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FLASH: Response Farming Enters Computer Age

In effect, this book is a 20-year progress report on the
state of development of a new approach to farming in
highly variable rainfall zones. Termed Response Farm-
ing, the approach depends on a seasonal rainfall predic-
tion at the start of each new rainfall/cropping season,
coupled with advice on modifying cropping systems/prac-
tices in accordance with the predicted rainfall and rainy
season characteristics.

But developments at this moment are accelerating,
largely due to completion of programming of the initial
version of a new computer software package for special-
ized analyses of rainfall records and other weather para-
meters. Collaboration between me and programmer Mi-
chael Adams began in June 1987. On February 12, 1988,
this manuscript first went to the printer. The next day
Michael delivered the new computer program. Two days
later | embarked for a month's consulting in Jordan, at the
behest ot the USAID Mission in Amman. My assignment
was to initiate Response Farming research within the

USAID funded Jordan Highlands Agricultural Develop-
ment Project (JHADP).

With the aid of the new program, the analyses completed
in just 26 days were equivalent to all of the analyses
presented in this book. Further, the new line of research
was begun not only in the JHAGP, but was also intro-
duced to researchers in the German (GTZ) Zarga River
Basin Project, the Australian Dryland Farming Project,
the University of Jordan and the Jordan University of
Science and Technology.

The computer program still requires written documenta-
tion and an instruction manual, so is not ready for wide-
spread distribution just yet. Just the same, this advance
clearly marks the end of the slow development era and
the beginning of the rapid development phase. | believe
the outlook is very promising indeed.

lan Stewart



A SMALL RAINFALL FABLE

Accepting that seasonal rainfall prediction is not pres-
ently very precise, the question is how much precision
can be attained, and how valuable is that to the farmer?
To assist in putting this question into a farmer's perspec-
tive, let us play a quick little game.

Imagine you farm a block ot land which is irrigated by
permanent sprinklers covering the entire area. Like rain-
fall, they are either on or off and all water received is
evenly distributed. Each year your watermaster gives
you either one unit of water, or two units or three units,
with no advance information as to which it is to be. When
you ask for information he replies that he also does not

know. He simply turns on the tap according to what
comes down his main pipeline.

As the years pass you find this situation to be quite
frustrating because there are important differences be-
tween the ways you would proceed with one, two or three
units of water supply, if only you knew which to expect.
Wnen you plead with him once more, he says “Look, all |
know myself at the start of 2ach year is one of two things:
I know you will get one or two units but not three, or |
know you will get two or threz units but not one. Now,
how important is that?"
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SECTION | - INTRODUCTION

CHAPTER 1
Initial Words on Respconse Farming and the Focus of the Book

Response farming focuses on water, and on farm
management with respect to water. The concept is that
improved infcrmation about water supply prospects, and
about expected impacts of alternative actions which
might be taken, will equip farmers to more closely meet
their goals. This information is required by all farmers
everywhere, but the writer believes the greatest need at
this time is in rainfed agriculture - specifically in semiarid
areas of the developing world. Accordingly, this initial
book about response farming will address that situation.

The subject matter presented is technical by nature,
but is also inherently interesting and even exciting for all
who have i deep interest in self-help development in ag-
riculture, as well as the scientific community, and hope-
fully others. Accordingly, an attempt has been made to
present technical aspects of the subject in understand-
able graphical forms and language while maintaining
accepted scientific standards. This poses a danger of
being too technical on the one hand and not exacting
enough on the other. Or, worse, simultaneously too
boring and too racy. Let's hope otherwise.

Recent research advances have produced a new ca-
pability for coping with seasonal rainfall variability in
semiarid regions of the developing world. The resulting
methodology, termed response farming, works in two
steps. Prior to each growing season, a forecast is made
concerning expected season rainfall amount, its duration
and intensity index (amount/duration). The farmer then
modifies his pre-plant and planting time decisions so as
to maximize crop yields and returns per unit of expected
rain. A second. improved forecast, say 30 days after crop
germination, guides adjustments of fertilizer rates (up-

ward if rains are good) or plant populations (downward if
rains are poor).

The advancas have been in three types of studies:

1. Rainfall record analysis to identify suitable crop
types and cultivars for production in a given lcca-
tion, made possible by advances in research on
crop water balance mechanisms and crop water
production functions.

2. Prediction of season rainfall characteristics to pro-
vide pre-plant and planting time guidance to farm
aecisions as above.

3. Simuwation modeliing of impacts on crop water use
and yield (i.e., crop water balances and water pro-
duction functions), caused by modifying practices --
notably fertilizer rates and plant populations.

The most recent and more unique portion of the re-
search is that on prediction of season rainfall characteris-
tics. The approach to prediction was evolved in Kenya in
1980 and was not tested outside of Kenya until 1985. For
most readers this will be the initial introduction to this part
of the research and to the package termed response
farming. On the other hand, research by the author and
colleagues on crop water requirements, water balances
and water production functions began in 1967, and a
number of publications on these topics are listed in Ap-
pendices C and D. Mt is for this reason that the book con-
centrates largely on rainfali prediction research, with ex-
amples from 20 locations in eleven countries of North
Arnerica, the Near East, East and West Africa and the
Asian Subcontinent.



CHAPTER 2

A Looming Crisis in the Developing World

Declining Per Capita Food Production and Quality of
Life in Developing Countries

Presently. some developing countries are in crisis,
with inadeguate food production and declining quality of
life. Additional countries appear to be headed the same
direction. Many ideas have been advanced about the
nature of the problem, its causes and possible solutions.
And clearly, in different locations different factors are
dominant. It is not the province of this book to debate
these issues. Instead, some aspects of the overall prob-
lem will be presented which are addressable to some
degree by the response farming approach.

The writer believes the crisis situation, both presently
and in the near future, is rooted in the unprecedented
rates of population expansion we are experiencing. It is
not that the world has too many people per se, but that we
are unable to provide adequately for the present doubling
of the world population every 25 years or so. A few
relevant points follow:

1. The great majority of all people are in the develop-
ing countries, and most farm for a living with rainfall
as their sole water supply.

2. The families are large and the farms are very small.

3. Cash resources and/or credit are extremely limited
and often nonexistent, however worthy the pur-
pose.

4. Population increases, like present populations, are
mostly in the rural areas, placing extreme pressure
on the land in two ways. First, population per unit of
land is swelling in established agricultural commu-
nities, resulting in ever increasing demand for
greater production per hectare just to maintain
present standards, however low. Secondly, waves
of migrants are moving into ever drier regions.
These are the recurrent drought zones where, para-
doxically, each new wave establishes a poorer
farming community than the last, and simuliane-
ously removes the best available grazing lands
from pastoral peoples and their animals - a double
tragedy.

The Food Crisis of the Sixties and the Green Revolu-
tion

The last major food crisis was met and conquered by
the Green Revolution of the 1960s, which returned India
from the brink of starvation and prevented a number of

other countries from reaching that point. That success is
commonly credited to visicnary strides in plant genetics,
and the creditis well deserved. However, to successfully
meet the new chalienge, it is essential that we acknow!-
edge some additional truths about the old one.

The green revolution was made possible by three key
aspects rather than one. These are:

1. Genetic advances, primarily in the basic food
grains.

2. Widespread irrigation development which assured
that water shortages would not limit yields of the
improved plants.

3. Massive infusions of chemical fertilizers as well as
herbicides, pesticides, etc., required to attain high
yields, but which previously were not cost effective
due to the lack of an assured water supply.

Post Green Revolution Developments

The Sahelian zone of West Africa has suffered dimin-
ished food production on a per capita basis since the
early 1970s.  Although exacerbated by populatior,
growth, there is also a physical reason (documented here
in the West Africa portion of the Technical Section).
Rainfall throughout the region declined dramatically in
1971 and has not since returned (o earlier levels.

Ethiopia starved in 1984 and is presently plunging
back into the same situation with the failure of the 1987
rains. Lack of rain in Ethiopia threatens Egypt too, be-
cause water levels in Lake Nasser behind the great
Aswan Dam essentially depend on flows in the Blue Nile.
India once more is reeling under severe and widespread
drought conditions, but for the present has ample food
stocks. However, farsighted leaders fear for the future
because nearly all waters available for irrigated agricul-
ture are now developed.

There is hope in Airica and India and elsewhere for a
second green revolution. This hope is nurtured by stun-
ning advances in bioscience since the sixties. Plant
geneticists are now heavily invested in the promising new
realm of biotechnology. Genetic changes can now he
greaily speeded up, and even engineered to order.

Priorities for the Second Green Revolution

Qut on the land the problem of water supply remains
since the new green revolution is required in rainfed
areas where irrigation can play little if any role. No one



foresees genetic changes which can bring about high
crop yields in low rainfall years. And no one shows
willingness to underwrite the costs of inputs such as
fertilizers which would enable high yields in high rainfall
years, but would be wasted in iow rainfall years. Thus,
the genetic promise for the needed second green revolu-
tion may be stymied. This poses a major danger to those
countries which are most in need.

In the crisis of the sixties, we understood how to

handle the water and soil fertility constraints. Therefore,
the green revolution became a success when the appli-
cation of new concepts in plant breeding overcame the
genetic constraint. For the crisis presently looming, we
basically understand how to handle the genetic and fertil-
ity constraints. However, it is the writer's belief that the
second green revolution will succeed only when new
concepts are employed to overcome the water con-
straint.



SECTION 1I-A -- TECHNICAL
VARIABLE RAINFALL AND RESPONSE FARMING

CHAPTER 3
The Water Constraint in Low Resource Agriculture in Semiarid Areas

General Comments on the Water Constraint

Recent adv.nces in our understanding of rainfall as a
resource in crop production have shed light on two facets
of the water constraint - its nature and the requirements
for successful management within its corifines. The bad
news is that the water constraint is far more complex thar:
acase of too little rainfall. This is reflected in present crop
yields and returns which are far below the levels that
actual rainfall amounts could support - even in semiarid
areas.

The good news is that today we possess the needed
historical records, research tcols and computing power to
sort through the complexity and give farmers the informa-
tion they need to greatly increase their yields and returns
per unit of rainfall received. Additional good news is that
the information farmers require is simple - simple in its
content, simple to transmit to both farm advisers and
farmers, and simple for the latter to absorb and apply.

Identifying and Defining Agriculturally Relevant
Rainfall/Cropping Season Parameters

The water constraint is rooted in the variability and
unpredictability of seasonal rainfali characteristics. Rain-
fall amount is the parameter usually discussed, but when
crop production is the goal, it is useful to divide rainfall
amount into two component parameters. These are sea-
son duration and intensity. Duration is defined as the
number of days from onset of the rains to the final rain
date. Intensity (actually an intensity index) is the average
rainfall per day - amount divided by duration. With these
definitions, one sees that season rainfall amount is he
product of duration times the intensity index.

For clarity, definitions are also required for season
itself, and for the date of onset and final rain date. Fur-
thermore, the definitions must be fitted to the purpose of
the analysis. For example, when a rainfall record is
evaluated for overall crop production potential, the sea-
son (each year separately) is the period of time which
begins on the date of onset and ends on the final rain
date. When the analysis is for production of a specified
crop(s), the seasoin begins either on the date of onset of
the rains or the crop germination date, whichever is later,
and ends on the final rain date or crop maturation date,
whichever is earlier.

The definition applied to date of onset of the rains may
change with the purpose of the analysis and with local-
ized agricultural realities, but in all cases will be based on
early season rainfall requirements to safely launch a new
crop. In most cases the definition will specify a minimum

amount of rainfall stored in the surface soil as the signal
for onset. A simpler definition, suitable in some circum-
stances, would say that onset occurs when total rainfall
reaches or exceeds a specified amount within a specified
number of days. With these definitions or others, the
purpose is always to insure that, as of the date of onset,
there is sufficient water in the soil to germinate the seed
of the crop in question and maintain the new seedlings
until further rains are assured (with a high level of proba-
bility).

The definition of final rain date also may change to
meet particular needs and circumstances, but must al-
ways satisfy the same production-related criterion. The
final rain date denotes the last rainfal: to effectively aug-
ment the crop water supply. An exarnple might be the
last rain in excess of one millimeter prior to a specified
ending date. Another might be the date when, adding
backwards in time from a specified ending date, total
rainfall equals or exceeds 10 mm. The latter example
would prevent misunderstanding in the situation where
rainfall essentially ceases very early, but ineffective small
showers occur perhaps a month later, toward the usual
time the season ends.

Variability in Rainfall Season Parameters

The five key factors which characterize a rainfall sea-
son for crop production have been identified as the onset
and final rain dates, rainfall amount, duration and inten-
sity. Let us begin with rainfall amount since that has been
the focus of the majority of published studies. It should
be noted that most analyses deal only with total annual
rainfall - its variability and probabilities of attaining sgeci-
fied amounts. Often such figures bear little relevance to
the season rainfall enjoyed by crops in the locality. Here,
the discussion will be confined to cropping season rain-
fall.

Season rainfall amount is notoriously variable in most
locations in the world. Typically, it may range from a low
around 1/3 of the long term mean to a high of appruxi-
mately double the mean. Thus, many rainfall records
show that the wettest season may produce about six
times as much rainfall as the driest season. Variation of
this magnitude is both dJaunting and confusing to farmers
whose very lives depend on their making rational deci-
sions about types of crops to be planted, levels of inputs
to purchase and specific practices to follow.

However, the great variability in rainfall amount is
divided - often something like 50-50 - between its two
component parameters, which are season duration and



intensity. With reference to the latter, the highest aver-
age rainfall per day in ary season in the record is often
found to be approximately three times the lowest average
rainfall per day, roughly half of the variability found in
rainfall amount.  Similarly, the duration of the shortest
season in the record is often only half or even less that of
the longest season, accounting for the rest of the variabil-
ity in rainfall amount.

The remaining parameters which describe a rainfall/
cropping season are the date of onset and the final rain
date. The date of onsat is of particular interest for two
reasons. The first is that (by definition) it occurs at the
start of the season, before on-farm decisions must be
finalized. The second is that it is highly variable, and
therefore potentially a predictor cf rainfall amount, dura-
tion and/or intensity, all of which occur iater. If S0, it may
serve to guide farming decisions for the season at hand.
Detailed discussion of the nature, accuracy and useful-
ness of predictions based on date of onset will follow in
appropriate sections.

Typically, the date of onset varies over aiime period of
approximately half the maximum duration of the season.
An example might be a monsoonal area in which onsat
¢an occur at any time in the first two months of a possible
four month season. In a Mediterranean area, onset may
vary over the first four months of a possible eight month
rainfall season. If, for the sake of ilustration, we assume
the rains stop (final rain date) on the same date every
year, then the duration of the monsoon season in our
example would vary from about 60 to 120 days, while the
Mediterranean season duration would vary from 120 to
240 days. And every bit of the variation in both cases
would be explained (in fact caused) by variation in the
date of onset.

The truth is somewhat different from the above, be-
cause there is also variation from one year to another in
the final rain date. This causes season duration to be de-
pendent on both the date of onset and the final rain date.
But variability of the final rain date is generally over far
less a time period than that of the date of onset. In
practical terms this means that variation in the dale of
onset explains most, but not all, variation in season dura-

tion. More on prediction later.
The True Nature of the Water Constraint

It was stuted earlier that the water constraint is rooted
in seasonal rainfall variability and unpredictability. The
nature and degree of the variability has just been dis-
cussed. Predictability is next, but first it is time to clarify
the real nature of the water constraint in semiarid rainfed
agricullure.

The tremendous variability means recurrent drought,
with increasing frequency as one moves to lower rainfall
zones. It is important to note there are also many fair,
good and, infrequently, even excellent rainfall seasons in
these same zones. But no one knows when to expect
which kind of season, i.e..predictability is nil at present.
Thus the risk of failure, certainly of the more desired
crops, is high, occurring, say, four or even five seasonsin
ter on average. And the risk is unavoidable, locked in so
to speak, by the inability to predict.

The result is extreme zaution on everyone'’s part - not
only the farmer, but his advisors who assist in formulating
his strategy, and also would-be creditors who could fund
the purchase of inputs to reach higher yield levels in
better rainfall seasons. They do not do so; their money
would be lost too often with virtually no hope of repay-
ment.

The inevitable consequence of these circumstances is
what the writer terms “1-ton agriculture”. This means the
average seasonal produciion of basic food grain crops
rides along somewhere below, but approaching, one
metric ton per hectare (892 Ib/ac). This yield level is set
not by shortage of water, but instead by the natural re-
generation rate of soil fertility - in the absence of chemical
fertilizer. The irony of this is that in virtually any rainfall
zone where farmers can survive at all, these yield levels
are far beiow the potential set by the average rainfall.

The inherent core of this scenario is incessant poverty
laced with periods of famine. With increasing population
in these areas we may exr .t still worse. Unfortunately,
this is not a bad dream, k. 15 the actual situation on an
ever broadening scale.



CHAPTER 4
Response Farming: The Proposed Intervention

The General Apnroach and Notes on Usefulness

Two approaches to overcoming ihe water constraint
present themselves. The more obvious one is to take
control of the water supply and dispense it through irriga-
tion schemes, tut thet is ruled out for this discussion.
The remaining alternative is prediction of expected rain-
fall betiavior, season by season, coupled with responsive
management of the cropping system. The overall goal is
to maximize crop yields and returns per unit of rainfall
ieceived. Considering the Jifferent farm activities re-
quired to achieve this, it is more useful to express the
goal in two parts. The first is to maximize the fraction of
total rainfall actually used by crops - termed
evapotranspiration - or, conversely, to minimize the frac-
tion wasted. Secondly, we wish to maximize crop yields
and returns per unit of water evapotranspired.

When ii: place in the field, the response farming pro-
grani is essentially an information program, providing lo-
calized information about expected rainfall behavior in
the approaching season and about how best to proceed
ir *he light of the rainfall forecast. The latter information
will be offered at two levels. The first is a generalized
ievel which simply points the directions decisions should
take. Experienced farmers will already possess this
knowledge. The second level of information will be in the
form of detailed recommendations for decision making
on all relevant (water supply related) questions for pro-
duction of specific crops important to the locality. The
new recommendations will resemble those made today
and will flow from the same research sources. The
difference is they will not be the same every season as if
average rainfall prevailed. Instead, they will be modified
each season in accordance with actual rainfall expecta-
tions.

No suggestion is intended that the forecasting system
will achieve perfection. The expectation is that *1e fore-
casts will be sufficiently accurate to reduce the economic
and basic food supply production risks to levels accepted
in more dependable water supply areas. The effect
should be improved decision making o:1 both ends of the
rainfall scale. In better rainfall seasons, credit for pur-
chasing inf.uts can be injected into the system with a high
degree of confidence. This will enable the higher yields
and returns required to break the poverty syndrome and
provide the cushion needed for low rainfall seasons. And
when low rainfall is anticipated, concentration can be
focused on assuring the family food supply with minimum
cost and risk.

In addition to serving farmers, information developed
using this methodology can benefit other progranis as
weil. Examples include:

1. Early warning and crop yield forecasting for national
tood planning/food security programs.

2. Detection and warning of heightened threats of
flooding and/or soil erosion.

3. Crop insurance programs.

4. Plaaning for and controlling hydropower genera-
tion.

Respouse Farming Origins aiid Research Aspects

It was at the University of California at Davis (UCD),
from 1966 to 1977, that the writer and colleagues carried
out early research on crop water production functions
and crop water balance relatior:ships. These are the first
two principal components of the new methodology.

However, Kenya is where the response farming pack-
age came together. Inlate 1977 the writer joined the U.S.
Department of Agriculture to extend the UCD research
into the low resource, rainfed agricultural sett:ng of the re-
current drought zones of eastern Kenya. The project
continued through 1983, sponsored by the U.S. Agency
for International Develcpment and the Government of
Kenya, the latter represented by the Kenya Agricultural
Research Institute.

There, in research aimed at development of optimal
cropping systems for ditferent rainfall zones, it became
evident that no single system could be optimal, or even
nearly so, in the highly variable rainfall conditions en-
countered from year to year at any particular location.
This realization led to a search for predictability in the
rainfall records, and the concept of a flexible cropping
system governed by rainfall predictions made as early as
possible prior to each cropping season. Tnus research
into rainfall predictability, specifically for crop production
purposes, became the third research component of the
package.
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The fourth and final component of response farming
research is modelling the impacte of farmers’ manage-
ment decisions on crop water uiilization and consequent
yield. Certain management decisions have received
particular research attention because of their overriding
importance to both water use efficiency and to cost effec-
tiveness in farming. These are a. plant population
(numbers of plants per hectare!, as influenced by seed-
ing rates, row and plant spacings, and by thinning in the
early growing period, and b. chemical fertilization, which
is essential for higher yields when the rains warrant the
investment - but wastes precious capital and sometimes
may ac:ually harm crop yields when rains are poor and
the best possible minimal yields are desperately required
for survival of the farmer and his family.

Bott: plant population and fertilization lend themselvas
to manipulation to conferm with actual rainfall conditicns
eariy in the growing cycle, szy 30 days after germination.
For example, plant numbers can be reduced if rains are
found to be in the lower part of the predicted range. Or
fertilizer, especially nitrogen, can be augmented ii rains
are in the upper part of the expected range. These
actions are important aspects of the response farming

strategy. Our own research and the great amount of
published literature on these topics must be modelled in
order to provide farmers, first, with rainfall predictions
and, second, with information on the most effective re-
sponses to make to those predictions. That is the es-
sence of response farming.

Veihmeyer Hall, UC Davis — Home to Waer Science section of the
Department of Land, Air and Water Resources — where research
toward the Response Farming development began in September, 1966.



CHAPTER 5
Rainfall Prediction to Guide Seasonal Farim Decisions

Prediction Requirements for Farm Development ver-
sus Seasonal Cropping Guidance

Itis the great variability in weather, both short term and
long term, which creates the incessant demand for pre-
dictive information. A key issue fer agriculture in this
regard is seasonal variability of rainfall. Both deficient
and excess rainfall periods can create serious manage-
ment problems. lIrrigation farmers are concerned be-
cause their water supplies ultimately depend on rainfall -
one of the most variable and most important weather
factors. Rainfed farmers have the same concerns, but
even more strongly and in every cropping season be-
cause they lack the water supply and flood contrel buffer-
ing features provided by irrigation developments.

Long terni rainfall probabilities are of particular interest
when agriculture is being developed in a region. Design-
ers of dams and drainage structures rely heavily on these
types of data to assure their works will withstand the
strains of all but the rarest rainfall events. Development
works on individual farms, including levelling, bench or
contour terracing, etc., for control of soil erosion or to
drain excess water or other purposes, as well as con-
struction of small irrigation dams, ponds, etc., are also
based on long term probabilities. Consrequently, calcula-
tion and publication of this type of rainfall information has
received a great deal of attention.

Development of a region for agriculture, and of individ-
ual farms in the region, is in essence a one-time activity
which must consider all the long term variability in cli-
mate. However, producing a crop on a certain field in the
current rainfall season raises a host of different consid-
erations.  More precise information about expected
weather, rainfall in particular, would be extremely helpful
to the farmer at the start of the season and in the early
part of the season when basic decisions are being made.

The problern is this: Long term rainfali probabilities do
not satisfactorily address farmers’ questions about how
to maximize production and returns per unit of rainfall in
the approaching season.

One reason is that long term prohabilities, by their
nature, cover all rainfall contingencies. As noted earlier,
seasonal rainfall amounts typically range from as great
as two times normal to as little as 1/3 normal. Rainfall
which is near twice normal generally poses a danger of
crop water-logging and soil erosion. Rainfall below say
60% or 70% normal means yields of crops normally
grown in the locality may be disastrously low and all
rainfall must be retained and utilized. Correct decisions
to handle these two extremes may be diametrically op-
posed.

A second reason is that long term rainfall probabilities
do not deal with variability in either the duration or aver-
age daily rainfall intensity of the season. Yet these are
critical factors when deciding which crops and cultivars to
emphasize in the season’s plantings, arid whether to
plant befere the onset of the rains or after.

Onset Relationships for the Approaching Season, to
Quantify Possible Ranges of Rainfall Behavior and
Probabilities Within the Ranges

Our knowledge of expected seasonal rainfall charac-
teristics is no longer confined to long term rainfall proba-
bilities. The discovery in 1980 that the amount of rainfall
in the coming season as well as its duration and intensity
(index) are ail linked to the date of onset of the rains(as
defined for cropping purposes) has profound practical im-
plications. It means the generally accepted dogma that,
in each new cropping season, farmers face the possibility
of a recurrence of any type of season which may have
occurred in the recorded history of the location is false.
The truth is they face only a portion of the historical range
of occurrences and that portion can be readily defined for
them as each new season approaches prior -0 their land
preparation and planting operations.

The way it works is simplicity itself. Seasons having
early onset, i.e., early with respect to the historical record
of onset dates, are of relatively longer duration and pro-
duce amounts of rainfall in the upper portion of the histori-
cal range. Late onset seasons are the opposite. They
are relatively short in duration and fall in the lower portion
of the range of rainfall amounts.

The foregoing paragraphs raise some obvious ques-
tions:

Q: Is it really so sirple? s it universally true that early
seasons are relatively longer and produce more rain-
fall than late seasons?

A: Studies of rainfall in 18 countries of Africa, Asia, the
Near East and North America all agree on the simple
linkage described between onset and season dura-
tion. In the case of rainfall amount, the linkage is
generally looser but is present in every case exam-
ined, save one. Studies by the author in Sri Lanka in
August and September, 1987 have revealed the first
exception found anywhere. The N.E. monsoon in the
dry zone (Maha llluppallama) over the 1905-85 pe-
riod has produced as much rainfall, an average, in
late (short duratior)) seasons as in early seasons.
These rains are more intense and produce more
runoff. This unusual phenomenon helps to explain
the centuries old tradition in the island of catching



runoff waters in reservoirs (village “tanks”) which is
then used to irrigate and extend the growing season.

. If this simple relationship is so widespread and so
potentially useful, why hasr't it been discovered and
applied long ago?

It has been - at least the strong dependency of
season duration on date of onset has. In the author’s
experience, the farmers of India, Jordan and West
Africa all have long traditions of changing the crops
they plant (more precisely, the crops and varieties
they emphasize in their planting) if onset of the rains
is delayed beyond certain dates. The change is from
ionger maturity crops/varieties with relatively high
water requirements to shorter term cultivars which
are less demanding and often less desired, but which
ofter more food security.

In India, both farmers and scientists have noticed the
season duration relationship and the latter have car-
ried out research with the goal of providing improved
guidance to farmers as to how to respond to late
onset conditions. However, such research nas been
severely limited by restricted availability of detailed,
long term rainfall data, and even more by the mas-
sive computational requirements of this type of study.
Today's ready access to the power of computers
makes it possible for the first time in history to organ-
ize and analyze rainfall records by the thousands, as
must be done in order to develop guidelines for indi-
vidual farming communities.

: Exactly how reliable are these onset relationships
and to what degree can they provide useful guidance
to farmers - and for what types of decision making?

The nature and accuracy of predictions we are pres-
ently capable of making forms the major part of this
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book. Detailed examples are presented for a number
of different sets of conditions in locations around the
world. These include California, the Mediterranean re-
gion, East Africa, West Africa and the Asian Subconti-
nent.

Responding to Rainfall Predictions: Alternative Farm
Management Decisions

Examples of important pre-plant and planting time

decisions which are influenced by farmers’ expectations
of rainfall amount, duration and intensity index include:

1.

Land preparation and tillage oriented toward retention
of all rainfall, e.g.,blocked, flat furrows or small basins,
versus measures to affect drainage of excess rainfall
from the land, such as sloping furrows.

. Choice of higher water requirement market or food

crops, with particularly desirable traits and large po-
tential yields, versus lower water requirement crops
which offer insurance for the family food supply.

. Choice of intercropping two or more crops in the same

field, known to be advantageous with adequate rain-
fall, versus monocropping to insure at least subsis-
tence level production if rainfall should be low.

. Planting in narrow rows with high seed and initial

fertilizer rates to maximize production with high rain-
fall, versus wide rows and reduced seed and fertilizer
rates for more assured and cost effective food produc-
tion with limited water.

. Dry planting prior to the onset of the rains, versus

planting after the soil contains sufficient water to ger-
minate and succor seedlings through possible early
season dry spells.



SECTION II-B -- TECHNICAL

Predictive Behavior of Seasonal Rainfall -- illustrative Examples Around the Globe

CHAPTER 6
Davis, California Rainfall Behavior: An Introductory Example

The 100-year rainfall record at Davis, California - the
home of WHARF and UCD - provides a fitting initial ex-
ample of rainfall behavior with respect to date of onset for
cropping purposes. Figure 1 presents 100 years of rain-
fall occurrences in a scatter diagram which, due to its ap-
pearance, is termed a “rainfall flag." This type of repre-
sentation emphasizes the importance of the date of onset
for cropping purposes - wheat production in this instance.

The date of onset is a key concept in the respense
farming methodology, because it forces the rainfall ana-
lyst and those providing guidance to farmers to pay atten-
tion to the same rainfall factors the farmer is concerned
with - the amount of crop extractable water stored in his
soil at planting time (most particularly the amount stored
in the surface soil at the time of seedling germination)
and all subsequent rainfall prior to the maturity of his
crop. Other rainfall is of no direct interest for the current
crop season.

The precise definition of the date of onset for a speci-
fied crop and locality requires some study of the local
conditions. Major considerations include soil water-hold-
ing capacity and normal depth of seed placement, the ex-
pected evaporative conditions of the atmosphere in the
planting and seedling periods, the pattern of early leafing
and water use by the particular crop, and the length of dry
spells to be expected after the initial rains - as revealed
by the detailed rainfall record.

In the Davis example, onset is defined as 30 mm (1.2
in) of water stored from the new rains in the surface soil.
Depending on the early rainfall pattern and evaporation
losses between rains, this amount of storage could ac-
crue in one day, a few days, or a longer period. This
requires a small water balance program for determination
of the date in each year of record.

Diverting for a morment, tho practical determination of
onset at the farm level will be made easy. Either a trained
advisor will announce the onset of the rains publicly
(radio, TV, tarmer meetings, etc.) or an individual may
have a device, such as a box of soil with a glass side,
marked at the level representing onset. In fact, at the
farm level, all response farming activities will be easily
implemented by uneducated farmers. This will be clari-
fied as we proceed.

The explanation of Figure 1 is somewhat lengthy be-
cause, at least for most readers, many new ideas are
being introduced at once. Subsequent examples wiil
introduce additional factors which will be readily
understandable provided the information in Figure 1
is understood. Therefore, later explanations and discus-
sions will be more brief.
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FIGURE 1

“Rainfall Flag” representation of probabilities for rainfall amounts,
wheat growth periods and average daily rainfall intensities, all as
related to date of onset of the rainy season for wheat production.
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The following 11 items explain Figure 1 in detail:

Figure 1 is a graph drawn to look something like a
drooping flag. It contains 100 circles and squares,
each representing total rainfall amount and the date
of onset for wheat production in one of the past 100
years. The triangle in the center of the flag repre-
sents the average of all years. Note that the rainfall
year in Mediterranean climates is taken to be July 1
through June 30, because rains begin in the fall, and
continue through the winter and spring of the next
year.

There are two important scales on the graph, one
upright and the other horizontal across the top. The
upright scale, which looks like the “flagpole,” shows
total annual rainiall in millimeters (mm). (To convert
to inches, an easily memorable relationship is 100
mm = 4 inches). On the upright scale we see that the
average rainfall at Davis is 435 mm (17.1 in), but
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Water Science experimental fields, UC Davis. July 1972.
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rainfall in a year has been as little as 130 mm (5.1 in)
or as much as 950 mm (37.4in).

The most impertant horizontal scale near the top is
that labelled “Date of Onset of the Wheat Season.” If
we look at that scale directly above the triangle in the
middle of the flag, itindicates that the average date of
onset is Dec 10. However, the extremes of the scale
show that onset may be as carly as Oct 16 or as late
as Feb 15. The dates of onset are divided into three
time periods each representing a third of all past
onsets. These divisions are shown on the lower
scale and by the vertical lines within the flag. The
earliest third of onsets contains 33 years of record,
the middie third 34 years and the latest third, the
remaining 33 years.

Now the “droop” in the flag takes on more meaning.
It shows that all of the rainfall seasons which started
early were in the upper part of the rainfall range while
all of the late starting years were in the lower part of
the range. In other words, a correlation exists be-
tween annual rainfall amount. and the date of onset
of rains adequate for safe planting of wheat.

The topmost scale labelled “Wheat Production Pe-
riod” shows another correlation of interest to wheat
farmers. The wheat crop will become mature ap-
proximately May 31 whether it is planted in Novem-
ber or January. But if the rains begin earlier, not only
is the growing time longer, bui, since the rainfall
expectation is greater, the yielu >xpectation is also
greater. The scale shows the number of days from
onset of the rains until May 31. The range is great,
from 228 days for onset on Oct 16 to as little as 106
days for onset on Feb 15.

Within the flag are three sloping lines labelled 4, 3 or
2 mm/day. They represent the average daily rainfall
amount from onset until May 31. This is calculated
simply by dividing total rainfall (flagpole) by the days
in the wheat production period (top scale). For ex-
ample, the average rainfall is 435mm and average
production period is 173 days (onset Deci0), result-
ing in an average intensity of 435/173 = 2.5 mm/day.

tion is not quite fair, because part of total annual
rainfall is outside of the wheat production period. In
Mediterranean climates, roughly 90% of the rain is
within the season, so the actual average intensity for
wheat at Davis is about 0.9 x 2.5= 2.25 mm/day.
Other examples in this book will deal primarily with
cropping season rainfall rather than annual rainfall.
In this first example, total annual rainfall is used
purposely so the information developed may be
compared directly to published rainfall probabilities.)

Continuing with rainfall intensities, the figure shows
that later onset seasons tend not only to have less
rainfall, but less rainfall per day. This creates still
more stress in the crop because evaporative rates,
and therefore daily water requirements of the crop,
rise sharply after February and continue rising even
while rainfall is slowing or stopping altogether.

Figure 1 may be used to look at probabilities of
annual rainfall. Since 100 years are represented, all
that is needed is to lay a ruler across the figure at any
rainfall level of interest and count the data points
above the ruler to determine the probability (%) of
getting that much rainfall o1 more. For example,
there are 46 data points above the mean line at 435
mm. The probability of getting average or above is
46%. Or, the prabability of getting less than average
is 54%. Usually rainfall averages are even more
distorted downward because they tend to be made
up from relatively more low rainfall years and fewer
high rainfall years. Therefore a more useful statistic
for assessing the agricultural potential of a location
might be the median which indicates half of the sea-
sons are higher and haif lower.

Rainfall probabilities are more directly useful when
they are related to potential for production of one ¢:
more crops of interest. This requires a knowledge of
water balance and water production function relation-
ships - in other words, a relation between rainfall and
actual crop water use, and a second relation be-
tween crop water use and yield. These arc compli-
cated topics which will receive some but not full
treatment in this book.

Meteorolagical station in Water Science experimental fields, UC Davis.
July, 1971.

(The careful reader may note that the above calcula-
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Figure 1 relates total annual rainfall to potential
wheat production. In particular, two lines are drawn
across the figure indicating that a. 696 mm of annual
rainfall will fully satisfy wheat water requirements,
and b. the crop will be an economic failure it annual
rainfall is 310 or less. These lines are only illustrative
because it is not possible to draw them definitively.
The actual values vary with many factors, a few of
which are the percentage of annual rainfall which
actually occurs in the growing season (or is stored in
the root zone), the soil depth and water holding ca-
pacity, the evaporative rates during the growing sea-
son, the price ratios between product and inputs, and
others. Still, it is useful to draw such lines provided
they are based on reasonable assumptions, because
they show the general nature of the situation if not all
the correct detail.

As an example, suppose in a given case the land is
slopii'g and, due to runoff, 800 mm of tota! raintal! is
needeo to satisfy wheat water requirements. Or, the
land is superb and only 600 mm are required. In
either case we would see in the figure that water re-
quirements are only satisfied with early onset of the
rains, and never with late onset. The same is true for
the economic crop failure point which would depend
a lot on the farmers’ circumstances as well as total
rainfall, etc. If this occurred at 400 mm or 200 mm
instead of 310 mm, the figure would still show the
nature of cur situation - which is that the probability of
failure with early onset is low, and with late onset, is
high.

Still the reader should know that the lines in Figure 1
are drawn with a considerable underpinning of actual
research data. The wheat water requirement at
Davis is 470 mm - measured for four years in the
large lysimeters at UCD by W.Q. Pruitt and J. Hat-
iield. Since only about 90% of annual rainfall is in the
wheat season, the effective requirement in Figure 1
is immediately increased to 470°.90 = 522 mm.

A second increase in the effective water requiremernit
for wheat in the figure derives from water balance
studies in rainfed agriculture in Ket,,a which indicate
that approximately 75% of season rainfall is typically
used by the crop on rolling lands like those used for
dry farmed wheat in the Davis area. Thus 522/.75 =
696 mm (27.4 in) - the rainfall figure assumed to tully
satisty wheat water requirements in Figure 1.

The economic failure line drawn at 310 mm (12.2 in)
represents a wheat yield of 2,000 kg/ha, roughly 30
bushels per acre. The water production function
assumed is as follows:

Y =1232R- 1820

where Y s the potential wheat yield, as limited
by water only, expressed in kg/
ha.
and R is annual rainfall, expressed in mm.
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This is a straight line function which indicates that
148 mm of rain (1820/12.32 = 148) is required to
begin grain production, after which each mm of rain is
associated with production of 12.32 kg/ha of wheat
until the rainfall requirement of 696 mm is reached.
Maximum potential yield assumed is approximately
6,750 kg/ha (about 100 bu/ac). As previously noted,
this function again assumes 90% of rainfall in the
wheat season, and 75% utilizatior by the crop.

Continuing to assume that 696 mm of rainfall permits
maximum yield of wheat and 310 mm marks the eco-
nomic failure level, one may now calculate rainfall
probabilities of direct interest to wheat growers in the
Davis area. To do this the range of possible rainfall
amounts is divided into four groupings.

These are:

i. Rainfall greater than 696 mm, indicating maxi-
mum yield but also possible problerns with soil
erosion or crop loss from waterlogging due to ex-
cess water.

ii. Rainfall above average, ranging up to full satis-
faction of wheat water requirements, i.e., 436-696
mm.

iii. Rainfall beiow average but above the eco-
nomic failure level (311-435 mm).

iv. Rainfall below the failure line, i.e., 310 mm or
less.

Laying a ruler across Figure 1 at rainfall levels of 696,
435 and 310mm, and counting the data points,
shows an 8% probability of maximum yield and ex-
cess water, a 38% probability of above average pro-
duction but less than maximum, a 29% probability of
below average production but still profitable, and a
25% probability of failure due to rainfall less than 311
mm. Note that the black square on the far right of
Figure 1 at a rainfall level of 360 mm has been
incluced with the failure group below 311 mm. This
was a vear when adequate onset conditions for
planting wheat never occurred.

The rainfall probabilities presented above are com-
parable to those often published, in that all years are
considered together, implying that any approaching
year (or wheat seasort) could be like any of the years
in the past, except that some conditions are more
probable than others. Figure 1, however, shows tihat
this is simgly not rue. If onset were to occur on the
earliest date in the record (Oct 16) the probabiliiies
for that particular year would be vastly difterent from
the overall probabilities. And with each day that
passes without onset after Oct 16, the probabilities
shift again -- downward, as shown in the figure. A
practical example of how this works and how better
information about rainfall expectations might be pro-
vided to farmers, will be presented in Figure 2 and
Table 1.
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walking toward large floating lysimeter where experimental wheat
harvest nears completion, UC Davis. .june, 1977.

Figure 2 first groups all 100 years together next to the
rainfall scale on the left. This is comparable to published
rainfall probabilities which now may be recognized as
simply the “flagpole,” with the informative “flag” wrapped
tightly around it. Next, in a sense, the flag is uniurled,
revealing three different rainfall ranges and three differ-
ent sets of probabilities, associated with the three onset
periods. For convenience, the different sets of probabili-
ties are displayed in Table 1. In Figure 2 it may be seen
that if onset occurs by Nov 25 (say Thanksgiving), the
probability of failure has dropped to 2/32 or just 6%,
inistead of the overall figure of 25%. And these failures
are not as dismal as failures with later onset. On the
other hand, if onset is after Dec 25 (Christmas), the
probability of a maximum crop is zero while the chance of
failure, including dismal failure, has shot up to 46%,
approaching one year in two

A farmer armed with this knowledge would want to
alter his game plan if Christmas arrived without onset of
the rains. He might wish to ferget wheat and fallow his
land, or switch to an alternative crop. If he plants wheat
he likely would reduce his seed rate and certainly should
reduce his fertilizer usage. But he would not be con-

TABLE 1 - DAVIS, CALIFORNIA, USA:

100-year ra:nfall probabilities as they relate to wheat production poten-
tial, compared (o probabilities for three aroups of years within the 100-
year record, differentiated by dates ¢i onset of the rainy period.
Derived from Figure 1.

------ PROBABILITIRS, %
YHFAT YIELD & RAINPALL(na) BIPBCTATICNS

OKSBY PERIOD TUTAL  AVERAGE RICESS  ABOVFP BELOY  BCONONIC
YEARS  RAINFALL WATER  AVERAGE AVBKAGB FAILUBK

dabes mo. _aw 950881 85436 435311 310-130

{ALL: Oct-Psbe] [100] (435} (8} {18] {29} 128}

BARLY:

to Kov 26 N 2B 15 5 21 §

KIDDLE:

27 Nov-Dee 25 i (kK 9 n 3 U

LATE:

Dec 26 Onward ) 1 ] 30 U {8

*No onset 3 years in 100 (included in failures)

Willium ©. Pruitt, Member, WHARF Professional Advisory Council,
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FIGURE 2

Davis, California: 100 years of annual rainfall, showing the
oveiall .ange of occurrences on the left, followed by three
reduced ranges -- differentiated sclely on the basis of date of
onsel for whsat production purposes. See text for discussion.
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cerned with special land preparation to assure drainage
of excess water. Rather, he would till in a manner to
catch and retain every drop of rain.

These are just a few examples to begin to illustrate the
far reaching possibilities of improving farm management
by providing farmers with the new rainfall information -
new in the sense that it embodies a higher level of
predictability than previously available, and new in its
direct linkage to production of specific crops. The follow-
ing section will amplify this approach in terms of applica-
tions in developing countries of the Mediterranean re-
gion.

Before proceeding, it may be useful to point aut that
the examples to be presented are from a number of
countries in different parts of the World. They form a
progression, with each building on what has gone before,
and each introducing new aspects of the response farm-
ing approach. Clear understanding of earlier examples
will be essential for understanding later ones. Thus a
brief recapping of the essential points about Figure 1 may
be in order. The key elements are:

1. Each datum point represents one year of rainfall his-
tory, showing the total amount of rainfall which oc-
curred, and the date of onset - the first date when con-
ditions became right for seeding and starting a crop of
wheat. The rainfall amount is shown on the vertical



scale on the left and the date of or.set is shown on the
horizontal scale at the top of the figure.

. All data points are enclosed by a boundary line, mak-
ing the whole scatter diagram look like a flag dropping
away from the vertical scale on the left, which re-
sembles the flagpole. One quickly sees that the high-
est rainfall years are near the flagpole, which means
onset was relatively early. The lowest rainfall years
are those at the drooping end of the flag, related to late
onset.

. A second horizontal scale at the top, labelled “Wheat
Production Period”, shows the number of growing
days in the season, from planting and germinatior: at
onset to physiological maturity on May 31. This shows
that early onset seasons are of longer duration than
are late onset seasons.

. Dashed lines within the flag indicate average rainfall
intensities throughout the growing season. Higher
intensities are near the top boundary of the flag and
lower intensities are in the lower part of the flag. The
intensities are easily calculated for any year, simply by
dividing rainfall amount by the number of days dura-
tion of the season. At Davis, earlier onset seasons not
only have more rainfall and longer duration, but also
higher average intensities than do late onset seasons.
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5. Figure 1 covers exactly 100 years of rainfall record so

each year equals one percent of all occurrences.
Therefore a ruler laid across the figure horizontally at
any rainfall level of interest will indicate the probability
(%) of receiving that much rain or some greater
amount. Simply count the data points above the ruler
to determine the probability. Note that the same
determination could be done with a 50-year record,
counting each year as two percent, or a 20-year record
counting each year as iive percent.

. Horizental lines across the flag suggest linkages be-

tween rainfall amounts and potential wheat yield lev-
els. The lines are based on research on a. water pro-
duction functions which relate potential crop yields to
actual crop water utilization, and b. water balance
calculations relating actual crop water utilization to
gross water supply - in this case to annual rainfall.

. Vertical lines through the flag in Figure 1 divide it into

three sets of years, based on different dates of onset.
Thus, one may view the probabilities of reaching differ-
ent wheat yield potentials separately for years with
early onset versus mid-period versus late onset years.
With the above reminders, we will now proceed to
show examples in the Mediterranean region. They
are similar to the Davis example but will introduce new
aspects.
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CHAPTER 7
Producing the Staff of Life

Wheat the Common Crop

Throughout the Near East region, rainfed agriculture is
dominant, occupying 88% of the total cultivated land in
eleven countries studied in depth by the Food and Agri-
culture Qrganization of the United Nations (FAO, 1982).
In nearly all of these countries, wheat is the principal
rainfed crop. Therefore, the majority of analyses in this
saction are made with respect to wheat production.
However, a number of other crops are discussed and
compared in connection with traditional agriculture in
Jordan.

Defining the Rainy Season for Wheat Production

As in the Davis exarple, the date of onset is defined
as the first day when accumulated soil water reaches 30
mm or more. Runoff losses are assumed to be zero, so a
30+ mm rain in one day meets the crilerion for onset.
However, if the 30 mm must be accumulated over a
period of two or more davs, then appropriate evaporation
losses are applied, making the total rainfall iequired more
than 30 ram. This requires simple water balance calcula-
tions based on kncwledge of how evaporation from the
soil surface proceeds in different wetting/drying se-
quences. Tne end of the season is taken as May 31
when wheat in the region is physiologically mature and
can no longer gainfully utilize water.

Yields of rainfed wheat in the FAO study cited above
were found to be low, less than 1.0 t/ha, and only 57% of
available cropland in the rainfed sector was being planted
in any given year. The present study develops infarma-
tion to attack both of these problems. Guidance can be
provided to farmers for reduced-risk selection among
alternative crops to plant, and for improving their levels of
inputs, particularly fertilizers, to more closely match rain-
fall levels for yield maximization per unit of water.

Rainfall Characteristics at Selected Wheat Produc-
tion Sites

Leng term daily rainfall records were obtained from
three wheat production sites which form a transect
across the Mediterranean Basin. The first record is from
Settat, Morcceo, supplied by courtesy of Dr. Darrell
Watts, Leader, USAID/INRA Dryland Agriculture Applied
Research Project. The second record is from Nicosia,
Cyprus, courtesy of the Cyprus Meteorological Depart-
ment, and the third is from Old Ammar Airport, Jordan,
courtesy of the Water Authority of Jordan. Long term
average rainfall figures for the three selected locations
are shown in Table 2 by months as well as annuaily.

It is simple coincidence that the three selected sites in
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TABLE 2

Long term mean rainfall (mm) at three selected whoal producing
locations in the Near East region, monthly and annai

JIT8S

416
356
28]

§ 44 50 68 64 67 50 45 11 3 0 0
10 26 35 75 69 43 36 20 18 1t 2 §
6 30 52 66 57 52 16 4 0 0 0

Settat
Nicosia
Anagn 0

Table 2 decline in normal rainfall amount as one pro-
ceeds from Morocco in the west to Jordan in the east.
Different selections might reverse or change this order.
However, it is of direct interest to note that rainfall in the
main part of the rainy season (Dec, Jan, Feb, Mar) is
nearly equal at all three sites, being 249, 228 and 227
mmi respectively. Thus there is a decline in both early and
late rainfall as one proceeds from west to east.

The analyses to be presented incorporate the follow-
ing definitions:
1. The wheat production period is the number of days
from onset through May 31.

2. The duration of the rainy period is the number of days
from onset to the last date before June1 when rainfall
equals or exceeds 1.0 mm.

3. Wheat season rainfall amount is the total from onset
(including accumulated soil water on the date of ONs&t)
to the last rainfall before June 1.

4. Wheat season rainfall intensity is the average amount
of rainfall per day in the wheat production period. ltis
determined by dividing wheat season rainfall amoun
(3 above) by days in the wheat production period (1
above).

Figures 3, 4 and 5 show *rainfall flags” trom Morocco,
Cyprus and Jordan respectively, similar in nature to the
example from Davis, California /Figure 1). An important
difference is that the vertical scale has been changed
from total annual rainfall to total wheat season rainfall,
excluding rainfall before onset and following wheat matu-
ration.

Changes have also been made in the rainfall levels
which correspond to wheat yi=ld levels of greatest inter-
est. Horizontal lines in Figures 3, 4 and 5 are drawn at
205 mm, 335 mm and 625 mm. These lines separate the
rainfall scale into four categories which are explained on
the right sice of the figures. For example, the lowest
category termed “subsistence failure” refers to rainfall
levels below 205 mm and wheat yields ot 300 kg/ha or



less. The reader will recognize that judgement is in-
volved in the selection of these numbers. They are based
on 9 years of published rainfall and wheat yield data for
several Districts of Amman, Irbid and Balga Governo-
rates of Jordan, and on the local perception that 300 kg/
ha or less constitutes failure. It should be noted also this
relates to production without the use of commercial fertil-
izers, herbicides or other such inputs.

The higher rainfall categories with separations at 625
and 335 mm refer to commercial wheat production using
fertilizers, etc, and are derived from the previously noted
lysimeter research by W.O. Pruitt and J. Hatfield, at UC
Davis on wheat water requirements (unpublished) and
from water production function research by the author.

Wheat water requirements at Davis, California were
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found to be 470 mm (maximum evapotranspiration).
Assuming 75% efficiency of water use, this translates to
625 mm of rainfall. Greater rainfall is assumed to be
excess to needs and possibly an erosirn or waterlogging
hazard.

The water production function assumed for rainted
commercial wheat in these examples is as follows:

YIELD (kg/ha) = 10.1 RAIN (m:n) - 1350

At 625 mm rainfall, this function indicates a maximum
wheat yield of 4,962 kg/ha or approximately 5 t/ha, At
335 mm rainfall the indicated yield is 2,033 kg/ha or ap-
proximately 2 t/ha. As in the Davis example (Figure 1),
this is assumed to be the iowest yield level which will be
profitable in commercial production.



CHAPTER 8
Morocco

Figure 3 presents a ‘rainfall flag" for Settat, Morocco,
based on 36 years for which data are available over the
period 1935/36 to 1981/82. As at Davis, California, the
range of onset dates is great, spanning the period from
Oct 7 to Jan 30 inclusive. Vertical divisions in the flag
show 1/3 of onsets occur by Nov 5, with another 1/3 by
Dec 12, followed by the final 1/3. Inthe latter group there
was one year in which onset conditions suitabia for wheat
planting never occurred.

FIGURE 3

Ranges of wheat season rainfall totals and intensiies. related to
oate of onset. Settat, Morocco. (Average annual rainfall 416 nimy)
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Figure 3 shows clearly that high probabilities of suc-
cessful wheat production are associated with early onset
of the rains, while the opposite is true when onset is late.
In the latter case, even successful crops would produce
only moderate yields, indicating farmers would be well
advised to curtail additions of costly inputs or even to
switch out of wheat to an alternative crop, or to leave ne
land faliow.

Table 3 for Cettat is similar to Table 1 for Davis. It
initially shows the overall long term median wheat season
rainfall and probabilities of achieving the different rainfall
and wheat yield levels categorized in Figure 3. The same
information is then shown separately for the early onset
years, the middle onset years and the late onset years.
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TABLE 3 - SETTAT, MOROCCO:

Probabilities for wheat season rainfall and grain yield for all years -
versus probabilities in three subsets of years differentiated by date of

onset (See Fig. 3).

MED1AN - -CROP & RAINPALL PBOBABILITIES, Y - -
WHEAT
OATE OF ONSRT SEASON PBOFITABLE  COMNRRCIAL  SUBSISTENCH
FOR BAINFALL CROP FATLURB PALLUBR
VABAT PRODUCTION n___ Y33m _ 335-206m (206mm
ALL ONSET DATRS [355)8 1531 130 (1
EABLY: Until § Nov {80 84 8 8
NID-PERIOD 136 50 50 0
LATE: 15 Dec on 239 25 3 {2

* Average annual rainfall is 416 mm.

Table 3 shows that Settat, Morocco farmers really
oOperate in three distinct rainfall regimes instead of the
single regime described currently. Fortunately, we can
now readily distinguish which rainiall pattern applies in
the season at hand. Just this much information about
their water supply prospects would allow them to greatly
improve their decision making. Or, we can take the next
step and also provide farmers advice on how they might
best proceed to respond to their improved rainfall infor-
mation.

£} ; B ; R ;
Dr. Darrell Watts (r), Head, INRA/MIAC Dryland Farming Applied
Research Project, explains wheat experiments to the author. Aridocul-
ture Center, Settat, Morocco. April, 1985,



CHAPTER 9
Cyprus

Figure 4 presents a “rainfall flag” for Nicosia, Cyprus
similar to that shown for Settat, Morocco (Figure 3). The
Nicosia flag is based on 42 years of record from 1937/38
to 1978/79, with no data missing. The range of onset
dates is essentially the same, from Oct 5 tc Feb 1 inclu-
sive, but with some tendency for later onset. The figure
shows the eaily 1/3 of onsets are by Nov 14, the middle 1/
3 from Nov 15 to Dec 14 and the late 1/3 thereafter. Asin
Settat, one year had no onset.

Average rainfall intensities in Nicosia tend to be a little
below those at Settat, as the lower overall rainfall would
suggest. Intensities also tend to decline with later onset
as was seen for Settat. The implication of this is that later
starting seasons may also be expected to have more and
longer «ry spells within the rainy perioci.

Table: 4 shows the same information for Nicosia as
Table 3 for Settat. However, the probabilities of success-
ful commercial production are only good (57%) at Nicosia
it onset is early. And with late onset, the probability of

TABLE 4 - NICOSIA, CYPRUS

Probabilities for wheat season rainfall and grain yield for ali years --
versus probabilities in three subsets of years .ifferentiated by date of
onset (See Figure 4).

NEDLAN - -CRO® & BAINFALL PROBABILITIES, ¥ - -
YHRAT
DATE OF ONSEY SEASON FROPITABLE  COMMBRCIAL  SUBSISTENCE
FOR RAINFALL CROP FAILUSE FAILURE
WHEAT PRODUCTION oa »335mn 315-206an (20fm
ALL ONSET DATES (313 131] {52} [17)
BABLY: Uatil 1S Nov 364 57 K 0
NID-PERIOD N 29 "
LATE: 1§ Dec on 136 i LK} 50

* Average annual rainfall is 356 mm.

el o wt
Rock of Romiou where Aphrodite, Goddess of Love and Beauty, was
born of the foam off the coast of Papnos, Cyprus. .!uly, 1962.
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subsistence failure has risen to 50% or one year in two.
Farmers having this information would undoubtedly wish
to insure their family food supply with alternative crops or
perhaps off-farm employment.

FIGURE 4

Ranges of wheat season rainfall totals and intensities, related to
date of onsel. Nicosia, Cyprus. {Avcrage annual rainfall 356 mm)
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Friendly ladies watch while the author tries his hand at harvesting barley.
Marathassa Valley, Cyprus. May, 1963.



CHAPTER 10
Jordan

Figure 5 shows the same information for the lower
rainfall regime at Amman, Jordan. In Jordan, onset of the
rains is snmewhat later, with the earliest date being Nov 6
and the latest Feb 18. This is based on 46 years of
record in the period from 1937/38 to 1983/84. Data for
one year are missing and in four years there was no
onset for wheat.

Average daily rainfall intensities at Amman tenu to be
rel. tively lower, mostly between 1 and 2 mm/day,
whereas Nicosia is mostly above 1.5 mm/day and Settat
mostly between 1.5 and 2.5 mm/day. Since Amman has
the highest evaporative rates of the three locations as
well as the lowest average rainfall intensities, the wheat
water stress in most years would be relatively greater
than if water amount were the only difference among the
three locations.

Table 5 for Amman is similar to Tables 3 and 4. As
would be expected, the lower rainfall at Amman reduces
the probability of successful wheat production below that
at the other two locations. Planting wheat at Amman in

TABLE 5 - AMMAN, JORDAN:

Probabilities for wheat season raintalt and grain yield for all years -
versus probabilities in three subsets of years differentiated by date of
onset (See Fig. 5).

HEDTAN - -CROP & RAINFALL PHOBAF-LITIES, % - -
WHEAT
DATB OF ON9BT SEASON PROFITABLE  COMMEBCIAL  SUBSISTENCE
FOB BAINFALL CROP FATLURR PAILURE
VHEAT PRODUCTION ”n )3im 335-206am {206mx
ALL ONSET DATES |245]8 [20] [39) (4]
BABLY: Until § Dec 287 3N i1 20
NID-FRBIOD 265 19 56 5
LATE: 15 Jap on 123 7 13 80

*Average annual rainfall is 283 mm.

Azraq Oasis in the steppe desert east of Amman, Jordan — a favored
home to Lawrence of Arabia. November, 1985.
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late onset seasons is foolhardy, since the expected fail-
ure rate for subsistence is 80% or four years in five.

FIGURE 5

Ranges of wheat season rainfall tota's and intensities, related to
date of onset. Amman, Jordan. (Average annual rainfail 283 mm)
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CHAPTER 11

-- A Case Study for Jordan --
Response Farming Alternatives to Maximize Crop Yields and Returns

Adjusting Planted Are2 According to Date of Onset
and Early Season Raivi*1ii

Jordanian cereal farmers traditionally practice some of
the tenets of Response Farming. Fer example, a recently
published Urited Nations Food and Agriculture Organi-
zation study or rainfed agriculture in the Near East region
describes how wheat and barley farmers in Jordan delay
planting uniil they have assecsed the early rains, then
adjust the planted area accordingly. With high rainfall
they expand the planted area and with low rainfall they
contract it (FAO, 1982).

The author used crop data gathered and published by
the Arab Organization for Agricultural Development
(AOAD, 1977, 1978) and available rainfall data (Water
Authority of Jordan, 1985, 1936) to study this response
by cereal farmers to early rainfall, and fourd they were
judging the rainfall prospects nearly nerfectly. Table 6
shows how wheat and bharley hectarage in Irbid, Balga
and South Amman Governorates varied with rainfall over
the 9-year period from 1968/69 to 1976/77.

TABLE 6

Wheat and barley hectarage planted in relation 1o annual rainfall in
Irbid, Balga and South Amman Governorates, Jordan.

TOTAL PLANTED AREA
WHBAT & BARLEY, ha

TOTAL
RAINFALL, an

RAINRALL
1BAR

362
409
542
51
265
564
350
359
156

1968/69
1969/70
1970/71
1971/72
1972/73
1913/
1974/75
1875/76
1976/17

35,760
19,480
52,490
16,770
26,550
41,620
33,700
38,210
34,870

Data Sources: AOAD (1977, 1978); Water Authority of Jordan
{1985, 1986).

Table 6 shows that Jordanian cereal farmers are al-
ready taking the first step in Response Farming. When
onset of the rainy season for wheat or barley production
is delayed, they piant a lesser area. They do this be-
cause experience has taught them that late onset means
little or no profit, and an enhanced probability ot total
failure. Their goal in planting wheat at all in these circum-
stances is to cover the family's basic food needs. The
durum wheat they grow is a dietary staple and cannot be
purchased in the market because only soft wheat is
imported.
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Selecting Alternative Crops Based on Probable
Yields and Economic Returns

The next question is what should be planted on the
land, if anything, when rainfall is not satisfactory for
wheat? Farmers may be helped to find answers to this
type of question by combining improved rainfall informa-
tion like that in Figure 5 with water production functions
which show how different crops will produce under the
range of rainfall conditions which accompany seasonal
variation in date of onset. An example of how this could
be done to assist Jordanian cereal farmers in low to
medium rainfall zones follows.

The same data sources cited above were used to
develop yield response functions, i.e. water production
functions relating yields to rainfall, for seven different
crops grown using traditional practices in low to medium
(to 400 mm or 15.75 in) rainfall areas of Irbid and Amman
Governorates. Crop yield data utilized are based on rep-
resentative sampling at the District level in the years
1969 to 1975 inclusive (Amman South) and 1969 to 1977
(Irbid Cast). Annual rainfall data are those pubiished for
selected stations within the districts. Despite the rough-
ness of these data, the relationships found are surpris-
ingly good as shown in Table 7.

TABLE 7
Water production functions relating yield (Y,kg/ha) to total annual rain-
fall (R, mm) in the low to medium (to 400 mm) rainfall areas of Irbid and
Amman Governorates.

WHEBAT T = L4458 - 602 n:16, B2 = .85
BARLEY T = L5408 - 598 nc=16 B : .81
LBNTIL 1 218 - 583 n:16 B2 :.75
CAICEPEA Y = 1L.83R¢ B3 n=16, B2 = .25
VETCH T - LR 61 n=16, B2 =.9!
TOBACCO Y = 1LIR- 16 nz:16 B2 =.9
OLIVE Y = R -1397 n= 9, Bl = .84

The crops listed in Table 7, apart from wheat and
barley, are lentil, chickpea, vetch, tobacco and olive. The
latter, being a tree fruit, is obviously not a late season
alternative for wheat. Technically speaking, tobacco
could be an alternative crop, but due to governmental
control cannot actually be used that way. Nevertheless, it
is interesting and instructive to see how olive and tobacco
compare to the cereals and other crops in terms of both
yields and economic returns in different rainfall circum-
stances.

Figure 6 compares expected yields from the different

crops, and for each crop shows how the yields vary with
differing rainfall expectations which accompany changes



in the date of onset from year to year. The rainfall figures
shown represent averages from three meteorological
stations in Amman South (Old Amman Airport) and Irbid
East Districts (Ramtha and Rihab). Rainfall at these
three stations is similar with an overall long term average
of 261 mm (10.3 in).

FIGURE 6
Comparison of water production functions for crops grown in the
petiod 1969-77 in the low to medium rainfall zones of Amman and
Irbid Governorates, Jordan. Data from AQAD, (1977, 1978) and
Water Authority of Jordan, (1985)
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However, as seen in Figure 6, average rainfall in years
with onset in November is relatively high at 318 mm (12.5
in) falling thereafter to 270 mm (10.6 in) for December
onsets, 222 mm (8.7 in) for January onsets and 174 mm
(6.85in) for February onsets. Crep yield expectations fall
accordingly. For example, average wheat yields in years
with November onset should be 813 kg/ha, but only 172
kg/ha if onset is in February. A possible alternative is
chickpea which averages only 615 kg/ha in November
onset years but remains at 351 kg/ha with February
onset. Table 8, derived from Table 7 and Figure 6,
presents further information which could be nelpful to
farmers in selecting alternative crops.

Another way to compare alternative crops, if they are
to be marketed, is to express their expected yields in
terms of their gross values. This is done in Figure 7 and
Table 9 which are similar to Figure 6 and Table 8 excent
that crop yields have been multiplied by their respective
prices at the farm gate as of November, 1985 when the
study was made. Note that expected gross returns are
expressed in Jordanian Dinars (JD) per hectarc. At that
time, one JD was valued at $2.68 (U.S. Dollars). Note
that since one hectare equals 2.4/ acres then JD 1.00/ha
is nearly the same as $1.00/ac.
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Table 8

Yield expectations as related to date of onset of the rains, for tradition-
ally managed rainfed crops in the trangition zone between relatively
well watered highlands and arid desert in Irbid and Amman Governo-
rates, Jordan.

---Nean Yield Brpectations, kg/ba----
----Onset Nontbe & Ruinfall Wearg----

Crop Crop  Mov-Peb Mov Dec Jan Feb
Category Type  (Z61nm) (31Baa) (270mn} (222mm) (174un)
Ceres] drains Wheat  (559) 813 600 486 172

Barley (587} 846 628 10 192
Grain Leguace Lentils (546) 786 584 182 180

Chickpes (511) 615 521 139 35
Forages Yetch  (513) 166 553 Ho 128
Annual, Cash  Tobacco (352) 432 365 297 228
Perennial, Olivest 545 969 612 285 0
Pruit

* Figures shown are averages of all years. Due to strong “alternate
bearing” characteristics of olives, average yields will be relatively
higher than shown in even years and lower in odd years.

FIGURE 7

Comparison of gross returns from six crops, based on production
levels related to variation in the date of onset of the rains. Low to
medium rainfalt zones of Ammar: and irbid Governorates, Jordan.
Prices as of Nov., 1985.
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Figure 7 shows tchacco has the greatest value at all
rainfall levels up to 400 mm where olive nearly equals it.
However, in this particular rainfall regime with a long term
average of 261 mm, tobacco sheuld have a long term
average value (price steady) of 292 JD/ha versus a value
of 177 JD/ha for olive. These are by far the most valuable
of the seven crops, and might be permanently substituted
for wheat if circumstances permit. However, as earlier
mentioned, these crops cannot serve as last minute sub-



Table 9

Variation in expected gross returns from rainfed crops with differing
dates of onset of the rainy season. Traditional managementin transition
zones of Irbid and Amman Governorates, Jordan, with long term mean
rainfall of 261mm.

--Mean Grogs Returns Brpected, JD/bat--
----Onget Nonths & Rainfall Meansg----
Nov-Feb  Nov Dec Jan Peb
{261en} (3182a) (270ma) (12202} (174ns!

Crop
Type

Ceop
Category

Yheat 67 98 1 {6 1]
Barley i 63 L k)| 14
Leatils 98
Chickpes 87

Cereal Grains

Grain Legumes

Porages Vetch 62 92 66 { 15
Annual, Cash  Tobaccot/ 299 167 310 252 195
Peremaial, Olives IM ) 199 83 0
Fruit

1. Commodity prices as of November, 1985.

2. Tobacco production is licensed and subsidized by the Government,
with the overall payment totalling in the range of 700-1000 fils/kg.
Figures in the Table are based on 850 fiis/kg.

stitutes when the onset of the rains is delayed.

It is often stated that barley yields more than wheat
when water is limiting; Table 8 shows this to be true, but
only barely. Howaver, the price of wheat in the present
example is well above the barley price. Hence, Figure 7
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shows expected market returns from barley are well be-
low those from wheat at all rainfall levels. Vetch, a high
quality forage crop, has virtually the same production
function and price per unit weight as wheat, hence is not
shown on either Figure 6 or Figure 7. It would be a
suitable substitute for wheat only in the instance the
farmer specifically wanted to produce forage rather than
grain.

The water production function for lentil is like that for
wheat, but thz unit price is higher. Therefore gross
returns are higher at all rainfall levels. If lentil were
substituted for wheat, it should be decided on economic
grounds rather than an expectation of low rainfall. How-
ever, lentil can be successfully planted after it has be-
come too late for wheat, so may be substituted when
onset is very late.

Finally there is chickpea, which offers an excellent
alternative to wheat when rains are late. Figures 6/7 and
Tables 8/9 show chickpea performs relatively well in low
rainfall conditions, surpassing the other grain legumes,
cereals and forages in the example area if onset of the
rains is in January or later. Chickpea also commands a
good price and produces greater per hectare returns with
January or later onset. Another point is that chickpea is
planted in March or April after the decision not to plant
wheat is finalized. Altogether, chickpea is in many in-
stances a desirable substitute for wheat when rains are
iate.



o TECHNICAL SECTION II-D

i AFRICA: RESPONSE FARMING
FOR RECURRENT DROUGHT ZONES
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CHAPTER 12

East Africa: Kenya

Rainfall Record Requirements to Establish Predic-
tion Criteria

In 1980 the original finding was made that seasonal
rainfall amount and duration are linked to date of onset.
The first analysis was based on just 16 years of daily
rainfall data from the Katumani National Dryland Farming
Research Station, Machakos District, Eastern Province,
Kenya. Shortly after, nine additional years of data were
made available and new analyses completed. The find-
ings were virtually unchanged (Stewart, 1980: Stewart &
Hash, 1982).

The indication was, and still remains, that relatively
short term rainfall records, say 10-15 years minimum,
can provide the information required for a Response
Farming program. Of course, longer records are prefer-
able, but short records are still useful.

Spatial Variation in Rainfall Prediction Criteria

Further verification was gained by extending the
analysis to nine other locations in Eastern Province, five
of which have much longer rainfall records, beginning in
the 1926-31 period. (Kashasha, 1982; Stewart & Ka-
shasha, 1984). These analyses encom - 1ss an area of
some 13,000 km? (5,000 mi?) in Machakos, Kitui and
Kajiado Districts, in which there is a wide range oi cli-
matic conditions associated with elevation changes, in-
cluding average annual rainfall ranging from a high above
1,000 mm (about 40 in) to a low to 500 mm (about 20 in).
These analyses have made it possible to assess both
similarities and differences in how regional rainfall be-
haves in various localities.

Kenya’s Two Rainfza!! Seasons

Rainfall in the Eastern Province of Kenya is mostly
monsoonal, occurring in a bimodal pattern. The two sea-
sons peak in intensity in November and April. The “short
rains” (colloquial usage) approach from the north with
onset in late October or November, tapering off in De-
cember. Convective rains follow in January and Febru-
ary, ranging in amount from zero to high levels in some
years. They may be of importance either by extending
the short rains season, or by effectively providing an early
onset to the second season, called the “long rains", which
approach from the south. The long rains {or southern
monsoon) arrive in March or April and taper off in May
with no significant rainfall thereafter.

Itis in the farmer's interest to plant the long rains crops
in February, if convective rains store sufficient water in
the soil to germinate and succor the seedlings througn
the dry spells which may be expected prior to establish-
ment of the monsoon. Such considerations enter in to
the definition of onset which rmay differ for different crop-
ping enterprises or localities.

Examples shown are for the long rains season at
Katumani, the short rains season at tkutha, Kitui District,
and both seaso.:s at Kajiado where a considerably longer
record is available. Kajiado is also the driest location
analyzed, with average arnual rainfali totalling 504 mm
(19.8 in). Identifying and descriptive information al. ut
these three locations is presented in Table 10.

TABLE 10 - EASTERN PROVINCE, KENYA:

Three rainfali stations in the recurrent drought zones of Machakos,
Kitui and Kajiado Distvicts.

Blevation Rainfall Newn Apnus!
Becord  Ruuafall{ma)

Station Name of
Kuaber  Locality Latitude Longitude  (a)

$137089 Eatusani  1035'8  3n g’ 1,515 1951-83 101
KDF8s

9238006 Ikutha 204's 11 0 o1951-19 699
AMriculture
Station

9136039 Tajiado  1050°8 3§48’ LN 1931480 504
District
0ffice

Kenyatta Conference Center, based on “boma"” architecture, Nairobi,
Kenya. February, 1977.



Maize, the Favored Food Crop

The most desired food crop in the region is maize
(corn), despite the rather low rainfall and the worldwide
reputation maize has for suffering greater yield loss from
a given water stress than most other crops. A mitigating
factor in Kenya has been the development by breeders of
Katumani Composite B maize, which has particular ad-
aptations fitting both the rather low temperature and rain-
fall conditions in Eastern Province.

Katumani maize is capable of delaying tasseling and
silking if stressed for water, and of maturing early if stress
is later in the season. Normal maturity is 120 days but the
writer has experienced a range from 85 to 137 days in
trials under different temperature and rainfall conditions.
Farmers of that area will grow maize if they believe there
is reasonable hope of getting even a subsistence level
yield - because their first purpose is to feed the family,
and only secondarily to market the remainder. For this
reason, the analyses presented as examples here are
based on maize production.

Additional Food Crops

Despite the above, it must be stressed that many
crops with greater stress tolerance are also grown in this
area by the same farmers, and there are drier areas
where no maize is attempted. Other grain crops grown
are grain sorghum (many types and maturities) and mil-
let. Beans of several types are very popular and are often
intercropped with maize or other crops.

A Rainfall Flag for the Long Rains Season at Katu-
mani

Figure 8 presents a scatter diagram representing 27
years of rainfall for maize production in the long rains
season at Katumani. The figure is drawn in the form of a
rainfall flag similar to those for the Mediterranean region,
but with reference to maize production rather than wheat.
Cropping season rainfall averages some 340 mm, but
ranges from 133 mm to 660 mm as shown on the vertical
scale. Horizontal lines at 350 mm and 220 mm establish
three categories of seasons, roughly denoting expected
maize yield levels. Above 350 mm a “good” crop is ex-

Farmer standing in his Response Farming trial plot of maize and beans,
Kimutwa, Machakos District, Kenya. "Long Rains” season. April, 1982.
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FIGURE 8

How season raintall amount, approximate rainy period duration,
average daily rainfall intensity and suitability for maize production
relate to date of onset of the "long rains." Katumani National
Dryland Farming Research Station, Machakos, Kenya, 1957-83.
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pected, dropping to “fair” then “poor”, and finally to the
“failure” level with 220 mm of seasonal rainfall. Stewart &
Faught, (1984) show detailed production functions for
maize (and beans) in Eastern Kenya, and the influences
of plant population and soil fertility on the functions.
Thus, although the categorization in Figure 8 is approxi-
mate, it is reasonable based on research findings.

The lower horizontal scale in Figure 8 labelled “Date of
Onset” shows actual occurrerices in the 27-year record
from as early as January 23 to as late as April16. A
vertical line separates onset dates up to March 11
(termed early onset) from those after that (late onset).
The placement of the line is arbitrary, designed to sepa-
rate generally satisfactory maize seasons from those
generally not satisfactory.

The reasons for unsatisfactory seasons are two-fold.
First, there is failure from too littie rainfall as noted above,
which occurs much more frequently in late onset sea-
sons. Second, there is failure due to too short a duration
of the rainy period, which for production of 120 day
maize, is here judged to be 70 days or less. Figure 8
shows that only two of thirteen late seasons would have
produced satisfactory crops. Five would fail for lack of
rainfall and six from too short duration. Note that the
scale labelled “Rainy Season Duration” is only approxi-
mate because the final date of rainfall changes as does
the date of onset. Therefore, the fines showing intensity,
e.g., 4 mm/day, are also approximate.

Figure 9 is another way to present the information
seenin Figure 8. It quickly shows that while failure is pos-
sible with early onset, the great majority of failing sea-
sons (and few successes) are those with late onset.
Figure 9 summarizes the probabilities of attaining good,
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FIGURE 9

Separation of historical range of maize growing season rainfall
amounts into two ranges based on date of onset. Blackened circles
(*} indicate seasons unsuited to maize production, due either to
deficient rainfall or too short a rainy period. Katumani NDFRS,
1957-83.
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fair/poor or failing maize yields - first for all years together
i.e., without regard for date of onset, then for early onset
years versus late onset years.

The results, shown in Table 11, are dramatic. The
overall probabilities indicate a success rate of 52% (37%
good plus 15% fair/poor) versus 48% failure - roughly 50-
50. This makes maize production a very risky garnble, so
that one would be very hesitant to invest in costly inputs
such as fertilizers. Without fertilizers, however, only low
yields are possible even when rains are good. Thisis a
basic dilemma faced by smallholders the world over. it
further means that even if the farmer wishes to gamble,
no one - not even his government - is willing to join in that
gamble by extending credit to purchase the inputs. Thus,

TABLE 11 - KATUMANI, KENYA, “‘.ong Rains”:

Relationship of date of onset to seasonal rainfall amount, and conse-
quent maize yield levels. Probabilities (%) of good, fair to poor or failed
maize crop, shown first for all years together, then separately for early
versus late onset years.
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the poverty syndrome continues in better rainfall years
when it could be broken.

However, the gamble or risk is very much lessened in
early onset seasons. Table 11 shows a 64% probability
of a good maize crop, or nearly two seasons out of three.
Additionally, there is a 22% probability of a fair to poor,
but still “succasstul” crop. The prebability of failure is
reduced to 14%, or about one season in seven.

When onset is late the probabilities are reversed - the
risk of faiiure is a high 84%, or roughly five szasons out of
six. Quite obviously, maize should not be recommended
as a principal food crop at Katumani in long rains sea-
sons beginning after March 11. If March 12 dawns
without onset of the 1ains the farmer should shitt to “plan
B", meaning primarily that he should reapportion the
crops he grows to downplay or eliminate maize, and favor
grain sorghum, millet, beans, etc, in accordance with his
desires, the local markets, or other factors. Further rain-
fall analyses to evaluate risks in growing alternative crops
in late seasons will help farmers make these decisions.

Dry Planting ‘/ersus Waiting for Onset: A Major Deci-
sion

An important question for rainfed farmers, and one
which continues to receive much research attention
around the world, is whether to “dry plant” before the
rains begin, or wait for onset and then plant. There are a
number of advantages and disadvantages either way.
However, the analysis shown for maize at Katumani in
the long rains provides a clear answer in favor of waiting

for onset, in the opinion of the writer.

Table 11 shows why this Is so. Plenting before the
rains means, in effect, that the date of onset is ignored,
and the risks are as seen for onset dates in the upper line
of the table. i.e., 48% failure. This is too great a risk for
needed use of inputs, so the poverty syndrome is main-
tained.

A second reason favoring waiting for onset to plant
maize in the long rains at Katumani was mentioned previ-
ously. Early germination of the crop may be activated by
relatively light convective rains (locally termed “‘grass
rains”), which may then be followed by a dry period in
which the seedlings die. Waiting for sufficient rain to
satisfy properly defined onset conditions (whether con-
vective or monsoon rains) will obviate this risk.

However, it should be emphasized that other analyses
for different crops, seasons or locations may show dry
planting to be as viable an option as waiting for the rains,
or even preferable. A case in point is also at Katumani.
Suppose March 12 arrives without onset and the farmer
decides to plant grain sorghum and millet instead of
maize. He should then dry plant because of the following
changes in the situation:

1. When the rains come they will be the monsoon and
there will be no “false start” followed by a long dry
spell. The rainfall record confirms this.



2. The crops now to be grown will have lesser water
requirements than does maize, and greater water
stress tolerance. The principal risk is shifted from
amount of rainfall per se to the length of the rainy
period, which is effectively shortened by a day each
day onset is delayed, and, if seeds are not already
planted, with each day germination is delayed theie-
after.

Short Rains Decisions: Dry Planting and Early Sea-
son Adjustment of Plant Populations and Fertilizer
Rates

Similarly, maize in the short rains season at Katumani
might just as well be dry planted provided this is what the
farmer wishes, and provided he has the power required
to prepare the land which is dry and hard prior to the
rains. The reasons are the same as those above - the
short rains are not preceded by convective rains and the
monsoon tends to start with a vengeance so there is
rarely any significant dry spell early on 1o wither the
seedlings. And as the season’'s name implies, the rainy
pericd may be rather limited, so every day counts in
producing a maize crop. Probabilities for rainfall
amounts and maize yield levels are shown in Table 12,
and provide further information about the question of
planting before or following onset of the rains.

TABLE 12 - KATUMANI, KENYA, “Short Rains":

Relationship of date of onset to seasonal rainfall amount, and conse-
quent maize yield lzvels. Probabilities (%) of good, fair to poor or failad
maize crop, shown first for all years together, then separately for early
versus late onset years.
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Table 12 shows that maize yield level probabilities in
the short rains at Katumani differ greatiy between early
onset and late onset seasons, but the difference is not in
the failure rate which remains roughly the same at all
onset dates. Therefore, dry planting does not increase
the risk of failure. However, the chance of a good crop is
very high if onset is early (64%), falling to a low of 15%
with late onset. This is a case where early season
management of plant population and fenilizer rates be-
comes very important, with judgements to be based first
on the date of onset and then on actual 30-day rainfall
amount.

A Rainfall Flag for the Short Rains at lkutha

lkutha Agriculture Station in Kitui District has the same
annual rainfall as Katumani, but somewhat less in the
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TABLE 13 - IKUTHA, KENYA, “Short Rains”:

Relationship of date of onset to maize season “effective rainfall" and
resulting crop yield levels. Probabilities (%) of good, fair to poor, or
failed maize crop are shown first for all years together, then separately
for early versus late onsel seasons.

POBTION OF

BAINFALL BIPRCTED BAINPALL/NAIZE YIRLD CATRGOBIRS
CROPPING 3BASON BBCOED GOOD_CBOP  FAIB/POOR  FAILURE
ONSET PERIOD No. Vears Y285 181-285mn (181
ALL: 20 Oct-23 Nov [21) 133) [M] 33
BABLY: by 11 Nov () 54 38 [}
LATE: 12 Kov on | 8} 0 1] 14

short rains, averaging about 295 mm versus 350 mm at
Katuman:. In regard to the prospects for growing maize,
tnis makes the date of onset still more critical, as will be
discussed with relation to Figure10 and Table 13.

Figure 10 takes the rainfall analysis one step further.
The first example - for Davis, California - illustrated how
total annual rainfall is related to date of onset. The other
Mediterranean climate examples changed the relation-
ship to total crop season rainfall (wheat), as did the
Katumani, Kenya examples for maize. Now the lkutha
example shows “effective rainfall" on the vertical axis of
the figure. This is defined as the amount of rainfall which
the maize crop should have actually utilized in each
season in the record, or in technical terminology, the crop
evapotranspiration (ET).

FIGURE 10

How maize season “effective raintall” relates to expected produc-
tion, and how both relate to date of onset of the "short rains".
ikutha, Kitui District, Kenya, 1957-79.
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The estimation of ET by a specific crop in a given
location in past rainfall seasons requires water balance
calculations. These must consider the evaporative con-
ditions of the atmosphere as well as .ainfall, the crop
leating and rooting patterns as they affect rates of water
utilization anc soil water extraction respeciively, soil
slopes, depths anu water holding capacity, and additional
factors if higher levels of accuracy are sought.

The water balance calculations for lkutha, and for
Kajiado to follow, were described and carried out by
Kashasha (1982), and were the same as were used
initially by the writer in developing the response farming
method (Stewart, 1980). They are simplified calculations
sucn as others have used (Frere and Popov, 1979)
aimed at a moderate level of accuracy, but sufficient for
planning purposes in situations where there are many
unknowns.

As a rule of thumb, the water balance calculations in
Kenya indicated that effective rainfall ranges around 80%
of total season rainfall. Tha assumption made was that
no rainfall ran off the cropped field, so the 20% not used
by the crop either percolated below the root zone (ex-
ceeded the water storage capability of the ront zone soil)
or remained in the soil at season’s end because it arrived
too late to be utilized.

Therefore, the criteria for maize crop yield levels in
Figure 10 are changed from those in Figures 8 and 9. For
example, a good crop here requires 285 mm of effective
rainfall rather than 350 mm of total season rainfall.

Figure 10 reemphasizes a point made in the previous
example. The figure displays the findings from a 21-year
raintall record, with 13 years termed early and only 8
years termed late. The dividing line is arbitrary, being
based mostly on perceived differences in the risks of
failure, or probabilities of success, in the particular enter-
prise - which in this case is maize production. The
placement of the dividing line could be quite different
when discussing another crop.

The fact is that each day onset is delayed the proba-
bilities of success lessen slightly. There is no practical
way to convey that information in meaningful fashion to
uneducated smallholders. However, anyone who is ca-
pable of living off the land is also capable of understand-
ing that we operate on plan A if the rains begin by
November 11 (Figure 10), but if they don't, as of Novem-
ber 12 we switch to plan B.

The first line in Table 13 shows that overall odds are
evenly split between a good crop (33%), a fair to poor
crop (34%) and failure (33%). But a radical shift occurs
between early and late onset seasons. Early seasons
have a 54% probability of a good crop with only 8% (one
year in 12 or 13) chance of failure. With late seasons
there is no chance of a good crop, and failure is expected
in three out of four years. Clearly, less water demanding
crops should be substituted for maize in late seasons.
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FIGURE 11

How maizc season "effective rainfall” relates to expected produc-
tion, and how both relate to date ot onset of the short rains (A) and
lorg rains (B) seasons, respectively. Kajiado, Kajiado District,
Kenya, 1931-1980
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Kajiado Rainfall Flags — Both Seasons

The final example representing the recurrent drought
zones of Kenya is Kajiado with averaye annual rainfall of
only 504 mm (19.8 in), including both the short and long
rainy seasons. There are those who will object to any
discussion of growing maize in such a dry climate. Nev-
ertheless, the farmers of Kajiado also prefer to eat maize
and they grow it. The writer believes this should be their
prerogative, but we should provide them the best advice
possible on when and how to s:iccessfully grow the Crops
they wish to, and when they must emphasize alternative
crops for their own survival.

The Kajiado rainfall record dates back to 1931, so is
considerably longer than those from Katumani or Ikutha.
However, it provides essentially the same information for
guidance of farm decision making. This is encouraging
because many regions of developing countries have rain-
fall records only over a limited time span.

As in the lkutha example, Figure 11 relates effective
rainfall for maize production to date of onset of the rains -
in this instance both the short and long rains. One
difference seen immediately in Figure 11A is that the
onset period at Kajiado in the short rains extends to
December 20, whereas the last date of onset at both
Katumani and Ikutha was November 23 (Table 12 and
Figure 10). (Additionally, onset conditions for maize were
not met ir 13 of 41 years of record for the short rains at
Kajiado.) The dividing line for early versus late onset is
drawn between November 22 and 23, and Table 14



TABLE 14 - KAJIADO, KENYA, “Short Rains” and
“Long Rains” Seasons:

Relationship of maize ceason “effective rainfall” and resulting crop
yield levels to date of onset of the rainy period. Probabilities (%) of
good, fair to poor, or failed maize crop are shown first for all years
together, then separately for years with early versus late onset,
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shows the late season failure rate rising to 85%.

Early onset in the shor rains at Kajiado occurred in 21
of the 41 years- approximately half. In these yeais a
good crop could have been produced 24% cf the time -
one year in four. Failure would be expected 38% of the
time - four years inten. Commercially this is not tenable,
but a farmer desirous of putting maize on his table could
devote a small block of land to it in early seasons and
achieve his aim in six out of ten such seasons.

The long rains season at Kajiado c fers distinctly bet-
ter prospects for maize production, provided again that
plantings are restricted to early onset seasons. Figure
11B shows early onset until March 16, with 21 of 45 years
of record starting by that time - nearly half of the years, as
in the short rains. The improved prospacts are more
clearly seen in the lower portion of Table 14. The failure
rate expected in early onset long rains seasons is a low
10%, indicating a 90% success rate fromn the stancpoint
of family food supply. And at a higher level a good crop
could be gotten four years in ten (43%).



CHAPTER 13
West Africa: Niger

General Climatic Features

The monsoon arrives in higher rainfall areas of the
southern Sudano-Sahelian zone of West Africa in late
April, May or June, then moves northward reaching the
drier latitudes verging on the Sahara Desert in July,
August or early September. The patterr: is unimodal
(single season) with recession or withdrawal of the mon-
soon generally ir late September or early October, .t
sometimes -- especially in recent years in drier locations -
in August. Virtually all annual rainfall is within this sea-
son, with little or no rainfail in other months.

Evaporative rates and temperatures in Sub-Saharan
West Africa are considerably higher than in the recurrent
drought zones of East Africa, which are at higher eleva-
tions. Hargreaves and Samani (1986) indicate that
evaporation rates (Class A pan equivalent) at Niamey,
Niger average about 7.9 mm/day in the June-July-August
onset period. Ternperatures through the growing season
average about 29°C (84°F).

By way of comparisun, Stewart and Faught (1984),
using pan factors developed by Kaila (1983), show Katu-
mani, Kenya evaporative rates (Class A pan equivalent)
to be about 6.1 mm/day during the onset period for the
short rains, and about 6.5 mm/day during the long rains
onset period. Temperatures in both growing seasons
average around 20°C (68°F).

Therefore daily crop water requirements are generally
much higher in West Africa than in Kenya (East Africa).
This tends to be compensated for by greater rainfall
intensities in West Africa. For example, Figure 8 shows
intensities at Katumani mostly in the range of 2-5 mmy/
day, with extremes approaching 1 mm/day or 6 mm/day.
This section will show, for two quite different rainall
zones of Niger, intensities ranging from 4-7 mm/day, with
extremes somewhat higher and lower. With reference to
those lower intensities, some extremely interesting find-

Typical small farm near Niamey, with clumps of pear! millet stubble on
the fields of sandy soil. January, 1987.
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ings on the climatic shift since 1971 will be presented and
discussed.

Rainfall Relationships at Niamey

The first example comes trom Niamey, the capital of
Niger, located in the southwest comer of the country
along the Niger River somewhat east ¢f the border of
Burkina Faso. Figure 12 shows the rainfall occurrences
in the 30-year period from 1954-1983. This is not the
entire record available for Niamey, but it is the period of
special interest for this presentation. for twc reasons:

1. It matches the peried of record available from Bouza,
Niger which is the other West Africa example to F 2
discussed in detail. This permits direct comparisi.ns
of the two locations. Niamey is the wetter site with
average annual rainfall for the 30 years of 567 mm
(22.3in), while Bouza is drier with 415 mm (16.4 in).

2. In 1971 (arguably, as early as 1968), a major reduc-
tion in rainfall took place throughout the Sahelian
zone. For 50 years before that the rainfall averaged
markedly higher. To include that entire period would
distort the averages in a way which would mask the
effects of the recent climatic shift. The 30- year
record creates a reasonable balance, with 17 years
before the climatic shift and 13 years after.

Figure 12 is not crop specific, so relates seasonal
rainfall amount to date of onset of the monsoon. The
major food crop in the area is pearl millet, although many
other crops, and cultivars with differing maturities, are
grown. Onsetis defined as 40 mm of rainfall stored in the
surface soil - a somewhat stringent requirement based on
the high evaporation rates and temperatures, and a par-
ticular problem in the Sahelian zone of blowing sand
which can kill young seedlings.

The final seasonal rainfall date in this instance is iden-
tified by summing daily rainfall backward in time from the
last rainfall event in October (November rainfall seldom
occurs and is not considered for this purpose) until a total
of 10 mm or more is reached. That date is taken to be the
final rain date in the season for practical purposes. This
procedure avoids the problem of, say, reasonable rainfall
to Sept 10, then nothing untit Oct 20 when a final rainfall
of 2.0 mm occurs. Effectively, this would be outside of
the cropping season.

As in previously discussed locations, the final rain date
changes from year to year, but less than the date of
onset. Figure 12 displays a horizontal scale at the top
labelled Monsoon Cropping Season Duration, which
means number of days from onset to final rain date
inclusive. Due to the changes in final rain date, the
durations shown are approximate as noted in the figure.



FIGURE 12

30-year relationsh-ps of monsoon rainfall amount, duration and
intensity to date of onset: Niamey, Niger. Note effects of climatic
shift from 1971 onward.
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For the same reason the intensities are also approximate
wheri related to any given data point, but are correct
overall and are representative.

Onset Relations at Niamey and Recent Changes in
Rainfall Behavior

The Niamey rainfall in Figure 12 may be viewed as a
single record, as has been the case in all earlier ex-
amples, or as two separate records, one from 1954 to
1970 and the other from 1971 to 1983. We will do both,
starting with the view that it is a single record. This
means the open circle and blackened circle data points
are each representative of one year in the record and are
all to be viewed equally. The shading in the lower portion
of the flag is to be ignored and the whole is to be seen as
one.

From this overall viewpoint, Figure 12 provides an ex-
cellent example of the ways seascnal rainfall characteris-
tics are impacted by date of onset. It is clear that the
range of expected rainfall amounts, as well as the dura-
tion of the rainy period, both diminish with each day onset
is delayed. Table 15 provides details on median values
of the agriculturally pertinent characteristics, first for the
30-year record as a whole, then as if it were two separate

records - one confined to years which in fact had early
onset, and the other with late onset years.

The first line in Table 15 provides an overall look at
Niamey rainfall. It shows that onset may occur as early
as May 28 or as late as July 21, a span of 55 days. The
median date in this range is Jun 20. The final rain date
(not in the table) has a lesser range, and more impor-
tantly, & strorig tendency to cluster around the median
date of Sep 26. The median cropping season rainfali
amount is 494 mmi (19.4 in), ranging from as little as 275
mm (10.8 in) to as much as 771 mm (30.4 in). Median
duration of the rainy period is 99 days, but the actuai
duration has ranged from 71 to 154 days. This will be
dealt with shortly in more detail. Intensity of rainfall at
Niamey has a median value of 4.68mm/day, with a range
from 3.02 to 8.08 mm/day.

However, if we divide the Niamey rainfall record into
two records, simply on the basis of whether onset occurs
by Jun 19 or after, major differences are revealed in all ot
the season characteristics of interest to the farming com-
munity. These differences may be seen in the second
and third lines of Table 15 which contain characteristics
of early versus late seasons respectively.

First we see the median rainfall amount in early sea-
sons is high (590 mm or 23.2 in), while that of late
seasons is very low (351 mm or 13.8 in). To the farmer
this means emphasis on different crops and different
levels of inputs. It means different land preparation and
tillage practices, probably different row spacings and
certainly different plant populations.

Next we see the median season duration is much
longer (115 days) in early seasons than late ones (82
days). This again calls for emphasis on different crops
and cultivars with different maturities. Rainfall intensities
at Niamey have also been higher (median values) in early
than late seasons, by nearly one millimeter per day,
being 4.91 mm/day (0.19 in/day) in early seasons versus
4.07 mm/day (0.16 in/day) in late seasons.

TABLE 15 - NIAMEY, NIGER:

Mecian values of monsoon cropping season rainfall characteristics,
including date of onset and consequent rainfall amount, duration and
intensity. Presented first for all years®, then for early onset versus late
onset years.

NONSOON C0PPING SBASON RAINPALL

K0, CONSRT ONSET ANOUNT  DUBATION INTRNSITYS?

T8ARS PERIOD date [an {days u/days)_

0 AL, Xay 28- §-20 194 99 {.68
Jul 21

" BABLY, to Jun 1¥ 610 590 13 .91

16 LATE, Jun 20 on  17-0§ 38 82 .07

* 30 year record from 1954 to 1983 inclusive.
** Intensity from actual data, not calculated from median amount/
duration.




Appropriate technology in the form of ox-drawn farm implements
mounted on a wheeled tool bar — under devclopment at the ICRISAT
Sahelian Center, Niamey, Niger. January, 1987.

Returning to Figure 12, the lower, shaded portion of
the flag is seen to contain ali of the data points represent-
ing more recent years from 1971 cnward. Earlier years
(1954-1970) are in the unshaded poron of the flag and
also the upper part of the shaded area. (In effect there
are two separate flags which overlap each other.) The
two flags each show clear relationships between farm-
relevant rainfall characteristics and date cf onset. In fact
each of these relationships is stronger than whe. consid-
ering the whole as a single record. The important point
made by the separation into two records is that
yesterday's rainfall (1954-70) was markedly better in
every respect than today's rainfall (1971 on). This has
continued true since 1983 but precise data are not avail-
able at this writing.

Rainfall Reduction in the Sahel: A Long Cycle?

Many researchers have studied the apparent climatic
change in Sub-Saharan Africa illustrated in Figure12 and
have published their concepts of what has happened.
Some believe itis a permanent change and otners think it
represents cycling which is normal in light of the history of
the area. The writer shares the latter view, but believes
the cycle is a lony one - possibly the 100-year cvcle
shown to have held sway over Nile River flows for the
past 300 years (Author Unknown).

The Nile cycle reaches its low point approximately 10
years after the turn of the century, e g.. 1910, 2010, and
its high point some time in mid-century. The Niamey
rainfall from 1905-1921 was low like the present, but
seven of the 17years of data in this period are missing,
making it impossible to be sure just how low. However, it
seems plausible that the Sudano-Sahelian zone may be
following the Nile cycle, and if so, we are presently well
intn the down slide. In that case, conditions will getworse
before they get better again and the great majority of
today's farmers in that area will not see better conditions
during their farming careers. The writer believes there-
fore, that the shaded area of Figure 12 represents Nia-
mey rainfall both for today and effectively for tomorrow.
The information provided to farmers about their rainfall,
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and the recommendations on how best to respond to the
information, should be based on the post-1970 period
until a clear shift upward has been experienced for a few
years at least.

Table 16 is similar to Table 15, but covers only Niamey
rainfall as it used to be, i.e., prior to 1971.

Table 17 characterizes Niamey rainfall as it is today,
and as it is expected to remain, at least through the near
future.

Summary of Changes in Niamey Rainfall Since 1970

+ Whereas average annual rainfall over the 50-year pe-
riod 1921-70 was 594mm (23.4 in), and in the more
recent 17 years of that period (1954-70) was 603mm
(23.7in), it fell to 504 mm (19.8in) in the 13-year period
1971-83. The significance of this change is elaborated
below.

+ There has been a general shift toward later onset of
the monsoon of approximately 11 days, from & median
date of Junie 12 in the pre-1971 period to June 23
thereafter.

TABLE 16 - NIAMEY, NIGER:
Yesterday's situation - median values of monsoon cropping season
rainfall characteristics, including date of onset and consequent rainfall
amount. duration and intensity. Prasented first for all years from 1954-
70 (17 ynars), then Iar early onset years (9) versus iate onset years (8).

KONSOON CBOFPING SEASCN KAINFALL

KC. ONSET ONSET AXOUNT  DURATION  [HTENSITY#:
TEABS PRRIQD {date]  [na)  (dags)  {snjdaye}
17 ALL, Jun 01- £-12 515 107 5.8
Jul 2
] BABLY,to Jun 16 6-10 621 e 5,16
[} LATR, Jus 17 on 7-12 180 16 5

* Inlensi'y from actual data, not calculated from mediarn amount/dura-
tion.

TABLE 17 - NIAMEY, NIGER:
Today's situation - median values of monsoon cropping season rain-
fall characteristics, including date ol onset and consequent rainfall
amount, duration and intensity. Presented first for all years from 1971-
33 (13 years), then tor early onset years (7) versus late onset years (6).

HONSOON CEOPPING SZASON SAINFALL

K0. ONSEY IEEESS ANOUNT  DUBATION  INTBNSITTSS
TBARS PRRIOD {dstel  Am) (days)  (majday)
1 ALL, May 28- £-23 1L} 9 (.20

Jul 11
! BABLY,to Jun 23 6-19 508 10§ {.66

§ 1AT3, Jup 20 on 104 306 34 3,45

* htensity from actual data, not calculated from median amount/dura-
tion.




* The shift to generally later onset dates suggests
weaker starts to the monsoon, and thus greater diffi-
culty in meeting satisfactory onset conditions for safely
planting crops.

» Compounding the above problem is a slight tendency
for earlier recession of the monsoon, frcm Sep 26
before 1971 to Sep 24 thereafter. This coupled with
later onset has reduced the median rainy period dura-
tion from 107 days before 1971 to 93 days in recent
years.

* Though the average season has been shortened since
1971, the relative drop in rainfall amount for cropping
has been even greater, and median values of intensity
have fallen sharply, from 5.16 mm/day before 1971 to
4.20 mm/day thereafter. (The above are generalized
comments without reference to effects of early versus
late onset in the two sets of years being discussed.)

The effect of the climatic change on early onset sea-
sons is \mportant, but not dramatic. In the present
period onset is a bit later, resulting in a reduction in
rainy period duration of one week (median), from 112
to 105days. There is a corresponding and relatively
larger reduction in amount of cropping season rainfall
in early seasons, from 603 mm to 508 mm, which has
reduced median intensity from 5.16 mm/day to 4.66
mm/day.

* Late onset seasons have suffered much more from the
climatic change, not simply in relative terms but in
absolute reduction in rainfall amount. Prior to 1971,
late seasons differed from early seasons only in dura-
tion. Late seasons were short but had intensity indices
as high or higher than early seasons. In the period
from 1971 onward, late seasons have been somewhat
earlier in onset and therefore of somewhat longer
duration than before, but both total rainfall and aver-
age intensity have declined catastrophically. Median
late season rainfall amount used to be 480 mm but
now is only 306 mm. The former average intensity of
5.44 mm/day has declined to only 3.45 mm/day.
These facts mean that the traditional ways of farming
in late seasons require radical change, just for the
sake of survival. Because the traditions were devel-
oped in the better rainfall period from 1922 to 1970, the
need pressntly is to provide farmers with the new
rainfall information and what to do about it - particularly
in the 50% of seasons which start late.

Rainfall Duration versus Date of Onset — a Strong
Relationship

In most instances, rainy period duration correlates with
date of onset much better than does rainfall amount. Si-
vakumar (1987) has quantified the duration relationship
for 57 locations in Niger (including Niamey) and Burkina
Faso. In each case the rainfall records used were more
than 25 years long, ranging from 26 to 78 years. Thirty of
the stations analyzed are in the Southern Sahelian zone,
of which 27 are in Niger and 3 in Burkina Faso. This is
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FIGURE 13

Duration of Monsoon cropping season rainfall, us related to date
of onset. lllustrative example of crop and cultivar selection based
on this relation.
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the drier area with mean annual rainfall from 330 to 640
mm (13.0 to 25.2 in). Throughout this zone the correla-
tions are excellent, with coefficients (r) ranging from 0.81
to 0.95. An additional 27 stations in the Sudanian zone of
Burkina Faso have higher rainfall means from 650 to
1160 mm (25.6-45.7 in). Here the correlations are some-
what less, but still very good. All are statistically signifi-
cant at the 1% level with correlation coefficients ranging
from 0.52 to 0.90.

Stewart (1987) finds virtually the same correlation be-
tween duration and date of onset at Niamey as does
Sivakumar (op cit). This is of interest because Sivakumar
used somewhat different criteria for both date of onset
and final rain date. Additionally, he analyzed 78 years of
record while the writer analyzed only 30. The relationship
developed by Stewart is presented in Figure 13 in the
form of a "rainfall duration flag." An example of how
information of this type can be interpreted to assist farm-
ers in selecting crops and cultivars to emphasize in sea-
sons with different onset dates is based on the figure.

The first thing to notice in Figure 13 is that the years
before 1971 and the more recent years all fall nicely into
the same pattern - unlike Figure 12 where they effectively



form two different flags (albeit overlapping). The change
whicti took place at Niarey in 1971 therefore, was in the
amount of rainfall and in the onset dates, but not signifi-
cantly in the final rain dates. Figure 12 shows the change
in amount of rainfall relative to onset date. Figure 13
shows that onset dates since 1971, except for two in
May, are clustered in the middle of the period from June
11 to July 11. Pre-1971 onsets tend to cluster both
earlier and later than that, from June 1-12 and from July
6-21, with only one of the 17 years between (June 20).
Whether or not the new tendency for onset to occur in the
mid-June to early July period will persist remains to be
seen, because it is not clear whether it is coincidence or
has some physical cause.

Using the duration versus onset information to guide
farmers requires consideration of a. lengths of growing
seasons (maturities) of different crops and cultivars in the
planning site invironment, b. rapidity of planting (number
of days it takes to plant following onset), ¢. soil depths
and water holding capacities, d. crop coefficients for
estimation of water requirements and e. evaporative
rates through the seascn.

The goal of planning is to select crops/cultivars which
will reach maturity either within the rainy period or follow-
ing the final rain date but before completely running out of
extractable soil water. The first question is: What is the
assured duration of the rainy period in relation to date of
onset?

The minimum duration of the rainy period to be ex-
pected on any given onset date is defined by the lower
boundary of the flag in Figure 13, which is drawn through
all of the lowest data points in the record. Of course the
actual duration may range anywhere from the number of
days indicated by the lower boundary on up to that indi-
cated by the upper boundary of the flag. However, Figure
13 shows the season durations at Niamey tend to lie in
the lower half of the flag. Five years of the 30 years
analyzed, (i.e., one year in six) are on the lower bound-
ary, and another five years are within four days of the
lower boundary, so the risk of overestimating season du-
ration climbs quickly as one increases the estimate
above the minimum.

For sake of iflustration, let us assume that planting can
be accomplished within five days after onset. We will
estimate season rainy period duration to be the lower
boundary value plus five days. From germination onward
this makes our effective estimate the lower boundary
value. Two-thirds of seasons will be of longer duration
than estimated and one-third shorter, but only slightly
shorter.

if we further assume the soil can and will store suffi-
cient extractable water to meet the minimum needs of the
crop in the final 20 days before maturity, then our iliustra-
tive case takes the form created by the three shaded
bands across the flag in Figure 13. First there is the
middle band representing traditional millets around Nia-
mey, which require a growing period of 100 to 110 days.
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If, in fact, it is 110 days, with the soil holding water for
the final 20 days, the rain will not cease until 90 days into
the growing period, i.e., 90 days after crop germination.
This is conservative because the actual growing period
may be anywhere between 100 and 110 days. However,
the conservatism is somewhat offset by risking the five
planting days. Consequently, ii onset of the rainy season
occurs later than the date when the iower boundary of the
flag equals 90 days duration, traditional millets should be
deemghasized and shorter maturity cultivars planted to
ensure the family food supply. In our illustration we see
this is the case when onsei is after June 15.

On the other hand, when onset is quite early and the
lower boundary of the duration flag equals or exceeds
110 days (Jun 4 or earlier), the indication is that longer
maturity crops can and probably should be grown. Such
crops require more water as well as a longer rainy period,
but hold the potential for higher yields and more desirabil-
ity and value in the marketplace, which are needed to
break the poverty syridrome.

The iliustration just presented of crop selection based
on the duration - date of onset relationship is not intended
to be definitive as it stands. It is just one example of a
field application of the new information about rainfall.
However, little additional information would be required
to adapt it for use on the ground in providing guidance to
farmers. The principal need is to conform the recommen-
dations to the major soil types of the area, which will differ

FIGURE 14

Two rainfall flags over Bouza, Niger. The upper flag shows how the
monsoon season rainfall amount, duration and intensity related to
the date of onset prior (0 1971. The lower flag (shaded) shows the
effects of the climatic shift in subsequent years.
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in their depths and water holding capacities. For ex-
ample a shallow sandy soil would indicate emphasis
should be given to shorter term food insurance crops at
an earlier onset date than would be the case for a deeper
soil with loamy or clayey texture.

Rainfall Relationships at Bouza

The second example for the Southern Sahelian zone
is Bouza, Niger - more northerly than Niamey, therefore
closer to the Sahara Desert and drier. It illustrates that
the impact of the climatic shift at the start of the 1970s is
greater, absolutely as well as relatively, in the drier zones
of the Sahel. Figure14 shows this point.

In Figure 12 it was seen that the 1971 rainfall at
Niamey effectively began a new, and poorer, pattern in
the relationship hetween seasonal rainfall amount and
date of onset. On any given onset date from 1971 on, the
expected rainfall (compared to 1954-70) has been re-
duced by an arnount ranging from 40 mm (1.6 in) on the
earliest date of onset (May 28) to 168 mm (6.6 in) on the
latest (Jul 21). The average reduction is 104 mm (4.1 in).

Figure 14 provides the equivalent information for
Bouza, but shows a still more startling separation - more
nearly complete and of greater magnitude - at the drier
location. As at Niamey, the Bouza rainfall flags show that
rainfall amount declines with later onset. But the lower
shadad area, labelled “Today's Flag,” shows that the
reduction in expected rainfall (compared to 1954-70) with
any given date of onset is severe, ranging from approxi-
mately 160 mm (6.3 in) with the carliest onset (Jun 12) to
about 70 mm (6.7 in) with the latest onset (Aug 16) for
an average of 165 mm (6.5 in).

There are three important differences between Figure
14 and Figure 12. First, the range of dates of onset at
Bouza is from June 12 to August 16, markedly later than
at Niamey on average. However, onset has been earlier
at Bouza in some individual years. Second, the scales
showing approximate monsoon cropping season dura-
tion at the top and bottom of the figure are not identical.
The lower scale, representing “today’s” situation, shows
that the rainy period duration associated with any given
date of onset has decreased by about 10 days as com-
pared with the pre-1971 situation. More detail on this will
come with discussion of Figure 15. Third, Figure 14
shows 1974 was an exception at Bouza, in that rainfall
was high, near the top of the former pattern. In practical
terms this is of little consequence because it stands
alone. If several years do this then reevaluation of the
situation would be in crder.

Figure 15 shows the rainfall duration flag for Bouza,
equivalent to that seen in Figure 13 for Niamey. But again
there are noteworthy differences. First, the duration of
rains at Bouza is much less thian at Niamey, ranging from
about 20 to 100 days, versus approximately 70 to 150
days at the latter. The average is about 50 days longer at
Niamey. Second, the lower shaded poriion of Figure 15
shows the climatic shift of 1971 strongly affected season
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FIGURE 15

Duration of the monsoon rainy period for crop production, as
related to date of onset at Bouza, Niger. Shaded area shows
climatic shift since 1971, manifested by earlier recession of the
monsoon. Bouza, Niger, 1954-83
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duration as well as rainfall amount. Until 1970, all years
of record at Bouza were in the upper clear portion of the
flag, meaning the expected duration is greater. Since
1971, of the total of 12 years (1971-83, with 1982 miss-
ing), eight years have formed a completely different and
poorer pattern (shaded) including one year with no onset
atall(1977). The other four years remain in the pre-1971
pattern. The practical meaning of this is that since 1971,
in two out of every three years, the monsoon has with-
drawn from the area approximately 10 cays earlier on
average than previously.

It is the earlier recession of the monsoon at Bouza
which has required two different duration scales for
“yesterday's” versus ‘today’s” flags in Figure 14. This
shift is also responsible for there being two lines labelled
4 mm/day intensity in Figure 14. And with reference to
rainfall intensities, note that they ranged mostly from 4 to
7 mm/day, comparable to Niamey before 1971, after
which they have ranged from 2 to 4 mm/day, much less
than at Niamey, and, as previously indicated, over a
much shorter season.

The inescapable conclusion is that while Bouza was at
least a marginal crop production area before 1971, itis no
longer suited to that usage. If crops are attempted in
today's rainfall conditions, only those grown in seasons
with onset by mid-July offer any reasonable hope of
satisfactory production.



CHAPTER 14

Broadening the Findings: The Sudano-Sahelian Zone

Relationships of rainfall amount 2nd duration such as
those at Niamey and Bouza in Niger are found through-
out the Sudano-Sahelian zones. The application of these
findings to farm level decision making is further strength-
ened by the broader, better known climate relationships
of the area. Table 18 provides a first look at the broader
aspects of the situation and an initial blending of the
longer known information with that more recently devel-
oped.

TABLE 18

Eleven locations in four countries of Sub-Saharan Africa listed by
latitude from the dry north with a iate monsoon to the relatively wetter
south where the monsoon arrives earlier. Mean annual rainfall to
1970, then for 1971 onward. Ranges of onset dates showing earliest,
50% of years and latest onsets.

HORTH
LATITUDR

NBAK AXUUAL RAIWPALLan  RANGES OF ONSET DATES
tol310 1370 on  BABLIEST 508 LATRST

LOCATION

1-07
§-02
52
§-12
§-04
§-08
§-11
3-8
{-0
§-30

1 e
Ve

8-08
12
§-23
1-18
1-06
1-01
§-20
§-20
§-15
§-03
5-20

§-21
8-21
1-28
8-16
8-13
1-26
8-09
1-U
1-U
8-01

£-29

16+38"
1540
1026’
e8!
14002
134¢°
13035
13029’
13009’
11059
Hyy

2
R}
s
189
536
875
848
§03
100
829
957

156
{2}
§46
R
155
{590)s
(124)2
S04
(673)1
m
815

Podor{§)+
Aasongo(M)
Eayes(N)
Boura{N)
Dori(BF)
Nioro(§)
Eolokani ()
Niesey(N)
Kaya(BP)
Caya{N)
Borono(BF)

Estimated using the relations shown in colunin 4, Table 19.
* Countries are Senegal (S), Mali {M), Niger (N) and Burkina Faso

(BF).

Dates of Onset and Rainfall Amounts - Linkages with
Latitude

In Table 18 information is shown for 11 locations in
Sub-Saharan West Africa, including the two already dis-
cussed. Four countries are involved, from Senegal on
the west reaching the Atlantic Ocean, eastward through
Mali and Burkina Faso to Niger. All 11 locations lie in the
belt between 11° and 17°N latitude, above which is virtu-
ally rainless desert. The table lists the locations by
latitude in descending order from north to soLth. The
northernmost location is Podor, Senegal, at 16°38', and
the southernmost is Boromo, Burkina Faso, at 11°44',
These zre also the driest and wettest locations respec-
tively, with long term mean rainfall amounts (prior to
1971) of 292 mm (11.5 in) at Podor and 957mm (37.7in)
at Boromo.

The intermediate nine locations have intermediate
rainfall, generally increasing with descending latitude.
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This relationship of annual rainfall to latitude is well
known and much documented.

The relation between rainfall and latitude is nearly
perfect for 8 of the 11 locations which lie easterly - those
in Niger (3), Burkina Faso (3), eastern Mali (1) and north-
ern Senegal (1). More westerly locations in Senegal
(Nioro) and Mali (Kayes, Kolokani) follow a similar pattern
but with approximately 35-50% higier rainfall at a given
latitude.

The mean rainfall figures at all locations prior {0 1971
may e seen in column 3, Table 18. Column 4 shows
mean rainfall from 1971 onward at seven of the 11 loca-
tions for which data are available at this writing - plus
estimates for the other four. The seven are based on
limited data with 13 years at two sites, nine years at two
sites and 12, six and three years, each at one site. These
post-1970 rainfall means are not offered as precise val-
ues, but simply as representative of the situation now
being faced by farmers of the region. As more data
become available, improved analyses will be made.

Table 18 also shows the results of additional analyses
on the long term rainfall records (all vears) as to when
onset of the monsoon for cropping purposes has oc-
curred at the 11 locations. Columns 5, 6 and 7 respec-
tively show the earliest dates of onset, the dates by which
50% of all years had onset, and the latest dates. The
auihor is indebted to Dr. Ed Kanemasu and his staff at
Kansas State University for providing the rainfall data and
for collaborating in the programming and running of these
analyses.

Since it is always possible to have a freak onset event
which might throw the “earliest” and “latest” onset col-
umns out of line, it is most informative to look at the 50%
onset dates in column 6. There we see an almost linear
progression of onset, starting early in the south at
Boromo and 80 days later reaching Podor in the north.
The reader should not infer that this type of pregression
occurs cleanly each year. These are long term means,
and in any given year the progression of the monsoun
front can be erratic.

Monsoon Recession and Latitude

The opposite is true of the recession or withdrawal of
the monsoon, which (on average) occurs almost simulta-
neously at all latitudes being discussed. There is a mild
tendency for later withdrawal in the south, perhaps four
days later than in the north. Thus in 50% of years, the
monsoon rains depart the 17th parallel by Sept 24, and
the 11th parallel by Sept 28.

Figure 16 provides a graphical representation of the
relationship of onset to latitude, based on columns 5 6



and 7, Table 18. The vertical scale shows north latitude
in degrees and minutes, from 11° to 17° inclusive. The
horizontal scale is a calendar showing both ordinary
dates and Julian dates (days are numbered from one on
Jan 1). The onset dates from each of the 11 locations are
drawn in at the appropriate latitude, in each case showing
the earliest date of onset analyzed from the long term
rainfall record, the 50% date and the latest date. The
three dates for each location are linked by dashed lines.
Each country has a different symbol marking earliest and
latest dates.

The shaded area of Figure 16 represents the result of
regression analyses in which the three sets of onset
dates are related to latitude mathematically. The pur-
pose of the analyses is to enable one to estimate the
dates of onset for any other location not analyzed, in the
Sub-Szaharan zones covered. Estimates of earliest onset
dates would be based on the line forming the left side of
the shaded area. Fifty percent onset dates would be
vased on the heavy line up through the middle of the
shaded area, while the line on the right side estimates
latest onset dates. For example, the three arrows
dropped from the 13th parallel in the figure indicate that
locations at that latitude should have earliest onset on
May 13, 50% onset by Jun 14 and latest onset by Jul 24.

Such estimates are shown for all the parallels of lati-
tude in the last three columns of Table 19. The table also
shows estimates of mean annual rainfall at each parallel
both before 1971 and from 1971 onward. These esti-
mates derive from the same types of regression analyses

FIGURE 16

Western Airica, Sudano-Sahelian zone: ranges of dates of onset
of the monsoon cropping season, shown as a function of latitude.
Senegal, Mali, Burkina Faso and Niger.
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TABLE 19

Generalized values for monsoon cropping season onset date and
mean annual rainfall amounts for latitudes 11° 1o 17°N in Burkina Faso,
Niger, eastern Mali and the northernmost area of Senegal. Rainfall
amounts are shown to 1970 and from 1971 onward, with percentage
reductions of the latter.

LATITUZE  BSTINATED RAINFALL,na % RRDUCTION  BST[MATED ONSET DATES
HoaTH PRE-1971 1971 ONWARD 1971 ONWARD ~EARLIEST 50% LATRST

In 11 Y 00 8-16 9-16
16 0 182 -2t 13 90

8.
i,
2,
15,
it

9

3
13 L 11 K 5 6-08  7-15  8-20
1 m 181 1 5-26 6-30 807
X m 630 { 1364 T-U
12 B4 780 1.8 30 529 11
1 1 §29 {3 LS U B R B

as ware used to draw Figure 16. Rainfall figures used in
the analyses are those shown earlier in Table 18.

Accelerated Rainfall Reduction in Drier Latitudes

The estimates of rairfall in columns 2 and 3, Table 19,
in turn were used to estimate the percentages by which
rainfall has been reduced in this regior in the years from
1971 onward. The estimates of percentage reduction in
rainfall, seen in column 4, do not form a linear function
with latitude, as do rainfall amounts and dates of onset.
Instead, we see small reductions of less than 10% in the
wetter southern areas, becoming ever greater percen-
tagewise (and also in absolute rainfall amount) as one
proceeds to the drier northern latitudes.

Detailed examples of this phenomenon were dis-
cussed earlier for Niamey and Bouza, at latitudes 1:3°29"
and 14°25' respectively. Niamey rainfall has fallen from
603 mm before 1971 to 504 mm thereafter - a drop of 99
mm or 16.4%. Bouza, at 489 mm, fell 176 mm to 313
mm, or 36%.

Onset Relations at All Locations: Regression Anzaly-
sis

Returning to the relationships of principal interesi:
Those of (1) cropping season rainfall amount and (2)
duration with date of onset are quantified by regression
equations for all 11 locations in Table 1, Appendix A. The
equation for Niamey and Bouza are determined by the
writer's analyses while the others, as earlier nc‘ad, were
analyzed by Kanemasu and colleagues in collaboration
with the writer.

Whenever data were sufficient, the above relation-
ships were analyzed separately for the years prior to
1971 and from 1971 onward. In each case the degree of
closeness or fit of the relationship is represented by the
coefficient of variation (R?). The maximum possible value
of R?is 1.0, meaning a perfect fit. For example, if R2 were
1.0, one could predict precisely the amount and duration
of rainfall to be produced in the season, as of the date of
onset. If R?is 0.60, the practical meaning is that 60% of



the range of past occurrences will not be associated with
any given date of onset and only 40% will be.

In Table i, Appendix A, we ses the following:

. A sucong relationship exists between rainfall season
duration and date of onset at all 11 locations. This is
shown by R? values which range from a low of 0.46 in
recent years (since 1971) at Bouza, Niger, to a high of
0.85 in years before 1971 at Kolokani, Mali. Statisti-
cally speaking, these are all highly significant relation-
ships at the 1% level. Practically speaking. these are
all highly useful relationships upon which to base ad-
vice to farmers on crop types and cultivars to empha-
size in their plantings in different seasons.

. A less strong but equally varid and useful relationship
exists between cropping season rainfall amount and
date of onset. Coefficients of variation (R?) range from
a low of .05 at Kaya since 1971 to a high of 0.73 at
Bouza since 1971. The latter is an example of an
interesting phenomenon. The R2 values for this rela-
tionship have increased markedly since 1971 at five of
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the six locations where sufficient data are available.
The recent mean is 0.51 whereas the pre-1971 mean
was 0.24.

3. The relationship between raintall amount and date of

onset is nearly always useful for guiding farm deci-
sions even when the R? values are low, because the
R? shows only how much the historical range of rainfall
amounts are reduced at any given date of onset - it
does not necessarily reflect important changes in rain-
fall probabilities within the rernaining range. For ex-
ample, at Kaya, Burkina Faso. before 1971 the R? was
only 0.12, indicating a reduction in the range of 12%.
What it does not show is that the probability of rainfall
amount being in the lower one-third of all years, which
one might assume is 33 1/3%, is only 12% if onset is
early - within the first one-third of all onsets - but is all
the way up to 58% if onset is in the last one-third of all
onsets. Expressed differently, one very low rainfall
year may be expected in every eight early onset years,
out nearly six in 10 years of late onset.
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CHAPTER 15
Nepal

Improving Our Ability to Predict Rainfall

Foregoing sections have focussed on the influence of
the date of onset on subsequent seasonal rainfall
amount, duration and intensity. The discussions have
dealt with the use of date of onset as a predictor of these
seasonal rainfall characteristics. Thus in each year or
season at any given location, farmers can be guided - as
of the date that satisfactory rains appear - in the numer-
ous decisions they must make when planting. These
include land preparation and tillage, crop types and ¢ ilti-
vars to be emphasized, mixed cropping versus sole crop-
ping., row spacings, seeding rates, initial fertilization
rates, weeding practices, etc. All of these and more are
influenced by water supply expectations.

There are two distinct ways the above procedures
might be further improved. One is to learn how to predict
season characteristics more precisely. The second is to
learn how to predict earlier in time. This would offer the
farmer and his supply system more lead time to prepare
for the unique characteristics of the approaching season.
The search for ways to predict seasonal rainfall more
closely and/or earlier in time is a major research goal of
WHARF. The initial finding that the monsoon of the Asian
subcontinent may be predictable before onset is pre-
sented here.

Two examples are presented. The first is for Kusum,
Nepal, located in the mid-western Terai near Dang, close
to the northern border of Uttar Pradesh, India. Kusum
lies in the upper Gangetic Plain at an altitude of 235 m
(770 ft). Map coordinates are 28°01'N latitude and
82°07'E longitude.

Kusum, Nepai: Monsoon Characteristics as Related
to Prior Winter/Spring Rainfall

Tha rainfall record from Kusum spans 28 years from
1957-84. It shows mean annual rainfall of 1474 mm (58
in), which is high compared to the locations discussed

Robbie Stewart and Dr. Charles Hash, Member WHARF Professional
Advisory Council, in Durbar Square, Bhaktapur, Kathmandu Valley,
.Nepal, 1986.

earlier, but representative of much of the Terai and inner-
Terai area. The monsoon usually arrives in June, but can
appear any time from the latter half of May to the first haif
of July. Final rains are from late September through
October. November is almost always totally dry, after
which the December-April period (winter/spring) may
have rains ranging from zero to 334 mm (13.1 in), accord-
ing to the record in hand. If we split the year, mean
monsoon rainfall (May-November) is 1366 mm (53.8 in)
and December-April rainfall is 108 mm (4.3 inj.

Both the monsoon rains and the predecessor winter/
spring rains are characterized by a relatively few years
(approximately one in three) of well above average rain-
fall with the others below average. Thus, for farming
purposes it is more meaningful to refer to medians than
means or averages. And in the case of the monsoon, it is
relevant to speak of the cropping season from onset to
final rain date, rather than to every drop of rain in the
May-November period. With these cr 1siderations, me-
dian rainfall at Kusum is 1200 mm (47.2 in) in the mon-
soon, and 85 mm (3.3 in) in the preceding winter/spring
period.

Pre-Monscon Rains Predict the Monsoon at Kusum

The important finding leading to earlier rainfall predic-
tion is that the winter/sprir.g rains appear to be a predictor
of the character of the monsoon to come. In other words,
on May 1, much useful information about the approach-
ing monscon may be ascertained, based on a simple
summation of total rainfall received in the reference rain
gauge since the preceding December 1. A fortuniate
aspect of this early prediction is that it is most accurate
for the extreme years - either extremely wet or extremely
dry - which are the most worrisome to farmers. Interme-
diate type years may be more clearly sorted out as of the
date of onset.

Using winter/spring rainfall as a predictor is a simple
process. The numbers cited here (rainfall amounts) are
valid oniy for Kusum and immediate surrounds. Addi-
tional analyses are required to generate predictors for
oti.er sites but the process and the types of results are
expected to be the same. At Kusum the amount of
winter/spring rainfall is divided into three groupings, each
implying its own set of characteristics to be expected in
the coming monsoon as follows:

1. Winter/spring rain of 150mm or greater - this is the
wet extreme, the case in two of every seven years.
Monsoon characteristics expected are a. onset will be
early, by Jun 7, b. rainfall amount, duration and inten-
sity all will be in the range of normal to extremely high,
and c. risks of soil erosion from high intensity rains and
of crop losses to water logging from excessive rain or
duration all will be high, calling for appropriate land



preparation to assure drainage of excess water.

2. Winter/spring rain of 30 mm or less - this is the dry
extreme, the case in one of every seven years. Mon-
soon characteristics expected are a. onset will be late,
after Jun 7, b. rainfall amount, duration and intensity
will combine to place all of these seasons in the low
normal, subsistence or failure categories, and ¢. risks
of very low rainfall will be great, with no risk of erosion
or waterlogging, so land preparation should stress re-
tention of all rainfall on the cropped field.

3. Winter/spring rainfall of 31 to 149 mm - this occurs
in four of seven years. Monsoon characteristics ex-
pected are less clear but generally central. Whether
high central or low central depends on date of onset as
will be shown. For the moment, suffice it to say a.
onset cannot be predicted for this group as early or
late; it may be either, b. rainfall amounts, durations
and intensities cover wide ranges but none stretch to
the lowest or highest extremes, and c¢. risks associ-
ated with both wet and dry conditions are still present
at very low probabilities, but they are clarified, as are
the more positive factors on the date of onset (if early)
oron June 8 (if late).

Returning to the ‘rainfall flag” type of presentation,
Figure 17 relates monsoon cropping season rainfall
amount to the amount of prior winter/spring rainfall. Early
and lata dates of onset are also shown because winter/
spring rainfall is for some years (the extremes) a predic-
tor of both date of onset and rainfall amount. In effect this
causes Figure 17 to separate into two overlapping rainfall

————

FIGURE 17

May 1 relationships between the winter/spring rainfall just com-
pleted and the ranges of onsel dates and rainfallamounts expected
in the approaching monsoon. Kusum. Nepal (Western Terai)
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flags which clearly show the distinctions between early

and late onset seasons.

In Figure 17, early onset years are represented by
open circles and are all enclosed within the upper rainfall
flag. Late onset years are shown as black circles and are
all enclosed in the lower, shaded flag. The two flags
overlap in part. The verticai scale shows the amount of
monsoon cropping season rainfall, while the horizontal
lower scale shows the amount of winter/spring rainfall
which preceded the monsoon. The winter/spring rainfall
scale starts with zero at the right hand side and becomes
grealer as one moves to the left. The scale is com-
pressed after reaching 150 mm in order to include the
higher ievels reached in eight of the 28 years of record.

A dashed vertical line extends upward from 150 mm
on the winter/spring rainfall scale, and near the top of this
line is a triangle and the number 3032. This was the
rainfall level of me wettest season in the record. All
others are as shown. Interms of prediction on May 1, the
dashed line and the data points show three important
findings for years in which the monsoon is preceded by
150mm or more of winter/spring rain:

1. All eight of these years went on to have early onset.
2. All produced at least normal rainfall.

3. Four of the five extremely high rainfall years in the
record fell into this group of eight years predicted by
high prior rains.

Another vertical dashed line is drawn on the right hand
side of Figure 17, extending upward from 30 mm on the
lower scale. Again, for prediction on May1, this illustrates
three important points:

1. All four years to the right of ihis line went on to have
late onset.

2. The best two seasons produced normal, but not better,
rainfall. However, one of these, being so late in onset,
was of such short duration that it could oniy produce
subsistence level crop yields. (More on this latei.)

3. The other two seasons were the worst in the entire
record and were complete failures in terms of produc-
ing crops of the area.

The remaining 16 years of the 28-year record fall
between the two vertical dashed lines in Figure 17. This
includes the area where the two flags intersect, indicating
that when winter/spring rainfall has been moderate (31-
149 mm), we cannot predict on May 1 whether onset of
the monsoon will be early or late. Additionally we still
face a rather broad range of possible rainfall amounts in
the coming monsoon, but - and this is important - the real
extremes of wetness or dryness are no longer threaten-
ing.

The more familiar relationship of rainfall amount with
date of onset is seen in Figure 18, which in effect consti-
tutes a flag within a flag.

If one views the outline of the larger flag encompass-
ing all data points, it strongly resembles a number of



FIGURE 18

Monsoon rainfall amount, duration and intensity relationships with
date of onset. Data identify three levels of pre-monsoon winter/
spring (w/s) rainfall.
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exzmples from other locations. The principal similarities
are that the range of rainfall amounts, and the probabili-
ties of given rainfall amounts within the range, change
rapidly in negative fashion as onset gets later in time. A
difference from earlier examples is the higher rainfall
amounts and intensities at Kusum. The latter, for ex-
ample, range from 16 mm/day to 6 mm/day with a me-
dian value of nearly 10 mm/day. This is considerably
higher than the Mediterranean or East or West Africa
where median intensities are about 2, 4 and 5 mm/day
respectively. Nevertheless, despite the higher rainfall
and intensities, the basic relation of rainfall to onset
remains.

Although each datum point within the flag in Figure 18
represents one year in the 28-year record, years with
different characteristics are represented by four different
types of symbols - clear circles and triangles pointing
upward in the early onset portion of the flag, and black-
ened circles and inverted triangles for late onset.

The clear triangles with early onset show what hap-
pened in the eight years that winter/spring rainfall was
150 mm or greater. If a line were drawn to enclose all of
these, it would essentially form a iong, upright rectangu-
lar box all on the left side of the flag, and taking in the
highest rainfa!l amounts recorded. The assumption is
that if, on May 1 of any year in the future, rainfall in the
prior Dec-Apr period reaches 150 mrn, one can predict
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that monsoon cropping season rainfall amount and date
of onset will fall within that box.

The blackened and inverted triangles with late onset
show historical occurrences in the four years when win-
ter/spring rainfall was 30 mm or less. A box around these
would form a trapezoid which includes the lowest rainfall
amounts and the latest date of onset in the 28 years of
record. As above, it is assumed that future monsoons
will fall in this box if winter/spring rainfall is below 31 mm.
This will be known on May 1 of the year in question, and
the farmer may be informed as to the preparations he
should make.

This leaves the circles, both clear and blackened,
which form the shaded flag within the larger overall flag.
This inner flag, like the two boxes above, is known as of
May 1 when winter/spring rainfall has been in the inter-
mediate range of 31-149 mm. The shaded inner flag
encloses all of the actual occurrences which have fol-
lowed intermediate winter/spring rainfall. This intermedi-
ate category is the most frequent of all - it includes 16 of
the 28 years of record, and both early and late (but not
the latest) onsets. Once again, it is assumed future
monsoons will fall within the shaded flag if winter/spring
rainfall is intermediate. On May 1, the farmer armed with
just this much knowledge can proceed with his planning,
confident that he does not face the worst extremes of
either wetness or dryness.

In the case of intermediate winter/spring rainfall, the
farmers' knowledge can be further greatly enhanced
however, as of the actual date of onset - or on June 8 at
the latest when, by definition, onset is late. The nature of
the information which can be provided will now be elabo-
rated. A simple summary of the median values of agricul-
turally important characteristics of the monsoon at
Kusum over the 28 years is presented in Table 20. The
table first shows overall medians, then the medians ap-

TABLE 20 - KUSUM, NEPAL.:

Median values of winter/spring rainfall preceding the monsoon, and of
monsoon cropping season onset dates, and rainfall amount, duration
and intensity. Presented first for all 28 years of the record, then for
seasons which fall in four predicted groupings, identified by winter/
spring rainfall, or by early versus late onset.
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plicable to each of the four categories of years predicted
by winter/spring rainfall and date of onset.

Table 20 displays major differences between the first
and last groupings, reprasenting rainfall highs and lows
respectively, and between these extremes and the over-
all median values. That these are differences of real im-
portance to farmers is obvious. Less clear is the differ-
ence between the two intermediate groupings of 6 early
onset and 10 late onset years. However, the table shows
only median values which are less informative than the
ranges (the figures aiready presented do that best) and

TABLE 21 - KUSUM, NEPAL:
Minimum rainfall criteria for five levels of crop production {illustrative -
see utilization in Table 2. Appendis A and Figure 19).

- -YIELD LEVELS- - - - NIRINUM RATNFARD KEQUIGENENTS - -
SEASON® PRODUCTION AMOURT TURATION INTERSITY
POTENTIAL YIS {ay¢ /ey
NATIHUX 1599 14§ 1.1
HIGH NORKAL 1290 120 10.9
LO¥ NORKAL 900 190 7.5
SUBTISTENCE 00 #8 6.0
FAILURE (700 <88 £.0

* Season each year is from delined onset date to final rain date,
inclusive.

are still less informative than coupling ranges with proba-
bilities.
Potential Crop Production in Terms of Rainfall Proba-
bilities

A new approach will now be introduced, which links
rainfall probabilities directly to crop production probabili-
ties. This is accomplished by ranking the three key sea-
sonal attributes of rainfall amount, duration and intensity,

all based on normal (median) values for the location. The
ranking is at five levels as shown for Kusum in Table 21.

The first thing to observe in Table 21 is that season
production potential is not iinked to any specific crop, but
to a hypothetical standard crop, which, in order to yield in
the upper half of its potential range in the study location,
requires that rainfall amount, duration and intensity all
reach or exceed their median values. Since normalis the
median rainfall amount, duration and intensity, high nor-
mals are all above thai. However, at 1.5 times normal
rainfall, it is assumed that water requirements of all area
crops (rice for example) are satisfied, and that erosion
and waterlogging have become potential hazards. The
production potential is termed maximum, but measures
must be taken to drain excess waters. Low normal is
assumed to range from 75 to 100% normal, while subsis-
tence level potential ranges from about 60 to 75% of
normal. Below that, failure is assumed.

FIGURE 19 -- KUSUM, NEPAL

Prababilitie:s of monsoon crop production levels in seasons categorized prior to the rnonsoon: on May 1 if winter/spring rains expecially high
or iow - it moderate, categorization is at onset for early seasons, or on Jun 8 for late seasons.
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Again the reader is cautioned that the new approaches
presented here are just that -- approaches. However,
they are thought to hold some real promise for providing
answers to major problems not presently being ad-
dressed successfully using standard methods. The num-
bers and percentage rankings, etc., utilized, such as in
Table 21 and in the paragraphs above, represent the best
judgments of the writer based on experience and re-
search findings presently in hand. Without question, fur-
ther research will change and improve such numbers.
The objectives here are to urge a. adoption of new ap-
proaches, b. utilization of the best information we have in
hand for the immediate benefit of the farming community,
and ¢. setting in motion widespread research activities
aimed at improving the new approaches and their ability
to provide helpful guidance.

“Limiting Factors” Govern Sesason Rankings for
Production Potential

When assigning a ranking to the production potentiai
of a given season, the approach suggested here utilizes
the well known concegt of limiting factors. This is a con-
serv - ve approach which places the season rank in the
lowest category in which any one of ihe three attributes
(rainfall amount, duration, intensity) falls.

For example, Inoking at Table 21, if a season had 1400
mm of rainfall (high normal), an average intensity of 11.9
mmy/day (high normal), but the rainy period persisted just
118 days (low normal) - the season is ranked as low
normal. This is because it cannot fully support the longer
maturity cultivars capable of efficiently utilizing the full
amount of rainfall to produce above the normal level.

Detailed Rainfall Record for Kusum

In Table 2, Appendix A, all 28 years of record at
Kusum are shown, with the details of their pre-monsoon
winter/spring rains, onset dates and monsoon cropping
season rainfall amounts, durations and intensities. On
the basis of these figures and the criteria seen in Table
21, each season in the record has been assigned a
ranking for its production potential. Next the probabilities
of each of the five rankings occurring in each of the four
predicted rainfall groupings (Table 20) have been calcu-

The Rajpath: Torturous highway down the mountain slopes from Kath-
mandu Valley to the Terai (Upper Gangetic Plain) of Nepal. June, 1968,
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lated. All of the above are summarized in Figure 19.
Early Categorization of the Monsoon at Kusum

Figure 19 shows the kinds of information which the
new analyses and appreaches can produce to guide
farmers in their decision making prior to and at planting
time. In this illustration, each of the 28 years of record at
Kusum falls into one of the four production probability
patterns pictured. All four patterns are predictable in time
for the farmer to take appropriate action. The dates when
the prediction can be made are shown in the figure.

The two patterns on the left of Figure 19 represent
early onset seasons, none of which historically has fallen
to either the subsistence or failure level. The only cate-
gory in which maximum production has been possible
has been those seasons preceded by high winter/spring
rainfall. Similarly, the majority of *high normal” produc-
tion potential seasons were preceded by high winter/
spring rainfall, and all had early onset.

Late onset seasons, represented by the two probabil-
ity patterns on the right of Figure 19, have never reached
either maximum or high normal production potential, and
pose clear risks of falling to the subsistence o1 even
failure level. In the case where pre-monsoon rainfall feli
below 31 mm, three out of four seasons were at these
levels.

Rainfall Prediction to Reduce Risks of Farmers and
Suppliers

The information developed and presented for Kusum
is useful in the field at two levels. The first is simply to
present the farmer with the pertinent prediction and let
him react to the situation however he wishes, as dictated
by his owr. experience and knowledge. The same infor-
mation could be supplied to credit sources, who today in
the Third World, generally find the risks of lending to
smallholders (to buy fertilizers for examplg) to be too
great - hence credit is not available. Figure 19 makes
clear that the risks to farmers and suppliers are very low
at Kusum (approaching those of irrigated agriculture) in
seasons preceded by high winter/spring rainfail, and for
all seasons with 2ariy onset if rates of inputs are moder-
ate.




Generalized Response Farming Guides to Assist
Farm Decision Making

A second level of application is to accompany the
rainfall prediction with Generalized Response Farming
Guides to assist farmers in thinking about their re-
sponses. Such guides might or might not deal with
specific crops by name, depending on the level of infor-
mation available about specific crop responses te water,
and about soils of the area, marketing structures, efc.
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The nature of useful but generalized guides is illus-
trated in Table 3, Appendix A, designed for the four
monsoon categories delineated for Kusum. A strategy
built in to these example guides is that first priority is
given to assurance of the family food supply, after which
consideration is given to production for the market. Any
other strategy desired could be adopted and the guides
modified accordingly.



CHAPTER 16

India, and Two-5tation Comparisons

The final example to be presented is that of Hydera-
bad, India. Hyderabad is positioned in the semi-arid
tropical zone of south central India, at 17°27'N latitude
and 78°28'E longitude. The rainfall record studied covers
the 48-year period from 1937 to 1984, during which mean
annual rainfall was 783 mm (30.8 in), ranging from 416-
1383 mm (16.4-54.4 in). Mean rainfall in the Dec-Apr
period preceding the mionsoon averages 52 mm (2.0 in),
ranging from zero to 258 mm {10.2 in).

Hyderabad and Kusum: Rainf7 .| Comparisons

Speaking generally, rainfall at Hyderabad is just a bit
over halt of that at Kusum in the previcus example.
Some further comparisons are useful for thinking about
the rainfall in relation to crop production. Onset of the
monsoon at Hyderabad, with a median date of June 21,
averages about two weeks later than at Kusum wherg the
median date is Jun 7 (Table 20). Duration of the mon-
soon at Hyderabad is sornewhat longer (128 days versus
121 days), placing the average date of monsoon reces-
sion about three weeks later than at Kusum. With Kusum
rainfall nearly twice as much and durations not much
different, rainfall intensities at Kusum are naturally much
greater, with a median of 9.9 mm/day versus 5.3 mm/day
at Hyderabad. Before proczeding, some comments
about water requirements of crops may prove helpful.

Factors Influencing Crop Water Requirements

Water requirements of crops (maximum evapotranspi-
ration) depend largely on evaporative conditions of the
atmosphere. These are aiso expressed in mm/day so
may be compared directly to rainfall intensities. How-
ever, crop water requirements are also influenced by the
crop type, its stage of growth, and - imporiantly in rainfed
agriculture - the degree of leaf cover the crop attains to
intercept sunlight, since it is mostly solar energy that
evaporates water from the cropped area and enables
crop growth through photosynthesis.

Dancing girl in . ditional Rajasthani costume, Jodhpur, India. February,
1978.

50

Massive stones form distinctive landscape near Hyderabad, India.
February, 1986.

The cdegree of leaf cover is termed leaf area index or
LAI, designating the number of hectarss of leavas form-
ing a canopy over cne hec.»-e of cropped land surface.
As a rule of thumb, when LAl reaches 3.0 or greater, the
daily water requirernent of the crop is maximized. If water
is available to meet that need and ail other conditions
(soil fertility, weed control, etc.) are near ideal, crop yield
will also be maximized.

If water is limiting, the farmer can thin his crop in order
to reduce the leaf canopy below LAI 3. This reduces both
the effective water requirement and, of course, the maxi-
mum possible yield per hectare. However each plant left
in the field can remain healtiy and produce its maximum,
whereas, if too many plants are left for the available water
supply, none will be healthy and overall yield will be
reduced even more.

Fitting Crops to Rainfall at Hyderabad and Kusum

Returning to our comparisons, Hargreaves, et al
(1985) show that evaporative rates (ETP rates denoting
the water requirements of green grass - the requirements
of other crops to be grown may then be related to these)
in the principal growing period of the monsoon (June-
September) are virtually the same at Hyderabad as in the
north of Uttar Pradesh, only a few miles from Kusum.
The average ETP near Kusum in this pericd is 5.2 mm/
day, compared to 5.0 mm/day at Hyderabad.

At Hyderabad, median rainfall intensity of 5.3 mm/day
just exceeds the ETP rate while the intensity at Kusum of
9.9 mm/day is 90%- greater than ETP. This is reflected in
the crops grown even though the season timing, length
and evaporative conditions are nearly identical in both
places.

A key crop at Kusum is paddy rice, grown in flooded
fields with maximum evapotranspiration throughout most
of the season. In these conditions that means approxi-
mately 7.6 mm/day. At Hyderabad a key crop is grain



sorghum which, in the peak part of the season will require
around 5.5 mm/day, and this can be reduced by thinning
to lower plant populations.

Pre-Monsoon Rains: The Initial Predictor at Hydera-
bad

The attributes of the monsoon cropping season at
Hyderabad are predictable in much the same way, and at
a similar level of accuracy, as at Kusum. The initial pre-
dictor is winter/spring (December-April) raintall prior to
the mosoon, but at Hyderabad this prediction is made
only at the high end of the rainfall scale. To be explicit,
winter/spring rainfall exceeding 81 mm (3.2 in) - which
has occurred in nine of the 48 years studied - signals
rainfall amount, duvation and intensity all in the upper
portion of their respective ranges. This is closely compa-
rable to the situation at Kusum when winter/spring rainfall
equals or exceeds 150 mm. The principal difference is
that high winter/spring rains at Kusum also sig. alled
early onset, which is not true at Hyderabad. High prior
rainfall there appears to exclude poor seasons but has no
implications for date of onset.

Date of Onset: The Principal Predictor at Hyderabad

For the 39 of 48 seasons which had winter/spring
rainfall below 82 mm, there is little or no correlation
between those amounts and monsoon rainfall attributes.
However, as at all locations discussed in this book, sea-
son rainfall amount, duration and intensity are linked to
the date of onset. For predictive purposes at Hyderabad,
onset is divided into three distinct time periods instead of
two. The three periods used as predictors are designated
as a. early (May 26 to June 10), b. middle (June 11-30)
and c. late (July 1 to August 9).

Four Categories of Seasons Predicted at Hyderabad

Table 22, which is similar to Table 20 for Kusum,
shows the median values of the monsoon rainfall attrib-
utes at Hyderabad for the entire 48-year record studied,
and then for each of the four groupings of seasons de-
fined by the prediction criteria outlined above.

B — N ) d
3 1 .

Drs. 8. M. Virmani (facing audience, r) and A.K.S. Huda {facing, 1),
Agroclimatologists, explain grain sorghum experiments which compare
yield performance of new genotypes under water stress lo scientists
from 18 countries during meetings at ICRISAT (International Crops
Research institute for the Semi-Arid Tropics), Hyderabad, India. No-
vember, 1982,
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TABLE 22 -- HYDERABAD, INDIA:

Median values of winter/spring rainfall preceding the monsoon, and of
monsoon cropping season onset dates, and rainfall amount, duration
and intensity. Presented first for all 48 years of the record, then for four
groupings of seasons identified by winter/spring rainfail, or by onsel
dates.

ONSBT
DATE

MOKSOON RAINPALL
AMOUNT DUBATION INTENSITISS
om o dags o _mfdy

PRE-MONSGON
YINTRR/SPRING
RAINFALL, w

K0, OF
YEARS

ONS8T
FERI0D

§-11

(KEDTAN VALUES}
1] ALL ONSETS: 645 128 §.3

My 28-hug 09

) 81 L1 163 131 54
8 BABLY: By Jun 100 ¢ 82 6-07 108 R} 5.2
3 XIDDLE: Jun 11300 ¢ 82 6-20 608 128 1.8
10 LATES Jul | Onwards ¢ 82 1-20 n 100 6.2

$ ALL ONSETS

*  Predictors
** Medians from original data - not calculated within the table by
amount/duration.

Table 22 shows overall median monsoon cropping
season rainfali of 645 mm (25.4 in), persicting 128 days
with an intensity of 5.3 mm/day (0.21 in/day). Seasons
preceded by high winter/spring rainfall, together with
early onset seasons, display higher rainfall amount,
longer duration and virtually the saine intensities. Sea-
sons with middle period onset have lower rainfall, the
same duration and less intensity. Late onset seasons
have the least rainfall, by far the shortest durations, but,
paradoxically, the highest intensities of all.

The importance of the differences among the pre-
dicted groupings in Table 22 is more easily grasped when
ranges of values within each of the groupings are seen in
addition to the medians. Table 23 presents the ranges,
starting with the 48-year record as if no prediction were
involved. Rainfall amount runs from a low of 336 mm
(13.21in) to a high of 1229 mm (48.4 in). Duration is from
77 to 174 days and intensities are as little as 2.6 mm/day
and as great as 9.4 mm/day. This is the dilemma of
Hyderabad farmers today. How does one make all the
necessary decisions as to how best to farm in such
variable conditions? The lower portion of Table 23 helps
to clarify how prediction can ease the decision process.

TABLE 23 - HYDERABAD, INDIA:

Ranges of values of monsoon cropping season onset dates and rain-
fall amount, duration and intensity. Presented first for all 48 years
studied, then for four groupings of seasons identified by high winter/
spring rain fall or by onset dates.
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The first two predicted groupings in Table 23 are simi-
lar in their ranges of rainfall attributes but both differ im-
portantly from the lower two groupings (middle and late
onset) and from the overall ranges for the 48-year record.
For example, rainfall amount was never less than 562
mm in the first two groups, but fell to 336 mm wiih middle
onset and to 441 mm in the late onset group. Similarly,
duration never fell below 113 days in the first two groups,
even though the first group includes both middie and late
onset seasons as well as early onset ones. Intensities in
the first two groups also remained moderate to high,
never falling below 4.2 mm/day.

In the middle and late onset groupings the ranges are
similar except, as expected, late onset seasons are of
lesser duration. The impacts of these predictable rainfall
differences on probabilities for different levels of potential
crop production at Hyderabad are great, as was shown
earlier for Kusum in Figure19 and Table 2, Appendix A.

Establishing Standard Criteria for Ranking Monsoon
Seasons at Hyderabad

Table 24 establishes criteria for potential production
levels for a hypothetical standard crop exactly suited to
rainfall conditions at Hyderabad. For example, Table 22
shows median rainfall amount, duration and intensity as
645 mm, 128 days and 5.3 mm/day respectively. These
figures, slightly rounded, constitute the minimum reguire-
ments for “high normal” crop production potential. Note
that the breaking point between low and high normal is

TABLE 24 - HYDERABAD, INDIA;

Minimum rainfal! criteria for five levels of crop production (illustrative -
see utilization in Figure 20 and Table 4, Appendix A).

YIBLOS
SBASONS PRODUCTION

= =~ NININUM BATWPALL REQUIREMENTS - - -
ANOURT DUBATION INTENSITY

POTENTIAL n deys an/day
MATINUN 950 150
RIGE NORMAL (11} 130
LO¥ NORNAL 180 110

360 L]
<360 30 ¢

SUBSISTRNCE

1.5
5.3
19
Wl
FAILUBS Ll

* Season each year is from defined ~nset date to final rain date.

here defined as the 50% crop yield level. Maximum
potential means 100% of possible yield, therefore that
rainfall is sufficient (as are duration and intensity) to fulfill
all crop needs and cover all normal water losses.

Assuming a linear water production function for the
hypothetical standari crop, the above provides all the
information needed to quantify the entire function. With
maximum potential at 960 mm and 50% potential at 640
mm, zero potential (zero crop yield) will be at 320 mm
seasonal rainfall.

Detailed Rainfall Record for Hyderabad

Table 4, Appendix A contains details of all 48 years
studied for Hyderabad, listing them in the four groupings

it early or mid-period; Jult if onset late.

FIGURE 20 -- Hyderabad, India

Probabilities of monsoon crop production levels in seasons categorized prior to the monsoon: on May 1 if winter/spring rains high; at onset
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to be predicted, in the chronological order of prediction.
The first group of nine years is those with winter/spring
rainfall exceeding 81 mm. This group is predictable at
the latest on May 1, and earlier if December-April rainfall
reaches 82 mm on some earlier date. The three remain-
ing groups are predicted as of the actual occurrence of
onset (early or middle onset periods) or on July 1 if onset
is late.

The far right hand column of Table 4, Appendix A
classifies each year for crop production potential, based
on the criteria in Table 24. The concept of limiting factors
is applied so that the classification reflects the most
limiting of the three monsoon attributes of rainfall amount,
duration and intensity. In the table, the limiting
attribute(s) each year are shown in parentheses. Finally,
the probabilities of occurrence of each of the five crop
production potential classifications are calculated for
each predicted group of years and displayed in Figure 20.
{(Note that probabilities of “maximum” are zero, and are
not shown in the figure.)

Early Categorization of the Monsoon at Hyderabad

The Hyderabad rainfall predictability and crop produc-
tion potential probabilities in Figure 20 are of the same
type, and essqntially equtivalent in predictive quality, to
the Kusum situation shown in Figure 19. Shown below
the drawing are answers to three questions: a. did winter/
spring rainfall exceed 81 mm or not?, b. what period of
onset dates pertain, and c. when can the prediction be
made? This information is provided for all four groupings.

The years in which winter/spring rains exceeded 81
mm at Hyderabad are represented by the drawing on the
left side. Above that drawing is the notation “1 yearin 5."
This refers to the frequency of years meeting these pre-
diction criteria, which in this case was nine yearsin 48, or
approximately one in five. The second group from the left
is those with low winter/spring rainfall, but with early
onset, i.e., by June 10. This occurred in eight of the 48
years, again approximately one year in five. (Frecise
figures, if desired, are calculable from the detailed year-
by-year information in Table 4, Appendix A).

TABLE 25 - HYDERABAD, INDIA:

Potential yield levels for 105-day grain sorghum, and requirements for
monsoon rainfall amount, duration and intensity to attain them. (See
Figure 21 and Table 5, Appendix A)

NININUN BAINFALL BEQUIBRNENTS
AMOUNT DUBAT[ON INTENSITY

e dage njday

60¢ 110t
10 100
8 190
20 80
(@ 211]

GRAIR SOBCHUN TIRLD POTNTIAL
Category 1 L7

MATTHUN 160 5400
EI1GR NORMAL 50 100
LO¥ ROSNAL L] U0

1600
¢ 1600

JUBSISTENCE 30
PATLURE €0

* Duration values embody the assumption that the 10 days following
onset are used for planting, leaving 10 days less in the rainy period
during the growing cycle - in this instance, a 100-day rainy period in the
105-day season.
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The two groups of years just described, seen on the
left side of Figure 20, are the best in terms of potential
crop production, and are very similar to each other. The
prebabilities are all for normal production levels, about
evenly split between high normal and low norral. Zero
probabilities are shown for maximum production on the
high end, but also zero for subsistence level or failure on
the low end.

Middle onset years (onset from Jun 11-30) form the
largest group, occurring in 21 of the 48 years of record.
Crop production potential for such years is shown in
Figure 20 to be 2/3 in the normal range (10% high nor-
mal, 57% low normal) and 1/3 down in the sLusistence
(14%) or failure (19%) classifications. More caution is
called for in farming these years than those with early
onset or high winter/spring rainfall.

The right hand side cf Figure 20 shows the probabili-
ties of production in years with late onset, i.e., July 1
onward. This actually occurred in 10 of the 48 years, for
a frequency of roughly one in five. Only one of the 10
years reached as high as the “low normal” classification,
thus a probability of 10% as seen in the drawing. Of the
remaining nine years, seven were at the subsistence
level and two were complete failures by these criteria.

Interpreting Crop Production Probabilities

The response farming method is to predict and re-
spond. A rainfall prediction might take the form seen in
Figure 20, where, for example, onset might occur on
June 20 ard you are facing the probabilities shown in the
third drawing from the left, in the “Middle Onset" category.
There is a 10% chance of high normal production and a
57% chance of low normal, so all in all, normal production
is expected in 67% or two of every three such years. But
in one of three such years, one expects production to fall
to the subsistence level or to fail utterly.

However, Figure 20 represents a “standard” crop, di-
rectly geared to median rainfall - a tough standard. It
represents a hypothetical crop, but for sake of clarity, a
crop with requirements something like those in Table 24
could he a 5-month maize (corn) cultivar.

Grain Sorghum Production Potential at Hyderabad

Thus, the most sensible response to the above predic-
tion is probably a change from the most demanding crop
(the standard) to a less demanding crop which is equally
adapted to the area but which requires less rainfall to
produce at its normal level. At Hyderabad grain sorghum
is widely grown for reasons much like those suggested.
Table 25 shows the lessened water requirements, includ-
ing shorter duration and less intensity, together with a
water production function suggesting actual yield levels
attainable if other factors in production are not limiting.

With lessened water requirements, the probabilities of
reaching any given production level are increased. Fig-
ure 21 shows the probabilities for grain sorghum which



FIGURE 21 -- Hyderabad, India
Probabilities cf grain sorghum production levels in seasons categorized prior to the monsoon: on May 1 if winter/spring rains high; at onset if
early or mid-period; July 1 if onset late.
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for “middle onset” are 71% chance of high normal pro-
duction and 29% chance of low normal. The chance of
water deficiency causing a crop failure or even low sub-
sistence level production is now zero if we can rely on the
past 48 years of history to predict the future. The inter-
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ested reader may see exactly how this analysis is made,
or make further analyses if desired, based on the infor-
mation in Table 5, Appendix A, where the entire rainfall
record studied is detailed year-by-year.



CHAPTER 17

Summary Notes on The Technical Section

Information presented in the previous 13 chapters
shows new developments over the past seven years in
(1) ways te analyze rainfall for crop production and (2)
medes of presentation and interpretation of relevant rain-
fall season characteristics - season rainfall amount, the
duration of the season from onset to the final rain, and the
intensity index or average rainfall per day (amount/ dura-
tion). The new developments include ways to relate
season rainfall characteristics both to potential crop pro-
duction and to excess water hazards - such as soil ero-
sion and crop waterlogging - and, most importantly, ways
to predict them prior to the cropping season.
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Examples are presented from 20 locations in 11 coun-
tries of Africa, Asia, the Near East and North America -- a
wide diversity of climatic and other conditions. The unify-
ing factor is that, at all 20 locations, the date of onset of
the rainfall season - as defined for cropping purposes - is
a predictor of the rainfall season characteristics listed
above. The predictions are most accurate for season
duration, intermediate for rainfall amount and least accu-
rate for intensity. Some of the relationships between date
of onset and season rainfall characteristics are highly
significant in the statistical sense and some are not, but
all are of practical significance for providing management
guidance to farmers.



SECTION Il — RESPONSE FARMING TODAY

CHAPTER 18

The Present State of Readiness of Response Farming

Is the response farming method ready now to provide
guidance to low resource farmers in semiarid areas, or
does it need further research? This question is often
addressed to the writer and the twin answers are em-
phatically yes and yes!

This is not a frivolous reply - it is totally serious. The
method is ready for field application today. It, like all
other practices in use in agriculiure, will certainl' be
improved over time through further research. That is why
the world supports thousands of agricultural scientists.

Meanwhile, the millions of farmers in India, Jordan and
West Africa who traditionally utilize the method, would
most probably be upset if they understood how much
usable information we could presently give them about
their rainfall expectations - but aren't doing so. Reread-
ing the “Small Rainfall Fable” at the start of this book,
may help in understanding how the farmers would feel.
And the truth is that our present ability to interpret sea-
sonal rainfall expectations is markedly better than the
fable suggests. As time goes on, research will make it
still better.

We know today how to formulate generalized re-
sponse farming guidelines to assist farmers in respond-
ing to rainfall forecasts in ways which will benefit their
operations and enhance production. An example of gen-
eralized guides may be seen in Table 3 of Technical
Appendix A.

We further know today how to formulate Jetailed re-

sponse farming recommendations for specific crops in lo-
calized circumstances. Stewart and Hash (1982) provide

57

examples for maize production based on extensive re-
search in semiarid parts of Kenya. Stewart and Faught
(1984), based on four seasons of on-farm verification
trials at three levels of management, extend the recom-
mendations to beans and to the intercrop of maize and
beans. The latter authors reach the following conclu-
sions:

1. With respect to yield stabilization: Maize yield fail-
ures of one in two seasons under conventional man-
agement could be reduced to orie in seven seasons
with medium level management (includes grain/leg-
ume rotations but no commercial fertilizers), and to
one in nine seasons with high level management (in-
cludes rotations and modest amounts of commercial
fertiiizers).

2. With respect to yield enhancement: Response
farming with medium management could boost maize
and bean yields respectively to 2.9 and 1.3 times the
conventional level, and, with high level management,
to 5.7 and 2.2 times as much.

Response farming recommendations can flow from
anyone’s research, not just that of the writer and col-
leagues. In fact, much agricultural research is aimed at
producing detailed recommendations which will stabilize
and enhance production by farm families and improve the
quality of their lives. Response farming research does
not supplant any other research; rather, it provides a
clearer picture to other researchers of the situation they
are attempting to improve.



CHAPTER 19

The Nature of Response Farming Field Programs

As earlier noted, a response farming program is an
information program. It is a matter of (1) developing
periinent information about localized rainfall behavior,
and, considering other aspects of the farming system
(crops, climate, soils, economics, logistics, etc.), informa-
tion about optimal responses to rainiall forecasts, and (2)
before each season, providing farmers with rainfall fore-
casts and appropriate guides or detailed recommenda-
tions to assist in the farm management decision process.

A program of this type could be on any scale. It could
serve a single farm, a village, a region, a nation or even
an international grouping. It could also be at any level of

sophistication or depth, providing information aimed at a
single question or numerous questions. It could provide
season rainfall forecasts by themselves, leaving appro-
priate responses entirely to the discretion of the farmers,
or forecasts accompanied by guides/recommendations
in any degree of detail.

Any of the above requires at the Ieast that rainfall data
be analyzed, and, depending on the response informa-
tion to be provided, that studies be made of the farming
situation and agronomic research undertaken as needed.
Often, the research need may be satisfied by synthesis
and reinterpretation of published research results.



CHAPTER 20

Groups Involved in Response Farming Projects

Basically, three groups of people are required to get a
response farming program successfully operational in
the field. The principal group is the farming community,
already in place. The farmers are performing their func-
tions, and as quickly as they receive improved informa-
tion on expected rainfall behavior they will modify their
actions to take advantage of it - as al! people would.
Exactly which decisions are affected and the details of
the farmers’ modifications will depend on a host of indi-
vidual circumstances and on their personal experiences,
traditions and sources of advice.

The second group is the people who advise farmers.
These are usually officers of the Agricuitural Extension
Service (extension agents) - the arm of government offi-
cially designated to provide on-going advice to farmers
about their operations, including details of all practices.
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An Agricultural Extension Service exists in virtually every
country in the world. Some are very effective in reaching,
informing and influencing farmers, and others less so.
Other parties such as village elders/l2aders, officers of
agricultural cooperatives, purveyors of agricultural in-
puts, women's organizations, etc., may also provide advi-
sory services to farmers. Like the farmers, the advisors
are already in place and functioning. They only require
new and improved information and trairing in its interpre-
tation and utilization.

Researchers are the third group. They will train the
advisors and provide them with updated and new infor-
mation as it is dev 2ped. Research will be carried on at
the global and regional levels, and in the field within those
projects having their own research component.



CHAPTER 21

Three Levels of Action Projects

The simplest project calls for just three steps:

1. Rainfall analysis to guantify onset relationships to sea-
son parameters.

2. Training extension agents to determine the date of
onset at the start of each season, and to understand
how expected rainfali amounts, durations and intensity
indices relate to dates of onset.

3. Each rainy season, as onset is identified, extension
agents inform farmers in the locality of expected rain-
fall season characteristics.

Atthe next level, farmers are also provided with gener-
alized response farming guides to give direction to their
responses to rainfall forecasts. These are formulated by
extension officers and agents in consultation with other
sources of expertise. The latter may include experienced
farmers and knowledgable agricultural scientists. The
generalized guides will be underpinned by information
gathered in multidisciplinary surveys of the project area,
covering additional weather factors, soil characteristics,
major crop and animal enterprises and socio-economic
features of the project area. This information, coupled
with the rainfall information from the original analysis, will
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enable formulation of a suitable strategy for coping with
the seasonal rainfall variability.

The most comprehensive projects additionally will
have a research component to provide farmers with de-
tailed. crop-specific response farming recommendations.
Such recommendations will be like those presently for-
mulated by agricultural scientists, but will also include
modifications of certain practices when the forecast indi-
cates low or high rainfall amounts or intensities, or an
especially long or short season. The research may be
simply a synthesis of available published information, or
may also involve a considerable field ~fort within the
area of the prcject.

One of the more effective ways to put a response
farming program in motion would be to make it part of an
ongoing development/research project, or one in formu-
lation. Such a project would already have the same
general goals of assisting the farming community, and
would already involve the needed scientific and exten-
sion personnel. Additional funding might be required for
data gathering, analysis, interpretation, staff training and
on-going consultation. However, thase costs should be
modest compared to normal development/research proj-
ect costs.



CHAPTER 22

State of the Art, Present Interest and Momentum

The present state of the art of response farming and
the supporting research package is that now, after 20
years, we know what needs to be done and how to do it.
Doing it, on a broad scale, is the task from now onward.
The Foundation for World Hunger Alleviation through Re-
sponse Farming (WHARF) constitutes the repository for
all of the response farming related information generated
since 1966. Since early 1984, WHARF has been the
agency entrusted with continuing the research and see-
ing that the new response farming information and meth-
odology are extended for the benefit of farmers the world
over,
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Actually, the process is well underway. In research,
recent concentration has been on rainfall prediction, on
integration of water production function estimates into the
forecasts, and on the development of standards which
evaluate effects of seasonal rainfall variability on crop
production potential. The standards are based either on
mean rainfall characteristics or on the water require-
ments and yield/water characteristics of specific crops of
interest. A start has been made on advancing prediction
dates based on pre-onset predictors, and on sharpening
prediction based on historical periodicities found in onset
dete relationships with season rainfall characteristics.



CHAPTER 23

Current Research/Development Activities in Five Countries

Geographically, the studies have been extended to 34
locations in 17countries, adequately demonstrating the
widespread, if not universal, feasibility of the method.
This has resulted in expressions of interest from a num-
ber of sources, some of which have resulted in initiation
of response farming research ard development activi-
ties. These are as follows:

1. KENYA: Research on response farming (termed "risk
management”’} was instig:ated within the Australia/
Kenya Dryland Crop and Forage Project during the
first project review of February, 1986. The agencies
funding and operating the project are the Australian
Centre for International Agricultural Research
(ACIAR), the Communwealth Scientific and Industrial
Research Organization (CSIRO) and the Kenya Minis-
try of Agriculture 2nd Livestock Production.

'l!"‘."

Agricultural extension agent with raingauge during establishment of an
“on-farm verification trial” to test the Response Farming methodology.
Makutano Market, Machakos District, Kenya. "Short rains” season,
November, 1981.

2. INDIA: A major expansion and redirection of the All
India Coordinated Research Project on Agrometeorol-
ogy (AICRPAM) became operational in December
1987. The project, titled “Strengthening Agrometeor-
ological Research to Enhance Crop Production,” is
directed and operated by the Indian Council for Agri-

Dr. P. Mistry, a leading figure in agrometeorvlcgy in India, at the
meteorological observatory, Gujarat Agricultural University, Anand,
'ndia. March, 1986.

cultural Research (ICAR). External funding is by the
United States Agency for International Development
Mission to India (USAID/INDIA). Project expansion
will be from 10 already operational locations, to a tota!
of 15, with each serving a different agroenvironmental
zone. A principal new objective is to develop a re-
sponse farming capability throughout India. Coordina-
tion of the AICRPAM is from the Central Research
Institute for Dryland Agriculture (CRIDA), Hyderabad.

3. NIGER: Research on response farming (termed “Cli-
mate-Responsive Crop Management Tactics") was
initiated in 1986 by Dr. M.V.K. Sivakumar, Agroclima-
tologist at the International Crops Research Institute
for the Semi-Arid Tropics (ICRISAT) Sahelian Center,
Niamey. Sivakumar (1987) presents onset versus
duration relations found in analyses of long term rain-
fali records from 58 locations in the Southern Sahelian
and Sudanian Climatic Zones of Niger and Burkina
Faso.
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Dr. M. V. K. Sivakumar, agrochmalologlsl displays high producing pearl
millet genotype at ICRISAT Sahelian Center, Niamey, Niger. Photo
Courtesy of ICRISAT.



4. USA: Research on response farming, in collaboration
with the author, was begun in early 1987 at Kansas
State University, Manhattan, by Dr. E. T. Kanemasu
and colleagues. The initial findings are those pre-
sentea nere in the section un West Africa in Fig. 16
and Tables 18 and 19, and Table 1, Appendix A.

5. SRI LANKA: Research on response farming within
the Land and Water Use Division of the Department of
Agriculture, Peradeniya, was initiated in August, 1987,
under the guidance of Dr. S. Somasiri, Division Head,
and Mrs. R. P. K. Kannagara, Climatological Research
Otficer. WHARF computer software and training for
this activity is sponsored by the USAID funded Diversi-

fied Agnicultural Research Project (DARP), Royal Bo- GTZ (German Agency for Technical Cooperation — Federal Republic of
tanical Gardens, Peradeniya. Germany) hydrologists note workings of American-made recording rain

gauge at Githangiri in the high altitude, high rainfall tea production area
of Sri Lanka. September, 1987.
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SECTION IV -- RESPONSE FARMING TOMORROW

CHAPTER 24

The Response Farming Research Package

Principal Components of the Research Package

The research Package supporting resoonse farming
has been painstakingly assembled and streamlined over
the past 20 years by the author and valued colleagues,
whose names, titles and principal contributions are listed
in Appendix B. There are four principal components of
the research:

1. Water production functions for different crops,
showing how rapidly yield declines with decrezsing
water supply/utilization; how these relations respond
to changes in farm practices; and how they may be ex-
pressed in transferable forms which provide the basig
for estimating crop yields in different rainfali seasons
in response farming project areas.

2. Water balance equations for different crops, showing
how leaf canopy development controls water require-
ments through the Season, and how the pattern of root
growth (deepening, spreading, proliferating) deter-
mines the maximum amount of water the plant can
extract at each growth stage and the rapidity with
which it can be extracted when water is limiting. Addi-
tionally, how these équations are impacted by
changes in farm practices, and how they may be ex-
pressed in transferable forms which provide the basis
for estimating both Crop water requirements and actual
Crop water use in different rainfa)| seasons in response
farming project areas.

3. Prediction of season rainfall characteristics, in-
cluding rainfall amount, duration and intensity index,
based on date of onset. Additionally, advancing,
sharpening and widening the geograpnical scope of
predictive capability through research on pre-onset
predictors, rainfall periodicity and correlation/interpo-
lation analyses.

4. Computerized simulation modelling to estimate
water production functions and water balances under
different farm management scenarios, in order to opti-
mize farm practice recommendations for responding
to different rainfall forecasts in project areas.

Three goals of the program have heen to achieve
coordination, simplification and transferability.

Research coordination begins with a unified concept
of how the findings will be interrelated and the uses they
will serve. An obvious need is an agreed system of no-
menclature and measurement units throughout. Another
feature is consolidation of several studies into g single
experiment to minimize confounding factors. Or, two or
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more related but different experiments may be carried out
in the same field over the Same growing season. Field
operations and measurements are then coordinated in
kind, timing, equipment and personnel utilization, and in
techniques for carrying them out.

Simplification denotes a constar.. striving to ascertain
which questions, data measurements, farm practices,
etc., are meaningfully related to Ccrop water use and yield,
and which are not. It aims at minimum data sets, reduc-
tion of experimental costs in both time and money, and of
requirements for land, equipment and personnel.

The all important goal of transferability is aimed at
rapid injection of high quality information into farm devel-
opment prejects.  This will cut the need for new research
within a project, and enhance the quality of project re-
search which is carried out, by linking it with foregoing
experiments and findings - not just ours, but those syn-
thesized from all sources.

What is transferred are relationships between crop
water use and yield characteristics, and appropriate envi-
ronmental and farm management factors. When the
transferable relations are coupled with actual measure-
ments of climate, soil and farm practices at project sites,
it is possible to estimate how different crops will utilize
water and what yields may be expected in different rair-
fall circumstances, or when the farmer changes his prac-
ticas to respond to changed rainfal| expectations,

There are several important uses for the above estj-
mates. One is during review of the historical rainfall
record to determine how well different crops should pro-
duce in that rainfall regime. If the Crops studied are
already grown in the area, the analysis will indicate which
should do best under different rainfall conditions - thus,
which to emphasize when expected rainfall is high, me-
diumor low. If the crops of interest are not already grown
in the project area, the analysis will indicate whic- ones
should be profitable and which would not.

A second use for the estimates is ag input for computer
models to simulate the effects of changing farm prac-
tices. When a season rainfall forecast is made, the
computer can immediately pinpoint the changes in farm
management which will maximize yields with the ex-
pected water supply. This information can then be
passed by advisors to farmers in the form of response
farming recommendations. It is important to understand
that such sophisticated modelling is largely in the future,
and is not at all necessary 1o the success of a response
farming project. Research findings presently available in



the literature and at experiment stations around the world
are entirely adequate for generating hasic response
farming guides and recommendations. Nevertheless, we
may expect continuing improvement from the described
types of research and modelling.

A third purpose for estimates of crop water use and
yield is for early warning of inadequate food production
prospects and for crop yield forecasting programs. The
warnings and/or yield forecasts might be at the single
farm, community, national or other levels - wherever food
security and marketing are of concern. Warnings of
impending low production would be based on water bal-
ance/production function analyses of actual rainfall
through the early part of the growing season, when fore-
casts of the remaining season rainfall would be improved
over those made at onset. Crop yield forecasts would be
made about mid-season. At this time the rainfall forecast
for the rest of the season would be fairly precise, and the
analyses mentioned above would produce a close esti-
mate of expected yield per hectare.

Reaquirements for Research

Certain environment: * requirements as well as experi-
mental equipment and methods have proven ideally
suited for this research, in the author's experience. Chief
among these are:

1. Deep soil at the experimental site.
2. Low rainfall in the experimental period.

3. Line source design experiments, featuring a continu-
ously variable water supply (Hanks et al. 1974; Ste-
wart et al. 1977).

. Neutron meter measuremerts of soil water.

. Lysimeter experiments.

. Meteorological observations at the experimental site.
. Computerized data storage, analysis and modelling.

A deep experimental soil permits total quantification of
the particular cultivar's pattern of root growth and maxi-
mum soil water extraction when under water stress. Esti-
mates of soil water extraction from either deep or shallow
soils in project areas can then easily be made, whereas
experimental findings on shallow soils are only transfer-
able to other shallow soil sites.

Low rainfall in the experimental period permits simula-
tion of the entire range of possible rainfall conditions
when using the line source design. Higher rainiall re-
duces the experimental treatment range, thus does not
clarify the entire water production function for the study
crop(s).

The line source experimental design is one in which
water is provided from a single sprinkler line running
through the center of a field plot, usually in the same
direction as the crop rows. The sprinklers are close
spaced (6 m or 20 ft apart) and the heads are selected to
provide a triangular water pattern when viewed from the
end of the line. That is to say, the greatest water amount
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is along the sprinkler line, diminishing evenly in both
directions away from the line untit the rainfed condition is
encountered at the edges of the sprinkler pattern.

The line source experimental design is the only one
known by the author capable of simulating the entire
range of rainfall conditions with a relatively modest input
of land, labor, equipment and cost. Usable data produc-
tion per unit of required input (of any type) is considerably
greater than with more conventional designs. Another
very important feature of this design for getting your
message across clearly to agricultura! extensionists,
farmers or other interested people is its tremendous vis-
ual impact. Its demonstration value is equai to its experi-
mental value. Additicnally, the line source design is
ideally suited for utilization in developing countries where
resources of all types, including trained manpower, may
be in short supply.

The versatility and effectiveness of the line source
design are exemplified by the author's experience over
the nine-vear period from 1974 tirough 1982. A wide
range of crops was studied in line source experiments
both at UC Davis and in Kenya. By the nature of the
design, water amount was a variable in all cases. Inter-
acting variables in different experiments were crop types,
cultivars, intercropping versus monocropping, plant
populations and nitrogen fertilizer rates. Additional inter-
acting variables were in-season timing of water deficits
and effects of salinity in both irrigation water and the soil.

Neutron meters are devices to measure soil water
content instantly in the field, with repeated rneasure-
ments as often as desired at the same locations and soil
depths. The amount of water is registered as a percent-
age of the soil volume. This means the water content ofta
given depth of scil can be expressed as a depth of water
(mm or in) just as we would characterize rainfali or irriga-
tion water. Changes in soil water content are expressed
as mm/iay, in/day, etc., like water requirements.

Access tubes, for example 2-inch diameter aluminum
pipes, are placed in the soit to whatever depth is desired
at the start of the crop growing season, at all locations
where measurements of soil water are wanted. The
instrument has a probe linked by cable to a gauge where
results are read. The probe is suspended at different
depths in the access tubes while readings are made.
When the repeated measurements are combined with
information on added water (rainfall for instance) the
water balance of the crop can be calcilated. However,
neutron meters do not account for deep drainage, i.e.,
percolation of water below the root zone, which invariably
takes place in wetter conditions where crop water is
adequate or very nearly so - as is the case close to the
sprinkler line in a properly conducted line source experi-
ment. Lysimeters, discussed below, are required to
complete the water balance and the crop water produc-
tion function for water-adequate conditions.

Neutron probes are the only widely available type of
equipment for measuring volumetric soil water content



repeatedly in situ. Gravimetric sampling, or any method
requiring transformation of water content from a weight to
volume basis, does not produce comparable accuracy.
However, three cautions are these:

1. Neutron meters require careful calibration, a laborious
task. Errors in calibration can cause serious continu-
ing errors thereafter.

2. Neutron meter readings froin moderately wet to wet
treatments can be very confusing, even uninterpre-
table, unless there are readings from drier treatments
to provide a baseline.

3. Neutron meters suffer breakdowns from various
causes during heavy use, jist when they are most
needed. Itis not wise to begin serious research with-
out a backup instrument.

Lysimeters are soil-filled containers placed in the field
at ground level; unless one is very close, they can hardly
be seen. They are equipped to drain at the bottom, and
for the drainage to be measured. The best are weighing
lysimeters mounted on massive but delicate scales, ca-
pable of recording even very small changes in the water
content of the soil. Crops are planted across the lysime-
ter as if it were a normal part of the field. Water added to
the lysimeter by irrigation or rain, or even dew in some
cases, can be precisely measured. So can any removal
of water, for example, by drainage, or by surface evapo-
ration coupled with transpiration from the leaves of the
crops (the combination is termed evapotranspiration or
ET). These measurements permit calculation of the
complete water balance.

A principal use of lysimeters is daily determination of
crop water use with water adequate to meet crop water
requirements. Field studies which assume insignificant
losses to deep percolation, or in which water measure-
ments are not sufficiently deep, do not produce the same
results.

In rainfed agriculture, crops seldom attain full canopy
conditions (Leaf Area Index >3). Yet all published crop
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coefficients used to estimate crop water requirements
are predicated on full canopy conditions. The great im-
portance of adjusting plant populations in accordance
with actual rainfall conditions is due to the fact that re-
duced leaf cover reduces the wuter requirement, whici in
turn reduces the stress when water is limiting. Each
remaining plant gets more water and more nutrients, thus
becomes larger and more able to support a near normal
complement of yield (harvest index).

Improved farm recommendations to respond to vari-
able rainfall in future will require more quantitative infor-
mation on effects of leaf cover on water requirement. Ly-
simeter experiments can provide the information needed
to guide farmers in adjusting plant populations to maxi-
mize yields with the available rainfall.

A third important use for lysimeter data is to moael
bare soil evaporation losses from ditferent soil types in
ditferent rainfall regimes (sequences). Improved evapo-
ration models will lead to more realistic definitions of
onset of the rainy season for planting different kinds of
crops.

An additional research neea is for meteorological
measurements to be made at (or in certain cases near)
the experimental site - a point stressed also by others, in-
cluding Virmani et al. (1978). Certainly this includes the
critical factors of rainfall and evaporation - the latter be-
cause it is negatively correlated with rainfali/cloudiness.
Other radiation measurements must also be made at the
site while temperature, humidity, etc. are often satisfacto-
rily obtained from the nearest government meteorological
station.

Little needs to be explained about the requirement for
computerization. The masses of meteorological, soils,
crop, economic, experimental and other data required for
the modelling tasks ahead can only be accomodated with
computers. We live in exciting times for agrometeorologi-
cal research. It is only now, for the first time in history,
that the experimental tools and long data records re-
quired have all become available.



RESPONSE FARMING RESEARCH AT UC DAVIS

Line scurce and lysimeter field studies of tomato: Determination of walter requirements, water b~lances under different irrigation/stress levels, and
water production functions relating yield to actual water use. Generation of transferable relations for estimating all of the above (either for irrigated or
rainfed conditions) at project locations in the USA and abroad. UC Davis, 1977,
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Author in front of line source tomato experiment where 5th weekly irrigation is
baing applied. Note iarge plant size and excess welness at sprinkler line. Adjacent

wo rows are water application level 11, the wettest treatment. The next three
pictures are the same day as this. 1 July 1977.

Center row in picture is water application level 1, most distant from the sgrinkler
line, thus driest, representing rainfed canditions. Note small plant size and white
“catch cans” in each row to measure actual irrigation application amount.
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Water level 5 with intermediate irrigation, resulting in medium yield.
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Dick Cuenca, Member, WHARF Professional Advisory Council, moasures irriga-
tion amount at water leve! 6, following 1st irrigation. Catch cans sit atop risutron
probe access tubes where soil water content is measured immediately prior to
irrigation, in order to calculate water batance at each irrigation level where stress is
a factor. 3 June 1977.
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Large weighing iysimeter (20 ft. diameter) where daily water use of adequately
watered (unstressed) tomatoes is measured, to determine water requirements,
20 June 1977.
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oes in flower. 24 July 1977,

Lysimeter with adequately wat

Bill Pruitt, designer of UCD Iysimeters and technician (standing), harvest toma-
toes from the weighing lysimeter. 8 September 1977,
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RESPONSE FARMING RESEARCH IN FOUR WESTERN STATES

Line source and Lysimeter field studies of corn (maize), in collaborative research with Utah State University (USU), Colorado State University (CSU)
and University of Arizona (UA), under the Consortium for International Development (CID). UC Davis, 1974 and 1975.
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Initial irrigation of corn in line source experiment. 14 June 1974,

Paul Martin measures soil water content with neutron probe in line
source experiment before 2nd irrigation, assisted by Eduardo Narro,
graduate student from Mexico. 21 June 1974,

John Hanks shows line source experiments with corn to collaborating
researchers at USU. 1 August 1974. Left to right: Ernie Jackson
(University of Arizona), Bob Hagan (UCD), John Hanks (USU), Bill
Franklin (CSU), Bob Danielson (CSU, presently Member, WHARF
Professional Advisory Council), and two visitors.
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PREPARING TO TAYE RESPONSE FARMING RESEARCH INTERNATIONAL

Line source and lysimeter field studies with beans, cotton and corn at UC Davis and UC Westside Field Station, 5-Points, California: Preparation for
Kenya.
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Bill Pruitt demonstrating use of the large floating lysimeter for deter- Pink beans on the floating lysimeter for determination of water require-

mining water requirements of corn, to visiting Indian scientists S. D. ments. UC Davis. 10 July 1376.
Singh and B. S. Malik, and graduate student Ram Misra. 26 May 1971.
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Bob Hagan (r), WHARF Founding Director, with author, preparing to uenca source experiment with

show line source experiments with kidney beans to farmers on “Bean cotton at Westside Field Station. 4 August 1976.
Day", UC Davis. 17 August 1977.

Harvesting cotton " .ine source experiment at Westside Field Station. Author with Fre
22 October 197¢.

d J. Wangati (then Deputy Director, East Africa Agricul-
ture and Forestry Research Organization (EAAFRO), later the Kenya
Agricullural Research Institute (KARI), in front of line source experi-
ment with corn. UC Davis. 28 July 1975. Dr. Wangati is presently a
Member, WHARF Professional Advisory Council.
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ESTABLISHING RESPONSE FARMING RESEARCH IN KENYA

Large lysimeter construction and experimentation at EAAFRO Headquarters (now KARI), Muguga, Kenya.
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Technicians and workers lower lysimeter tank into prepared pit to rest on hydrau-
lic bolsters, prior to back-filling with soil. 31 January 1977.

Pre-weighed scientists and technicians step onto lysimeter for calibration pur-
poses. 22 May 1978.
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The first lysimeter experiment with Katumani Composite B maize is planted at
Muguga. 19 Dec 1978.
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Joseph Mugah, Counterpart Researcher, (standing) directs initial hand-irrigation
of maize on the Muguga lysimeter. 16 January 1979.

-

Katumani maize on the Muguga lysimeter, seven weeks after planting. 7 Febru-
ary 1979,

v

Katumant maize on Muguga lysimeter, nearing maturity. 2 April 1979,
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Florence Lenga, Counterpart Researcher, (white coat) cross-calibrates different
types of neutron probes for soil water balance studies in line source experiments,
Muguga. 11 February 1982.

Agricultural Engineering students from the University of Nairobi observe workings
of the Muguga lysimeter. Crop is Mwezi Moja beans. 13 November 1980.
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RESPONSE FARMING RESEARCH AT OUTLYING STATIONS IN KENYA

Taking the research to experiment stations in low and variable rainfall areas of Eastern Province, Kenya.

Meteorological compound at the Katumani NDFRS (National Dryland Farming
Research Station), Machakos District. Rain gauges and Class A evaporation
pans. 10 March 1981.
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Fred Wangati measures soil water content prior 1o irrigation in line source experi-
ment with Katumani Composite B maize in the shor rains season at Katumani,
NDFRS. 26 January 1978.
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Line source experiment with Katumani maize in the shor rains season at Katu-
mani, NDFRS. 12 January 1979.
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Growth pattern of Katumani maize in line source experiment in the short rains
season at Katumani, NDFRS. 9 February 1982.

Elmer McNece, WHARF Founding Director, cbserves production of intercropped
maize and beans in a line source experiment in the short rains season at Katu-
mani, NDFRS. 17 February 1982.

Single rows of many grain sorghum genotypes are planled across (rather than
parallel 10) the line source in frials o compare resistances lo waler stress.
Between season experiment in collaboration with project agronomist H. Nadar, at
Katumani, NDFRS. 17 August 1978.
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Same experiment with grain sorghum, showing genotype differences as season
advances. 28 September 1978,

Multiple crop comparison for production under water stress, using line source

technique at Kiboko National Range Research Station. Short rains season, 27
January 1982,
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RESPONSE FARMING RESEARCH ON LOW-RESOURCE FARMS IN KENYA

Testing the Response Farming method on farms in Eastern Province Kenya.
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Beautiful and dangerous marauders in the countryside. Masai girls with WHARF Founding Director, Dr. Barbara Webster. 27

Junz 1981,
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A well kept farmstead in Kitui District, Kenya. The first farm trial. Researcher Joseph Mugah (standing, left) and
Akamba woman farmer (right), lead team of technicians in dry-glanting
Katumani maize just prior to onset of the long rains season. Monna
Farm, Mwala, Machakos District. 16 March 1981.
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Monna’s sons, farmers to be, are pleased with progress of maize in the trial plot
six weeks after germination. Monna Farii, Mwala. 29 April 1981.

Elder son happily points to well formed ear of maize in the trial plot. Monna Farm,
Mwala. 16 June 1981.
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Continuing and expanding farm trials of Response Farming in Kenya (Altogether, 33 trial plots on farms over four growing seasons).
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Monna and children thin out maize plants and prepare to weed trial

plot, already wilting just three weeks after onset of the driest short rains

season in the availahle rainfall record (27 years). Monna Farm. 2
December 1981.

iu*‘n;L%i‘n'ﬂf,
Planting maize and beans (intercropped) in trial plot on Nganga Farm
in the very dry short rains season of 1981/82, Makutano Market,
Machakos District. 2 November 1981.
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Boys take pride in rapid recovery of maize in trial plot, just six days
after thinning and weeding. Monna Farm. 8 December 1981.




Eimer McNece observes maize production in Response Farming trial plot in ex-
tremely dry season, following harvest of beans. Nganga Farm, Makutano Market,
Machakos District. 17 February 1982,

Technician Wiliam Munyao of Katumani Station (NDFRS) stands between unfer-
tilized (front) and fertilized (rear) Katumani maize plants in Response Farming
trial plot on Masambia Farm, in the very wet short rains season of 1982/83,
Kasebe, Machakos District. 18 January 1¢.:3.
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CHAPTER 25
Knowledge: The Magic Bullet

A saying with considerable currency today is that there
is no “magic bullet” to slay thie dragon of recurrent famine
and incessant poverty which haunts the semiarid areas of
the developing world. But the author takes exception.
The magic bullet is improved knowledge - first of sea-
sonal rainfall expectations, and second of how best to
modify farm practices in accordance wi., those expecta-
tions.

Is that all? Of course not. We need the genetic
advances promised by recent advances in biotechnol-
ogy. We need available supplies of fertilizers, pesticides,
herbicides and other inputs and ready credit so low re-
source farmers can purchase them. And we need all the
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additional knowledge which can be brought to bear on
the problem by agricultural scientiste in every discipline.
There are other needs such as improving infrastructure,
creating and maintaining markets, changing government
policies, etc. etc.

But it appears there is little that can be usefully accom-
plished toward improving the situation in these areas until
we are prepared to deal with seasonal rainfall variability.
Response farming is designed to do that, and WHARF
has been created to consolidate the available information
required, build on it, and see that it is transmitted to ihe
farmers who need it.



CHAPTER 26
A Global Response Farming Center

The groundwork is now completed and the time has
come to mount a major effort to provide improved intor-
mation to poor farmers on seasonal rainfall expectations
and how to respond to them. The suggested pathway is
to establish a global center for response farming having
the following functions:

|. Research
Il. Training

1. Coordination of Developing Country Self-Help Proj-
ects

IV. Data Collection, Banking and Analysis
V. Information Exchange and Publication

Additional activities at the center, such as policy mak-
ing, administration, plant maintenance, etc., are self evi-
dent and largely self explanaory, so are not elucidated
here. But some further detail about activities to be car-
ried out under the five headings listed above may aid
understanding of what is proposed.

l. Research

Agrometeorological
* Rainfall Behavior and Prediction
+ Crop Water Requirements, Water Balance
and Water Production Functions
Multi-Disciplinary
* Synthesis of Relevant Published Findings
* Initiation of New Lines of Research

* Simulation Modelling of Management Impacts
on Water Use and Yields

* Development of New, Improved, or Simplified
Research and Analytical Techniques

* In Collaboration with Project Scientists, Advi-
sors, etc, Generation of Localized:

- Strategies for Coping with Seasonal Rain-
fall Variation

- Rainfall Prediction Criteria
- Generalized Response Farming Guides

- Dotailed Crop Specific Response Farming
Recommendations
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Training
Coordinated by Training Officers, Response Farm-
ing Center Staff Design and Prepare Training Mate-
rials and Carry Qut Training Functions
Trairing of Center Personnel
* Gngoing Training as Appropriate
- At WHARF Center
- In Project Countries

Project Related Training
+ Scientists & Technicians

- At the Center, Research Techniques in
Agrometeorology and Other Disciplines

- In Project Countries, Multi-Disciplinary
Surveys, Other Startup Research, Work-
shops and Life of Project Consultation

* Extensiun Office:s and Agents

- Interpretation and Extension to Farmers of
Fainfall Preciction Criteria, Generalizeg
Guides and Detailed Crop Specific Recom-
mendations, Mostly through Workshops in
Project Countries

* Other Project Advisors, In Project Countries

- Cooperatives, Suppliers, Womens Organi-
zations, etc.

- Rural Teachers (Youth Programs)

Project Coordination -- Research and Training
Activities

Planning

Start Up Activities

Training/Collaboration Workshops

Life of Project Consuitation

Targets and Evaluations

Data Collection, Banking and Analysis -- Com-
puterized

Raw Data
+ Climate and Soil
* Crops and Livestock, Managerial
+ Social and Economic



Research Findings, All Sources
+ Rainfall Behavior and Prediction -- New

Analyses and Localized Results or Findings

- ldentification of season onset; onset rela-
tions; prediction criteria

- Historical rainfall periodicities shown by
onset relations

- Pre-onset predicto's of season rainfall
haracteristics

- Geographic interpolation of rainfall data
and prediction criteria

- Season rainfall probabilities

- Basic rainfall standards

+ Crop Water Requirements, Water Balances

and Water Production Functions

- Transferable relations for estimating the
above
Localized evaiuations of crop production
potential and identification of optimal crop
types and cultivars, based on historical
rainfall analysis

- Simulation mcdels to optimize current
season farm practices, based on pre-sea-
son and early season rainfall forecasts

* Muiti-Disciplinary Survey Results or Findings
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V.

Information Exchange and Publication
Data Bank
+ Raw Data
* Research Findings
* New Analyses
Library
 Publications
+ Visuals
Other Issues
+ Publications on Response Farming

+ Computer Software for Response Farming
Related Analyses

+ Videos of Response Farming Field
Research & Projact Operations

+ Scientific Papers
* Newsletters
> Popular Articles
» Media Releases
* Project Materials
- Training Materials
- Rainfall Prediction Criteria
- Generalized Response Farming Guides

- Detailed Crop Specific Response Farm-
ing Recornmendations



SECTION V -- APPENDICES

APPEMDIX A, TECHNICAL

TABLE 1

Eleven locations in Sub-Saharan Africa, described in Table 18. Regression equations showing how monsoon
cropping season rainfall amount and duration relate to the date of onset (see footnote).

DATAY  NBAN ANNUAL ~ ----eeee- HONSOON CROPPING SBASON----
BASE  BAINPALL Bz ay_t by (Onset) _ DUR=ay +by | Jnget)
STATION (¥BS) (nn) ]l () B (a] (b)) B
PODOR 46 292 1190 -4.31 (.44) 269 -0.98 (.56)
6 1
ANSONGO 40 334 851 -2.98 (1) 295 -1.14 (.13
) (214)11 S I S I
BAYRS 41 T (,10) 275 -0.95 (.52)
3 4§ e e e e eeee oo
BOUZA 17 189 149 -3.89 (L17) 270 -1.00 {.65)
12 33 1037 <404 (.73) 218 -0.80 (.45)
DORI 03 536 M7 <476 (.38) 274 -0.98 (.64)
g 455 1135 -3.99 (.58) 298 -1.12 (.68)
NIORD 33 815 o e (,10) 296 -1.64 (.70)
D (590)11 s oM - ND--
ROLORANI 41 848 1550 -4.73 (.28) 289 -1.03 (.85)
KD (124) 11 | I T )
NIANBY 17 603 1982 -4.95 (47) 269 -0.98 (.83)
13 504 1693 -1.92 (.52) 334 -1.35 (.64)
RAYA 1 M e (,12) 284 -1.01 (.71)
8 (6730 o e .. (.05) 308 -1.18 (.69)
GAYA 3 89 ceeoean (.10} 289 -1.07 (.80)
13 m 1505 -5.16 (.51) 298 -1.14 (.82)
BORONO 45 13 A (,68) 301 -1.1¢ (.78)
9 875 1391 <420 (L59) 282 -0.95 (.17)

* Upper number is years to 1970, lower number is years from 1971 onward.
** Estimated values -- annual rainfall data unavailable.

Note: In regression equations in headings section, R = rainfall (mm), DUR is duration (days) and Onset is the
JULIAN date of onset of the monsoon cropping season. R? is the coefficient of variation.
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APPENDIX A, TABLE 2 -- Kusum, Nepal

Four categories of monsoon rainfall, based on prior winter/spring rainfall amount and early versus late onset.
Monsoon rainfall amount, duration and intensity for each year of record determine crop production potential (see

Table 21 for crop production potential criteria).

PRB-MONSCON ~ ~-eevmccccmanns

HONSOON RAINFALL

vaw

WINTER/SPRING ONSET AMOUNT DUBATION INTENSITY CROP PRODUCTION

YBAR _BAIN, mm date 1 days nn/day POTENTIAL
------------ [BARLY ONSBT APTER HEAVY WINTBR/SPRING BATNPALL}--~vnnvnen--
1373 3 §-30 (1154) 129 { 9.0 Low Noraal
1871 259 5-16  (2404)®  (160)r  (15.0)t  Maxiaua

1972 254 6-04  (2203)%  (150)* (14.7)82  Mayimua

1961 235 6-07  (1652)  (130)  {12.7) High Normal
1959 178 5-31 19428 144 (13.5) ligh Normal
1968 162 6-03 3032t (124) U High Normal
1970 161 §-03 1204 127 { 9.5) Low Normal
1984 156 5-28  (1158) Uiy {8.2) Low Normal
----------- [BABLY ONSBT APTBR MODERATR WINTER/SPRING RAINPALL]--=-r =n-
1960 97 5-28 2088t (133 15,718 High Hormal
1989 8§ §-07 1247 {107) 11,7 Low Norual
1964 83 5-22 1293 131 (9.9) Low Noraa]
1981 (R 5-31(1027)  (108)  { 9.5) Low Horaal
1963 18 §-06 (1117) 121 { 9.2) Low Noraal
1983 3 §-16  (1025) 136 ( 7.5) liow Normal
------------ (LATB ONSBT AFTBR MODERATE WINTER/SPRING BAINPALL]--emuecen-n
1957 148 6-22  (1068)  (118)  { 9.1) Low Noraal
1962 120 §-11 1405 {108) 13.0 Low Noraal
1982 118 6-08 ( 817) 137 { 6.4) Jubsistence
1967 108 6-17 1549 (99) 15,61 Subsistence
1958 85 6-24  ( 956)  (102) ( 9.4) Low Noraal
1965 59 6-22  (1066) 122 { 8.7) Low Normal
1976 65 §-11 1671 (119) 14,0 Low Normal
1969 5§ 6-18 1343 (115) 1.7 Low Normal
1978 35 §-11  ( 115) 111 (7.0 Subsistence
1974 15 §-30 1076 ( 81) 13.3 Failure
------------ (LATE ONSBT AFTER VERY LOW WINTBR/SPRING RAINPALL}---svnane-
1966 14 §-15  (1185)  (114) 10,4 Low Noraal
1979 10 §-21  ( 398) 112 ( 3.6) Failure

1975 9 §-22 1270 { 92) 13.8 Subsistence
1977 0 =14 (u1) (1 6.2 Failure

( ) Criteria limiting crop production potential.

* Crop waterlogging danger from high rainfall amount and/or duration.

** Soil erosion danger from high rainfall intensity.
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APPENDIX A, TABLE 3

Generalized Response Farming Guides for four rnonsoon season rainfall categories predicted at

Kusum, Nepal (lllustrative)

Land Preparation, Tillage
and Soil Selection

Cropping to Assure
Family Food Supply

Cropping for Profit

-- Early Onset Seasons Preceded by Heavy Winter/Spring Rainfall --

Clear drainways for possible
flooding

Select best drained fields for
food crops and high value
market crops

Prepare lightly sloping fur-
rows to drain excess water at
non-erosive flow rates

Select desired food crops
and cultivars with medium
water requirements and ma-
turities

Mixed cropping is recom-
mended

Determine area to be
planted based on normal
yields and family food/fodder
needs

Medium seed and fertilizer
rates for normal yieids

Other practices for normal
yields

Select high value crops of
medium and long maturity

Plaint all remaining fields
which have good drainage

Use high quality seed and
fertilizer at rates enabling
above normal yields

Emphasize weed and pest
control for high quality pro-
duce

-- Early Onset Seasons Preceded by Intermediate Winter/Spring Rainfall --

Clear dr:inways for possible
flooding:

Select fields with good inter-
nal drainage but high water
holding capacity for food
crops and high value market
crops

Prepare very lightly sloping
furrows to drain excess wa-
ter, but which can be blocked
to retain normal rainfall

Select desired food crops
and cultivers with medium
water requirements and ma-
turities

Mixed cropping is recom-
mended

Determine planted area
based on low normal yields
and family food/fodder
needs

Seed and fertilizer rates for
normal yields

Other practices for normal
yields

Select high value crops of
medium and long maturity

Plant all remaining cropland

Seed and fertilize for normal
yields

Emphasize weed and pest
control for high quality pro-
duce
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APPENDIX A, TABLE 3 -- continued

Cropping to Assure Cropping for Profit

Family Food Supply

Land Preparation, Tillage
and Soil Selection

-- Late Onset Seasons Preceded by Intermediate Winter/Spring Rainfall --

* Select fieids with deepest
soils ot highest water hold-
ing capacity for essential
food crops

Prepare contour furrows,
tied ridges or small flat ba-
sins to retain all rainfall

* Select food crops with short

to medium maturities qnd
low-normal water require-
ments

Mono-cropping recom-
mended. Mixed cropping
only with knowledgable
control of plant populations

Determine planted area
based on subsistence level
yields

Seed and fertilizer rates for
low normal yields

Control competing weeds,
pests

Select high value crops of
short to medium maturity

Plant remaining cropland

Seed and fertilizer for low
normal yield levels

Control competing weeds,
pests

-- Late Onset Seasons Preceded by Low Winter/Spring Rainfall --

Select deepest soils of
highest water holding ca-
pacity for essential food
crops

Prepare contour furrows,
tied ridges or small flat ba-
sins 1o retain all rainfall

* Emphasize shortest matur-

ity crops with lowest water
requirements

Mono-cropping recom-
mended

Determine planted area
based on subsistence
yields

Seed and fertilizer rates
based on subsistence
yields

Rigid control of weeds,
pests

Select short maturity cash
crops

Plant all remaining crop-
land

Seed and fertilizer for low
normal yield levels

Rigid control of weeds,
pests
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APPENDIX A, TABLE 4 -- Hyderabad, India: APPENDIX A, TABLE 5 -- Hyderabad, India

Four categories of monsoon rainfall, based on prior winter/spring Four categories oi monsoon rainfall, based on prior winter/spring
rainfall amount and whether onsel is early, mid-range or late. rainfall amount and whether onset is early, mid-range or late.
Monsoon rainfall amount, duration and intensity for each year Monsoon rainfall amount, duration and intensity for each year
studied determine hypothetical standard crop production potential studied determine grain sorghum production potential (See Table
(See Table 24 for criteria). 25 for criteria).
PBR-NONSUON  -eeevmmmennnnnnes HONSOON BAIMFALL--=--nvmmenconnene PRB-NONSOON  ---evcenemnonanas NONSOON BAINPALL--<-esvevevrcnsess
VINTER/SPRING ONSBT AMOUKT DUBATION INTENSITY CROP PRODUCTION VINTER/SPRING ONSBT ANOUNT DURATION INTENSITY CBOP PRODUCTION
YEAR _RAIX, m date _mm _dags 1 /day POTBRTIAL YEAR __RAIN, ma date. _as _days as/day POTENTIAL
------------ [YINTER/SPRING BAINFALL > 81 wm, ALL ONSBT DATBS)------c-cee -=-s-es-oo-[VINTBB/SPRING SAINPALL ) 81 mn, ALL ONSBT DATBS)------evnee
1937 258 §-19  (516) (13} (5.0) Low Noraal 190 258 §-19  (557)  (109)  (5.1]  High Normal
1963 163 §-D6 ( 758) (41} (5.4) High Rormal 1961 163 §-06 (5950 (109)  { 5.5}  High Noreal
1975 138 6-28 1229 {131} .41 Bigh Noras] 1973 158 6-28 10221 (106} 9.688  High Noraal
1962 143 1-11 908 {11 7.818 Lov Noraal 1962 143 7-11 811 10 8.0t Marimum
1944 116 6-13  (16)) (M43} (5. Higt Norsal 1944 116 §-13 619 110 [ 5.6} Righ Norma]
1957 91 6-28 §4) {120) 5.4 Low Normal 19457 91 6-28 595 { 98) 6.1 Low Kormal
1958 91 6-27 180 1518 (5.2) Low Normal] 1958 91 6-27 163 110 £.9 Haxiaun
1348 38 1.2} 569 {126) 5. Low Normal 1948 88 7.2 {81 {101 ([ 4.8) High Noraal
1978 62 §-28 1007 164t (6.1} High Normal 1978 82 §-26 769 {93} B.18%  Low Noraal
-------- [BARLY ONSBT, BY JUN 10: WINTEB/SPRING RAINPALL ¢ 82 am}-------- --------{BABLY ONSBT, BY JUK 10: VINTBR/SPRING RAINFALL ¢ 82 wa)--------
1970 13 §-02 1084 114r (6.2} High Normal 1970 1 6-02 850 110 7.188  Naxiau
1971 [] 6-04 { 587) 132 [ 4.4) Low Noraai 1471 [} 6-04 151 102 [ 3.4} Low Normal
1971 ] §-03 848 1618 {5.)) bHigh Noraal 1913 U 6-03 606 {109} 5.8 High Normal
1938 18 6-07 644 (1es) (5.2 Low Norsal 1938 18 6-01 (587} (109)  { 5.4) Bigh Koras]
1943 i §-08 (172) {16} (5.7} High Noraa) 1943 [} 6-08 656 {108) (6.0} Righ Normal
1947 3 6-08 (866} (1) (6.5) Eigh Koranl 1941 30 §-08 664 (108) [ 6.3} Bigh Nornal
1949 1 6-09 ( 563) 13§ { 4.2} Low Norsal 1949 11 §-09 ( 529) 1o { L.9) High Noreal
1952 26 6-09 (562} EE { §.2) Low Koraal 1952 26 §-09 (430} (107} (4.0} Bigh Normal
------- [MIDDLB ONSBT, JUN 11-30: VINTER/SPRING RAINPALL ¢ 82 waj-------- we-eo~<[NIDDLB ONSBT, JUK 11-30: WINTEB/SPRING BAINPALL ¢ 82 mn]--+--e--
e n 6-12 {92 1608 (3.1} Failure 1946 k) 6-12 196 108 (1.1 Low Norma}
i 612 (1) (18 (54 High Noraa} 1984 [} 6-12  ( 584) (109} (5.4 High Normal
o 1 6-15 Y 161y (2.9} Failure 1917 1 6-15 360 110 {3.3) Low Noraal
198y K 6-15 (429} 126 {34 Subsistence 1980 35 6-15 (418) (108} (1.9} High Norsa}
1982 il 6-16 647 145 { 4.5 Lov Normal 1382 i 6-16 (578}  (to6)  ( 5.5) Bigh Mormal
1942 2 6-19  ( §55)  (115)  { 4.8) Low Korsal 1942 2 6-1% 53§ [ 9%) 5.4 Lov Noraal
1940 2l 6-21 552 18 (L0 Subsistence 1940 i §-21  ( 806) 110 { 4.5 Bigh Normai
1945 12 §-21 689 (1) 5.6 Low Nornal 1945 12 6-21  (582) (101} ( 5.8) High Noraal
1853 u 6-21 186 {128) 6.1 Lov Normal 1953 u 6-21 ( 54)) 110 [ 4.9) Bigh Noraal
1967 59 £-21 169 {101) 1,518 Subsictence 1967 8 £-21 169 {1o1} 7.648  High Noreal
1955 18 §-22 10678 {126} 8.518 Low Normal 1955 18 6-22 984 {108) 9,118 High Noraal
1968 i1 6-22 {580} {110} 5.1 Low Koraal 1968 i 6-22  ( 580) 110 (53] Higs hormal
1364 f §-23 ( 881)  (10) 5.1 Low Norsal 1964 i 6-23 (580} 110 { 5.3} High Normal
1916 3] §-2 852 ] {44 Low Kornsl 1916 29 6-24 {581} (102) (5.8) High Xoraal
1319 i g-24 g08 156e (3.9) Low Noraa] 1979 il 6-24  ( 578) (100} { 5.8) Bigh Normal
1981 59 624 817 (129} 6.3 Low Norsal 1981 59 6-24 802 { 96) 8,488 Low Xornmal
1951 il 6-26 {802}  (126) { 4.8) Lov Noraz! 1951 il 6-26 ( 528) (101} (5.2 High Normal
1956 0 6-21 {181} (1M} ( 5.6) High Normal 1356 0 6-21 642 (108} [ 5.9) High Noraal
1912 ) 6-21 {16} 128 [ 2.6) Failure 1§12 13} 6-21  ( 118) 10 { L0 Lov Normal
1959 15 6-29 683 119 [ 4.9) Low Norsa) 1958 4 £-29 610 {10z} { 6.6} High Norma]
1941 ) 6-30  { 16} 101 3 Failuee 194} i1 6-30 11 108 { 1.2) Low Noraal
------- [LATE ONSBT, JUL ! ONVARD: WINTEB/SYRING BAINFALL (¢ 87 na)---=--- -----=-[LATB ONSBT, JUL 1 ONWABD: WINTBR/SPRING HAINPALL ¢ 82 ns)-------
1960 H 1-01 (538} 3 {42 Low Normal 1960 k1 1-01 519 [ 96) 5.4 Low Normal
1965 ] 1-01 614 (81} 1.618 Pailure 1965 6 1-03 614 { 81} 1.688  Subsistence
1934 53 1-04 {50 140 { L) Subsistence 1939 53 1-04 55 110 [ 3.1} Low Norsal
1950 1) 1-1 182 {9 8.6 Subsistence 1950 i -1 788 {9 8,183 Low Normal
1954 n 1-20 689 { 96} 1.2 %ubsistence 1554 n 1-20 689 {91} 1.1 Lov Norasl
1961 38 1-20 589 {102) 5.8 Subsistence 1961 18 1-20 {597} 110 { 5.4) High Normal
1966 1 1-2) 51§ (109} 19 Subsisteace 1966 U 120 (5M)  (108) {49 Bigh Noraa]
1983 10 1-2) 183 { 98) 8.018 Subsistence 1983 10 -3 18 {99} 1.918  Low Norasl
1968 1§ 128 {4ty 12} { 3.6} Subsistence 1969 3§ 1-28 ([ 432)  (108) ([ 4.0) Bigh Normal
191 § 8-09 §i2 {1 6.6 Failure 1914 § 8-08 {518} (107 ([ 4.8) High Noraal
() Criteria limiting crop production potential. ( ) Criteria limiting crop production potential.
* Crop waterlogging danger from high rainfall amount and/or * Crop waterlogging danger from high raintall amount and/or
duration. duration.
** Soil erosion danger from high rainfall intensity ** Soil erosion danger from high rainfall intensity
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APPENDIX B
COLLEAGUES IN RESPONSE FARMING RELATED RESEARCH

Robert M. Hagan, Professor of Water Science, University
of California at Davis (UCD): Administrative lead-
ership, vision and guidance in water production
function development - participation in formulation
of an internationally adopted methodology for esti-
mating water production functions of crops for
planning purposes. APP. D: 1-5, 7-9, 11,12, 14,
15, 18-21,

William O. Pruitt, Professor of Water Science, UCD:
Leadership in lysimetric determination of crop
water requirements and crop coefficients, and in
formulation of an internationally adopted method-
ology to estimate crop water requirements for
planning purposes. APP. C: 3, 14. APP. D: 4,7,
9,11,12, 14, 15, 18-21.

R. J. Hanks, Professor of Soil Physics, Utah State Uni-
versity (USU): Developer of the “line source” de-
sign for field experiments- which greatly reduces
land and equipment needs as well as costs, and
simplifies determination of crop water production
functions and water balance, and effects of inter-
actions of other factors (e.g., fertility, plant popula-
tion) with the basic water constraint. APP. C: 7.
APP.D: 17-19.

R. E. Danielson, E. B. Jackson, W. T. Franklin and J. P,
Riley, Professors at Colorado State University
(CSU), University of Arizona, CSU and USU re-
spectively: Collaborative research with the above
and the foregoing to determine effects of water
and salinity on water production functions and
water balances of adapted corn hybrids in four
different environments in the Western USA. APP.
D:17-19.

R. H. Cuenca, J. Tosso, R. D. Misra, Doctoral Candidates
at UCD: Deep involvement in development of
water production functions, water balance equa-
tions and transferable crop coefficients for corn,
grain sorghum, alfalfa, pinto, pink and kidney
beans, cotton and tomato. APP. D: 9, 12, 20-22.

P. E. Martin and J. D. Prato, Research Associate, Water
Science, and Agronomy Specialist, Cooperative
Extension Service, UCD: Deep involvement with
all aspects of field crop and lysimeter experiments
to determine water production functions, water
balance equations and transferable crop coeffi-
cients for crops named above. APP. D: 4,9, 21.

F. J. Wangati, Deputy Director, East Africa Agriculture
and Forestry Resvarch Organization, EAAFRO
(later Kenya Agricultural Research Institute,
KARI), Muguga, Kenya: Administrative leader-
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ship, plus planning and guidance of the uUSDA/
USAID/Government of Kenya (KARI) project to
develop cropping systems for marginal rainfall
areas. APP. D: 24, 25.

J. O. Mugah and F. K, Lenga, Counterpart Researchers
and Doctoral Candidates, KAR;, Muguga, Kenya:
Major involvement in development of water pro-
duction functions and water balance equations for
maize, pinto, mwezi moja and tepary beans,
maize/bean intercropping, grain sorghum, pearl
and proso millet, sunflower and cotton. Als9, im-
pacts of soil fertility and plant populations on the
functions and equations developed. APP. D: 22,
27, 28, 32, 33.

D. A. Kashasha, Master of Science Candidate, University
of Nairobi: Research within the USDA/USAID/
KARI project - expanding “effective rainfall analy-
sis” for season rainfall prediction to nine additional
locations surrounding the Katumani site where the
initial finding was made that season rainfall
amount and duration are related to date of onset.
Demonstrated significant relations at all sites,
despite considerable differences in elevation, tem-
perature and annual rainfall. APP. C: 12, 19,

A. H. Kaila, Master of Science Candidate, University of
Nairobi: Research within the USDA/USAID/KARI
project - developing cvaporation pan factors to
standardize data from pans which differ in color,
screening and nature of surrounds. Standardized
data are coupled with crop coefficients to estimate
crop water requirements for planning purposes.
APP. C: 10.

C. T. Hash and W. A. Faught, Agricultural Economists,
USAID Manager, Dryland Cropping Systems Re-
search Project (DCSRP), and USDA/OIC,D Team
Leader, DCSRP, Kenya: Provided economic
evaluation of benefits expected from use of re-
sponse farming in Eastern Kenya to produce
maize, beans, and the maize/bean intercrop, un-
der three levels of management of soil fertility.
Economic analyses are based or production data
for several seasons from both experiment station
and on-farm verification trials. APP. C: 18, 20.

E. T. Kanemasu, S. van Donk and J. Hwang, Agroclima-
tologists; respectively, Professor and Graduate
Students, Evapotranspiration Laboratory, Kansas
State University, Manhattan, Kansas: Provided
rainfall data for 11 sites in Niger, Mali, Senegal
and Burkina Faso, and collaborated in analyses of
the data for the latter three countries. APP. C: 11,
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APPENDIX E
GLOSSARY

Science applied to life or living organisms.

An array of tools and applications that allow researchers to manipulate the genetic
material of plants, microbes &nd animals.

Ratio hetween study crop evapotranspiration (ET, ) and that of a re‘erence crop (E1 o)
both with adequate waier and optimum growing conditions. Also, ratio of study crop
ET., to standard pan evaperatior. (C,).

Maxirnum amount of water which can be extracted by a study crop under stressed
conditions, from a soil inina'ly at well drained Field Capacity. Expressed either as a
depth of water (mm) from the entire root zone or porlion thereof or as a fraction or
percentage of Field Capacity from a stated depth of s»il.

Greetest pos<ible crop vield, initially limited only by plant genetic characteristics and
energy for photosynthesis when water is adequate, then further limited by water defi-
ciency as the water supply declines. Five categories establishec are (1) Maximum,
meaning water acequate, thus 100%, '2) High Normanl, limited by rainfall amount and/
or duration and/or intensity index to thz range of 50-100%, (3) Locw Normal, 40-50%,
(4) Subsistence, 20-40%, and (5) Failure, under 30%.

Balance hetween water into the crop root zone in the growing season (sail water at
germination + rainfall to maturity) and water utilized by the crop (ET,), or lost (runoff,
deep percolation) or stored (net gain in soi! water).

Relationship between crep production and water. Production and water are defined in
each case to fit the circumstances, a.g., grain yield in kg/ha versus actual crop water
use (ET ).

Depth of water which, when utilized by a crop for evapatranspiration, is fully adequate
to meet all needs of the crop. Expressed as mm/day average during any given period
from one day to the entire season. See ET maximum (ET ).

Actual depth of water evapotranspired by a crop when water supply is less than
adequate during some 2r all of the period of interest. See ET actual (ET)).

A pre-harvest forecast of crop yield in kg/ha, lb/ac, etc. The response farming method
incorporates water balance and water production function analyses to provide rough
forecasts at onset, improving at mid-season. Forecasts may berefit farmers, buyers,
food storage managers, national food planners, etc.

A cultivated variety of a crop, hera including hybrids, composites, etc, as well as true
varieties.

The first date in the new rainfall season when rainfall amount and/or surface soil water
content is deemed sufficient to safely launch the crop of interest. The definition will vary
with location and type of crop, and requires clarification for each set of analyses.
Detailed instructions to farmers on how best to modify a few key practices for growing
particular crops of local importance - in response to season rainfall forecasts.

Planting a crop grior to onset of the rains.
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Early Warning System

Evaporative Conditions

Evapotranspiration (ET)

ET Actual (ET )

ET Maximum (ET )

Farm Activities, Manage-

ment Decisions or
Practices

Final Rain Date

Generalized Response
Farming Guides

Green Revolution

Intercropping

Leaf Area index

Lysimeter

Mean

Median

Monocropping

Photosynthesis

Piant Population

Onset or very early season forecasts of impending food shortages, or, if appropriate
food! gluts, generally aimed at planners responsible for food security, export/impon, etc

Atmospheric parameters which govern rates of evaporation, thus crop water require-
ments (ET ). The chief factor is sunlight. Temperature, humidity, wind speed and ad-
vected energy aiso play a part.

Water use by a crop in field conditions, combining evaporation from the soil surface
with transpiration fror the leaf canopy.

Actual rate of ET, governed by the same factors as ET_ (below), and additionally by lim-
iting water supply. See ciop water utilization.

Maximum rate of ET by a crop with no water supply limitation. Governed by evapcra-
tive corditions, crop physiological characteristics and by Ieaf urea index (LAl), the latter
depending on plart population - a key management factor. See crop water require-
ment.

Terms used interchangeably referring to those activities the farmer carries out each
srason which, if modified, would affect either crop water utilization or crop yield or both.

The last date of rainfall occurrence prior to crop maturity. Precise definition may be
modified to suit specific rainfall behavior patterns. Requires clearly stated definition
in each analysis.

General instructions to iarmers on directions to move when modifying key practices
for crop production -- in respanse to season rainfall forecasts.

Dramatically increased food harvests through introduction in the 1960s of new varieties
of wheat and rice to irrigation farmers in Asia and Latin America, along with fertilizers,
pesticides and mechanizad farm equipment.

Growing two or more crops simuitaneousiy in the same field. Generaily beneficial in
low resource agriculture in terms of overall yield per hectare, but can be disastrous if
rainiall too low.

A measure of crop lezf canopy cover. Ratio of total leaf (green tissue) area over land
area. As a rule of thumb, crop water requirements are usually maximized when LAl is
3.0 or greater.

A device for making precise tield measurements of all components of crop water
balance, especially crop water requirement or ET_. A weighing lysimeter is a tank of
soil set in the field at ground level on a weighing balance which measures all surface
soil water gains or losses, and also providas for measuring all drainage.

Average, as in lonig term average or mean annual rainfall.

The middle value of a distribution of, say, amounts of annual rainfall, with half of all
years above that value and half below.

Producing a single crop in a field at a given time, as opposed to intercropping.
The formation of organic compounds from inorganic compounds within green plant
cells containing chlorophyll, fueled by energy from light. The process of crop growth

and yield.

Numbers of plants per hectare or other measure of land area. Controlled by seeding
rates and/or plant thinning to reduce population.
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Rainfall Behavior

Rainfall Flag

Rainfall Prediction
Criteria

Rainfall Predictors

Rainfall Season

Standards Based on
Crop-Production Potential

Regression Analysis

Response Farming

General term referring to ways in which season rainfall amount, duration and intensity
index relate to the date of onset or other predictor.

A coined term referring to a scatter diagram relating, say, seasonal rainfall amount to
date of onset, with all data points enclosed within a drawn border. When rainfall
amount or duration declines with later onset, as is typical, the resulting pattern has the
appearance of a flag drooping away from & flagpole - the latter represented by the
vertical axis which shows rainfall amount or duration.

Quantified rainfall predictors (See below). Ar example would be a specified date,
before which “early onset” would suggest normal farm practice:s should be followed
(“Plan A"), but after which “late onset” would suggest farm practices should be modified
(“Pian B").

Pre-season or early season rainfall occurrences which ara found to be related to
historical rainfall behavior. For example, the date of onset of the rainy season relates
closely to season duration and rather well to season rainfall amount, both of which, on
average, decline with later onset. Thus, whenever onset actually occurs, one knows
wrich portions of the historical ranges of season duration and amount might recur this
season, and which may be excluded from further consideration, Additionally, one may
calculate probabilities of recurrence of different durations and amounts within the (now
narrowed) ranges still to be considered.

A new approach for ranking recorded rainfall seasons in terms of crop production
potential based on three important season characteristics (rainfall amount, duration’
and intensity index) rather than rainfall amount alone. Five rankings are delineated,
termed Maximum, High Normal, Low Normal, Subsistence and Failure. After seasons
are ranked, probabilities of production at each of the five lavels are calculated. Two
types of standards in development are:

1. Relative value standards for each location based on a hypothetical crop which has
water requirements ard yield responses directly related to long term mean values of
the three season rainfall characteristics {See examples in Tables 21 and 24). Crop
production potential probabilities are calculated initiaily for the entire raccrd. These
probabilities are used to compare rainfall stability factors and general behavior
patterns between diiferent locations. Separate sets of probabilities are then calcu-
lated for each predicted group of seasons in order to show graphically the value of
prediction, and to underpin Generalized Response Farming Guides for on-farm
responses. (See Figures 19 and 20).

2. Absolute value standards based on the water/yield characteristics of selected crops/
cultivars of interest at a given project location. For example, grain sorghum at
Hyderabad, India (Table 25). Probabilities of attaining the five levels of crop produc-
tion potential can then be calculated anew for each predicted grcup of seasons
(Figure 21).These will help underpin Detailed Crop Specific Response Farming Rec-

ommendations.

Statistical analysis of available daia, e.g. rainfall records, to examine the degree of
linkage or correlation between a measurable variable such as date of onset of the rains,
and a variable one wishes to predict, such as season rainall amount or duration.

A flexible system of farming in which key decisions affecting crop water utilization and
crop yield are modified each season in response to pre-season and early season
predictions of season rainfall amount, duration, intensity index and other parameters as
appropriate. The overall goal is to maximize production/returns per unit of rainfall. In
more human terms this means to stabilize crop yields at the low end of the variable
rainfall scale, and attain higher yields which will break the poverty syndrome when rains
are good.
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Response Farming -
Research Package

Response Farming -
Strategy

Season Rainfall Amount

Season Rainfali -
Characteristics

Season Raintall -
Duration
Season Rainfall -

Intensity Index

Season Rainfall -
Parameters

Season Rainfall -

Prediction

Sidedressing -

Thinning -

Transferable Relation -

Wet Planting -

A coordinated program of research along distinct but interrelated lines, assembied and
streamlined over the past two decades, and designed to produce the information
requirements of a response farming program. These include rainfall prediction criteria,
generalized response farming guides and detailed crop specific response farming rec-
ommendations.

An approach for coping with seasonal rainfall variation, with three major components:

1. Risk reduction through agriculturally relevant rainfall analyses, followed by both pre-
season and early season predictions of expected rainfall behavior.

2. Flexibility in the farming system permitting modification of decisions and practices to
maximize production per unit of rainfall received.

W

. Incorporation of farmers' priorities, whether based on social, economic, infrastructu-
ral or political factors. As an example, in some areas there is a need to assure the
family food supply prior to consideration of cash crops.

For generalized analyses, the season rainfall amount is the total rainfall from the date
of onset until the final rain date, plus cxtractable water stored in the future root zone on
the date of onset. For specified crop types, substitute germination date for date of
onset above.

Season rainfall amount, duration and intensity index.
For generalized analyses, the number of days from date of onset (day zero) to final rain

date, including the latter. For specified crop types, from germination date to final rain
date.

‘The average amount of rainfall per day in the season, or amount/duration.

Same as season rainfall characteristics.

Pre-season and early season forecasts of expected ranges and probabilities of season
rainfall characteristics -- including rainfall amount, duration, intensity index and other
parameters as appropriate.

Applying commercial fertilizer, usually a nitrogen source, to a cropped field after the
crop is germinated and growing e.g., as to maize at thinning time, perhaps 30 days after
germination. Part of response farming strategy when applicable.

Reducing plant population in a cropped field by purposely removing or destroying some
plants. Part of response farming strategy when applicable.

In response farming research data are developed on crop water use and concurrent
yield for the purpose of estimating values of these parameters at project locations
without endless repetition of costly experiments. But the environmental conditions, i.e.,
evaporative and soil conditions, of the experimental site greatly influence the original
values determined. Therefore, to become transferable, the original values must be
related to the environmental conditions ir. appropriate ways - such that the same
relationships will remain true at project locations. Measurements (or records) of actual
environmental factors at the locations, coupled with the transferable relations, will form
the basis for new estimates of water use and yield.

Planting a crop after onset of the rains has occurred.
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APPENDIX F

Acronyms and Abbreviations

ACIAR Australian Centre for International Agricultural Research

CID Consortium for International Development

CRIDA Central Research Institute for Dryland Agriculture (Hyderabad, India)
CSIRO Commonwealth Scientific and !ndustrial Research Organization
EAAFRO East African Agriculture and Forestry Research Organization

FAO, UN Food and Agriculture Organization of the United Natiors.

ICAR Indian Council for Agricuitural Research

ICRISAT Internationa! Crops Research Institute ‘or the Semi-Arid Tropics
INRA The National Institute for Agronomic Research (Morocco).

JD Jordanian Dinar: 1JD  $2.68 (Nov. 1985)

KARI Kenya Agricultural Research Institute

MIAC Mid-America International Agricultural Consortium

NDFRS National Dryland Farming Research Station, Katumani, Kenya.
oICD Office of Irternational Cooperaticn & Development (USDA).

ucb University of California at Davis.

USAID United States Agency for International Development.

USDA United States Department of Agriculture.

WHARF World Hunger Alleviation through Response Farming - A Non-Profit Foundation.
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APPENDIX G

Conversions

Metric

1 millimeter (mm)
1 meter (m)

1 kilogrami (kg)

1 hectare (ha)

1 kg/ha

1 ton (t) =1000 kg
1 tha

English

.0394 inches (in)
3.281 feet (ft)
2.205 pounds (ib)
2,471 acres (ac)

.892 Ib/ac
22051b
892 Ib/ac
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English/Metric

1in
1ft
1
1ac

1 Ib/ac

25.40 mm
.305m
.454 kg
.405 ha

1.121 kg/ha



APPENDIX H

FACTS ABOUT WHARF

WHARF is the acronym for the non-profit foundation World Hunger Alleviation through Resporse Farming located in
Davis, California, USA.

WHARF was incorporated by the State of California in February, 1984, receiving registration as a scientific,
educational and charitable trust. Tax exemption has been granted by the U.S. Internal Revenue Service and the
California Franchise Tax Board under Sections 501(c)(3) and 23701d of the Federal and State Taxation Codes,
respectively.

Funding to date is principally through private donations, and contracts with the U.S. Department of Agricut:ure Office
for International Cooperation and Deveiopment (USDA/QICD) — on behalf of the Asia/Near East, Africa, and Science
and Technology Bureaus of the U.S. Agency for International Development.

Activities are both in the USA and abroad, including Af:ica (Kenya Rwanda, Niger, Mali, Burkina Faso, Senegal), Asia
(India Pakistan, Nepal, Sri Lanka) and the Mediterranean/Near East region (Portugal, Morocco, Cyprus, Jordan, N.
Yemen). These include Response Farming Feasibility Studies, Guidance of Response Farming Research by
interested individuals, agencies, institutes, etc., or within self-help development projects, and Design of Response
Farming Projects, followed by Life-of-Preject consultation.

Financial support is welcomed from individuals, foundations, corporation, universities, research institutes, govern-
mental agencies in the USA and abroad, and international bodies. Forms of support sought include memberships,
donations, grants, cooperative agreements and contracts, as well as gifts of real property, equipment, other items of
value, and voluntary assistance.

The Goal of WHARF is to develop and give the knowledge required to avert starvation, alleviate hunger and enhance

the quality of life of peoples everywhere who live today at the whim of highly variable and unpredictable rainfall. The
Directors and Professional Advisory Council Members of WHARF cordially invite your participation in this endeavor.
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WHARF BOARD OF DIRECTORS AND PROFESSIONAL ADVISORY COUNCIL

DIRECTORS: J. lan Stewart, President
Robbie N. Stewart, Vice-President/Secretary
Robert M. Hagan
Barbara D. Webster
Elmer R. McNece, Financial Officer

PROFESSIONAL Edmond P. Carton (England)
ADVISORY COUNCIL Savvas J. Chimonides (Cyprus)
CHARTER MEMBERS Raymond H. Coppock

Richard H. Cuenca

Robert E. Danielson

Thomas Elmendorf

Marshall J. English

Charles T. Hash (Bangledesh)

Abdullah A. Jaradat (Jordan)

Susan Radfora Keagy

Roger D. Loomis

William O. Pruitt

Hans Rasch (Sweden)

James G. Ryan (Australia)

Castle E. Stewart

Stephen C. Stewart

I. Castle Stewart

Arend Streutker (South Africa)

Burton Swanson

Giles Waines

Fred Wang'ati (Kenya)
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