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Introduction
The sun interacts with land, sea and air to produce the climate in which we live. We can choose
to make it work for us, to harvest the benefits it
brings and to overcome its bad effects. To accomplish these things we must gather data, analyze it,
and then use the resulting information properly in
our planning and decision making. This brochure is
designed to give a sampling of the ways in which
climate data can be used to help solve some of the
problems we all face in our constant search for
adequate supplies of food, water, and energy.
It is important to have the best set of data available to help with the solution of each climatesensitive problem. Not only do these problems vary

from one country to another, but they also vary
from one culture to another and change as the culture changes.
Furthermore, the most efficient observation and
analysis systems change as the technology evolves.
So it is important to UNDERSTAND THE PROBLEMS BEFORE DATA ARE GATHERED.
In summary, this report shows several human
endeavours impacted by the climate variability in
several countries around the world and proposes
an efficient and economical technology to gather
the climate observations sets necessary for their
resolution .
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Photograph on cover courtesy of Dale A. Bucks, USDAJARS, Phoenix, Arizona.
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Climatic Variability
Both the recurring features of the climate and the
long-term trends known as climatic-change have
profound effects on the activities of man; however, it is
the CLIMATIC VARIABILITY which leads to chaos
and disaster. The problems become dramatic when a
culture makes use of the entire carrying capacity of its
natural resources during a succession of years with
ideal rainfall and temperature regimes and then
experiences a common series of dry, hot years.
There are several responses to this situation. The
response of high technology societies in the recent past
has been to overcome climatic variability by the
expenditure .of vast amounts of energy. The response
of non-industrialized societies has been to mitigate the
effects of these climate fluctuations on food production
by combining livestock raising with crop production.
This permits both the grazing of the stock on the crops
when unfortunate timing of insufficient rains and
excessive heat threaten grain yields, and the
movement of herds to better pastures to take
advantage of the small space scale variability
in rainfall.
Some of the variability can be regular and hence
forecast. The figures at the bottom of the page
illustrate this point. Across the space of about 1000
miles there is a significant change in the rainfall
regimes; and, at each location shown in the bar charts

there is an expected annual variation. The space
variation is a warning that cultural practices cannot be
moved from one place to another without well
considered modifications.
Some of the variability is irregular, or aperiodic, and
it is this feature which causes most of the grief. For
instance in Kenya localized droughts can be expected
every couple of years, regional droughts perhaps
every 4-5 years and national scale droughts about 6 to
10 times per century. The Sahel drought of the early
1970s and the 1979 failure of the monsoon in India
belong to this set of potentially deadly irregular
climatic anomalie1> which are in fact to be expected in
the normal course of climatic events. It is commonly
accepted that in the case of the 1968-73 Sahel drought,
a great contribution to the climate anomaly itself came
from the regional influence by man through
overpopulation, overgrazing and overcultivation. In
some cases the impact of man on the productivity of
the land has reached a level comparable with that of
natural climatic fluctuations.
We propose that by incorporating the appropriate
climate information into good planning and cultural
practice, adverse climate impacts can be greatly
reduced. Such information is based on good
observation sets, and these must represent adequately
the climate of the area as it relates to those human
activities which it affects.

Variability in precipitation is shown by the two rainfall distributions (below left), in which two regions are affected by the air
streams prevailing In southeast Asia.
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"Water Balances of Selected Stations in South America."
Source: C. W. Thornthwaite Assoc., Publications in Climatology,
Vol. XVIII No. 2, Average Climatic Water Balance Data of the
Continents (1969).

Water, soil, and energy from the sun are the basic
natural resources required to produce the food and
fiber needed to sustain the existence of man. Of these
three things, it is the water and its associated
atmospheric delivery system which contributes most
to that climatic variability which impacts man's
endeavors to such a large extent. Soil temperature,
structure and the distribution of soil nutrients
vary slowly and with small amplitudes were the
atmosphere not in a constant state of flux. For
instance, soil conditions can be affected greatly by ever
changing cloud systems which intermittently block
sunlight; by the filtering of various sunlight
components by air masses with differing water vapour
distributions; or by the occurrence of intense
rainshowers which can erode the soil.
Elements of water supply are precipitation, aquifers,
streams, lakes and reservoirs, and soil moisture. By far
the largest water demand or loss comes from evaporation.
Evaporation from vegetative surfaces is called
transpiration. Evaporation from all surfaces,
vegetative and non-vegetative, is called
evapotranspiration. Water is also needed for our
industrial and municipal activities, but requirements
for animal and human consumption are usually
considered to be in a class separate from
evapotranspiration. Time and space scales on the
supply side vary from a few square miles and a few
hours in the case of thunderstorm type rainfall to
perhaps thousands of square miles and decades.
Water demand can also affect water supply.
Irrigation can leach nutrients, fertilizers and pesticides
down into groundwater, thereby sometimes
destroying a conservative water resource which might
2

otherwise have been used to even out the often high
variability of the rainfall. On the other hand, innovative
tilling practices can go a long way to conserve the life
giving bank of soil moisture required for crop ·
production.
A good hydrological accounting system is required if we
are to be able to optimize the use of our water
resources. This implies that such a model have
available the observational data it requires; hence, the
model can give guidance with respect to the design of
a climatological observing network. One such
accounting system is illustrated at the top of this page .
Water need (potential evapotranspiration) is
considered to be a function of temperature, while the
water which is really used by vegetation is shown as
actual evapotranspiration. Water is supplied from
precipitation and from soil moisture. A deficit of water
is found during the dry seasons and a surplus during
the wet seasons in the cases shown. After the dry
season ends, the deficit is eliminated by rainfall
which is in excess of that required to meet the
evapotranspiration needs, and after that the excess
rainfall becomes runoff which increases stream flow
and fills stock ponds and reservoirs.
There are, of course, more refined hydrological
accounting systems; however, these need more and
better data than are generally available. The difference
between success and failure of a planned activity could
depend on whether the rainfall observing were done
daily with a person reading a rain gage or by means of
a recording rain gage which would provide the
necessary time resolution.
Once again, observation network design must
consider both supply and demand.

Some Impacts of Rainfall Variability
During the 1979 World Climate Conference the
following information concerning the West African
countries of Niger and Nigeria was presented .
"The river of Bornu province (in Nigeria) on which
the grain crop depended flowed only for a short time
or did not flow at all for two seasons 1972/73 and
1973/74. As a result neither wheat nor rice could be
grown. Overgrazing is a common feature of this
region, but it was at its worst in the 1972/73 season ."
"It was observed that after 1971 the rainfall came late
and stopped early, leaving most crops immature except
along streams." "Drought losses to food crops
averaged 50% and were over 10% in the case
of livestock."
The Republic of Niger is: "largely arid or semi-arid
(rainfall from 100-350 mm per year falling over 2-3
months in the summer and highly variable from year
to year and from place to place) ." "The livestock
numbers were within the potential carrying capacity of
the native pastures, but they were maintained by
important seasonal movements." However, important
sociological changes had been brought about by the
above-average rainfall in the decade preceding the

Sahelian drought. As a consequence, when the
drought of the late 1960s and early 1970's occurred, the
then current cultural practice could not respond fast
enough and the 'climate induced' disaster resulted .
Too much water can be as damaging as too little. As
urban areas build along the flood plains of rivers, they
should incorporate several climate data sets into
their planning. Firstly, how often has the river
reached a certain level in the past? Secondly, how
will the planned change in ground cover (e.g., paved
streets) affect the runoff and hence change the
expected flooding levels? Thirdly, how will the urban
configuration change the location and intensity of the
rainfall patterns and hence anticipated flood stages?
Changes in the onset and cessation of the monsoon
make up a critical type of climatic variability as was
mentioned earlier in this report.
On a more local or regional level, the interaction
between irrigation and climate is a source of variability
as the picture on this page implies . Irrigation leads to
increased evapotranspiration, which can lead to
increases in rainfall. Thus man, through his own
cultural practices, can affect climatic variability to a
significant extent.

Irrigation water is distributed and reclaimed by furrows in the parched desert cotton fields.

Photo courtesy Dr. Sherwood P. ldso, U.S. Water Conservation Laboratory (USDA), Phoenix, Arizona.
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Crop Climate Requirements
TEMPERATURE- YIELD RELATIONSHIPS
(COOL TEMP., EARLY MAT. CULTIVARS)

Yield Moisture Index Analysis for the
1981-82 rice crops in Malaysia.
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Source: World Climate Programme, Proceedings, Technical
Conference on Climate-Asia and Western Pacific, Guangzhou ,
China, December 1980.

Local climatic and geographic patterns usually
determine which food, forage or fiber crops are
successful. Each crop has its own specific climatic
requirements for growth and development. Rice, for
instance, requires a growing period of 120-150 days;
temperatures between 15 and 38°C; and prevailing
temperatures of 20°C at night and 30°C during the
day. Rice also requires abundant water (4-5 cm per
day) and at least 14 hours of sunshine per day. The
figures above illustrate in more detail how the
importance of these parameters to rice production may
vary in space and time .
Maize is another crop that grows well in tropical
areas but has adapted to a wider range of climatic
conditions than has rice. In Kenya, man has enhanced
this natural adaptability by the development of maize
hybrids. In high rainfall areas, work has concentrated
on yield improvement and a growing season of 120
/
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Source: Final Report, Agroclimatic Assessment Methods for
Drought'Food Shortages, in South and Southeast Asia, June 1982.

days determined primarily by rainfall. In the low
rainfall areas the aim has been not only to produce a
hybrid that is drought resistant, but also able to mature
in 90 days, the period during which there is a high
probability of rainfall and adequate soil moisture.
If one adds to these varietal and large-scale climatic
variations the impacts of local topography on the
timing of growing season events such as flowering
(see El Salvador map below), the management of such
a complex agricultural system seems insurmountable .
One solution is the use of agricultural models
tailored for particular crops under specific growth
regimes to estimate expected levels of production.
These projections could aid local farm managers in,
for instance, their choice of tillage method. Further,
such projections on the regional or national scale could
assist in the design and timing of foreign grain imports
or sales.
Flowering dates of maize in El Salvador
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The Impact of Climate on Animal Production
Food production through the weight gain or
production of animals is dependent upon energy
intake (food) and energy required for survival
(maintenance). Both of these factors are impacted by
climatic variability. Each animal type has its own range
of thermal tolerance, varying with its stage of
development. It is important to know these critical
temperature levels in order to assess the potential
impact of climatic stress upon the animal. Below a
critical thermal level, the rate of performance is
affected as the animal requires more food input and
uses more energy just to maintain body heat; above
the upper critical level, the animal must expend
energy to dissipate heat. Both adjustments result in
less energy available for production/performance . The
figure at right shows the inter-relationships between
temperature, humidity and wind, affecting some types
of cattle.
Beef cattle are generally hardy, but are more
affected by heat than cold stress, and more particularly by the combination of high humidity and high
temperature. Trees for shading can provide a reduction in radiation load . Ventilation is also important.
Air movement combined with heat can be beneficial; the winds aid in evaporative cooling by
parting the hair on the animal's coat and allowing
exposure of the skin (see figure right). Tropical
breeds of cattle have a greater tolerance to heat
than do some European breeds. Dairy cattle tolerate
heat even less, as shown by a decline in milk production, as well as a degradation in the quality of
milk when heat stress occurs . With regard to cold
stress, infant mortality of livestock exposed to extreme cold is increased, and feed-to-gain ratio decreases. When combined with wind, cold stress is
exacerbated, with the wind reducing the insulation
of body hair, and exposing the skin directly to the
cold.
Energy requirements regarding food for sustaining
livestock and poultry are also affected by thermal
stress. If weather and field conditions permit, grain
crops can provide fresh pasture and added moisture to
the diets of beef and dairy cattle, reducing the amount
of feed supplied by other means. However, if the
ground is too wet, the cattle will expose the roots of
crops, trampling and killing the existing crop.

Dry-bulb temperature (°F)
10
65
60

20

30

40

J
H
B

Jersey
Holstein
Brahman (dry)

5

Brown Swis s

so

60

70

80

90

110

80.0
73 .3

55

so

66.7

Relative humidity

f

45

E
E

40

53 .3

~

35

46 .7

<l)

40 .0

0c.

(% )

60.0

.S

~
~
<l)

0..
0c.

>

30
25

Extension of normal
zone at higher wind
velocities for the
different breeds

33.3

20

26.7

10

13 .3

30

35

>"'

40

Source: H. H. Kibler and S. Brody, Bulletin 552, Columbia, Missouri
Agricultural Experiment Station, (1954).
Schematic of structural changes of hair or
wool during wind exposure.
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Feed-to-gain ratio in livestock
Young livestock mortality
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Energy: Climate Sources and Cultural Sinks
The age-old benefits of solar energy have been called
to our attention by the recent events labeled the
"energy crisis" in the Western World. The essential
technology to harness sunlight has existed for
centuries, and we are now beginning to produce
devices that are cost-effective for current needs. A
knowledge of weather conditions and climatology
specific to each location is essential to the design of an
efficient solar system, whether it be a collection device
to increase heat in buildings, or a food-drying system,
or a container for growing plants, such as a solar,
water-conserving greenhouse. Photovoltaic cells are
being developed to convert sunlight directly to
electricity for large scale usage.
Another unconventional energy source is windpower. Winds result from the uneven heating of the
earth's surface by the sun. As the warmer air rises it is
replaced by cooler air. Depending on the local
conditions and geography this atmospheric circulation
may be sufficient to drive wind machines which, in
turn, can generate wind power. Individual power
centers may be established to pump water or produce
energy for other purposes-or giant wind farms
designed to contribute on a large scale to our
ever-increasing demands for energy.
Climate information can also be used to design wind
and solar devices to optimize energy use by buildings.
The provision of shelter is necessary for human
survival as are requirements for food and water. In
ancient cultures, the temperature, wind, rain and sun
were direct contributors to shelter design. Western
civilization has made technological advances in the
ability to heat and cool our housing before energy
conservation became necessary. This enabled
builders to continue to construct a uniform type of
dwelling regardless of local climate factors.
Landscaping for erosion control as well as temperature
moderation is recommended. Since water
consumption is needed to produce energy to heat and
cool buildings, an added benefit of more efficient
building design is conservation of our vyater resources.
Another technology sometimes inappropriately
transferred to locations not suited by climatic limitations is the center-pivot irrigation system. Known
in western culture as the simplest fully automatic
irrigation system, it can only be implemented with
great amounts of capital investment for the equipment. This system is capable of providing high-quality
irrigation with a minimum of operator experience. It is
also capable of wasting great amounts of energy and
water, under unfavorable climate conditions .
Other areas where appropriate climatic information
can save energy is in fuel consumption and projected
requirements of peak load times by utility companies .
In agricultural practice, use of energy for frost
protection can be minimized with adequate climate
data disseminated to the crop managers.
6
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Photograph courtesy of Cheyenne Community Solar Greenhouse,
Cheyenne, Wyoming .

Photograph by Brooks Mariner, University of Wyoming

Use of Climate Information to Plan More Efficient Cities

EFFLUENT
. ._ _ _ _ _ _ TYPES
_ _ _OF
__
_ _ _ _DISCHARGES
_ _ _ _ _ _ _ _ _ _ _. . Source: Berry, et al., 1974

Cities are growing at such a rapid rate that most of
the world's inhabitants will soon live in or near these
urban areas. The input to cities required is clean air,
clean water, food, energy and shelter. The results
of the activities within the city result in the output of
sewage, air pollution and garbage. The climate is also
modified by a city. Asphalt and concrete absorb about
3 times the sun's heat as natural vegetation. Street
canyons reflect the sunlight from building to building.
This heat, released slowly after sunset, is absorbed
and radiated many times by concrete and masonry
surfaces before it escapes into space. As a result the
nighttime temperature in a city may be 5°F to 1Q°F
warmer than in surrounding rural areas. This
phenomenon is called the "urban heat island." Heat
from the city mixes the air and together with the
changes in air flow caused by the man-made
topography causes the air to rise as it flows over the
city. This rise helps to cool the air and condense the
water vapor around the generous supply of particles
produced by automobile and industrial emissions,
which act as condensation nuclei. Resultant increases
in rainfall can cause major flooding in areas which
are paved as the impermeable surfaces promote
more rapid runoff. An increase in rainfall is also
often observed downwind from the city itself.
Other urban-induced rainfall problems are the bypassing of sewage treatment plants by runoff and
higher costs of water treatment. Industry located without knowledge of climatological factors causes high
levels of air pollution under certain climate conditions,
hazardous to health and expensive to residents who
must pay for the clean-up.
A knowledge of a particular climatology of an area
can provide critical information as to how to optimize
the cities' features to gain the largest benefits from the
climate. Cities which are presently being developed in
warmer climates can take advantage of natural breezes
by scattered and loose design of buildings, and by
trees and parks integrated into the city design for

shade and more natural airflow. Winds channeled by
hills or from water bodies can be used for cooling with
proper building design. Problems in existing cities can
be noted and avoided by planners molding the shape
of newer urban developments. Paving huge areas with
impermeable surfaces can be avoided, thus saving
residents from the disadvantages of the heat island
effect and flooding problems . Industry can use
climatological information to locate pollution
producing facilities in sites to minimize the
degradation of air quality. Trees and shelterbelts can
reduce noise and also filter air pollution. Buildings
designed for maximum thermal efficiency can
conserve energy, reducing the economic impact of
heating and cooling costs.
Use of trees In the urban center changes both the flow of air and
the dispersal of pollution. Plants can be used for abetting
gaseous, particulate and odoriferous air pollution. Significant
reductions In the concentration of pollution that reaches the
ground have been found in wooded areas established in urban
areas.
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Climate Information for the Solution of Water Supply Problems
The health and well-being of the world's human
population is critically dependent upon its water
resources; expected variability in rainfall patterns can
impose stresses leading to major health, social, and
economic problems. Nevertheless, there are many
possibilities for increasing water supplies and
decreasing demand that will bring benefits to both
developed and lesser developed nations . With a
knowledge of climatic and environmental constraints,
particular to each location, and reconsidering practices
developed in arid regions by agriculturists in ancient
times, it may be possible to balance climatic variations
with carefully planned water supplies held in reserve
for drought conditions.
A major opportunity to conserve water exists in
conventional irrigation. Reservoirs and rainwater
collection systems can retain the reserves of water
needed when drought occurs, provided water
management techniques of on-farm distribution and
drainage systems between farm fields are adequate.
Reservoirs used with proper management
techniques can sustain municipal and industrial
development, in addition to aiding the agriculturist.
Proper management techniques must include
consideration of variation in recharge of ground water
implied by rainfall climatology. Aquifers which are
more readily recharged (some can be recharged in a
few decades) should be considered for use to offset
rain supply variability, while those that require
centuries to recharge should be saved for use under
extreme climatic stress . Conservation techniques using
reservoirs must also consider whether the rainfall in
that area is sufficient to fill and maintain the catchment
devices. Rain storm climatology is essential for water
management strategy and warning for flooding and
severe weather conditions.
The total area of the world threatened by "desertification" equals the total areas of the USA, the Soviet
Union and Australia combined. There are many
Plan and cross-section of a microcatchment. Arrows indicate
direction of runoff flow. Cultivated plot (c-d) is placed at the
lowest point of the natural terrain within the catchment; its
position varies. Walls are 15-20 cm high; c-d is about 40 cm
below the catchment, holding seeping water close to the plant;
root-zone soil must be least 1.5 m deep; the a-b distance can be
less than 5 m or more than 30 m, depending on climate and
crop.

programs to halt encroaching deserts, but none have
equalled the successes of Israeli scientists and farmers
working in the Negev desert to devise techniques to
solve water shortages . In standard irrigation
techniques, as much as 90% of the water can be lost
but the Israelis devised a system of "trickle irrigation"
(see photo below right) that preserves nearly every
drop of water available for irrigation. Plastic pipes with
carefully placed holes feed water directly to the roots of
plants, dripping at precisely the rate necessary for
growth and wasting little or no water. Because of vast
reserves of brackish water beneath the desert, work
continues on developing crops that will tolerate salty
water, as well as treatment to reduce the salinity of the
water. A substitute for cattle has been made by
developing a breed of camel whose meat is palatable .
Other practices based on ancient techniques of
agriculture on land that received as little as three
inches of rain annually are being used . Microcatchments are cultivated plots surrounded by dirt
walls, and can provide enough additional water to
ensure the growth of fruit trees and forage plants.
(This method has been used in Tunisia for growing
olives since ancient times.) In light rains these plots
will provide runoff water when others will not. At the
lowest point within each rnicrocatchment, a basin is
dug about 40 cm deep and a tree is planted in it. The
basin stores the runoff and is fertilized, with the soil
surface kept loose to encourage water penetration (or
mulch may be used to decrease evaporation). Construction costs are very low (from US$5 to US$20 per
ha) and do not need channels, conduits, or terraces,
plus they can be built on almost any slope, including
level plains. A modification of microcatchment
farming is desert strip (or contour catchment). This
employs a series of terraces that shed water onto a
strip of productive soil. They may be tiered up a
hillslope, but artificial slopes can be made on level
terrain by mounding soil between the strips. The
catchment can be left in a natural state or planted with
range grasses. These methods are being tested in
Arizona, as well as Israel.

Source: National Academy of Science, More Water for Arid Lands,
(1974).
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Photograph courtesy of National Research Council, National
Academy of Sciences.

Climate and Agriculture
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Hydrologic budget estimates by C. Dancette of the probability
that the water requirements of a 75-day millet variety will be
satisfied to at least the 80% level, and a line for the 80% probability that a 90-day millet variety will be successful (- - -). The
hatched area indicates the increase in the size of the secure
zone of the 75-day millet compared with the 90-day millet.

Source: A. E. Hall, G. H. Cannell, & H. W. Lawton (ed.), Agriculture in
Semi-Arid Environments (1979) p. 114.
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Climate variability often determines the success or
failure of an agricultural crop. Adequate knowle~ge of
general climatic patterns as well as episodic events
such as floods, droughts, and frosts can mitigate the
impact of such variability. For instance, using a
hydrologic budget derived from the weather record of
Nioro Rip, Senegal, probability estimates concerning
seeding success rates of dry sown millet have
been made. The figure to the left indicates their
probability estimates of crop success rates for 2
varieties of dry sown millet.
Other useful derived climate statistics include the
probability of late or early rains, the number of days
available for plowing, and crop specific growing
degree days. Growing degree days can be used to
estimate phenological stages of crop development.
Such estimates may be necessary in sparsely
populated or extremely large areas where direct
observation is impractical. This estimate may also be
used in production forecasting models or as a proxy for
energy input. Statistics obtained from a hydrologic
budget can assist in the prediction of the value of
£allowing a field or aid in determining amounts and
timing of supplemental irrigation applications.
In Peru, applications using derived climatic parameters are already being undertaken. For instance,
real-time weather information is used to run
models which convert climatic information into
economic terms, e.g., relative crop production loss due
to drought. In this way early warning of drought
impact on agricultural production can be provided
at least 30 days prior to the beginning of the crop
harvest. This information can contribute to agricultural
production forecasts and provide a lead-time of one to
three months before the actual economic impact of
drought occurs.
·
The climate data needed to run models such as
those in Peru vary widely. Some models need only
daily temperature and precipitation. Others require
solar radiation, relative humidity, wind, pressure, soil
moisture, and many more . The detail of the
management recommendations depends on both the
quality and quantity of information available. This is
not to say that massive volumes of detailed
observations are required to make a meaningful
contribution to the management decision process.
Given a short but representative good quality period of
record for a station, statistical climate simulators can be
used to generate many more years of valid 'data' than
there are actual data available . In this way,
management recommendations concerning relatively
rare climatic events can be suggested.

CHILE

Source: Sanchez, W. A., "Agro-Meteorological Assessment Models
for Economic Planning and Rural Development in the Mantaro Valley
of Peru," Mar., 1982.
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Climate and Range Management
Attempts to improve range management techniques
must be accomplished with due consideration of the
local climate. The drought in the Sahel in West Africa
created a disaster of major proportions because of the
introduction of inappropriate technology, which
affected cultural practices of range management that
had prevailed for centuries. Water from deep wells
changed the life style of the nomadic people, causing
them to settle on marginal lands to raise crops. The
number of cattle increased and the utilization of
the open range was forsaken. When the drought
developed the wells dried up, 100,000 people and 40%
of the 25 million cattle were lost.
As the variability of climate is more extreme in dry
climates, a detailed knowledge of and respect for past
climatological events is a large factor in planning for
the safety and quality of dry land agriculture. Other
practices such as cover crops to hold moisture and
reduce wind erosion, rotational crop £allowing,
legume cover crops to improve soil nutrients and
windbreaks are some possible improvements. One
system for arid land management is the replacement
of cattle by other, more suitable livestock for arid
tropical areas, as in Kenya where one large ranch has
substituted the Thomson's gazelle as a source of meat
and hides. Indigenous to the region, gazelles are
economical in the use of water and highly resistant to
local diseases and pests. The impact of the gazelles
on forage is minimal, and they may prove to be a
competitor to the cow.

Cattle requirements for water are great (approximately 10-15 gallons per day per animal) . Adequate
retention ·of water in stock ponds is, therefore, ·
essential. These ponds require high intensity rainstorms to deliver sufficient water that is not absorbed
by the soil, to be replenished. Herds located in areas
not likely to receive enough rainfall of adequate
intensity can be moved, if the appropriate climate
information is available to the herd manager.
Other types of management problems also involve
the use of climate information; that is, pest populations and most animal diseases are climate dependent, and are ~particularly affected by temperature,
relative humidity and precipitation . Climate changes,
as well as the age of the animal, affect its susceptibility to pests and diseases . Breeding and
reproduction are adversely affected by high temperatures as the natural growth of the animal is retarded. This can result in the delay of sexual maturity and a decline in the fertility of mature animals.
Shade is also vital to the dairy farmer's animals . In
one case 700 dairy cattle died during a heat wave,
due to high temperatures accompanied by high
humidity. Where adequate shade was provided,
mortality was decreased by 33 %; of the surviving
cattle, production losses were reduced by 50%.
The diagram below shows the results of a disease
control campaign and the impact of a human induced imbalance in the food/energy /resource cycle.

Generalized diagram of fluctuations in cattle numbers and pasture after disease control
campaign (after J. Swift, 1974) 1. Herds at carrying capacity (c.c.). 2. Animals weakened
by food shortage and susceptible to disease. 3. Disease outbreak. High mortality.
4. End of disease. All animals vaccinated to prevent further outbreaks. 5. Herds below
c.c. grow quickly. 6. Herds greatly exceeding c.c. 7. Pasture exhaustion. High mortality.
8. Same cycle as before the disease campaign but with wider fluctuation.
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Source: Proceedings, World Climate Conference, WMO #537, Geneva (February, 1979}.
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Ecology and Climate
The Aspen Institute publication, "Food and Climate
Review in 1979," described a project in Rwanda
initially supported by German technology and funding
and gradually taken over by the local authorities (see
below). The publication also points out that in Africa
trees grow better than crops; that is why they are the
natural vegetation. They go on to say, "We also begin
to understand that most of our problems with plant
diseases and insect attacks stem from disequalibria
created by this destruction (of the forests) , which has
led to the dominance of one species over the other."

"Eco..Fanning" in the 'fiopical
Highlands ofRwanda
An interesting project in Rwanda deserves
presentation in greater detail because of its conceptual
contribution to the future of agriculture in the tropics.
This German-aided project, situated in the southeast
of Rwanda, is the first attempt in Africa to make
systematic use of all mutually reinforcing beneficial
effects of ecological adjustment, with the aim of
achieving highly productive farming systems with
a minimum input use. This concept is called
"Eco-Farming" by its initiator, Prof. Kurt Egger
of the University of Heidelberg.
The project area is hilly with an altitude of 1,200 to
1,800 meters and an average rainfall of about 1,500 mm
in two seasons. Population densities exceed 200/km2 in
many areas and average farm sizes have been reduced
to about one hectare. As a result many hills, the
majority of which have slopes exceeding 25 percent,
have become eroded from cultivation and are now
only usable as occasional pasture by cattle and sheep.
The project started out as a dairy scheme (taken over
from an FAO project) with its main components the
improvement of animal fodder basis and animal
health, and the organization of milk collection and
processing. It was soon found out that more than this
had to be done if the declining resource base for the
growing population was to be improved, and this
proved to be the start of the "Eco-Farming" concept.
This new approach is still in its infancy. After two
years of implementation (in May 1977) the project had
achieved the following first results: 1) 133 tree
nurseries established, sufficient for 1000 ha of annual
re afforestation; 2) 350 ha of hills planted with tree
mixtures (no pure stands); 3) about 500,000 fruit trees
distributed; 4) increase of daily milk supply from 430
litres to 4,500 litres; 5) nine model fields and three
model farms established for demonstrations; 6) 1,100
km of anti-erosion bunds built, protecting about 1,600
ha of cultivated area.
Surrounding farmers can be seen busy adopting the
new model with success and are advised by the project
staff. Yields of crops are exceptional and in striking

contrast to the surrounding area. Although the project
is still young, with accompanying research and
training programs just developing, a few preliminary
lessons can be learned:
1) Local populations can be mobilized for this kind
of approach, provided that the project can
demonstrate convincing solutions to their felt needs .
2) Anti-erosion measures without simultaneous
improvement of agriculture fail to convince people and
often result in neglect and decay of anti-erosion works,
as many projects of this type amply demonstrate . The
same people who neglected anti-erosion structures
created for them.in the past, now construct the new
bunds voluntarily, since the idea is presented to them
as part of a new farming system.
3) Regeneration of soil fertility in eroded areas
through adapted vegetation, without the use of
fertilizers, is possible, provided that there is no
inherent scarcity of nutrients resulting from parent
rock formation.
4) Fifty percent of leguminous fallow in the rotation
seems adequate to permit maintenance of soil fertility
under permanent cropping, and provide sufficient
nitrogen (so that additional nitrogen fertilization
shows no significant response). This observation has
to be verified in other zones.
5) Local varieties are often better than their
reputation. Owing to their wider genetic spread they
are capable of adapting better to (moisture and other)
stresses during the growing period. In the project local
beans outyielded improved beans supplied by the
research stations.
6) Farmers readily adopt techniques based on a
conscious upgrading of their traditional farming
practices as it leads them to understand the
innovation. As soon as they see the proof in a
convincing demonstration, they are prepared to adopt
them. This finding has important bearing on future
extension methods and approaches .
7) In ecologically adapted farming systems, the
classical separation between cropping, pasture, and
forest area gives way to a park landscape with partial
tree and bush cover, all forming part of a highly
productive ecosystem.
The project has succeeded in provoking the
government's interest in the new approach; the
government now wants to spread it to other parts of
the country. In a second stage a systematic
accompanying research effort is needed to study
further crop and plant combinations and their effect on
productivity of the soil/plant system. 0

11

A Microprocessor System for Climate Data Management
Microcomputer technology in the early 1980's has an
amazing set of features. The electronic components are
becoming better and more dependable, the computer
programs are becoming more versatile and easier to
use, and the prices are decreasing, As a consequence,
a system which can represent an excellent initial step
to introduce a country or agency to automatic data
acquisition, processing, archival and dissemination
can be obtained for about $10,000 U.S., as shown
below. Data can arrive by mail and be keyed in
manually, or it can be keyed via telephone pad directly
into the computer from remote stations, or it can be
polled automatically by the computer from
observation sites ranging from single rain-gages (at
about $1,000 each site) to complete sites which
measure wind, rain, air temperature, sunshine and
wetness (at about $7,000 each site). Optional extra
items such as relative humidity and stream flow can
easily be added. Not only can such a system be used
for many extremely useful processing and graphics
purposes, but it can also be used to communicate with
other such systems. For example, it can be used as a
terminal to access and/or process large data banks
which might reside on large, centralized systems such
as those in Niamey, Niger and at the Belgian Climate
Data Center (see WMO Bulletin 29).
A microprocessing system like the one shown below
is being developed to produce demonstrations during

Manual Observation
Sent by telephone to
the Computer-Touchtone
Pads $100 US (each)

Automatic Rain Gage
with Communications
$1,000 US (each)

'

the calendar year of 1983 at several places around the
world. It is described in more detail in WMO
publication WCP-25, September 1982.
Computer simulation models to be shown include a
water basin management system with a state-ofthe-art hydrology model which considers land use
practices as well as the climatology and geomorphic
features of the basin. Reservoirs, ponds, stream flow,
soil moisture, leaf area index and erosion all respond
explicitly to weather input variables. Crop yield
models with irrigation components also form part of
this system.
Data procesSing programs which are used to
provide regular monthly climate summaries with
associated graphics packages are also available . One
management feature will be programs for use in
evaluating alternative management strategies based
on past and current knowledge and data sets.
Not only can microprocessors be used to calculate
the best irrigation strategy for a particular situation,
but they can be used, as is done in some parts of Israel,
to open and close the valves and pumps on the
mechanical irrigation system itself.
All these modeling and decision making features
require an adequate data bank for their
implementation. The particulars of such an archive
have been discussed earlier in this brochure .

Complete Automatic
Weather Station with
Power & Communications
/
$7,000 US (each)

$10,000 (US) MICROPROCESSOR SYSTEM
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Remote Sensing Provides Critical Information

Southern California, May 2, 1975. Published in SCIENTIFIC
AMERICAN, Sept. 1976 Courtesy, IBM, Fed. Systems Div.

Calor enhanced satellite composite pictures such as
the ones shown on this page provide detailed
information on vegetative stress over a large area. This
type of data became available to microprocessors by
means of telephone linkages to large, central
computers in the USA early in 1983. World wide
dissemination will no doubt follow. From a climate
point of view, vegetative stress in an area implies a
recent history of dry and possibly hot weather. Lack of
stress implies adequate rain and temperature
conditions. Such information is critical both to
irrigation and stock management decisions as well as
for longer term economic planning.
Other remote sensing systems such as digital radar
can be polled by the illustrated microprocessor system
to show radar rainfall patterns with a space time
resolution of 15 square miles and 30 minutes. Such
a system is currently being tested for use in real
time reservoir management with respect to flash
flood prevention.
Above is a special computer-enhanced satellite
image of a scene in the Imperial Valley in southern
California; the dark, seemingly jagged line running
diagonally across the picture is an irrigation canal
along the border between the U.S. and Mexico. The
image was made by researchers in the Federal Systems
Division of the International Business Machines
Corporation who are working under contract with the
National Aeronautics and Space Administration on the
development of a digital-processing technique for
generating precisely corrected false-calor composite
images from data obtained by the multispectral

Image Courtesy of C. J. Tucker, Earth Resources Branch , NASN
Goddard Space Flight Center, Greenbelt, MD.

scanning system on the LANDSAT earth-resources
satellites. Healthy vegetation is shown in red.
Differences in patterns of land ownership and other
agricultural practices are evident in this particular
view, made from data obtained by LANDSAT 2 in
May, 1975, from an altitude of 570 miles. Above
right is a similar photo of the Senegalese Sahel. The
image was obtained at 1430 hours on 03-Sept.-81 from
NOAA-7's advanced very high resolution radiometer
(AVHRR).
This brochure has shown that climate data are
critical to the solution of many of the problems critical
to human societies. We have indicated that once the
climate sensitive problems are known and their value
assigned, technology exists to:
i) design the best observation network,
ii) acquire, process and archive the data,
iii) assess the climatic impacts,
iv) assess policy and decision responses to current
situations,
v) examine scenarios of possible futures for
purposes of evolving and evaluating alternate
management plans, and
vi) disseminate the results rapidly using computer
graphics.

SORGHUM
GENERALIZED AGRO-CLIMATIC SUITABILITY ASSESSMENT FOR RAINFED PRODUCTION
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NOTE: THE ASSESSMENT IS FOR RAINFED PRODUCTION ONLY. A SEPARATE ASSESSMENT IS NECESSARY FOR IRRIGATED PRODUCTION.

Source: World Soil Resources Report, Food and Agriculture Organization of the United Nations: Report on the Agro~Ecological Zones Project,
Vol. 1, Methodology and Results for Africa. (1978)

References for source material can be obtained from the World Climate Programme Department,
World Meteorological Organization, Case Postale No. 5, CH-1211, Geneva 20 Switzerland.

