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Synopsis of the Activities of the Working Group
A.L. du Pisani
Meteorological Services, Windhoek, Namibia

In accordance with Resolution 12 (XI-RA 1), the Working Group on Agricultural
Meteorology was established in 1994 by the eleventh session of the Association. I was invited
to serve as Chairman of the Working Group. In March 1995 the following Rapporteurs were
appointed:
Dr A. Makarau, Zimbabwe: Desertification
Mr R. Lekhal, Algeria: Locust Control
Mr E. Mersha, Ethiopia: Armyworm Control
Mr G. Goroza, Cote d'lvoire: Coordinator of the Rapportuers on Specific Crops
Mr J.G. Kabira, Kenya: Weather and Animal Health
Mr M.V. Laing, South Africa: Meteorology and Forest and Bush Fires
Mr M.F. Lukando, Tanzania: Crop-Weather Modelling
Questionnaires designed by Mr. J.G. Kabira (Kenya) on weather/climate and animal
production, health and disease, by Dr M.F. Lukando (Tanzania) on crop-weather modelling, by
Mr G. Goroza (Cote d'lvoire) on specific crops and by Dr A. Makarau (Zimbabwe) on
desertification were sent to the Members for their responses.
A meeting of the Working Group on Agricultural Meteorology of RA I (Africa) was held
at the National Meteorological Services Agency of Ethiopia from 7-9 April 1998. Nine
participants attended the meeting and only one member of the working group, Mr Lekhal, could
not attend. Members reviewed the terms of reference of the Working Group and made a
number of suggestions to deal with them. Following a short report from the Chairman, members
presented their reports. There was good discussion following many of these reports and a
number of useful suggestions were made to improve these reports. In view of the Twelfth
Session of RA I from 14 to 23 October 1998 in Arusha, United Republic of Tanzania, Members
discussed the contents of the reports of the Chairman of the Group and the final technical report
of the Group to be submitted to this session. A timetable for submission of the final report was
discussed and adopted.
The meeting recommended that the Working Group on Agricultural Meteorology for
RA I should be re-established with the following renewed terms of reference:
•

To review and evaluate the extent to which agrometeorological applications have been
adequately addressed in the National Action Plans for the implementation of the United
Nations Convention to Combat Desertification and provide guidelines for future
responses from the Members.

•

To promote more active use of seasonal to inter-annual climate forecasts for
sustainable agriculture in Africa.

•

To review information on weather and animal production and develop
recommendations for practical agrometeorological applications for increased and
sustainable animal production.
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•

In the light of the importance of transfer of proven agrometeorological technologies and
their adoption at the farm level, to review and evaluate existing success stories and
develop appropriate recommendations for the RA I region.

•

To review ongoing work on remote sensing, geographical information systems and
modelling in the RA I region and develop recommendations to promote more active
applications.

•

To determine the likely effects of trends in data ownership, restrictions and pricing
policies on agrometeorological applications in the region.

•

To review and evaluate existing systems of combating bush and forest fires in Africa
and develop guidelines for future implementation.

•

To review and evaluate existing systems of agrometeorological field stations and
observations and develop guidelines for future developments.

•

To define and map areas of armyworm infestation of economic importance in Africa.
The session further recommended that:

(a)

Efforts should be made to organize a meeting of the Working Group, mid-way during
the next intersessional period, to discuss the contents of interim reports submitted by
the Members, identify the actions needed and the modalities for the preparation of the
final report and to discuss the proposals for the next meeting of the Regional
Association.

(b)

Given past experience with regard to the responses to questionnaires sent out by the
members of the group, it is important to make use of alternatives to questionnaires
such as list servers for the group and use of e-mail to seek information from the
agromet-internet discussion group established by WMO and FAO.

(c)

In the constitution of next Working Group it would be useful to ensure a certain degree
of continuity of Rapporteurs, where possible, to take advantage of the work already
carried out by them.

(d)

In order to ensure the transfer and adoption of proven agrometeorological technologies
at the farm level, efforts should be made by the agrometeorological services in the RA I
region to establish effective links with extension services and NGOs.

With the excellent help of Or M.V.K. Sivakumar, Chief of the Agricultural Meteorology
Division of WMO Secretariat, we have a report which, with the individual reports of the
Rapporteurs, was submitted as the report of this Working Group to the session of RA I held in
Arusha, Tanzania, in October 1998.
The Working Group would like to express its sincere thanks to all the members of RA I
who responded to the questionnaires and for their cooperation in furnishing the information
which is given in this report.

SECTION 11
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Desertification
A. Makarau
Department of Physics, University of Zimbabwe, Ha rare

1.

PREAMBLE

This report is largely based upon responses from 12 countries in RA I to the
questionnaires sent to all RA I Member states by WMO at the request of the Rapporteur, for
which the Rapporteur is grateful. The number of responses represents only about 20% of the
whole of Africa. The Rapporteur feels that at least 50% of replies should be collected to draw
any concrete conclusions and recommendations about desertification in Africa. When the
questionnaire was distributed in December 1997, it was anticipated that more responses would
be forthcoming by the time of the second draft in June 1998. In addition, a mechanism may be
implemented in order to urge the Member states which have yet to submit their questionnaires
to do so at their earliest convenience.
The objective of the questionnaire was to gather as much information from RA I
countries as possible to enable a proper assessment on the desertification process to be made.
The questionnaire was intended to identify the spatial distribution of desertification on the
continent, how desertification was perceived in each country, what factors could be responsible,
whether or not the process was irreversible, what was being done in each country and what
actions and/or policy plans were being envisaged by both the government and the international
community in efforts to combat desertification.
The report addresses the seven topics raised in the questionnaire, with each topic
showing submissions rnade by individual members to avoid misrepresentation, particularly
considering that some of the questionnaires were completed in English while others were
answered in French.
2.

RESPONSES AS PER COUNTRY REPORT

2.1

The following countries have responded to the December 1997 questionnaire as
of 30 March 1998.
Egypt
Eritrea
Madagascar
Malawi
Morocco
Mozambique
Namibia
Senegal
Seychelles
South Africa
Tanzania
Zimbabwe
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2.2

Is your country experiencing desertification? If yes, approximately what
percentage is under threat of desertification?

Country
Egypt
Eritrea
Madagascar
Malawi
Morocco
Mozambique
Namibia
Senegal
Seychelles
South Africa
Tanzania
Zimbabwe

Yes

No

*
*

*
*

*
*
*
*
*

*
*
*

If yes, percentage
5%
38.8%
N/A
60%
93%
309%
80%*
Not clear (30,000 km)
N/A
80%
40-50%
50-60%

lt is evident that all but two countries are presently experiencing some form of
desertification. While the degree of desertification varies from country to country, with the
exception of Mozambique and Egypt, the spatial distribution in each country causes great
concern. lt is also worth noting that the two countries not reporting desertification are island
states (maybe this is just a coincidence).
2.3

If yes, what is the latest definition of desertification in your country?

•

Definition by the Convention to Combat Desertification*: Land degradation in arid,
semi-arid and dry sub-humid areas resulting from various factors including climatic
variations and human activities (Mozambique, Namibia, South Africa, Tanzania,
Zimbabwe).

•

Reduction of the plant cover and of the number of species without natural reconstitution
through young growth. Also, degradation of natural resources as a result of pressure
from human activities and natural climate change (Morocco).

•

Reduction in productivity of land by any biological, chemical or physical process
(Eritrea).

•

The diminution of the current and/or the potential capability of soil to produce
(quantitatively or qualitatively) goods or services as a result of one or more
desertification processes (Egypt).

•

There is no clear official definition on desertification but it can be interpreted as an
upsurge of soil degradation combined with a drop in rainfall rendering the soil
unsuitable for agriculture (Senegal).

According to the Convention to Combat Desertification, land means the terrestrial biDproductive system that comprises soil, vegetation, other biota and the ecological and
hydrological processes that operate within the system. Arid, semiarid and dry sub-humid areas
refer to areas, other than polar and sub-polar regions, in which the ratio of annual precipitation
to potential evaporation and transpiration falls within the range of 0.05 to 0.65. Land
degradation describes the loss of biological or economic productivity of land as a result of land
uses, or from a process or processes including human activities and habitation patterns.
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2.4

What are the principal causes of desertification in your country?

Egypt

Lack of knowledge and use of meteorological data, improper use of
agrochemicals, absence of new agrobiotechniques, urbanization of cultivated
land.
Unsuitable methods of land use, removal of natural vegetation for different
purposes, intensive farming on steep slopes, soil moisture deficit, rainfall
patterns, socio-economic factors/cultural practices.

Eritrea

Madagascar
Malawi
Morocco

Mozambique
Namibia
Senegal
Seychelles
South Africa
Tanzania
Zimbabwe

2.5

Deforestation, drought, population pressure, overgrazing.
Aridity of climate, poor and fragile soils, continuous decline of vegetative
cover, intense erosion caused by water and wind, unsuitable cultural practices
and increasing high population pressure.
Deforestation, cutting down of trees, bush fires, inappropriate agricultural
practices.
Man, drought.
Abusive cutting of trees, drastic drop in rainfall, soil erosion caused by wind,
impoverishment of soils, lack of fallows and appropriate nourishing elements.
Population growth, overgrazing, soil erosion and climatic conditions.
Deforestation and overgrazing.
Population pressure, overgrazing, deforestation, poverty in
inappropriate farming and mining methods.

general,

Can some of the causes be avoided?

Egypt
Eritrea

Madagascar
Malawi
Morocco
Mozambique

Namibia
South Africa

Senegal
Seychelles
Tanzania

Zimbabwe

Yes, by use of new agro-biotechniques, expanding the agro-meteorological
stations to cover most of cultivated areas.
Increasing public awareness about land degradation, increasing soil cover by
various means and techniques, preparing national soil policies, implementing
land laws.
Yes, by applying an integrated approach in resolving issues pertaining to
environment and development.
Yes, by careful utilization of natural resources, developing strategies for rural
development.
Yes, by promoting alternative sources of energy, by educating farmers on the
use of appropriate farming practices and by sensitising people to the need of
using controlled bush fires.
Yes, by proper management of resources.
Yes, by building capacity, having statutory and legal measures, conducting
research, creating a conservation awareness, developing rehabilitation
programmes and strategies to prevent problems, building monitoring and
modelling measures, conducting regular audits and devising early warning
systems.
Yes, by a good reafforestation policy, regeneration of soils.
Yes, by tree planting campaigns, improved wood stoves, hydroelectric power
and other renewable energy sources, campaigns and legislation against bush
fires, campaign for quality rather than quantity of stock.
Resettlement/decongestion, reduce stocking rates, reafforestation projects,
introduce appropriate farming and mining methods.
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2.6

Who is officially responsible for monitoring the state of the environment in your
country (ministry/department, NGOs or no-one)?

Egypt
Eritrea
Madagascar
Malawi
Morocco
Mozambique
Namibia
Senegal
Seychelles
South Africa
Tanzania
Zimbabwe

2.7

Does your country have any legislation (an Act of Parliament) on desertification
related issues?

lt is forbidden to use agriculture land for any other purpose.
The country is preparing environmental legislation that will deal with
desertification. The Department of Environment recently launched a land
degradation programme.

Egypt
Eritrea

Madagascar
Malawi
Maputo
Morocco
Namibia
Senegal
Seychelles
South Africa
Tanzania
Zimbabwe

2.8

Environment Management Bill, 1996.
The country is preparing a national action plan to combat desertification.
Legislation on forests, restoration and protection of soils, protection of the
environment.
Still in process.
No.
No.
Natural Resources Act, Wildlife Management Act, Forestry Act and Rural
District Council Act.

How involved is the United Nations (WMO, UNEP, etc.) in the support of your
country's efforts to address the issue of desertification?

Egypt
Eritrea
Madagascar
Malawi
Morocco
Mozambique
Namibia
Senegal

Ministry of Environment.
Ministry of Lands, Water and Environment, Department of Environment.
Ministry of Environment.
Ministry of Forestry, Fisheries and Environmental Affairs.
Departments of Environment, Equipment and Agriculture.
Ministries of Environment and Agriculture and Ministry of Transport and
Communications through the National Meteorological Service.
Meteorological Department.
Ministry of Environment for Protection of Nature.
Ministry of Environment.
Department of Environmental Affairs and Tourism.
Department of Environment, Vice President's Office.
Ministry of Mines, Environment and Tourism, Department of Natural
Resources in collaboration with the Ministry of Transport and Energy through
the Department of Meteorological Services.

WMO and FAO are involved through making available training courses in
agrometeorology.
UNEP/UNSO has been supporting the Department of Environment in
establishing environmental information systems to improve decision making.
UNDP supports programmes related to desertification under the convention to
combat desertification.
The local UNDP office is supporting a number of ongoing initiatives on the
implementation of the convention.
Mostly by direct aid from DANIDA, GTZ.
The reafforestation projects are financed and exist in all the regions of the
country.
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Seychelles
South Africa
Tanzania

Zimbabwe

N/A.
WMO and UNEP give technical assistance in meteorology and support antidesertification projects via UNDP and the Vice President's Office and via the
National Environmental Management Commission.
Through technical and financial support from UNDP, UNSO and UNEP.
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Armyworm Control
E. Mersha
National Meteorological Services Agency, P. 0. Box 1090
Addis Ababa, Ethiopia

1.

INTRODUCTION

Crop losses each year through pests and disease are enormous: field loses in excess
of 20% occur regularly in many parts of the world (Crammer 1967). Reducing these loses will
provide a far better means of matching food supplies to population needs in the immediate
future. The impact of pests is particularly serious in humid Africa where continuous cropping
and high temperatures favour large populations or undesirable organisms (Pedgley 1987).
Armyworm is one of the notorious pests that destroy crops in Africa. Crop loses from
armyworm infestation are significant and can lead to total crop loses (Rose et al. 1985).
Armyworm (owlet moth) is the name given to the larval (worm) stage of the moth Spodoptera
exempta. Young worms are green but the older ones are black with thin yellow lines along the
body. They can be seen feeding on the top of grass or cereal crops and fall to the ground if
disturbed. When they have finished all the food in one area, they march together across roads
or paths looking for fresh food. This is why they are called 'armyworms'.
The larvae of certain notorious moths, especially Spodoptera spp and Mythirnna spp,
are commonly called armyworms because of their gregarious marching behaviour. They are
widely spread and are serious defoliators of many crops in tropical Africa. Armyworms, any of
numerous moths whose larvae travel in multitudes from field to field, destroy grass, grain and
other crops.
The most notorious species of this group, the African Armyworm (Spodoptera
exempta), is almost exclusively a pest of graminaceous plants and, although largely unreported,
outbreaks occur somewhere in Africa nearly every year (Brown 1962; 1972). Outbreaks tend to
occur when there is an unusually late onset of rains after a drought (Brown 1962; Lever 1969).
Since infestations are usually localized, cereal crops on individual farms may suffer complete
devastation.
This report has two parts. The first part provides a general description of the armyworm
and control measures. The second part is a questionnaire to be completed by African Member
states of the WMO to enable a systematic study of armyworm control measures in Africa
(Appendix 1).
2.

GENERAL DESCRIPTION

2.1

Host plants and damage

Usually only the grass family, Graminae, is attacked by the armyworm. This includes
wild grasses and cereal crops such as barley, wheat, tuff, maize, sorghum and millet. The
typical damage done to the host plants is that, after eating their leaves, the worms may then
feed on the tender stems. While young worms leave after eating the leaf tissue, leaving the
transparent skin of the opposite surface, the older ones eat the entire leaf. The damage in this
case starts along the leaf margins and advances to the midrib producing a tattered appearance
(IAR 1980).
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Seedlings are more liable to attack than large plants and suffer a proportionately
greater loss of the total leaf area. They may be grazed off completely and the crop totally lost. If
the damage is slight, the plants usually regrow (of course, depending on the availability of
rainfall); otherwise resowing is necessary.
2.2

Life history

As with all moths (Lepidoptera) there are four distinct stages in the life cycle of the
armyworm. The adult stage (moth) lay eggs from which hatch the larvae (armyworms). When
the larvae are fully grown they turn into pupae. After development, adult moths emerge from the
pupae skin and the cycle is completed (IAR 1973).

Moth

~
Egg

/
Pupa

'

I
Larva

(Armyworm)

2.2.1

Egg

The eggs are small and almost spherical with a diameter of 0.55 mm and a height of
0.42 nun. They are whitish when first laid but turn brown later and almost black when about to
hatch. They are laid on leaves in masses up to three layers thick. The egg masses are covered
by black hairs from the abdomen of the moth (adult female). The total number of eggs in each
mass ranges from 3-4 to up to 300-400. The duration of the egg stage can range from 1-12
days, depending on the temperature, but is usually 2-4 days under typical field conditions.
2.2.2

Larva

There are two colour forms of the worm. Only the 'gregarious' or 'swarming' form is
seen by farmers. The fully grown worm is a typical moth larva with three pairs of true jointed
legs on the thorax and five pairs of fleshy 'pro-legs' on the abdomen. lt is up to 30 mm long. The
head is black with a characteristic V-shaped white mark.
The cutting edge of tile mandible Uaw) has no distinct teeth. The body colour is
generally black above and the worm appears smooth and velvety. There are a number of thin
white or yellow stripes which run along the body. There are usually six growth stages (instars) in
the larval period. After each instar, the worm sheds its skin and becomes a little larger. The
younger instars have a more tapered body than the fully grown (6 1h instar) worm. Apart from
colour changes the instars can be identified by their general size and the width of the head
capsule.
Under field conditions the total larval period lasts 15 to 21 days depending on
temperature.
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Table 1

Growth stages (instars) of armyworm (IAR 1980)
In star
1

2
3
4
5
6

2.2.3

Body length
1.8 mm
3.0mm
5.0mm
10.0 mm
18.0 mm
23.0 mm

Head width
0.15-0.37 mm
0.43-0.67 mm
0.74-1.13 mm
1.20-1.67 mm
1.70-2.32 mm
2.37-3.02 mm

Pupa

The fully grown larva burrows about 2-3 cm under the soil and forms a cavity or cocoon
of soil particles loosely held together by silk. Patches of decaying grass and sandy or loam soil
are usually suitable for pupation. Where the soil is too hard for the larva to burrow, pupation
may take place at the base of the plant by bringing together dead plant matter and soil particles
from which a very delicate cocoon is made.
The pupa is a torpedo-shaped brown object. lt averages about 17 mm in length and
has a smooth tough skin. Under natural conditions the pupal stage lasts from 10-15 days
depending on temperature.
2.2.4

Adult (moth)

The adult insect is a brown, inconspicuous, night flying moth with a wing span of
25-33 mm. Females are somewhat more robust than males. The hind wings are generally white
though the veins and hind margins are dark. The forewings are brown, dark in the female,
lighter and more mottled in the male. There are two distinct marks on the forewing. The inner
mark (the 'orbicular spot') is egg-shaped. lt is pale coloured with an orange or brown centre.
The outer mark (the 'reniform spot') is kidney-shaped. lt is dark in the centre and outlined in
white. The antennae are simple and hair-like.
After a pre-egg laying period of about 3 days, the female moth mates and begins to lay
eggs. On average it may lay 600-700 but some moths lay more than 1,000 eggs. The moth
does not do any damage to plants.

2.3

Outbreaks

Armyworm is a migratory pest. The outbreak of this pest is usually observed during the
late onset of rains after successive dry spells (Brown 1962; Lever 1969). The meteorological
factor necessary to enhance the migration of the armyworm is a favourable wind direction, but
temperature and rainfall may also have a part to play (Pedgley 1987). Outbreaks usually begin
each year in southern Tanzania around November and successive generations fly northwards
with the rains, arriving in Kenya about February of the next year and reaching southern Ethiopia
in April or May. Outbreaks may continue in central Ethiopia until July or August and even as late
as September or October in Eritrea (Figure 1) (IAR 1973).

11

Legend
N
F
A
M
S

November
February
April
May
September
0
October
J
July
Au August

Figure 1

Schematic movement of armyworm over East Africa

The Ethiopian Institute of Agricultural Research (IAR), in cooperation with many other
organizations, runs a network of light traps throughout the country. The bulb of the trap is
covered by a glass beaker to protect it from the rain (Figure 2). The very bright light of these
traps attracts the night flying moths and enables their migration to be followed. From these
records it is possible to predict where outbreaks of the worm will occur and so to spray
insecticide over the area in good time (IAR 1980; Odiyo1979).

f

Figure 2

Light trap on wooden frame: a = light bulb, b = beaker covering, c = wire holding
beaker in place, d = container, f = stand, e = electric flex
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2.4

Control

Generally there are three ways of controlling an outbreak of armyworm (Leakey et al.
1977; IAR 1980). These are cultural practices, natural control and chemical applications.
2.4.1

Cultural practices

Cultural practice is one of the best known methods to regulate armyworm outbreak.
This includes agricultural activities such as the removal of weeds in and around fields,
ploughing to expose larvae and pupae in the soil, the burning of stubble, flooding the soil and
early planting (late planted, succulent plants are preferred by armyworms).
2.4.2

Natural control:

lt is a rare organism that has no natural enemies, if indeed there are any such. Natural
enemy populations have a unique ability of being able to interact with their prey or host
populations and to regulate them at lower levels than would occur otherwise. Biological control
operates within and often below the level permitted by the physical factors of the environment
such as temperature, moisture, light and others. Natural enemies of the armyworm include
various predaceous birds, insect parasites and a virus disease sometimes known as 'wilt', and
toads, frogs and other vertebrate predators. Given adequate time these natural enemies may
reduce a great proportion of the population.
However, their practical importance is limited by the difficulties associated with them.
For example:
(i)
(ii)

(iii)

birds that prey upon the armyworm may destroy a small infestation but usually not until
some damage is done;
insect parasites that feed within the body of the larvae can destroy worms and impose
a control on the further increase of the pest. But the parasites do not do any serious
damage to the worms before they are killed; and
virus disease can kill as much as 90% of the armyworm population but because of the
long incubation period of the virus the worms can cause considerable damage before
they die. Thus, to date, practical, economic control almost entirely depends on the use
of chemicals (insecticides).

Armyworm outbreaks occur when these organisms fail to provide sufficient control and
in these circumstances prompt applications of suitable insecticides are essential and costeffective.
2.4.3

Chemical control

Armyworms are much easier to kill if they are spayed or dusted while still very small
(less than 15 mm in length). If an armyworm outbreak is expected, crops, especially those in the
seedling stage, should be inspected at least twice a week. If the worms are detected while still
young, half the rate of insecticide given below may be used. Effective but potentially dangerous
insecticides for the control of Spodoptera spp fall into three main groups;
(a)

(b)
(c)

chlorinated hydrocarbons such as endrin, dieldrin, isodrin and aldrin, which are
generally considered too hazardous for the non-specialist to handle and may have
undesirable residues;
less persistent but acutely toxic organophosphates such as parathion, methyl
parathion, monocrotophos, dicrotophos, cyoleane and cytrolane; and
a third group of safe and effective insecticides available for armyworm control is
indicated below.
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There are dusts, water-based (conventional) sprays or ultra-low-volume (ULV) sprays
which may be used for armyworm control (IAR, 1980).
(a)

Dusts

Dusts are less effective than sprays but are useful in areas where water is difficult to
get. They can be applied with large dusters with a rotary handle, small concentration dusters or
even shaken from a small sack. The following are recommended:
DOT 5% D 15-20 kg/ha (safety period 3 weeks)
DDT 10% D 8-1 0 kg/ha (safety period 3 weeks)
NB:

(b)

Safety period is the time that should elapse between spraying and harvest or
grazing

Water-based sprays

These are applied with conventional knapsack sprayers using WP or EC formulations.
The machine being used must be calibrated to find how much spray mixture is needed to cover
one hectare. Most machines apply 200 to 500 et/ha. Both EC and WP formulations can also be
applied by aircraft in 20 et/ha of water. The following are recommended:

1.
2.
3.

4.
(c)

endosulfan
carbarye
malathion
trichlorfon

39%
85%
50%
95%

EC 2 ltlha (safety period 2 weeks)
WP 1.5 kg/ha (safety period 1 week)
EC 2 et/ha (safety period 1 week)
WP 0.15 kg/ha (safety period 1 week)

ULV sprays

These are particularly suitable for armyworm control because no water is needed and
large areas can be applied with special spray machines by aircraft or by exhaust-nozzle
sprayers mounted on Land Rovers. The followings are recommended:

1.
2.
3.

4.
5.

DDT25% ULV
fenitrothion (technical)
malathion (technical)
endosulfan 25% ULV
trichlorfon 16% ULV

1 lt/ha (safety period 3 weeks)
0.75 lt/ha (safety period 1 week)
1.5 ltlha (safety period 1 week)
1.5 ltlha (safety period 2 weeks)
1.5 lt/ha (safety period 1 week)
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Table 2

Some insecticides currently available for the control of armyworms and related
pests (Lea key et al. 1977)
Insecticides

BHC
Carbaryp
DOT
Diaginon
Dichlorvos
Endosulfan
Fentitrothion
Fe nth ion
Gardona
Malathion
Toxaphene
Trichlorfon
DOT + lindane
DOT + toxaphene

Formulation*
D, EC, WP
WP
D, EC, WP, ULV
EC
EC
EC
ULV
EC
EC,ULV
EC,ULV
EC
EC
D, EC
D,EC

*D =dust, EC = emulsifiable concentrate, WP = wettable powder, ULV = non-aqueous ultralow
volume.

3.
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Weather and Animal Health
J.G. Kabira
Kenya Meteorological Department, Agrometeorological Section
P. 0. Box 30259, Nairobi, Kenya

1.

INTRODUCTION

In Africa, weather related animal diseases do occur and affect both animal health and
productivity. During extreme weather conditions, for example, quantity and quality decreases
due to changes in animal metabolic processes. Loss of appetite has often been associated with
extreme low temperatures when the animals become restless and their movements are
restricted.
The increase and improvement of animal production is greatly influenced by climatic
factors, especially of livestock and the preservation of wildlife as a natural resource.
Temperature and relative humidity are two of the meteorological parameters that directly affect
animal health and disease. For improved animal quality production, animal health has to be
monitored continuously and the relationship between quantitative production and environmental
influences such as heat stress has to be properly understood. The stress on animals, especially
in the tropics where the temperatures are relatively high with little variation, tends to lower
production and sometimes leads to loss of life. Low temperatures with low humidity are mostly
suitable if stress is to be avoided while high temperatures and low relative humidity lead to
severe stress and high temperatures with high relative humidity may even lead to loss of life. lt
is important to note here that the 1997/98 El Nifio rainfall influenced the occurrences of the Rift
Valley fever disease in Kenya, probably due to an increase in bodies of open water and in
humidity.
Wildlife preservation is greatly affected by drought and extreme climate anomalies,
which have become frequent, especially here in Africa. Loss of large stocks of wildlife has been
reported due to lack of water and subsequent drying up of green vegetation on which they
depend for their food. Studies on energy and water balances of animals have been carried out
and results show that many of the metabolic processes within the animals are influenced by
environmental factors, mainly by the radiant heat loading and the rate of heat production by the
metabolic processes.
The following specific country reports are based on the data collected in 1996 from
13 Member countries through a questionnaire.
The Members who have responded are as follows:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Benin - Service Meteorologique
Burkina Faso- Direction de la Meteorologie
Congo - Direction de l'elevage
Egypt - National Agrometeorology Application Network
Ethiopia - Ministry of Agriculture
Kenya- Wangu Investment Co. Ltd. and Drought Recovery Programme Department
Mali- Direction nationale de l'elevage
Mauritius- Division of Veterinary Services
Nigeria - Meteorological Service Department
Senegal - Direction de l'elevage
Sudan - Meteorological Authority
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12.
13.
14.

Swaziland - National Meteorological Services
Tchad- Direction de l'elevage
Uganda- Department of Animal Production

2.

INDIVIDUAL COUNTRY REPORTS

2.1

Benin

Benin's national economy depends on animal production although certain limitations
have contributed to low productivity: illiteracy of stock breeders, low organization level of the
stock breeders, e.g. butchers-network, difficulties in accessing rural credit, technical constraints
related to animal production techniques, animal food and unnecessary cattle movements.
Climate has also affected the quantity and quality of animal production as the dry season
contributes to drying up of water points and vegetation causing cattle migration.
The most common diseases are animal pest, contagious peripneumonia,
pasteurellosis, bacterial coal, fever from mouth ulcer, tuberculosis, dermatophilosis,
pleuropneumonia and contagious ecthyma. Poultry are normally affected by Newcastle, aviary
pasteurellosis, typhosis, pullorosis and aviary pox.
The diseases are weather related and the immunization programmes have been
successful through technician and stock breeder associations.
The main products are meat, milk and hides which have shown significant increments
as a result of better stockbreeders organization and training, the implementation of water
facilities for livestock, housing and food techniques focusing good production. Other benefits
include financial resources, manure and animal draught power.
Animals include livestock (1 ,286,852), sheep (630,670), goats (1 ,033,337), pigs
(579,467) and fisheries (39,220 tons approximately). The high cost of veterinary services has
limited animal production.
Meteorological information is used in planning animal production, in pasture monitoring
and organizing livestock movements, planning immunization activities and medical treatment.
This information is used by the directorate of animal production and animal production projects
and comes from the meteorological services of Ben in.
2.2

Burkina Faso

Burkina Faso's national economy depends on animal production that is affected by
climatic variability. The dry, warm climate favours the control of some animal diseases, while a
wet, cold climate favours the regeneration of fodder species, notably the grassy fodder which is
very nutritious for the livestock. Animal mortality and fertility rates are affected by weather and
its variations. There is an increase in fertility during the rainy season with plentiful production of
pasture and an increase in mortality of the livestock during the dry, warm season with poor
pasture and a shortage of water.
The most common diseases are charbon symtematique, fievre aphteuse,
pasteurelloses, PPCB, trypanosomiasis affecting cattle, pasteurelloses, fievre charbonneuse,
peste and PR affecting small ruminants, peste, locuda peste aviare and maladie of goumboro.
These diseases are weather related and more than 70% are related to the Harmattan (NE
tradewinds) and temperature. Control measures which have been undertaken are immunization
and treatment which have been very reliable. The local farmers are involved in the veterinary
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services by avoiding disease outbreak and by creating awareness through the village
committees which act as intermediaries between the population and the veterinary services for
the public awareness campaign and primary care sessions.
The major animal products include meat, eggs, milk, milk products, leather and hides.
They quantity and quality levels have been maintained due to an improvement in the systems of
natural resource management, use of new techniques in the mowing and preservation of grass,
fodder cultivation and additional resources in SPAT and intensification of production.
Other benefits include the use of animal proteins, improvement of the food level of the
population, increase of agricultural yields in relation to organic manure, transport and oxploughing.
There are several categories of animal in Burkina Faso, mainly wildlife, livestock
(434,600 cattle), sheep and goats (13,310,300).
The major constraints limiting quality production are food shortage (pasture and water),
lack of plan of resource management, lack of integration into agriculture and animal production
and lack of new techniques of animal production (selection, intensification, etc.).
Meteorological and climatic factors influencing animal production are poor timeliness
and spatial-temporal distribution of the rains leading to food shortages for the livestock, short
rainy seasons with heavy rainfall leading to soil erosion and low fodder production. High
insolation reduces the food value of fodder and strong winds (the Harmattan) entail microbial
germs. Meteorological information is used in planning animal production by evaluating the food
stock and the direction of cattle movements. Usually the stockbreeders and technicians of
animal production are the main users and this information comes from meteorological services
and the AGRHYMET centre, through awareness sessions, meetings and monthly reports.

2.3

Congo

Congo does not rely on animal production for its national economy as there is very little
production. Cattle production is influenced by climate and both mortality and fertility rates are
affected by weather variation, mainly by relative humidity.
The most common diseases are tuberculosis and burcellose. The immunization
programmes have been reliable as farmers interact with veterinary officers by way of seminars
and meetings.
The major animal product is meat which has been on the increase due to financial
support. Other benefits include financial benefits from the sales. There are about 55,000 head
of cattle and storage facilities, which have been limiting the quality of animal production. No
meteorological information is being used in Congo and very little research is being done to
improve animal production.

2.4

Egypt

Egypt's national economy partly depends on animal production, which is directly
affected by climate variability. The major effects are experienced in the intensive indoor
production such as poultry, milk and cows' meat production where temperature and humidity
play a major role in the growth environment and hence affect both the quality and quantity of
production.
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Both mortality and fertility rates are affected by weather as the sudden increase in
temperature may result in a parallel increase in the rate of mortality, especially in the small and
medium sized farms where proper automatic control is absent. Diarrhoea and pneumonia in
young calves are the most common diseases in Egypt and are weather related. Diarrhoea
occurs in summer and pneumonia in winter. The incidence of both diseases is 6% and 4%
respectively and the measures taken include antibiotic treatments and managerial practices.
The national immunization programme has been very successful through the local
veterinary offices in the agricultural districts all over the country and assisted by the extension
officers and the scientists from agricultural research centres.
Dairy, poultry and meat are the major products in the country which have been
increasing both in quantity and quality due to the increased demand for animal products,
together with increased rates of investments in agricultural projects in general and especially in
land reclamation. Other benefits include leather, manure and draught power.
There are various classes of animals, mainly buffalo (2.6 million), cattle (2.5 million),
sheep (2 million) and goats (1.5 million). Apart from weather related constraints, the availability
and prices of green (fresh) feed and in some cases the availability of concentrated feed have
been major hindrances to high quality animal production.
Major meteorological factors affecting quality animal production are temperature and
relative humidity. Meteorological information is utilized nationally through the meteorological
forecasts provided by the general organization for meteorology and national agrometeorological
application network. The information is used by breeders and farmers in general.
NB: NAAN is a newly founded section of the agricultural research centre, which is planning to
start this activity under the Ministry of Agriculture with assistance from the extension
department.
Recent research advances

1.
2.

3.

4.
5.

6.

In animal production forecasts: extension services on TV and broadcasts have been
developed.
In animal housing and controlled environments: there have been improved systems for
housing animals, especially calves, and in the adoption of cooling systems for animals
during summer.
In animal disease forecasting and conditions for control measures: they have
developed TV and broadcast extension services and applied research to animal
diseases and control (e.g. venereal disease and animal production related diseases).
In conditions for storage and the transport of products: they have carried out studies on
the economic and technical aspects of transport and storage of animal products.
Various studies on the impact of climatic factors and seasons of the year on the
production and reproduction performance of the different species of animals have been
carried out.
Weather forecasts and advisories have considerable reflection on animal production.

Summary

For a successful animal production system, farmers should implement suitable housing
in both private and public forms.
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2.5

Ethiopia

Animal production in Ethiopia is influenced by climatic variations. During the long and
short rainy seasons, June-September and March-April, animals get adequate feed and their
production in terms of milk, meat, draught power, etc. increases, while during the remaining
months there are serious shortages of animals feed, hence the production quality and quantity
becomes very poor. Mortality and fertility rates are also affected by weather variation. The
erratic rainfall and cyclical drought, especially in the lowlands, inflicts a high mortality on all
species of domestic animal.
There are a number of diseases such as CBPP, FMD and black leg affecting mainly
cattle, trypanosomiasis and anthrax affecting most species, CCPP affecting goats, pasturellosis
affecting cattle and small ruminants and PPR affecting mainly small ruminants. Most of these
diseases are weather related. Tse-tse borne trypanosomiasis is very common in humid and
sub-humid zones of the country where the climate is suitable for the vector (tse-tse fly).
Diseases such as anthrax and black leg are common at the beginning of the long rainy season.
The national immunization process has not been very reliable since the reliability
depends on the type of disease. However, rinderpest is now fully controlled and sporadic
diseases such as anthrax, black leg and pasteurellosis are also under control. Because of the
complexity and magnitude of the problem, trypanosomiasis is not yet successfully controlled.
Proper control methods, vaccine improvement and budgetary provision will help. The local
farmers are actively involved in the veterinary services by way of reporting outbreaks as they
have peasant animal health representatives from both sedentary and pastoralists who regularly
reports disease outbreaks.
The major animal products include meat, milk, eggs, hide and skin which have shown
an increasing trend over the years as the demand has been increasing with the growing human
population. The increment is related to increases in livestock numbers but productivity per
animal has not changed. Other benefits include draught power, manure, cash income and
prestige in the lowlands. There are a number of categories of animal such as cattle (31 million,
the highest livestock population in the continent), sheep (24 million), goats (18 million), equines
(7 million) and camels (1 million). A shortage of animal feed, prevalence of diseases, poor
genetic potential and a poor marketing system are some of the major constraints limiting quality
animal production. Meteorological information is used in planning animal production.
Recent research activities

1.
2.

3.

In animal housing and controlled environments: intensive cattle keeping using cross
breeds is growing, especially around urban centres.
In animal disease forecasting and conditions for control measures: the federal
veterinary service has established a strong epidermiology unit which regularly receives
field outbreak reports. These data are collected and analyzed using a computer
database and Geographical Information Systems.
In impact of weather/climate and climate variations on animal production: a
considerable amount of work has been done on the seasonal dynamics of tics, internal
and external parasites and trypanosomiasis.

Summary

Weather forecasting in relation to animal production is an area that has not yet been
developed. Its potential use is invaluable for animal production in Ethiopia. Animal health is a
major problem for the Ethiopian livestock industry. The relationship between animal health and
climate is an area which should be studied further. Financial assistance and support on this
area is being sought at a national level.
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2.6

Kenya

Kenya does not wholly depend on animal production for its national economy as a
result of poor marketing of livestock and livestock products. Animal production supported by
small scale farmers and some limited ranchers is affected by climatic variation as there are
frequent weather fluctuations which result in acute water and roughage shortages. The shortage
causes excessive stress including the mortality of animals. Both animal quality and quantity are
reduced as well. The effect is also realized by the ecological distribution of livestock. Exotic
dairy cattle are mainly found in high potential areas and ranch beef/range dairy in low potential
areas.
Mortality and fertility rates are affected by weather variation due to drought occurrence
resulting to stress, which reduces fertility and increases the mortality rate. The most common
animal diseases in Kenya are rinderpest, CBPP, ECF, blackquarter CCPP, foot and mouth,
pulpy kidney and lamb dysentery. These diseases are not necessarily related to weather.
The immunization programme in Kenya has not been very reliable as a result of
uncontrolled movements of animals to areas with infected herds. Vaccination exercises are not
comprehensive enough to cover all the animals and there is no national campaign to minimize
disease occurrences. Mainly this is left to individual farmers where some do not immunize at all.
However the veterinary department is charged with creating awareness on these campaigns.
Local farmers are actively involved by informing veterinary staff of their herds but a
nominal fee is required for their services.
The major products from animals include milk, meat (beef, mutton, pork), hides and
skins, wool, poultry meat and milk products (butter, cheese). Other benefits are bull fighting,
horse riding, etc. No major change has been noticed over the years except for the effects by
adverse weather changes and economic liberalization which has resulted in the dumping of
livestock products at prices well below local production costs. Cattle rustling has been a major
concern to the pastoralists. There are several categories of animal in Kenya such as wild game
of several species of cattle (11.5 million zebu, 2. 7 million dairy), 4.5 million sheep, 5 million
goats, fish in Lake Victoria, the Indian Ocean and several rivers.
The major constraints limiting animal quality production include unfavourable trading
practices from the west, lack of investment in processing and marketing, an under-developed
infrastructure and financial systems for livestock trading, pests and diseases.
Moisture stress and prolonged drought are the major meteorological factors affecting
quality animal production.
Meteorological information is used in planning animal production, particularly in the
planning of breeding cycles and marketing. However Kenya's early warning system is expected
to enhance the management of drought and its impacts using the present technological
advancements.
The main users of this information are the farmers, government departments and
NGOs. The information comes from the Early Warning Unit in the Office of the President and is
fed with information by various government departments such as the Ministry of Agriculture,
Meteorological Department, Drought Monitoring Centre, USAID/FEWS, etc. The information is
disseminated through publications and reports written monthly (seasonally) and faxed or mailed
to interested parties.
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Recent research advances

No major research advances have been made, but a lot of research work has been
carried out on quality breeding of cattle to suit various livestock ecological distribution.

2.7

Mali

Animal production contributes towards the country's national economy although it is
affected by climate because the livestock food depends on natural pastures which in turn are
strongly dependent on annual rainfall which is again variable. Animal mortality and fertility rates
are affected by weather as there is a possibility of increasing animal diseases by the variation of
rainfall and relative humidity.
The most common diseases are contagious pneumonia, pasteurellosis, symptomatic
and bacterial coal, contagious dermatosis and streptotrichose for cattle. Small ruminants are
affected by pasteurellosis. These diseases are weather related and the measures taken to
reduce their occurrence are the improvement of feeding and habitat, chemical prevention,
chemotherapy and immunization.
The immunization programmes have been successful and local farmers are actively
involved by providing information about suspected animal diseases to the nearest veterinary
service and through the projects such as PNVA and PRGN and some periodical meetings are
organized between farmers and veterinary technicians.
The major products are meat, milk, eggs, leather and hides, honey and fish and have
shown an increasing trend as a result of mastery of animal pathology, diversification and
intensification of animal products and rational management of pasture resources. People are
more and more organized and made aware of their responsibilities. Other benefits include
organic manure, transport and income from exports. Classes of animals include livestock
(5,708,000), ovine (5,431 ,000), caprius (7,748,000), equines (112,000), asins (625,000), pigs
(63,000), poultry (22,000,000), and camels (292,000).
Feeding, infectious diseases and the system of operation have been some of the
limiting factors of quality production. Temperature, relative humidity, solar radiation and wind
are the major meteorological factors affecting production. Meteorological information is used in
planning production through chemical applications for prevention, immunization and
development of areas of pasture.
Animal production services (technical training) and stockbreeders are the users of this
information given by the Directorate of National Meteorology through reports and broadcasting.

2.8

Mauritius

Mauritius's economy hardly relies on animal production because the small land area of
approximately 2,000 square meters does not have adequate pastures for large scale animal
production. The low animal production carried out is affected by climate such as the high
temperatures and humidity which adversely affect production, especially as regards milk yield
and egg production. As Mauritius is frequently revisited by cyclones, animals have to be housed
for long period. Animals on extensive systems such as deer farming are adversely affected
during cyclone episodes. Both mortality and fertility rates are affected by weather in that high
temperatures and humidity adversely affect the conception rate in cattle and shade
temperatures higher than 35°C during the summer cause high mortality in poultry and poor
fertility in males.
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The most common diseases are Newcastle and infectious bursal diseases mainly in
poultry, otherwise the country is free from major diseases of economic importance. These
diseases are weather related and little can be done about the seasonal occurrence of diseases
except in summer when poultry houses are insulated to prevent heat stress. Immunization
programmes have been very reliable as the government is offering free veterinary services to
livestock breeders who regularly report the cases for immediate action.
The major animal products are chicken, eggs, pork and venison which have been on a
decreasing trend as the present generation prefer working in industries such as garment
factories to being involved in agriculture. Other benefits from animals include companionship
(pets), entertainment (horse racing) and drug tracking (police dog).
There are several categories of animals in Mauritius such as wildlife (65,000), cattle
(32,425), goats (8,089), pigs (25,259) and poultry (6,000,000).
Other factors limiting quality production, apart from those that are weather related, are
inadequate space for pastures and the availability of raw materials for feed manufacture.
Meteorological information from meteorological services is utilized in Mauritius and
used by producers to plan production with respect to market demands. This information is also
used by farmers and they receive them daily through radio and TV broadcasts.
Recent research activities

In animal housing and controlled environments: a model cowshed has been designed
to shield livestock against stomoxys flies, especially in summer.

2.9

Nigeria

Animal production in Nigeria does not contribute to the national economy mainly
because the revenue from petroleum export has shifted the mainstay of the economy from
agriculture to petroleum and the high costs of animal production inputs.
The little production by small scale farmers is influenced by climate as during the rainy
season there is a high incidence of parasitic and respiratory diseases due to high temperatures
and high humidity favouring the inoculum of disease organisms.
Both mortality and fertility rates are affected by weather variations which increase
morbidity. High temperatures and high humidity result in increased mortality rates and low
fertility rates of animals.
There are a number of common diseases such as rinderpest, CBPP, tuberculosis,
Ggstro-enteritis, bloat, brucellosis and helminthiasis in large animals (cattle, sheep, goats and
pigs), Newcastle, coccidiosis, salmonellosis, helminthiasis and fowl cholera in poultry.
These diseases are weather related; particularly during the rainy season there are high
incidences of disease inoculum due to high temperatures and high humidity that favour the
pathogenic organisms. The outbreak and spread of diseases are controlled by vaccination,
prophylactic and therapeutic treatment.
The major animal products are meat and milk from cattle, sheep, goats and pigs and
eggs from poultry. The production output has been on a decreasing trend due to the high costs
of animal production inputs such as replacement animals, feeds and drugs, as well as declining
interests in agriculture due to the current petroleum dependent economy.
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There are different classes of animals: mainly wildlife, cattle, sheep, goats, rabbits,
poultry and fisheries.
The lack of finance, inadequate animal nutrition and the incidence of animal diseases
have been the major constraints in animal quality production.
The major meteorological and climatic factors affecting animal production have been
high temperatures and high humidity, resulting in incidence of stress and increased disease
occurrence.
Meteorological information is used in planning animal production by assessing the
availability of pasture grass to avoid overgrazing and by advising farmers on the critical weather
conditions which produce stress in animals.
Poultry, cattle, sheep and goat farmers are the main users of this information which
they derive through agricultural field officers in the estates who in turn get the weather
information either personally or from the news through weather bulletins, newspapers and
electronic media.
Recent research advances

1.
2.

3.
4.

5.

2.10

In animal housing and controlled environments: research has been done to increase
the productivity of animals via controlled environments in greenhouses.
In animal disease forecasting and conditions for control measures: the government is
improving conditions which favour inoculation, transport and the multiplication of
pathogenic organisms.
In conditions for storage and transport of animal products: cold rooms for storage and
cold vans for transport of animal products have been established.
In impacts of weather/climate, research has shown that severe environmental
conditions have resulted in a reduction of available grazing land, producing stress in
animals, an increase in transport and the inoculum potential of pathogenic organisms.
Weather forecasts help in planning as extreme weather events result in a reduction in
the available grazing land and a high incidence of disease occurrence.
Senegal

In Senegal the economy depends on animal production in quality and quantity and is
influenced by climatic variations. Sahelian and Sudan-Sahelian types of climate favour the
performance of an extensive type of animal production. Low animal production is developed in
the Sahelian zone (where the rainfall ranges between 200 and 700 mm) because of low pasture
productivity while semi-sedentary animal production is developed in the Sudanian zone (where
rainfall ranges between 700 and 1,200 mm ) because of high pasture availability.
Animal mortality and fertility rates are affected by rainfall deficits and droughts, which
lead to pasture rarity thus lowering animal fertility while increasing the mortality rates. The
relative humidity favours sporadic outbreaks of some specific diseases culminating in high
animal mortality. The most common diseases are parasitoses animals, trypanosomiasis in
bovines and equines, pasteurelloses in small ruminants, pseudopeste aviaire, charbon
bacteridient bovin, charbon symptomatique, pest of small ruminants and peste equine. All these
diseases are weather related and 60% are related to the seasonal or inter-annual variations of
the climate.
Immunization programmes in Senegal have been successful and farmers are actively
involved in the veterinary services. In case of animal disease outbreaks, local farmers are keen
to report to the nearest veterinary service so that appropriate sanitary measures can be taken.
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The major animal products are meat, milk, chicken, eggs and leather hides, all of which
have not shown any significant increasing trend over the years as a result of rainfall deficit, a
decrease in fodder availability, a decrease in meat consumption because of declining
purchasing power, the drop of investment in the sub-sector techniques of animal production and
deficiency of producers' organizations and trade network. There are about 3 million cattle, 7
million sheep and goats, 430,000 horses and 6,000 camels. The major constraints limiting
quality animal production are insufficiency of financial support, traditional mode of breeding, lack
of sale by weight, lack of programmes to train the interveners and the low genetic potential of
breeds.
The major weather/climatic factor affecting quality animal production is humidity which
favours some germs and parasites, hence many disease occurrences result in the reduction of
product quality, high temperatures have negative impacts on the development of poultry species
and rainfall deficits discourage cross-breeding of animals for high productivity.
Meteorological information is used in planning animal production by establishing plant
production maps, the use of remote sensing and field data collection. This information is used
by officers of the animal production directorate and their partners.
Recent research activities

1.

2.
3.

4.

In animal production forecasts: the country has established a warning system,
campaign of biomass assessment (animal) and an epidemic campaign, e.g. (PARC
project).
In animal disease forecasting and conditions for control measures: there has been a
campaign for immunization and privatization of veterinary medicine.
In conditions for storage and transport of animal products: the government has
constructed modern regional slaughterhouses including cold rooms and refrigerated
trucks.
In the impact of weather/climate and climate variations on animal production, there
have been follow ups and the management of cattle migration and implementation of a
programme aiming to protect the small sensitive herd (cattle).

Summary

Weather forecasts are used to decide the characteristics of the rainy season (dry, very
dry, wet) and consequently to estimate the level of fodder productivity and availability for animal
yield forecasts.
2.11

Sudan

Sudan's national economy partly depends on animal production and climate/weather
does influence both the quantity and quality of the products. The amount and distribution of
seasonal rainfall is most crucial. Both mortality and fertility rates are affected by weather
variation. Fertility rates have been observed to be high during the rainy season due to high
quality and quantity of grasses and pastures.
The most common diseases in Sudan are mainly internal parasites in general which
feed on animal blood, pneumonia that affects the lungs of all animals particularly during the
rainy season and footrot. These diseases are weather related so that the number of outbreaks
and the spread of disease increases during the rainy season. Vaccination for certain bacterial
diseases and the fight to control insects are two of the control measures being undertaken.
National immunization programmes to minimize disease occurrences have been very reliable
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and most farmers now rely on the veterinary services by taking their diseased animals to
veterinary hospitals and clinics and by reporting occurrences of effectual diseases. They
cooperate by paying for services, drugs and vaccines.
Major animal products consist of meat, milk, hide and skins, which have been on an
increasing trend as a result of increases in local consumption and export. Other benefits include
transport, field tacking and recreation. Climate/weather have a major impact on animal
production as a result of shortage of pasture and drinking water during the dry season and the
occurrence of very hot summers aggravatea the problem. Apart from weather impacts on
production, veterinary services are limited to certain areas and the marketing system is poor.
Illiteracy of animal owners is also a constraint on successful management.
There are several classes of animal in Sudan, mainly about 30 million cattle, 37 million
sheep, 33 million goats, 3 million camels, fisheries and wildlife.
Meteorological information and forecasts are being utilized in Sudan. This information
is received from the meteorological authority by direct contact.
Recent research advances

1.
2.
3.

2.12

In animal production forecasts: made by continuous research activities on improving
meat and milk production in terms of quantity and quality.
In animal housing and controlled environments: conditions for open and closed
production systems are different, but research is still going on.
In animal disease forecasting and conditions for control measures: a closed system
environment is preferred in minimizing disease infection and risks.

Swaziland

The Swaziland national economy largely depends on animal production that is directly
influenced by climatic conditions. Cold and dry weather depletes the pastures and hence
reduces animal feed that again reduces the quality of animal products.
Mortality and fertility rates are affected by the weather, particularly severe temperatures
and reduced rainfall. Swaziland is host to variety of animal diseases such as the tic borne
disease (TBD) and foot and mouth disease which affects cattle, diarrhoea in calves and
brucellosis in cattle and goats.
These diseases are all weather related and the occurrence of tics tends to be more
frequent during hot weather and the incidence of infection from TBD is much higher during the
summer. Immunization programmes have been successful in minimizing disease outbreaks and
from spreading as the local farmers cooperate with veterinary services by directly reporting to
the veterinary assistants at the dip tank whenever they notice any disease symptoms among
their herds.
The major products from animals are meat, hides and skins, bone, blood meal and milk
which have not shown any significant changes over the years. This has been attributed to the
livestock industry, which has just recovered from the effects of the 1991/92 drought, which
affected the whole of southern Africa. Other factors include a shortage of grazing area, tic borne
disease and marketing facilities. Other benefits derived from animals are draught power and
manure. There are several classes of animals in Swaziland such as wildlife (15,084), livestock
(1 ,344,569) and sheep and goats (456, 162).

26
The major meteorological factors affecting quality animal production are long dry
seasons that lead to a shortage of forages and other animal feeds. Other constraints apart from
those which are weather related, include: 80% of the cattle are managed on communal land and
this makes it difficult to control breeding of the animals throughout the year resulting in high
mortality. There is little or no management of ranges under the communal system.
Recent research activities to improve the production

1.
2.

3.
4.
5.

2.13

In animal housing and controlled environments: housing is provided for poultry and
pigs.
In animal disease forecasting and conditions for control measures: there is a fence in
the eastern part of the country which controls the movement of livestock and its
products as a control measure for foot and mouth disease.
In conditions for storage and transport of animal products: there is one expert abattoir
that has cold storage facilities and animals are transported by road.
In impacts of weather/climate: the results show that drought situations have a negative
impact on animal production resulting in death and low calving percentage/rate.
In the effect of weather forecasts/advisories: research findings indicate that short- and
medium-range weather forecasts have minimum effect on animal production. Long
range weather forecast advisories would have a positive effect on animal production.

Tchad

The Tchad economy depends on animal production which is not influenced much by
climatic variation except for animal mortality and fertility rates. There are varieties of common
animal diseases, mainly trypanosomiasis, piroflosmosis, scab flueropneumonia, bacterial coal,
syptomatical coal and pasteurellosis. These diseases are weather related and occur heavily at
the onset of the rainy season. Immunization programmes have been very reliable.
Major animal products include meat, leather and milk which have not shown significant
changes be~ause mortality rates have increased. Other benefits include economic benefits to
people, draught power and food supply for farmers. The major meteorological and climatic
factors affecting quality animal production are the proliferation of many diseases during the
rainy season and lack of water and pasture during the dry season. No meteorological
information is being used for planning animal production.
Recent research activities

1.
2.

3.

In animal production forecasts: the country is divided into 27 veterinary sectors and
each sector is equipped with its necessary infrastructure to intervene.
In animal housing and controlled environments: many animal controlled environments
have been built throughout the country through the national project of animal
production.
At the moment animal disease forecasting is well elaborated throughout the country.

Summary

The good performance of animals is associated with high animal production.

2.14

Uganda

Uganda's economy does not rely on animal production but largely on food production
and cash crops for export except for small scale holders who practise mixed farming on less
than 2 ha of land. However, cattle production is practised in the semi-arid north west parts of the
country, but does not contribute much to the national economy. In those areas, the production is
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affected by climate, particularly by inadequate rainfall and lack of water in the rangelands, while
most parts favour quality production. There are two rainy seasons in Uganda every year and the
country enjoys plenty of rain (over 2,000 mm in some parts) throughout the year. Naturally there
are plenty of pastures of reasonably good quality. Availability of large bodies of water such as
rivers, lakes, streams, wells, etc. suit quality production.
Prolonged dry and hot extreme weather conditions leading to a drought situation and
eventual shortage of pasture and water culminate to high mortality rates through dehydration.
In Uganda the most common diseases are: African swine fever which affects pigs, tic
borne diseases affecting livestock and pets and trypanosomiasis and helminthiasis, which are
all weather related. The multiplication of tic borne and helminthiasis diseases is favoured by wet
weather and intensifies after the rainy season or during wet weather. Immunization programmes
are however very reliable due to the efforts by the department of animal production. This has
been successful as a result of local farmers' involvement in unified extension services.
The major animal products are milk, hides and skins. The country also benefits from
draught power, manure and prestige from these animals.
The high production level has been maintained due to improved marketing and
management methods and the minimization and control of disease occurrences. There are
several categories of animals that are mainly indigenous, crosses, grades and exotic. The
number of cattle is approximately 4.6 million, 3. 7 million goats, 1.9 million sheep, 0.9 million pigs
and 20 million chickens (poultry). Improved individual management skills are required to
increase production although distribution of rainfall and long and extended spells of hot and dry
weather have been the major climatic factors hindering quality animal production. No
meteorological information, data or forecasts are used to plan animal production but generally
the weather/climate in Uganda have been very favourable for animal production though
occasionally, during extreme weather events, the production quality and quantity are very low
especially in milk yields and carcasses.

3.

SUMMARY ON WEATHER AND ANIMAL HEALTH AND DISEASES

Most member countries in RA I have been significantly affected by the variation of dayto-day weather and the ever changing climatic conditions, thus interfering with animal health
and quality production. The major weather/climate factors are rainfall, temperature and relative
humidity. The unavailability of adequate pastures in the rangelands and recurrent cases of
disease outbreaks are the major hindrances to quality production. To some extent, cattle
rustling has discouraged most pastoralists from migrating to greener pastures in the case of
persistent cattle raids. The majority of countries, especially those located in the tropics, rely on
animals for their mainstay since crop production cannot be sustained in these areas due to poor
rainfall performances. To a large extent, lack of water has been of major concern.
4.

CONCLUSION

In general, the economies of most of African countries depend on animal production.
Agriculture is the backbone of their economy except where there are inadequate pastures for
large scale animal production or where mixed farming is being practised as a result of lack of
suitable land for range management, competitive marketing of livestock products and high costs
of production input.
National governments have not always been supportive of the farmers in providing new
breeds suited to the ever changing environment and even the popular artificial insemination
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services to improve suitable breeds has almost been wiped out. Lack of water, especially in
marginal areas, has claimed many animals and farmers/pastoralists have done away with
animal production or reduced their herds.
5.

RECOMMENDATION

As a result of the almost unpredictable weather patterns and the ever changing climatic
conditions, there is a need to set up clear polices of the expected outputs in animal production.
The trend has been going down and the demand for animal products has been rising due to
population increase. Governments should subsidize the costs of animal production, such as
feed, drugs and free extension services such as artificial insemination to encourage suitable
breeds for the changing environment. The use of efficient and effective regional early warning
systems is essential for proper planning and giving timely information to mitigate the effects of
adverse weather/climate conditions which affect animal production. By visiting some selected
Member countries, one would be able to clearly understand what is required for each country
and the African region as whole.
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Meteorology and Forest and Bush Fires
M.V. Laing
South Africa

1.

BACKGROUND

As South Africa has not been as extensively involved with this Working Group as many
of the other countries, I have compiled a report on the development and state of the warning
service for wildfires, as it exists in South Africa (SA) at present.
The insurance costs of fires in South Africa is around R 1,000 million a year, a
considerable proportion of which is for bush and forest fires. Commercial forestry amounts to
about 1 million hectares, mostly confined to the higher rainfall regions in the eastern parts of the
country. Of course a large percentage of South Africa is made up of pastoral and agricultural
lands, some of which are vulnerable to runaway fires and which may also incur losses of
animals and structures. lt is not easy to establish accurate data regarding the number of
wildfires but, using figures supplied by the forestry associations for their eastern regions, there
were 792 fires in the forest areas alone in 1992, which gives some idea of the magnitude of this
particular problem.
Until the mid-1980s fire warnings and fire protection arrangements were mainly on an
ad hoc basis, usually organized by individual forestry concerns. These years were, on the
whole, years of below normal rainfall, resulting in very dry and dangerous fire conditions during
the dry seasons. lt should be emphasized here that South Africa is beset by dangerous
conditions almost throughout the year. From May until October most of the country is dry and
hot, prior to the rainy season from November until April. During these months, however, the
winter rainfall regions of the south western Cape reach their peak period of dangerously dry
conditions, further magnified by the strong, dry south-easterly winds of the summer season.
Increasing numbers of fires were taking a larger economic toll each year and so in
November 1988 a joint meeting took place between the Department of Environmental Affairs
and the SA Forestry Research Institute to address the worsening situation. lt was decided to
coordinate the several separate Fire Danger Rating systems into a National System. Although
differences in vegetation and the nature of fires in as large and diverse a country as SA has
made full integration impracticable, considerable improvements have taken place in the last ten
years.
2.

WORKING GROUP MEETING IN ADDIS ABABA, 7-9 APRIL

Members of the Working Group at the meeting held in Addis Ababa suggested that
further information be gathered for this report, specifically regarding:
The number of bush and forest fires per annum in African countries. Types of national
warning and action plans in place;
Elements that are monitored in such operations - weather elements, state of
vegetation, rainfall, fire identification, satellite imagery; and
Short- and long-range fire-related forecasting and research.
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lt was also suggested at this meeting that, because of the experience difficulties in
using questionnaires to acquire information, e-mail be used instead. This was done for those
countries where e-mail addresses were available but I have had no response from any country.

3.

REPORT

The system that is now in place in South Africa is for three separate regions,
encompassing those areas worst affected by runaway fires, to obtain forecasts of likely fire
conditions from the South African Weather Bureau. Cape Town Forecast Office provides data
and forecasts for the South-western Cape, Durban Office for Kwazulu/Natal and Pretoria for
Mpumulanga and Northern Province. This latter office, which is also the Central Forecast Office,
in collaboration with the Department of Forestry, issues forecasts of dangerous fire conditions
on radio and TV as part of the nationwide "Severe Weather Watch". These forecasts of 'fire
conditions' during the next 1-3 days are used in planning controlled bums in grasslands and for
management and fire prevention decisions in forestry plantations.
During the dry season a Fire Danger Rating (FOR) (or Fire Danger Index - FDI) is
calculated daily by combining the five meteorological parameters: temperature, relative
humidity, windspeed and direction and rainfall, as well as local expertise supplied by forestry
and environmental specialists. Using observations supplied by the Weather Bureau, as well as
local measurements made by several of the larger forestry concerns, the FOR is calculated for
several localities. The resultant FOR is a figure between 0 and 100 (low danger to high danger)
valid for a given period and locality. To simplify operational use, each region divides the scale
into colours, green for low fire risk, through yellow and orange to red for high fire risk. Using
today's parameters or those forecast for the next 24 hours up to five days ahead, foresters and
grassland managers use the FOR to help plan their daily and future operations. In particular in
the forests an FOR in the red category will normally mean no forestry operations that day and all
staff on stand-by for fire-fighting duties.
A high fire rating is brought about by a combination of low humidity and no rain (dry
fuel), high temperature (increasing the fuel bum energy) and strong winds (increasing the
supply of oxygen to the fire and the rate of fire spread). An example of how the FOR can vary
over fairly short distances is given. Two centres, some 100 km apart, at the top of and below the
major eastern escarpment. Under these circumstances a runaway fire in the lowveld killed four
people and destroyed 12,000 ha of commercial forest.

Altitude
Nelspruit
Lydenburg

4.

665 m
1,425 m

14h00 Temperature

Wind speed

FOR (FDI)

27 km/h
6 km/h

96
58

THE FUTURE

Automatic weather stations (AWSs), especially DCLPS, will contribute to making more
meaningful measurements of meteorological parameters although in SA, where we have about
130 stand-alone AWSs installed, theft and vandalism are serious problems.
Vertical wind and temperature profiles, useful for estimating instability and the likely
characteristics of a fire, could be acquired from resident spotter aircraft.
The distribution of recent rainfall, essential in estimating the current state of vegetation,
can be enhanced from satellite cloud analyses, such as the current 'cold cloud' techniques used
for 10-day rainfall estimates.
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Likewise, estimates for the state of vegetation can be quite realistically obtained from
current NDVI satellite estimates.
For research purposes the IGBP-DIS Office has developed a Regional Satellite Fire
Data Compilation which is now available to the scientific community, both as a CD-ROM and
from the Web {http://www.meteo.fr/cnmi/igbp/). Implementation started in early 1997 and is
managed at the IGBP-DIS Office by Martine Michou. Datasets consist of pre-fire, active fire and
post-fire parameters. The most important pre-fire parameters which can be derived from
remotely sensed measurements are those related to the amount and condition of the plant
biomass potentially involved in the combustion process. Heat and smoke are two types of active
fire signal that can be detected with the help of remote sensing technique (satellite).
5

THE FUTURE IN SOUTH AFRICA

Again, subsequent to the Workshop, in South Africa a "Background to the Preliminary
Draft National Forests Bill" has been distributed. Pertinent to this report are the following
extracts:
Under the section on Fire Prevention through Information Gathering, Processing and
Publication it states that the most important provision is for the development of systems
for fire danger rating. The systems are to be based on scientific knowledge of climate,
weather, topography and vegetation as well as the effect of these variables on the
occurrence and intensity of fires.
The proposed fire danger rating system allows for the classification of conditions in
respect to likely occurrence and spread of fires. lt is intended to be a basis for
forecasting the danger, derived from the knowledge of local conditions and weather
forecasts available from the South African Weather Bureau.
Forecast levels of fire danger in different classes will be used to prohibit or sanction
various measures for preventing and controlling fires. Thus, when the forecast fire rating
reaches a class of high fire danger, a variety of prohibitions on veld burning would be
initiated. In fact a prohibition on the lighting of fires in the open will come into force under
these conditions.
6.

CONCLUSION

As social and economic pressure on land and land usage increase, so the better
utilization of pasture and forests will gain in importance. The impacts of climate variability,
climate change and desertification on vegetation will also require better fire management
throughout Africa. lt makes sense therefore, particularly in Africa, where our resources are
limited, to share our knowledge, skills and experience to the best advantage. This will apply
more so in the future when we will need to embrace new techniques for identifying dangerous
fire situations with appropriate plans to put in place for the mitigation of serious damage to
communities.
7.
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Crop Weather Modelling
M.F. Lukando
Directorate of Meteorology, P. 0. Box 3056
Oar es Salaam, Tanzania

Summary
The Rapporteur used a questionnaire to obtain information on crop-weather models
from RA I countries and beyond. About one third of the RA I countries responded. Operational
models are used in a number of countries in the Region with satisfactory results. Most models
are empirical-statistical in nature, developed for crop monitoring and yield prediction for national
and sub-regional early warning systems for food security. A few simulation models do exist but
were developed primarily for research purposes. Both model types need further improvement.
The unavailability of quality long-term data series is a major problem hampering model
development on the continent. Incorporation of GIS information and remote sensing data in
analyses may improve model value through data availability in time and space.
1.

INTRODUCTION

1.1

Background

The Regional Association for Africa (RA I) at its eleventh session held in Gaborone,
Botswana, 14-25 November 1994, re-established the Working Group on Agricultural
Meteorology through the adoption of Resolution 12 (M-RA 1). Among the considerations that led
to the re-establishment of the Working Group were:
(a)
(b)
(c)

The importance of agriculture to the economic development of many countries in the
Region;
That operational agrometeorology has considerable potential to improve agricultural
production; and
That crop-weather models applicable to the Region need to be further developed.

The session decided to include in the membership of the Working Group Rapporteurs
on various agricultural meteorology subjects, among them Crop-Weather Modelling.
1.2

Terms of reference
The terms of reference for the Rapporteur on crop-weather modelling were as follows:

(a)

(b)
(c)

To review and summarize the operational crop-weather models, in particular those
existing in the Region and those dealing with crop calendars, early warnings and yield
prediction;
To include in the review details such as data, computer requirements, information on
validation and applicability of models and contact addresses of the authors; and
To make recommendations on the most suitable model for different climatic regions of
Africa.
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1.3

Reporting format

This report is based mainly on responses to a questionnaire (Annex 1) and is divided
into three major sections which attempt to address the various terms of reference. These are
preceded by a section on sources of information and a summary of the results of the
questionnaire sent to WMO Member countries within and outside the Region.
2.

SOURCES OF INFORMATION

In order to obtain information which would address the issues raised in the terms of
reference, a questionnaire was designed and sent to the World Climate Programme Department
at WMO headquarters, Geneva, for editing, translation and distribution to all Members of WMO
in the RA I region and two neighbouring Mediterranean countries, namely Israel and Spain
(Appendix 11). Whilst waiting for the official country responses and in order to get quick replies,
advance copies of the same questionnaire were sent to the experts nominated in Resolution 12
of (XI - RA 1).
Contacts were also made with individuals and regional institutions involved in
agrometeorological and/or food security activities, namely:
(a)
(b)
(c)
(d)

The Southern African Development Community (SADC) Regional Early Warning
System for Food Security, Harare, Zimbabwe;
Inter-Governmental Agency for Drought and Development (IGADD) Early Warning
System for Food Security;
The Agryhymet project of the Sahel countries; and
Individuals in the Maghreb North African Arab states.

The FAO Agrometeorology Group and
headquarters, facilitated some of the contacts.

3.

the

Chief,

Agromet.

Division,

WMO

REVIEW OF EXISTING MODELS

Table 1 provides a summary of the responses to the questionnaire received on cropweather models. For convenience of presentation, the countries which have responded are
listed by sub-region on the basis of joint agrometeorological activities being (or were)
undertaken and similarities in climatic zones. These sub-regional groupings are, namely:
IGADD, SADC, Sahel, the Maghreb states and the Mediterranean countries outside RA I.
A total of 17 RA I countries responded to the questionnaire. This represents about a
30% response from a total membership of 56. Most of the responses came from the SADC
region. Two responses were from the Mediterranean region.
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Table 1

Summary of country responses

Region

Country

IGADD

Eritrea
Ethiopia
Uganda
Egypt
Morocco
Malawi
Mozambique
Namibia
Seychelles
South Africa
Swaziland
Tanzania
Zambia
Zimbabwe
Nigeria
Niger
Senegal
Israel

Maghreb
SADC

West Africa
Sahel
Outside RA I

A

B

C

X
X
X

X
X
X

Xr
Xr

X

X

X
X
X

X

R
R

Xr
X

X

X
X
X

X
X
X

E

F

X
X
X

X

X
X
X
X
X
X

X

X

X

X

X

X

X
X

X
X

X
X

X
X

X
X
X

X
X
X

X

X

Xr

D

X
X

G

X
X
X
X
X

H

J

X
X

X

X

M

X

p
X

X
X

X

p
X

X

X
X

K L

X
X

X

X

X
X

X

X

X

X
X

X X X
X X
X

p

X

X

X
X

X
X

X

X
X

X

X

X
X

9

6

+

Spain
TOTAL
Legend:
A
B
C
D
E
F
G
H
I

13

8

14

14

9

8

13

4

K
L
M

Has operational model (x), Research model (R/r), None
Predict sowing conditions, phonological phases
Predict yields
Deals with cereal crops
Operates empirical-statistical models
Operates dynamic/simulation models
Model suited for seasonally dry areas
Model suited for humid climates
Model applicable in wide geographical area
Model application localized
Model validated
Model not validated
Provide abstract for operational model (p = potential operational use)

3.1

Model definition and types

J

6

4

A crop-weather model is a systematic representation of the crop response to its
environment. The expression could be statistical or mathematical and helps define the factors
which govern the crops' response. lt is worth noting here that crop-weather models attempt to
describe a biological system which is in effect an integration of complex relationship between
the environment and the crop. Man has limited knowledge of these interactions and he cannot
adequately measure them. These two plus temporal and spatial variability of a biological system
present inherent difficulties in crop-weather modelling. Irrespective of their numbers and
purpose, Baier (1977) categorizes crop-weather models into three. They are in effect two types
since the third is a combination of the two. These are:
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(a)

Simulation, dynamic, physiological or deterministic models

These are process-oriented models. They use mathematical/statistical sub-models
which are experimentally derived to describe the various environmental and physiological
processes that occur. These models also incorporate partitioning of the photosynthate to
various parts of the plant, namely roots, stem, leaves and grain/fruit.
(b)

Empirical-statistical models

These models relate yield directly to the environment where the crop is grown. Other
types of model fall between these two.
3.2

Models existing in the IGADD countries

The IGADD region, a grouping of seven countries in eastern Africa, has an early
warning system for food security. Three countries responded to the questionnaire but only
Uganda reported to have calibrated the DSSAT3 (Decision Support System for Agrotechnology
Transfer - release3) model to local conditions. The development of the model was an
institutional effort for research purposes but has potential operational use.
Thirty years of data were used for the calibration. Model validation was done using
independent data. The simulation type model can be used to predict sowing conditions,
phonological phases and maize yield.
With the use of Geographical Information System (GIS), the model can be used for any
size of geographical area. Although it has the advantage of wide applicability, its operation
depends on the operator's good understanding of the model.
On a regional scale the IGADD early warning system, through a computer programme
called ADDATI, has developed methodologies for the qualitative assessment of crop production
using remote sensing data (Normalized Difference Vegetation Indices - NDVI), rainfall and
indices of FAO crop water satisfaction (WSI) (Ravelo and Sakamoto 1994). Remote sensingbased methodologies like this one have the advantage of timeliness and large area coverage of
up to national or regional scale.

3.3

Models existing in the Sahelian countries

In the semi-arid part of West Africa also called the Sahel region, nine countries have a
joint Agricultural and Hydrometeorological Programme with the acronym CILSS (Permanent
Inter-state Committee for Drought Control in the Sahel). Part of its activities includes the
operation of an early warning system for food security. Agrometeorological models have been
developed for assessing yield and production.
From this region responses to the questionnaire were received from Niger and
Senegal. Both countries have operational models. Niger has a CERES - millet simulation model
that has been validated. lt is used to assess yields. On the other hand Senegal has an
empirical-statistical model which is a derivative of the FAO crop-specific soil water balance
model. lt is used to predict sowing conditions, phonological phases and the yields of sorghum
and millet. This model is suited for dry climates and is applicable up to a regional scale, i.e. it is
a general model which may not be very precise but practical.
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3.4

Models existing in the Maghreb countries

Two North African states, Egypt and Morocco, responded to the questionnaire. Both
have developed simulation models. Egyptian scientists have calibrated the DSSAT models for
maize, wheat, rice and beans using 33 years of data. These models however are for research
purposes only and have not been validated. Some of the problems encountered are missing
climatic and soil data.
Moroccan and Syrian scientists teamed up to produce a simulation operational model
(a Stochastic Climate Model- second degree Markovian process) using 25 years of data. lt can
be used to predict sowing conditions, phonological stages and yields of wheat in arid and semiarid climatic zones of any geographical scale. The model has been tested using an independent
dataset. The model's applicability to a wide geographical area is cited as its main advantage.
The main disadvantage is its demand for a large database and its inability to account for the
effects of pests and diseases.
3.5

Models existing in the SADC countries

Like the IGADD and Sahel countries, these states operate an early warning system for
food security. Most crop models in this region were developed within the context of the regional
food security programme for crop monitoring and yield forecasting. Except for South Africa, the
SADC crop models are based on calibrations of yields against indices of crop water satisfaction
(WSI) derived from variants of the FAO water balance model and/or remote sensing information
e.g. Cold Cloud Duration (CCD), Normalized Difference Vegetation Indices (NDVI), etc.
The SADC models are mainly empirical-statistical in nature, developed for monitoring
crop performance during the season and forecasting yields of cereal crops (mainly maize and
sorghum). They are localized in application and have not been validated. The models are
primarily developed for areas where availability of soil moisture is the main factor limiting crop
production. They therefore perform better in dry rather than humid climates. They provide
satisfactory to good results in average years.
Crop model development has been frustrated by the unavailability of reliable and long
term data of the water balance variables (rainfall, PET, crop coefficients, soil characteristics,
etc.) and yield. Various types of computer hardware and software are used (see section 4 below
on computer requirements) in this sub-region. Some of these are listed in Table 2 (Negre 1994).
3.6

Models existing outside RA I Africa region

Information was also sought from two non-African neighbouring Mediterranean
countries, Israel and Spain, with a view to possibly recommending their models for adaptation in
the North African states. The report from Spain indicates that no operational crop-weather
model is used in the country. Israel on the other hand uses several operational specific crop
weather models for wheat, cotton and avocado (Lomas 1998). The models are empiricalstatistical in nature. Up to 30 years of data were used to build the models which have been
cross-validated using independent data. They can be used to predict sowing conditions .(for
wheat and cotton) and yields from early to mid-season in semi-arid areas.
3.7

Problems encountered in model development

More than 50% of the countries that responded encountered problems with their data
when developing the models. The problems included:
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(a)
(b)
(c)
(d)

Total unavailability of crop and climatic data;
Missing crop and climatic data;
Unreliable or poor quality data; and
Short-term data series.
All these compromise the quality of the models developed.

Table 2

Computer software packages in SADC early warning systems (Negre 1994)

Country

Angola

Data Collection
and Storage
N/A
CLICOM, Lotus

Botswana
Lesotho

Suivi

Malawi

Works, Suivi

Mozambique

Suivi

Namibia

Lotus

Swaziland

Lotus

Tanzania

Zambia

Suivi, CROPIN
(pro. In basic for
filling crop data).
Works, Suivi

Zimbabwe

Suivi

4.

Agromet Analysis and
Yield Modelling
N/A
INSTAT, Lotus
Surfer, IDA, FAOMET
FAO Index, Lotus, Surfer, IDA,
FAO Met
WABALAWI, FAO Met, Lotus,
Surfer, IDA, FIS
FAO
Index,
IDA,
QPRO,
Statgraphics
FAO Index, Surfer, IDA, FAO
Met
FAO Index, Lotus, Surfer, IDA,
Statgraphics
Suivi, FAO Index, FIS, Lotus,
Surfer,CROPOUT ,CROP2PGL,
(prog. in basic).
FAO Index, FIS, Lotus, Works
IDA
Wordstar, PET4, WRST4
(Fortran prog. to calculate PET
and indices), Lotus, Sirfer, IDA

Bulletin Elaboration

N/A
WordPerfect
WordPerfect, Lotus
WordPerfect, IDA,
Surfer, Pizzaz
WordPerfect, QPRO,
Harvard Graphics
WordPerfect, Surfer
WordPerfect, IDA, Surfer
WordPerfect

WordPerfect
WordPerfect, Lotus

COMPUTER NEEDS FOR CROP-WEATHER MODELLING

Different types of computer hardware and software are in use in the various African
countries which develop and operate crop-weather models. The hardware ranges from the 386
to the Pentium series. The software is also variable. Negre (1994) summarized the software
packages in the SADC region as in Table 2. lt is clear from the table that many software
packages are in use in the different countries. The choice of software depends on the user as
influenced by the depth of his knowledge of computers and the software packages. The choice
is also determined by need, resources and source. Some of them come as an aid package.
Much has changed since 1994, in terms of availability of improved versions of the
same programmes, mainly Windows-based, as well as the introduction of new packages.
According to the responses to the questionnaire many countries, however, still use more or less
the same modelling and data management packages as those in Table 2. Additional packages
include CLIMBASE, IDRISI, Excel, ADDATI and crop simulation packages, e.g. DSSAT CERES
models.
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4.1

Hardware and software recommendations

In view of the aforesaid, it is difficult to make a blanket recommendation for all
countries. However, in terms of hardware, although a number of the programmes can still run
on a 386 or 486 computer, it is better if new computer acquisitions be of the Pentium type. This
will enable taking advantage of new technology (fast, big RAM, big HOD space, CD-ROM drive,
etc.) and be able to accommodate most of the new packages, and above all to have computers
for the 21st century.
As for software, each country should strive to have the basic packages for data
management and storage, e.g. CLICOM, CLIMBASE or Suivi. Data analysis and modelling
programmes tailored to their needs, e.g. FAO Index, spreadsheet packages (Excel/Lotus),
DSSAT or other simulation models; Geographical Information System (GIS) packages (IDA,
Surfer, IDRISI, ADDATI); remote sensing packages (Ashburn et al. 1994), Word-processing
packages (Word, WordPerfect), system management packages (Windows 95 or other) to
accommodate new programmes and updated versions of old programmes.
5.

RECOMMENDATION OF MODELS FOR DIFFERENT CLIMATIC ZONES OF
AFRICA AND CONTACTS

5.1

Recommendation of models

From the review presented above it is clear that crop-weather models are developed
for various purposes. They could be for research and academic interest or for operational
purposes.

5.1.1

For the semi-humid and dry areas

From an operational point of view the SADC models based on the WSI and yield are
simple, practical and general models which could be adapted by all countries in the SADC
region where moisture availability is the main factor affecting crop yields as a first line of
approach models. The adaptations may include the incorporation of remote sensing data to
address the issue of data scarcity and delays, etc. Similarly, the Niger or Senegal model could
be adapted in the whole Sahel region. Other seasonally dry areas of Africa, especially the
IGADD countries in eastern Africa, may also adapt the SADC and Sahel models.
The North African states may wish to examine the Moroccan/Syrian model with a view
to adapting it to their own situations. These states may also look beyond the region to Israel to
study their operational models which have been developed under similar climatic conditions.

5.1.2

For the humid areas

The WSI-based models have not proved successful in the humid areas where moisture
is not the main factor limiting crop yields. In such cases other types of model may be developed
for use. Where data availability is not a big problem attempts could be made to calibrate the
DSSAT models to local conditions.
5.2

Contact addresses

More information about any of the models referred to in this report may be obtained by
contacting the relevant National Meteorological Service. Contacts on the recommended
operational models may also be facilitated through the following addresses:
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(a)

Abdelaziz El Ouali, National Meteorological Service, B.P. 8106, Casablanca-Oasis,
Morocco.

(b)

The Director, Unite AGROMETEO, Centre Regional, AGRHYMET, PB 11011, Niamey,
Niger.

(c)

Dr Kennedy Masamvu, Agrometeorologist, SADC Early Warning System for Food
Security, P.O. Box 4046, Harare, Zimbabwe.

(d)

Or J. Lamas, Regional Meteorological Centre for Postgraduate Training, Israel
Meteorological Service, P.O. Box 25, Bet Dagan, 50250, Israel. Fax: 972-39682126/176.

6.

CONCLUSIONS AND GENERAL RECOMMENDATIONS

6.1
The information in this report is not as complete as it should have been partly due to
the mode of information and data gathering used, i.e. a questionnaire. Nevertheless, it provides
some basic information on the status of operational crop-weather models available on the
continent.
6.2
In many respects questionnaires are not a satisfactory means for obtaining information
due to non responses, delayed responses and/or insufficient details being provided. In this
technological era, where possible, it is better to supplement or replace questionnaires with the
Internet and e-mail which allow some form of dialogue.
6.3
Most operational models reported are based on the water balance
satisfaction. They are for predicting crop yields where the moisture
constraint. They generally need fine tuning. However, there is also need
development of models which will account for the effects of excessive
logging conditions, nutrient amount, pest and diseases attack, etc.

indices of crop water
supply is the main
for research on and
moisture and water-

6.4
Many types of operational model exists outside the RA I region. These could be studied
and adapted to the different situations on the continent
6.5
The unavailability of quality and long-term data, especially on crops, is a global
problem hampering model development on the continent. Consequently, most models are not
validated. Incorporation of Geographical Information System (GIS) and remote sensing
information in the analyses will improve the timeliness and spatial availability of data.
6.6
Various types of computer hardware and software are in use. There is no need for
standardization outside the sub-regional groups. New acquisitions, however, should be able to
accommodate the demands of the 21st century.
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1.

INTRODUCTION

More than one-third of the earth's land surface is covered by arid, semi-arid and dry
sub-humid zones. Almost all of them are suffering from steady degradation. In Africa almost
73% of such land is already moderately or seriously affected. The Sahel semi-desert bush and
sparse savannah, and the savannahs and dry forests covering most of East Africa, Angola,
Botswana and south-western Madagascar, etc. are suffering from very marked degradation
amounting to desertification.
Some of the most important reasons put forward to explain this effect are climatic
changes, especially the near-endemic droughts which the continent has been experiencing for
the past 20 years. Significant actions (including the organization, creation and/or strengthening
of structures) have been undertaken in that time by national governments and the international
community in order to gain an understanding of this phenomenon of endemic drought and its
causes and to find ways to combat it, reducing its impact on socio-economic activities,
especially on agriculture.
Now, a quarter of a century later, it is time to examine the progress we have made in:
•
•
•

knowledge of the phenomenon and its main causes;
our capacity to adapt to its adverse effects; and
new directions of combat.

This document discusses these various issues without, obviously, claiming to provide
exhaustive answers. lt consists basically of:
•
•
•
•
•

this introduction;
some definitions of drought;
an attempt to explain the relationship between drought and climatic change;
some aspects of the struggle against the effects of drought in Africa; and
a conclusion and recommendations.

2.

DEFINITIONS OF DROUGHT

Referring to Saarinen's glossary of 40 proposals for defining drought, Sivakumar
(1991) commented that, despite all the attempts to define drought, the exact definition was still
problematic and would remain so for a long time for, as noted by Heathcote in 1973, "there are
as many definitions of drought as there are water users".
Water or, more precisely, its lack, thus continues to be the common denominator and
central element of drought phenomena, the most important of which are meteorological,
hydrological and agricultural drought.
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2.1

Meteorological drought

The Intergovernmental Negotiating Committee for the Elaboration of an International
Convention to Combat Desertification at its fourth session (INCD 1994) defined meteorological
drought as "the naturally occurring phenomenon that exists when precipitation has been
significantly below normal recorded levels, causing serious hydrological imbalance that
adversely affects land resource production systems". The important point here is that they occur
naturally, as a result of climatic variability. What, then, is the cause of such climatic variation?
How can it be predicted and what links can we establish between drought and climate change?
These are the questions that have to be asked concerning drought as a meteorological
phenomenon.

2.2

Hydrological drought

This characterizes the period in which there is a shortage, compared to normal levels,
in runoff water feeding rivers, streams and lakes due to a lack or shortage of rainfall. This leads
to reduced outflow from rivers and streams and below average water levels in lakes, leading to
difficulties in meeting the water needs of people and animals.
The new factor that can alleviate or intensify the shortage in rainfall is runoff water,
which, as everyone knows, varies according to the characteristics of the basin. Human
activities, such as building and different forms of development, can in fact alter the basin.

2.3

Agricultural drought

Agricultural drought occurs over a relatively long period, during which the soil water
balance suffers a significant deficiency resulting from insufficient rainfall and/or uneven
distribution of rainfall over time. As a result, crop water needs are not adequately satisfied.
The factors contributing to increasing the severity of an agricultural drought therefore
include not only the extent of the rainfall shortage, but also the physiological characteristics of
the crop, e.g. variety, type of cultivars, phenological stage, etc.

3.

DROUGHT IN AFRICA AND CLIMATE CHANGE

3.1

Established facts

The oral and written history of African people provides us with evidence that, since time
immemorial, some populations in arid, semi-arid and dry sub-humid zones have experienced
many periods of drought. Thus, areas of the Sahel and the Sudan for example (Figure 1)
experienced more or less marked periods of drought between 1900 and 1968. With the
exception of the 1910-1919 period in the Sahel, these droughts were all limited to one, two or
three consecutive years.
From 1968 on, however, these rainfall anomalies have become persistent in both the
Sahel and the Sudan. The disastrous scenarios of 1973-1974, 1983-1984, 1986-1994 and
1996-1997 therefore seem more likely to be stages in an established process of rainfall
recession than mere fluctuations. Therefore, one question still needs to be resolved: is there a
cause-effect relationship between present climatic trends and the persistence of periods of
drought in the African semi-arid areas?
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Variation of annual rainfall in two environmental zones in North and West Africa
(see sketch for extent of zones). The scales are per cent deviation from normal,
so that variability can be compared between zones (after S. Nicholson - personal
communication) (from Hare 1993)

Observation of how the earth's temperature has evolved during the past 150 years
(Figure 2) allows us to establish three points:
•
•
•

relative stability from 1850 to 1920;
a growing increase from 1920; and
negative averages during the first period and clear positive averages in the second.

The climatic trend of warming is therefore a reality. The question, undoubtedly, is
whether there is a cause-effect relationship between this climatic trend and the reduction in
rainfall observed in some parts of the world, especially in the Sahel, over the past 20 years.
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3.2

Annu.al and 10-year means of hemispheric and global mean temperatures (after
Jones and Wigley, Scientific American, August 1990) (Bruce 1992)
Relationship between SST and rainfall

Studies, particularly those carried out by the US-based International Research Institute
for Climate Prediction (IRI), have shown that there is a significant link between temperature
anomalies in some parts of the Atlantic, Indian and Pacific Oceans and rainfall in Africa
generally and in the Sahel in particular. Thus, with a response time of two to three months,
negative SST anomalies induce above-average rainfall in the Sahel zone while positive
anomalies are synonymous with a rainfall shortage in the area.
As indicated above, general atmospheric warming began in the 1920s. Since then, it
has continued and increased to the point where average temperatures, formerly below OIC,
have become positive over the past two decades.
Since the climate is an interactive system, with the atmosphere, the continents and the
oceans mutually influencing each other, there is no doubt that atmospheric warming has an
impact on SST anomalies. Therefore, it is not unreasonable to assume that the extraordinary
coincidence of the appearance of these positive average temperatures and the periods of
almost persistent drought in the Sahel indicates that there may be a certain cause-effect
relationship between the two phenomena.
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3.3

El Nino and drought

El Nifio is a phenomenon involving significant warming of the upper layers of the
Eastern Tropical Pacific (150 to 90° W and 5° N to 5° S). El Nifio events are always linked to a
change in atmospheric pressure, known as the Southern Oscillation (SO).
El Nifio is not a new phenomenon. However, the last two major events (1982-1983 and
1997-1998) surprised scientists by their scale and climatic impact, with changes in atmospheric
circulation and ocean surface temperatures.
During major El Nifio events (1982-1983, 1997-1998), changes in surface temperatures
affected the Indian and Atlantic Oceans. They resulted in positive SST anomalies, which, as we
know, correspond to very marked conditions of drought in certain parts of Africa, particularly the
Sahel. We can therefore confirm that El Nifio is a factor aggravating drought. In any case, this
further coincidence between severe El Nifio activity and severe droughts (1982-1983, 19971998) in the Sahel would merit further clarification. This is especially true because, if the theory
that the climatic trends impact on Sahel rainfall is proven, the region should expect periodic
worsening, in El Nifio years, of its rainfall shortage, which is already a cause for considerable
concern.
Therefore, better knowledge of the El Nifio events (frequency, scale, and duration)
could be a way of anticipating some periods of drought in Africa, especially in the Sahel zone.

4.

SOME ASPECTS OF THE WORK UNDER WAY

4.1

Introduction

For seriously affected areas, such as the Sahel, the struggle to reduce the effects of
drought cannot be separated from the fight against desertification. These two issues are the top
priorities of the affected countries, and thus both domestic and international energy and
resources for the past 25 years have been directed above all towards resolving these. The main
areas of activity have been:
•

creating and/or strengthening national, sub-regional and regional technical structures
for coordination and monitoring;

•

stepping up research work on strategies, methods and methodology to combat and
adapt to drought conditions; and

•

strengthening the operational capacities of national structures dealing with meteorology
in general and agricultural meteorology in particular.

4.2

Coordination and monitoring structures

lt is important to emphasize that the World Meteorological Organization (WMO) played
a major part in creating AGRHYMET, DMC, ACMAD and OSS, coordination, research, training
and control instruments. This support contributed to the rapid development of these institutions,
which soon became the essential partners of the political structures set up (CILSS, IGADD).
Their most urgent tasks were:
•
•
•
•

carrying out regional projects and programmes;
coordinating and supervising national projects and programmes;
helping to develop coherent and properly adapted methods of work; and
training the staff of the affected states;
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•
•

4.3

establishing a technical framework for national Services to carry out their campaign
and early warning monitoring activities; and
developing meteorological and seasonal prediction models with particular regard to
ACMAD
Strengthening the capabilities and transfer of technology

A survey we carried out in 1994 established that from 1975 most African countries set
up agrometeorological services. A large number of them, particularly CILSS and IGAAD
members, benefited from agrometeorological projects which substantially strengthened their
operational capacities, e.g. equipment, training, coordination and monitoring activities.
lt can therefore be seen that there has been real progress in agrometeorological
activities. This has been the result of the introduction and implementation of pilot projects for the
transfer of new working methods based on daily use of agrometeorological and meteorological
data, products and information for programming day-to-day agricultural activities.
Two successful examples of these applications are the Agropastoral Monitoring
Programme in Mali and the Integrated Early-Warning System set up by Nigeria, which will be
extended to Burkina Faso, Mali and Senegal from the 1998-1999 agricultural season.
4.4

The work of development NGOs

Nowadays, the main areas of development in African countries involve substantial
NGO activity. Their presence in the countries severely affected by drought is particularly noted
and appreciated. Apart from emergency aid work, their drought mitigation activities have, on the
whole, focused on improving water management at plot level through simple methods. For the
most part, these consist of minor improvements to traditional cultural practices, including:
•
•

spreading straw; and
the 'zaye' method, which involves preparing seed holes, smoking them and waiting for
the first rain before sowing the seeds.

4.5

Scientific advances

lt would be unrealistic to try to list all of various works carried out by research institutes,
institutions and organizations in terms of measures designed to alleviate the effects of drought
in Africa.
The areas and aspects tackled in the many studies extend from simple analysis and
characterization of seasons, e.g. from analyzing dry seasons, determining agroclimatic zones
and favourable seeding times to developing seasonal meteorological forecasts. For example,
ACMAD, in collaboration with IRI and WMO, is evaluating an important seasonal software
package called SISTAT, based on correlation of SST anomalies with rainfall regimes in Africa.
The AGRHYMET Centre is testing crop-monitoring and diagnostic soil-balance software.
Overall, there is a wealth of scientific knowledge that can help to manage drought
situations rationally and efficiently. However, this knowledge still has not been fully exploited
because of:
•
•
•

poor circulation of scientific information among institutions and/or researchers;
lack of resources at the national level for the implementation of projects to disseminate
knowledge of the techniques and working methods developed through research; and
relatively poor rural literacy in official and national languages.
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5.

CONCLUSION

From our examination of the near-endemic drought that most African countries have
been experiencing for over 20 years and the action taken to tackle the problem, the following
are the essential points:
•

lt is certain that the climatic trend of warming has a considerable impact on the steady
worsening of rainfall regimes, especially in the Sahel. Moreover, although El Nino is
mainly active in the eastern Pacific, when it is particularly intense it does become a
factor aggravating the dry spells in the Sahel.

•

WMO's involvement has been dynamic and particularly effective. Through its technical
structures, it has supported the affected countries' regional and subregional
organization measures, developing their agrometeorological strategies, programmes
and projects, and efficiently coordinating their information and public awareness
activities at the international level.

•

Research institutes have come into action, working on different aspects of drought, e.g.
characterization prediction, response strategy research, etc. Important progress has
been made in many areas. However, it is still to be regretted that the lack of continual
and regular exchange of research results between institutions has hindered the
success of efforts by other teams.

•

lt is necessary to continue strengthening the structures and devices for (real-time)
transmission, reception, data processing and meteorological information products in
order to encourage the transfer of techniques and working practices for managing
climatic hazards, including rainfall shortage in rural areas.

6.

PROPOSED RECOMMENDATIONS

The following are some proposed recommendations both to WMO and the scientific
community (institutions, research bodies, NGOs) and to the drought-affected countries:
•

Appropriate strengthening of the Climate Programme's structures; a priority should be
the gearing of climate research towards more detailed aspects of the relationship
between SST anomalies and dry spells in the world generally and in Africa in particular.
These structures should also be geared towards the relationship between strong El
Nino activity and severe drought in Africa.

•

Initiating and/or strengthening the exchange of working methods and results among
research institutions and between research institutions and national, subregional and
regional structures.

•

Appropriate support by WMO and financial institutions for the implementation of pilot
projects and projects to disseminate knowledge of tested methods and techniques in
order to promote the rational management of water resources both in rainfed and
irrigated agriculture and in other areas of development.
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APPENDIX I
QUESTIONNAIRE ON ARMYWORM CONTROL
1.

2.

Information on respondent

1.1

Name of the Member country of WMO

1.2

Name of institution

1.3

Name of the expert responding

1.4

Position/title of person responding

1.5

Mailing address

1.6

Fax

1.7

E-mail

Is your country affected by armyworm?

Yes I No
(If your reply is Yes, please continue replying)

3.

Where is the origin of armyworm that affects your country?

3.1
3.2
3.3

4.

From neighbouring country (a)
Within the country (b)
Both from (a) and (b)

At what time of the year is armyworm affecting your country? (specific months)
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5.

What crops are most seriously affected? (List the crops)

6.

Approximately what percentage of your country is affected by armyworm?

7.

Please quantify crop loses

*loss could be described in terms of area or kilogramme per hectare

8.

How do you control the damage?

8.1

by cultural practices .................................................................................

8.2

by natural methods ...................................................................................... ..

8.3

using chemicals ........................................................................................... .

9.

How do you monitor the outbreak?

10.

Any other comments you wish to include
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APPENDIX 11
QUESTIONNAIRE ON CROP-WEATHER MODELS
1.

Information about respondent

1.1

Name of Member country of WMO ..................................................................... .

1.2

Position/title of person responding ..................................................................... .

1.3

Present place of work ..................................................................................... .

2.

General information on models

2.1

Do you have any crop weather models in your country or service?
Yes I No
(If Yes, continue to answer the questions below)

2.2

What is the purpose of developing the model(s)?
(a) Research interest

(b) Operational use

(c) Other

(If operational use, what do they predict? Tick the correct answer)
(i)

(ii)
(iii)

sowing conditions, soil moisture, crop development stages, maturity
conditions for occurrence of pests and diseases
yields

2.3

For what crops are the models used?

3.

Model type and particulars

3.1

What type of models are they?
(i)
(ii)
(iii)

3.2

What are the input/independent model variable(s)?
(i)

3.3

empirical-statistical models
dynamic or simulation models
other .............................. ..

(ii)

(iii)

At what intervals are they required? e.g. monthly average, dekadal, daily, etc.
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3.4

3.5

If models are of the regression type, please indicate the categories to which they
belong (Underline the correct answer)
(i)

simple or multiple or multiple regression models

(ii)

linear or non-linear models

Please assess the quality of data used to develop the models (Tick the correct answer)
(ii) medium

(i) high
3.6

(iii) low

What other input data problems were encountered when developing the models?
.............................................................-............................................................ .

3. 7

When in the season can the models be applied? (Tick the correct answer)
(i) early

3.8

3.9

(ii) middle

(iii) late

Please indicate the cost of operating the models
(i)

How many people from data collection to output production are involved in the
model?

(ii)

What are the minimum computer requirements for running the model?

(iii)

What is the essential software for running the models?

(iv)

Other costs?

In what type of climate are the models used? Or for what climatic region are the
models suited?
......................................................... and ..........................................................·... .

3.9

For what size of area is the model developed and/or used? (Tick the correct answer)
(i) sub-national

(ii) national

(iii) regional i.e. multi-national
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4.

Model output

4.1

Indicate when in the season the models are applied (Tick the correct answer)
(i) early

(ii) mid

(iii) late

4.2

What is the model output (e.g. tonnes per hectare)?

4.3

Please assess how reliable the model outputs are in terms of precision and accuracy
(Tick the correct answer)
(i) low

(ii) medium

(iii) high

5.

Model validation and updating

5.1

Have the models been statistically tested?
Yes I No

5.2

If Yes, which test was used and what data were used for testing?
(i)

method used ......................................................................................... .

(ii)

data used (underline correct answer):
(a) same data used to developed model

(b) independent dataset

5.3

Having used the models operationally for some time, what are the major strengths and
weaknesses (from data collection to product generation)?

5.4

(i)

When were the models developed?

(iii)

How many year's data were used to develop the models?

(iv)

Have the models ever been updated?
Yes I No
If Yes:

(v)

When was the last updating carried out?
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5.5

Has sensitivity testing been carried out on the models?
Yes I No
If Yes, how do they perform under extreme variable (i.e. very high/low) values?

6.

Model authorship

6.1

Who was responsible for developing the models? (Tick the correct answer)
(i) institution

(ii) individual effort

6.2

Please provide name(s) of the author(s) (people who developed the models) and their
contact addresses:

6.3

Please provide an abstract or summary of the model:

