The annual march of the weather is marked by a dry (Mar-May)
and a wet (June-Oct.) season, with intermittent frontal-type precipitation
occurring between the transition months (Nov.-Feb.) from wet to dry
seasons. The annual wet season occurs as regular cycles and closely
follows the periodic march of solar radiation intensity which peaks about
mid-May (Smith 1980). The onset of the rains may be expected around
this time, but in any particular year it is dependent mainly on the lifting
and movement of the semi-permanent, sub-tropical high pressure cell in
the Atlantic Ocean. A northward shift of the sub-tropical high pressure
cell deepens the easterly trades, allowing instability zones to develop,
which are enhanced by the progressive warming trend of the summer
months.
Temperature and precipitation regimes dictate selective areas
in the country where certain agricultural crops are grown. Three such
regimes have been identified namely : one with a strong coastal influence,
an inland influence and the third influence arising from elevation, including
mountain-valley effects (Smith 1980). The highest annual rainfall occurs
in the Toledo district, with the heaviest acivity occurring during the
summer months. This region experiences a short dry season. Along the
coast, annual rainfall progressively decreases towards the north. The dry
season in the northernmost district of Corozal is a week or two longer.
The primary or main planting season for most annual crops in
Belize is during late May - early June coinciding with the start of the
rains. In the southern regions, the onset of the rains is usually earlier
than in the north, therefore, planting is carried out in early May. In the
Belize, Cayo, Orange Walk and Corozal districts, the rains often begin in
early June, thus planting may continue for an extended period. A false
start of the rains results in poor germination and emergence, and farmers
are forced to replant two or three times until emergence is successful
enough. This may prove disastrous for the smaller, subsistent farmers
with little financial resources to purchase seed.
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Figure 3 shows a summary of the main crops planted in each
district.
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Figure 3. Map of Belize indicating crop regions by district and major
crops grown (Smith 1980)

A secondary planting season occurs in November when beans,
vegetables, and a second crop of maize and irrigated rice may be
planted. Rainfall is less intense during this crop season, and dry spells
are more frequent. This period is critical because the circulation pattern
in the region is undergoing a transition from summer to winter, and the
temperature and total rainfall received are contingent on many factors
(i.e. late season tropical cyclones or the character of cold surges and
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associated frontal zones over the area). Farmers take advantage of every
dry spell during this period to harvest their first crop or clear and prepare
land for the November planting. If the rains do not temper, then dry
beans stand the risk of bean rust, bean mozaic or other such diseases,
and citrus bloom may become infected by Colletotrichum gloeosporioides
fungus, which may lead to Post Bloom Fruit Drop disease (PFD), and a
subsequent lots in yields (Fagan 1979).
· The major land preparation is done during the
May), and particularly in March and April, the two
dry, fresh southeasterly wind coming off the Honduran
over most of the country during this period. lt is the
outdoor field operations.

dry season (Feb.
driest months. A
mountains blows
safest period for

In Belize, farming takes place at both the subsistence and
commerical levels.
Most subsistence farming is traditionally done by the Milpa system.
Briefly, this is a system handed down by the ancient Mayan civilization
and is based on an affordable and simple lifestyle, utilizing animal power,
clearing land by slash and burn, and timing activities to maximize the use
of climatic resources (Smith 1980). Although the system is effective, it is
only appropriate to a certain set of circumstances. The positive aspects
of the system like low energy input and small environmental impact are
today being upgraded with minimal mechanical power and chemical I
biological weed control, to enhance the system. Additionally, new cultivars
of maize, rice and beans, including soya, have been introduced that are
resistant to diseases and pest, and have proven resilient to the vagaries
of the weather in Belize, particularly the heavy summer rains.
Commerical crops grown include : sugarcane, citrus, bananas,
rice, papaya, and hot pepper. Some of these crops such as rice, are
mechanized from seeding to harvest and are properly managed. Other
crops like sugarcane, citrus and bananas, are still harvested manually,
but are also well managed.
Soils found in the Cayo and Toledo districts have high natural
fertility and are moderately well drained (Smith 1980). Apart from gentle
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sloping lands these areas have two major drainage basins. The Belize
river serves as the catchment for the Belize river valley area. While, the
Moho river and the Rio Grande serve as the major catchments in the
Toledo district. Soils have deep "0" and "A" horizons and usually have
adequate trace elements. In the Belize district, soils have low fertility
and are generally heavy clay soil and hard to work. Some areas in this
district have sandy broken ridge soils, but are acid soils and need liming.
Crop yield variability in Belize is closely linked to the annual
fluctuation in the weather. Crop stress which may lead to partial or total
failure is related directly to the distribution of rainfall or temperature
range during the growing season. As an example, many crops in Belize
require a daily temperature range of atleast 20°C to flower. While this
condition is generally met during the dry season, cloudiness during
the wet season tends to moderate extreme temperatures. As a result,
variation in temperatt.:re range from one year to the next could lead to
yield reduction.
Abnormal high temperatures and extended periods of high relative
humidity and leaf wetness which are conducive to fungal infection in
citrus, bananas and many other crops, may also be the cause of variability
in annual yields.

Some Agroclimatological Statistics for Belize
Onset of the rains and the growing seasons in Belize
As is the case in most tropical regions, agriculture in Belize is rain
dependent. Irrigation systems are expensive and are utilized to some extent
primarily in high, intensive papaya, banana and rice cultivation. Otherwise,
annual cereals, beans, including soya, and vegetable production is
rainfed. Planting for the main growing season hinges on the onset of
the rains after the stressful conditions of the long, dry spell.
Farmers in Belize begin planting maize, rice and soya near
the date when they estimate the rains have arrived and will persist.
Unfortunately, the date of the onset of the rains varies from year to
year for different localities around the country. A false start of the rains
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could prove stressful to the emerging crops, as soil moisture may remain
low and daytime temperature undesirably high. This often results in the
frustrating and costly task of replanting, which puts financial strain on
the smaller, subsistent farmers who lack many of the resources of the
larger growers.
An attempt is made here to estimate the median date of the
onset of the rains in Belize. Thirty five years of daily rainfall were used
for the analysis. The general criteria used to define the onset of the
rains was : the first occurrence after the 1st of May in which there was
more than 1 inch (25.4 mm) of rainfall in seven days and of those seven
days, at least four of them received some rainfall (i.e. were raindays :
rainfall > 1 mm) (Hulse 1995).
The result
Table 1 below :

for

the

Belize International Airport are shown in

Table 1. Start of the rains at the Philip S.W. Goldson International Airport
Year
1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970
Julian date 149 152 137 188 158 127 126 170 142 141 137
Year
1971 1972 1973 1974 1975 1976 1977 1978 1979 1980
Julian date 159 156 122 172 234 141 123 143 138 156
Year
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
Julian date 163 126 160 134 129 144 158 148 131 142

Year
1991 1992 1993 1994
Julian date 143 142 130 144
(Source : Monthly Weather Bulletin : 1995 Vol. 3, No. 8, Belize, Central America)

No. Observations

35

Mean Date

148

Min. Date

122

Std. Deviation

21.279

Max. Date

234

20th percentile date

130

Range

122

50th percentile date

143

80th percentile date

159
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The analysis for the Philip S.W. Goldson lnternatonal Airport
reveals that the rainy season will start in the Belize district earlier than
9th May (day 130), one in five years (20th percentile = 1/5),and will
start later than the 7th of June (day 159), one in five years (80th
percentile = 4/5). So, three years out of five the rains start later than the
9th of May and earlier than the 7th of June in the Belize district. The
map below shows the median date (50th percentile) of the start of the
rains across Belize. The rainy season first starts in the Toledo district in
early May, with a gradual northward march through the Stann Creek,
Belize, Cayo and Orange Walk districts through late May, and over the
Corozal district in early June. False starts of the rains were noted as
recent as 1997, and 1995, when extended drought conditions prolonged
the dry season into June. One of the more severe droughts in recent
history occurred in 1975, when the rains were delayed until September.
The main growing season (May - October) in Belize coincides
with the rainy season, while the secondary growing season (Nov. - Feb.)
runs through the winter months. The growing season may be defined
as that period of the year when there exists a surplus of moisture
available for crops. Graphically, this may be depicted from decadal time
series of average precipitation and half the corresponding value of mean
Evapotranspiration (ET). Figure 4.1 is a plot of mean decadal rainfall
and half ET for the Belize International Airport. The arrow indicates the
start of the growing season (i.e. around the 14th decade). In this locality
the growing season runs to the end of the year, and extends until early
March. Figures 4.2 and 4.3 show similar plots for the Punta Gorda
Agricultural Station in southern Belize and for Central Farm (western
Belize).
At the Punta Gorda Agricultural Station (Fig. 4.2), mean monthly
rainfall during June - October greatly exceeds both PET and ET which
are equivalent. This suggests that more than adequate water availability
exists tor crops during these months. During November and December,
conditions are much more marginal while the water balance during
January through May suggests that in some years crops could experience
moisture stress. The situation contrasts markedly with Central Farm, a
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Figure 4.3. Climatic diagram for
central farm (1959-1970)

I

drier climate (See Fig. 4.3). February through May are deficit months
while August has a relative minimum in rainfall which barely meets crop
water demand due to potential evapotranspiration.
Rainfall and temperature profiles
Mean decadal maximum and minimum temperature, and rainfall
for three key stations in Belize are shown in Fig. 4.4 a-d, and Fig. 4.5
a-b. Superimposed on the temperature plots are the number of days
with minimum temperature below 15°C, while on the rainfall charts are
superimposed the extreme or maximum rainfall recorded for any one day
in each decade during the period. Generally, a minimum temperature
below 15°C in Belize is indicative of a cold surge event.
All the graphs show the higher number of cool days (i.e. minimum
temperature< 15°C) corresponding to winter months and even extending
into March and April in the case of the Philip S.W. Goldson International
Airport (MZBZ) and Central Farm. The coastal station, MZBZ, shows
smaller temperature range compared with the inland station at Central
Farm and Blue Creek (Southern Belize).
The rainfall graphs show well-defined dry and rainy seasons.
The transition from dry to wet (i.e. end of May and early June, decades
i 5- i 6) is relatively sharp, while the change from wet to dry (November
- December, decades 31-36) is gradual. The extreme 24-hour rainfall
observed during the decades (shown here by the solid line) follows the
trend of the mean, decadal rainfall represented by the bars.
Rainfall probability : Probability of WET and DRY pentads
Farmers are always interested in wet or dry spells when planning
field operations. One way of presenting this information is to determine
the probability of Wet and Dry decades or pentads using the Markov
Chain approach. This information, when combined with computer model
prediction output of synoptic weather pattern, can be used effectively to
plan weed control and fertilizer applications, as well as field preparation,
planting and harvesting.
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This is particularly important in region where rainfall is erratic or
where short dry periods can be expected within the wet season. lt is
necessary to know, for example, the probability of having a consecutive
dry period of 2 to 3 decades during the growing season of a crop. Where
such a period coincides with a sensitive phenological stage of the crop,
crop development may be retarded or disrupted. On the other hand, dry
periods at the ripening stage or during harvest is desirable.
The first step in the analysis is to decide what a Dry or Wet day
is. Symbols used in column 3 (Table 2) show if a particular day is Dry
(·) or Wet (+). In our simplified analysis, a Wet day is considered as
any day received more than 1 mm of rainfall. This definition can vary,
depending on feed back from farmers.

Table 2. Rainfall for the pentad
25-30 September 1997 at
Blue Creek, Toledo District
Sept. 1997
24
25
26
27
28
29
30

Rainfall (mm)

0
4.5
7.0
0.4
36.5
26.3

Code

+
+
+
+

The first column contains the days in the pentad under consideration.
Note that rainfall for the last day of the previous pentad, is also given.
Column 2 has the actual rainfall for the pentad 25·30 September, 1997.
In column 3 the rainfall amount are coded by · and +.
The next step is to count the actual number of dry days F(D)
and the actual number of wet days F(W). In this example, days 25,
26, 29 and 30 are Wet. Day 27 is Dry. Additionally, we may count the
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number of dry days that are preceded by another dry day : F(DD); and
the number of wet days preceded by another wet day : F(WW). The
rainfall on the last day preceding the pentad under consideration must
also be known, (i.e. day 24, rainfall = 0.0 mm). In this example, no dry
day is preceded by another dry day (i.e. F(DD) = 0). Days 26 and 30
are wet days preceded by a wet day. Thus : F(D) = i; F(DD) = 0 :
F(W) = 4; and F(WW) = 2. Now we can calculate the probabilities for
the 5 day, n, (pentad) period.

P(D) = F(D)/n; P(W) = F(W)/n
P(DD) = F(DD)/ F(D); P(WW) = F(WW)/ F(W)
In

onr

example

P(D) = 4/5 = 0.2;P(DD) = 0/1 = 0

P(W) = 4/5 = 0.8; P(WW) = 2/4 = 0.5
(W MO Technical No-te No. 179)
This procedure should then be repeated for the total length of the
period of daily rainfall (atleast 25 years). The probabilities are calculated
for each year. The arithmetic mean of all the pentads can be evaluated
to give probability of Wet and Dry pentads. Figure 4.6 and Figure 4. 7
below show smooth probability curves for WET and Dry pentads at
Central Farm and Belmopan computed for daily rainfall.
The INSTAT Statistical Software Ver. 6.2, (Reading University)
was used to do the analysis for a few stations in Belize. Plots of these
are contained in Figures 4.6 and 4.7.

Farm Management and Climatic Requirements of Some Annual
Crops
land preparation and planting
Dry weather is essential for ploughing, harrowing and finishing.
This is often done one or two months before planting. In Belize, most of
this activity is carried out during March and April, the two driest months
of the year. However, light showers between ploughing and harrowing
are ideal to help with crumbling.
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Planting is done both mechanically and manually. The timing of
planting operations is critical for the main growing, as it must coincide with
the onset of the rains in late May and early June. The ideal conditions
for planting is in dry weather, followed by rains within 72 hours. As
has been mentioned earlier, a delay or false start in the rains can be
unproductive and costly.
Weed control
Pre emergence herbicides

These are applied to soil after planting and before crops emerge.
These herbicides need rain 24 to 72 hours after application to be activated.
Post emergence herbicides

These herbicides are applied directly on the growing weeds, and
are absorbed through the plant tissues. If it begins to rain following the
application, the herbicide will tend to wash off and will have little effect.
These require some 6 hours of dry weather for absorption.
In management practices in citrus, contact herbicides are applied
mainly in the dry season. When used in the rainy season most labels
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recommend a m1n1mum of 2 hours of sunshine after application. On
the other hand, systemic herbicides are applied mainly during the rainy
season or when adequate moisture conditions prevail. However, they
require a minimum of 6 hours of sunshine after application.

Fertilization and liming
Granular fertilizer applications work best before light,
distributed rains.

well

Foliar fertilizer applications are best done with 2 to 3 days of
no rain after the application. A sticker is used for better results. lt is
not recommended to apply when it is too windy as this will lead to
significant spray drift.
In citrus grove management, lime is applied a minimum of 6 week
before major fertilizer application. lt is applied during dry conditions and
preferably when light, well distributed rains are forecast after application.
Pre plant incorporated

The application is broadcast and harrowed into the soil. Unless
the rains are torrential, the application is safe beneath the soil surface.
Band placement

The fertilizer application is banded some 3 to 4 inches deep.
This is usually done before planting, and is safe from the elements.
Top dress

In this case the fertilizer is broadcast on the soil. Some may
volatilize if conditions are hot and dry (e.g. urea applied to rice). Fertilizer
application of this form needs some rainfall to help it dissolve into the
soil. Heavy rains will cause run off.
Side dress banded

If banded into the soil the application is safe from the weather.
However, if banded on the soil the same problem as in top dress will
develop.
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Disease management

Crop disease and pest management in Belize is conducted
locally by the growers and agro-business firms (e.g. the Banana Growers
Association, the Belize Sugar Industry, the Citrus Growers Association,
the Caribbean Agriculture and Development Institute CAROl, etc.) and
nationally by the National Plant Protection Branch of the Ministry of
Agriculture. Agrometeorological advisories are sent to these agencies on
a regular basis, particularly during critical periods of crop development
or disease/pest outbreaks.
Crop diseases are caused by viruses, fungi, bacteria or higher
plants (MASD workshop handout, 1996). These agents either destroy
plant tissues or tend to divert photosynthate to themselves, thus reducing
crop growth.
Crop pests consume parts of the crop and these may be insects,
nematodes and mites. Animal pests are resilient to dessication, so
temperature variables, which control their rate of growth and reproduction
are often more important than wetness variables.
Fungi are responsible for many plant diseases. Most fungi
reproduce by spores, single cells which are adapted to survive alone
for a time. Spores may be transferred to new, healthy plant tissues by
rain splash or wind, or the spores may remain dormant in the soil or
on dead twigs until a suitable host plant grows close by.
Fungi are most vulnerable during dessication, so humidity
variables are closely related to fungal disease development. This is
also the case with bacteria. Under ideal condtions of humidity and rain,
temperature influences fungal growth.
Viruses need vectors (usually an insect or nematoes) in order
to spread. Viral infection is therefore related to the presence of the
vector (e.g. the Brown Aphid in the spread of Tristeza virus, CTV, in
citrus). Hence, a knowledge of the biology of the vector in relation with
weather parameters (e.g. temperature) is required for proper control.
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Chemical control of pests and diseases in crops must be done
in a systematic, and cost effective manner. Thus, proper timing and
favourable weather are essential for insecticide and fungicide applications.
Contact insecticides with quick knockdown would not be affected if
rains follow shortly after an application is completed. However, systematic
insecticides which require some time to be absorbed will be affected
by early rains. The same is true for fungicide application. Contact or
systemic foliar fungicides are applied when the weather is expected to
remain dry for 2 to 3 days after application. lt is not recommended to
apply fungicides in windy conditions as this will lead to considerable
spray drift. Meanwhile, granular soil insecticide/nematicides are best
applied before light, well distributed rains. Heavy rains will cause runoff.

Harvest
Machine harvesting is best done in hot, dry weather. This
reduces post harvest problems with fungi. Fresh fruits and vegetables
hand harvest can be done between rains.
In general, both total rainfall and rainfall distribution are important
in the planning of field operations. Crops can tolerate heavy showers
after they are established and possess a good cover area. Most crops
tend to be vulnerable to drought stress at the seedling stage, and
the flowering/seed set. Early droughts may cause wilting, and seedling
death. Late droughts may lead to incomplete grain-filling and shrivelling
(McAndrew, 1997, personal communication). Heavy rains after any
chemical application will lead to leaching. Heavy rains also cause soil
erosion and discharge of absorbed chemicals into waterways.

Agrometeorological Services in Belize
The agroclimatological unit of the National Meteorological Service
of Beliz.e issues special forecasts to farmers and growers. These are
in the form of :
a) A three-day Agrometeorological
weekly
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Forecast issued three times

b) A one-page, Ten-day Agrometeorological Bulletin
c) A Forest Fire Forecast during the Fire Season (February - May)
d) Regular Agroclimatological Advisories by telephone
The Three-day agrometeorological forecast is a combination of
Synoptic/ Statistical outlook for certain agricultural areas of Belize. During
the winter months, the forecast focuses on chill effects associated with
impending cold air incursion over Belize. This situation is damaging to
the mature banana fruits in the fields. An example of this is given in
Annex 1. An example of the Ten-day Bulletin is given in Annex 2. This
one page bulletin summarises the character of the rainfall activity during
the preceding ten days, and highlights activities in the agricultural sector.
During the Forest Fire season, the Unit also issues a daily Forest
Fire fore0ast. Parameters of interest include : mid-afternoon relative
humidity and maximum temperature expected, thunderstorm activity and
moisture content of fuel load on the forest floor.

Conclusions
Crop diversification is well underway in Belize today, as new
export markets open-up for hot peppers, papaya and cacoa. As a result,
a better and more timely agrometeorological information is needed in
the management of these crops, and field operations in general. Work
must be done to identify and analyse all the relevant climatic parameters
that bear· positive or negative impact on crop development and growth,
and ultimately on yield. Parameters like probability of Wet and Dry
pentads, and percent point of expected rainfall per decade or pentad
are essential in field management practices.
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Annex-1
Agrometeorological Forecast for Farm Operations
Fann : Stann Creek Valley I South Stann Creek I Toledo I Cayo'
Forecast Prepared :Time, 12.00 p.m. Day: FRIDAY Date: 17 October 1997
Synopsis : A cool Northerly airflow generated by a deepening low pressure system moving northward over Eastern Cuba, and a building

continental High over: the Central Plains (US}, will prevail across Belize through Monday. A stationaty Cold front in the eastern Gulf of Mexico will
be nudged eastward out of the Gulf by Sunday morning!
Forecast : Cloudiness, Rainfall &Wind (36-48 Hours) : Expect mild temperatures and sunny skies with brief cloudy spells throughout most of the
weekend. Some coastal rains could develop on Sunday or Monday. Probability that the fourth ''pentad" of October (16-21 Oct) will by Dry or Wet
for Belmopan are· DRY0.44, WET 0.56. At Central Farm for the same period: DRY0.52, WET 0.48.
Outlook: Cloudiness and Rainfall {48-72 hours). Fair and mild with some rain mostlv offs/; oro t
Weather Parameter
Relative

Niht3am

Humidity (%)

Morning 6 am
Afternoon 3 pm

Today
Fri. 170ct.
95%
96%
72%

Day I
Sat. 18 Oct.
98%
99%
75%

Day2

Day3

Sun. 19 Oct.

Mon. 200ct.

97%

98%
99%
78%

99%
78%

Rainfa//(quantity, hrs)

0 mm/24 hat CF

0 mm/24 h

5"8 mm/24h

5-10 mm/24

Wind (knots) l_coast 25 m/. Inland}

NW"N 5-10

NW-N 5-15

NW-N 5-15

NW-N5-15

Cloudiness : (Sunny/clear, partly cloudy, cloudy,
overcast)

Sunny, mild
and dry

Mostly sunny

Mostly sunny
a11d cool. Very
little rainfall
expected

otherwise sunny.
Little rain, mostly
over the coast.

Temperature

, C/'F

10-12 h

10-11 h

8-10 h

23/73

Max

32/90

31/89
18/65
32/90

21/71
30/86

Min

31/88
18/65

21/71
30/86
16/62

Min

Max
Inland

Next Update. 10:00 a.m. Mon. 20 Oct. 1997
To: Stephen Wiltiams, CREI {Fax; Q5 23511) a-mail crci@btl.net
Rick Simpson {Fax 0823505, 0823361) best@btl.net
Roger Marshall, BFPL {Fax : 07 22095) bigfalls@btl.net
Marla Holder, Barton Creek (Fax: 092 3201) cool_shade@btl.net

31/89

K. Nantz 0932593
Spanish Lookout (Friensen Hatcheries)

IFax. 0830195 and 08302921

Ministly Agri. Bel. 0822409
Dept. Agri Dangrige 0522432
Owight Montero, CCB {Fax : 0512299)
C.F. Plant Protection 0922640
MaVan King (Fax : 062 2463)
Vet Clinic C. Fann Jaimers@btl.net
Monkey River (Fax : 062 2582)
Treeshade Fam1 svea@btl.net 092 3216
Eugene Zabanch (Fax: 052 2814)
E. Blanco (Big Creek Fax: 062 2112)
Mr. Harrison Ministry of Agriculture
Maspacu@btl.net : Dr. M. Alvarez mnaa@btl.net

Citrus Research and Education Institute (CREI) I Agroclimat Unit. National Met. Service.
Form revised 14/01/97.

Cloudy at times,

10-12 h
23(13

Sunshine hours
Coast

and mild.
No rain

ForecaWr: R, Frotos (Agrorneteorologistl
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16/61
30/86

Annex-11
Ten-day Agro Met. Bulletin
Date: 11-21 September 1997
Weather S~.;mmarv for Preceeding Ten-davs !Past decade) :
The rains came down in torrents from the 18th to the 20th September Most parts of the country received substaintia/ rainfall, particu/erlv in the

West and South. All this activity was associated with a trough of low pressure lingering over Central America 1 NW Caribbean region. T/Jis feature
also induced e persistent perturbation in the lower atmosphere, which favoured the rains.
Stations
Rainfall for
Mean Ten-day
%Deviation of
Mean September
Sept.

Libertad
Towerhill
Airport

11-22 Sept

Rainfall

1997

11-21 Seot.

257.8
163.1

54
37
122
72
148
158
144
172

Pomona

123.2
222.0
150.4

Bigfalls South (Toledo)
Blue Creek (Toledo)
Punta Gorda Agstat

3B4.1

Central Farm

Ten-day Mean

1897
Rainfall

377%

344%
1%
208%
2%

123%

Rainfall

231
206
287
174
403
486
434
524

Climatological Outlook for 11-21 September: With the second peak in ten-day now in the past the general trend during and beyond the third

decade of September is for a gradual decrease in rainfe/1 at most localities. Central Farm can expect another 2 inchas of rainfall before the close of
the month, while at Bi Falls South (To/.) they can still get another 6.5 inches (see table below).
Stations

Mean Ten-day

Agricultural Review and the Growing Season :

Rainfa1121-30 Sept.

Libertad

141

Towerhill

122
95
53
128
183
141
141

Airport
Central Farm
Pomona
Big Falls South
Blue Creek
Punta Gorda Agstat

Rice. The rice crop is now in the grainMiing phase
Production levels will be high according to reports
from the Agricultural Station in Toledo.

I

Corn: The main corn crop is now in the drying· or
hardening phase. The harvest will be good in most
districts but total production may not surpass last
year's figures according to the Menonites

Ef-Nino I Southern Osciffation : Reports out of Costa Rica suggest that the EI-Nino I Southern Oscillation will reach its maximum intensity by year's
end. Much losses have been experienced in basic grain production and fish catch in Panama. Costa Rica, Nicaragua, Honduras and El Salvador.
it is possible that the full impact of this climatic phenomenon will be felt through 1998; when watei levels may fall below level requirements for
hydroelectric energy production.
u Rainfall figures are in millimeters. Divide by 25.4 to convert to inches
Agro Climat Section: National Met SeJVice, Belize
September 1997. R. Frutos Agrometeorologist

u
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User Requirements for Agrometeorological
Services: A South African Perspective
Karl A. Monnik
Institute for Soil, Climate and Water
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Private Bag X79, Pretoria, 0001
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Abstract
Massive amounts of agrometeorological data are collected
annually. The agrometeorologist is responsible to ensure effective use
of this information and enhance agricultural efficiency. The prime users
of the information are described. Possibly the most important use of the
data will only be identified at some point in the future. Most users require
processed information. Decision support information for planning and
management on both point and spatial basis is required. The information
must be accessible, clear and relevant. Examples of types of services are
presented. The paper then examines formats, timing and the purpose of
agrometeorological services. A crucial question which is still unresolved
relates to the access to public and private data. Certain concerns relating
to quality, metadata and usage of information are raised.

Introduction
Massive amounts of agrometeorological data are collected
annually on a national basis in many countries of the world. lt is
essential for agrometeorologists to ensure that the utilization of these
data justifies the cost of its collection, storage and maintenance.
Due to the temporal and spatial variation of agrometeorological
data, it must be collected on a continuous basis and be representative
of important climate areas, with a clear vision of projected future
requirements for data. Many analyses routinely completed at present
are due to the foresight of scientists at the turn of the century.
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However, data in itself, are insufficient. Storage, control, analysis
and dissemination are important links in the chain. These links are
crucial if we, as agrometeorologists, can justify and expand our services
for the public good.
This paper seeks to describe the current situation and developments
in South Africa with a vision for what the future holds.

Who are the users ?
National and provincial governments are potentially the largest
users of climatic data. They generally request spatial data at a small
scale for assessment and planning purposes. Agro-industry requires
interpreted agrometeorological data at a medium scale mainly fm planning
and monitoring purposes. Individuals, such as farmers and agricultural
consultants require point data or large scale spatial data for planning
and monitoring purposes. The final user is the broad research and
technology development community. The variety of requests emanating
from this community is vast. They often require semi-processed data.
Arguably the most important user of agrometeorological data is
the "future unknown". With the increased understanding of anthropogenic
induced global change, reliable historical data have become immensely
valuable. At present, certain uses can be speculated, however, other
uses will only become apparent as research and our understanding of
the environment develops. An example of this occurred in the South
African Weather Bureau. After years of monitoring ultra-violet radiation,
the programme was cut for financial reasons in the late eighties. Just
two years later it was reopened and classified as high priority after the
discovery of the ozone hole over the Antarctic and its associated health
risks.

What do users require ?
Requests for raw agrometeorological data are rare. Users require
data to be processed into an understandable format to facilitate their
decision making process. While years of minimum temperatures may
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be of little value to a farmer, first and last frost dates may be crucial
to the success of his farming enterprise.
Three key factors for the effective utilisation of agrometeorological
services are:
•

accessibility;

•

presentation; and

•

relevance.

Agrometeorological services must be accessible to the broad
community of users. This entails adequate marketing of its abilities
and services to create awareness. This also relates to the availability
of regional local offices and the attitude of personnel. Unlike other
disciplines, the majority of users are unfamiliar with scientific presentation
of information. Thus agrometeorologists must seek to present data
clearly and simply that the user can understand the meaning of the
information. Finally, the information must be relevant and appropriate
to the users' particular requirements.
The provision of point climatic information is important for climate
potential analyses (when to plant, what to plant), crop-climate suitability,
growing season and planting dates and various risk assessments. This
information is suitable for extension.
Spatial climate data are desired by decision makers involved in
planning and assessments or monitoring. Several spatial development
initiatives have been initiated in South Africa to plan and facilitate
development along corridors which link major centres with each other
and harbours. Resolution varies from 50 m for digital terrain information
(used as a basis for climate interpolation) upto 5 km for Meteosat data.
National drought monitoring is done using NOAA Normalized Difference
Vegetation Index (NDVI) at a magisterial district scale while a local
mobile temperature survey to determine frost risk areas at a farm level
use a 50 m resolution.
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Assessment of local agroclimatological conditions is becoming
increasingly important in South Africa. The utilisation of mobile temperature
and humidity surveys to rapidly generate detailed information using the
methodology of Soderstrom and Magnusson (1995) is currently being
used. In addition, demand for low-level remote sensing using a Digital
Multi-Spectral Video (DMSV) camera has outstripped ability to supply
this service in South Africa.
The scale of forecast and monitoring is important. Farmers have
to act on a local scale, whereas food imports are negotiated and planned
on a national scale. Spatial variation exists on all scales. Too often
attention is given only to regional scale, ignoring local scale variations.
Messingue et al. (1997) and Mellaart and Massingue (1995) have shown
that important rainfall variations can exist over a few kilometres.
For many applications of agrometeorological services, the more
recent the information, the greater its value. A national food security
early warning service requires accurate information regarding trends
in meteorological data in order to project possible impacts on food
security. The locust early warning system currently being developed in
South Africa requires spatial rainfall, temperature and wind data on a
ten-day basis in order to timely muster locust control infrastructure to
eradicate locusts while they are still in the vulnerable hopper stage. At
this stage control is cost efficient and it precludes the laying of eggs.
Associated with early warning systems is yield forecasting. The
Institute for Soil, Climate and Water has been involved in delineating
cultivated areas in South Africa to refine the area under crop production.
Modelling of yield over time and projection of final production is
fundamental to country's effective planning for national food security.
In South Africa, the Free State Department of Agriculture's
Information Technology section is publishing "Ciimatological and
Agricultural Conditions" in the Free State on a monthly basis. The
contents of this monthly report include:
•

Actual rainfall for the month and its effect on agriculture
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e

Rainfall for the month relative to the long-term

e

Rainfall outlook for the following three months

e

Median rainfall for the following three months

,.

Temperature outlook

•

Current condition of the veld

•

Outlooks from other sources

e

Crop estimates using the CERES-maize model

e

State of the Southern Oscillation Index (SOl) and sea surface
temperature maps
Management options to mitigate the effects of detrimental weather

reduce rapidly as data age. Irrigation scheduling consultants require at
least daily updates concerning current atmospheric evaporative demand.
With the advent of the current year's strong El Nino event
(97/98), the demand for seasonal forecasting is clear. However, limitations
regarding the usefulness of these forecasts are limited by their lack
of specifics. The farming community is interested in the distribution of
rainfall during the rainfall season, as yield is only weakly correlated with
seasonal rainfall. The timing and distribution of rainfall event are critical
variables when it comes to the final production. Until now, seasonal
forecasting has simply given trends concerning the season and not
more specific information.
Contiguous sequences of daily data are required by crop
modellers. At the Biological Simulation Forum held during October 1997,
this was reiterated. Coordination of measurement specification and data
management for automatic weather stations was also a concern.
Another requirement of users is that of quality control. Most
users assume that the information they obtain is correct and has gone
through rigorous quality assurance checks. However, historical data
generally have some spurious data which complicate the use thereof.
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Users should be made aware of the source of the data and the quality
standards. In addition, inexperienced users may make serious errors in
interpretation if erroneous data are not identified and excluded.

What type of format ?
The bulk of current users in South Africa still require a hard-copy
of information. Tables, graphs, reports and printed maps satisfy the bulk
of the users. More detailed spatial information may be required for some
users. This information is often times aggregated during the formulation
of the final product. However, there is an increasing trend towards using
e-mail and the provision of digital spatial data. Many maps, while being
produced electronically, are still purchased and displayed simply on a
hard-copy basis.
Geographical Information Systems such as ARC/INFO are the
natural home for spatial agrometeorological information. This platform
is being increasingly used to store, display and manipulate data. One
significant weakness of GIS is its inability to adequately handle temporal
characteristics of agrometeorological data. This may be solved to some
degree using data visualisation concepts.

When are services required ?
Many requests can be characterized as one time, with a small
possibility of future requests. Early warning systems require data on
a regular ten day basis. Irrigation scheduling consultants require daily
information on crop growth and development. The most valuable
information for management purposes is the recent data. The speed at
which the data can be recorded, transmitted, processed, checked and
made available increases the value of the information.

Purpose of Agrometeorological Services
The goal of agrometeorological data and services is to improve
the efficiency of agricultural production. Further benefits of these services
are to promote wealth generation, income stabilisation and job creation.
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The more immediate objective is to answer the "What if?" question.
Meteorological forecasts of rainfall and temperature are interesting, but
are useless unless agricultural decision makers are able to alter their
management in response to the forecast. The management action must
either mitigate a potential negative effect (e.g. drought) or build on a
~ ·:tE;;.::•;v:oqist3 is to
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Access to Data
The government is the biggest stakeholder in terms of
agrometeorological data. They contribute US $ 600,000 annually to
the maintenance and expansion of the agrometeorological observation
network. In addition, several million dollars are allocated through the
Department of Environment Affairs to the National Weather Service,
primarily focussed on weather forecasting, but also on climate and
related services. While government contributes almost exclusively to the
costs, it is not necessarily the largest user of the information. lt is seen
as a national responsibility for public good.
An increasing number of automatic weather stations is being
purchased by farmer cooperatives, organisations and individuals.
Discussions concerning the access to these data took place at the
Biological Simulation Forum. As users begin to understand the value of
these data to increase profitability, reluctance to allow the open access
to data increases.
The final issue concerning "Access to data" is the cost linked
to the data. In South Africa, the South African Weather Bureau
provides meteorological data free-of- charge, though they are considering
commercialisation of their data. Data requests above a certain threshold
from the Agricultural Research Council must be paid for. Only certain
data are exchanged freely. Ongoing debate regarding the policy, frustrate
those whose progress is hampered by the lack of exchange.
Not only is there inconsistency within the government sector,
but parastatal and private institutions and individuals also have differing
opinions. One model suggests that raw data should be available in the
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public domain, but value added information can be sold. However, this
ignores the costs incurred by institutions who collect and maintain the
infrastructure for observing the network for the data.

Concerns Regarding Agrometeorological Services
One of the limitations to the widespread use of agrometeorological
data concerns tbe accessibility. The ARC-ISCW has installed its
comprehensive climate data base and information system at several
provincial offices. However, it is still only accessible to agriculturists at
these institutions. Difficulties are experienced in promoting wider access.
The quality of historical climate information is of increasing
importance. As more extensive use is made of daily data using computers,
the opportunity for erroneous data not being detected increases. Human
resources to manually check and correct data that have been highlighted
as suspicious is very limited. In addition, such people must be experienced
in weather observation in order to assess the soundness of a value.
Most meteorological data are stored with insufficient information
pertaining to the measurements and location. In South Africa, all weather
stations are registered to the nearest minute of a degree, which is no
longer sufficient for large scale studies, especially where topography is
complex. New standards for recording metadata such as instrumentation
used, calibrations, units and site characteristics should become an
integral part of an agrometeorological information system.

The Future
Value added information is being provided over the Internet
which is becoming an important platform to facilitate wider access.
This can only serve to strengthen our case when seeking funding. An
example of this is the Oklahoma Mesonet where agricultural extension,
farmers, emergency services, education, tourism and industry all access
the interne! for information relevant to their decision making.
Agrometeorologists need to concentrate on developing appropriate
decision support technology to enable the agricultural community to
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respond effectively to information such as seasonal forecasts. This
includes the development of farming systems which optimise the
benefit from the climate and weather/pest forecasts.
With greater emphasis on precision farming, the technology
developed by agrometeorologists must be adapted for these intensive
applications. Spatial modelling of crops which can effectively incorporate
more detailed information is important. Instead of crop models working
linearly over time at a given point, they need to work in parallel over a
surface. This requires a change in mind set for the modelling community.

Conclusions
Agrometeorologists should ensure that their services are
appropriate for their user community. Only when the users' needs are
satisfied, can agrometeorologists justify their budgets.
Users require a vast range of information cutting across various
spatial and temporal scales. Agrometeorologists must ensure that
the information is relevant, accessible and presented clearly. Spatial
information is becoming increasingly important and will probably become
the dominant platform on which agrometeorologists will work.
Looking to the future, Internet will become an important medium
to distribute information. Appropriate farming systems and decision
support systems will form the mainstay of research and development.
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Abstract
In Mongolia agrometeorological services are provided to the users
by the National Agency of Meteorology, Hydrology and Environment
Monitoring (NAMHEM). The agrometeorological services include issuing
agrometeorological bulletin at 10 day intervals, preparing user-specific
information and giving oral advisory services through various
communication channels. Agrometeorological bulletins contain a summary
of agrometeorological and meteorological data for the past ten days,
crop state and stages and user-oriented agrometeorological forecasts
including crop damage caused by pests, diseases and adverse weather
conditions and soil moisture conditions viz., likely sowing condition,
expected available water content, growth rate and harvesting date and
livestock meteorological services. Besides, monthly and seasonal outlooks
provided in the bulletin help farmers in proper planning of their avilable
resources. These bulletins are disseminated to the users community
through post, press, radio, television, telephone etc. In future, forecasting
of evapotranspiration, climate impact assessment on pests and diseases,
micro-climate studies, use of computers, remote sensing data, GIS
system etc. in preparing bulletins are to be taken up to meet the growing
diverse demands of the user community.

Introduction
Agrometeorological information and advisory can help significantly
to increase quantity and quality of agricultural production. Better application
of agrometeorological resources cannot only lead to increase production,
but also appreciably reduce loss and damage. Other things remaining
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unchanged, weather information properly applied, can help increase
agricultural production, and appreciably reduce loss and damage and
improve planning and decision making in the entire agricultural activity.
Mongolia is a sharp continental climate country surrounded from
the west and north by the high mountainous ranges and situated at an
altitude of 1580 meters on the transit zone stretching from the Siberian
laiga to the Central Asiatic sand deserts. On this territory, located
within latitudes the dif!erence between which makes up just a score of
degrees, the annual mean air temperature varies greatly from -7.8°C in
the Darkhad hollow to +8.5°C in southern Gobi of AltaL As typical of
the country being a land-locked one, has a low precipitation amount, in
the windward upper parts of the high mountains in the northern region,
300 mm of precipi'cation is recorded per year, while in the Altai Gobi
desert the precipitation amount is hardly 50 mm. More than 85 percent
of the annual precipitation amount is realized in warm periods. There is
a great number of whirlwinds and sand storms occurring in the steppe
and Gobi regions of Mongolia. Annually this area experiences wind
velocity exceeding 15 metre per second over 30 days. Due to the severe
climatic conditions characteristic of this region, the only possible option
under such conditions' economy - nomadic cattle - breeding has been
developed, which is becoming the key branch of the national economy.
Since 1960, the movement !or developing virgin lands and developing
agriculture had been launched and by now there are over one million
hectares of arable lands where non-irrigated cultivation is carried out.
On one hand, natural climatic heavy conditions, and on the other
hand, rangeland cattle breeding, non-irrigated grain sowing, the mining
ol mineral resources and processing industry dominating in the national
economy stipulate its being in great dependence upon the nature and
climate condition.
Most of the soils lie in the zones with insufficient and unstable
water supply. The agrometeorological conditions of crop production, mean
crop o! spring wheat, growth of grass and animal grazing which largely
determine agricultural productions in Mongolia differ greatly from year to
. year.
'179

Agrometeorological Services
Agrometeorological services to agriculture and animal husbandry
of Mongolia are provided by the National Agency for Meteorology,
Hydrology and Environment Monitoring (NAMHEM). There are several
central and local centers of NAMHEM such as Institute of Meteorology
and Hydrology (IMH) working in close contact with agricultural people.
Meteorological information may be in the form of reports of current
weather conditions, forecasts of future weather events. or analyses of
past weather which can be helpful in agricultural production.
Agrometeorological information
Basic types of agrometeorological information include : 10 day
agrometeorological bulletin; specific information prepared at the request
of the user organization; and oral advisory services over various
communication channels.
The organization of agrometeorological information of NAMHEM
is presented in Figure 1. The NAMHEM provides agrometeorological
services to the user in 2 ways. First, in the 21 local canters for
Meteorology, Hydrology and Environment Monitoring that are located
in the administrative provinces of Mongolia, local agrometeoroloigcal
bulletins are issued once in every 10 days. Second, the Agrometeorological
division of the Institute of Meteorology and Hydrology (IMH) provides
not only routine agrometeorological bulletin for the same period, but
also prepares the following information as agrometeorological advisories,
meteorological and agrometeorological forecasts, special information and
recommendations oriented to concrete users, and required information
for the users.
Agrometeorologica! bulletin
Most important agrometeorological information is included in
routine agrometeorological bulletins. These bulletins are prep_ared by
agrometeorologists at 10 day intervals. Information required to prepare
agrometeorological bulletin includes meteoroloigcal, agrometeorological,
and other observational data for the last 10 days. Meteorological data
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Figure 1. The organization of agrometeorological information in Mongolia
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are collected on a daily or hourly basis depending on the type of
meteorological stations and agrometeorological posts. Agrometeorological
data, on the other hand, are collected in the crop field and pasture
lands. Agrometeorological data include phenological information of the
main crops and grassland; crop production; including eventual crop
damage caused by pests, diseases and adverse weather conditions;
and soil moisture conditions. Very important agrometeorological data
are domestic animal (sheep, goat, camel, horse and cattle) behaviour
and grazing condition. The environmental conditions of Mongolia are
favourable enough to keep domestic animals in the open air all the year
round. However, any variations in natural condition from the optimum
seriously affect the life activity of animals. Based on the conjugated
parameters of the air temperature, wind speed and snow depth, the
criteria of the unfavourable conditions for winter grazing have been
developed.
Livestock meteorological services include following activities
a) Provision of specialized forecasts of dangerous weather conditions
and hazards relative to the livestock breeds grazing
b) assessment of summer and winter grazing condition, and
c) assessment of the suitability of weather condition for bathing,
shearing, reproduction, driving animals, etc.
In the preparation of agrometeorological information, special care
must be taken in selecting the type of data to be involved. Likewise,
quality of meteoroloigcal data verified before these data are analyzed
and disseminated to the users using adequate methods now available.
Agrometeorological bulletins have several sections. The first
section covers basic agrometeorological peculiarities of the past 10 day
condition, weather pattern as well as data on meteorological parameters.
The subsequent sections contain the following features for every
major crop : estimation of agrometeorological conditions for the growth,
development and formation of yield in the 10 day-period, data on the
state of each crop, development stages, available soil moisture and
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indication of favourability of weather conditions for each crop. Various
annexes on rainfall distribution and air temperature are also included in
the bulletin.
Depending on the weather and environmental condition the bulletin
also includes environmental past condition, agrometeorological advisories,
agrometeorological forecasts, special information for the domestic animal
grazing condition, and monthly and seasonal outlooks. Past environmental
condition contains everyday sulfur and nitrogen dioxide contents in the
air of the major cities as Ulaanbaatar and Erdenet. All this information is
included not only in the agrometeorological bulletin, but is also issued
depending on the user requirements separately.
During the unfavourable weather conditions, remotely sensed
data (NOAA AVHRR) are used to estimate natural grassland state and
snow cover, and to detect and calculate an acreage of the fires. Their
results showed that remote sensing data contain enough information for
agricultural planning and management in large and sparsely populated
regions like Mongolia.
Agrometeorological forecasts are to provide the following
information : sowing condition under the existing weather condition;
expected available water content; rate of growth and development of
crops and their expected yield, expected dates of harvesting, etc.
Agrometeorological forecasts included in the agrometeorological
bulletin are to provide the following information :
e

soil moisture resources in spring (1 month ahead)

•

spring wheat heading (1 month ahead)

•

spring wheat wax maturity (1 month ahead)

•

.pasture plant flowering (1 month ahead)

•

spring wheat yield (1-2 months ahead)

•

pasture plant biomass (1-2 months ahead)
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•

potato yield (1-2 months ahead)

•

soil freezing and thawing date (1 month ahead)

•

sheep weight for the winter and spring season (from 1 to 5
months ahead)
Methods for agrometeorological forecasts are based on statistical

multivariate relationships and their equations and dynamic-statistic
calculation models which make it possible to obtain the expected values
from one to three months in advance.
Agrometeorological advisories are recommended for the effect
of weather conditions on crop and animal husbandry as following
•

weather effect on the spring crop planting period

•

weather effect on the autumn crop harvesting period

•

weather effect on growing season of crops

•

annual past condition effect on agricultural production and livestock
Special advisories are the domestic animal breeding condition,

fodder preparation condition, and soil moisture resources condition after
the soil thawing and before the soil freezing.
Monthly and seasonal outlooks included in the bulletin may help in
taking the decision whether or not to grow marginal crops, in management
of limited water resources, in choosing the date of sowing of crops, in
planting pests and diseases control measures, and in determining crop
yields.
Weather forecasts
Weather forecasts are given to the general public usually
twice a day. Depending on the user requirements, types of the
general meteorological forecasts are as follows : short-term weather
forecast (forecast of temperature and precipitation; wind and weather
phenomena from 3 hours upto 2 days ahead); 5-7 day weather
forecast, and long-term forecast (weather forecast for 1 and 2 months
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period, the warm and the cold season). The quality of meteorological
forecasts and warnings about hazardous weather phenomena has
been constantly improving because new technologies and methods of
meteorological forecasting have been applied in operational practice
and on the other hand the score and quality of the meteorological,
aerological data prognostic production received from abroad and inside
the country are being enhanced and improved. For the last 30 years
the quality of short-term weather forecasts has been improved by
over 10 percent. According to IMH studies, a 1 percent improvement
in the quality and probability of short- term weather forecasts provides
preconditions for reducing the unnatural losses of cattle by 100
thousand of head (L. Natsagdorj, 1996).
These general forecasts can also be disseminated to agricultural
users. The agro-oriented forecasts may include rainfall probability, maximum
and minimum expected temperatures, wind speed and direction, and
sky condition, among other parameters. These forecasts should include
an explanation on the possible impact of weather elements on specific
agricultural practices.
Specific recommendation
The specific recommendation, as named 'Recommendation for
crop production and technology', is issued once a year or before
growing season. To prepare the recommendation, agrometeorologists
are working in cooperation with agronomists, specialists, agricultural
scientists of National University of Agriculture and related managers from
the Department of Agriculture.

Dissemination of Agrometeoroloigcal Information
For the dissemination of agrometeorological information,
conventional methods such as post, press, radio, telephone, etc. are
used. Table 1 shows the dissemination way of agrometeorological
information to the user community.
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Table 1. Dissemination of agrometeorological information
Method of dissemination

Types of agrometeorological
information

Post

agrometeoroloigcal bulletin
1-2 monthly outlooks
special information

Radio

1-2 day weather forecast
5-7 day weather forecast
1-2 monthly outlooks
weather warning

Personal communication

agrometeorological bulletin
1-2 monthly outlooks
special information

Press

1-2 day weather forecast
1-2 monthly outlooks
special information

TV

1-2 day weather forecast
weather warning

Information and Computer
Center of NAMHEM

1-2 day weather forecast
5-7 day weather forecast
1-2 monthly outlooks
weather warning

The agrometeorological bulletins are meant to be utilized by the
farmers and the livestock manager in their day-to-day operations. The
bulletins are prepared for 2-3 days after receiving meteorological data
from all meteorological stations and agrometeorological posts. Because
of the dissemination of agrometeorological bulletin is by post and they
do not reach the users in time for providing an operational service. So
we need to improve the method of dissemination of information using
new technologies for the user requirements.
Institute of Meteorology and Hydrology has been carrying
out

studies

on

national

agrometeorological
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information

such

as

forecasts, etc. The institute's agrometeorologists have carried out
a wide range of studies on agroclimatic zonation of Mongolia in
view of the agricultural and cattle- breeding branches, exploring
the pasture and cultivated plant vegetation pattern of Mongolia
in conformity with the climatic conditions, programming the yield
output, etc. The agroclimatic reference-book and reference-books of
animal husbandry meteorology and of soil moisture were issued
in 1996, in 1989 and in 1987 respectively. Successfully completed
were the studies concerning the simulation by energy exchange
processes ol the dependence of the livestock, live weight upon
the climatic factors. As a result the forecast is possible to be
made on determining early in winter how the live weight of the
mongolian sheep would be decreased by April of next year. The
tasks of lMH to be carried out in the near future are as follows :
e

Automatic system of preparation of agrometeorological bulletin
using computers, remote sensing data, GlS system, various
methods as CLICOM, lNSTAT, etc.

•

Agrometeorological
Mongolia

•

Assessment of climatic impact on agricultural pests and diseases

e

Improvement of livestock meteorological observations, services
and investigations

e

Micro-climatic studies of agrometeorology

•

Applying a wide range of agrometeorological and ecological
models for agrometeorological forecasting and estimations.

forecasting

of

evapotranspiration

over
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Abstract
In the last twenty years, the use of meteorology in agriculture
began from practically none to the present position where the demand
for agrometeorological services cannot be fully met by the national
meteorological agency. The interest in using agrometeorological information
started when the contact between the meteorological agency and agricultural
sectors was established in early 70's. Initially, assistance to monitor the
weather in agricultural areas and simple weather forecasts to guide field
activities were only required by the agricultural community. As the quantity
of agrometeorological service increased and the quality of the service
improved, the demand of agrometeorological service also increased in
level of technical knowledge and complexity. Today because of the limited
resources in the national meteorological agency, it cannot meet all the
demand of agrometeorological services by the agricultural sectors.

Introduction
Before the early 70's there was very little or no interest in
using meteorology in agriculture in Malaysia. For a long time farmers
have assumed that nothing could be done to the weather except to
be subjected to its fluctuating nature. They could, however, change
the soil physical characteristics and chemical composition by ploughing,
compacting, irrigating, draining and fertilizing. On the other hand, they
could not change the weather. Hence, farmers know more about soil
management than they do about fully exploiting climatic resources. There
was a common misconception that studies on crop and climate relationship
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have very little practical value, This is one of the main reasons why
there was little interest in agrometeorology until recently.
Another reason why agrometeorology had a slow in development
in Malaysia is that it is multi- disciplinary in nature. it deals with the
relationship between the physical environment and biological growth of
crops. it requires understanding of physics of the lower atmosphere and
soil and their interaction with the physiology of crop. As an interdisciplinary
subject, agrometeorology is broad and complex. In general, it is uncommon
for crop physiologist to be well-versed in physics of the environment or a
meteorologist to be familiar with the biological processes in plants. More
than 20 years ago there was no agrometeorologist in the country and
even now there is only a handful of people who are adequately trained
in agrometeorology.
However, there is, recently, a growing awareness among
agriculturists that they have neglected the climate in addressing agriculture
problems. This awareness is especially evident among plantation managers
and crop scientists. Increasingly too, farmers begin to recognise that
although they cannot change the weather, except on a very limited scale,
they are capable of adjusting agricultural practices to fit the climate.
Thus, interest in agrometeorology has grown. During the last 20 years,
this growing interest is manifested in the increasing demand for weather
or climate data from agriculture sectors and the increasing request
for assistance to start weather observations and to use meteorological
information at plantations, farms and agricultural research institutes. This
paper attempts to describe the development of this interest.

Monitoring of Weather in Agricultural Areas
Recognising the importance of agrometeorology, the Malaysian
Meteorological Service (MMS) established an agrometeorology division
in 1974. Contacts with agricultural agencies were made to increase
awareness in this area and to find out how MMS could help the agricultural
community.
Initially the focus was on assisting the agriculture sectors to
monitor the weather in their plantations/fields/research institutes. MMS
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provided free meteorological instruments and training for observers.
Quality of the data obtained was also ensured by routine data checking
and periodic inspections of the stations by MMS personnel. Because of
the free services provided, the interest in setting up stations grew rapidly
and by the early 80's MMS had helped to set up more than 150 weather
stations in the agricultural areas of the country.

Weather Forecasts
In the earlier days, the most common expressed need in the use
of meteorology in agriculture was simple short range weather forecasts
to plan or guide operational activities. Gradually, the request extended
to medium and long range weather forecasts. Today, some agricultural
agencies are using short and medium range forecasts for planning daily,
weekly and even monthly operational field activities and long-range
forecasts (quarterly to 1 year), which recently are improving in reliability,
to manage long term agricultural planning.
Through advances in atmospheric research, weather forecasting
has improved. However, weather forecasts are still far from being perfect,
and the longer the range of time they refer to, the more unreliable they
tend to become. This is an inherent nature of atmospheric science. Even
short-range forecast had its problems. The random nature of tropical
thunderstorm in its development with respect to space and time had
caused MMS to make "mistakes" in the forecasting of these storms.
This somewhat has affected MMS's reputation as a weather forecasting
service because users tend to remember the few occasions that they
failed rather than the many times when they were right.

Failure of Projects
Unfortunately, one of the reasons which boosted the interest in
agrometeorology is failure of agricultural projects that did not take the
climate into careful consideration at the planning phase. An example of
this was a big sugarcane plantation initiated by a local government and a
foreign investor. A feasibility study was conducted and because it could
not get climate data near or around the recommended planting area, it
used only the climate data from a location which was more than
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100 km away. Using this and other relevant data, it recommended that
the project be implemented. Years after the launching, the production of
the crop was found to be too low to be sustainable. A second study was
carried out to reassess the suitability of the area for growing sugarcane
and this time it used the data collected at the plantation site. One of the
conclusions of the study was that the climate of the area was not suitable
for the crop. The management had to make the painful decision to close
the plantation. This brought substantial stress to hundreds of families
drawn into the project. Such unpleasant experience caused many to be
more aware of the crucial role played by weather in agriculture.

Agroclimatic Zonation
As interest in agrometeorology grew in agricultural sectors, they
began to request for more assistance. Besides requesting for weather
forecast, the next most common area that the agriculture sectors sought
help from MMS was to know what crop(s) to grow at a given location or
where to grow a selected crop. This question required more background
studies and work before it can be satisfactorily answered. In attempt
to meet this need, MMS did an exercise to classify the country into
agroclimatic zones. This exercise essentially graded areas into suitability
zones according to the degree to which the climatic and soil resources
have met the requirements of selected crops. Such maps were produced
for 16 major crops of Malaysia. MMS has publicized the maps in a
national seminar and judging from the response from participants and the
number of request for the maps, the agroclimatic zonation was beneficial.
Nevertheless, in the course of the exercise, MMS has learned some
lessons which are described below.
The usefulness of the agroclimatic and crop suitability maps
depends on the accuracy of the data used, the viability of the methodology
and the scale of the maps. If the climate and soil data employed in the
exercise are not reliable, then the maps are not only useless but also
harmful because they could mislead planners. A common characteristic
of soil and climate data is that they have significant spatial variation.
This factor also relates to the scale of the map. If the spatial distribution
of the data are sparse, then the maps need to be of smaller scales. lt is
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pointless to produce detailed maps using a coarse data set. However,
maps without enough spatial details are not practically useful. On the
other hand, maps with proper scales are tools that agriculture planners
or managers will not want to do without.
Whether the method used in delineating area into agroclimatic
or crop suitability zones is viable depends on how much is known about
the crops, particularly their behaviour in the changing environment, and
how well the climate of the location has been monitored. Presently in
Malaysia, there are more reliable and available climate data with respect
to time and space than crop data. Regarding crop data, more is known
about annual determinate food crops than perennial and indeterminate
crops. However, enough is now known about crops in general that it can
be used to guide planning activities in a more objective and scientific
manner.
A good agroclimatic and crop suitability zonation will also include
information on unsuitability of crops/sites for chosen sites/crops. This
information will help to prevent misuse of land resources wit11 possible
consequences of failures of agricultural projects like the one mentioned
earlier. Such failures have serious adverse impacts not only on the
economics but also on the social-welfare of the people involved in
the projects. Even if these maps have not benefited the agricultural
community in any other ways, but have only reduced the number of
failed projects, it would still be worthwhile doing this zonation exercise
because it has avoided possible miseries that would have fallen upon
many families who are drawn into the projects.

Decision - Making
In Malaysia, agriculture sectors consist of both small holders
and large plantations. Decisions on daily or longer terms activities are
made by farmers with one eye on the weather. From a national point of
view, the effects of wrong decisions in small farms may not be serious
because there is atleast a chance that half will be right. However, with
the increasing tendency towards larger agricultural units and decisions
being centralized or applied to large units of production, an error in
calculation becomes a total error throughout. Under such circumstances,
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the numerical assessment of the effects of weather is of increasing
importance at all levels of management. Requests for agrometeorological
services from plantations now dominate over those from small holders.
There are numerous ways that meteorology can come to the aid
of decision making besides visual appraisal geared to traditional practices
done by the farmers. What the farmers need is latest information on the
weather and the crop conditions. Their decisions will also be better if
they have the weather outlook for the coming days/weeks. In an effort to
serve this purpose, MMS routinely publishes a decadal (10-day) bulletin.
lt contains the description of the weather for the 10-day period that has
just passed, its impact on crop production and the weather forecast for
the next 10-day period. The bulletin is distributed speedily and widely
among governmental and private agricultural agencies. Responses from
users have been positive, indicating its usefulness.

Increasing Demand for Improved Agrometeorological Services
The contact established between the agricultural community and
MMS and the improved services rendered open more avenues for more
agrometeorological services. The services required by the agricutlural
community are progressively becoming more technical and more difficult
to meet. From the basic and general queries of where, what and when
to grow, the agricultural community is now requesting information on
the specific effects of various weather/climate factors on crop growth
and productions. The following questions that were recently asked by
agriculturists indicate the specific nature of technical knowledge they
now required in agrometeorological services :

e

"How would haze/smog affect the oil content of the fruit branches
in oil palm ?"

e

"Which part of solar radiation spectrum affects the development
of crops ?"

•

"How does one estimate dry matter production using
measurements of solar radiation profile and the flux of carbon
dioxide in the crop canopy ?"
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The request for micrometeorological measurements in crop
canopies has also increased. MMS have been asked to assist in
measuring fluxes of momentum, gases and water vapour in crop canopies.
Information and methods on artificial modification of microclimate by
means of shelter belt, shading, mulching, evaporation suppression and
others which alter the conditions of the air or soil or air-soil interface
surrounding the crops are also required. However, due to lack of human
and financial resources, MMS could not meet most of these needs.
Lately, cultivation in highland areas has also grown in importance
in Malaysia partly because of the types of crops that can be grown in
higher elevation are in high demand and partly because the pressure on
land-use by many other sectors pushes agriculture to marginal areas.
Requests for methods to estimate production of crops grown on slopes
are now received by MMS and these are not easy to answer.
Some agricultural agencies particularly the research institutes
have indicated the need to develop crop-weather models to simulate
growth and development of crops. Investigations in this area are still
being actively pursued and will likely yield more promising results for
future practical application on a wider scale.
In every crop pest/disease, there is a weather factor which
needs to be evaluated. In the warm humid tropical climate of Malaysia,
agriculture experiences greater threat from pests and diseases which
occasionally take large tolls on its production. The threat of pest or
disease losses is so great in some agricultural practices that preventive
or curative action in the form of regular periodic spraying is often taken.
This may be effective, but it is not always economic and it has opened
the door to possible environmental pollution. Farmers now recognise that
a sensible form of protection is to base application of insecticide/pesticide
on weather conditions and on knowledge of the relationship between
the development of the pest/disease and weather factors. The need for
such techniques has been expressed often. However, limited resources
within MMS allow it to meet only a very few of these needs.
Farmers also know that the correct estimation and interpretation
of moisture status of the soil will be of help in deciding the best time
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for cultivations, sowing, fertilizer applications and so on. Meteorological
information can also be used to decide times for irrigation and drainage.
The calculation of irrigation need and the devising of irrigation schedules
based on meteorological observations or calculations have made progress
recently. This is primarily due to. increase in the understanding of the
energy, mass and momentum transfer mechanism in the layer of air
in and above crop canopies and the movement of water from the soil
through the plant and into the air. This knowledge enables the amount of
water consumed by crop be quantifiable. Standard procedures are now
available for estimation of crop water consumption using weather data as
driving inputs. To be able to obtain and make available such information
at the country scale, a GIS will be of great help. MMS is in the process
of acquiring a GIS in order to better serve the agriculture community.
Agricultural fields and farms are exposed to a growing onslaught
of air-borne pollutants - pathogen, pest and chemical. The pollutants
are generally transported by currents of air and sometimes arrive by
a fall of rain. The agricultural community now recognises that almost
the entire process of air transport of visible and invisible pollutants
is influenced or controlled by meteorological processes. From take-off
to landing, through dispersal and dilution, the process is concerned
with meteorological action and reactions both on the micro and macro
scales. MMS has been approached to monitor the transport of some
pathogen/pest and is presently working with an agricultural authority in
the major rice growing area of Malaysia to detect the outbreak of brown
plant hopper by analysing and supplying information on the low-level
wind and weather conditions over the region.

Conclusions
During the last twenty years, the agricultural community in
Malaysia has changed from being ignoring the role of agrometeorology
to one that is aware of the importance of the influence of meteorology in
agriculture. Some sectors are now asking for agrometeorological services
that the national meteorological agency find it difficult to provide. In one
sense, the nation has progressed in that it knows the significant role of
agrometeorology and it is asking for better services. In another sense,
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the nation has not yet arrived at a position whereby it can cope with
all the demand of improved services from the agricultural community.
Malaysia needs to train more agrometeorologists and needs the assistance
from other more developed nations to transfer relevant technology in
agrometeorology to serve the needs of its agricultural people.
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Agrometeorological Planning Aids for the Farmer
B. Rudolph
Deutscher Wetterdienst
GF LW - AS Freiburg
Germany

Abstract
Agriculture in Germany is interested in receiving the longest-term
and most exact weather forecasts possible, as well as information about the
expected conditions at the production sites. Several existing communications
need to be improved: Publications have a small topicality, telephone
services can only provide a genera/local weather and agrometeoro/ogica/
forecast. Te/efax allows transfer of much more information especially
on agrometeoro/ogical values and forecasts. T-online allows interactivity.
AGROMET-online includes the activity of the farmer for he can take a
relevant simulation into account when making his decisions.

Publications
The German Weather Service (DWD) regularly prepares weekly
and monthly weather reports, which are sent to the customers. A great
deal of information, spreadsheets and cards can be dispensed. But these
reports carry a small topicality, because printing and dispatching take a
lot of time. A publication, produced on Thursday, normally reaches the
customer the following Monday.

Telephone
A much faster way to dispense information is the service by
telephone announcement. The customers are provided with forecasts
once a day, containing a general weather forecast text for the region
concerned as well as general local weather and agrometeorological
forecast, followed by prognosticated plant development condition, soil
moisture in the root region and temperatures in the upper layers. For
this service the farmer pays about $ 2 for one minute of announcement.
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Telefax
Because of the large expansion of telefax, there exists the
possibility of providing information by telefax. The DWD has recognized
this development and together with the Regional Farmers Association,
has developed the WEATHERFAX FOR AGRICULTURE. 11 operates
from March until October every day, except when the following day is a
Sunday or a holiday. WEATHERFAX consists of one page, containing
information for the next 7 days: weather forecast, air temperatures, soil
surface temperatures, soil temperatures at depths of 5 and 10 cm, rainfall
and rainfall probability, soil water contents over grassland, maize, sugar
beets and winter rape and also soil moisture for several types of soil,
stage of plant development and grain moisture.
The distribution and the customer service are executed by our
partners, the Regional Farmers Associations. Our forecasts are delivered
to the Associations, and the farmer contacts his Association.
The size of the region depends on the geographical and
climatological factors. At the southwest of Germany, between the Alps,
the Rhine River and the Black Forest we have 15 diverse regions. All
over Germany we have more than 60 such regions.
Actually there are 4000 farmers paying about $ 250 per year.
In regions with viniculture we offer also a WEATHERFAX FOR
VINICULTURE in addition.

T-Online
Such a system presupposes that the farmer has a telephone, a
modem and a computer. Then he has the possibility to get informations
by T-online. He gets values of several meteorological elements from
the most favourable grid point of the forecasting model used. With the
programme PROPLANT, which must be installed on his computer, he is
able to get an overview of the weather to be expected, of the best time
to use pesticide spraying or the best time for planting and harvesting.
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Agromet-Online
A further development is AGROMET-online. This advisory product
was developed together with the agricultural machinery manufacturer
CLAAS. The customers are provided with the prognoses twice a day in
form of numbers and diagrams. If required, each customer can receive
the rainfall radar pictures in a temporal resolution of 15 minutes and
evaluate the pictures by zoom and loop functions. The elements, air
temperature, wind speed and relative humidity are presented in graphic
form for the first three forecast days in a temporal resolution of one
hour and after that, as for precipitation, in six hours. In addition, diurnal
values of the maximum and minimum air temperatures, duration of
sunshine, precipitation, the actual evaporation as well as a pictogram
are presented in tabular form on the screen. The farmer gets a rough
overview of the weather to be expected. Now he can choose a specific
plant, such as grassland, maize, sugar beets, summer barley, winter
rape, rye or oats, for which specific crop quantities are calculated. The
actual plant development condition, described by the leaf area indices,
the rooting depth and the canopy height are calculated indirectly by
means of measured phenological plant phases in the models. Further,
all soil processes are calculated with the characteristic quantities of the
type of soil found at the site. All quantities are given out in a temporal
resolution of one hour. The time for certain work processes can be
determined better with the characteristic agrometeorological quantities
supplied, during the whole period of plant development, whereby, the
interpretation of each combination is left up to the farmer.
To prevent too large a discrepancy occurring between the wishful
notions of the farmer which is feasible at the moment, each new customer
is provided with background information and also offered a training
course. This advice package has been offered since spring 1996. Most
of the customers are mainly satisfied and have prognoses calculated
for different sites. The CLAAS company would also like to offer this
advice package abroad. This year a test operation took place in France
in collaboration with METEO-France, DWD and CLAAS.
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Agrometeorological information for the user community Experience of India
A. Kashyapi
Agricultural Meteorology Division
India Meteorological Department
Shivajinagar, Pune, India

Abstract
In the present era of sustainable agricultural development, study
of agrometeoro/ogy is getting tremendous impetus, day by day. Demand
for full exploitation of climatic resources for maximising production from
agriculture and its allied sectors by application of agrometeorological
knowledge for the user community is increasing. A farmer is interested
about biological and operational effects of crop weather relationship and
the cost : benefit ratio derived through it. Estimated precipitation at
various crop phenophases, in time sowing, length of growing season
enables appropriate agricultural planning. Simple water balance study
enables estimation of soil moisture status. Computation of potential
evapotranspiration over 300 stations by India Meteorological Department
(/MD) helps in proper planning in problem areas. For drought monitoring,
the /MO is preparing aridity anomaly maps for the whole country during
monsoon months. Temperature (both minimum and maximum), wind and
relative humidity also influence growth and development of crops. Natural
hazards (viz., hail, lightning, snow, volcanic eruptions, air pollutants
etc.) cause damage to agriculture. Climatic classification using moisture
availability index, super-imposing with soil map enables identification of
areas according to crop production potential. Host - pathogen interaction
plays a key role in development of pests and diseases in an epidemic form.
Crop weather calendar prepared by the /MO serves as ready reference to
the user community. Application of remote sensing in agrometeorological
studies is also found to be useful.

202

The aim of operational agrometeorology is to advise the
user community regarding the best advantages they can derive from
meteorological parameters and to minimise the damage to agriculture
and livestock. In India, agrometeoro/ogical services started since 1932
and Farmers Weather Bulletin (FWB) since 1945. The /MO issues weekly
or bi-weekly Agromet. Advisory Bulletins (AAS) through a network of 17
AAS units covering forecast, state and stage of crop, pests and diseases
and other aspects of agricultural practices. Research on wet and dry
spells at various probability levels, forewarning models for pests and
diseases outbreak, crop yield prediction models are now in great demand
in the country by the user community. By supplying meteorological inputs,
required output can be obtained by use of computers. Dissemination of
advisories is mainly by radio, television and press. The feedback information
reveals that the use of modern techniques in agrometeorological study
has increased credibility of forecasters to the end users.

Introduction
A global overview indicates that agricultural production is slightly
ahead of human population growth, but the spiralling growth of population,
fragmentation of land holdings, improper land use and high cost of
inputs make Indian agriculture an unprofitable enterprise (Sankaram
1990). Though, in the recent years considerable progress has been
achieved in agricultural field by introducing high yielding variety seeds,
fertilizer responsive varieties, extension of irrigation facilities, modern farm
management and improved agronomic practices, but, still, productivity
of many States is below optimum. In this context weather parameters
and their analysis in relation to crops and allied aspects leading to
optimization of production have assumed a key role in Indian agriculture.
Agricultural production is dependent on weather and climate
despite the technological advancement during the last few decades.
In order to fully exploit climatic resources for maximising production
it is necessary to understand the manner in which weather affects
growth of various crops and the extent to which analysis of climatic
elements could help planning in agriculture. Apart from its direct
effects, weather affects farm animals through the crops on which
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they feed and the ground on which they are kept. lt affects their
feeding, growth, distribution, yield and quality of animal products.
Thus, application of agrometeorological knowledge becomes more
profitable as more is understood of the dynamics of agricultural
production as a function of weather. Agrometeorological knowledge
can be applied by selecting crops or varieties or cultural practices
to suit the specific weather and by modifying the climate on a
mesa-scale to suit the crop. Farmers generally know more about
agronomic practices, but have little knowledge on full utilization of
climatic resources. They require expert advice on the impact of
weather; they also need to know more about rainfall, temperature,
wind, relative humidity, various hazards and their possible impact on
agriculture. The most important natural hazards which cause damage
to agriculture and livestock are :
(i) Tropical storms (cyclones,
weather,

hurricanes etc.) and associated

(ii) Floods, heavy rains, water-logging and landslides due to monsoon,
(iii) Drought and heat waves,
(iv) Severe thunder storms. hail storms and squalls,
(v) Cold waves, frost, snow,
(vi) Dust storms and sand storms,
(vii) Pests and diseases of crops and livestock,
(viii) Weather related fires.
A farmer is interested in having a quantified relationship between
(a) weather events, (b) their biological and operational effects and
(c) the financial effects of these biological or operational effects. Apart
from many applications of weather parameters to current agricultural
problems, agrometeorological information is valuable to agricultural
researchers and planners. This can be used for long term planning,
medium term options or short term operational decisions. The potentiality
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of various agrometeorological informations that can be used by the
farmers and planners in Indian agriculture are outlined, here, briefly.

Agrometeorological Informations for the User Community
Rainfall, dry spell - wet spell, sowing rainfall, evapotranspiration,
irrigation and water balance
Rainfall is the main source of water which causes instability in
agricultural production. Long term monthly, seasonal or in some cases
weekly averages are available which are widely used in agricultural
research and planning. However, a farmer or a planner is more
interested about quanta of precipitation at various crop phenophases
at various probability levels which enables him to select the risk
level he could afford to take considering other agronomic practices.
An incomplete gamma distribution can be used in case of weekly
rainfall. Demarcation of zones based on assured and deficient rainfall
to maximise crop production is also possible.
it has been proved that the crops will survive better at the
site having continuous rainfall with a few intermittent dry spells than
at the site where dry spells are prolonged and wet spells are of
shorter duration. When this idea is applied to weekly period, it enables
the determination of probability of occurrence of dry or wet weather
during a particular week depending on the weather conditions during
the preceding week/weeks. The modern computer technology enables
us to obtain these probabilities for the current or two successive weeks
based on weather that prevailed during the preceding three or more
weeks. The Markov chain analysis has been successfully applied in
this context.
The main constraint on crop growth is inadequacy of water
supply for which determination of the length of the growing season,
realistically, is essential. lt also provides a well conceived starting point
for agricultural planning on a rational and objective basis. Principal
factors which govern sowing are rainfall amount, at the start of the
season and soil type. The crop rnust be sown at a tirne at which the
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phenological growth stages are coinciding with the optimum rainfall
pattern.
Evapotraspiration is a useful parameter which in combination
with rainfall data has various applications. The difference between rainfall
and evapotranspiration provides knowledge of simple water-balance.
As a measure of soil moisture conditions it assists in determining
when the fields can be tilled and whether heavy machinery can be
used. A farmer can often exert considerable control on the moisture
status of soil and plants, provided water is available. Provision of
correct amount of irrigation water at right time is possible through
theoretical cornputations (Penrnan 1948, Slayter 1955). The method
of measuring soil moisture from a book-keeping method includes
precipitation, potential evapotranspiration, actual evapotranspiration, soil
rnoisture storage, water surplus (i.e. rainfall in excess of soil moisture
capacity), water deficit and irrigation (if applied). By soil storage
capacity, potential evapotranspiration and rainfall, water balance can
be worked out on a daily, weekly or monthly basis. Monthly potential
evapotranspiration for over 300 stations by using Penrnan's formula
was cornputed in IMD. This analysis enables planners to pay more
attention to the problem areas.
Drought study
One of the simplest methods which could be used in a drought
study is the onset of the seasonal rainfall. If a time series of rainfall
departure is formed at any location, it is possible to determine the
probability of the occurrence of drought and its intensity. To monitor
drought on real time basis, potential and actual evapotranspiration
data are used to compute aridity index, which is used for preparing
aridity anomaly maps for the whole country during June to September
and are issued once in a fortnight. The intensity is judged in terms
of severe arid area (> 50), moderate arid area (26-50), mild arid
area (1 to 25) and non-arid area (< 0). The distribution of drought
areas helps planners in alternate crop planning to sustain agricultural
production in those areas.
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Temperature

Crop growth ceases when the temperature drops below a
certain minimum value or exceeds a certain maximum value which
varies with the crop phenophases. High temperature results in increased
evapotranspiration, induced sterility in some crops and poor vernalization.
High night temperature increases respiration loss. Heat waves for
longer spells are very harmful. Low temperature associated with cold
waves results in destruction of cells, desiccation and slow growth. The
analysis of degree days helps in applying climatic data for determining
ideal time for sowing and harvesting of various crops.
Wind

Wind affects plant growth by controlling transpiration, C0 2
intake and mechanical damage of leaves and branches. The rate of
transpiration increases with wind speed upto a certain point. The rate
of photosynthesis increases with supply of COz, which is favoured
by low level wind turbulence. Strong winds associated with cyclonic
storms are very devastating. Application of agricultural chemicals is
controlled by wind speed.
A reduction of wind speed can be expected to reduce physical
damage in some crops and also to modify the heat and mositure
balances of the soil-plant-atmosphere system. Shelters of various types
can be used to provide shade from the sun and these can act as
wind breaker also. Use of cover for crops has long been established.
Relative humidity

High humidity often creates conditions favourable for growth
and development of some crops. Low values are associated with high
evaporation and are often congenial factor for fire outbreaks.
Hail, lightning, snow, volcanic eruptions (earthquakes), air pollution

Impact of hail is localized but the damage to crops particularly
at some critical phenological stages is found to be significant. Light
hail also leads to pests and diseases attack. Lightning causes damage
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to farm buildings, loss of farm animals and causes wild - fire. Heavy
snowfall is found to damage crops. Volcanic eruptions and earthquakes
cause loss of crops, farm - land, human life and farm animals. Some of
the air pollutants have significant effect on crop yields. In combination
with fog, some pollutants have a more marked effect on crops as well
as animals.

Agroclimatic classification and moisture availability index
lt is now evident that deriving maximum benefit from agriculture
using in-depth knowledge of agroclimatic conditions enables most
effective, sustainable cropping patterns alongwith development of
irrigation schemes. Climatic classification of India, based on monthly ratio
of rainfall and potential evapotranspiration appears valid for agricultural
purposes. The Moisture Availability Index (MAl) which is the ratio of
probabilistic rainfall and potential evapotranspiration is now used in
agroclimatic classification. In IMD many research workers have applied
the technique using more than one risk factor, taking week as a
period of analysis and using two values (viz., 0.3 and 0.7) of the
ratio, separately. When agroclimatic map is super- imposed on soil
map, it enables identificatiqn of areas according to crop production
potentialities. The appropriate risk factor and the values of MAl in
this agroclimatic classification approach could be adopted after taking
into consideration socio- economic factors, conventional agronomic
practices, regional and local peculiarities.

Crop/animal pests and diseases
Weather conditions conducive for outbreak of pests and diseases
are temperature, relative humidity, rainfall, cloudiness, soil moisture,
wind and light Host - pathogen interaction reveals that meteorological
parameters unfavourable for the host (crop or animal) but favourable
for the causal agent (pathogen) results in severe attack. General
requirements for forecasting pests and diseases outbreak involves :
1) The key pests (or diseases) which cause economically significant
damage, have rapid repeating cycles and have potential to
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develop into an epidemic form are to be considered for the
user community.
2) Pests (or diseases) - weather relationship is to be fully studied
in developing models for forewarning. The onset, spread and
destructiveness of pests and diseases vary depending on
weather.
3) Economic use of control measures is advisable to reduce their
population below a threshold limit
Current effort is directed towards development of forewarning
models using regression technique. These models assist in crop spray
scheduling, pests (or diseases) development as a basis for their control.
Pest weather diagrams are developed to give farmers readyrnade advice
regarding chance of occurrence of key pests (or diseases). Studies on
animal pests (or diseases) mostly fall under the category of regression
models. Close control of the environment is required in poultry houses
which has led to a considerable application of meteorological data. The
degree day approach can be used to decide when a pest has reached a
certain life stage where control becomes necessary. However, weather
data tor this study are available for a long peirod, but data on pests
and diseases are not so readily available.
Crop weather study and yield modelling
The role played by weather on crop growth, development and
final yield is studied. Crop weather calendars are prepared tor some
major crops grown in various districts of the country, the components
of which included weather warning associated with the crops and
phenological stages of the crop. Crop yield forecast rnodels are used
to estimate yield rnuch before harvest which is very much important tor
agricultural planning. Using meteorological parameters at various growth
stages with technological trend, regression models have been developed.
Based on these models, monthly interim forecasts are prepared for the
main crops and are supplied to the Planning Commission, Directorate
of Economics and Statistics and Ministry of Agriculture.
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Remote sensing
A definite advancement has been noticed in applications of
aerial and satellite data to agriculture and forestry. Remote sensing
allows data acquisition over large areas within a short period of time.
Spectral response of crops at various growth stages are used. Soil
moisture study and predicting onset of water stress on crops could
be very useful for farming community. Crop acreage, production and
condition assessment are useful for agricultural planning.

Operational Weather Services to Farmers
Objectives
The aim of operational agrometeorology is : a) to advise the
user community on how best they can avail the advantages of the
meteorological parameters and b) to minimise the damage to agriculture,
livestock,· caused due to hazardous weather elements. Operationally
useful forecasts of meteorological variables that are important to current
farming operations, together with agricultural interpretations of such
forecasts require services jointly developed by meteorologists as well
as agriculturists. Hence, originate Agrometeorological Advisory Scheme,
the objectives of which include :
i) Development and perfection of the capability for weather
forecasting for periods of a week or more for smaller areas.

ii) Arranging regular consultations between weather forecasters and
experimental agronomists.
iii) Collection of up-to-date information on the state and stage of
crops in each district or tehsil.
iv) Interpretation of weather forecasts in terms of its effects on
agricultural operations in each area so as to include specific
advice to the farmers on the agronomic measures to be taken.
v) Quick and efficient dissemination of the advisories issued .
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vi) Creation of a standing machinery for the evaluation of the
effectiveness of advisories issued,
In India, agrometeorological service originated in , 1932, A
regular weather service for farmers in the form of Farmers Weather
Bulletin on a regional basis was started in 1945, India Meteorological
Department in co-ordination with various agricultural departments has
started issuing Agromet Advisory Bulletins through a network of
17 Agromet Advisory Service units, lt was also planned to start
127 Agrometeorological Field units at National Agricultural Research
Project Centres of ICAR or agricultural universities to prepare and
disseminate the agrometeorological advisories among the farmers,
The first and foremost aim of the service is to render timely
advice on the actual and expected weather and its likely impact on !he
various day to day farming operations, Short range forecast valid lor 12
to 24 hours and then extended to the following 2 to 3 days has to go
a long way towards this aim, Secondly, agrometeorological forecasts
extending over a week or 10 days (medium range) is very important
from users' point of view as well as planning for various agricultural
operations and strategies,

Stages of development
The development of agrometeorological services in India has
taken place in four stages, In the first stage, basic facilities were
created for climatological and synoptic networks, data management and
archiving, including synoptic weather analysis, short range forecasting,
provision ol necessary, professional and technical stall for maintaining
the same, In the second stage, assistance was rendered to agricultural
sectors by establishing suitable climatic stations representing agricultural
areas and by issuing short range weather forecasts useful to farmers,
In the third and fourth stages of development, targets to achieve the
objectives of Agrometeorological Advisory Scheme are taken up, So far,
as envisaged in the Commission for Agricultural Meteorology (CAgM)
report number 22, agrometeorological services in developing countries
can be considered to be in the third stage of development At the final
stage the agrometeorological units initiated would be developed into a
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country. The staff requirement will be determined by the diversity of
agroclimatic regions and the problems arising there from.
Components of Farmers Weather Bulletin
The components of Farmers Weather Bulletin are
a) summary of the past weather,
b) districtwise forecast of weather during next 48 hours with special
weather warnings, and
c) outlook for subsequent two days. Since 1990, the . Farmers
Weather Bulletins are being issued twice a day.
The Agrometeorological division, in consultation with State
Agricultural Officials issues weekly or bi-weekly agrometeorological
advisories covering forecast, state and stage of crop, pests and diseases
and other aspects of agricultural practices in order to minimise the effect
of adverse weather on crops as well as to improve food production.
The components of Agromet. Advisory Bulletins are :
a) weather summary for the past three or four days including chief
amounts of rainfall,
b) forecast valid for next 48 hours,
c) outlook for another two days,
d) crop conditions and agricultural advisory during the period,
including information on pests and diseases.
Agrometeorological advisories for rice farmers
Agrometeorological forecasts and advisories for weather sensitive
rice farming operations are :
a) enough water from rain or other sources to support seedlings
until they are ready for transplanting is essential,
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b) hoeing, ploughing and harrowing can be done even when the
fields are getting dry,
c) shallow water depth is suggested to be kept along
temporary drainage at the commencement of tillering,

with

d) after full flowering, water is gradually withdrawn from the field,
e) enough water is required to
absorption by the crop,

dissolve

the

fertilizers for

its

f) application of pre-emergence herbicides, systemic pesticides in
lowland rice requires wet soil but not too much water as to
wash the chemicals out of the fields,
g) rice is usually harvested when the moisture content of grain is
20 to 25%,
h) to minimise loss threshing is to be done as soon as the panicles
are harvested,
i) sun drying requires sunny weather preferably for at least a
whole day.
The components of 24-hours agricultural weather forecast which
may be useful for rice production include :
a) sky condition during farming operation,
b) soil moisture condition,
c) leaf wetness duration related to pests and diseases, build-up,
d) maximum and minimum air temperature, and
e) wind speed during farming operations.
Research

Systematic research for assessment of short period rainfall at
various levels of probability, frequency and duration of wet and dry spells
using appropriate threshold values would be of considerable utility in
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irrigation scheduling, deployment of labour etc. Meteorological features
associated with the outbreak and spread of major pests and diseases of
crops are identified by collaborative work between India Meteorological
Department and agricultural universities and various forewarning models
were developed which would be very much useful for the farming
community. Research on crop-weather study helps in modelling crop
growth and development and as a result yield forecasting before actual
harvest of the crop is possible. Suitable programmes can be developed
to run the models and by supplying necessary meteorological and
biological inputs, required outputs can be obtained. These could be
incorporated in Agrometeorological Advisory Bulletins.
Dissemination

Dissemination of short or medium range forecasts to the farmers
should be in time so that they can make use of such information
effectively. Similarly, warnings on weather hazards demand speedy
transmission to the users. Use of radio and television as the means of
communication are very effective. Long range forecast regarding onset of
monsoon, seasonal rain are disseminated through press. Dissemination
of new agrometeorological techniques through extension workers is also
important who can reach directly to the end users.
Feed-back

In order to assess the utility and impact of operational weather
services to farmers, feed-back can be obtained through conferences,
workshops of forecasters, agrometeorologists, agriculturists, extension
workers and farmers. Feed-back are obtained by various means viz.,
filling up simple form from farmers, progressive farmers and grass-root
level agricultural administration. The questionnaire usually includes:
a) general information (e.g. name of unit, main crops and main
cultural operations),
b) information regarding farmers awareness of meteorological
forecasts and agromet advisories on a yes/no basis, and
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c) information regarding language of advisory (easy or difficult to
follow), reliability of forecast, usefulness of warnings etc. Regular
survey for this feed-back information is very essential to improve
our forecast at such a level, so that the users community can
correctly interpret the advisories to their best advantage. The
feed-back information reveals that the use of modern techniques
in agrometeorological analysis has increased the credibility of
forecasts among the user community.

Conclusions
The Agrometerological division of the Department issues weekly
or bi-weekly advisories covering forecast, state and stage of crop, pests
and diseases and other aspects of agricultural practices.
Dissemination of operational weather advisories to the user
community is done through radio, television and press. The feed-back
information reveals that the use of modern techniques (including computer)
in weather analysis has increased the credibility of forecasters to the
end users.
India in the recent years has made considerable progress in
the field of agriculture and its allied sectors, but, still, in order to keep
pace with the increasing population, the growth in agricultural production
should not only be dynamic and stable, but also it should be sustainable
in the long run. In this context agrometeorological study in relation to
crops and allied aspects has received tremendous impetus in Indian
agriculture from the user community.
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Agrometeorological Information to
the Users through Agromet Advisory
Services of NCMRWF
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Abstract
The National Centre for Medium Range Weather Forecasting
(NCMRWF), at New Delhi has been established in 1988 to cater to the
needs of the farming community in the country. Direct Model Output
(DMO) forecast is obtained from T-80 model which gives the following
elements, viz. precipitation, sea level pressure, wind speed and direction,
temperature, cloud and relative humidity which are then subjected to
different model output interpretation technique in addition to synoptic
assessment to obtain final location specific weather forecast. These are sent
to nodal centres situated at different Agricultural Universities and National
Agricultural Research Programme (NARP) centres over telephone, telefax
or VSA T communication system. Based on these forecasts and taking
into consideration weather summary of the preceding week, soil and crop
conditions experts in the field of agriculture prepare location specific and
crop specific advisories. Advisory contains information! advices related
to the different aspects of crop cultivation and are prepared in local
languages. The advisories are disseminated to the user community
through TV, Radio, Local newspapers, etc. Feed-back informations are
collected to further improve the advisories to make them more suitable
to cater to the needs of the farming community. Impact analysis showed
that savings of 2-20% have been achieved due to Agromet Advisory
Services.
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Introduction
Indian economy is predominantly agriculture based. Being a land
of many climates and varieties of soils, India is affording lot of scope for
much diversity in agriculture. The climate of the country is largely dependent
on the geographic location and the physical features. In order to derive
maximum benefits from the available resources and prevailing weather
conditions, an agro-climatic orientation is necessary in farm planning.
Such an approach provides the desirable framework of sustainable use
of land, water and vegetations. FAO considers an agro-climatic zone as
a land unit defined in terms of major climate and growing period. In
India, under National Agricultural Research Project (NARP, launched by
Indian Council of Agricultural Research (ICAR) in 1979 for initiating action
programme on agricultural research in agro-climatic zones of India) a
concept of zoning based on ecological land classification, recognising
various components like soils, climate, topography, vegetation, crops etc.
as major influencing factors has been developed. According to this, the
country is divided into 127 agro-climatic zones with each zone covering
about 2·4 districts and an area as large as 40-50 thousand sq. km.
The Agromet Advisory Service (AAS) concept can help
agriculturists in time about the corrective measures to be taken
against natural anomalies related to adverse weather, hence resulting
in the increase of agricultural production by minimizing the recurring
losses. Plant growth and development are primarily governed by the
environmental conditions of the soil and climate. The success or
failure of farming is very closely related to the prevailing weather
conditions. In India, the provision of adequate agromet service to
farmers is complex because India falls within a variety of climatic
zones, viz. tropical, extra-tropical, mountainous, coastal dry farming.
Farming communities in these areas have their special needs in
view of the variety of cropping patterns. Area specific agromet
services are, therefore, needed to suit the requirements of each
agro-clirnatic zone. The agromet advisory service based on short
range weather forecast (1·2 days) and outlook for next two days
is being provided since 1975 to the Indian farmers. However,
it was felt that the farmers need more reaction time for taking
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appropriate measures for optimizing agricultural productivity. The
National Centre for Medium Range Weather Forecasting (NCMRWF)
and Development of Agrometeorological Services was established by
Govt. of India in 1988 to fulfil the above mentioned requirements. The
National Centre for Medium Range Weather Forecasting (NCMRWF)
of Department of Science & Technology (DST) in collaboration with the
India Meteorological Department (IMD), Indian Council of Agricultural
Research (ICAR) and State Agricultural Universities (SAUs) is in
the process of providing AAS at the scale of Agroclimatic Zone to
the farming community based on location specific Medium Range
Weather Forecast The development of agro-advisory service for the
farming community in the country is one of the major mandates of
the NCMRWF.

Objectives of NCMRWF
One of the primary objectives of the NCMRWF is to prepare
medium range (3-10 days in advance) weather forecasts. The country is
divided into 127 agro-climatic zones. For development of agrometeorology,
it has been decided to open an AAS Unit one each in these agroclimatic
zones. These units are eo-located with the NARP Centres of ICAR
and the SAUs so that their research output could be effectively utilized
in formulating the AAS bulletins and it may lead to the development
of weather based agroadvisory services to farming community. The
NCMRWF has so far established AAS Units in 73 agroclimatic zones
(Fig. 1).

Medium Range Weather Forecast Preparation
The General Circulation Model (GCM)

NCMRWF is currently involved in the preparation of five-day
location specific forecast by running a 18-layer Global Spectral model
which is an adopted version of the NMC T-80 (Triangular Truncation
keeping 80 waves in horizontal) on operational basis. The equivalent
horizontal grid resolution of the model is roughly 1.5° lat./long.
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The Medium-range Analysis Forecast System (MAFS) of the
NCMRWF consists of
(i) data decoding, processing and complex quality control,
(ii) utilisation of non-conventional data,
(iii) data assimilation,
(iv) model integration,
(v) post-processing and diagnostic studies and
(vi) preparation of location specific forecasts for agrometeorological
advisories.
The GTS data based on SYNOP,TEMP and TEMP ship
reports, PILOT and PILOT ship reports, SYNOP-SHIP, Cloud Motion
Vectors (INSAT-28, GMS, GOES and METEOSAT), Aircraft winds
and Temperature and satellite temperature profile are received and
subjected to rigorous quality control checks. The meteorological
observations and six hourly model forecast field (which serves as first
guess for the. analysis field) are then assimilated in order to prepare
the atmospheric state consistent with the model atmosphere. The data
assimilation is carried out through Spectral Statistical Interpolation
(SSI) scheme. First, the data observed within 3 hours of the main
synoptic hours (00, 06, 12 and 18 UTC) are treated as observed at
that particular synoptic hour. After carrying out decoding and quality
control procedures, it is post-processed as per the input requirement
of the SSI scheme. This scheme then produces the global analysis
field at 18 vertical levels which goes directly as the initial condition
to the global forecast model. At present the assimilation system is
run four times a day, thus referred to as 4-D intermittent data
assimilation system. The scheme i~ mainly based on the concept
of analysing the difference of the first guess and the observations
in the spectral space. Figure 2 shows the NCMRWF Global Data
Assimilation and Forecast system.
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Computational requirements of the MAFS are being fulfilled by
a Gray supercomputer with VAX gateway and VAX based front-end
processors.

Direct Model Output (DMO) & Location Specific Forecast
The DMO forecast is obtained from T-80 Model by utilizing
the prognosticated values of surface pressure (hPa), precipitation rate
(mm/sec), 10 ft zonal and meridional wind component (m/sec), 4.5
ft virtual temperature (° K) and 4.5 ft specific humidity (kg/kg) at the
gaussian grids covering the entire Indian region. Further weather forecast
at a specific station is obtained from either the nearest grid point or
the surrounding four grid points which is actually interpolated through
Bessel's formula. Finally, model output for each of the 15 minutes time
step is accumulated to obtain forecast values for 24 hrs ending at 0830
1ST for the following weather variables:
•

Total precipitation (mm)

•

Mean Sea Level pressure (hPa)

•

Average wind speed (kmph)

•

Predominant wind direction (deg.)

•

Maximum Temp. (deg. C)

•

Minimum Temperature (deg. C)

•

Average cloud cover (okta)

•

Maximum Relative Humidity (%)

•

Minimum Relative Humidity (%)

These DMO forecasts of weather elements are
different model output interpretation techniques such
Interpretation (SI) and synoptic techniques to obtain
specific weather forecast which is disseminated to AAS
preparation of Agroadvisories.
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subjected to
as Statistical
final location
units for the

Statistical Interpretation (SI) forecast :

Some of the local weather elements such as temperature and
rainfall are highly dependent on the local topographic and environmental
conditions. In the NWP models it is difficult to include required modifications
corresponding to these conditions at each and every grid point considered
in the model. The problem becomes more complicated in the case of
Global models. As the surface weather conditions arise due to the
interaction of local topographic conditions with the prevailing synoptic
situation on a particular day, a statistical technique which develops
concurrent relationship between these two will have in-built accounting
capability for these local conditions. These techniques are referred to
as the Statistical Interpretation (SI) techniques.
There are two commonly used methods of SI forecast. The
first one known as Perfect Prognostic Method (PPM) utilizes observed
past data to specify local weather elements from concurrent weighted
c0mbinations of meteorological parameters. Statistical relation is then
established between these past data set and the numerical model output.
The major advantages of the PPM are; (a) lt can be applied even if
the numerical model undergoes a major change and (b) the forecast
with PPM shows improvement every time the numerical model output
improves. However, the disadvantage with PPM technique is that the
statistical relation established at the time of derivation may not hold
good at the time of forecast.
The second statistical forecast technique is known as the Model
Output Statistics (MOS). The predictor sample in MOS usually consists
of a relatively short period prognostic data produced by the numerical
model. Thus, the MOS involves archival of the output from numerical
models and matching it with the past observations of local weather. A
statistical relation is obtained using simple statistical techniques. The
advantage of this method is that the systematic errors in the numerical
predictions get removed automatically. However, this method also has
certain disadvantages. If the numerical model undergoes a major change,
the MOS relations will have to be developed afresh. Moreover, a large
sample of model output is required to obtain a statistically stable relation.
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At present, models based on PPM technique have been prepared and
made operational at NCMRWF for various AAS units.

Synoptic interpretation and final forecast preparation
In order to obtain better forecasting skills in addition to DMO
output, the knowledge of present and past weather is a must. This can
be attributed to the fact that weather forecasting involves analysis of the
current meteorological observations and define the state of atmosphere
as first step and then to extrapolate the likely weather over a region.
These requirements are met by archiving current weather charts depicting
flow pattern, wind structure, geopotential etc. at 850, 700, 500 and 200
hPa levels, precipitation charts alongwith the agrometeorological data
on the past as well as current weather obtained from AAS units for
their respective locations. In addition to these, every 3 hourly satellite
imageries depicting the type and intensity of clouds, areal extent are
also considered to fine tune the forecast based on the location specific
atmospheric conditions. Apart from DMO tables, comprising of DMO
weather parameters for nearest grid, interpolated values and SI forecasts
for a specific location for next three days, the model output is also
plotted for next five days forecast by employing computer graphics to
obtain prognostic charts of the flow pattern, temperature, precipitation,
geopotential etc., Meteograms based on the direct model output are also
prepared for each station (Fig. 3).The final location specific forecasts
are prepared after a careful analysis of the DMO output, SI, model
graphical output and conventional synoptic assessments.

AAS Advisory Bulletins
On the basis of 3-day weather forecast from NCMRWF, the
nodal officers in consultation with different specialists at the AAS Units
located at SAUs prepare the agromet advisory bulletins. These bulletins
contain location specific and crop specific farm level advisories prepared
in local language and incorporate the available knowledge on crop
- weather relationships. Weather based agroadvisories are farmer's
bulletins which take into account the following aspects:

225

1- •
\

06

"'

-

......

07

-'

~

.....

..,.

08

NOVEMBER

-09

.-'.-> .->___,

10

97

Figure 3. Meteogram based on Direct Model Output {DMO)

226

~I

(i) weather summary of the preceding week and the forecast for
next three days,
(ii) soil & crop conditions indicating their state and stage, pest
infestation etc.,
(iii) advises giving specific information for sowing I harvest,
irrigation schedules, fertilizer management and integrated pest
management. Based on the weather prediction suggestions
related to the measures to minimize the losses and also
to optimize the available resources are also given.
The nodal officer basically an Agricultural Meteorologist, who
has been nominated by the SAU for the speedy implementation of the
project, in cooperation with an interdisciplinary group of agricultural and
extension fields specialists formulate agroadvisories (Table 1). SAUs
have appointed nodal officers for its smooth implementation.
Table 1. Agroadvisory bulletin prepared by AAS unit at Thrissur
KERALA AGRICULTURAL UNIVERSITY
DEPARTMENT OF AGRICULTURAL METEOROLOGY
AGRO ADVISORY CENTRE
AGRO ADVISORY BULLETIN NO. 49/97
(Issued on 16.12.1997 for Thrissur)
(Prepared by the Department of Agricultural Meteorology,
KAU and Department of Agriculture, Kerala State)

WEATHER INFORMATION
Weather summary of the preceding week :

The highesl maximum temperature observed was 33.0°C and lowest minimum
temperature observed was 22.1°C. Average wind speed during the week was low
(3.4 km/h). The wind speed was very low on 9th and 1Oth December. Total rainfall
for the week was 65.9 mm in two rainy days, 9th and 1Oth December. Heavy rainfall
of 43.6 mm was recorded on 1Oth. Evaporation was moderate with a mean value of
3.6 mm per day. Evaporation of 5.0 mm was recorded on 12th December. Partly
cloudy conditions prevailed.
Forecast valid upto 18th December 1997 :

Partly cloudy conditions prevail. Easterly winds of mderate to high speed are
expected. Weather will be mainly dry. Slight drop in night temperature is expected.

227

CROP INFORMATION :

Mundakan paddy is in earhead stage. Opening of basins for irrigating
coconut and arecanut started. Irrigation started in banana. Pepper is nearing maturity.
Vegetables are in flowering to harvest stage/s. New planting of vegetables continued.
AGRO ADVISORY FOR THE COMING 3 DAYS :

Incidence of rice bug, stem borer, blast and sheath blight in paddy, quick
wilt on pepper, red palm weevil, stem bleeding and bud rot in coconut and aphids,
fruit and shoot borer in vegetables may be expected. When the pests and disease
incidence exceeds threshold level, adopt the following control measures in consultation
with local Krishi Bhawan staff.
CONTROL MEASURES :

Rice bug : Spary Carbaryl

@

4 g/lit. or Malathion

@

2 ml/lit.

Stem borer on paddy : Apply Quinalphos @ 2 ml!lit. or Phosphamidon @ 1 ml/lit
keeping minimum water.
Blast and sheath blight on paddy : Spray Zineb 2 kg/ha or Ediphenphos 500 ml/ha
or Carbendazim 500 g/ha.
Quick wilt on pepper : All the vines are to be drenched over a radius of 45 to 50
cm with 1% Bordeaux mixture or 2% copper oxychloride at the rate of 5 to 10 litres
per vine. Bordeaux paste has to be applied to the stem at the base upto a height
of 30 to 40 cm. A foliar spray with 1% Bordeaux mixture is also to be given.
Red Palm weevil on coconut : Inject attacked palms with Carbaryl at 1% concentration
(20 g of Carbaryl 50%, WP in 1 litre of water/palm).
Stem bleeding on coconut : Remove completely affected tissues by chiseling and
thereafter dress the wounds with hot coal tar or Bordeaux paste. Avoid any mechanical
injuries to the stem. Improve general condition of palms through proper manuring,
soil management and other cultural practices. Drench Calixin @ 25 ml in 25 litres
of water in the root zone once in four months.
Bud rot on coconut : In the early stages of the disease (when the heart leaf starts
withering) cut and remove all affected tissues of the crown and apply Bordeaux
paste and protect it from rain till normal shoot emerges. Burn all disease affected
tissues removed frorn the palrn. As a prophylactic measure, the crown and spindle
leaves of disease affected palms as well as neighbouring palms are to be sprayed
with 1% Bordeaux mixture.

Aphids on vegetables : Apply Dimethoate at 0.05%.
Fruit and Shoot borers on vegetables
Remove all dropping shoots and damaged
fruit. Spray Carbaryl 0.15% at intervals of 15-20 days.
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Copy to
1. Joint Director of Agriculutre, Govt. of Kerala, Chembukkavy, Thrissur.
2. The Director, NCMRWF, Dept. of Science & Technology, Technology Bhavan, New
Mehrauli Road, New Delhi - 110 016.
3. The Assistant Director of Agriculture (OIIukkara), KLDC Building, Trichur - 680 020.
4. The Krishibhawan Officers
5. Progressive Farmers (12 Nos.)

Dissemination and Feedback Mechanism
NCMRWF's weather forecast bulletin for the subsequent three
days is disseminated biweekly to AAS units on every Tuesday & Friday
over telephone, telefax or satellite based Very Small Aperture Terminal
(VSAT) communication system. The VSAT has the capabilities for reliable
interactive data communication and picture transmissions. At present
about 40 stations are linked with NCMRWF through this facility. Same
communication system is also being utilised to collect observational
data from AAS.
The AAS bulletins prepared by the AAS units are disseminated
to a number of selected progressive farmers (25-50 in number) of the
area selected by SAUs personally and through local newspapers, All
India Radio and TV. Periodic feedback on worthiness of forecast and
usefulness of advisories is also obtained by NCMRWF. Feedback from
selected farmers and Research and Development under different SAUs
are being documented on whether they have adjusted their day to day
farming operations in response to the advice laid in AAS and also on
their additional requirements.
Agricultural
universities also conduct certain
extension
programmes and educate farmers about agroadvisory techniques
through mass media such as TV, Radio, Press & also through 'Kisan
Mela', an annual fair for farmers, in which nodal officers of AAS units
participate and make farmers aware with its usages in their farming
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operations. Annual review meetings are conducted for the evaluation
of the use of AAS & weather information. All nodal officers from the
AAS units, and scientists from NCMRWF, IMD, ICAR participate in
this meet to assess the performance of service. Also, further possible
ways for the improvement in the existing system are discussed.

Impact Analysis
The evaluation of the economic significance of agrometeorological
services is a difficult problem, but modern management needs this type
of information. The value of such information depends on the meaningful
interpretation of the effects of weather and climate on agricultural activities
and production. The impact studies are required to be worked out for
farming operations such as irrigation, frost protection, weather integrated
pest and disease control and use of farrn machinery. A need has
been felt at NCM RWF to continuously monitor, evaluate and refine the
projections made in the project in terms of benefit from economic view
point. In order to achieve this goal, an attempt has been made to study
the economic gain incurred by the farmers by saving available natural
resources, cost and tirne by utilizing our agroadvisories in making tactical
decisions during his management practices. Some of our AAS units
located at Raipur, Ludhiana, Madras, Faizabad, Namakkal, Coimbatore,
Anand have worked out the cost/benefit ratio for their respective regions.
In general, 2-20% savings have been achieved due to AAS (Table 2).

Table 2. Economic impact assessment of AAS
Questionnaire,
Surveys

• Farrner's feedback
• Field visits by AMFU
scientists
• Objective assessment

-

Crop cutting

Saving due to reduction
in farm inputs ( viz.,
irrigation, spray etc. )
Contd...
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UNIT

Crops/Livestock

Weather Events I
Management Practices

Kovilpatti
Ludhiana
Coimbatore
Madras

Sorghum, Cotton
Potato, Tomato
Sorghum, Maize,
Banana, Onion
Poultry

Namakkal

Poultry

Pune
Raipur

Sorghum
Chili, Potato

An and

Pigeon pea, Cotton,
Potato

Early sowing
Frost
Early sowing, Wind speed
Cloudiness
Thermal stress, Pest &
Disease Management
Heat stroke, Disease
Management
Dry sowing
Irrigation, Wind speed,
Cloudiness
Pesticide application

In general 2 - 20 % saving is achevied due to AAS

Conclusions
NCMRWF plays active role in meeting the requirements of
agricultural community through its NWP based Agromet-Advisory Services
and also aims to cover the whole country with an extensive network
of AAS units. This mandate places NCMRWF in a unique position
and makes it unparallel to other NWP Centres in the world, as they
generate only the MRWF and neither prepare location specific forecast
nor coordinate the service for the users like AAS.
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Summary of Discussion
1) GIS is an important and useful tool to analyse multilayers of
data (crop, soil and weather) speedily and to derive information
useful for the agricultural community. Malaysia is in the process
of acquiring a GIS.
2} The importance of evaluation of cost benefit ratio for agrometeorological services were highlighted.
3) In Germany, customers satisfaction regarding agromet .services
were studied after getting feed back from the customers. 95% of
the customers were found to be satisfied or vety much satisfied
with the weather forecasts.
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Abstract
China is a large agricultural country in development and agriculture
is the foundation of national economy. Because of the vast territory
and complicated geographic conditions in China, climate resources, as
one of the main environmental factors in the forming and developing
of agriculture, has distinctive regional characters. To ensure the steady
development of Chinese agriculture, governments at all levels and the
departments in charge of agriculture must pay much more attention to
the service of agrometeorologlf;al information, opening up new service
fields and improving service quality. The following focuses on the present
situation of the service of Chinese agrometeorological information, and
its application in the agricultural production, and the requirements of the
agricultural development to agrometeorological information in future.
Agrometeorology is closely related to the agricultural production.
The temporal and spatial distribution of meteorological conditions have direct
effects on crops yield, long-term programs and regional development of
agriculture. Systematic, timely and accurate agrometeorological information
provided by meteorological departments gives important guarantee to the
bumper harvest of agriculture in China. Chinese government has attached
great importance to the development of meteorological undertakings in
order to build national economy, mainly for the agricultural production. With
the development of science and technology, and especially the application
of computers, satellites and modern communication techniques, a rather
advanced agrometeorological research, monitoring and prediction system
has been built up in China.
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The Present Status of the Service of Agrometeorological
Information in China
Agrometeorological departments in China, insisting on the service
for the production of agriculture and carrying out scientific research and
operational work, have set up a series of systems of agrometeorological
information, including monitoring system, communication system, data
processing system and yield prediction system, etc.

The organization of the service of agrometeorological information
Network of monitoring stations

There are 587 well-distributed stations in the national network, and
other 700 stations are under the provincial-level networks. They undertake
to monitor meteorological factors, the conditions of crop development,
soil moisture and agrometeorological disasters separately.
Operational system of agrometeorological information

Agrometeorological service in China is a two-tier system, composed
of national and local level. The system at state level is responsible for
forecasting of weather and associated calamities (by National Meteorological
Center(NMC) ), the monitoring of flood, forest and prairie conflagration
(by National Satellite Meteorological Center (NSMC)), and the compiling
of agrometeorological information and crop yield prediction (by Chinese
Academy of Meteorological Science (CAMS)) while other subsystems
serve for local regions and data collection.
Application system of agrometeorological practical techniques

As operational system, application system is two-tier. CAMS and
Chinese Academy of Sciences (CAS) are responsible for the elementary
research projects while local institutes are in charge of the application and
dissemination of achievements of research depending on local agricultural
structure.
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The content of agrometeorological service
Agrometeorological information service

There are many kinds of agrometeorological information service
products at all levels. They can be classified into types· of periodical
and nonperiodical products. For instance, periodical products include
Decadal (10 days) Bulletin, Monthly Bulletin, Quarterly Bulletin and
Annual Bulletin, etc. Nonperiodical products include special analysis on
the specific crop, agrometeorological analysis, agroclimatic analysis, soil
temperature report, soil moisture report and rainfall report, etc.
Agrometeorological prediction service

This type of service includes predictions of sowing date,
developmental stage, soil moisture, crop and herbage yield, plant
diseases and insect pests, agrometeorological disasters and forest
conflagration, etc.,
Agroclimatic evaluation and analysis on special subjects

Annual evaluation of the past climate and its effects on agricultural
production, and special analysis on the significant weather course are
made in the service of this type.
Agroclimatic resources analysis

They can be divided into agroclimatic regionalization at all levels
and agroclimatic analysis on special subjects.
Agrometeorological practical techniques application

Plenty of achievements in agrometeorological research have been
applied to the agricultural production in China during the last several
years. These include introduction of fine varieties, model culture with high
quality and stable yield, improvement of ecological environment in the
fields with lower yield, development of noted varieties with high quality,
economical irrigation, and chemical material utilization in vegetables'
culture, including greenhouse and plastic shed, etc.
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Ways of agrometeorological information service
Periodical and nonperiodical reports of agrometeorological
information and agrometeorological prediction are transmitted to the
governmental agencies related through computer network or by postal
service, providing scientific basis for their macro-decision.
A meteorological warning system at village and town level has
been set up in China, and farmers can obtain agrometeorological
information from local meteorological departments everyday.
Agrometeorological information is disseminated to public through
TV, radio stations, newspapers and computer network.

Agrometeorological Information Application in Agricultural
Production
Because of the vast territory, complicated geographic and climatic
conditions in China, the agicultural production differs greatly. On the
one hand, it has a complete set of various cropping regulations. On the
other hand, many severe weather and agrometeorological calamities
occur frequently, which seriously threaten the stable and high yield of
agriculture.
As a result of making full use of agrometeorological information,
China has made a great achievement in feeding 22 percent of world's
population by its only 7 percent of world's cultivated land.

Forecasting of severe weather and crucial weather for agriculture
As a kind of agrometeorological forecast, weather forecast for
agriculture is compiled and issued to assess the effects of weather on
the agricultural production according to the requirements for weather
conditions at different stages of crop growth and synoptic principles.
Its predicting content is more specific than the daily weather forecast.
Thus the prediction is more applicable to agricultural production. For
instance, in the South China areas of double-cropping of rice, during
the early seedling stage rice seedlings rot frequently in large-scale due

236

to continuously low temperatures and overcast sky and rainy weather
formed by the motion of cold air, causing a large wastage of seeds
and delay in the planting season, In this case, if the period of time in
which such weather will occur or continuous fine and warm weather will
appear can be predicted, we can determine a proper time for sowing,
thus avoiding or decreasing the loss of seedling rot
Accurate prediction of severe and crucial weather can provide
the basis for the disaster preparedness and management as well
as the macro-decision for agricultural production. For instance, during
the flooding in 1982, accurate weather forecast made us avert the
immigration of 400,000 persons and inundation of 600,000 mu( 1 mu
= 666.7 square meters) of land, Another example is the accurate
prediction of 9 rainstorms in eastern parts of Sichuan Province by
Sichuan Meteorological Station in 1989,
Agrometeorological yield prediction
The kind of agrometeorological prediction which embraces
prediction of developmental stages, crop yield and catastrophes, etc.
is closely connected with agricultural production. Accurate prediction
of crop yield of different areas can facilitate the making of plans for
· allocation, transportation and storing of agricultural products, Also, it tells
in advance the weather conditions in the future and enables farmers to
take effective technical actions,
The research of agrometeorological yield prediction has been
carried out since 1970s in China, From 1987 to 1990, many crop
models, such as models for winter wheat, early rice, late rice, corn and
soybean, etc. for yield prediction were tested for operational use, and a
rather complex system at the state level for yield prediction was set up
at the same time, including data collection, transmission, processing,
and evaluation of environmental conditions of staple crops, and yield
forecasting, The application of remote sensing technology for crop yield
forecasting opened up a new path for the meteorological forecast for
agricultural production, For instance, winter wheat yield prediction by
remote sensing technology has a precise trend prediction and a high
accuracy above 95 percent in China.
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Agrometeorological information

Agrometeorological information, a professional report on weather
and agriculture includes real-time meteorological conditions that are
connected with agriculture and their effects on agricultural production
(consisting of the growth and development of crops, herbage, domestic
animals and field activities, etc.), prediction of weather in the future,
provision of appropriate advise and relation to agrometeorological data.
Agrometeorological practical techniques

Agrometeorological practical techniques have played an active
role in ensuring stable and high yield of crops, improving field microclimatic
environment, and optimizing irrigation program, etc. All those achievements
are closely related to agrometeorological information. The following are
several examples of those practical techniques: Consultative Information
System for Biological Varieties Introduction (CISBVI), developed by
Chinese Agriculture University (CAU), can choose the possible places,
arranged in the order of priority, and the best period for varieties
introduction according to the principles of agroclimatic and bio-climatic
similarity, especially the requirements of the varieties to climate, soil and
biological environment. The system can assess the potential possibility
of epidemic weeds, plant diseases and insect pests as well. A rice
growth simulation model, needing normal climatic data and varieties'
genetic parameters, was built by the Jiangsu Academy of Agricultural
Science for the optimization of culture and management. Different
field measures, such as adjustment of sowing date and plant density,
management of fertilizer and water, etc. can be tested by the model to
analyze their benefits of increasing production. In addition, areas, for
new varieties popularization can be determined by this model. CAMS
has worked out an optimized irrigation scheme for wheat growth and
development in North China's arid and semi-arid regions. The best time
and water volume for irrigation are issued to ensure effective use of
limited water resources and sufficient water supply in the key periods
for wheat development in accordance with monitoring and prediction of
soil moisture, wheat growing state and weather conditions.
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Agroclimatic resources analysis and macro-decision
Agroclimatic resources investigation and climatic analysis of
crop yield give the scientific basis for the development of climatic
resources and prevention of agrometeorological calamities. To name
a few, chill injury in northeast of China causes tremendous losses,
usually more than 5,000 million kg of crop yield, and represents a
major development-limiting factor in Sanjiang Plain. Though agroclimatic
analysis and regionalization, the main areas for the culture of wheat,
corn, soybean and rice etc. were defined respectively, and 395 million
kg of crop yield was saved from 1978 to 1981 in the light of incomplete
statistics. Thus the unfavorable elfeC\;; of low temperature and blindness
in cultivation were avoided.
The research of CAMS indicated that 1/3 ~ 1/2 of crop yield
variation was caused by annual climate variation which has played an
increasing limiting-role in the yield stability.

Requirement
meteorological

of

Agricultural
Development
Information
in
China

to

Agro-

Chinese government has consistently attached much attention
to agriculture such as increasing investment to agriculture, improving
basic installation and enhancing calamities mitigation, etc. Nevertheless,
as agrometeorological conditions and natural disasters are still the
main factors hindering the production of agriculture, the development
of agricultural production henceforth has put up stricter demand for
agrometeorological information.
Enhancement of the research of global climate change
As the production exposes itself widely to the weather conditions,
agriculture is about to be affected by climate change on a large scale.
The accurate trend prediction of climate change is badly in need for the
assessment of the impact of climate change on agricultural production
and the formulation of adaptation strategies.
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Improvement in the accuracy of long and medium range weather
forecasts
More accurate weather forecast, especially that of long and
medium range is required for the macro-decision and taking timely
measures in agricultural production such as agrometeorological weather
forecasts for farm work, severe weather forecast for calamities prevention
and mitigation, etc.
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Center for Soil and Agroclimate Research,
Bogor - Indonesia

Abstract
Albeit diminishing share in national GNP, agriculture still plays an
important role in the economy by providing employment and contnbuting
to non oil export Inter-annual climate variability strongly affects agriculture
production. Facing the rapid change in global economy, agriculture
development in Indonesia requires reorientation from subsistence to
enterprise. With agroecologica/ approach using minimum data set of land
and climate, the resources can be delineated for sustainable utilization
of correct landuse and proper management In determining the proper
production systems, crop choices and managements, different sets of
minimum data of both soil and climate are required In the humid tropics
with monsoonal rainfall, water availability and heat index, expressed
as moisture and temperature regimes are determining factors of crop
suitability Weekly data are required in deciding proper cropping pattern
and time of planting of the annual crops. To predict crop yield, daily
data of minimum and maximum temperature, rainfall and solar radiation
are required . In flood prone areas because of improper landuse in the
upstream, hourly data of rainfall that can be transmitted telemetrically to
provide early warning.

Introduction
Although agriculture contributes only about 19 percent of GNP it
still plays an important role in Indonesian economy (Biro Pusat Statistik
1996). lt provides employment to some 51 percent of the labour force
and generates about 54 percent of the non oil export Food crops'
agriculture contributes 52 percent of the agricultural GNP. Rice as the
staple food accounts for 60 percent of all the food crops. Other important
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commodities are estate crops, aqua-culture and livestock's production
industries.
With total land resources of approximately 194 million hectares,
about 164.5 million hectares or 85% are in the four big outer islands of
Sumatra, Kalimantan, Sulawesi and lrian Jaya. Of the total land area,
only 45.7 million hectares or 23.6% are utilized for agriculture. Among
the agricultural land about 8.5 million hectares are irrigated and rainfed
lowlands that are intensively utilized to produce rice, the staple food
of the populations.. About a half of the irrigated and rainfed lowlands
are on the fertile island of Java. Other important agricultural land-use
are tree plantation of mainly oil palms and rubber, upland agriculture,
aquaculture and pasture.
As staple food in Indonesia, rice is strategically important in
agriculture development and economy of the country. About 60% of rice
produced in the country comes from the fertile volcanic ash enriched
soils of the island of Java. Introduction of the high yielding rice varieties
and improvement of cultural techniques has boosted rice production.
Except during recurring El Nino years, the rice production has steadily
increased since 1969 from 12.8 million tons to almost about 31 million
tons in 1993 (Sinus Pangan 1994). Rice self-sufficiency was attained
in 1984 when Indonesia produced 25.9 million tons and exported 11
thousand tons of rice. However, population increase albeit at a reduced
growth rate and the recent prolonged drought of 1991 and 1994 as
well as the decreasing land for rice cultivation could threaten the food
supply in the country. it is estimated that about 20 thousand hectares
of the irrigated paddy fields on Java are converted into residential and
industrial activities every year (Amien et al. 1996). El Nino in 1991 and
1994 caused widespread crops failure that compelled Indonesia to import
about 600,000 tons and over a million tons of rice, respectively. The El
Nino of 1997 is estimated to decrease rice production by approximately
two million tons.
With growing poultry industry, the demand for maize is increasing
dramatically. Although maize had been exported in the 60s and early
70s, maize import is increasing every year and more pronounced during
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the El Nino years. There is a strong indication that the production of
other agricultural commodities such as palm oils, coffee, tobacco and
tea as indicated by the export is also fluctuating in line with inter-annual
climate variability.

Climate and Land Resources
Extending over a vast area on the equator, Indonesia archipelago
has generally a warm and humid climate with mean annual precipitation
of over 2000 mm and mean annual temperature of over 25°C. Larger
variation of temperature occurs between day and night compared to
seasonal variation. High velocity wind or cyclone is very seldom. However,
a large portion in the southeastern part of the country has very distinct
dry period when the regions often undergo water deficit.
The rainfall pattern in Indonesia can be distinguished into three
different types. Those away from the equator have a monsoon type with
distinct dry season from April to August. Around the equator the rainfall
pattern is bimodal with no distinct dry season. The third type in Ambon
and Serarn islands of Maluku and northwestern lrian Jaya along with
area far north of the equator as northeastern Aceh on Sumatra with
seasons opposite of the first type where it is rainy from April to August.
With warm temperature and adequate water throughout the year
no limit exists in growing period. it is very common to have three
annual crops in relay planting. The warm temperature however, increases
respiration and cloudiness reduces photosynthesis resulting in lower yield.
The tropics are more favourable for pest and disease that often reduce
the crop yield further. High rainfall of the tropics also has high erosivity,
that erodes the sloping land when not properly covered by vegetation that
often causes land degradation and flood. The rains leach nutrient from
the top soil making it less available to the shallow rooted annual crops.
Because more than 65% of the over 200 million population live
in the fertile land of Java and a couple of neighbouring provinces, the
lands in these regions are intensively utilized for agriculture. However,
the current land allocation that is mainly the continuation of the colonial
Dutch East India Company is unlikely to conform with the sustainable
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land utilization. When Europe was the main destination of Indonesian
agricultural exports, it was logical to utilise the lands on coastal areas
which were close to the harbour, unless the cultivated plants were not
requil"ing cool climate of the high lands, while the increasing farming
population had to cl.imb uphill to clear the forest vegetation and cultivate
the sloping lands. With the monsoonal rainfall pattern of the tropics,
these land utilizations are disrupting the hydrological cycle leading to
frequent floods and droughts (Amien 1997).
From 1980 to 1991, with an increasing population of 16.31 million
in Java, agricultural lands have expanded with 0.04 million ha of tree
plantations and 0.19 million ha of annual upland crops agriculture while
the rice field have decreased by 0.08 million ha. High population pressure
and industrial development resulted in conversion of agricultural land,
mostly irrigated rice fields, into non-agricultural uses. To compensate the
losses, 0.49 million ha of annual crop agriculture has expanded to steep
lands with slopes over 15%. Although most of this sloping land is terraced,
this improper land utilization causes erosion, land degradation and disrupt
the hydrological function of the watershed resulting in frequent floods
and droughts. it is estimated that in year 2010 Java may experience
water deficit that would vary from 2,388 to 10,010 million m0 , depending
on the level of improvement of irrigation efficiency (World Bank 1990).
Intensive agriculture that has expanded into steeply sloping areas,
often caused disasters such as landslides and floods. Agriculture systems
on steep land should be permanently cropped to protect the soils with
the crop's canopy and rooting system. Erosion is caused mainly by the
direct impact of rain drops onto the soil surface while the rooting system
of trees helps to prevent landslides. By selecting high value crops and
by the development of agro- industry, the well being of the people can
be improved in the long run.
Sloping land can be protected from erosion if a continuous
vegetation cover exists, particularly during the rainy season. Other than
perennial trees, many of forage grasses also serve well to prevent erosion
because of their rooting systems and dense plant cover at the soil
surface. In many studies grass strips have proved to be more effective
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in preventing erosion than tree crops. Because of their relatively short
canopy, grasses do not compete with food crops for sunlight in multiple
cropping systems. Many of the upland plots in Java have been terraced
and the planting of grass strips on the edge of the terrace and terrace
raiser serves to strengthen and stabilize them.

Resources Inventory and Information Availability
Traditionally, land resource surveys and research have placed
much greater emphasis on the soil aspects of land, with relatively little
regard to climate. Consequently climate resource inventories are seldom
associated with soil information. However, climate and soil are closely
related. Climate is an important factor in soil formation. Because soil
formation is a long term process, general climatic information on an annual
basis is adequate. But to more detailed climatic assessment whether
crops or other agriculture commodities are suitable in a particular climate,
more information is required. Monthly data for a period of 20 to 30 years
are considered insufficient. In predicting crop performance at the field
level, daily weather data are required. Time of planting strongly affects
performance and yield of annual crops. The weather variables most
affecting crop growth are rainfall, maximum and minimum temperature,
and solar radiation. These data can be used in the simulation of dynamic
plant growth processes such as photosynthesis and respiration.
Weather and climate information that is limited in quantity, and
poor in quality, needs to be enriched to improve its contribution to
detailed planning. Many soil surveys at the semi-detailed or detailed
reconnaissance scale provide only general climatic information. With
such limited information, only crop suitability ratings and no detailed
crop performance modelling is possible. If such survey results were
supplemented with adequate weather information they could provide
better insights into plant management options such as cropping patterns
and time of planting, as well as soil management options such as fertilizer
inputs or the need for supplementaty water application.
The suitability of crops in an area or the transferability of
technology between areas can be assessed only when adequate
information concerning the requirements of the crop and the nature of the
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local agroecological conditions are known. Data for land, soil, hydrology
and, to some extent, climate information have been collected for many
parts of the country. However, the use of these data in making decisions
in agricultural development is very limited. A proper understanding of the
natural resources of any area is imperative when attempting to promote
sustainable agricultural development.
Various detailed and accurate information on land resource is
available in many government institutions. This information should be
utilized in a more systematic and practical way by advanced analytical
methods. Delineating agroecological zones on the basis of terrain,
soil, hydrology and climate facilitates crop selection and agrotechnology
transfer. With its greater emphasis on the capability of land resources
to support specific types of agricultural development, the agroecological
approach can improve the efficiency of research and the potential impact
of technologies generated by research. In this way, the agroecological
approach can help make better use of research resources and reduce
research and development time lags.
The Centre for Soil and Agroclimate Research is currently
developing a climate database in collaboration with other national
institutions, to have a better understanding of this valuable national
resource. Since it only started in the early 1990s, climate and weather
database of only a part of eastern Indonesia has been completed.
Shortage of trained personnel and equipment has hampered the work
to catch up with the more established branch of soil research.
Information on land resources collected by national research
centres is not fully utilized in planning agricultural development. With the
agroecological approach, relevant information on soil and climate can be
fed into a decision support tool as an expert system to delineate areas
for conservation and production of forests, perennial crop plantation,
agroforestry and annual crop farming. Further crop options for particular
agricultural systems, as well as cropping patterns for annual crops, can be
generated. The data inputs, and results in the form of digitized maps, are
components of a Geographical Information System (GIS) which facilitates
future utilization, updating and improvement. This information coupled
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with socio-economics data such as market, infrastructure and human
resource can be valuable assets in planning agricultural development.

Resources Analysis Strategy
Analysis of renewable natural resources should be carried out
orderly in two broad steps. The first is called upstream analysis that deals
mainly with land allocation and the second is downstream that deals
mainly for land management for the allocated uses. Land allocation in
forms of selecting appropriate production systems and choice of crops is
urgently needed by planners and decision makers. Other than improving
preparedness in facing the coming free trade, reevaluation of current
land allocation is very momentous to promote trade among regions and
minimize competition within the country to promote national integration
(Amien 1997).
Renewable natural resources that directly affect agriculture can
be roughly divided based on its relative stability. The most stable is
the edaphic resource that consists of terrain and soil which probably
will not change within our lifetime, then followed by aerial resource. In
the field of agriculture the dominant aerial variable is climate. Although
weather changes dynamically within a month or a season, climate will
change in a longer period, probably within time frame of 30 to 50 years.
Biological resources that consist of plants, microbes and animals are
more dynamic. In case of plant pests and diseases, the population often
fluctuates seasonally, depending on the availability of food resources.
The most dynamic resource is human resource that can move freely at
any time.
Because of the importance of the dynamics and stability of the
resources; the inventory, characterization, delineation and analysis must
be carried out in a more systematic way. Natural characteristics such as
climate, terrain and soil should be put in one file or map. This must be
separated from anthropogenic factors that can change in relatively short
time e.g., features such as land. use which is the interaction of the soil,
plant and human or infrastructure such as road, bridge and port that
can be built within a year. Otherwise, we have to prepare a new map
probably every 2 or 5 years. With development of computer technology

247

such as geographic information systems, those information now can be
put into different layers that can be easily overlaid for analysis.

Climate and land Resource Information !or Agricultural
Development
Technology recommendations appropriate at the field level can
only be made if the decision making processes of farmers, and the limits
imposed on them by the availability of production resources, are well
understood. As a part of this understanding, the availability of a resource
inventory covering both soil and climate is imperative. The Center for
Soil and Agroclimate Research, established in 1905, has conducted
many soil surveys, but only in 1986 began developing a soil database.
The soil information is being linked to a geographic information system
for easy retrieval and updating as more recent data are obtained. At
present, the database contains only land resources data for Sumatra at
a reconnaissance scale. it will be an enormous task to computerize the
land resource data obtained from surveys in other areas, in addition to
the storage of data from on-going and planned surveys.
The ability of plant and animal to convert solar energy, water
and nutrients through photosynthesis into starch, sugar, fibre and others
is determined by the condition of its environment. With agroecological
approach the condition of this environment is delineated and analysed to
select a sustainable agriculture that is technically sound, economically
feasible and environmentally safe. The agroecological approach set two
levels of hierarchy in resource management domain each with different
inputs and outputs.
The first is for national level planning with expected outputs
of production system and crop choices. This hierarchy is related to
resource allocation and should be the first activity to be carried out
before the next. The end users of the output in this analysis will be policy
makers and planners. The climate information required for this purpose
is moisture and temperature regimes along with slope, elevation, texture
class, acidity class and drainage of the soil. In the current method of
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resource survey and mapping this can be obtained from exploration or
reconnaissance survey information.
In the second hierarchy the agroecological approach is expected
to provide information on crop management such as selected cultivars,
cropping pattern and time of planting as well as soil management such as
lertilization and water supplement or irrigation when considered necessary.
More soil and climate information is required to analyze the expected
outputs that can be obtained from semi-detailed or detailed reconnaissance
survey as presented in Table 1. 11 more detailed information such as
detailed soil survey is available, prediction of the crop yield can be
expected and economic analysis for particular crop and soil management
can be carried out to analyze the feasibility of the selected farming
system. This requires information on cost of production and market value
of the produce in different market scenarios.

Table 1. Expected outputs and minimum data requirement
at different scale of land resource information
Expected Outputs
Area (ha)

Data Input Requirement
Climate

Production
System Crop
Choices

(monthly data)
slope moisture
regime tempera·
ture regime

Crop
Management

Mapping Level

Scale

Minimum
Delineated

texture
acidity
drainage
elevation

exploration I
reconnaissance

t t 000 000
i : 250 000

4000
250

- idem •

detailed
reconnaissance

i:iOOOOO

40

50 000

tO

Soil

Soil
Management

(weekly data)
rainfall
temperature
solar radiation
CEC

mineralogy
nutrients
organic C
aluminum
cat clay

semi
detail

Yield
Prediction

(daily data)
rainfall
temperature
solar
radiation
wind

· idem·

detail

Note :

25 000
'10 000

2.5
0.5

Economic analysis for different production systems, crop choices
and management strategies can be carried out at each hierarchy.
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With abundant heat and stable solar radiation in the tropics,
water availability is the main limiting factor of crop growth that determines
agricultural production. Non-agricultural water demand particularly in
urban areas along the coastal zones is also increasing rapidly with the
growing economy. A better understanding of agroclimate, particularly
rainfall pattern as the main source of water supply, is imperative in
managing water resource for the region.
With many of the upper watershed areas in overpopulated Java
being intensively farmed, the hydrological cycle is disturbed causing flood
and drought. More frequent floods have caused material losses and
even human deaths in industrial centers on coastal areas. To prevent
further losses, telemetrically transmitted raingauges alongwith automatic
water level recorders are set up in the upstream area. With river length
around 50 km and annual rainfall of over 3000 mm, hourly data will
provide an early flood warning. In the flood prone area of Semarang in
Central Java, seven of the stations in the upper watershed are connected
to the computer in the Governor's office. Meanwhile reforestation and
construction of small scale dams to conserve water for the dry season
are carried out in the upper watershed.

Application of Resource Analysis for Sustainable Development
Planning
Production systems
Sustainable agriculture can be attained only when proper land
utilization is practiced. When land is utilized improperly, productivity
rapidly decreases and the ecosystem is jeopardized. Proper land use
ensures that people can benefit from nature during their lifetime and also
ensures that the resources can be used for future generations. Integrated
land use management should be directed at an optimal, sustainable use
of natural resources. This may include regulation of hydrology, climate
stabilization, and preservation of biodiversity such as gene pools, wild life
and plant habitats, as well as appropriate research and education. Proper
land utilization improves efficiency in the production process because
relatively fewer inputs are required to attain the desired output, thus
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making production more economically profitable. Forest or permanent
tree crops provide natural land cover in the upper watershed. In coastal
regions mangrove forests also need to be conserved to protect the coast
from erosion. In cold or dry areas there are no forests with the variety
of trees found in warm humid areas. There is a growing awareness that
native vegetation - savanna, shrubs and trees, needs to be conserved.
Slope is a critical factor because erosion and soil degradation
are a real threat to agriculture in hilly regions. Agriculture on steep
slopes also limits the use of agricultural machinery and draft animals
in soil tillage. Therefore, in such areas, it is usual to grow perennial
crops such as forestry, tree plantations or pasture. Apart from erosion
and land degradation problems, energy efficiency in the long run needs
to be considered. labour required to transport agricultural inputs to the
farm, and produce out of the farm, will become very expensive. Labour
intensive agriculture on sloping lands is unlikely to be feasible when
labour costs are relatively high.
High value horticultural crops such as ornamental crops or
vegetables are commonly cultivated on terraced fields in mountainous
regions. However, terracing is not feasible on all soils. Soils with loose
parent material, like sandstone, are prone to landslide when terraced.
Terracing highly weathered acid tropical soils will expose the high
aluminum, infertile subsoil and reduce cropping options.
l'f the soil is suitable for annual crop agriculture, it is recommended
that cultivation can be taken up when the slope is about 8% or less.
Although the slope does not rule out agriculture on a legal basis, it is
not recommended when soils are formed from quartz sand and deep
peat, or are high in gravel or stones, making soil tillage difficult. Soil
with 'cat clay' close to the surface can be reclaimed only when reduced
conditions can be maintained i.e., when used as paddy fields, or should
be left in its natural condition for 'gelam' (Mealeuca /eucadendra) forest.
Land with slopes between 8 to 15% are recommended for agroforestry
uses in which annual crops are cultivated along with perennial trees.
Land with slopes in the range of 15% to 40 % are for permanent systems
such as perennial tree plantations or forestry.
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Crop selection and cropping pattern for annual crops
Selection of suitable crops for specific locations is based on
slope, soil texture and acidity as well as moisture and temperature regimes.
Crops that are suitable in a set of environmental conditions require less
inputs compared to those which are less suitable. Unsuitable crops will
yield less, and with lower quality that might be difficult to market and, in
long run, the land use may not be economically feasible. Crop growth
is generally constrained by excess or shortage of water and extreme
temperatures. Soil constraints are usually easier and less expensive to
alleviate. A combination of temperature and moisture regimes stratify the
environment into classes in which particular crops can be found to be
suitable (Eswaran 1984). Selection of suitable species of cereals, root
crops, grain legumes, fibre crops, oil crops, beverage crops, vegetable,
fruit crops as well as cash crops like sugarcane, tobacco, rubber and
pepper is determined by climatic, and to some extent, by soil conditions.
In annual crop agriculture, suitable crops and cropping patterns
are determined by water supply as calculated by the number of wet
months i.e., where rainfall exceeds evapotranspiration and other losses.
The essential climate information is of moisture and temperature regimes,
that determine the selection of suitable crops for particular agroecological
zones. These include perennial crops and hedgerows in alley cropping
or grass and legumes for cover crops and terrace stabilization. Zones
with sufficient rainfall such as those with 'udic' moisture regime, can be
cultivated with at least three crops annually. Because rice is the main
staple food, it is recommended to be cultivated at the beginning of the
rainy season. Rice can be intercropped with maize and cassava, followed
by other secondary crops. After harvest, a more drought tolerant crop
such as cowpea is planted to avoid crop failure in the case of drought. At
the end of the dry season cassava will be harvested in order to improve
soil aeration as an alternative means of soil tillage for the next crop.
Areas with 'ustic' moisture regimes, where irrigation is unavailable,
can usually be cropped at least twice a year. Rice and maize are
recommended early in the rainy season followed by secondary crops,
particularly grain legumes. Grain legume crops for soils without acidity
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problems are normally soybean or mungbean, but peanut or cowpea
are grown in acid soils. Peanut requires calcium, particularly during pod
filling. Calcium is usually low in acid soils, but because it is needed as
a fertilizer rather than a soil conditioner, small amounts of either lime or
gypsum are adequate.

In semi-aridic moisture regimes, rain occurs in only a few months
in a year that only one crop is possible. For this area, short-duration,
drought-tolerant crops such as sorghum or some cultivars of maize are
recommended, as also are annual or perennial pigeon pea. The deep
rooted pigeon pea can extract water from the relatively moist subsoil
during the dry season. Some legume forages such as 'Stylosanthes' are
also known to be drought tolerant.
Prediction of yield

The cereal, or CERES (Crop-Environment Resource Synthesis),
family of crop models are used in Decision Support System for
Agrotechnology Transfer (DSSAT) to predict the performance of six grain
crops (IBSNAT 1993). All six of these models are designed to use a
minimum set of soil, weather, genetic and management information. The
models are daily incrementing and require daily weather data consisting of
maximum and minimum temperatures, solar radiation, and rainfall. They
calculate crop phasic and morphological development using temperature,
daylength, genetic characteristics, and vemalization where appropriate.
Leaf expansion, growth, and plant population provide information for
determining the amount of light intercepted, which is assumed to be
proportional to biomass production. The biomass is partitioned into various
growing organs in the plant using a priority system. A water and nitrogen
balance submodel provides feedback that influences the development of
growth processes.
The CERES models use a minimum of readily available weather,
soil and variety-specific genetic inputs. To simulate growth, development
and yield, the models take into account the following processes: (i)
phenological development, especially as it is affected by genotype and
weather. The models simulate the effects of photoperiod and temperature
on the timing of panicle initiation and the duration of each major growth
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stage; (ii) extension growth of leaves, stems and roots; (iii) biomass
accumulation and partitioning, especially as phenological development
affects the development and growth of vegetative and reproductive
organs; (iv) water balance that simulates the daily evaporation, runoff,
percolation and crop water uptake under fully irrigated conditions, and
rainfed conditions; (v) soil nitrogen transformations associated with
mineralization/immobilization, urea hydrolysis, nitrification, denitrification,
ammonia volatilization, losses of nitrogen associated with runoff and
percolation, and uptake and utilization of nitrogen by the crop.
The CERES - Rice model has the same features and
characteristics as those described for other CERES models. lt differs
from them, however, in that it can also simulate the establishment of
a rice crop from dry sowing, pre-germinated seeding to transplanting.
In particular, it differs in the following ways: (i) provision has been
made within the model to calculate an effect of transplanting shock on
crop duration; and (ii) water balance also simulates crop water uptake
under intermittent flooding and drying and fully upland conditions where
the soil is never flooded. In addition, the nitrogen submodel of the
CERES-Rice model simulates transformations of nitrogen in the plant in
both upland and lowland conditions. The model simulates the effects of
nitrogen deficiency on photosynthesis, leaf area development, tillering,
senescence and remobilization of nitrogen during grain filling.
For validation purpose the model outputs are tested against
field experiment results from various sites in Indonesia. The rice field
experiments were conducted at Sitiung in West Sumatra; Cianjur and
Pusakanegara in West Java and Moiosari in East Java during 1981-1982
and 1991-1992. The experiment in Sumatra was testing the response of
several rice cultivars to soil management practices on an acid soil, while
those experiments in Java were testing the source, rate and methods of
nitrogen fertilizer application on IR 36 and IR 42 rice cultivars. The two
cultivars were the main rice varieties cultivated in the areas because of
their relatively high yield and resistance to brown plant hopper in that
period. As these new hopper resistant rice varieties were introduced,
new populations of brown plant hopper developed to feed upon them.
When IR 42 became susceptible to brown plant hopper in late 1980s,
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particularly in West Java a new variety Cisadane was introduced. At
present 6 rice cultivars IR 36, 42, 46, 64 plus Cisadane and Krueng
Aceh account for 70-80 % of Indonesia's rice production (Fox 1994).
The DSSAT rice crop model is slightly under-predicting lowland
rice yields of the experimental plots but almost equal or a little higher than
farmers level yields. it seems that in all locations except Sukamandi the
model is under-predicting the grain weight by almost 1 mg. Nevertheless,
the simulation outputs and experimental plots yields are closely related
with coefficient of determination value of 87%. Intensive rice cultivation
at farmer level with 250 kg u.rea fertilizer per ha during that period in
East Java area produced 5115 kg of rice compared to 5789 kg rice of
the simulation result. In West Java area, the farmer produced 4101 kg
compared to 4426 kg as simulated at Pusakanegara district and 3974
kg compared to 4683 kg as simulated at Cianjur districts (Biro Pusat
Statistik 1981 ). The small experiment plots are certainly better managed
than those larger fields of the farmers.

Early Signs of ENSO
it is understood that weather in particular and climates in general
for the vast region of the tropics are interrelated. In a monsoonal rainfall
pattern of the tropics, high rainfall in the northern part occur coinciding
with a dry season in the south and vice versa. The differerce of barometric
pressure between the north and south as well as the west and the east
are good indicators of the rainfall in the region.
Recently, inter-annual climate variability in forrn of the El Nine I
Southern Oscillation (ENSO) occurred more frequently that caused much
damage to the agriculture in the region. In Indonesia, rice harvested area
decreased significantly in 1982, 1987, 1991 and 1994 because of drought
(Amien et al. 1996), The rice production diminished which compelled
the country to import a significant amount of rice. The maize import
was also increased dramatically in line with growing po~ltry enterprises.
The increase in maize import was more augmented during ENSO years.
The ENSO events also have harmed the economy by widespread forest
fires that disturbed regional air and water transportation. The smog from
the fire has dramatically increased breathing hazards particularly among
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children and the elderly in the regions. Some more frequent incidences
of cyclones that often hit the Philippines and Viet Nam are also reported
during the ENSO years. Better understanding of ENSO phenomenon will
bring benefit to the region by improving preparedness in coping with the
recurring events.
Significant progress has been achieved through international
cooperation in understanding interannual climate variability. lt is widely
believed that the ocean current from the eastern Pacific that flows through
Indonesia to the Indian Ocean strongly influenced the rainfall in the Asia
Pacific region. When the current weakens or reverses, the rainfall of the
regions will greatly diminish. The strategic geographical position of the
Celebes sea bordering Indonesia, Malaysia and The Philippines as the
western most paths of the current before it turns south to Indian Ocean
will provide among the first symptoms of ENSO. Other than sea level
height and direction of the current, there is a strong indication that the
low rainfalls in regions provide early signs of ENSO (Amien et al. 1997).
Advance knowledge of the coming climate and sufficient time
can provide an opportunity to formulate appropriate strategies to manage
the precious resources. The immense information on climate and ocean
that have been collected as well as understanding that has been acquired
in various institutions in the world mostly being used only by the institution
or the country.
Cooperation among the countries in the world particularly in
Asia will help the region to improve preparedness in coping with water
shortage. With an improved water management in particular and agricultural
management strategy in general, the region can increase productivity
and secure food production.
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Agrometeorological Services in Paraguay
Development of Agrometeorological Services in Paraguay
Edgar Mayeregger
lnstituto Agronomico Nacional (/AN)
CAACUPE
Paraguay

Abstract
The most immediate application of Meteorology to Agriculture can
be founded on the information given by the agrometeoro/ogica/ services
and the biological data collected within the production process along the
plant and animal growth.
The joint analysis of both kinds of variables and its interpretation
is just the agrometeorological information that makes it possible to
evaluate weather and climate impact on the agricultural, forest and animal
production in a particular area.
In accordance with this thought, the proposed goal of the
present work is to focus on ideas and suggestions concerning specific
agrometeorological tasks able to promote the development of a National
Agrometeorological Service.
With a view to doing this, an analysis of the existing network has
been done, including also the available meteorological data and the ways
they are registered all over the country. Taking its results as starting
point and using derived agrometeorological indices, a basis for planning
agricultural, forest and animal production activities was obtained.

Objectives of Agrometeorological Services in Paraguay
Overall objective

To establish the basis for the development of a Meteorological
Service in Paraguay, as well as to put forward specific activities in order
to enhance its derived products.
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Specific objectives
(a) To find out national data suitable for direct application under
the present conditions, by using existing methodologies for
agroclimatic indices computation.
(b) To design appropriate layouts to systematize meteorological and
phenological information coming from simple observations in such
manner that this information cou Id be managed in all levels.

Activities Undertaken by Agrometeorological Services in Paraguay
(a) Installation of 13 new meteorological stations ( 3 automatic),
(b) Material infrastructure of the Programme in agreement with its
requirements,
(c) Recruitment and training of six technicians (Class IV),
(d) Reports and periodical publications,
(e) Reports field experiments,
(f) Agrometeorological research in the field of agriculture, forestry
and livestock,
(g) Deployment of new stations and reinforcement of the existing
ones,
(h) Recruitment and training of technical staff to manage the new
stations,

(i) Agreements between institutions in order to exchange information
and to prepare joint information.

Future Prospects
•

To automate the network

•

Research work activities at regional level (Mercosur)

•

Technical staff training
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Agrometeorology Status and Future Prospects
C.V.S. Sastri
Division of Agricultural Physics
I.A.R.I., New Delhi- 110012, INDIA

Abstract
Agricultural meteorology is an applied science where the knowledge
of meteorology and climatology is applied to qualitative and quantitative
Improvement of agricultural production. it emphasizes understanding the
plant - atmosphere relationships, effects of environmental parameters on
crop growth, development and yield. Yearly fluctuations in agricultural
yields in a region are generally attributed to weather fluctuations over the
region. Length of the growing season,incidence of pests and diseases,
crop damage due to low temperatures, cold waves, frost, drought, wind
and hail all are determined by the weather factors.
Research in the field of agricultural meteorology needs an
interdisciplinary approach, where collaboration of scientists from many
related fields is necessary. In this paper agrometeoro/ogica/ research carried
out in various aspects, viz., crop weather relations, evapotranspiration and
crop water requirements, climato/ogical analyses relating to lengthofgrowing
season, drought frequency and intensity, agroclimatic classification and
crop planning, weather hazards, crop weather modelling and applications
of remote sensing In agricultural problems, has been briefly reviewed.
Development of network of stations and instruments for basic and applied
research in agrometeorology, modelling approach to crop growth and
yield predictions, application of remote sensing techniques to agn'culture
and regional agromet advisory services have been proposed as the
future thrust areas in the subject.

Introduction
Agricultural meteorology is an applied science where the
knowledge of meteorology and climatology or of weather/climate is applied
to qUalitative and quantitative improvement of agricultural production. lt
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emphasizes understanding of plant- atmosphere relationships and effects
of environmental parameters on crop growth, development and yield. This
necessitates a thorough study of the environmental parameters like total
solar radiation, Photosynthetically Active Radiation (PAR), temperature,
precipitation, humidity, cloud, and wind,as well as C0 2 flux, leaf and
tissue temperature, age and stage of the crop, plant size, row orientation
and density, physiological condition and nutrient status and many other
factors.
Yearly variations in agricultural yields in a region are generally
attributed to weather fluctuations over the region, which vary both in space
and time. Length of growing season,incidence of pests and diseases,
crop damage due to low temperatures, cold waves, frost, drought, wind
and hail all are determined by the weather factors.
Research in the field of agricultural meteorology needs an
interdisciplinary approach, with collaboration of scientists from many
other fields such as plant physiology, agronomy, soil science, agricultural
engineering, horticulture, plant pathology and other fields. Research in
Agrometeorology can be put under the following heads, based on the
extent of the influences of different combinations of the environmental
factors on crop growth and production :
Crop Weather Interactions

In the life cycle of crops, the influence of weather parameters from
seed germination, crop growth thr~ugh maturity to harvesting has been
well established. This knowledge is fundamental in understanding the
various processes that operate within the plant as a result of the changing
environmental parameters both on micro and macro level. Prevailing
weather conditions in and around the plant community determine all the
physiological and biochemical functions in the plants. Seed germination
is controlled by night temperatures and soil moisture. Development of
different phenological stages in crops are determined by the ambient
temperatures.
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Before discussing the effects of various meteorological parameters
on crops, it is important to know the distribution patterns of these
parameters under crop or vegetative cover.
Solar radiation is the primary source of energy for all biological
activities of plants. The presence of crop/vegetation cover itself modifies
the incoming solar radiation by the processes of reflection, absorption
and transmission. While the incident solar radiation is directly related
to the agricultural production, incident or absorbed Photosynthetically
Active Radiation (PAR), is correlated with net photosynthetic rates
(Fig. 1), crop growth and development. Gallagher and Biscoe (1978)
found close relations between absorbed PAR and crop growth rates, dry
matter production and yield in respect of cereal crops. In this context,
the efficiency of radiation utilization by several crops has been derived
and reported (Table 1). However, marked differences exist in the net
photosynthetic rates of C3 and C4 plants (Fig. 2).
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Table 1. Dry matter production and efficiency
of radiation utilization for
several crops (Chang, 1968)
CROP

Yield
(t!ha)

Potato
Winter wheat
Sugarbeet
Carrot
Turnips
Corn
Sugarcane

Efficiency

(%)

9.6

0.52
0.52
0.92
0.39
0.51
1.05
1.43

10.45

16.00
6.86
3.60
15.52
129.48
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Dry matter production in crops is often related to ambient
temperature. Yearly fluctuations in agricultural /crop yields are correlated
with annual/seasonal rainfall over the region. Using Fisher's response
curves, Sarker (1990) found the effect of maximum temperature on rice yield
to be more prominent than the effects of rainfall and humidity. Maximum
temperature is effective from transplanting to tillering. Relative humidity
has got significant positive effect at tillering and rainfall acts negatively
at elongation. The soil moisture storage, Thornthwaite's Moisture Index
and Growing Degree Days (GOD) from July to August has significant
positive correlation. Fig. 3 shows the variability of rice yields with respect
to GOD for two varieties of rice in India.
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Soil temperature is important for germination as well as for
vegetative growth. Soil temperature, particularly the extremes influence
the germination, functional activities of the root system, nutrient and
water uptake, incidence of plant diseases and plant growth.
The temperatures of vital activity have been recognized which
are often termed as cardinal temperatures. Table 2 shows the cardinal
temperatures for germination of some important crops.

Table 2. Cardinal temperatures for the germination

of some important crops (Beirhuizen 1973)
Cardinal temperature (0 C)
Plant
Wheat
Barley
Maize
Rice
Tobacco
Sugarbeet
Peas
Oats
Sorghum
Lentils
Pumpkin
Carrot

Minimum

Optimum

Maximum

3-4.5
3-4.5
8-10
10-12
13-14
4-5
1-2
4-5
8-10
4-5

25
20
32-35
30-32

30-32
38-40
40-44
36-48

28
25
30
25
32-35

35
28-30
35
30
40
36
40

30
32-34

12
4-5

8

Evapotranspiration and Water Requirements
Evapotranspiration is one of the plant processes determined by
the climatic environment and specific crop characteristics. Crop ET has a
direct bearing on the growth and yield. Crop ET can be derived by ET 0 , the
Potential Evapotranspiration (PET), through crop coefficients (Doorenbos
and Pruitt 1977). Crop water requirement is defined as the "Depth of water
needed to meet the water losses through evapotranspiration of disease
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free crop growing in large fields under non-restricted soil conditions".
The water requirements of crop during different crop growth stages is
known to be different. Table 3 summarises the water requirements of
a few crops during different growth stages, during both wet and dry
seasons (Oideman 1975).

Climatological Analyses
Length of growing season: Using the probable amounts of rainfall
received upto and beyond certain dates, the duration of growing season
or such related aspects as onset and termination of rains for different
times during which midseason droughts occur (Siatyer 1960, Nicholls et
al. 1967) can be determined (Fig. 4).
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Table 3. Crop water requirements for corn, legumes, and rice during four
growth stages in the wet and dry seasons

*

Legumes

Corn
Growth Stage

1\)
Q")

--J

Kc

Water (mm/mo)
WS

DS

Kc

Rice

Water (mm/mo)
WS

DS

Kc

Water (mm/mo)

ws

DS

Initial

0.5

45

67

0.5

45

67

1.1

99

148

Development

0.8

72

108

0.75

67

101

1"1

99

148

Midseason

1.05

94

142

0.95

85

128

1"15

104

155

Ripening

0.75

67

101

0.65

58

88

1.0

90

135

* Potential

evapotranspiration is 3.0 for the wet (WS) and 4.5 for the dry (OS) season for

each crop. Kc coefficients from Doorenboos and Pruitt (1977)

Growing Degree Days (GOD): Accumulation of above ground
biomass and the occurrence of various phenological phases can be
determined by heat unit method. Using the historical data of temperature,
this type of analysis is being done at many stations.

Determination of water availability periods
lt involves the use of PET values at the locality. By setting ·
different limits of PET such as PET/2 or PET/4, the water availability
periods during the growth periods of particular crops in the region can
be estimated.

Drought frequency, intensity and assured rainfall probabilities
Analysis of drought in respect of classification of different types
of drought, frequency, intensity and probability of occurrence of dry spells
of different durations has been carried out using the well known water
balance technique. Derived parameters such as water deficiency, drought
indices, Moisture Availability Index (MAl) etc. on yearly, monthly,weekly
or daily basis have been extensively utilised for the purpose. An example
of many such studies can be had from the work of Victor et al. (1982).

Agroclimatic classification and crop planning
For rational application of climatological data for crop planning,
identification and classification of agroclimates is the primary requirement.
Crop planning on one side is linked with maximization of crop yields and
on the other it has to take care of conservation of the natural conditions
of the land which is very important for sustainability of crop production.
Climatic classifications have been attempted in the past with
different objectives. These systems have been adopted by various workers
all over the world for different applications, some of which are:
i) General agricultural suitability
ii) Choice of crops, their varieties as per the growing season for
rational agricultural crop location
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iii) Delineation of homogeneous soil-climatic zones for crop planning
and cropping system
iv) Flexible crop planning covering risks
v) Improvement in crop productivity
vi) Assessment of potential productivity zones and
vii) Exploitation of agroclimatic resources for specific problems of
agroclimatic zoning
An example of crop recommendations based on the water balance
parameters, seasonal rainfall and water requirements of crops for Delhi
and the neighbouring areas is given in Table 4a and 4b.

Table 4a. Crops recommended based on seasonal
rainfall and water deficiency during
kharif season
Area

Water Deficit
(mm)

Suggested Crops
(in order of Preference).

Dehradun

0

Paddy

Roorkee

0

Paddy I Sugarcane

Barielly

0

Paddy I Sugarcane

Saharan pur

Paddy I Sorghum (Fodder)

Muzaffarnagar

10
0
10

Paddy I Sugarcane

Meerut

73

Paddy* I Redgram

Karnal

63

Paddy* I Sugarcane

Aligarh

5

Pearlmillet I Redgram

Delhi

12

PearlmilletiRedgraml
Sorghum (Fodder)

Gurgaon

12

Pearlmillet!Redgraml
Sorghum (Fodder)

Rohtak

12

Pearlmillet!Redgraml
Sorghum (Fodder)

Ambala

Paddy I Sugarcane

* If irrigation facilities are available
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Table 4b. Crops recommended based on seasonal
rainfall and water deficiency during
rabi season
Area

Water Deficit
(mm)

Suggested Crops
(in order of Preference)

Dehradun

72

Rapeseed/G ram/Field Peas/
Wheat!Sugarcane*

Roorkee

93

Rapeseed/Gram/Field Peas/
Wheat!Sugarcane*

Muzaffarnagar

100

Rapeseed/Gram/Field Peas/
Wheat/Sugarcane*

Saharanpur

100

Rapeseed/Gram/Field Peas/
Wheat!Sugarcane*

Ambala

211

Sugarcane/Wheat!Barley/
Gram/Lentil/Mustard/
Field Peas

Barielly

231

Gram/Mustard/Field Peas/
Lentil/Wheat /Barley

Karnal

Barley/Wheat/Sugarcane/Mustard

Meerut

207
210

Delhi

226

Mustard/Gram/Lentil/Barley/
Wheat

Rohtak

220

Mustard/G ram/Lenti 1/BarleyI
Wheat

Gurgaon

220

Mustard/Gram/Lentil/Barley/
Wheat

Hissar
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Mustard/Gram/Lentil/Barley/
Wheat

Aligarh

365

Mustard/Gram/Lentil/Barley/
Wheat

*

Barley/Sugarcane/Wheat/
Mustard/Sunflower/Peas/
Gram/Lentil

If irrigation facilities are available
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Crop Weather Modelling
Crop development and yield prediction
Quantifying the influences of meteorological/ environmental
parameters on crop growth, development and the final yield can be
theoretically expressed by means of crop weather models. Various
methods are employed for theoretical construction of these models.
These can be either statistical or based on simulation techniques. These
models analyse and predict crop production based on water and nutrient
availability or simulate primary production process of crop growth and
development (Fig.5) or the disease infestation and spread. At present
there are a number of crop growth models that were originally designed
to address the issu<Js related to agronomic research and crop production.
Decision Support System for Agro-Technology Transfer (DSSAT) is one
such integrated product that includes a number of crop growth models.
Validated crop growth models have been used to evaluate and optimise
crop management practices like crop selection for sites and cultivar
selection for specific sites. (Agarwal and Penning de Vries 1988; White

et al. 1995).
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Weather Hazards
Information and prediction in respect of the following phenomena
is vital to crop production.
Frost
Cold wave
Hail
Heat wave
Drought
Cyclones
Flood

Pests and diseases
The factors involved in the insect-plant environment interactions
are extensive and, therefore require vast amounts of specific field data
under various environmental conditions over many years. Attempts to
delineate meteorological conditions conducive to the outbreak of important
pest activities have been based on single station observations.
Crop protection measures: Several crop protection measures
against weather hazards, pests and diseases are in vogue.
Remote sensing
In recent years, application of remote sensing techniques to the
problems related to crop management and agriculture has attracted the
attention of scientists. Various indices, Simple Ratio (IR/R), Normalized
Difference (ND), Greenness Index, Brightness Index, and other vegetation
indices based on the reflection properties of vegetation surfaces have
been proposed. These indices are being used (Fig. 6) for evaluation and
monitoring of the following:
Crop condition, ·
Stress detection,
Acreage estimation,
Soil moisture estimation (Micro wave), and
Yield prediction models
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Agromet Instruments
The prevailing meteorological conditions over cropped fields are
different from those over bare land. Even over the crop surfaces these
show variations both in space and time. The environment itself gets
modified by the presence of crop. Spot observations at regular time
intervals of 12 or 24 hrs. do not serve the purpose as some effective
biological cycles as well as the responses of plants or living organism may
be of much shorter duration. lt is, therefore, necessary to have continuous
recording of all the important parameters in order to understand the
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various plant-environment processes and a network of agromet stations
with such instruments.

Minimum data set required for agrometeorological work
Daily Observations:
Screen Observations Max. and Min., Dry and Wet bulb
Temperatures
Wind at 2m height
Rainfall
Class A Pan Evaporation
Bright sunshine hours
Dew, Fog, Haze and Hailstorm - occurrence and duration
Periodic Observations:
(One set for clear skies and another for overcast skies
for each growth stage)
Incident and reflected PAR above and below canopy
Soil moisture at 15 cm intervals before and 2-3 days after
every irrigation
Plant Observations:
Plant population I m2
Phenological events
Leaf Area Index
Above ground biomass
Yield attributes: Grain, Straw, harvest index, 100 seed wt.
Optional data to be collected:
Daily wind at second level
Crop canopy temperature
Leaf temperature
Diurnal variation of the following parameters under clear, partly cloudy
and overcast sky conditions at different growth stages
Net radiation
Soil heat flux
Photosynthetic rates
Transpiration
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Wind, temperature, Humidity, PAR profiles in and above
crop canopy
Additional information for growth modelling:
Stomatal resistance
Spectral response
Leaf angle at different growth stages
Leaf expansion rates
Seed/pod growth rates
Specific leaf area
Partition coefficients
Nitrogen content of plant's parts at different growth stages

Conclusions and Future Thrusts
From the above review it is evident that major research efforts
were carried out at single station and often in isolation, to interpret crop
performances in terms of weather parameters. Basic research in deriving
useful and realistic crop weather relations need to be strengthened and
continued. Regional level studies are to be given emphasis and this
requires sensitive and reliable instrumentation and a network of agromet
stations with trained manpower to operate the same. Operational crop
weather models for different crops and locations need to be developed,
because the presently available models are location specific. Use of
remote sensing techniques that help in large scale studies, are to be
resorted to. Agro advisory services for the farmer, on a regional level
are to be expanded.
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Summary of Discussion
1) Adverse weather conditions and natural disasters are the main
factors hindering the agricultural production.
2) Due importance is to be given for the development of a complex
system including data collection, transmission, processing and
evaluation of environmental conditions of staple crops.
3) A Committee may be constituted to deal with the problems
and requirements of the user's community from the progressive
farmers, extension personnel from the Department of Agriculture,
research community from different agricultural universities and
central institutes.
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Abstract
This paper discusses various aspects of the user requirements of
agrometeorological information in Germany and Austria. These include
the type of weather forecast, contents of the forecast, the necessary
accuracy of the forecast.
The study reveals that medium range weather forecast (7-10 days
duration) could be of great use to the farmers considering its usefulness
in planning daily farm work. Extended range forecasts (10-30 days) and
long range forecasts of reasonably accurate rainfall and temperature
could enable farmers to make proper utilization of their valuable input
resources viz., fertilizers, irrigation water, pesticides, etc. and help them in
the selection of the right kind of cultivars. Sometimes specific information,
like frost hazard during ripening of crops, parasite attack at harvesting
time etc. also needs to be supplied to cater to user needs. Amongst
the meteorological parameters, quantity of rain and its timing, events of
thunderstorms and hail are required to be correctly forecast. Frequency
of issuing forecasts depends on the stage of the crop, e.g., at harvest
stage most current information is needed while after harvest forecasts at
few days interval are adequate. Timely arrival of information to the end
users is very much important and fax, e-mai/, internet etc., may play a
crucial rote in this regard.

Discussion
Most users will answer to the question, which requirements they
will have on their weather forecast, that the best forecast is the forecast
on the weather conditions in the right way for his farm within all events
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of weather which are important for him. This answer shows exactly, that
the description of his requirement will have a great range. lt will be,
however, much more difficult to fulfil these requirements.

Description of the user
Who will be the user of agrometeorological informations? In each
case the farmer on his farm is the end user. But also it is possible
that an indirect use of the information can be made by an adviser
or a service partner, who will help the farmer in his work or in his
decisions by using agrometeorological information. Keeping this in view
agrometeorological information has to be prepared in different ways for
different types of users. First, the weather forecast information has to be
prepeared in an easy sense, second, there is a great deal of demand
on agrometeorological informations and so the information should be
given. Together with the basic weather forecast, special forecast data
could also be given to the farmers by the Meteorologist.

Which type of forecast will be needed?
The most important weather forecast for the farmers will be the
medium range forecasts. I! will be used for the daily planning of the
work on the farm, primarily to the work on the fields. This could include
decisions on which the sowing could be done, if the farming operations
could be undertaken at the right time and when and how the harvest
would be. Here a farmer could spare a lot of money with the right
decision at the right time. Sometimes the whole harvest could be saved
or the quality could be influenced in an important way, for example in
harvesting crops or hay. Here farmer will have the strongest demand
on the exactness of the weather forecast. In cases of rapidly changing
weather, this could be very difficult. But if the forecast for a certain
place would be difficult, the correct forecast is more and more important
for the farmer. The period of the medium range forecast is 7-10 days.
So the decision for the work on the right time would be easier for the
farmer. Also the work and the use of outside services could be facilitated
through better planning.
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A lot of work, especially farm operations, could be better planned
with extended range (1 0 to 30 days) forecasts. 11 would be useful, if
for example temperature and rain would be given in a forecast for the
next four or six weeks with a certain exactness. The use of fertilizer
and pesticides could be more effective through decisions on appropriate
quantities to be used and the right time for using them. Temperature
and the amount of rain determine the nitrification in the soil. With the
help of exact knowledge of the coming weather, the right amount of
fertilizer could be applied on different fields. So the mistakes in fertilizing
would be avoided such as hindering the use ol the soil, potential or
applying too much fertilizer on the fields. This would take care of the
environment and water.
The same decisions are important for using pesticides. In
crop-production the quality and quantity of pesticides and fungicide used
are important. One waits for the appearance of pests or diseases, it
may be too late for the agents. Here an extended range forecast would
be of great help.
Another forecast of interest will be long range forecast. Long
range means the period for one vegetation turn around. In planning
field production a lot of different factors would take place. A decision
factor concern which species or variety the farmer will seed or plant. If
the farmer can have a forecast of low temperature and more rain, he
can select a specie which likes cold and wet weather. He can reduce
high inputs of fertilizer and pesticides. This will reduce costs and will
be good for the environment. In these forecasts, it is not necessary to
know the exact temperature and rain of a certain day for the next 10 or
12 months. But a forecast about the temperature and rain in steps of
10 days should be made available.
The use of so called "expert-models" for the advice in plant
production failed in the past by missing out these parameters. Because
at times there are no extended range and long range forecasts the
following statements will pertain to the medium range forecasts.
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Size of forecast
There is a difference in period and content of the forecast. The
period should be 7-10 days. In this period we need a lot of content.
The farmers want varied and very exact information. In addition to the
common forecast about the amount and the exact time of temperature
and rain, they need special informations for the individual crop production.
Some example : information on evaporation of soil moisture, danger of
frost during ripening of crops and development of parasites at the time
of harvesting, is different for different crops, vegetables and fruits. The
Deutsche Wetterdienst offers in this way a lot of services, most of them
are very useful.
These special services need also to evaluate the type of user.
Here we must see the high professional farmer and the advisers as the
customers for these services. They are able to use this information in
their work hence they need this information for their work urgently.
We must see that the user likes to get the information in a
timely and easily understandable format. So we have to present the
information in a different way. Not all available parameters should be
shown. Only the parameters which are at times important should be
presented. Also the regional production is important for the parameters
in the information. The forecast should be precise and short. In the
presentation, figures and charts should also be used.
Exactness of the forecast
These facts will bring us to the requirements on the exactness
for agrometeorological weather forecasts. The requirements of the users
are easy to describe. "So exact like it is possible for the place of my
farm". This isn't easy to do so. lt would be an ideal forecast, but very
expensive. So there must be a possibility to make a forecast for a
certain region. For this region, the content of the forecast has to be
especially prepared and should be very exact. The main requirements
for exactness pertain to rain and the time when the rain comes. The
temperature is not so important. Events of thunderstorm and hail are
very important. In some hours, it is possible that the whole harvest could
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be damaged or lost, for example in hay and silage production. Here we
require an absolutely exact forecast for the next 36-72 hours. lt should be
possible to make corrections in a fast way if the meteorologist will see,
the forecast was not exact or there are new data. So the disadvantage
of greater regions would be not so big.
Actuality of the forecast
As weather changes the forecast would also be updated. If there
are new data, they should be incorporated as soon as possible into the
forecast. So the question will arise, on the interval of new forecasts and
how often should they be given to the user? The answer to this question
is determined by the phase of the period of the vegetation. Before the
sowing a interval over some days is adequate. From the beginning of
the sowing we should change to a daily or some days interval. Each
plant has its own demand at different times of its growth cycle. A very
important time is the time of harvesting. Here we need the most current
information. Twice a day forecast should be possible. In addition, we
should have a system for warning thunderstorms and fast changing
weather. After harvesting, again interval of a few days is enough.
This criterion is from the view point of a single user. Not all
users will be able to carry out the same work on the same day. The work
happens at different farms on different days. So the information must be
given for a longer time in these intervals. The information must be given
in a scheme. The scheme of actuality for the information should have
the following arrangement during the period of vegetation in my opinion.

Period

Interval at which
Information should
be provided

before rapid vegetation growth
from the beginning
of rapid vegetative growth
from the beginning of harvesting
after harvesting

all 2-3 days
daily
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2 x daily
all 2-4 days

Distribution of the forecast
lt is important for the user, that he gets the information easily
and rapidly. This is a problem if we consider the themes of size, actuality
and exactness. We should have a fast communication to reach a certain
content of information for the user. So we have to look at the possible ways
to bring the information to the user. A spoken way (broadcast) can only
complete the information, but is not convenient to give whole information.
Hence we have to use a written system for communicating the whole
information, for example a daily newspaper. But there is no newspaper
especially for farmers. Other fast and written ways of communication
are lax, e-mail and Internet These media have the capability that we
need. Simply the user must have the equipment Since some years lax
is a normal technique, even on a farm. Because of this, the distribution
of agrometeorological information with lax is quite normaL So the need
of distribution in contents of information and actuality could be reached.
Also in using e-mail and Internet, both would be prepared simultaneously
for Germany and Austria. We will see how the farmers will use this
new technique. We are making a beginning, with this technique. But we
saw in other cases an user friendly technique is more accepted than a
better but complicated technique. This is a big advantage in case of lax,
because it is always ready to use and it isn't a multi-user vehicle. The
information lays printed on the table. A PC has first to be started and
then you have to start the browser. These facts cost time, this slows
down the activity of the user. When we have the "always on" PC, then
we have also this advantage of the fax. So we have to go at time both
ways Le., using both lax and PC-distribution. Also later, we will use
lax-distribution, because not all users will have a PC and because lax.
is cheaper.
Costs of weather information
We have to evaluate the costs of weather information. In the
opinion of the user they should be as less as possible. There are two
areas of costs, costs for the production of the information and costs
for sending and distribution. The costs for sending should be as small
as possible by adopting the best strategy of distribution. The costs of
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preparation of the information bave no relation to the amount of users in
making information available, if there are a lot of users, for one user the
cost will be less. This rule has to be regarded in starting such services.
While calculating the cost for a single user, the number of users at the
end of the project has to be considered. Also if there is no economic
benefit in the first step, we have to see the common benefits in using
these services by the users. There could be a lot of sense, to put all
the costs of preparation of the information and making it available to
common costs, because of the common benefits. But in this case there
should be a controlling system on the service. If the user pays a part of
these costs, this payment is to be recorded by the controlling system.
lt is difficult to get the social component of using this service by
the single user, because each user will use the service in a different
way with different advantages. So the best way would be to divide the
costs by the number of users.

Background informations on events of weather
Giving the information to many users is the best way. Lot of
users have to be informed also about something more than the actual
weather. The user needs more knowledge about the weather information,
to use the informations in the best way on his farm. So it is useful to
give additional information to the user. lt is also necessary to refresh old
knowledge. A lot of users did not know the connections between the
weather and parasites of plants. This becomes more important especially

if the user is not well informed and trained.
This information must be given in the same way like the other
information. So the user will see the connection between the weather
information and the additional information. The information will be supplied
free of cost, so that more users will accept the service.
This, and the information about the service have to be published
in a common way. Therefore it is necessary to use direct advertising
and the other information systems of the users, like farmers magazines.
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The "Weatherfax for Farmers"

An example which uses this system since 1992 in Germany and
since 1996 in Austria is the "Weatherfax for Farmers". Here more than
4300 farmers are using this lax service. On six day's of a week they
get for the following seven days the actual weather informations by a
faxpolling-system.
Presently, there are 1400 users connected to this service; 280
of them are advisers to farmers, who use the information for their
advises or make advertising for this system. They are using 19 phone
numbers in 8 regions where the information is available for faxpolling. The
system checks each polling and gives information only to the connected
members. So the costs for sending the information will be less.
In Austria also, this service has been started. At present there
are 3 regions and 4 faxstations and 55 users. Advertising, mailing, fairs
and information to the press, will give more information about this service
to the users. After two years, many users know something about this
service, they have to change now to customers.
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Overview to the faxpoints and regions in Bavaria during 1997

Nurnberg
Ansbach

•

•

2
5

Au sburg

Each user gets during the period between March and November
via faxpolling a weather forecast with a certain content. This will be
available on 6 days in a week. On saturday there is only a simple
text available. The themes belong to the actual weather and period of
vegetation. This is an additional service, for example, explanations to
singular weather events, tips against lire in hay, information regarding
sprinkling systems, frost etc. Sometimes if it is possible, there are middle
period forecasts also.
The users have to pay 150 OM or 1.100 ats a year for this
laxservice.
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Example of a "Weatherfax for Farmers"
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Request for the improvisation of weather forecast
The experiences in building up this service showed, that the
equipment must be in the farms. lt is also important, that the potential
users will know this service and the service must be accepted. Sceptic
people speak about their doubts. As an example, they are using events
which happen against the forecast. The farmer made a wrong decision
and lost a lot of money. For the wrong information he had to pay also.
Such cases are however very few. Analyses showed, that more than
90% of users have said "good" or "very good" to this service. But it is
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necessary to get out such events. Especially at the time of harvesting,
the exact forecast of thunderstorms would be very important. The user
wants to see "behind the horizon", he wants to know something about
the starting up and living of new thunderstorms. lt would be good to
know exact data about thunderstorms in the next 48-72 hours.
Some highly specialized farms in middle Europe are using PC's
and boardcomputers in plant production. Within the right software, these
programs will bring a lot of power in using plant protection agents and
fertilizers. Some of these programs require weather data from the past,
sometimes divided in different zones in the field. This data should be
available also for the users.
All these questions should be considered in starting and developing
such agrometeorological services in the different region and in the different
profiles of the user. If it is necessary, the missing knowledge of the
users has to be prepared to get the benefits of these services.

Summary
This article describes from the users standpoint the agrometeorological informations, the forms of weather forecasts, the needed
contents, the necessary accuracy and the necessary actuality. lt also
discusses the costs from the user perspective. On an example it is
shown, how a good distribution of weather information is started in
praxis. In the requests, it is shown, that sometimes the users must
get more knowledge on the theme. The new medias, lax, e-mail
and interne! must play a part in developing such services.
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Focus of Indian Soybean in Relation to
Agroclimatic Conditions
B.P. Singh
Soybean Development·Programme
SOPA
lndore - 452 011
India

Abstract
The paper deals with the different aspects of the Soybean crop in
India and the world. Madhya Pradesh State in India is the major Soybean
producing state. Among other countries the United States produces
Soybean in large amounts. The productivity of Soybean in India is one
third of the major Soybean growing countries. The reasons for lower yield
in India and the role of Soybean Processors' Association of India (SOPA)
in improving the different aspects of Soybean cultivation also have been
discussed. Further, the environmental effects on Soybean crop growth
and the nutritive value of Soybean have also been discussed.

Introduction
The botanical name of Soybean is "Glycine max (L) Merille". it
belongs to the "Legumenosae" family. it is a unique crop among legumes
and possesses high nutritional value. The ancient "Yogies" (Saints) who
were the first vegetarian in the world designated it as "Meat of the
field". Gandhi (1935) was also influenced by this magic crop and widely
propagated its nutritional importance through the "Harijan" magazine,
which was the most famous Indian magazine at that time. Soybean is a
rich source of protein (42%) and also yields oil (20%) and carbohydrates
(31-32%) (Table 1).
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Table 1. Composition of Soybean
Constituent

Whole
Seed

Constituent

Soybean
Meal

Crude Protein (%)
Crude Fat (Oil %)
Carbohydrates (%)
Ash

39·42
18·22
31·37
4.9·5.0

Moisture
Protein
Fat
Fibre
Sand & Silica
Urease
(By EEC)

11% Max.
48% Min.
1.5% Max.
6.0% Max.
2.0% Max.
0.30 Max.

Indian Soybean Scenario
In recent years soybean has earned a significant position in
Indian agriculture. About 20% share of soybean is estimated in the total
oilseed production of India. lt complies about 8% oil demand of India and
also contributes more than 75% share in the total oilmeal export of the
country. Among the 9 conventional oilseed crops of India, soybean is
the third in importance, next only to groundnut and rapeseed • mustard.
The area and production of soybean in India in 1993·94 was
4.25 million ha. and 4.63 million tons respectively. The increase in the
area and output from 1982 to 1993·94 have been 749% and 1552%
respectively (Table 2).
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Table 2. Yearwise area production and
productivity of Soybean in India
Year

Area
('000 ha)

Production
('000 MT)

Productivity
(kg/ha)

1979-80
1988-89
1989-90
1990-91
1991-92
1992-93
1993-94
Increase %

500
1733
2253
2564
3185
3780
4247
749

280
1545
1805
2601
2492
3386
4626
1552

560
892
801
1015
782
894
1089
91

Source : Directorate of Oilseeds Development, Government of India

In a short span of two and half decades, area under soybean
cultivation in India has gone upto 5598 thousand ha. (estimated) in
1997-98. lt is already targeted to go up by 7300 thousand ha. in the
next 5 years.
Similarly, the production of soybean, which was only 466 thousand
tonnes in 1981-82 has reached the level of 5.3 million tonnes (estimated)
in 1997-98 and is likely to touch 10 million tonnes by the turn of next
century (Table 3).
The state of Madhya Pradesh has emerged as a major soybean
growing State with over 70% share of area as well as production. Next
in importance are Maharashtra, Rajasthan, Uttar Pradesh, Karnataka,
Andhra Pradesh, Gujarat, Tamil Nadu, Punjab, Haryana, Orissa, Bihar,
West Bengal and N.E. States of India which offer promising area for
expansion of soybean cultivation in terms of favourable soil, water and
ago-climatic conditions.
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Table 3. Statewise area production and productivity in India
Area - '000 ha, Production - '000 tons, Productivity - kg/ha.
1993

1994

1995

Pro-

Pro-

Pro-

Pro-

Pro-

Pro-

due-

due-

due-

due-

due-

tion

tivity

lion

tivity

1.

Madhya Pradesh 3290 2937

893

2909 2261

2.

Maharashtra

500

450

899

529

450

849

3.

Rajasthan

350

300

857

387

366

4.

Uttar Pradesh

75

75 1000

50

5.

Rest of India

150

138

150

4365

3900

1997 (Estimated)

1996
~-

S.No.

1\0
<.0
1\0

State

All India

Area

920

Area

Pro-

Pro-

due-

due-

tion

tivity

tion

777 3695 3510

950

3740 2999

635

571

900

673

558

830

945

337

270

800

429

348

37

750

50

50

1000

72

122

817

100

75

750

804 4817

4476

893 4025 3216

Area

Pro-

Pro-

due-

due-

due-

tivity

tion

tivi~J

3983

990

881

704

800

811

507

510

1005

55

760

75

71

950

90

68

755

112

78

700

929 5004

4028

805 5598 5346

955

Source : The Soybean Processors Association of India (SOPA)

Area

Area

802 4023

World Soybean Scenario
The Soybeans were a somewhat unknown livelihood food crop
in Asia before 1900, where it was being grown and processed for food
for many centuries. But during this century, it became a major cash crop
which is being traded worldover and used for food, animal feed and
pharmaceutical element as well as in a wide range of industrial products.
Soybeans were grown in Asia traditionally on small scale early
in this century. In third decade of the century, the production of soybean
became mechanized and grew in scale. The two key technologies were
the mechanical harvester and the solvent extraction process for production
and processing respectively. The United States surpassed China as the
highest producer of soybean by mid- century.
The area under soybean continued to expand across the United
States until it peaked in 1979. During this period, South America became
a major soybean producer. Brazil surpassed China in production in 1975.
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During the last 2 decades, production continued to expand in Brazil,
Argentina, Paraguay and Bolivia and by 1996, South American production
nearly doubled of Asia and reached nearly two third of North America.
During the last decade, rapid expansion of soybean area and
production also occurred in India. In India, Soybean is grown as a rainfed
crop which matures in 90-100 days. Because of having 48% protein in
soymeal, 80% of the total production is exported to various countries.
There is not much consumption of soymeal in the country.
World production of soybean increased sevenfold since 1900.
These gains came from approximately a threefold increase in area and
doubling of yield/ha (FAO data 1997). The five leading producing countries
have more than 93% of the world's soybean area and annually produce
more than 90% of the soybeans (Table 4).

Table 4. Soybean production and productivity
of five leading countries
Country

United States
Brazil
China
Argentina
India
Others
World Total

%of World
Total

Yield
(1/ha)

Production
M.T '00000

49.1
18.8
10.9
9.3
3.0
8.9
100

2.56
2.17
1.68
2.06
0.87
1.62
2.09

64.2
24.6
14.3
12.2
4.0
11.5
130.8

Source : FAO data 1997

The above data indicates that productivity of Indian soybean is
one third of the other major soybean growing countries. The present
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productivity level of soybean is 0.955 t/ha, in 1997 (estimated). On farm
trials/demonstrations conducted across the country convince us that even
under rainfed conditions, production on an average can be raised to over
1.2 tlha. in. near future. The reasons of low yields are enumerated below:
1. Soybeans are cultivated as a rainfed crop. Erratic monsoon
affects productivity.
2. Genetically potential and quality seed of improved varieties in
sufficient quantity is not available.
3. Poor seed longevity (Germination capacity).
4. Gap in transfer of improved technology.
5. Non-availability of seed treatment chemicals and Bio-fertilizers
viz., Rhizobium, Azotobacter and Phosphorus solubilizers (PSB)
with effective bacteria.
6. Weed management is a problem which too affects crop productivity.
7. Imbalance in the use of major and minor plant nutrients which
affect production and quality of soybean.

8. Soybean pest and diseases are on increase which affect crop
production.
9. Inadequate farm mechanization at harvesting time to overcome
the problem of pod shattering.
To overcome the above reasons responsible for low productivity
of soybean, the role being played by the Soybean Processors Association
of India (SOPA), based at lndore is highlighted below.

Role of SOPA in Soybean Development
The Soybean Processors Association of India, popularly known
as SOPA, is the only national apex body representing the Soybean
Processors and Exporters in India. lt was established in 1979 with its
headquarters at lndore in Madhya Pradesh, the main soybean growing
state of the country.
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The objectives of SOPA are :
•

to protect and promote the interest of Soybean farmers, processors
and consumers.

•

to promote export of soybean extraction/meal and soya based
products.

•

to encourage and promote the use of soya based products in
the country.

•

to encourage and propagate adoption of modern package of
practices in cultivation of soybean.

•

to promote and organise scientific research programmes for
improvement in soybean cultivation, processing technology and
development of soya based products.

SOPA has established a linkage with the farmers of India for
promoting application of scientific package of practices for soybean
cultivation by launching extensive agricultural extension programme titled
"Soybean Development Project" monitored by a high powered committee
consisting of representatives from Technology Mission on Oilseeds and
Pulses, Ministry of Agriculture, Govt. of India, Agricultural departments
of various state govts., National Research Centre for Soy bean and state
Agricultural universities.
Through this project, SOPA provides liberal supplies of extension
material, including leaflets, booklets, brochures, audio and video aids.
SOPA engages agricultural experts from different disciplines for conducting
crop surveillance in soybean growing states and issues advance warnings
to the farmers.
Intensive training programmes are organized for the farmers
in soybean cultivation technology, minikits of improved varieties of
soybean are distributed and demonstration plots in non-traditional area
are organized.
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SOPA has got its own R&D centre which exercises strict control
over quality standards of·soybean and soya products, from the farmers'
field to the export point it is well equipped, and manned by highly
qualified and experienced research personneL
R&D centre's activities include the selection of improved soybean
varieties suitable for various regions, improving oil and protein contents,
developing strict quality control and assisting manufacturers in maintaining
international standards in soybean, soymeal by effectively controlling
various adverse factors like urease activity etc. The centre also conducts
intensive training programmes for field and laboratory personneL Through
dissemination, it effectively brings research to the field and processing
units.
Besides above activities, SOPA organizes workshops and seminars
on quality control, export trade policy changes, technology upgradation,
export promotion etc., to enable exporters to remain consistently competitive.
A monthly newsletter giving essential news about production, export
performance, technology, statistics, quality control, quality specifications
etc., is complemented by a statistical year book, published tri-annually.

Environmental Effects on
and Seed Constituents

Soybean

Plant

Development

The soybean plant responds to its environment by changes in
its development and function.
Moisture, air and soil temperature and day length affect soybean
development. Maximum percentage of germination occurs under optimum
soil moisture condition. Hence, water availability is the major environmental
factor affecting germination. The seed moisture content required for
soybean germination is about 50% as compared with 30% for maize
and 26% for paddy crops. Excessive water in soil is not conducive
to germination and early root growth of soybean because excess soil
moisture may limit availability of oxygen required for root respiration.
As the soybean plant grows, its water requirement increases
and under long moisture stress conditions, the metabolic activities of the

297

plant reduce which ultimately affect adversely on productivity. Moisture
stress causes maximum reduction in seed yield when it occurs during
pod filling stage (Shaw and Laing 1966, Doss et al. 1974). Water stress
during flowering and early pod development causes more flower and
pod abortion whereas seed size is reduced by water stress during the
later stages of pod filling.
For maximum germination of soybean, 30°C temperature is more
suitable and there will not be any improvement in germination if it is
increased or decreased (Delouche 1953).
Leaf development is related to temperature, leaf area increases
as temperature increases throughout the range of 18-30°C (Ciha and
Burn 1975). The cool temperature and long day lengths delay flowering
but temperature has greater delaying effect than day length on early
planted soybeans. Soybean development may be affected by extreme
temperature. Seed filling rate is enhanced by temperature in the range of
26-30°C as compared with 16-18°C range (Thomas and Raper 1976).
Light is important which is energy source for photosynthesis
process. The upper leaves of the plants get full light while lower leaves get
little or no light. it is likely that productivity of soybeans can be increased
by increased lighting of lower leaves (Shibles and Weber 1965). The
light intensities of 50% of the normal, reduced the number of branches,
nodes and pods and seed yield by 60% (Kan and Oshima 1952).
Soybeans are classified as short day plants because short days
initiate the flowering process. If the day length is short, the soybeans
will flower in 30 days. In long days, the soybeans remain vegetative
almost indefinitely. Flowering is also prevented by continuous dark or
dim light environment.
Likewise, chemical composition of soybean is also influenced
by environmental conditions as evident from the following work done by
several workers.
Nutritive value of any material depends upon its chemical
composition. Considerable variations have been reported in chemical
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composition in soybean seeds due to genotype as well as environmental
and soil conditions.
Oil contents

Soybean contains more oil when they are grown in warm
environment. Howell and Col !ins (i 957) have shown that the temperature
at 20-40 days before maturity is closely correlated with oil contents.
Devideseu et al. (1977) reported that it is a short day plant and thermophillic
requirement is 2200 to 3000°C days over the growing season. They
found that soyoil content was very much affected by weather and varies
from season to season. In cool years when the thermal index is lower
than required, seed oil content is reduced by 25-39%.
Date of planting also influences the oil contents in soybean
when seed matured under cool temperatures. Early cultivars in temperate
regions may escape cool temperature during maturation and consequently
may have a higher oil contents than late maturing cultivars.

Protein contents
Protein content is inversely related to oil content in soybean
seeds. However, the temperature doesn't appear to be strongly associated
with protein content and has little effect on the protein amount found
in the seed. Ham et al. (1975) reported that increase in soil nitrogen
level increases the protein content. Taira and Taira (1971) observed a
negative correlation with protein content and almost all the agronomical
characteristics - a sum total of days from seeding to flowering, from
flowering to maturity and from seeding to maturity, accumulated daily
mean temperature from seeding to flowering and from seeding to maturity
and accumulated sun shine hours from seeding to flowering. The study
indicates that if due to abnormal rainy season deviation in agronomic
characteristics takes place, it may affect the accumulation of metabolites
like protein.
Creswell (1991) compared the proximate composition of US,
Chinese and Indian soymeal (the residue remains alter oil extraction)
and confirmed the higher protein contents in Indian soymeal.
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Fatty acid
Fatty acid composition of soyoil was also reported to vary with
environmental conditions. Hu and Miang (1986) reported when the fatty
acids formed at lower temperature, the contents of linoleic acid was
higher and vice versa in his experiments. Concentration of palmitic,
stearic, linolinic and linoleic acid were higher in spring than in summer
or a autumn sown soybean crop. Olic acid was highest in the spring
grown crop followed by summer and autumn sown crops.
Amino acid
lt is suggested by Krober and Carder (1956) that soybean
produced in warm environments may have better quality protein for food
use, as he found higher content (1.4%) at 32°C as compared to (1.13%)
at 20°C in his experiments.
The Indian soybean material is superior as compared to the
soybeans grown and harvested in China, USA and South America, due
to inherent protein values in the seed.
Crop season 1997-98
The crop season 1997-98 started with the conflicting report on
normal monsoon even under the influence of El Nino which is said to
cause drought in some areas and floods in others.
The monsoon in the main soybean belt of Madhya Pradesh,
Maharashtra and Rajasthan arrived about a week late. One day delay
means 1% reduction in yield. Marathwada and Vidarbha regions of
Maharashtra experienced a dry spell of 15-20 days. The monsoon was
weak in Telangana region of Andhra Pradesh and central parts of
Karnataka state which received only sparse rains because of which
sowing in 30% area could not be done by the farmers.
Fortunately most of the soybean growing districts of Madhya
Pradesh received near normal monsoon rains, whereas the Vidarbha
region of Maharashtra received 75-85% of the average rainfall. The
main soybean growing region of Rajasthan comprising of 5 districts
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received above normal (+25%) rains whereas 2 districts received 80%
of the average rainfall. The amount of rain received is near normal, but
distribution had been erratic. The total rainy days were around 35-40 days
whereas it should have been 65 days. Such situation caused excessive
growth and affected adversely ground water storage. Even in deficit rain
situation, required water (40 cm) for soybean crop was available which
ensured satisfactory growth, flowering, pod and seed formation.
Therefore, from processor's point of view, it is necessary to
know the well- defined weather forecasts so that they can plan out
their strategy for running soya industry smoothly as the soybean is a
rainfed crop and total production depends on timely onset of monsoon
and its uniform distribution during the crop season. Due to erratic rains
during last 2 years (1995-96 and i 996-97), the productivity of soybean
had gone down to 805 kg/ha which resulted into low productivity and
crushing capacity utilization to 35%.
Under the present scenario when the installed capacity of soybean
crushing is 14 million tonnes and availability is hardly 5 million tonnes, the
role of Meteorological Department becomes very crucial to predict/forecast
accurately the onset and distribution of monsoon rains.

Conclusions
The following conclusions can be drawn

1) Soybean possesses wide spectrum nutritional importance in diet
and hence, designated as "Meat of the field."
2) Nutritive value of Indian soybeans is better in comparison to
soybean from other countries.
3) There is a lot of scope for increase in the soybean acreage
horizontally in conventional and non-conventional regions of India.
4) Analysis of the constraints leading to low productivity in India,
shows that there is a vast scope for vertical increase in the yield
of soybean provided a three-pronged approach is adopted, as
follows;
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a) Result oriented research for immediate as well as long
range gains.
b) Effective seed production programmes to ensure
availability of required quantities of quality seed of
improved varieties.
c) Development strategies for efficient transfer of appropriate
technology to narrow the yield gap.
5) The pace of technological development in the soybean industry
should be accelerated through greater investment in research
and greater productivity of research programmes.
6) Trends in soybean production and consumption suggest that
high priority should be placed on research leading to increased
yield of soybeans and improvements in soybeans as an animal
feed ingredient.
7) Soybean plant is affected by Agro-climatic conditions and if
these are favourable, the highest yield can be obtained.
8) SOPA, being an apex body, is playing a catalytic role between
farmers, industry and State Govt. for the development of soybean
in the country and the results have been quite encouraging.
9) Chemical composition of soybean is affected considerably by
environmental conditions which leads to affect nutritional value.
In temperate region, the nutritional value may be expected to
be better than soybean from cold regions.
10) The Meteorological Department has to play a very crucial role
in forecasting onset of monsoon as soybean is grown as a
rainfed crop and is totally dependent on the accurate prediction
of onset of monsoon and its distribution.
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Agrometeorological Information for the User
Community in Orissa
Ramesh Ghandra Rout
ADPO Mayurjhil/a
Dist. Nayagarh
Orissa, India

Abstract
Orissa is the state of frequent natural disasters, such as drought,
flood and cyclone. Rice is the most important crop of the state, mostly
grown under rain-fed conditions in kharif season. Although soil and climate
are favourable for growing rice, frequent adverse weather conditions
cause failure of crops. All three kinds of weather information services
are available in Orissa. However, the short range weather forecasting
lacks agricultural content. The crop advisory of Medium Range Weather
Forecasting is much useful, although there is not much lead time of the
weather forecast. Moreover, it needs to be widely disseminated. The long
range weather forecasting has no mechanism of wide dissemination.
Improvement of the weather information to its content and dissemination
is urgently required for the state of Orissa.

Introduction
Weather is of paramount importance in every walk of human life.
Weather forms an integral component of eco-system. Average weather
conditions of a place, known as climate is the most important factor to
decide the framework of agriculture at a place. Within such a framework,
over time and space, weather conditions influence the productivity of
crops. it is particularly important in rainfed agriculture and in areas
frequently attacked by weather disasters such as cyclone, flood, drought
etc. Orissa is one such state in India where weather has a strong hold
in agricultural productivity due to its predominant rainfed agriculture and
frequent occurrence of weather disasters. Due to agrarian economy of
the state, welfare of farmers depends much on the weather conditions.
This calls for rational planning of agriculture production tailored to the
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seminal weather conditions and suitable weather information service to
the farming community of Orissa.
Orissa is one of the political states of India and is situated along
the coast of Bay of Bengal. Out of 15.57 millions ha of geographical area,
the state has cultivated area of 6.6 million ha. Rice is the most important
crop of the state, which is grown in both Kharif (June to October) and
Rabi (January to April) seasons. Kharif is the main crop season of the
state. Whereas Kharif rice is mostly dependent upon monsoon rainfall.
Rabi rice is grown under irrigated culture. Since only 30% of the cultivated
area of the state is irrigated, monsoon rainfall is the single most weather
factor to influence the area and productivity of rice crop. lt is more so
where rice is grown in uplands (35%) which is characterised by sloppy
and undulating terrains, shallow profile and low water holding capacity.

Climate of Orissa
Rainfall
In Orissa, monsoon breaks in 2nd week of June and ceases
in the 1st week of October. Of the 1394 mm of annual rainfall, 83%
is received during June to September. Distribution of rainfall is highly
erratic and unreliable. July and August are the rainiest months. The
coefficient of variation of monthly rainfall is more in the inland districts
than in the coastal districts.
Temperature
The mean annual temperature of the state is 26.7°C. May is the
hottest month with mean maximum of 38.4°C and mean minimum of
25.5°C. For a few days during last week of May, maximum temperature
rises to 46 to 47°C in Bolangir, Sambalpur and Mayurbhanj districts.
December is the coldest month with mean maximum of 27.3°C and
mean minimum of 12.7°C. Phulbani and Keonjhar districts experience
lowest temperatures.
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Sunshine hours
The average bright sunshine hours per day is 7.3. lt is 3 to 4
hrs. per day during July and August due to monsoon clouds.

Traditional Wisdom of Weather Forecast
From the time immemorial, farmers are conscious about the
weather conditions and their impact on crop production. Past experience
was the main guiding force for prediction of ensuing weather. Kautilya's
Arthasastra shows that land revenue was based on the rainfall amount
which occurred in a year in the field.
Long-range weather forecast
The traditional long range weather prediction for knowing the
coming season is given as an outlook in the almanac. The planetary
position is the deciding factor of the outcome. The priest reads the
forecast in a gathering of villagers on the Fullmoon Day of Phalguna
(March), giving details of the monthwise rainfall amount, its distribution
and their effect on crop production. The prediction is quantitative (in
relative terms) and for the state as a whole. Experiences show that the
prediction given in the almanac very often comes true.
Another indicator of long-range forecast is relating the vegetation
behaviour. Flowering of bamboo plants is considered as the indicator of
famine in the ensuring season. This forecast is purely qualitative. Practically
the prediction based on this, was found true for the unprecedented
drought in Orissa during 1996.
Medium range forecast
Orissa is rich in traditional wisdom of predicting rainfall 3 to 4
days earlier. For example, if a frog or toad creates sounds, there would
be rain alter 2 to 3 days. Sneezing sound of buffaloes would result in
rain within 3 to 4 days. Large gathering of glowworm in a tree top tells
about rain after 7 to 8 days.
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Climbing of snails on rice plant indicates about rain positively.
When earthworms appear after dry spell, it indicates probability of rain
within 4 to 5 days.

Short range forecast
There are a good number of folklores and sayings in Orissa to
predict the ensuing weather conditions. For example, flying of termites
with wings would indicate possibilities of rain within 1 or 2 days. Movement
of cloud, wind, insects, etc. also indicate the ensuing weather conditions.

Meteorological Network in India
The devastation caused by cyclones, severe floods, and drought
in the country led to the beginning of meteorological observations in
the country. In India, first meteorological observatory was started in
1793 by the British East India Company at Madras. But prior to it the
famous astronomical observatories like Jantar Mantar of Jaipur, Delhi
etc. existed much earlier. Then other meteorological observatories at
Bor11bay (1823), Calcutta (1829) and Trivandram (1836) started. In the
east coast of India extending from West Bengal to southern Andhra
Pradesh, cyclonic storrns frorn Bay of Bengal is a recurrent phenomena
that creates havoc. In these cyclonic storms, port warning systern was
,;tarted at Calcutta in 1865. Several organisations all over the world
rneasure weather elements and forecast weather conditions. Accepted
norms are developed for measuring, assigning values and codes for
different countries. International Meteorological Organisation (IMO) came
in the existence as an outcome of the first International Congress held in
Vienna in 1873 to bring about organised international co-operation in the
field of IMO in 1878. After 2nd World War this organisation was renamed
as World Meteorological Organization (WMO) which came into being
in 1951 as a specialised agency of the United Nations Organization.
India is a founder member of WMO. India Meteorological Department
(IMD) was established in 1875 with headquarters at Simla. lt has got a
countrywide network of nearly 600 surface, 60 current weather, 60 pilot
balloon and radiosonde/rawin observatories manned by IMD personnel.
Apart from this there are several part-time observatories.
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In Orissa there are 16 permanent observatories and some more
part-time observatories of IMD, to collect and collate meteorological data,
for weather forecasts. Agricultural meteorology division was started in
1932 in the country for conducting research on crop weather relationships.
During early forties steps were taken to set up specialised meteorological
observatories in a crop environment to inculcate weather consciousness
among farmers and to develop farm environment climatology. The number
of such type of agromet observatories are about 125. At Bhubaneswar
we do have one such observatory which was started during 1950.

Weather Information Service in Orissa
Information on weather forecasts available in Orissa for agricultural
purposes can be grouped into three - short range, medium range and
long range.

Short range weather forecast
Short range weather forecast issued by IMD is made every day
for next 24 hours and in some cases upto 48 hours. The forecast is
broadcast by All India Radio and telecast by Doordarshan. The timing
of broadcast is at 13:30 hrs in the afternoon which is suitable. The
message is in Hindi and English from Delhi centres. However, it is in
Oriya (the language of the state) from the radio and the television centres
of Orissa. This weather information is also carried by local newspapers.
Constraints

i) The weather information is an appendage to the news items
rather than a separate slot/timings for the weather bulletin only.
ii) The weather forecast is not supplemented with agro-advisory
to the farmers. That is whether wind is ·favourable to carry out
spraying or not etc. Hence the content of weather is not farmer
oriented.
iii) The forecasts are more a qualitative rather than quantitative.
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iv) The forecasts are for a larger areas instead of smaller areas.
For e.g. it says, "Coastal Orissa is likely to get heavy rainfall at
one or two places". Since the coastal Orissa is stretched over
more than 400 kilometers, from Balasore district in the north
to Ganjam district in the south, the above information has not
much significance.
v) There is no display of weather information on Gram Panchayat
office or any office at village level.
As a result of above constraints weather information is not
optimally used for agriculture. Some farmers express their reservation to
consider the information truth since it is for the wider area. Those who
consider it positively find difficulties as to what contingent measures are
to be taken. Moreover, some farmers do not have the access to the
weather information at all.
Medium range weather forecast
it is operated by National Centre for Medium Range Forecasting,
New Delhi through its agromet field unit (AMFU) which are at present
72 in number in the country. In Orissa 5 AMFU's are operating under
the Orissa University of Agriculture and Technology, Bhubaneswar. The
AMFU's are located at Bhubaneswar, Ranital, Keonjhar, Chiplima and
Bhawanipatna. In this weather information service, weather scenario
is predicted for coming three days. A bulletin in local Oriya language
is released on every Tuesday. The bulletin includes weather scenario
and the advisory to the farmers. The advisory includes weather based
technology to be adapted for various crops.
Farmers of my place get the bulletin from the local daily "Sambad"
released from Bhubaneswar centre. The bulletin is very much helpful
as to it's advisory contents. However, there are some lacunae in the
information service.
Constraints

i) There is not much lead-time of the forecast.
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ii) Being valid only for three days, by the time the information is
received, the validity expires.
iii) lt is telecast by Doordarshan or broadcast by AIR.
iv) There is no forecast for cyclone, which is a major weather
disaster in Orissa.
v) Although it is good that forecast is made for the agroclimatic
regionwise, still it is for large area, for example, the agroclimatic
zone of my place is from Paradeep in north to Berhampur in
South. So, forecast should be for still smaller area.
vi) The forecast does not come true for about 40% cases.
In spite of the above lacunae, the forecast is very useful atleast
for the crop advisory part. However, it needs to be refined for a smaller
area with quick dissemination through mass media like TV and Radio.
Long range weather forecasting

Long range weather forecasting is issued by the India
Meteorological Department for ensuing season. The information is not
specifically circulated by the Meteorological Department; rather it is
carried by the newspapers as a general news item. The problems
of the long range forecast are given below.
Constraints

i) The forecast may be true for all India average, it is not the
case when a State is considered. For example, the forecast
of 1996 was that it was a year of good monsoon. But in the
case of whole of Orissa, it was a year of severe drought.
ii) it is not widely published in details to reach the farmers.
iii) There is no information on monthwise scenario, which could
otherwise help farmers to take measures, such as choice of
crop and variety.
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In the light of above points, the long range weather forecasting
has not helped much the farmers of Orissa.
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Summary of Discussion
1) The discussion was mainly focussed on the traditional wisdom of
weather forecasts being followed in different countries.
2) A review paper is to be prepared on the practice of traditional
wisdom of weather forecasts being followed by different countries
in the Vlth region of WMO.
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Brainstorming on Issues

At the outset, stating the purpose of the session Dr. Sivakumar
mentioned that the entire group of participants has been divided into
four sub-groups to get divergent views from these groups from which a
consensus view has to be reached. As Moderator, Mr. Newby stated
that the main issues/problems have to be identified first and then their
causes and effects have to be found out.
Initially the group engaged in discussion to state the main problem
in meeting the user requirements for agrometeorological services. After
much discussion, the main problem was stated as follows :
INADEQUATE
METHODOLOGIES AND
OF USER . NEEDS

INFORMATION,

INSUFFICIENT

RESOURCES AND POOR AWARENESS

After an interactive session which engaged all the participants
in discussion, the Workshop grouped the causes of the above problem
into eight categories as shown below :

1.

Lack of adequate training

2.

Lack of appropriate instrumentation

3.

Lack of suitable facilities

4.

Lack of effective co-ordination

5.

Lack of sufficient avenues for professional advancement

6.

Lack of identification of lead farmers

7.

Lack of appropriate feedback

8.

Lack of in-depth impact studies

The group then constructed cause-effect tables for each of the
above categories as shown below :
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Category 1 . lack of adequate training

lack of reliability of advisories

t
Inadequate accurate area specific advisories

lack of established relation between weather
parameters and weather sensitive operations

t
Lack of knowledge
about crop and
variety specific,
weather interactions

Lack of specific crop
phenophasewise
weather study

Lack of
climatological
information

t
Lack of
incorporation
of better
procedures

Poor data
management

Insufficient
crop data

Insufficient
information
from data

t
Limited R&D attempts

I

Ignorance of new techniques

t
Lack of trained personnel
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Category 2 . lack of appropriate instrumentation
Inappropriate spatial and
temporal scale of data

lack of reliable and
real time data

Lack of instruments

Category 3 . lack of suitable facilities
Lack of proper communication
facilities

Lack of proper tools

Inadequate facilities

Category 4. Lack of effective co-ordination
Lack of comprehensive knowledge about weather - crop disease
relationships

T
lack of collaborative I
interdisciplinary approach

Poor interdisciplinary
interaction

Lack of co-ordination
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Category 5. lack of sufficient avenues for professional
advancement
lack of sensitization

lack of proper attitude

Lack of imagination

J

Lack of commitment

Lack of motivation

Lack of avenues for professional advancement

Category 6. lack of identification of lead farmers
Less education to farmers I users for agromet services

Lack of identification of lead farmers
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Category 7. Lack of appropriate feedback
Lack of proper dissemination of
research products to users

Unfriendly approach

Improper use of information by
the users

Lack of situation specific
advisories

Lack of customer oriented
focus among meteorologists

Insufficient background
information

Lack of proper knowledge to meet changing and
diverse needs of users

Lack of dependable
communication and
feedback system

Communication gap

Lack of regular
survey of feedback
and its inclusion

i
Lack of interaction

Absence of feedback
mechanisms
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Category 8. Lack of in-depth impact studies

I Lack of funds

Wrong priorities

Ineffective management of Met.
Dept. due to institutional
location

Inadequate understanding by policy makers

Too few impact studies
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Brainstorming on Prioritization
This session is the continuation of proceedings of Session 6
held the previous day on the Main Issues. The main problem has been
identified as "Inadequate Information, Insufficient Methodologies and
Resources, and Poor Awareness of User Needs" and eight Categories
have been identified. In the beginning of this session, Mr. T. Newby,
briefed participants about the salient points of all the eight Categories.
Afterwards the brainstorming process was initiated to prioritize the
Categories in an orderly manner. Mr. Newby asked all the participants to
convey their views regarding the prioritization of the strategies by voting
for one or more of the eight Categories. Following the voting, it was
found that the Categories (details of the categories are available in the
earlier report on Session 6) 8, 7, 1 and 4 recieved the highest votes.

2

No. of votes
received
19
17
15
14
4

5

3

3

2

6

0

Category
No.
8
7
1
4

Considering all the suggestions made in the Categories 8, 7, 1
and 4 participants were asked to formulate one key strategy statement
to project the action needed to address the particular category. After
exchange of views, all the members agreed on the following priority
strategies to address the main problem :
1) To promote impact studies to show the importance of
agrometeorological services to enable decision makers to
appraise and prioritize.
320

2) To promote information exchange & feedback mechanisms so
that agrometeorological departments can provide better customer
oriented services.
3) To improve capacity building relating to acquisition and
management of data, personnel, technologies and methods
to improve agromet services and products.
4) To promote a co-ordinated multidisciplinary approach to the
development and provision of better agrometeorological services.
The participants then identified the following expected outputs :
The group then outlined the expected outputs for each of the
above four strategies as shown below

1) Promotion of impact studies :
a) Identification of problems and weaknesses in the existing
services leading to possible restructuring and enhanced
efficiency.
b) Better informed policy makers and funding agencies who
could ensure greater transparency and objectivity in the
allocation of funds.
c) Improved assessment of the agro-economic value of the
services in the different sectors viz., environment, food
security, land use planning etc.
d) Better and rational project planning and development of
long term national plans.
e) Better packaging of an enchanced visibility for agromet
services.

2) Promotion of information exchange and feedback :
a) Improved understanding of user needs and priorities
b) User I customer assisted designing of existing services
I products and new products
321

c) Improved communication and data exchange systems
d) Improved, efficient and affordable agrometeoro\ogical
services.
3) Improvement of capacity building :
(a) Better trained
personnel
agrometeoro\ogical services.

and

better

equipped

(b) Improved analytical capacity.
(c) Greater availability of appropriate data to provide
agrometeorological services.
(d) Improved sustainable farming systems.
4) Promotion of co-ordinated multidisciplinary approaches

(a) Integrated approach to problem solving.
(b) Improved sharing of techniques and methods across
disciplines.
(c) Improved scientific networking.
(d) Enhanced ability to meet requirements of diverse sectors.
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Recommendations of the Workshop
Taking into account the need for a clear examination of user
requirements for agrometeorological services, acknowledging that to-date
users are not fully involved in the developments of products and services,
and also taking into account other inadequacies identified in the availability,
provision and use of agrometeorological services, the participants of this
workshop recommend the following :1) In the first place, there is a need for rigorous impact studies
involving a wide range of users to ascertain user requirements.
These would •

Identify area and situation-specific needs taking
into account the socio-economic, environmental and
sustainability concerns, in order to develop appropriate
services.

•

Demonstrate the importance of agromet services and
enhance the ability of decision makers to appraise and
prioritise.

2) Agromet Services should communicate information in a format
I language understandable to users.
3) A bottom-up approach should be adopted . Regular surveys
should be carried out to assess user's requirements and level
of satisfaction.
4) Appropriate traditional knowledge available in the different WMO
regions should be documented, published and disseminated.
5) Greater emphasis should be placed on human
development to enable better service provision.

resource

6) Modern tools and technology should be adopted to improve
agrometeorological information gathering, analysis, processing
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and dissemination through the provision of appropriate and
affordable techniques.
7) Simple but accurate and reliable, affordable methods and
techniques should be developed to enable NMHS render
customised information and advisories.
8) National Interdisciplinary Co-ordination Committees
be formulated to enhance co-operation among
agrometeorologists and policy I decision-makers.

should
users,

9) Efficient, cost-effective, timely and robust communication
channels should be established for dissemination and collection
of specific advisories I research products.
10) NMHSs and sub-regional bodies eg., CILSS, SAARC, SEARC
should be encouraged to provide platforms among providers
and users at the national and regional levels.
11) Members of WMO should be urged to improve resources
for agrometeorological services and to encourage technological
transfer among Member countries with a view to promoting
greater exchange of appropriate knowledge among NMHSs.
i 2) Supply of user-friendly basic climatological information should

be encouraged on optimum spatial and temporal scales.
13) WMO I CAgM should be requested to form Working Groups
on (a) Crop Observations in order to define and standardize
crop phenological observation and (b) Livestock husbandry .
14) The network of agrometeorological observation stations should
be improved/ enhanced in order to provide location- and
crop-specific advisories eg. livestock, pastures, agroforestry,
urban agriculture etc.
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Conclusions of the Workshop
This Workshop concludes that :
1) The Target Oriented Planning Approach used in this Workshop
has proved to be very effective. lt facilitated the active
participation of all delegates and incorporation of their views.
2) Key areas were identified where action can be taken
immediately. These include, e.g. conversion of data into
information, conducting impact studies etc.
3) The problems that impede NMHSs in providing efficient, timely
and reliable agrometeorological services were clearly identified
while steps to be taken to ameliorate the situation were also
succinctly pointed out.
4) Present status, lacunae and potentials of operational
agrometeorological services for the user community were
successfully discussed and identified.
5) Most of the existing agrometeorological services being
inadequate, there is a tremendous scope for improvement.
One of the causes of this inadequacy is the lack of
proper understanding and communication between providers
and users.
6) Crucial importance of user requirement is to be considered if
agromet services have to be successful in promoting sustainable
agriculture and allied sectors.
7) There is a need to maximize available resources, knowledge and
technology in order to contribute effectively to the development
of sustainable agriculture.
8) Working Groups should be established by the Commission for
Agricultural Meteorology (CAgM) of WMO to examine the services
provided to users and to foster interchange of methodologies.
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9) The recommendations ansmg from this Workshop should be
approved for implementation .by the WMO Members.
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Workshop Evaluation
M.V.K. Sivakumar
World Meteorological Organization,
Geneva, Switzerland

Introduction
The Workshop on User Requirements for Agrometeorological
Services was sponsored by the World Meteorological Organization
and the India Meteorological Department. The main objective of the
Workshop was to provide a forum for participants from different
National Meteorological and Hydrological Services (NMHSs) and
users of agrometeorological information in order to develop and
implement more useful products and services for agrometeorological
applications. To this end, two participants: one from the NMHSs
and the other representing user community e.g., farmer associations,
non-governmental organizations involved in agricultural development,
livestock producers etc., from each Regional Association of WMO,
were invited to the Workshop. Specific issues addressed at the
Workshop included :
•

Analyses of a few case studies prepared by the participants from
different Regional Associations and from the user community;

•

Ways of improving communication between agrometeorologists
and users of agrometeorological information;

•

Means of achieving a better recognition of the value and
potential benefits of agrometeorological information;

•

Guidelines and
requirements;

•

Methods of improving the national capacities in the provision of
agrometeorological information.

procedures
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to

identify

user

needs

and

Format of the workshop
The Workshop was designed in such a way as to allow time for :
•

Presentations by participants from the NMHSs in different Regional
Associations describing the current procedures being followed
by them to provide agrometeorological information to the user
community.

•

Responses from the representatives of the user communities
in different Regional Associations describing their needs and
requirements.

•

Brainstorming and analysis of different issues mentioned under
the objectives of the Workshop in order to seek the divergent
views from the participants, engage the participants in discussion
and arrive at a consensus view on future approaches to meet
the user needs and requirements.

Participant interaction
The Workshop was interactive with emphasis on active
participation. The participants were encouraged to exchange ideas
and evolve concepts, particularly in the brainstorming and analysis
sessions, to address the specific issues of the workshop outlined
above. The interaction helped the participants appreciate the user
needs and develop appropriate recommendations for future action by
the Members.

Workshop evaluation
In order to facilitate the evaluation of the Workshop and help
obtain feedback from the participants, an evaluation form was circulated
on the final day. A summary of the participant evaluation of the Workshop
is shown in Table 1. Eighty four percent of the participants rated the
workshop as good to very good.
Overall the workshop has been a success. it was held in
an atmosphere of free discussion and friendly exchanges. The
recommendations of the workshop should help generate strong interest
among the Member countries to review the user requirements for
agrometeorological services and take adequate steps to meet them.
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Table 1. Summary of workshop evaluation
Question

1.
2.

3.

4.
w

1\)

<D

Did the workshop meet its objectives ?
Will the knowledge acquired help you
contribute more effectively to your
work?
Relevance of programme to your work ?
Did you receive advice relevant to
your work ?

8.

Did you have language difficulties ?
Quality of pre-workshop information
Quality of service received from UNDPI
WMO regarding travel arrangements
Assistance received from IMDIBombay

9.

Assistance received on arrival in Pune

5.
6.

7.

10.
11.
12.

Quality of service in Hotel Pride
Executive
Quality of Workshop Programme
Did you find the brainstorming

Very well
met I Very
Relevant I
Very Good

Fully met I
Relevant I
Good

Neatly met I
Adequate

42

46

4

54

Yes

No I
Poor

96

4

83

13

21

79

No
Response

46

54
42

33

13

21

21

33

21

8

71
75

13

75

25

17

4

4

13

38

16
4

4

100

session useful ?

13.
14.

15.

Was the duration of the programme
adequate ?
Do you have suggestions for futur-e
workshops of this nature ?
Final Rating of the Workshop

21

63

17

88

12

63
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