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PREFACE

This report contains a rather detailed description of the methods used iIn
CADU’s crop sampling 19680 Because of the frequent changes of expatriate
staff, typical of economic development work, a thorough written description

of the methodology ought to be available. This iIs the only way to ensure not
only repetition of the study xMth methods yielding comeneura®ble results, but
also a successive improvement in the precision of the methods and thereby more
valuable results. Ey necessity, this makes the report rather technical,, This
is especially true for the statistical parts of it. To understand them, a
background in elementary statistics will be necessary. Readers net familiar
with that subject are referred to elementary textbooks (e.g. Cochran, W.G,
Sampling Techniques, 2nd ed. New York 1963? and Freund, JYE. & Williams, F.J.,
Elementary Business Statistics, Englewood Cliffs, N.J. 1964). Readers mainly
interested in the results of thn study can find those iIn Chapter 4«

The study was made as a teamwork between several branches of CADU. The
Planning and Evaluation Section has carried the main responsibility, but has
dramn heavily on the experience and help of the Extension and Education and
the Crop Production Departments, especially for the training and administration
of field workders and for the laboratory part of the processing of results.

With the rather complex sampling procedure used, the choice of estimators
for mean and variance turned out to be a complicated problem. For advice
and help in this matter, the author is strongly indebted to Mr. Pushyendu
S. Chcudhury, United Nations Statistical Adviser to the Central Statistical
Office, Addis Ababa.

Asella, May 1969

Goran Nyberg
Head, Planning and Evaluation Section



1. THE PROBLEM

1.1 Crop Sampling in Earlier Years

Each year from the project preparation period onwards, CADU has made attempts
at estimating the average yield of different crops iIn the project area. The
first two year’s measurements, 1966 and 1967s were made as sample surveys of
six and nine different crops respectively. The results have been published
in two CADU Publications: ™Trop Sampling in the Chilalo Aivaja, Arussi
Province 1966” and Trop Sampling in the Chilalo Awraja, Arussi Province,
1967 respectively.

The methods employed iIn these twostudies in both cases involved the use of
Judgrment sampling in at least onestep  of the sampling procedure. It is,
therefore, not possible to calculate the precision of the methods used nor

to know anything about the representativity of the results. The bias
introduced is likely to be one of over—representation of farmers with above
average yields, but the amount of bias cannotbe calculated.

1.2 Purpose of the Study

Against this background it was decided to make an attempt, for the first
time since the start of the project, at getting an estimate of crop yields
that would be statistically representative, using a method the precision of
which could be calculated. The original objective was to get such estimates
for each of the siIx extension areas, iIn which the project area was divided
during 1968= Because of the limited resources available for the study, it
was confined to four crops, viz. those for which yield estimates were most
urgently needed: wheat, barley, beans and flax.

The crop sampling is part of the evaluation of CADU at project level, ice.

the evaluation of the aggregate effects of all the project activities.

Clearly, the average yield level of different crops iIn the project area will
be affected by a number of CADU project activities, such as training of model
farmers, demonstration for other farmers, selling of farm supplies (especially
seeds and fertilizer), marketing activities (to induce the farmers to increase
their yields), etc. Other aspects of the overall economic development of

the project area, such as changes iIn household Incomes and consumption
patterns, will be evaluated as well, as part of the evaluation at project
level. The development of crop yields will then be compared to these and
possibly other changes to give an owverall picture of the aggregate effect of
CADU.

Contrary to most other CADU evaluations, a control area is used in the crop
sampling studies. The argument is that a number of factors outside CADU
control influence the yield figures (above all the weather), which calls for
an area with which each year®s estimates can be compared. Ideally, such an
area should have the same ecological characteristics as the project area.

A second important requirement is the economic one: the control area should
be within fairly easy reach from the project area in order not to make the
study bill sky-rocket. Thirdly, the weather conditions should be as similar
to those of the project area, as possible. The area chosen actually consisted
of two different parts, both adjacent to the project area. One, Sire wereda,
lios to the north-east of the project area, the other one, the northern part
of Lemu and Bilbillo wereda, to the south. Ecologically, they come reasonably
close to the northern and southern parts of the project area respectively.
From a weather point of view, the proximity should give conditions as similar
to those of the project area as one can reasonably expect with Ethiopia’s

topography.



It was soon found, however, that the available resources would not allow for
yield estimates to be made for each of six different subdivisions of the pro-
ject area and for two different control areas. From a statistical point of
view, narely, in principle equally big samples have to be taken from every
area for which a yield estimate with a given error margin is desired. In
ether words, if yield estimates are wanted from each of six extension areas,
the total sample size will have to be six times as big as If only one estimate
for the wholle project area is needed. Likewise, to use two control areas takes
twice the sample of one. Therefore, it was decided to divide the project
area In two parts, roughly corresponding to 1ts main ecological zones, by
drawing an east-west line through Asella, For each cf the two resulting
parts, the northern and the southermn, separate yield estimates were wanted.
The two parts of the control ares had to be taken together to give one

yield estimate only for the whole control area* A mapshowing the different
areas included in the study om ne foundin Figure 1.

Thus, the purpose of the study can be summed up as follows:

To give statistically valid estimates of the average yields of wheat, barley,
beans and flax for each of the following three areas:

a) the northern part of the project area(called ™areaN’’)5

b) the southern part of the project area(called ‘areaS’’);

c) a control area, consisting cf Sire and part of Lemu and Bilbillo weredas
(together called ™area C’).

By “statistically valid” is in this context meant:

a) that the estimates shouldbe based on unbiased samples;

b) that the precision of themethods used should be possible to calculate,,

In addition to this study, aseparate study of crop yields was carried out

by the Extension and Education Department among the first group of model
farmers, chosen iIn 1968. This study iIs separately reported in Chapter 5°



Figure 1o Fe cf Chilalo Awra.ja Indicating Ar~s? facre
Crop Yield S._gtiaiation3 Were |S<3e*



2. STATISTICAL DESIGN.

2:1 outline.

The basis for the statistical design has been the system usfi, in Sweden
for obtaining unbiased yield estimates. Because uf the bi” difference
between Swedish and Ethiopian conditions? however, the adjustment of

the syfem has required a number of major changes. Just to mention some
of the environmental differences that had to be observed by methodological
adjustments,® in Ethiopia no list of the farms nor of th,- farmers is
available, from which the draw the sampleb there is no a.\ar,”e Information
about farm sizes or crops grom: the farmer normally does not know the
size of his fields (at least not In units of measurement that are precise
enough to be used for sampling purposes); only very simple sampling pro-
cedures can be carried out by the field workers when they are at the
farms, etc. It goes without saying that the precision of the methods

used under these conditions will, ceteris paribus, be by far inferior

to that of similar studies carried out under more favourable conditions.
However, it is hoped that as time passes and succesively more i:ifformation
is collected, it will be possible to plan for increasingly higher precision
every year.

Within each of the areas N,S, and C, the population (for each of the
crops) can be defined as the total area, on which the crop iIs grown.
Given the usual convention as to the way crop yields aro indicated,
kilogrammes (quintals, tons) per hectare, the square meter was chosen as
the population element.

For evaluation purposes, one would desire estimates with rather narrow
error margins. Especially for average crop yields, the changes to be
expected as a result of the project activities are likely to be minute

for a number of years to come (and will probably be difficult to tell

from Fluctuations due to weather differences between years). The situation,
therefore, apparently calls for narrow confidence intervals around the
estimates of average yields, r.f any project effects are to be detected.

To start with, therefore, the s mple sizes for each of the three areas

of study were calculated on tlr basis of a desired precision (95-percent
confidence intervals) of + 5 percent around the means. The only advance
variance estimates on which to base the calculations where those of last
year’s crop sampling. Furthermore : these were subject to an unknown
amount of bias, more likely to make them smaller than bigger than the
population variance. The sample sizes resulting from these calculations
were quite unacceptable from a resource point of view. Instead, It was
aecided to accept twice as big error margins (i»e. 95-percent confidence
intervals of + 10 percent around the means), thus bringing down the sample
size to a fourth of the original requirement (the size of the confidence
interval is iInversely proportional to the square root of the sample size).
One argument behind this was the same as that usea iIn Ovier evaluation
studies: until more is know about prevailing condtions in the project

area (especially as far as the variance oz attribuoes @ oe stue.ied and
possible bases for stratification are concerned), it is uneconomic to

try to attain high degrees of precision by simply increasing sample

sizes. Rather, the increasing level of information likely to follow

from the first few years project activities will make it possible to

use more efficient research designs. Until then, it will be very expensive
to avoid lower precision, since the only instrument for that T-ill be

increases of sample size*



As for the choice of sampling method, the use of multi-stage sampling
seemed fairly obvious. Neither the available sampling frames nor cost
considerations favoured any other arrangements. Also, there could be
little doubt as to the steps of such a design: in the first stage, a
number of farms, were sampled, in the second fields within each farm,
and in the third square meters within the fields. This iIs the same
basic design as the one used In Sweden for similar studies. Ethiopian
conditions made It attractive also for use iIn this study.

From the point of view of research efficiency, an important problem is
that of allocating the available resources to the different sampling
steps, 1.e. to choose the number of units to be sampled In each stage.
Unfortunately, very little advance information was available for a deci-
sion on this. The iImportant factors to consider when allocating research
resources would have been the relative costs of locating and observing
one unit in each of the sampling stages, and the relationships between
the within-field, within-farm and between-farm variances. The information
available within CADU on the magnitude of these factors was virtually nil.
Especially, the design of earlier years®™ corp sampling had not allowed
for estimates of the different components of the variance. (The author
IS sorry to admit that by a mistake iIn the statistical design, there

is still not very much more to report in this respect after the 1968

crop sampling). Without any particularly strong motives, it was decided
to select one field per farm (for each crop) and two square meters per
field. This, incidentally, is the same design as the one used iIn Sweden
Nalthough the author is aware that this fact is more likely to be an
argument against than for the design chosen).

Each of the next three sections of this chapter are devoted to one of
the stages in the sampling procedure.

2:2 The First Sampling Stage.
2:21 Sampling Frame.

As already indicated, there is "0 such thing as a list of all farms in
the project area. The closest one can get to this is the official
population census made iIn 1966 and supposed to list all households.
Earlier CADU experience has shown, however, that a number of people have
been missed when the census was taken. Since there®is no satisfactory
follow-up of population changes in Ethiopia (e.g. births, deaths and
migrations), furthermore, some people listed In the census could not

be found when CADU started to work In the area In 1967-

The second possibility for a sampling frame is the aerial photographs

that have been made for mapping purposes iIn a bilateral United States

aid project In principle, it should be possible to make area sampling
from the photographs. ¥hen the possibilities for doing this were investi-
gated, however, some iImportant shortcomings became evident. Firstly, the
photographing work was not completed for the entire project area when

the planning of the crop sampling study was started. It was most doubtful
whether photos for the whole area would be abailable when needed. Secondly,
area sampling by this method presupposes quite some ability of the field
workers to locate the sampled areas or spots on the ground with the help
of the photographs. Under Ethiopian conditions, this means a heavy demand
on personnel training and supervisory capacity, which was very hard to
meet. The error risks likely to be incurrred had this method been chosen
seemed rather prohibitive.



A closer look into the strengths and weaknesses of the population census
from 1966 from the point of view of this study revealed that the main
trouble is the bias likely to have been introduced by the failure to
list some people. In one area south of Asella, Waji. a detailed census
had been caried out recently by CAD"J personnel. In order to get an idea
of the accuracy of the 1966 census for the planning of the crop sampling
study, the two censuses were compared. It was found that the official
1966 census has missed 57 percent of the farm households (admittedly,
this figure includes an unknown number of people who have migrated iInto
the area after 1966). Still worse, the mistakes were systematic™: 85
percent of the tenants had been missed but only 43 percent of the land-
owmers. The number of households listed in the 1966 census but not found
in 1968 was not iInvestigated, since they would by definition not be of
interest in the crop sampling study. Nothing is known about the represent-
ativity of the ¥aji area for the rest of the project area in providing

a specimen collection of 1966 census errors. However, the census method
used makes a concentration of errors to some areas In an unsystematic
way likely. It can only be hoped that Waji was one of the areas with

a high concentration of errors.

The paramount question for deciding whether to use the 1966 census as

a sampling frame for the 1968 crop sampling, apparently is the effect
on yield estimates of the main census error, the fact that a number of
people were missed. The census method used was simple enough: census
officials contacted low-level local authorities (balabats and golmasas),
asking them to enumerate all people living within their areas of authority.
Mistakes iIn these enumerations are likely to be mainly due to forgetful-
ness, As some local authorities are more likely than others to take the
task ambitiously, the errors are, as already indicated, probably more
concentrated to some areas than others™ Within one area, on the other
hand, the people most likely to be forgotten are the socially least
important ones, i.e. the tenants. Renee the most probable bias. The
important question for this study, therefore, iIs whether the conditions
of cultivating the crops studied are likely to be different for land-
owners as compared do tenants.

From a general geographic-climatological point of view, this is most
unlikely, since the enumeration areas were small and ecologically homo-
enous. Thus the farmers missed should have the same general agricultural
conditions as those included. From the point of view of personal competence
and ambition, on the other hand, one would at first glance be inclined

to assume some difference between landowners and tenants. The information
collected iIn various socio-anthropological studies made by CADU, however,
does not give support for such a hypothesise Instead, tenants have been
found to have a strong interestto*folikov a "middle-of-the-road”-policy,

i.e. to avoid getting both too low and too high yields. Since they all

have various sorts of share-cropping arrangements, they run the risk

of being evicted if their performance is unsatisfactory. On the other

hand, if they produce too high yields, the landowner may think high of

the potential of that land and eMict the tenant in order to cultivate the
land himself (thus getting all instead of, say, half the harvest). Further-
more, 10 other experience of CADU so far supports the view that land-
owners differ from tenants in thelr competence as farmers. A

Against this background, it was decided to accept the 1966 census as a
sampling frame far the crop yield estimation. The bias towards under-
representation of tenants is likely to be thsv":allright, but the dis-
advantage it implies seems clearly more acceptable than the ones that
woulld follow from the use of aerial photographs. (@7or repetition of the



study in the years to come, a “better sampling frame will in all probab-
ility be available, viz. a register of all land holdings in the project
area. It was discovered after the field work for this study had been

completed and has been tested in a credit evaluation study during 1969*)

True, the census is a list of farmers, whereas the sampling units in
the first stage of the sampling procedure were defined as farms. To
cover t'e difference, a farm was defined as the land cultivated by a
farmer In the census list. Under Ethiopian conditions, this definition
is only likely to cause difficulties in two cases. One is if a farmer
has died and the farm has been divided among the heilrs. For this case,
the instruction to the field workers was to make the second step of the
sampling from the whole farm earlier owned by the farmer listed iIn the
census (i.e. to treat it as If he were alive). The second case is when
a farmer cultivates land at several different places. For practical
reasons, the instruction to the field workers was to ask the sampled
farmer which land he cultivated within the gasha*he was himself living
in (including land in an adjacent gasha which is less than 400 meters
from his house), and select the second sampling stage from that land.
Since the number of farmers cultivating land iIn gashas in which they .
do not live could be expected to be small (an assumption which was
confirmed during the field work), no bias was likely to be introduced
by this practice. The main advantage of this definition of a farm is
that it does not deal with land ownership conditions at all. These can
be very complicated, with people owning land ax distant locations, and
cultivating part of i1t themselves and having tenants on part of it.
There are also the problems of absentee landlords and ownership disputes.
It 1s normally much easier to define what land a certain farmer actually
cultivates, irrespectively of who oms or pretends to own it.

With the relationship between farmer and farm defined as per above, It
is hoped that the reader will accept the changing terminology below,
where sometimes farmers, sometimes farms are referred to as the first
stage sampling units.

2;22 Sampling Method.
2s221 Areas N and S.

As earlier mentioned, the sample sizes were calculated on the basis of
a precision requirement of 95“percent confidence intervals of + 10 per-
cent around the estimated mean yields and on the variances obtained in
the 1967 crop sampling. For the sake of simplicity, the calculations
were made on the assumption of simple random sampling, although other
sampling methods were actually to be used. The obtained necessary
numbers of observations per crop were the following;

Area IT Area S
Wheat 69 95
Barley 71 94
Flax 44 77
Beans 72 68

Since the sampling fraction is negligible, the differences iIn sample
size between areas ITand S is entirely due to"the higher variability
of yields in area S (except for beans, where the situations iIs the re-
verse ).

* A gasha Is an administrative area, normally 40 hectares in size.



A systematic sample from the census had been made by CADU in the beginn-
ing of 1968 for another study (General Agricultural Survey of the Project
Area, CADU Publications, Addis Ababa 1968), The sampled farmers had been
interviewed about certain agricultural conditions at trei-r farms, includ-
ing total farm size and crops grom. Farmers included in the census but
having moved (or died) later had been detected iIn that study and substracted
from the sample. Therefore, and since the very sampling from the census
lists was a rather troublesome procedure (the lists are in Amharic and
kept at local offices), the 351 interviewed farmers were considered a
convenient subsample for use iIn this study, To avoid bias, the not-at-
homes were added to the interviewed farmers, making the subsample from

the census totally 380. The remaining 6 non-response cases (@part from
those not belonging to the population) were people with whom communication
was for various reasons impossible. Their exclusion from the subsample
cannot conceivably have created any bias.

The sampling fractions for the General Agricultural Survey had been chosen
for each of the six extension areas separately and differed to some extent*
To create an unbiased subsample of the census, therefore, certain correc-
tions had to be made. Thus, the lowest of the sampling fractions used
was divided by the sampling fraction of each of the extension areas. The
result was a correction factor which was multiplied with the actual sample
size for each area to make all sampling fractions equal. (Example: Huruta
had a sample fraction of 0.0 the lowest of the fractions was that of
Asella, 0.033? 0.033 divided by 0.05 i1s 0.667; 0.667 multiplied by 63,

the sample size iIn Huruta extension area, is 42, which iIs the sample size
that puts Huruta at par with the other areas as far as the sampling frac-
tion is concerned). The surplus units of each extension area were removed
by simple random sampling (with the use of a table of random numbers).

The result of this procedure was a representative subsample from the census,
covering the entire project area and comprising 310 farmers. To give each

population element (the square meters) equal probability of being selected,
no matter whether they belonged to a big or a small farm, the farmers were

now selected with probabilities proportional to the size of the farm.

There i1s, however, a difficulty with the traditional area measures used

in Ethiopia, that is important from a sampling point of viow and therefore
has to be dealt with somewhat in detail. Most of the area measures used
for indicating the size of a whole farm, such as tefer and gashas, can
vary in size depending on the fertility of the land (they are bigger when
the fertility is lower). For Arussi province, the Ministry of Agriculture
has estimated the biggest units of one sort to be as much as 75 percent
bigger than the smallest ones. On the other hand, the land iIn the project
area is Tairly homogenous from a fertility point of view: 84 percent is
classified in the same fertility category (CADU Statistical Digest 1963).
For this study the traditional measures were transformed to hectares accord-
ing to standards earlier used both by CADU and other authorities

(I gasha = 40 hectares, 8 tefer = 1 gasha). In principle, this implies

a faint bias towards overrepresentation of more fertile land. However,
this bias can be taken care of in the procedure of estimation (by divid-
ing each yield figure with the probability of selection for that particular
farm) and should, therefore, be of no significance.

For another frequently used measure, the timad, the problem is a bit more
complicated, since this iIs not an area measure but a measure of performance.
It is defined as the area which can be ploughed in one day with one pair

of oxen. Since this measure is more used for fields than for whole farms,
the problem is more important for the second step in the sampling procedure,
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but it does affect also the first one. The size of a timad has been found
to vary from 0.17 to 0.38 hectare in the project area alone, with a mean
of 0.25 (no confidence intervals are knom). Whenever the size of a
farm was given iIn timads, it was transformed into hectares (using the mean
of 0.25 timads per hectare). This means that a small bias has been intro-
duced (also this one will be taken care of by the estimate chosen). The
size of a timad varies with three main factorst the strength of the oxen,
the diligency of the farmer and the easiness with which the soil can be
ploughed. The lower a farmer and his farm score iIn these respects, the
more timads is a given area divided into. The bias, therefore, iIs one

of overrepresentation of less hard-working farmers with weak oxen and
soils that are difficult to plough. Since only a minor share of the
farms had their size indicated in this way, this disadvantage was accepted.

A number of farmers had not told the size of their farms at all. They
were assigned values equal to the mean farm size of the extension area

in question. There iIs no reason to believe these farmers to differ system-
atically from the others In any respect of importance for the study.
Therefore, no bias is likely to result from this practice.

When these adjustments had been made, the required number of farmers for
each of areas IFand S were sampled with probabilities proportional to the
farm size in hectares. The sampling was made as simple random sampling
(using a table of random numbers) with replacement, after cumulation of
the farm areas. The technique used was the one described iIn the earlier
mentioned book by Cochran, p. 251. Replacement is necessary to keep the
probabilities proportional to size, if the sampling fractions are not very
samall. A number of farmers, consequently, were selected several times.
The number of subsampled units from these farms was the same as for those
only selected once, but the results were weighted with the number of times
the farm was selected. This is the simplest of several possible methods
having approximately the same precision, described in Cochran, p. 306.

The required sample size was 72 in area N (the maximum number of observa-
tions necessary for any crop) and 95 in area S. Because a number of farm-
ers in the sample were selected several times, the total number of farmers
selected was only 55 and 59 f°r areas N and S respectively.

In addition to the sample, a reserve sample was drawn for each of the areat*
It only contained 23 and 22 farmers for areas W and S respectively, but
because of the weights assigned to some of the farmers, the sample plus

the reserve sample would give a total of 166 and 113 observations in areas
H and S respectively.

In the General Agricultural Survey information had been obtained on the
crops each of the iInterviewed farmers grew in 1967* On the basis of this
information the expected number of observations per crop studied in the
crop sampling study could be calculated, assuming no changes in the
proportions of farmers growing each of the four crops. If no major changes
occurred between 1967 and 1968, the number of observations per crop would
be enough to cover the sample size requirements earlier given, provided
part of the reserve sample was used for some of the crops.

2:222 Area C.

As the control area (both parts of It) is not part of the project area,
no advance information was available on conditionsrelevant for the plann-
ing of this study. For the same reasons as iIn areas N and S, the 1966
census was chosen as a sampling frame, although it had more disadvantages
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in area C. Thus, it had not been used by CADU at all, and therefore;the
sample had to be big enough to allow for non-response from those no longer
belonging to the population. Also, the addresses of the farmers in many
cases were given iIn a rudimentary way, likely to make the farmers difficult
to locate. For areas N and S, this trouble had been taken care of by the
field workers of the General Agricultural Survey, so that the subsample

of the census used for sampling iIn these areas carried the complete
addresses of the farmers.

There was no information on farm sizes, crops grown or yield variances.

On the assumption that the variances would be as big as iIn the part of
the project area with the biggest variances (area-S), therefore, it was
decided to choose the same sample size as there, i.e. 95* Since the sample
was to be divided between the two parts of area C, the number was rounded
off and 50 farmerswere samplecl in each of the two parts. The southern
part was defined as all balabat areas iIn Lemu and Bilbillo woreda north

of an east-west line through Merarro (for practical reasons, this line
had to follow the borders of the balabat areas, but they happened to form
such a line pretty well). To allow for the high number of non-response

to be expected, a reserve sample of 98 was also dram. Since no Inform-
ation about crops grown was available, one could only wish that the number
of observations per crop would be enough to give the desired error margins
in the estimates, i.e. 95-percent confidence intervals of + 10 percent
around the mean yields.

Lacking advance information about the farmers, they were sampled with
equal probabilities. Thus, a bias has been iIntroduced* square meters
belonging to farms of above average size are underrepresented, (Since the
areas were not measured, for reasons given below, It was not possible to
get an unbiased estimate by subsequent adjustments). As there was no
alternative (within the resources available), this had to be accepted.

In a coming year, however, the information collected from the control
area should make possible the use of methods wvitth increasingly high pre-
cision..

For drawing the sample from the census lists, systematic sampling was
used. Practical considerations strongly favoured this method as compared
to simple random sampling. The disposition of the census lists iIs not
such that any bias can conceivably have been introduced by this method.

2:3 The Second Sampling Stage.

The sampling units in the second stage were defined (for each of the

crops to be studied) as all the fields on which the crop was grown at a
sampled farm. To give each square meter of, say, wheat grown at a farm

the same probability of being selected, the fields ought to be sampled
with probabilities proportional to size. Normally, however, a farmer could
only give the size of each field iIn timads. To accept the timad measures
as iIndications of size and to sample with probabilities proportional to
them would give overrepresentation of soils that are difficult to plough.
(The reader is reminded of the three main factors making for big timadsl
diligent farmers, strong oxen and soil that is easily ploughed. Now, on

a given farm the first two factors will normally be constant over all fields,
so that the differences in timad size will be almost exclusively accounted
for by differences in "ploughability’”). True, the differences in this
factor sliould be rather small within the same farm, but certainly one
cannot be sure of this. Rather, under the topographical conditions pre-
vailing in the project area, the fields of a given farm can be very scatte-
red and also have very different appearance and degree of slope. Thus,
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substantial variations iIn “‘ploughab.ility’ within the same farm are quite
conceivable,, Since this factor is likely to have something to do with the
yield rate, furthermore, it was desired to avoid a bias In this respeot*

The alternative that has no doubt been obvious to the reader for some time,
to measure the fTields In sgquare meters and then do the sampling with pro-
babilities proportional to size, unfortunately had to be ruled out entire-
ly. To the average farmer in the project area, strangers with measuring de-
vices appearing at the farm can only mean two things: expropriation or tax
increase, Neither of the interpretations is likely to make the farmer co-
operative and both may even be harmful to the good health of the field wor-
ker, It was decided, therefore, that time was not yet ripe for CADU employ-
ees to run the risk of creating frictions with the farmers* Technically,
this sampling method would have been rather complicated and required some
efforts as far as training an supervision of field personnel iIs concerned,
(especially with the mostly er " irregular shape of Ethiopian fields), to
say nothing at all of the pc’si. ility of importing adequate equipment at a
short notice. In the future, -nen CADU is better known locally and the
field personnel better trained, changes can probably be made in this polioy,
with increased precision in the yieldr estimates as a consequence*

The only alternative to sampling with probabilities proportional to the

size In timads, therefore, was sampling with equal probabilities* This, on
the other hand, would give another bias: square meters belonging to smaller
than average fields would be overrepresented and vice versa* After consul-
tation with CADU:s specialists on crop production, It was decided that this
bias was more acceptable than the other one* True, small fields may at times
be located closer to the living house and thus be better supplied with manure
They could also sometimes lie on inferior soils, because a bigger field can-
not be ploughed in, say, a ravine. On the whole, however, the connection be-
tween yield rate and field size seemed much less clear and systematic than
between yield rate and “ploughability”. One more advantage was attained by
this decision. Sampling with probabilities proportional to size involves a
much more complicated task for the field workers. Considering their lack of
routine, this being the Tirst time a statistically valid crop yield estimate
was tried by CADU, the author was most happy to avoid adding new complica-
tions to their iInstruction.

For a given crop, the field to be studied was selected with simple random
sampling, using a table of random numbers. The details of the instructions
to the field workers can be found in Appendix 1 to this report.

2:4 The Third Sampling Stage.

The system used iIn Sweden to sample the square meters from a given field
involves some rather sophisticated manipulations with coordinates and fields
inscribed iIn rectangles. It was felt that a simpler method had to be de-
signed for this study, especially considering the often very irregular shape
of the fields in the project area.

The method used was the following. The samplers used a V-shaped measuring
device, with 2 meters between its end-points (this distance could not be
changed) . They were instructed to start from a point at the edge of the
sampled field (normally the point were the footpath from the house reached
the fTield; i1t was called "the starting point™). Then two two-digit random
numbers were chosen. The Tirst one indicated the number of lengths of the mea
suring stick that they should go along the edge of the field (to the right

if the number was odd, to the left iIf even). The other gave the number to

go at a right angle into the field from the point to which the First number
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took them (calledjhe turning point”). At the pointreached in the field
(called "the sampling point'™), a device was attached which worked as a
pair of compasses giving a fixed area of one square meter (with its centre
in the sampling point),, All straws of the crop growing within that circle

were harvested and collected.

For each field, a second square meter was also sampled. To do this, the
samplers went back to the turning point (nhot to the starting pointy at the
edge of the field, took two new two-digit random numbers and repeated the
procedure. The second sample was put in the same bag as the first one from
the same field. (The statistical consequenses of this are dealt with iIn
section 2:6). The average of the two samples from the same field is referred
to below as "one sample™ or ""one observation” (alsowhen the total number
of observations made, n, is calculated).

This sampling procedure should give equal probabilities of selection for

all sqguare meters of a fTield, provided the field is not too big. As the
intelligent reader has no doubt already concluded, the maximum circumference
compatible with this requirement is 34 meters. If the circumference iIs big-
ger, the most remote parts will have a lower probability of being selected.
Available information about field sizes, however, did not indicate any risk
of getting too many such cases. The alternative would have been to use three-
digit random numbers. For inexperienced field workers, however, they would
have caused quite some difficulties and given room for a not negligible sub-
jectivism, e.g. in deciding whether actually to measure a distance or to con-
sider this unnecessary because the distance would take the sampler around the
fields and past the starting point anyway. Also, there v:auld definitely be
much more running about, thus in general iIncreasing the time per observation.

A main risk of bias with this sampling method is what happens when a random
number gives a sampling point close to the edge of the field. To avoid too
much trampling in the fields, the samplers were told not to actually measure
the distance from the turning point into the field, i1f 1t obviously took
them right across the field and out on the other side of it. On the other
hand, this recommendation might lead to avoidance of sampling points close
to the opposite edge of the Tield. Since crops often grow more sparsely
close to the edge of the fields, this would have introduced a bias. The pro-
blem was dealt with by careful :-nstructions and training, stressing the need
of measuring the distances exa ;xly when the sampling points appeared to be
close to the edge of the fields.

2:5 Statistical Design Summed Up,

To recall briefly, the main characteristics of the statistical design were
the following:

1, The desired precision was a 95-Percen™ confidence interval around the
estimated mean yields of not more than + 10 percent.

2, In the first sampling stage, a number of farms were selected. Within
areas N and S (the project area), they were selected with probabilities pro-
portional to size. In area C, they were selected with equal probabilities.

Bias: overrepresentation of landowners, but this is not likely to affect
the results. In area C there is an additional bias of overrepresentation of
small farms, the influence of which on results iIs -uncertain.



3. In the second stage, on each farm sampled one field per crop was selec-
ted with equal probability.

Bias: overrepresentation of small fields, which is not likely to have any
systematic effect on yields.

4. In the third stage, two square meters were selected per sampled field
with equal probabilities.

Bias: virtually none.

2:6 Estimators of Mean and Variance,
2:61 Type of Data Used.

When the field workers had harvested the two square meters of a selected field
the two samples were put together in the same bag and brought to the labo-
ratory. Thus, the available clama allow for estimates of the average yield

per farmer (per crop) only, but not for estimates of the within-field va-
riance. For getting an estimate of the overall mean and variance of the
sample, the within-field variance is not needed either, so from this point

of view the procedure followed was OK, For efficient allocation of re-
sources to the different sampling stages, however, information on the within-
field variances is needed. In this respect, therefore, there was a defi-
ciency in the data collection methods of the 1968 crop sampling. Unfortu-
nately the next year®s study shall have to be planned without this infor-
mation, with a loss In efficiency to be expected, but it is hoped that

this time more systematic measures will be taken to secure information per-
tinent to the planning of future studies. Especially, to get an idea of

the within-farm variance (which is necessary for an efficient allocation

of resources to the different sampling stages), at least two fields per

farm should be sampled.

The samples were threshed and the water content determined for each sample.
To make the results from different farms commensurable, the weight of each
sanple was then recalculated to give the dry matter weight at 10 percent
moisture content. From a statistical point of view, this procedure is indif-
ferent. The result was the weight iIn grammes for the yield of two sguare
meters. This was divided by w to give each farmer"s average yield per
square meter (for each of fie "rops),,

2:62 Areas N and S.

To get an unbiased estimate of the population mean and variance and the
variance of the sample mean, the following procedure was followed. To sim-
plify, the procedure is described for wheat only, but 1t will of course be

the same for each of the other crops studied.

Notations (capital letters refer to the population, small letters to the
sample):

Population:

Farmers in the population growing wheat

Farmers in the population not growing wheat
N*+l, N*+2, _...... N
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Corresponding areas of farms iIn the population

al, a2, ——— ... ... aN«>aU«+15 aN"+2 . .. ... ... * all

where p, ~ aiand 'y Rp,= 1.
gy r
1=1

Corresponding areas under wheat iIn the population

LTI G4 L A ©v,,0, 0,,.c---.-. 0 (O for ITN" farmers not
growing wheat)

Respective wheat yield rates based on all the wheat fields In the farm

Y1, % . Vit n

Sample:
Farmers iIn the sample growing wheat

Farmers in the sample not growing wheat
n"+l, N"+2, . o L. . ,N

Areas under wheat in the corresponding sample farms

t T2, & V > 0,0...... 0  for h-n’ sample farms

not growing wheat)

Average yield rates of the tXm sample plots iIn the respective sample farms
growing wheat

Two assumptions have to be made:

1, The yield ra,te of the two square meters sampled in a field is not cor-
related with the size of that field, or 3y.) = Y, (S for " expec.ted va-

lue of"). On the basis of the previous discussion of this problem, this
assumption seems quite reasonable.

20 The total wheat area of a farm is not correlated with the wheat yield
rate of that farm, or Cov(t®,yi) - 0. (Cov for 'covariance of")* It should

be noted that this is something else than to assume that the wheat yield
is uncorrelated with the proportion of the area of a farm, on which wheat
iIs grom. The latter may not hold, since a farmer who gets above average
wheat yields may be inclined to allocate a larger share of his land to
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wheat (and vice versa). But the assumption does not imply this, To exem-
plify what i1t does imply, suppose one has got the information that one
farmer grows five hectares of wheat, and another only half a hectare.
Assumption 2 implies that both are equally likely to have high (or low)
wheat yields. That this is reasonable should be clear if one considers
that with the information given iIn the example, one does not know whether
the first farmer has a total farm area of, say, or 5 hectares, or the
second 10 or 4. It may also be added that the assumption is supported by
empirical evidence from several studies dealing with subsistence farmers,
e.g- one FAO study from Arussi province itself, and several studies in
India.

Then i n ty.! <l which is the total production of

e]- 2 = Z_al -Y wheat for all the farms in the po-
nots P- = pulation, Since ty. is zero for
the fields not growing wheat, this
Similarly, . is equivalent Jb
nl t N . - I
£ b s g . E,G 1T ty-1 Y, ami
L i=Il i-1 i 1=1 p- 1 1=1

which is the total area under wheat for all the farms in the population.

Then the yield rate Y of wheat for all the farms in the population can
be estimated by dividing the estimate of the total production of wheat
by the estimate of the total area under wheat in the population.

Thus T- nfl Vi n” Ty
s!:sf(v; a EStGy vy i'? n i=lI 1pi %=I Pp
(2. 1) n tI ne 4
E 7V
i=i pi =

This is a ratio estimate, and is thus subject to the usual limitations of
such estimates.

Since the total areas t. under “heat for the sample farms were not measu-
red (true, they were measured +\ timads, but due to the weaknesses of
that measure, it cannot be isel in the formula), the above estimate cannot
be used, unless assumption 2 above is™lso made. Then,

y- O.
%/E-Y- iT =" NY_, where T = i:|_____i ______
=1 - 1=1 "
N* . v
E Ty £ 1L
Ay, -i-1 +1 i=1 Vv weighted
1=1 - mT T
< L
=
Thus "unweighted = yWeighted under these assumptions,
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Hence one can act as if all the farmers growing wheat in the population
had the same area under wheat T. Then

, nl y. n'
£ tiyﬂ. p. A9 _ ;yi
Est(Y) = 1=l X*x 1 = i=l I
n’> , nil, n! n
£ - - £ F x-
i=l P+ i=l ii=hi

An unbiased estimate of the variance of Est(Y), Est V(Y), will be given by

n
n* - 1 , ¢ -y)F

i 2 ™ - D— v P2

Then, the sample variance (sz) will be 3 = Est V\(Y) . n".

2:63 Area C.
Since all units had been sampled with equal probabilities in area C,
there was no problem in choosing the estimators for vy, 32 and s2

y -

On the same two assumptions as in areas N and S, the ordinary formulas were
used.
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3. THE FIELD WORK.
3:1 Administrative Arrangements.

A number of sampling teams were set up to carry out the field work. Each
team consisted of two persons with the necessary equipment. The personnel
was entirely Ethiopian, with at least one member per team who iIn addition
to Amharic also spoke Gallinya (the prevailing languages in the studied
areas are Amharic and Gallinya).

Before the field work started, a two-days training course was given to all
sampling teams* The training included arguments to be forwarded to the far-
mers to make them co-operative, sampling procedures and harvesting techni-
ques. Before any sampling team was sent out to the farmers, they had prac-
ticed the sampling procedures several times on CADU:s own farms. There did
not seem to be any difficulty for the field staff to learn the techniques.

The sampling teams worked under the supervision of a field supervisor. His

tasks were to collect information from CADU:s extension organization as to

suitable times for harvesting in different areas and to direct the sampling
teans accordingly, including the organization of transports* He was iIn his

turn supervised by CADUis Assistant Extension Supervisor.

The main practical problem was to avoid coming too late to the farmer, i.e.
after he had harvested the crop. The field organization managed to create
a most efficient system of communication, however, using a number of iIn-
formal channels and thereby getting advance information about the farmers
harvesting plans. The number of observations missed because the crop was
already harvested was surprisingly small. Its implications are discussed

in chapter 4 In connection with the results.

The field workers were instructed to fill in a form (called sampling form)
for each farmer they visited. This was made partly for control purposes,
partly to collect some additional information apart from the crop yields.
The sampling form can be found as Appendix 2 to this report.

The fTield supervisor gave daily telephone reports to CADUis office in Addis
Ababa, stating code numbers o< farmers visited and number of observations
obtained per crop. This made it possible for the staff of the Planning and
Evaluation Section to follow +4ie work closely all the time (the field work
took almost two months to complete) and to make necessary changes. Thus, it
was soon found that the actual number of farmers who grew flax and beans was
smaller than expected. Therefore, it was decided to include the entire re-
serve list for areas N and S in the sample, In order not to get .to few
observations for these crops.

In the control area, the practical problems were much bigger. The leaders of
the sampling teams were not CADU personnel, but the ordinary Ministry of
Agriculture extension agents. They had a much lower motivation than CADUss
own Field workers and were less acquainted with the farmers. Great diffi-
culties to find farmers were reported as well as a big number of observa-
tions missed because the farmers had already harvested. Still worse, the
probability for a farmer to be missed obviously rose with increasing di-
stance from the extension agent’s office, which probably has introduced a
bias. The number of samples obtained was extremely low for some of the crops.
As will be seen in the chapter on results of the.study, in some cases there
were even too few observations to give any useful results at all.



On the whole, therefore, the results of the crop sampling in the
area are of only moderate value In themselves. The main use will
providing a better ground for next year’s crop sampling iIn these
The difficulties are now known and 1t should he possible to take
cessary precautions (above all by using CADU personnel) to avoid
lures .
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4. RESULTS.

The mean yields per hectare of the sample and the data necessary to judge
the reliability of them as estimates of the real yields can be found in
Table 1. Although the actual measurements and the data processing work
were carried out In grammes per sguare meter, the figures have been con-
verted to quintals per hectare, in order to comply with current conventions
as to how to indicate crop yields.

The fact that a number of observations were missed because the crop was
already harvested is not likely to affect the result iIn a systematic way.
There are three main causes for failures to get the crop sample in time:

a) The farmer could have sown an ordinary varietyof the crop at an un-
usually early time, thus having to harvest it early. The main difference
between his yield and that of farmers with ordinary sowing time would be
due to weather differences during the growing period.

V The farmer could have used an early variety of the crop. That variety
might give higher or lower yields than the ordinary varieties.

c" The sampling team might for practical reasons have come too late to a
farmer, although he harvested in normal time. Theyields of such farmers
would not be likely to differ systematically fromthose of the farmers from
which samples were obtained.

Taken together, none of these three causes is likely to give a systematic
bias in the results. To all intents and purposes, therefore, one can re-
gard the results obtained for areas N and S as unbiased as far as this
type of non-response is concerned.

In areas N and S, the number of observations missed for other reasons than
"already harvested" was 12 and 17 percent of the farmers respectively
(weights considered). In some of these cases, It was only a question of
units not belonging to the population (“farmers™ not being farmers at all
but having other occupations and farms on which none of the crops studied
were growmn). In most of the cases, however, the reason was unability of the
sampling teams to locate the farmers because they were not known in the
area were they were supposed to be found. Some of these cases probably

did not belong to the population either. Some of the farmers not found,
however, may have been succeeded by other farmers as cultivators of a
particular piece of land. These successors ought to have been included in
the study, but It was not possible for the sampling teams to collect enough
information for making such substitutions. Wo bias is likely to have been
introduced by these cases.

In area C, the reporting from the field work was not accurate enough for
the number of observations missed per crop to be known. The total number

of farmers, from whom no samples were obtained, however, was 121 (out of a
total of 198 farmers iIn the sample and reserve sample). Virtually no in-
formation is available as to the reasons why no samples were collected

from these farmers. Clearly, this makes the data from area C very unreliable,
especially as there is reason to believe the non-response farms to be loca-
ted In more remote areaa. As earlier indicated, therefore, the result of
the 1968 crop sampling for the control area will be of more use as a ba-
sis for planning future studies In that area than as indicators of actual
yield levels.



Area N (north of Asella)

Crops y error
margin
Wheat 100l T

Barley 11.8 + 1.9

Flax 4.1 + 0.7

Beans 1905 + 2.7

Explanations s

ys the mean yield per hectare (in quintals).

Error margins 95”Percent confidence interval. This means that the probability that the true mean (i.e. the mean of
the population) is covered by that interval is 0.95* The size of the interval depends on the variability of the re-

S

6.8

2.0

3.3

83
50

46

Table 1. Results of the 1968 Crop Sampling.

No. of
samples
missed

4

L
2

10

Area S (south of Asella)

y

9.1
13.4
3.3
24.6

error

margin

+

+

1.2

1.0

e*4

1.0

S

5.4
5.7
1.5

3.4

n

73
118
47
43

No, of
sample*
missed

0
10
2
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Area C (the
error s
margin

9.2 4+ I*8 5.6
12.6 + 1.4 3.7
4.4 + 11 1.9
14.8 + 7.6 11.3

sults (which increases the interval) and on the number of .observations (which decreases i1t). Quintals.

ss the standard deviation (@ measure of the variability of the observations). Normally, two thirds of the observa-
tions lie within the mean + the standard deviation. Quintals.

control area)

n

26

15
11

ns the number of observations (samples™ obtained per crop (after weighting with the weights assigned to farmers

selected more than once).
No. of samples missed; these samples were all missec. because the farmers had already harvested when the sampling

teams reached them. No samples missed for other reasons are included in these figures.
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The desired precision, 95-pe*Tint confidence intervals of not more than

+ 10 percent around the means, was attained in only v.tc cases iIn the
project area (barley and "beans area S): and In no cargos In

the control area.The failure to reach the desired precision levels was
mainly due to the insufficient advance information or variances and fre-
quencies of growing different crops. With the increasing amount of rele-
vant information available within CADU, 1t should be possible successively
to reduce the number of such failures in the future,

The data are on an average lower than those obtained iIn earlier years®

crop yield estimations made by CADUo This supports the earlier made sugges-
tion of a bias in the earlier studies towards overrepresentation of farms
with above average yields. As already indicated, the amount of bias iIn
these studies is unknown and impossible to calculate, so a closer compa-
rison between the 1968 and earlier data is meaningless.

Some interesting by-products were obtained from the study. Each farmer in
the sample was asked about the tote-1 area cultivated by him and about the
total area and number of fields for each of the crops studied. Also, his te-
nancy status (landowner or tenant) was iInvestigated. This makes it possible
to estimate the total cultivated area of the project area and its distri-
bution cn the four crops studied. Information on the total farm population
was available earlier (CADU Statistical Digest 1968). The main results are
given in Table 2.



Table 2. Certain Agricultural Data From the Project Area.

a) Average Size of Cultivated Area. Per Farm and Major Crops
Timads. Notations as in Table 1.

Area N Area S
error error
Cultivated area ’ margin S y margin S
per farm 15.0 +2.2 10.4 16.3 +1.8 11.0
Wheat area (per
farm growing
the crop) 4.0 +0.7 3.2 3.4 +0.9 3.8
Barley area
(ditto) 2.7 +0.1 1-9 7.2 +1.6 8.6
Flax area
(ditto) 1.9 +0.8 2.3 2.7 .7 2.5
Beans area
(ditto) 1.2 +0.1 0.8 1.0 +0.2 0.7

Cultivated area per farm, total project area (areas N + S)s 15*8 timads.

Total cultivated area In the project area: 215,000 timads* + 28,000
(approximate error margin). This is equivalent to 32,000 hectares at a
oonversion rate of 1 timad = 0.15 hectares; or to 54,000 hectares it
1 timad = 0.25 hectares.

b) Tenancy Status. Area N Area S
Percentage of farmers being tenants 46 29
" " M laridovere 54 71
100 100

This figure was calculated in the following way. Total no. of farm
households: 13,600. (CADU Statistical Digest 1968 gives a total
population in the project area of 108,300; from this was subtracted
population in urban areas: Asella, Huruta, Dera, Sagure, Digellu,
Gonde, Itaya; lacking population figures for the last four ones, they
were estimated at 4,000 inhabitants together; this gave a net rural
population figuretof 85,900, which was divided by 6.3, the average
household size iIn the project area according to the General Agricultural
Survey.) 13,600 multiplied by 15*8 timads is 215,000 timads.
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5. CROP SAMPLING AMONG MODEL FARMERS.

Contemporaneously with the main crop sampling study, the Extension and
Education Department of CADU carried out a similar study among the first
group of model farmers.c (Non-CADU readers are informed th?,t these are farmers
used as innovation disseminators In a two-step dissemination process, used
by CADU for spreading agricultural innovations. They are not necessarily
better farmers, but should among other things have a more progressive at-
titude towards change and have more social contacts). 1968 being the first
year for extension activities, the recommended Innovations were demonstra-
ted in small plots at the model farms. The farmers had, however, not yet
had an opportunity to adopt the iInnovations.

The design of that study was exactly the same as that of the main study,
except that all farmers were studied. Thus, i1t was a total survey as far
as the farmers were concerned and a two-stage sampling survey as regards
fields and square-meters. Also, two more crops were added: peas and teff.

This study was made by separate sampling teams, administered by the Exten-
sion and Education Department but having undergone the same training as the
teams of the main study.

Since the sampling procedures used for fields and square meters were the
sane as those of the main study, the estimates should have the same sort

of bias: overrepresentation of small fields. As earlier stated, this bias
is not likely to affect the results systematically. The”estimator used for
mean and variance of the mean were the ordinary y and s;. The results can ,
be found below with 95-percent confidence intervals.

Table 3. Results of the 1968 Crop Sampling among Model Farmers.
notations as in Table 1.

Crop y error margin S n

Wheat 9.2 + 1.8 5.5 36
Barley 12.9 + 3.2 8.4 28
Flax 4.1 + 1.0 2.1 18
Beans 17.4 + 4.3 8.3 17
Teff 11.8 + 7.6 4 <8 4
Peas 13.5 + 7.5 8.8 8

IT tables 1 and 3 are compared, it can be seen that for all the four crops
to be found iIn both tables, there is overlapping between the error margins
of the model farmer estimates and those of the two halves of the project
area. Thus, there are no significant differences (on the 95 percent level)
between model farmer yields and those of the other farmers.
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CHILALO AGRICULTURAL DEVELOPMENT UNIT Appendix 1

Planning and Evaluation Section CROP SAMPLING 1968

1H111BS2S38 1=125=SSI=iMI 11 1

We make the crop sampling because we want to know the
yields of some of the crops grown in the project area,
For comparison, we also make crop sampling iIn two areas
outside the project area (around Bokoji and Sire),

To measure the yields of every field in the project area
would of course be an impossible task. Therefore, we

use statistical techniques to calculate the yields of all
fields from only a sample of fields. This is only pos-
sible if you follow these instructions very thoroughly.
Otherwise the statistical techniques will not work, and
we will get a wrong idea of the yields. The basic idea
is that neither you nor we, but chance only should decide
if a piece of land iIs to be sampled or not.

Before you go to a farm
The areas

We want to compare the yields of three different areas:

area N: the project area north of Asella;

area S: the project area _south of Asella;

area C: the comparison area (Bokoji and Sire),
Therefore, the farmers to be visited are divided iIn these
three groups. Each farmer has acode, for instance N H 24
showing the area (N), the extension area (H for Huruta)
and the farmerls number within the area N, Make sure you
use the correct code when you Ffill in the sampling form.

The lists

For each area, you have a sample list of all the farmers
that you should visit. You may visit them In any order
you like. It i1s very important that you visit every
farmer in thelist and that you make him co-operative
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enough to let you make the crop sampling. If you have
troubles in finding some of the farmers home, you have to
call back again. When you have visited a farmer®s house
three times without finding him home, you may give it up
and make a note in the sampling list : "not at home .

IT you cannot find the farmer at home, try to find some-
body else who belongs to the same household (brother,
father, grown up son, etc,) and can tell you where the
fields are. IT the person in the list is dead, but his
sons (or daughters) have inherited his landj ask about
all the land that the sons (and daughters) cultivate to-
gether.

In some cases you may not be able to find a farmer at
all (he may be dead or have moved from the area). Some
farmers may even refuse to co-operate, even if you try
hard to persuade them. In all these cases, you make a
note in the sample list, telling the reason why you could
not sample the crops at his farm.

For every farmer in the sample list that you cannot get
any crop samples from, you must take another farmer from
the reserve list (for the same area). This is because
the statistical techniques will not work if the number of
farmers is too small. When you use the reserve list, it
IS very important that you take farmers from it in the
same order as they have in the list. A farmer from the
reserve list cannot be used unless all the farmers before
him in the reserve list have been used first. For in-
stance, 1f you take crop samples from twenty farmers of
the sampie list, and then find that you need two farmers
from the reserve list, you take the first two from that
list. You may visit them before you go on with the sample
list, and you may also visit number two before number
one, as long as you mike sure you visit both. You may
not, however, choose any other farmers from the reserve
list than number one and two, when you take your TfTirst
two names from that list.



3.
The total number of farmers, from whom crop samples have

to be made, 1iIs stated on top of the sample lists# Note
that this number is different for each of the three areas.

Extra instruction for areas IF and S,

Some of the farmers in the sample list have an extra
number behind their code, for instance SA 56 (2), iInstead
of only SA 56. This means that they have to be treated

in a special way for statistical reasons* You don"t have
to worry about that. But there is one thing that you must
remember about these farmers™ if you can*t make a crop
sample from such a farmer (he may not be home* he may be
dead or for some other reason)* you must take not one
farmer from the reserve list, but as many as the number
within ( ) shows* For instance, i1f his code is SA 5 (2),
and you cannot find him at home although you visit his
house three times, you have to take two other farmers
from the reserve list instead. If his extra number 1is
(5), then you have to take 5 other farmers from the re-
serve list, and so on.

For statistical reasons we need a certain number of sam-
ples for each crop. Therefore it may happen that you
have to visit some more farmers than those that are iIn
the sample list now. We don®"t know about this, however,
before you have visited all the farmers iIn the sample
list (plus those from the reserve list that you need if
you can’t get crop samples from some in the sample list).
You will be told about this later.

When you come to a farm

You start by explaining to the farmer why you have come.
Then you start to fill iIn the Sampling Form. Suppose
wheat 1is ready for harvesting when you come* Then you do
the fTollowing:

1. Ask the farmer how many wheat fields he cultivate
himself (or with the help of somebody) within the same
gasha. Do not count fields iIn other gashas or fields
that he has rented to other farmers. IT he has fields in
another gasha that is so close to his house that the
fields there are not more than 400 meters away from the
house* then you should include those fields also. It does
ro; matter if the fTields that he cultivates arehis own or



4.
only rented. IT he cultivates for instance 4 fields of
wheat, you call them no, 1, 2, 3 and 4 respectively,
starting with the one closest to his house and ending
with the one farthest away from the house,

2, Take the Table of Random Numbers, start at page
1, the upper left corner and goto the right along the
first line ust as when you read in abcok),, The Tfirst
time you find one of the numbers 01,02,03, or 04 (because
the farmer has 4 fields), you make a ring around It with
a pencil (not a pen). You draw a line across the numbers
that you have passed by (also with a pencil). It will
look like this:
5-9-n-W - QQ——-?£--9/U-"04) 09 26
The number with the ring aroundit shows you which of the
wheat fields that you should collect the crop sample from*
Notice that all the numbers in the Table of Random Numbers
have two figures. Therefore, the numbers 1-9 have 0 be-
fore them, but that does not make any difference. As you
understand, It is very important that you remember which
of the wheat fields that you called number 1, 2 and so on.
If the farmer has many fields, you had better make a
sketch of them, showing the numbers, before you start us-
ing the Table of Random Numbers.

3* Go to the field that was chosen by the random
number. Choose a starting point,that is a point at the
edge of the field where you start the work. The best
starting point is the point where the foot-path from the
house reaches the field. If there is no such path, you
choose the corner of the field that is closest to the
house. If you cannot stand up and work at the corner
(there may be a tree or something else), choose a point
as close to 1t as possible,

4, Take the random number immediately after the one
with the ring around it in the Table of Random Numbers,
Make a ring around it too (a ring means that you have
used the number). It shows you how many lengths of the



measuring.stick that you should go along the edge of the
field. If the number is odd (1, 5? 5, 7 and so on), you
should go to the right from the starting point, if it is
even (2, 4, 6, 8 and so on) you should go to the lefto
Don*t forget to fill in the random numbers in the Sampl-
ing Form, When you gjwith the measuring stick, you go along
the edge of the field, no matter if i1t is straight or bent.
It may happen that the number is so high that it takes
you round the field and back and past the starting point
again. That is quite OK, You should always follow the
random number, no matter if i1t seems silly to you. The
point where you stop after having measured the length iIn-
dicated by the random number is called the turning;-point,

5, Take a new random number (which means that you
take the one i1mmediately following the last one with a
ring). This shows you how many lengths of the measuring
stick that you have to go from the turning-point into the
field. You should goat right angles to the edge of the
field. You find the right angle by standing on the edge
of the field (on the turning-point) with your arms
stretched out from your sides along the edge of the field.
Your face should be towards the field. Put your hands to-
gether with your arms straight. If you look across your
thumbs into the field you will have a line atright angles
to the edge of the field. Before you start walking, find
a point behind the field that you can walk towards (a tree,;
a house, or something else). As long as you go from the
turning-point towards that thing, you will be on the line
that is at right angles to the edge of the fieldO

6, Sometimes the random number may be so high that
it takes you across the field and out on the other side.
If this happens, you have to take another random number
from the table. Sometimes you will have to try several
numbers before you find one that takes you into the field
but not out of it again. The point shown by this random
number is called the sampling point. Make sure you draw
a line across those numbers of the table that you have
not used and a ring arond the one that you finally use.
Don"t forget to note the number that you really use Iin
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the SamplingForm (you may also note those that you have
tried but not used, if that is easier, butmake sure you
Cross over them). If you get a number that is close to
the other edge of the field, you must really measure the
distance, so that you are sure whether the sampling point
is inside or outside the field. This is because it is
important that the parts of a field being closest to the
edge are not missed in the sampling. Even it the sampl-
ing point is only afew centimeters insidethe edge, you
must use I1It#¥ To be able to harvest one square meter, how-
ever, you have to move the point a bit into the field,,
Move it only just so far that the edge of the circle that
you harvest touches the edge of the field, (On the other
hand, if the sampling point is only a few centimeters out-
side the edge, you must take another random number and
start measuring again. You may absolutely not go just
inside the edge of the field and call that the sampling
point If the point is really a bit outside the field.) If
there is a tree or some other obstacle within the circle
that you should harvest, choose another random number,,

7. Exactly in the sampling point you put the centrum
stick. Then you harvest as you have learned,,

8. When you have harvested around the first sampling
point, you go back to the turning-point. Use the turning-
point as starting point for a new sampling point, that is
take a new random number, go along the edge of the TfTield
to the right (f it is odd) or to the left (if it is even)
to your second turning-pointO Then take another random
number and go into the same field again at a right angle
from the second turning-pointe When you have found your
second sampling point, you harvest there.

9* Put both the crop samples from the field into the
same bag. Write the sample code (see Sampling Form)
on the bag. Now you have completed the sampling of this,
crop at this farm.

10. Make a sketch of the field in the Sampling Porm,
showing the starting, turning and sampling pointsO



After you have sampled_one_crop
For each of the other three crops, you make the whole procedure once agairu
IT the farmer does not grow all the four crops, sample those of them that
he does grow. They will probably not be ready for harvesting at the same
stire as the first crop# Then yor have to come back to the farmer later,
when each of them iIs ready to harvest. Try to have the farmer give a
message to you when you can come back, so that you don"t have to visit
him too often. But make sure you don’t miss his harvesti You may, how-
ever, make your harvesting some days before the farmer harvests the same
field. If you do that, the crop has to be ripe before you collect your
sample.

All the time you take new numbers from the Table of Random Lumbers until
you have used all of the table. IT you still need more numbers, start
from the beginning again, now using a pen instead of a pencil to make
the lines and rings. It does not matter If you use a number that was
used already the first time you went through the table.

IT the reserve list does not have enough names iIn it, you stop when you
have used all of then. We have no other names, so be sure you really
try to find everybody at home.



Appendix 2

CHILALO AGRICULTURAL DEVELOPMENT UNIT CROP SAMPLING 1968
Planning and Evaluation Section

Wheat

Team leaders . ._._._._ ... ._...... ;

Sampling Form
Code of farmer (from sample list); ..... .
Name of farmer: .. ... .. ... . ... -.-......

Landowner O Tenant 0O
Size of total area cultivated by the farmer:
Dates .- .o i i i aaaa-

Wheat areas .. .. ... . ... .._..-..
No. of wheat fieldss .............

RANDOM NUMBER 1; ... ... .-.-. (= field chosen).

RANDOM NUMBER 2.:........... iIs odd (right)/even( left).
RANDOM NUMBER 3. ..o i i ii i i i ciececaaaan (into the field)*
RANDOM NUMBER 4: .. ........ is odd (right)/even (left).
RANDOM NUMBER j: i e e e i i e ieaeeeae mae (into the field).
The codd of this sample is JW. .._....... (W + the oode OF

the farmer from the first line of this page)-#

Sketch of the wheat field chosen (indicate starting
points, turning points, sample points and living house):



Barley

Flax

Code of farmers — .

Barley area: - o *x

No. of "barley fields: .......

RANDOM NUMBER 6: ........ ... (= field chosen),

RANDOM NUMBER 7 : .cceoocoooa-. is odd (rigLt)/even (left).
RANDOM NUMBER 8: __.. ... ..... into the field).

RANDOM NUMBER Qe .. ... ... ...... is odd (right)/even (left).
RANDOM NUMBER 10: ......... into the field).

The code of this sample is BAR ......... "
Sketch of the barley field chosen (indicate starting
points, turning points, sample points and living house):

Flax areas ...... ..o ciacaae  caca- *

No. of flax fields: ..........

RANDOM NUMBER 11: ....e..(= field chosen).

RANDOM NUMBER 12: ....... iIs odd (ngicg<)/even (left)*

RANDOM NUMBER 13: . .... . .....-.-. ... (into the field).
RANDOM NUMBER 14: is odd (right)/even (left).
RANDOM NUMBER 15S .......... into the field).

The code of this sample is M rs

Sketch of the flax field choscn (indicate starting
points, turning points, sample points and living house):



Beans

Amp- 2, p- 3

Code of farmer; .. ... . ._._.._..._..

Bean areas ..._._..._.__..._._... _._..

No. of bean fields: ........... .

RANDOM NUMBER 16: ... ... ....... (=Tield chosen).

RANDOM NUMBER 17: ... ocoooo.-. isodd (right)/even(left).
RANDOM NUMBER 18: .. ... iiiiaiaiaa- (into the field).
RANDOM NUMBER 19: ... ........... isodd (right)/even(left).

RANDOM NUMBER 20: . ... .. ciicecaaaa- (into the fTield).

The code of this sample is "BEA ......
Sketch of the bean field chosen (indicate starting
points, turning points, sample points and living house):
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