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FOREWORD

With the establishment of the Asian Cropping Systems Network (ACSN) in 1975,
the Economics Commi:tee of the Network Working Group began developing
methods for economic analysis of cropping systems, Between 1975 and 1981,
Network economists developed analytical procedures and accumulated them in
loose leaf binder form known as the Handbook for Economic Analysis of Cropping
Systems. The present volume is the culmination of these efforts, and is intended for
interested agroeconomic researchers. 1t contains parts of the earlier wo.x, but largely
comprises new perspectives on basic procedures for economic analysis by field-level
researchers.

Milestones along the way were the economics research methods at the 1976
Symposium on Cropping Systems Research and Development for the Asian Rice
Farmer, the 1979 Workshop on the Economics of Cropping Systems, the 1980
Workshop on Cropping Sysiems Research in Asia, and A Methodology for On-
Farm Cropping Systems Research, by H. G. Zandstra, et al in 1981,

Atsemiannual meetings, the Economics Committee reviewed the development of
procedures for economic analysis of cropping systems. Reports of those reviews are
contained in the report series of the Cropping Systems Working Group.

The need for a reference manual on basic matheniatical, statistical, and economic
procedures for cropping systems and agricultural researchers was identified at the
1980 Workshop on Cropping Systems Research. The procedures presented here
range in sophistication from those appropriate ‘o the farm to those required at the
institutional level.

Dr. Sisira Jayasuriya, Network economist at IRRI, 1979 to 1981, organized the
contributors, with the assistance of Nancy Palma and Yolanda Aranguren.
Dr. Richard Bernsten also contributed to the project. The volume was edited by
Edwin A. Tout, assisted hy Emerita P. Cervantes and Gloria S. Argosino,

M. S. Swaminathan
Director General



PREFACE

Questionnaires, summary forms, and other information schedules presented in this book were
effective in the cases for which they were designed and first used. However, the forms have not
been widely tested across countries in various agricultural systems. Sor that reason they may
require adaptation to specific research situations,

Users are encouraged to comment on problems or particular successes in the use of the
materials and to suggest ways in which they might be improved. Comments or questions
about the use of the materials may be addressed to the Cropping Systems Economics
Program, International Rice Research Institute, P. O. Box 933, Manila, Philippines. Please
refer to specific chapters and page numbers where appropriate.

Many of the examples contain data originally denoted in national currencies. The methods
of computation and interpretation, however, are of greater importance than the resulting
values. To avoid confusion that might result from attempting to convert one national
currency to another, the symbol M is used to denote monetary units. It is not intended to
represent the currency of any particular country,

Additional materials that are available from IRRI and which might be useful to agro-
economic researchers include:

Asian Farming Systems Network, International Rice Research Institute. 1983. Papers
Presented at the Crop-Livestock Workshop. April 25-28, 1983, Los Baivs, Laguna,
Philippines. International Rice Research Institute, Los Bafios, Laguna, Philippines.

Banta, Gordon R. 1982. Asian Cropping Systems Research: Microeconomic Evaluation
Procedures. International Development Research Centre, Ottawa, Ontario, Canada.

Barlow, C,, S. Jayasuriya, and E. C. Price. 1983. Evaluating Technology for New Farming
Systems: Case Studies from Philippine Rice Farms. International Rice Research
Institute, Los Baiios, Philippincs.

De Datta, S. K., K. A. Gomez, R. W. Herdt, and R. Barker. 1978. A Handbook on the
Methodology for an Integrated Experiment-Survey on Rice Yield Constraints,
International Rice Rescarch Institute, Los Bafos, Laguna, Philippines.

International Rice Rescarch Institute. 1977, Symposium on C ropping Systems Research and
Development for the Asian Rice Farmer. Intemational Rice Research Institute, Los
Banos, Philippines,

International Rice Research Institute. 1982, Keport of a Workshop on Cropping Systems
Research in Asia. International Rice Research Institute, Los Bafos, Philippines.
Nepal Departmert of Agriculture and the International Rice Research 'nstitute. 1980,
Proceedings of the 1979 Workshop on the Economiics of Ci ropping Srstems. Kathmandu,

Nepal.

Rice Farming Systeras Program, Internaticonal Rice Research Institute. 1974-83, Report of

the Cropping Systems Working Group. Report Series of the Working Group of the
Asian Cropping Systems Network. International Rice Rescarch Institute, Los Bafios,
Philippines.

Zandstra, H. G., E. C. Price, J. A, Litsinger, and R, A. Morris. [98§. 4 Methodology for
On-Farm Cropping Systems Research. International Rice Rescarch Institute, Los
Banos. Philippines.

vii
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CHAFTER |

SOME BASIC ECONOMIC
CONCEPTS

T. B. PARIS AND R. W. HERDT

This chapter introduces basic concepts used in economic analysis. To determineifa
new technology will be attractive to farmers, we need to know how they decide
whether or not to use a practice.

Economics uses simple behavioral rules to predict farmer choice. These rules
essentially say that given two or more alternatives farmers will choose the more
economically profitable alternative.

Unless commodities and inputs have prices, economic well-being cannot be
judged. Therefore, econonic concepts discussed here are easily applied when there
are markets for the commodities considered in the analysis. However, it is not
necessary that the farmer buy all inputs and sell all products. As long as he
participates in market activities to some extent, economic principles will hold. Of
course, most farmers, especially those in developing countries, consume a large part
of their produce and use many inputs supplied from family resources.

PROFIT MAXIMIZING

Profit maximizing is the behavioral rule often credited with determining farmers’
actions. It says farmers will choose the production alternative that provides highest
monetary profit. However, because so many farmers choose alternatives other than
maximum profit, profit maximizzation alone is not a satisfactory way to predict
behavior. In fact, much farm management research in developing countries attempts
toexplain behavior that is more conservative than that implied by profit maximiza-
tion. Still, profit maximization is a valuable concept.

In explaining the operation of a farm there are three basic decisions in which
economic analysis is useful:

© whar commodities or products to produce,

® hiow much of a product to produce, and

® how much of an input to use.

The economic tools in this chapter will largely concentrate on how much input to
use, assuming farmers have established how much and what commodities to pro-
duce. Those issues are more complex, but they use the sanie economic principles as
are explained here. Some of these principles will be discussed in later chapters.
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Choosing the best set of inputs from a number of alternatives uses similar
principles. In this chapter we will explain profit maximizing concepts in terms of
how much of an input should be used to obtain maximum profit.

Agricultural researchers often invent ncw technologies that require large inputs of
cash or labor. If these technologies are introduced to farmars who have traditionally
used little cash or labor, the new technology may not be adopted. The decision not to
adopt the recommended new technology is often cited as conservative or irrational
behavior oy farmers. However, two cases of nonadoption must be distinguished:

1. where because of lack of awareness of economic principles recommendations

are made that inputs be applied to a level beyond the profit maximizing level,
and

2. where farmers use inputs lower than the profit maximizing level.

Obviously, researchers who recommend excessively high input levels are irra-
tional in the first case. The second case is more difficult to understand and explain,
The following discussion will attempt to show how farmers may arrive at input use
levels lower than the profit maximizing level.

The profit maximizing statement most useful for our purposes takes a negative
form: a farmer will not increase usz of an input to a level that leaves him economi-
cally worse off; he will apply additional inputs only if doing so will leave him
economically better off. His economic well-being will be increased as long as the
added cost of another unit of input is less than the added revenue generated by the
input change.

Economists call added costs marginal costs. Added returns are called marginal
returns or marginal benefits. The word marginal means added.

Marginal analysis involves comparing additional returns with additional costs
that result froma change in output or inputs. Assuming the objective of a farm is to
obtain the highest possible profit, the marginality principle states that additional
inputs should be applied only if marginal return is greater than marginal cost. In
other words, output level (or the level of input use) should not be increased if the
extra return is less than the extra cost. Net return is maximized when extra return is
equal to extra cost.

This basic principle can be applied several ways, as illustrated below.

THE SINGLE VARIABLE INPUT-OUTPUT PRODUCTION RELATIONSHIP

Consider a product Y (rice, in kg), whose yield depends only on one input x
(fertilizer, in kg) assuming all other inputs are used at a constant level. Whena unit of
fertilizer is added, total output increases by some amount. Extra output resulting
from | kg increase in fertilizer is called the marginal product of fertilizer (MPx).
When multiplied by the price per kilogram of paddy we obtain a monetary measure
called the marginal value product (MVPx). The MVP represents the value of extra
paddy resulting from the application of an additional kilogram of fertilizer. On the
cost side, the addition of a kilogram of fertilizer increases costs by a certain amount.
This s called the marginal factor cost (MFC). It is equal to the price of the fertilizer,
since increasing the use of fertilizer by one unit increases cost by an amount equal to
the price of the fertilizer. Hence, using the rule stated above, the use of fertilizer
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Table 1. IMustration of a simple input-output relationship.

Fertilizor Yield Marginal Value of Cost. of

(kg) (kg) product extra output extra input

(kg) ) oh)
0 2000 - - -

10 2100 100 110.00 40
20 2300 200 220.00 40
30 2600 300 330.00 40
40 2800 200 220.00 40
50 2900 100 110.00 40
60 2950 50 55.00 40
70 2980 30 33.00 40
80 3000 20 22,00 40
90 3010 10 11.00 40
100 3010 0 0 40
110 3000 -1 -11.00 40

should be increased as long as its MVP is greater than its MFC.

To identify the optimum level of fertilizer, that is, the level where profits are

maximized, we need to observe how production responds to fertilizer application.
Assume that the output-input relationships are as shown in columns 1 and 2 in
Table 1. These show that when fertilizer (x) is increased, paddy yield (Y) generally
ncreases. At low fertilizer levels, the increase in yield from each 10 kg of fertilizer
ased is large. However, the yield increases from each unit of input (10 kg fertilizer)
ecome smaller at successively higher levels of the input. In other words, extra yield
.marginal product) tends to decrease at successively higher fertilizer levels if all other
inputs are held constant. This observation is usually referred to as the law of
diminishing marginal returns and applies to all input-output situations. In Table 1,
percentage of yield increass begins to decrease when more than 30 kg of fertilizer is
applied. This reflects the law of diminishing returns. Total yield begins to decrease
when more than 100 kg of fertilizer is applied, but this decrease in total yield is not a
necessary condition of the law of diminishing returns.

Figure I illustrates the same pattern for water applied to rice. Increasing the water
applied increased yields, but as water input level increased, yield increased by smaller
and smaller amounts. Each year the experiment provided different results, but in
each year the pattern of diminishing returns was evident. The same pattern holds for
all production processes where one input is varied and all other inputs are fixed.

Column 3 of Table | shows the marginal product as fertilizer is increased in 10 kg
units. At fertilizer levels above 30 kg, yield increases but marginal product decreases.
We say diminishing returns has set in at 30 kg fertilizer.

Assuming rice price is M 1.10 /kg', column 4 shows the value of extra output, or
the marginal value product (M VP), which is obtained by multiplying MP by the unit
price of paddy. MVP equals the additional value of output resulting fromeach 10-kg
increase in fertilizer.

IM is used as monetary unit.
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Column 5 shows the cost of extra input or the marginal factor cost (MFC), which
equals the increased cost of each additional 10-kg bag of fertilizer. If fertilizer price is
M 4/kg, a 10-kg increase in fertilizer will raise cost by M 40. Therefore, marginal
factor cost equals M 40 because we are dealing with 10-kg bags of fertilizer.

Using this information, we can determine the quantity of fertilizer that will
maximize profits by following the rule that additional fertilizer should be app'ied as
long as extra return (MVP) is greatce han extra cost (MFC). It is sufficient to
compare columns 4 and 5. We can see it pays to increase fertilizer use up to 60 kg
because value of additional output (M VP)is greater than additional fertilizer cost at
levels lower than 60 kg.

Doesit pay to increase the fertilizer level up to 70 kg? The larger value of the paddy
obtained from using more fertilizer is M 33. Additional cost is M 40. The farmer
would be losing M 7. Clearly, this will mean a reduction in net profit. Hence, he
should stop at 60 kg where profit maximization occurs,

To confirm that profit is maximized at 60 kg of fertilizer, compute total profit at
each fertilizer level. This is illustrated in Table 2.

Columns 1 and 2 are the same figures as in Table 1. Column 3 is obtained by
multiplying yield by the paddy price (M 1.1 0/kg). Column 4 is obtained by
multiplying the amount of fertilizer applied by its price per kg (M 4/kg). Column 5
shows net return, which equals value of production less total cost.

Note that profit increases as fertilizer is increased from 0 to 60 kg. Maximum
profit is obtained at 60 kg fertilizer. Beyond 60 kg, net return decreases. Note also
that maximum yield (at 90-100 kg fertilizer) does not mean maximum profit,

Although this illustration is simple, it provides a basic guideline for determining
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Table 2. Illustration of how to compute total profits.

Fertilizer Paddy Total value Total cost Net
(kg) (kg) of production? of fertilizer? returns®
1 2 3 4 5
0 2000 2200 0 2200
10 2100 2310 40 2270
20 2300 2530 80 2450
30 2600 2860 120 2740
40 2800 3080 160 2920
50 2900 3190 200 2990
60 2950 3245 240 3005
70 2980 3278 280 2998
80 3000 3300 320 2980
90 3010 3311 360 2951
100 3010 3311 400 2911
110 3000 3300 440 2860

9Column 2 X 1.10. YColumn 1 X 4. SColumn 3 less 4.

maximum profit level of input use. We compare the marginal value product with the
marginal factor cost. This analysis shows information on marginal productivity of
an input can be expressed in monetary terms and compared with the input price.
When MVPx > Px, less input is being used than would maximize profits. When
MVPx < Px, too much input x is being used.

Because the law of diminishing returns generally holds for all input-output
relations, the profit maximizing level of any input will be less than the yield
maximizing level. Note that yield was highest at 90 kg fertilizer but profits were
highest at 60 kg fertilizer.

Opportunity cost

The concept of opportunity cost supplements the principle of profit maximizaticn in
leading to an understanding of the behavior of semisubsistence farmers who com-
bine farming with a way of life. Opportunity cost is the value that a resource has in its
best alternative use. Opportunity cost is a part of each of our daily lives.

Time isa scarce resource. By one way or another you will attempt to allocate your
time optimally by making choices to bring the highest personal reward or payoff.
Occasionally you make a mistake — you say you have wasted your time. What you
mean is that your level of satisfaction would have been higher if you had used your
time some other way. For cxample, at present you are reading this chapter in the
hope of gaining knowledge. You could be doing something else, perhaps more
rewarding, like growing rice or seeing a movie. These alternatives can be looked
upon as opportunity costs.

Farmers also have opportunity costs for their time. They may choose to inten-
sively cultivate their rice fields or do a less intensive job and enjoy leisure time, or
they may work for some nther farmer, or even work on a nonfarm job. Opportunity
for leisure is always available, and other possibilities are often available. Because of
these opportunity costs, researchers must recognize that farmer-owned resources
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Table 3. Ilustration of yield response on two types of land with different response.

Land type L Land type U
Urea Yield Added Added? Yield Added Added?
(bags) (kg/ha) yield value (kg/ha) yield value
(kg/ha) (Mfha) (kg/ha) (Mha)
0 1900 - - 1700 - -
1 \2275 375 563 1950 250 375
2 5589 314 471 2150 200 300
3 2842 253 380 2290 140 210
4 3034 192 288 2370 80 120
) 3166 132 198 2390 20 30
6 3237 71 107 2330 -60 -90
7 3247 10 15 2230 -100 -150

Bprice is M1.50/kg.

used in agriculture have a value and cannot be assumed to be free. Therefore, if one
technology requires substantially more labor than some other technology, it may not
be adopted even though it gives higher yield and value of output.

Similarly, there are opportunity costs for farmers’ capital. Most farmers have
limited capital: they cannot obtain credit to purchase all the fertilizer, insecticides,
and weedicides necded to give them maximum profit. They must choose how to
allocate their scarce capital. The principle of opportunity cost states that profits will
be greatest if capital (or any other scarce resource) is divided among its various
alternatives so the return on the last unit of capital is essentially equal in each
alternative.

Anexample isillustrated in Table 3. It examines the case of a farmer who has 2 ha,
| ha each of lowland (L)and upland (U). Asillustrated, the yield and, therefore, the
added return obtained by applying fertilizer on the two types of land differs. A
farmer who has M 600 to spend on fertilizer will use opportunity cost principles to
allocate the fertilizer. He will apply 4 bags on | ha of land L and 2 bags on 1 ha of
land U because that allocation will give the highest added value of output. If, for
example, he uses 3 bags on L and 3 on U, he gives up anadded value of M 288on L
to get an added value of M 210 on U — thereby losing a net of M 78/ ha.

Note that if the farmer had more capital, he would maximize his profit by
applying six bags on land L and four bags on land U. However, with limited cash he
uses opportunity cost principles to make his profits as large as possible.

Note that Tablz 3 only shows two alternative uses for cash. It is possible a farmer
might have other uses for his money besides fertilizer. If one of those other oppor-
tunities gives a higher return, say M 400 for every M 100 invested, then it would be
economically rational to spend only W 200 on fertilizer, apply it to land L, apply
none to land U, and invest the rest in the other opportunity. In this case, the
opportunity cost of cash is M 4forevery M 1 invested. This case shows why a farmer
would stop short of applying the profit-maximizing level of an input like fertilizer.
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REVIEW QUESTIONS

1. State the principle of diminishing returns. Does the principle require that added yield will
become negative? Does it require that at some very high input level yield will become
negative?” What diminishes, according to the law?

2. Does the profit maximizing assumption require that farmers be willing to take any action
atall to increase profits? Farmers do not generally try to maximize yields. What does this
imply?

3. Under what conditions will the opportunity cost of family labor be equal to zero? Under
what conditions will the opportunity cost of cash be equal to zero?



CHAPTER 2

ELEMENTARY STATISTICAL
CONCEPTS AND TOOLS USED
IN AGROECONOMIC RESEARCH

K. KALIRAJAN

Most agroeconomic research data can be expressed in bell-shaped distributions, or
curves, asillustrated in Figure |. This graphical representation can be summar: -ed by
calculating certain measures which describe the distribution. To summarize a large
set of data in simple terms, certain summary characteristics are needed. The most
commonly used of these characteristics are called measures of central tendency and
measures of dispersion.

Central tendency shows the central value of the data and measures of dispersion
measure the degree of dispersion or heterogeneity around the central value. In
combination, these two measures are usually adequate to d.scribe any data set.
However, within each value there are several distinct measures with different
properties, advantages, and disadvantages.

In this chapter, we use empirical examples to show how to calculate some
important measures of central tendency and dispersion and discuss basic statistical
tests using these measures. The first section concerns measures of central tendency,
the second section discusses dispersion measures, and the last section outlines
statistical testing procedures. Although pocket calculators make most calculations
easy, we discuss procedures so researchers will know what the measures mean.

Frequency

1. Hypothetical data distribu-
tion curve,

Class interval or values

Previous Page Blank
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MEASURES OF CENTRAL TENDENCY

Although there are many measures of central tendency that describe central value
within a distribution of values, only arithmetic mean, median, mode, geometric
mean, and harmonic mean are discussed. They have the most widespread applica-
tion in agricultural research. Because simple agroeconemic research analysis deals
with ungrouped data, most of these measures are explained in relation to ungrouped
data only.

Arithmetic mean
The most important and useful measurement of central tendency is the arithmetic
mean. It is also called the average or the mean. Usually, it is represented by the
symbol X. It is also represented by AM. For example, assume you are interested in
finding what yield a farmer can get in a certain village. Farmers’ yields usually vary
during a growing season. Calculate the average yield of the total yield among all
farmersin the village. No farmer in the village or province may ever harvest an actual
yield equal to this average, but the mean is accepted as representative.

Mean from ungrouped data
Calculating the arithmetic mean from ungrouped data is easy to understand.
Individual scores or values are added and the total of these values is divided by the
number of individual scores added.

If X, X3, X, ... X,isa sample of n measurements, the sample meanx of the X™ is
defined by the following formula
Xi+ X+ ... X,
10

p
i_%l Xi
n

X

For example, 10 farmers growing rice in Laguna in the Philippines harvested 2.3,
1.9, 2.0, 2.1, 2.2, 2.0, 2.3, 1.9, 2.0, and 2.2 t/ha, respectively. There are 10 data
observations. The arithmetic mean is computed as:

23+19+20+21+22+20+23+19+20+22
10

=
=209

Note that none of the 10 farmers obtained a 2.09 t/ ha average yield. Some harvested
more and others less than the mean.
Mean from grouped data

When some farmers get the same yields. it is customary to group observations with
similar values to make calculation easier. In our example, we have yield data from 10
farmers. Smallest yield is 1.9. Two farmers harvested 1.9 t/ ha. Next highest yield is
2.0, obtained by 3 farmers. The next yield is 2.1. Next highest yield is 2.2. Two
farmers got 2.2. Highest yield is 2.3. Two of 10 farmers harvested 2.3. This
information is summarized in Table 1.
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Table 1. Yields of sample farmers growing high yiclding rice in Laguna,

Y—ields Farmers
(t/ha) (no.)
1.9 2
2.0 3
2.1 1
2.2 2
2.3 2
Total 10

Calculate the mean from Table | as follows:
19X2+20X3+21X14+22X2+23X.2
2+3+1+2+2

_38+60+21+44+46
10

X =

=209

Mean from grouped data based on intervals
When manipulating large sets of data with similar values, the above method is
tedious and time-consuming. To easily compute the mean of a large amount of data
with similar values, a different method can be used. Instead of counting the fre-
quency of a single value, an interval of values is considered, and the arithmetic mean
is computed by using either of the following ways. Midpoints of the class intervals
can be determined or arbitrary origin can be used. Both methods give identical
results. ’

Using midpoints of class intervals
Examine the example which evaluates hired labor cost (M) per hectare for crop
(paddy) maintenance by farmers in Jarunbari, Bangladesh, as given in Table 2.
Average cost of hired farm labor is computed.

Before making the calculation, it is helpful to define concepts used to compute the
mean. Midpoint of a class is obtained by adding the upper and lower limits of the

Table 2. Cost of hired labor in Jarunbari, Bangladesh.

Cost of hired labor Number of farmers
(Tk) (class interval) (frequency)
72.0-73.99 7
74.0-75.9 31
76.0-77.9 42
78.0-79.9 54
80.0-81.9 33
82.0-83.9 24
84.0-85.9 22
86.0-87.9 8
88.0-89.9 4

Total 225

9All observations having a value less than the lower limits of a class interval are in-
cluded in the previous class (e.g. 73.92 is included in the class 72-73.9).
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Table 3. Computation of the arithmetic mean using the midvalues of the class
interval,

. Frequency Midvalue Frequency x
Class interval Q) (x) midvalue (fx)
72.0-73.9 7 72.95 510.65
74.0-715.9 31 74.95 2,323.45
76.0-77.9 42 76.95 3,231.90
78.0-79.9 54 78.95 4,263.30
80.0-81.9 33 80.95 2,671.35
82.0-83.9 24 82.95 1,990.80
84.0-85.9 22 84.95 1,868.90
86.0-87.9 8 86.95 695.60
88.0-89.9 4 88.95 355.80

Total 225 17,911.75

class and then dividing the sum by 2. For example, upper and Jower limits for the
first class interval in our example are 72.0 and 73.9, respectively. The midvalue of the
first class interval is

72+ 739
-=17295.

X represents individual observation. X, stands for the first observed value of X, X,
for the si:cond, and X, denotes the nth observation of X. The Greek letter sigma(Z)
is used to sum all the observations of X. Total observations of any characteristic X
are usually denoted by N. The midvalues of all class intervals are calculated and

entered in Table 3.
Using the calculations done in Table 3, the arithmetic mean can be computed as
X 1791175

X= 2t o

M 225

79.61

Average cost of hired labor used per hectare for crop maintenance in Jarunbari,
Bangladesh, is M 79.61. For a frequency distribution with unequal class intervals,
the same procedure can be used to compute the mean X,

Median

If a frequency distribution has extreme values, arithmetic mean does not accurately
describe the data. Forexample, consider four farmers in Laguna with the following
net profits per hectare;

M 300 M 300 M 400 M 1200
_ 300+ 300+ 400+ 1200 = 2200
The meanis X = 4

= M 550

The mean of the first three profits is

300 + 300 + 400
B M 333


http:17,911.75

ELEMENTARY STATISTICAL CONCEPTS AND TOOLS 13

If the high profit, M 1,200, is included, the mean becomes M 550. It is clear that
M 550 does not accurately characterize the frequency distribution of net profits in
the sample. In such cascs, another central tendency measurement, called the median,
is more suitable to describe the data. The median is defined as that value which
divides a distribution, after values are arranged in ascending or descending order, so
an cqual number of items is on each side. Therefore, the median divides the
distribution into two equal parts, and is determined only after data are ordered.
Median from ungrouped data

There are five different wage rates in the five Philippine provinces: M 8, M 7, M 6,
M 5,and M 9. To calculate the median of these rates, arrange them in ascending
order (M 5, M 6, M 7, M 8, M 9), then get the central value. It is ¥ 7, and there are
two rates on either side. If there are 6 wage rates (M 5, M 6, M 7, M 8, M 9, M 10), it
is clear the median is between M 7and M 8. Therefore, it is computed as the average
of the two center values (M 7 and M 8). The median is

748
—-=15.
2
For ungrouped data it may be convenient to find the median value by counting
N+ 1
2

frequencies (items) and arranging the values in ascending or descending order.

Mode

Mode is the most easily calculated measure of central tendency. Itis the value in a set
of observations that occurs most frequently. Therefore, mode is not affected by the
occurrence of one or a few extremely high observation values. Mode is the value that
represents maximum frequency density. It is the most typical value in a series of
values. In many farm management surveys in the Philippines, 1.5 ha is called the
typical rice farm size because this value occurred most in the survey, not because it is
the average farm size,

The mode from ungrouped data

{ a series of data is unclassified, mode cannot be readily located. Mode can be
located only when a data set is ordered or arranged in a frequency distribution.

The following example examines tons per hectare for seven farms growing IR36
in Camarines Sur in the Phiiippines. Farmers produced 1.6, 1.8, 2.0,2.0,2.1, 2.2, and
2.3 t/ha. Data are already in ascending order. Modal yield is 2.0 t/ ha, because 2.0
occurs twice in the data set and the other values appear only once.

This example evaluates daily wage paid landless workers in Bangladesh. Workers
earn M 6, M 7, M 7, M 8, M 9, M 9. There are two modes, M 7and M 9, because
each wage appears twice.

There is no mode in this set of wages: M 6, M7, M8, M9, M 10.

The mode from grouped data
Toexplain how to locate the mode within a grouped frequency distribution we used
data first shown in Table 2. Table 2 information is rewritten in Table 4 to include
midvalues and class intervals.
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Table 4. Determined mode from grcuped data.

Cost of hired labor (Tk) Number of farmers True class

(class interval) (frequency) intervals
72.0-73.9 7 71.95-73.95
74.0-75.9 31 73.95-715.95
76.0-17.9 42 75.95-77.95
78.0-79.9 54 77.95-79.95
80.0-81.9 33 79.95-81.75
82.0-83.9 24 81.95-83.95
84.0-85.9 22 83.95-85.95
86.0-87.9 8 85.95-87.95
88.0-89.9 4 87.95-89.95

Total 225

In Table 4, the mode is 78.0-79.9 because this range appears most frequently in the
data set. If midvalue is considered representative of the class, the mode is 78.95. But
midvalue of a modal class will not always be the best estimate of the mode. If there
are more frequencies preceding the modal class than there are following the class,
actual concentration is nearer the limit of the class. For example, our illustration
shows 42 observations in the set preceding the modal class and only 33 in the set
following the modal class. In such cases, it is necessary to use the frequencies in the
two adjacent classes to locate the correct mode in the modal class. The following
formula can be used to compute mode from frequency distribution:

d

d;+d;

Mode/= 1+

where / = the true lower limit of the modal class (the frequency is the maximum);

d, = the difference between the frequency of the modal class and the
frequency of the preceding class, neglecting the sign;

d; = the difference between the frequency of the modal class and the
frequency of the following class, neglecting the sign; and

i = the width of the class interval.

For illustration using the above formula,

(54-42)

Mode = 7795 + ———
(54-42) + (54-33)

=7795+ X2

12+ 21
=7195+ E)( 2
KX}

= 7195+ 3‘1—
3

=17795+ 073
Mode = 78.68
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Geometric mean .
Another widely used measure of central tendency in agricultural economics is the
geometric mean, Geometric mean is the nth root of the product of n observations. It
isdenoted by the letter G. If there are n valuesof x: X,, X,, . .. X, then the geometric
mean G=n \/ Xi XXX X3 X ... X,. If one value of x in the series is zero, the
geometric mean equals zero. If one or more values are negative, the geometric mean
can be computed but may be without meaning.

The geometric mean from ungrouped data
The geometric mean of the daily wage rates for laborers doing different field
operations; M 5, M 6, M 8,and M 10 is:

Geometric mean,a= 4\/5X 6 X 8 X 10

= 4,/ 2400

=17
When there are more than four obse;vations, the geometric mean is not easy to
compute manually. By using logarithms, however, the geometric mean is easily
calculated for any number of observations. Convert the original values into loga-
rithms first. Divide the sum of the logarithms of these values by the numter of
observations and the antilog of the quotient is the geometric mean. Rewrite the
above formula as:

_log X;+ log X; ...+ log X,

B n

Antilog of the above quantity is the geometric mean. Using the example, wage rates
for different field operations are:

log G

log 5+ log 6+ 'og 8+ log 10

log G= 4
__ 0.669 + 0.7782 + 0.9031 + 1.0000
B 4
= 0.8451
Antilog of 0.8451= 7
G=17

Harmonic mean
Although relatively less important than measures mentioned earlier, the harmonic
mean is useful in averaging rates. For example, if it takes Smen 15, 13, 11, 10,and 9
man-days, respectively, to plow 1 ha of a field, we may want to find the average
number of man-days needed to plow a hectare, assuming time differences observed
reflect variations in efficiency.

The simple arithmetic mean of 15, 13, 11, 10, and 9 is not the desired answer
because plowing efficiency is not the same for the 5 men. Because efficiency is
represented by reciprocals of man-days required, it is necessary to calculate area
plowed per man-day by each man, then find the arithmetic mean of these resultsand
use the reciprocal of this mean.
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The harmonic mean for ungrouped data
In the example, hectares plowed per man-day are 1/15,1/13,1/11, 1/10, and 1/9.
The harmonic mean, represented by the letter H, is calculated as:

_l__: 115+ 13+ 111+ 1/10+ 1/9

H 5
_ 007+0.08+009+0.10+ 0.1
5
|
—_= 09
H
H =11

Methods of computing this measure for grouped data may be found in any
standard introductory statistics text book.

Frequency distributions

Table 1, Column 2 (no. of farmers), is called frequency. Frequency is defined as total
number of times a particular value appears in a sample. In grouped data, frequency
is the number of observations falling within a class or interval. Relative frequency is
the proportion of observation within each class. In Table 5 relative frequency in each
class is obtained by dividing frequency by total number of observations.

A frequency curve may have more than one mode. If the frequency curve
maximum is as in Figure 2, there is only one mode and the distribution is said to be
unimodal. If the curve has two (or more) maxima (Fig. 3), the distribution has two
(or more) modes and the distribution is called bimodal.

Cumulative frequency expresses a relationship between a class interval and the
frequency of cases falling at or below the upper limit of that interval. Using Table 5,
we can say the number of observations falling below 250 is 96. When expressed as
relative frequencies, the sum of relative frequencies will equal one. Relative frequen-
ciescan be interpreted as probabilities. Cumulative relative frequency equals cumula-
tive probability. Therefore, the probability of an observation being within the range

Table 5. Frequency, cumulative frequency, relative frequency, and cumulative
probability.

Cost of hired N;:r':::; Sof Cumulative Relative Cumulative

labor (frequency) frequency frequency? probability
150-175 6 6 .054 .054
175-200 10 16 .088 144
200-225 30 46 264 414
225-250 50 96 440 860
250-275 12 108 105 .960
275-300 3 111 .026 1.000

Total 111

%The sum of relative frequencies should sum to 1.00 exactly but does not do so
due to rounding errors in this table,
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f(x)

2. A hypothetical curve with
one mode, Mode X

f(x)

3. Ahypothetical distri-
bution with two modes
(a bimodal distribu-

|
I
|
|
|
|
|
|
|
tion). Mode Mode X

.30
200 to 225 (excluding 225 ) is m= .264. Probability of an observation having a

value less than 225 is .414,

These frequencies can be represented in a histogram (Fig. 4). The resulting
distribution is called a frequency distribution. The sum of all columns is 1.00. The
area of any single column representing an interval or class is the prebability for that
interval or class.

If observed values (e.g. height, weight) can be measured with some precision,
regardless of multiple decimal places, then we can think in terms of continuous
variables. In theory, we can use extremely small measurement intervals and still
expect a non-zero probability that some observation will have these values. In this
case, a histogram can be made for smaller and smaller intervals until a curve
represents the distribution (Fig. 5).

In a continuous distribution, the area under the curve is the total probability.
When intervals are small, the probability of an observation having a value falling in
that interval also tends to be small. In a continuous distribution, the probability of
an exact value of the variable is zero.

Continuous distribution variables are evaluated in terms of the probability that
they will fall within specified intervals of the distribution rather than as having an
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Relative frequency
05

04

03

02

0.

0 150 175 200 275 250 275 300
Cost of hired labor

4, Relative frequencies shown in a histogram.

exact value. The area under the curve between two specified values of the va.iable
represents the probability that the value of an observation will be in that range.

Usually, a series of discrete numbers is obtained even when measuring continuous
variables, It is often useful to think of these as coming from an underlying continu-
ous distribution, however,

Many types of distributions are commonly used in statistical analysis. One of the
most useful frequency distributions used is the normal distribution. A normal
distribution is symmetric around its mean value. It is unimodal and its mean,
median, and mode are the same (Fig. 5). As with all continuous distributions, the
area beneath the curve of any interval is a probability. Total area under the curve
represents a probability of 1.00.

MEASURES OF DISPERSION

The preceding section discussed measures that describe central tendency. We also
need to determine the spread of a distribution. Data from Pakistan and Sri Lanka
may each show an average paddy yield of 2.4 t/ha. This does not mean the two
countries have identical yield distribution among farmers. If data are considered by
farm, individual yields may deviate from mean value in one country more thanin the
other. This deviation is illustrated in curves A and B of Figure 6.

To understand the shape of the data or the frequency distribution, a measure is
needed to find how individual observations are spread around the central value of
the data. In this section, the most commonly used measures of dispersion around
central value in frequency distributions are examined: 1) range, 2) mean deviation, 3)
standard deviation and variance, and 4) coefficient variation.
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5. Histogram approximates a continuous distribution as class intervals become very small,

Range

Range is the simplest measure of dispersion. It is the difference between the maxi-
mum value and the minimum value of the data. When comparing two sets of yield
data, the one with the larger difference is said to be more dispersed from the central
value. Ten farmers in Laguna reported an income of M370, M400, ¥430, M 500,
N1520, ¥1470, ¥M480, M600, Y1650, and Y1700/ ha. The range is calculated as (M 700
- M370) = m330,

Range considers only the two extreme observations in the data set. It does not
consider the values between these extremes. Range is nota very useful measure if the
extreme values are unusual. However, range is helpful in determining class interval
size while constructing a frequency distribution from a large data set.

Mean deviation
Mean deviation measures variability of all observations from their central value. The
deviation of each value from some measure of central tendency (mean or median) is

Farmers

i Yield

6. Hypothetical distribution of yields in two countries.
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calculated. The average of the. : deviations is computed to control for the number of
observations contained in the data. If th= median is used as the central value from
which the deviations are to be measured, there is no problem. However, the mean s
usually the more satisfactory measure of central value. When individual value
deviations from the mean are summed, the sum will be zero. Thisis a property of the
arithmetic mean. To compute mean deviation, ignore the signs and take the absolute
value of deviations from the mean. By ignoring the sign of deviation, inean deviation
(M.D.) is calculated as:

ler = X +H|xa—= X+ = X

M.D. =

This notation is called modulus. It means that the signs are ignored.
If the yield of rice per hectare for 6 Java farmers s 3.0, 3.2, 2.8,3.4,3.6,and 3.8,
what is the average yield difference from the mean?

30+ 32+ 28+ 34+ 3.6+ 38
6

Mein x =
=33
(‘. f—
M.D.= ;|| X~ x|
i

33D+ (33-32)+ (33-28) 4 (34-33) + (3.6-3.3) + (3.8-3.3)
6

M.D.= 0.3
The average individual yield differs from the mean by 0.3 1.

Standard deviation

Standard deviation is the most useful and most frequently used measure of dis-
persion. It is derived by squaring the differences of values from the mean so the sum
of deviations does not equal zero. Standard deviation is the square root of the
arithmetic mean of the squared deviations from the mean. The greater the spread
around the mean, the larger the standard deviation. The square of the standard
deviation is called variance. Variance is widcly used when making statistical inferen-
ces. For ungrouped data, standard deviation is calculated as:

n
R
-\- N

=4 where x,= X, — X
N
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paddy for the two groups. Significant difference is a comparative statistical measure
used to test experimental results for sampling error.

Any error in judging the true difference between treatment and control group
results is considered a sampling error.

Student’s t-test

Usually we assume sample observations have a normal distribution and samples
from two groups have the same variation of individual observations around the
mean, then a t-test may be constructed.

Then, we can construct a measure known as the 't’ statistic which enables us to test
whether differences between the mean values of the two groups are statistically
significant. o

To test whetl.er X, — X;:

)_(1 - 7(2
1= (N;S;2+ N2Sy?) (N, + Ny)

(Nt1=N2—2) (N}No)

where X, = thearithmetic mean of effect in group 1. (In the first example, effect
was net income and in the second example, effect was yield of

__ paddy per hectare);

X, = arithmetic mean of effect in group 2;

Ni = number of observations or sample size of group 1;

N. = sample size of group 2;

Si*= variance of group 1. It is calculated as described in the earlier
section on standard deviation. Variance is standard deviation
squared;

S;? = variance of group 2; and

N, + N; — 2= degrees of freedom (the values given in the first column of Table 1).

If the calculated t-value (neglecting the sign) is greater than the t-valuc given in
Table 7 for the corresponding N, + N; — 2 (degrees of freedom) and a = .05 level,
then X, is significantly different from ¥, at & = .05 level. If the calculated t-value is
not greater than the tabulated t-value for the corresponding N, + N.— 2 (degrees of
freedom)and o= .05, we say that X, is not significantly different from X; at the 5%
level.

In Table 7, o has 6 different values: .20, .10, .05, .02, 0.1, and .001 which are called
levels of significance. These are used to test if the difference in mean is significant at
different levels. Usually, the .05 level of significance is acceptable.

For example, examine two groups of rice farms, A and B. A is treated with
fertilizer and B is not. In all other ways A and B are the same. A consists of five farms
and B consists of six. Does adding fertilizer actually raise yields? In statistical terms
this means testing whether the mean yield per hectare of fertilizer-treated farms is
significantly different from the mean yield of farms with no fertilizer treatment.
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Table 7. Distribution of t.

Level of significance

<=.20 <=.10 < =.06 <=.02 <=.01 <=.001

1 3.078 6.314 12.706 31.821 63.657 636.619
2 1.886 2.920 4,303 6.965 9.925 31.598
3 1.638 2,353 3.182 4.541 5.341 12,941
4 1.533 2,132 2,776 3.747 4.604 8.610
5 1.476 2.015 2,571 3.365 4.032 6.859
6 1.440 1.943 2.447 3.143 3.707 5.959
7 1.415 1.895 2.365 2,998 3.499 5.405
8 1.397 1.860 2.306 2.896 3.355 5.041
9 1.383 1.833 2.262 2.821 3.250 4.781
10 1.372 1.812 2,228 2.764 3.169 4,587
11 1.363 1.796 2.201 2.718 3.106 4437
12 1.356 1.782 2.179 2.681 3.055 4,318
13 1.350 1.7 2.160 2.650 3.012 4,221
14 1.345 1.761 2.145 2.624 2977 4,140
15 1.341 1.753 2.131 2.602 2,947 4.073
16 1.337 1.746 2.120 2.583 2.921 4.015
17 1.333 1.740 2.110 2.567 2,858 3.965
18 1.330 1.734 2,101 2.552 2.878 3.922
19 1.328 1.729 2.093 2.539 2.861 3.883
20 1.325 1.725 2.086 2.528 2.845 3.850
21 1.323 1.721 2.080 2,518 2.831 3.819
22 1.321 1.717 2.074 2.508 2.819 3,792
23 1.319 1.714 2.069 2.500 2.807 3.767
24 1.318 1.711 2.064 2.492 2,797 3.745
25 1.316 1.708 2.060 2.485 2,787 3.725
26 1.315 1.706 2,056 2479 27719 3.707
27 1.314 1.703 2.052 2473 2.7 3.690
28 1.313 1.701 2,048 2.467 2.763 3.674
29 1.311 1.699 2.045 2.462 2,756 3.659
30 1.310 1.697 2.042 2.457 2,750 3.646
40 1.303 1.684 2.021 2.423 2.704 3.551
60 1.296 1.671 2.000 2.390 2.660 3.460
120 1.289 1.658 1.980 2,358 2.617 3.373
" 1.282 1.645 1.960 2.326 2,376 3.291

Source: Fisher and Yates, 1963.

Usec a t-test to determine if the mean yield of A equals the mean yield of B. If mean
yields are different, the yield of fertilizer-treated farms is significantly different from
the yield of untreated farms. Fertilizer affects yields.

Let the rice yields (t/ha) be,

Group A Farms: 2.1 20 22 23 1.9
Group B Farms: 3.0 32 28 34 36 38
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(= XA —XB
(NaSA2 + NpSg?) (Na + Np)

(Na+ Na—2)  (NaBa)

XA=  214+20+224234+19
5

= 21

<. _ 30+32+28+34+36+38

I
had
w

Now, Sa

Sa?

_ (2.1-2.102 4+ (2.0-2.12 + (22212 + (23212 + (1.9-2.1P
5

—=02

_ 09+.014+.25+.01+.09+ .25
6

Similarly, Se?= 0.12

21 —-133
Now t= (5(.02)+ 6(0.12)) (5+6)
(5+6—2 (5+6)
t= —6.7

Calculated t-value is 6.7 (neglecting the sign). Tabulated t-value from Table 1 for 5+
6 — 2= 9 degrees of freedom at « = 001 is 4.781.

Therefore, the calculated t-value 6.7 is greater than the tabulated t-value 4.78. This
means that X, is significantly different from Xp at 5% level. That is, inean yield of
fertilizer-treated farms differs from mean yield of farms without fertilizer applica-
tion.

Chi-square test (X"-test)

In the previous section we discussed how to test if the means of two groups are
statistically significantly different. Sometimes we need to know if the means of a
number of groups are different from each other, or if two types of treatments (or
characteristics) can influence some variable. A t-test cannot be used. Chi-square (X°)
test is often used.
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In most applications of this test a contingency table is used. A contingency table is
a way of organizing data in various cells, each of which represents different combina-
tions of categories within the data set.

Examine a sample of 82 rice farmers from Camarines Sur in the Philippines.
Forty-four were growing modern varieties (MV) and 38 were not. These two groups
were divided into four categories of educational status. Of 44 adopters, 6 were
illiterate, 10 had elementary school educations, 12 had attended high school,and 16
had college educations. Of 38 nonadopters, 10 were illiterate, 9 had elementary
school educations, |1 had attended high school, and 8 had college educations.

Table 8 organizes this information, Table 8 is a contingency table. Itis often called
a 2 by 4 (2 X 4) contingency table meaning there are 2 rows and 4 columns in the
table. There are two criteria. One criterion is classified into four categories and the
other into two categories. Number of rows should be mentioned first followed by
number of columns. This is two-way organization which classifies sample farmers by
MYV adoption and education level.

Is level of education related to adoption? Or, are education and adoption inde-
pendent of each other? A X*-test is used to find independence ina contingency table.
Some definitions (concepts) used in constructing a X*-test statistic follow (Table 9).

Cell is a unit or box showing a distinct category. In the example there arc eight
cells showing different categories of farmers: A, B, C, D, E, F, G, and H.

Obscrved value (OV)is the actual number of samplesin eachcell, In the example,
observed value of cell A is 6.

Expected value (EV) is calculated, for any cell, by multiplying row total by the
column total in which the cell is located, then dividing this product by total sample
size.

Table 8. Contingency table.

Farmers' education

Criteria — i rate  Elementary  High School College 108

Adopters 6 10 12 16 44
A B C D

Non-adopters 10 9 11 8 38
E F G H

Total 16 19 23 2 82

Table 9. Computation for chi-square from contingency table.

Cell Observed Expected (Observi,d (Observed value)2
value value value) Expected value

(1) (2) (3) (4) (4)/(3)

A 6 8.6 36 4.2

B 10 10.2 100 9.8

C 12 12.3 144 11.7

D 16 12.9 256 19.8

E 10 7.4 100 13.5

F 9 8.8 81 9.2

G 11 10.7 121 11.3

H 8 11.1 64 5.8

Total 82 82.0 85.3
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In the example, expected value of cell A is calculated by multiplying the row total
44 by the column total 16, then dividing this product by 82. Expected value of cell A
is

Expected value E;; of the cell located at the i* row and j* column which is also
called i, j** cell is:

_mXn
Ej=—
n

where n; = the total of the i row,
nj = the total of j'" colutnn, and

n = total sample size.

Note that the X*-test cannot be used effectively if the expected value of any cell is less
than 5. If the expected value of a cell is less than 5 units, the category should be
deleted or the observed values should be added to the next most similar category cell.

Degrees of 1 .dom
In t-test, degrees of freedom are determined using the number of observations
(sample size). For contingency tables, degrees of freedom depend on the number of
criteria and categories. If these are p criteria (rows) and q categories (columns), then
degrees of freedom equal (p-1) (q-1).

In the example, there are two criteria and four classifications, that is, two rows
and four columns. Degrees of freedom for the contingency table are (2— 1) (4—1)= 1
X3=3,

The X’-test statistic used to test for the relationship between the criteria and
categories is constructed as:

Yoy (observed value — expected value)?

expected value

In the example:

OV—E OV—E OV—E
Xi= (__EV_V)Z forcell A+ (_VV)Z' for cell B+ (OV-EVY

V—
4 OVEWY o

forcelC+ ... r cell H,

For easy computation, the above formula of X2 can be reduced to:

1 ¢ (obscrved value — N
- expected value

X

where N is total sample size.
Is there a statistically significant relationship between MV adoption and farmer
education?
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Table 10, Distribution of X2.

Level of significance
a

df .20 10 .05 .02 .01 .001
1 1.642 2.706 3.841 5.412 6.635 10.827
2 3.219 4.605 5.991 7.824 9.210 13.815
3 4.642 6.251 7.815 9.837 11.341 16.268
4 5.989 1.779 9.488 11.668 13.277 18.465
5 7.289 9.236 11.070 13.388 15.086 20.517
6 8.558 10.645 12.592 15.033 16.812 22.457
7 9.803 12.017 14.067 16.622 18.475 24.322
8 11.030 13.362 15.507 18.168 20.090 26.125
9 12242 14.684 16.919 16.679 21.666 27.877

10 13.442 15.987 18.307 21.161 23.209 29.588

11 14.631 17.275 19.675 22,618 24.725 31.264
12 15812 18.549 21.026 24.054 26.217 32.909
13 16.985 19.812 22,362 25.472 27.688 34.528
14  18.151 21.064 23.685 26.873 29.141 36.123
15 19.311 22,307 24.996 28.259 30.578 37.697

16  20.465 23.542 26.296 29.633 32.000 39.252
17 21.615 24.769 27.587 30.995 33.409 40.790
18 22760 25.989 28.869 32.346 34.805 42.312
19 23.900 27.204 30.144 33.687 36.191 43.820
20 25.038 28.412 31.410 35.020 37.566 45.315

21 26.171 29.615 32,671 36.343 38.932 46.797
22 27.301 30.813 33.924 37.659 40.289 48.268
23 28.429 32.007 35.172 38.968 41.638 49.728
24 29.553 33.196 36.415 40.270 42,980 51.179
25 30.675 34.382 37.652 41.566 44314 52.620

26 31.795 35.563 38.885 42,856 45.642 54.052
27 32912 . 36.741 40.113 44.140 46.963 55.476
28 34.027 37916 41.337 45.419 48.278 56.893
29 35.139 39.087 42.557 46.693 49,588 58.302
30 36.250 40.256 43.773 47.962 50.892 59.703

Source: Fisher and Yates, 1963.

Use:

(OV)?
EV

Xi=x

- N.

Compute the expected value for each cell by the formula explained earlier:

Ei= Ni XN,
N
2
Xi=x oV - N.
EV
= §53—82

Xi= 33
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Tabulated value (Table 10) of X* for (2—1) (4—1) = 3 degrees of freedom at
= .5 level is 7.815. This is not greater than the calculated value 3.3.

Therefore, the relationship between adoption of MV and farmer educational
status is not statistically significant. Adoption of MV by farmers in Camarines
Sur is not related to their educational level.
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CHAPTER 3

ENTERPRISE, PARTIAL,
AND PARAMETRIC BUDGETS

J. C. FLINN, S. K. JAYASURIYA, AND C. MARANAN

Budgets are one of the simplest yet most widely used techniques in economic
analyses. They are building blocks for some of the most powerful analytical tools
used in agricultural economics research. Budgets are used:
~ to compare economic profitability of different production activities or enter-
prises within or among farms,
® to indicate whether a proposed change will be profitable under a given set of
circumstances, and
® to explore conditions under which certain farm practices become profitable or
unprofitable.
Enterprise budgets, partial budgets, and parametric budgets are discussed in this
chapter. We will examine:
@ data needed for their construction,
e commonly encountered problems, and
® budget limitations.

ENTERPRISE BUDGETS

The process of producing a particular farm commodity is called a farm enterprise.
Small farms in tropical Asia usually are multi-enterprise farms — they produce more
than one commodity. A farm that produces rice, vegetables, and livestock has three
enterprises.

Farms may also produce the same commodity using different techniques. If a
farmer grows transplanted and direct-seeded rice, there are two rice enterprises. If
the same crop can be grown in different seasons, wet-season rice and dry-season rice,
two different rice enterprises are identified. When discussing an enterprise precise
definition is essential.

Enterprise budgets enable us to evaluate costs and returns of production pro-
cesses. Comparing relative profitability of new technology with existing farm tech-
nology helps to show how the farm business can be more profitable. The new
technology may change existing technology to show a better way to growa crop (e.g.
minimum tillage versus plowing and harrowing). Enterprise budgets arc also used to
compare possible new cropping patterns or crops with existing production patterns.

)
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Data requirements
A budget is a formalized way to compare production process benefits and costs. If
benefits exceed costs, profit was earned. If benefits are less than costs, a loss was
incurred. The difference between gross returns and variable costs is called the gross
margin (also referred to as returns above variable costs). Gross margin measures the
contribution of an enterprise to farm profitability. Input quantities and values used
in production process (costs) and output quantities and values (bencfits) are the
basic data required for budgets. Budgeting data may be obtained by:
® measuring input levels used by farmers and crop yields obtained from their
fields, and valuing inputs and outputs using market data,
® requesting farmers to list the input levels used, time spent on production
activities, crop yields, and prices paid and received,
e using experimental data as a proxy for estimating on-farm performance,
® asking persons in the arca who are knowledgeable about the crops of interest
(key informants), and ,
e using secondary data sources (reports, references, etc). These methods are
discussed in detail in this volume.

Budget construction
The first step in constructing a budget is to accurately specify all production costs
and revenue sources.

Costs
Costs are often divided into two categories —variable (recurrent) and fixed
(overhead).

Fixed costs are costs that must be paid even if no output is produced. They often
relate to the whole farm rather than to a particular activity. These costs are incurred
no matter what crop or cropping pat.crn is used. Building depreciation, canal and
ditch maintenance costs, land taxes, etc are fixed costs.

Variable costs apply specifically to a particular enterprise. They vary according to
production level. Farmers can normally control or change the level of variable costs.
(Variable costs are only incurred when an enterprise is produced.) Inputs such as
labor for land preparation, planting, or harvesting; amount of fertilizer or insecticide
applied; and use of animal or machine power are examples of variable costs.

In this chapter, variable costs are most important because our objective is to
compare relative profitability of present practices with potential farming activities.

The following information is needed to compute variable costs:

® inputs to include in the calculations,

® quantity of each input, and

® price of each input.

Inputs usually fall into three broad categories: labor, materials, and machinery/
equipment. However, to measure costs accurately (and clearly identify the enterprise
being examined) we need to define each input carefully for a budget analysis.”

Labor is used for land preparation, crop establishment, weeding, and harvesting.
How these operations are done may require us to consider different production
methods separately. For example, a rice crop may be direct-seeded or transplanted.



ENTERPRISE, PARTIAL, AND PARAMETRIC BUDGETS 33

These two methods have different labor requirements, Labor for different tasks
usually requires different wages — the costs of a day’s labor for breaking clods may
be higher than the cost of a day's labor for weeding. Wage rates also may vary by sex
and age (adult or children), and by time of year as influenced by labor demand by
other farmers. Therefore, the cost of a specific operation will depend not only on the
amount of labor needed, but also on the nature of the operation. This precise cost
should be included in budget calculations. For a more detailed discnssion of wage
calculations refer to Chapter 4.

Similar questions arise in relation to material and machinery/equipment use.
Type of material (fertilizer, pesticides, etc) and machinery/equipment (tractors,
sprayers, etc) used and the corresponding cost must be identified to construct an
accurate budget.

Total cost of each input is obtained by multiplying quantity of inputs used by unit
price. In small-farm agriculture the farmer’s real price of an input is not always easy
to estimate. Market price may deviate from the farmer’s input cost. This real price to
the farmer is called opportunity price.

Frequently, values must be estimated or imputed to derive input cost. For
example, if production is used on the farm rather than sold (rice straw used to feed
cattle), it should be valued at market price. Similarly, if the farmer uses his own
equipment (bullock and plow), opportunity cost is usually assumed to equal the
income he could earn by hiring the equipment out for an equivalent time.

Effective price paid for most inputs tends to be higher than market purchase cost.
This is because transport costs, handling costs, credit and interest charges, etc must
be added to the purchase price to estimate actual crop input cost. Labor to apply the
input must be included in the labor section of the budget. Transport costs can be
particularly important components of farm prices when market centers are distant
or transport facilities poor. Similarly, if a farmer is paying 100% interest 0.1 a loan,
real input cost may be double its market price.

Labor as an input

Labor cost (wage rate) for a particular operation should equal wage rates paid in the
community for the same work. Frequently, real wages consist of a cash component
and a noncash component (meals, harvester retains some of the crop, transport
costs). Actual cost of hired labor is usually higher than cash cost. The value of
noncash components to the cash payment must be included to compute the real
wage rate. An example of estimating the real labor cost is shown in Table 1. Some-
times the entire payment is in kind, as when harvesters are paid a share of the crop.
Cash wage then is the value of the crop share at harvest. Ways to estimate different
kinds of wage rates are discussed in Chapter 4.

Family labor is a major component of total labor use in small farm production.
Determining family labor cost often causes difficulties — and arguments. The
simplest way is to value family labor for a given operation at the wage rate that
would be paid hired labor. The implicit assumption is that the opportunity cost of
family labor equals market wage rate. Wage rate for the operation is what the farmer
(or the family member) could have earncd by selling labor services to other farmers.

This assumption is not always valid. During slack agricultural seasons there is
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Table 1. Estimating the real cost of hired labor to a fanner,

Item Value
Cash wage (M/day) 6
Meal (M/meal) 2
Refreshments (M) 1
Rice (kg) 1
Real cost of hiring a day's labor () 10

little or no off-farm work for farmers, even if they want work. The alternative to
working on his own farm may be not to work at all. On the other hand, during peak
agricultural seasons, labor demand may be high. When budgeting, these facts may
be taken into account by imputing a family labor value lower than the market wage
during slack season, and higher than the market wage during periods of labor
scarcity. It is impossible to exactly cstimate the correct value, but it has been
suggested 75% of the wage rate in slack season and 125% during peak season may be
a satisfactory compromise (Perrin et al 1976).

Capital cost
There are costs of using capital (cash) in crop production as well as household labor
costs. These costs fall into one of two categories:
® direct costs, such as interest charges on aloan to buy fertilizer or hire laborers, or
an opportunity cost on savings representing earnings lost by not investing the
money clsewhere, or
@ a risk premium to cover a farmer’s investment in an uncertain situation.
Effective interest rates (direct capital cost) sometimes may be 100% or more for
farmers who must borrow from moneylenders. When a farmer does not use credit,
the real cost of buying an input will still be higher than cash cost because of the
foregone benefits of not investing the cash elsewhere. For example, instead of buying
fertilizer, the farmer might have bought low-priced crops to sell when prices were
higher. In rural societies lending and borrowing rates for small farmers often differ.
Although a farmer may pay high interest charges if he borrows, he may not have the
opportunity to lend money at similar rates. Indeed, if he lends money to family or
friends, the loan may be interest free. If farmers loan cash for interest, an interest
charge on the cash outlay should be included as part of the cost of a purchased input.

Table 2 shows one way of evaluating the cost of borrowed capital. If the annual
interest rate is 1009, but the loan must be repaid in 6 months, the interest cost equals
50% of the loan. There are often loan costs such as fees, time and travel, or other
payments. The real loan cost is the interest charge plus other costs necessary to
obtain the loan. Normally, a farmer will want a greater return on his loan han its
direct cost (62.5% in the example). How much more he will need to earn bef re heis
willing to borrow the money is difficult to estimate. This premium, often reierred to
as a risk premium, partly depends on investment risk, and par:ly on the farmer's
willingness or ability to invest in this, rather than some other enterprise. Table 2
assumes the farmer will not borrow unless the return is 85%. The risk premium
equals 22.5%.
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Table 2. Estimating capital cost.

Item Value
Amount of loan to buy inputs (M) 160
Interest for 6 months (100%/year) (M) 80
Cost of negotiating loan (M) 20
Total cash outlay (M) 260
Real cost of loan (100/160) (%) 62.5
Risk premium (%) 22.5
Total cost of loan in enterprise (%) 85.0
Land input

Land is the third major controllable input in the production process. In many
countries the farmer pays a direct cost for the land he farms. This is usually a cash
rent or a share of the crops harvested. If cash rent is not dependent on the crop grown
oryields, the rent is a fixed cost and does not enter the budget calculation. If the land
payment is a share of the crop, then this cost will be as a budgeted item, to be
deductcd from the farmer's gross margin for the crop.

Land also has an opportunity cost — its value in the best alternative use. This
alternative may be another crop, renting the land out, or in some cases, simply
leaving it fallow. Land opportunity cost is frequently left out of enterprise budgets,
partly because it is difficult to measure. Returns to land and management are con-
sidered residual after the value of other inputs (cash costs, labor, capital) have been
deducted from gross benefits. In this way, budgets help compare the profitability of
allocating land — normally a fixed factor — to different uses.

Assembling an enterprise budget

Data necessary to construct a budget have been discussed in previous sections. Table
3 givesanexample of a budget fora wet-seeded rice crop. Note that it isimportant to
describe when, where, and how the crop is grown; the variety; and the land type,
including the field's landscape position and irrigation status. This information
enables others to compare results from other sites.

Gross benefits

First, calculate gross benefits (part 2, Table 3). In this example, a cash value for rice
harvested and an opportunity value for rice straw retained to feed livestock are
given. Rice yield received is the harvested yield less harvester’s, thresher's, and
landlord’s shares. If harvesters are paid in kind, and the cost of this operation is
deducted from gross yields, then harvest labor cost must not be duplicated in the
labor portion of the budget. In the example, the farmer does not require all the straw.
Some is retained for livestock feed (! t). The remainder is burned or given away.
Note that giving the straw away does not imply the cost of straw is zero to the person
receiving it. The recipient still must pay labor and transpost costs to bring the straw
to his farm,

Variable costs
Variable costs (part 3, Table 3) are often divided into four categories:
@ nonlabor inputs,
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Table 3. Example of an activity budget for wet-seeded rice, in M per hectare,

1. Crop description

Crop: Rice, wet seeded, rainfed

Site: Iloilo, Philippines
Planted: Early May

2, Gross benefits

Rice grain
Rough rice
Harvcster’s share
Landlord’s share
Effective yield to tenant
Effective price to farmer
Ben:fit from grain product

Straw for livestock feed
Straw for forage
Quantity of use to farmer
Opportunity cost of straw
Benefit from straw

Total gross benefits

3. Variable costs

a) Nonlabor inputs
Seed
Fertilizer (48-0-0)
Fertilizer (14-14-14)
Weedicide (granular)
Insecticide (2 applications)
Sacks

Subtotal (a), cash costs

Unita

kg/ha
kg/ha
kg/ha
kg/ha
kg/ha
sacks

Unit

kg/ha

1/6 production
1/3 remainder

kg/ha
M/kg
M/kg/ha

tons
tons

M/ton
M/ha

M/ha

b) Labor inputs — family (opportunity costs)

Clearing, fixing bunds
Plow, harrow, and level
Broadcast seed
Weeding and replanting
Fertilizer, spraying
Harvesting

Hauling crop

md/ha
md/ha
md/ha
md/ha
md/ha
md/ha
md/ha

Subtotal (b) opportunity cost, houschold labor

c) Labor inputs — nired labor
Weeding
Harvest/thresh/bagging

md/ha
md/ha

Subtotal (c) cash cost of hired labor

d) Interest on cash costs
Nonlabor inputs (sub. a)
Hired labor (sub. c)

M/ha
M/ha

Subtotal (d) intcrest on cash costs

Total variable cash costs

4. Net returns

Level

120
48
21
25

30

10
16

10

14

13

412
112

Return to household labor, management, land, and capital

Total variable costs (cash plus opportunity)

Net benefit to management and land (NB)

Variety: IR36 (120 days)
Pocition: Plateau, impeded drainage
Harvest: Early September

Level

2,400
400
666

1,334

1.05

2.0
1.0
50

Effective
cost Junit

1.10
1.67
5.00
2.80
12.50
1.00

1,450

Total
cost

132
80
105
70
25
30

442

80
160
24
80
48
20

442
112
112
206

56

262
816

634

1258

192

%nd = man<days.
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household labor from gross revenue. This net return is the return to the household's
management skills, capital, and a residual to land. It is referred to as returns above
full cost.

In many cases, enterprise budgets use the first definition of returns above variable
costs as the measure of net benefit. This method is used when the budget is
incorporated in simplified or linear programming models. In these models family
labor is a fixed resource to be distributed between production processes. The
opportunity cost of labor for the model is estimated internally.

When profitability of competing activities is being compared, the opportunity
cost of family labor should be deducted from the gross revenue in the same way as
cash costs. The two enterprises are then compared by returns above all variable
costs.

Estimating returns to scarce resources
Net benefits calculated in Table 3 are per unit of land. However, land may not be the
most limiting factor. Asa result, it is also useful to estimate returns per unit of labor
and capital. Inirrigated arcas, it may be sensible to estimate benefits per unit of water
applied.

Returns to a factor ‘A’ are defined in general as equal to

Gross benefits — Cost of all other inputs

Cost (or amount) of factor A

This can be also written as
Net benefits + Cost of factor A
Cost (or amount) of factor A

Expressions for estimating returns to various factors are listed in Table 5.

Return per unit of land The return per unit of land to the tenant is the net benefit
listed in Table 3, i.e. M192/ha less the value imputed to the farmer’s management
skills. The household’s management skills are usually regarded as part of the

Table 5. Estimating returns to factors of production,

Factor Specific return How calculated
Land M/ha NB? as in Table 6
Labor M/man-day (NB + total labor cost)/iotal man-days
M/man-day family labor (NB + opportunity cost of family labor)/man-
days of family labor
M/man-day peak labor (NB + labor costs in peak period/no man-days
used in peak period)
Capital M/M cost (Gross benefit/total variable cost)
M/M cash cost (NB + cash costs in constraint period)/cost in

constraint period

ANB is net benefit, i.e, the last line of Table 3.
Source: Norman and Palmer-Jones (1977, p. 241-260).
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opportunity cost of family labor. Return per unit of land is equivalent to the net
benefit (M192) estimated in Table 3.

Return per unit of labor. Table 3 shows the return per day of labor used to
produce the rice crop to be Ml 2.5. Labor unit return equals the net benefit (192) plus
family labor opportunity cost (442) and actual outlay for hired labor (112+56)
divided by days of labor used to grow the rice crop (64). The return to family labor
alone equals net benefit plus family labor opportunity cost (634) divided by family
labor input (50), i.e, M12.7/day.

If peak labor demand was at weeding, then labor input required for the task is
used to estimate return per man-day of peak labor. In the example 24 days of labor
were used for weeding, thus the return per labor day during the peak labor period is
M16/day.

Return per unit of capital. Return per unit of capital invested (gross benefits)/
(total variable costs) is 1.2 (1450/1258). Return per unit of cash costs is 1.8
(1450/816). Return per unit of cash-cost-constraint requires that the period when
cash is most scarce be identified. This is normally at planting time. Because most
cash costs were incurred during planting, return per unit of cash constraint is also
1.8,

For an enterprise to be financially attractive, returns per unit of scarce factors
must be higher than the market prices of those inputs,

PARTIAL BUDGETS

Partial budgets are used to evaluate the effects of a proposed farm enterprise change.
A partial budget is useful only when the change is relatively small,

A partial budget highlights variations in costs and returns caused by proposed
changes in the enterprise. Only items affected by the change are included in the
budget. Levels and costs of all unchanged inputs are not included. Take care to
include all changes. Leaving out interest on added costs is acommon mistake. When
constructing a partial budget identify:

® costs that will increase or decrease, and

® returns that will increase or decrease.

Table 6 shows a basic partial budget. The left side shows negative effects of a
proposed change — added costs and reduced returns of changing froman old to a
new technology. On the right side are the positive effects — added returns and
reduced costs. If positive effects exceed negative effects proposed practice is more
profitable than the existing production practice.

Table 6. Partial budget to estimate change in annual net cash farm income
resulting from some change in resource use, -

a. Added costs c. Added returns M
b. Reduced returns d. Reduced costs M
Subtotal AsM____ Subtotal B:M

Estimated change (B—A) M
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Table 7. Partial budget for hand weeding vs no weeding for transplanted IR36.

Added costs Added returns
Hand weeding labor M105.00 Change in palay
Interest 302.50 produced M1575.00
Harvest labor and
postharvest labor 500.00
Reduced returns nil Reduced cost nil
Subtotal A M907.50 Subtotal B M1575.00

Estimated change (B—A) M 667.50

Table 7 illustrates how a farmer who wishes to evaluate the costs and benefits of
hand weeding versus no weeding of transplanted IR36 would use a partial budget.

The yield of the hand-weeded field is assumed to be 1,500 kg more than the non-
weeded field. Added return is Ml,575. Added cost of hand weeding is I‘/l907.5.
Labor for hand weeding was 150 man-hours (100 man-hours for the first weeding
and 50 man-hours for the second). Hand weeding cost was M0.7/hour. Total labor
cost was MIOS. Extra costs to harvest the higher yielding crop were MSOO. Interest
on cash cost was 50%. To facilitate computation, it is assumed the farmer owns the
land and the total harvest goes to the farmer (labor was in cash). Estimated profit
change is M667.5.

In preparing a partial budget, make sure all reveruc and cost changes are
specified. Secondary effects of changes often may be overlooked. If straw is usually
not sold, but is of value to the farmer, reduction in straw yield may be overlooked
(although it would not have altered the final result in our example).

PARAMETRIC BUDGETS

Estimates of inputs and outputs are approximate, and prices are subject to change.
Therefore, it is useful to explore how sensitive benefits are to changes in assumed
levels of inputs, outputs, and prices. We often want to learn what yields and/or
prices are necessary to make a change profitable. Parametric budgets, also called
sensitivity analyses, answer these questions.

The simplest situation to consider is the change in profit if one parameter is varied.

Gross margin is then calculited as:
GM = (PXY)— VC

where
GM = total gross margin,
Y = crop yield (the factor to be varied),
P = the price of the crop, and
VC = total variable cost (cash plus opportunity cost).
Gross margin can now be calculated for any yield within the range that yields are
expected to vary. Table 8 presents gross margins for a range of yields between zero
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Table 8. Effect of changes in yield level on gross margin.?

Yield (kg/ha) Gross margin (kg/ha)
0 - 1258
1000 - 208
2000 842
3000 1892
4000 2492

9GM = (Y X 1.05) — 1258,

and 4,000 kg/ha. The data are also plotted in Figure 1. The figure shows that a yield
of less than 1,198 kg is a loss for the enterprise. This yield is usually called break-even
yield, calculated by solving for Y when (PY) — VC= 0. It is where the farmer just
recovers variable costs,

Two enterprise parameters canalso be examined simultaneously. In Table 9, both
rice yields and prices are varied. Combinations where gross margins are positive or
negative are apparent. In thisexample, if the farmer receives more than 1,500 kg/ ha
of paddy, the enterprise is profitable for a wide range of rice prices. Gross margin is
sensitive to yield levels below the break-even yield even at a price higher than the
current price (M 1.05) (Fig. 2). A more interesting task is to identify combinations of
rice prices and yields that result in equal gross margins at some desired level. In

1. Effect of changes in yield levels  Gross margin (M7/ha)
On gross margin, 4000

3000 (-

Gross margin = .05Y-1258

1000 |~
Break even

-1000

-2000 ] | | |
0 1000 2000 3000 4000

Yield (kg/ha)
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Table 9. Effect of changes in yield level and price per kilogram of rice on gross margin,

Yield Gross margin

(kg/ha) M0.95 M1.00 M1.05 M1.10
0 — 1258 — 1258 —1258 — 1258
1000 - 308 _ 258 - 208 — 158
1144 ~17 —114 - 57 0
1198 ~120 - 60 0 60
1258 ~63 0 63 126
1324 0 66 132 198
2000 642 742 842 942
3000 1592 1742 1892 2042
4000 2542 2742 2942 3142

Figure 2 yields and prices that just cover variable costs are plotted in combination
with the equi-gross margin of MSOO/ha.

Another interesting possibility is to examine the interactions of price per kilogram
of rice and agrochemical prices (Table 10). The equation used is:

GM = (Yield X price/kg) — (agrochemicals X price) — .50 (agrochemicals X

price) — other inputs cost.

Agrochemicals include fertilizer, insecticide, and weedicide. The first term in the
equation estimates gross benefits, the second is the direct price of agrochemicals, the
third reflects a 50% interest rate on the purchase price of these inputs, and the last
term refers to other variable costs. The price of agrochemicals is increased from

Yield (kg/ha) 2. Effect of yield and rice price
3000 on gross margin.
2500

Gross margin = 500

1500 -

Gross morgin = 0

1000 —

0—” | 1 | 1 ]

0 85 100 105 110
Rice price (M7kg)
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Table 10, Effect of changes in price of agrochemicals and price per kilogram of
rice on gross margin.

Percent increase in Price of rice Gross margin
price of agrochemical M/kg) (M/ha)
0 1.05 0
25 1.24 160
50 1.42 300
75 1.64 500
100 1.78 600

current price to 100% above this level. Rice price is also varied, but yield is held
constant. These figures are plotted in Figure 3. They show the combination of rice
prices and input costs increases that would result in a profit or loss for the farmer.

LIMITATIONS OF BUDGET ANALYSIS

Budget analysis does not consider activities within a whole-farm framework.
Budgeting suffers from the following limitations:
1. correct evaluation of opportunity prices (costs) of resources which have dis-
torted market prices (oiten land, labor, and capital) is difficult — the analyst
must usually decide what is sensible in the particular case,

3. Effect of percentage of increase Rice price (M/kg)

in price of agrochemicals on gross 1.80
margin. ’

1.60 1~

Profit
140 -
Loss
.20 |-
100 —~
oL 1 1 I
0 25 50 75 100

Percent increase in price of agrochemicals
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2. comparison of two (or more) alternative cropping patterns does not identify the

most appropriate way to allocate fixed resources between those and other uses,

3. itisdifficult to judge if input requirements for the technology are managerially

feasible, given the farmer’s resource base and aliernative uses which the house-
hold commits to those resources.

These limitations become particularly acute when the proposed changes or new
techniques involve major farm resource reallocation. One way of internalizing these
issues is to analyze existirg and proposed production alternatives simultaneously in
a simulated whole-farr framework.

Linear programm’ag is a widely used optimizing technique in farm planning.
Although this meinod is computationally extremely powerful, results of such analy-
sis are no better than the enterprise budgets researchers construct to build a
programming model. Linear programming (and other, more complex methods) is
expensive and time-consuming. It is applicable only when the user has computer
access. Therefore, budget analysis is the most used method of evaluating and
ranking the profitability of alternative farming enterprises,

EXERCISES

Introduction

I. Study a mixed farm near your hometown. List the enterprises (both crop and livestock)
on this farm,

2. List the different ways the dominant enterprise (crop or livestock) is produced. (The
various ways a crop is produced, e.g. wet-seeded rice, dry-seeded rice, transplanted rice,
are often referred to as activities.)

3. Suggest why farmers in the same area produce the same crop but in different ways
{activities).

Evaluating gross benefits

1. Study a farmer with a coconut plantation in full bearing. List products normally har-
vestea from the plantation which are economically valuable to the houschold.

2. Which products listed in |, above, have clear market prices? Which have opportunity
prices?

3. If a measure of wheart 1s valued at M 1.50 to consumers, list costs that must be deducted to
reveal the effective price of wheat to the farmer,

4. List the dominant forms of payment by area tenants to landlords and harvesters. Show
how these pavment systems influence the crop yield received by the cultivator.

Estimating variable costs
1. Distinguish between lixed costs and variable costs. Why are fixed costs not included in
enterprise budgets?
2. List the variable inputs used to produce a major crop in'your country. Be surc 1o specify
how the crop is grown. Specify whether cost will be market price or opportunity cost for
cach input used. Estimate the farmers’ effective input costs.



ENTERPRISE, PAR HAL, AND PARAMETRIC BUDGETS 45

Costs of labor, capital, and land

1. What is the opportunity cost of houschold labor? Define the next most profitable use of
an individual's time for different scasons of the year Then, estimate the seasonal
opportunity cost for labor in an area yvou choose.

2. What are the effective interest rates of borrowed money in a village setting vou are
interested in? If a farmer has money to spare, what is the highest rate of return he can
obtain by investing (or lending) the money?

3. A risk premium is normally added to capital cost. What factors influence the cost of
capital? How do these factors vary between different farmers, and between landlords and
tenants?

Assembling an enterprise budget

1. Prepare enterprise budgets for major enterprises in an important agricultural arca of
your country. Be ture to specify how the crop is grown, levels of inputs. tenant
arrangements, ctc.

2. For each budget, estimate the return to the cultivator assuming:
a) he is an owner cultivator,
b) he is a tenant paying for all inputs and receiving two-thirds of output, and
¢) he is a tenant paying for half of the cash inputs and receiving half the output.
What conclusions can be drawn from this analvsis?

Estimating returns to scarce resources

1. For the previously constructed enterprise budgets, evaluate:
a) return per unit of land,
b) return per man-day for family labor,
c) return per man-day for totl labor,
d) return per M of cash cost, and
¢) return per M of total cost (cash plus opportunity).

2. Developaa table to compare the returns to the activity budgets constructed by the class in
terms of the scarce factors of production listed above. Under what circumstances are
different activitics most attractive?

Partial budgets
I. Using two similar activitics, create a partial budget to evaluate benefits of changing from
one to the other.

Parametric budgets
I. Examine sensitivity of net benefits in an enterprise budget to changes in output price and
a major input price (e.g. fertilizer price). Discuss the conclusions.

Data sources for budgeting
I. Review the data available in your country which are useful for constructing enterprise
budgets. Evaluate the reliability of each of these data sources.
2. Using the operation headings provided in Table 4, list likely input and output cocfficients
which could be used to construct enterprise budgets.
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CHAPTER 4

ESTIMATING PRICES

OF AGRICULTURAL INPUTS
AND PRODUCTS FOR ANALYSIS
OF AGRICULTURAL
EXPERIMENTS

E. C. PRICE

Prices of inputs used in production, and prices of the sutput — crops or livestock
that result from the experimental activity — are necessary to conduct an economic
analysis of an experiment, Inputs include such items as land, labor, draft power, and
fertilizer and other chemicals. Quantities of inputs multiplied by their prices are the
costs of productior, and amounts of produce multiplied by their prices are the value
of production. The value of production from a farm activity, less the associated
costs, reflects the profit from that activity, although a precise definition of profit is
somewhat more complex.

Although farm activities involve many different inputs and products, monetary
units can be used to express costs, value of production, and profit. Assigning
monetary units makes it easy to compare different activities, examine physical
quantities and relationships, and measure amounts of dissimilar items. For example,
the productivity of farms in different places can be compared even though their
products may be different. The agricultural output of entire regions or countries can
be compared if their products are expressed in economic (monetary) terms. Trends
over time in the productivity of farm labor, land, or capital are more conveniently
expressed in economic units than in units of constantly changing physical inputs and
products (of course, the prices used must be kept constant to make the comparisons
valid),

Economic analysis of experiments is sometimes conducted for general compara-
tive purposes. For example, in the Asian Network for Cropping Systems Research,
researchers {rom different countries compiled a report that compares the results
from some of their best experimental cropping pattern trials, They compared the
productivity of farm resources and advanced technologies in different places, by
using economic terms because the cropping patterns were composed of different
annual crops, and many different inputs were used (Table i).

Economic analysis of experirnents often is used to determine if an experimental
pattern is likely to be acceptable to farmers. Experimental practices are compared
one to another, and to farmers' present practices, to determine practices that
produce the most products from the inputs used (IRRI 1979). Because practices to
be compared usually involve different inputs or products, cost and value of produc-
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Table 1. Relative efficiency of 16 rainfed cropping pattems at different sitcs in the Asian Crop-
ping Systems Network in terms of land, labor, and capital utilization, 1979-80.

Rate of return to

Cropping pattern Site Total Labor Total
net return cost variable cost
(M/ha/pattern) (M/M invested) (M/M invested)
1. Rice Pumdi Bhumdi 144 2.6 2120
Bhogra 722 6.1 442
2. Rice - rice Bhogra 989 5.5 3.75
3. Rice - wheat Pumdi Bhumdi 532 5.0 2.82
4. Rice - wheat - maize Pumdi Bhumdi 999 4.8 3.44
5. Rice.- rice - mung Jrengek 874 2.8 2.32
6. Rice - 1ice - cowpca Jrengek 706 2.5 2.07
7. Maize- ricc - mung Bangphae 404 2.2 1.70
8. Mung - rice - mung Bangphae 209 2.1 1.47
9. Rice - maizce + pecanut Blega 423 2.1 242
10. Rice - rice - maize
+ peanut Blega 1050 3.0 2.74
1. Rice - rice - maize
+ mung Blega 1169 33 2.73
12. Maize + rice - cassava
+ peanut Blega -51 0.9 0.92
13. Maize + mung - finger-
millet - wheat Pumdi Bhumdi 555 5.7 3.63
14. Maize + rice - maize
+ sweet potato
- maize + pcanut Blega 769 2.5 2.13
5. Maize + rice - maize
+ peanut - maize
+ peanut Blega 888 2.6 2.10
16. Maize + pcanut - maize
+ peanut - maize
+ peanut Blega 805 33 2.86

Source: Hoque (1982).

tion and profit are convenient standards for comparison. Profitability is the measure
that farmers use to choose agricultural practices.

Prices chosen to value agriculturai inputs and products depend on the kind of
comparison to be made. To compare levels of input and output over space (between
farms or regions or countries) a set of prices that represents conditions in all the
places compared should be chosen. To compare groups of inputs and products
across time, constant prices should be used. The resulting value of inputs or products
is called a value in real terms, or, in constant monetary units.

Choosing a 1cpresentative price for an item is difficult if the price varies widely
over time or space, and/ or the importance of the item (the proportionate amount
used or produced) varies. For example, the present production cost will be over-
stated if an earlier and higher price of an input is used, particularly if its importance
in production has increased. LasPeyre’s or Paasche indexes are sometimes used to



ESTIMATING PRICES OF AGRICULTURAL INPUTS AND PRODUCTS 49

help solve such problems of valuation (sce Yamane 1973 for methods of computa-
tion and use of price indexes).

When analyzing experiments, it will only be necessary to give special attention to
price trends and spatial price variation if:

1. results from different times and places, over which prices varied, are being

compared,

2. different products are being compared, and/or

3. different combinations of inputs were used.

To determine practices likely to be acceptable to farmers, alternatives in the same
time and place, over which prices do not vary, are usually compared. The prices
required are those a farmer expects to face when and where he will try the experi-
mental practice.

Projecting when and where a farmer will tryan experimental practice is somewhat
speculative, Current prices at a typical farm inthe area to which new technology will
be introduced can usually be used. In the following sections, methods for calculating
farm-level prices for fixed inputs, variable inputs (materials and labor), and farm
products at a given time will be discussed and demonstrated. Wlien studying the
methods and planning an analysis, remember that the objective of the methods
presented is to reflect as reliably as possible the conditions a farmer perceives when
he decides among alternative farm activities.

PRICES OF FIXED INPUTS

Fixed inputs are items used ina production activity that cannot be adjusted once the
activity is begun. The cost of fixed inputs to the farmer is the same regardless of the
practices he follows. Examples are land, irrigation (when annual fees are fixed),
hand tools, land preparation implements, pesticide sprayers, cart, storage bins, and
buildings. Other major items owned and used by farmers may appear to be fixed
inputs, but because they are frequently rented and have a short-term (hourly, daily,
weekly, monthly, or seasonal) rental value, they may be treated as variable inputs.
These include draft animals, water pumps, and hand tractors.

When economic analysis compares the results of different experimental or farmer
practices, it is not necessary to account for the cost of fixed inputs because, by
definition, the cost of fixed inputs is constant among practices. When certain items
aredisregarded inan analysis because their costs are constant among treatments, the
resulting account is called a partial budger.

When comparisons among different experimental practices are not shown, and
prospective users of an experimental practice are expected to make their own
comparisons, it is better to show a complete accounting of costs. In a complete
accounting prices of fixed inputs must be identified and used. Whether partial or full
accounting is done, a report on the economic analysis of an experiment must always
tell exactly what input items were included in the analysis and how their prices were
derived.

Apportioning prices of annual services
Fixed inputs are not consumed in a production activity — their services are used,
Prices are needed for these services. Prices for annual services of fixed inputs are
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often easier to identify than prices for shorter service periods. Therefore, the analyst
must decide if it is appropriate to charge a full year of service against an experimental
activity. An experimental cropping pattern requires a full year of land and other
fixed inputs, but a crop of sorghum to be grown after rice requires services for only
part of the year. Land quality and productivity also differ from one part of the year
to another. The method chosen for apporticning annual costs of fixed inputs may
differ from place to place and from input to input, but should be consistent with how
farmers look at their costs,

Farmers often pay a share of produce to landlords for the services of land. That is,
the payment is proportionate to the value of the product. Similarly, a good rule to
follow is to charge an experimental activity for a share of the annual price of fixed
inputs equal to the proportion of the activity’s value-product to the total valuc-
product from all activities that use the services of the fixed input.

Identifying annual prices of fixed inputs

Fixed inputs are depreciable inputs like buildings and tools that decline (or depre-
ciate) because of age or use, and nondepreciable inputs like land that generally do
not decline in value. The cost of the service of a depreciable input includes annual
depreciation plus the opportunity cost of capital invested in the item. The opportunity
cost of anitem is the value of the item in its highest-paying alternate use. One method
used to measure the opportunity cost of farm investment capital is to use the current
interest rate on long-term savings deposits.

To identify the total annual costs of depreciable fixed inputs, list all tools, imple-
ments, structures, and other fixed capital items that are not frequently rented by
farmers. Then, assess the value of the items when new, and determine how long they
might be used before being discarded.

Data may be derived from farmer interviews, from storekecpers, or may be sup-
plied by the researchers. A rough estimate is sufficient, and accounts compiled for
one experiment often can be used for similar analyses. Table 2 shows how the data
might be arranged for an analysis of depreciable fixed inputs.

Depreciation is computed by dividing the original purchase price of an item by the
number of years it can be used. For a plow costing MIOOO expected to last for
10 years, annual depreciation is computed as:

M1000 /10 years = MlOO/year.

It can be assumed that the ages of depreciable fixed input items owned by farmers
are uniformly distributed, such that their mean capital values equal one-half their
current purchase prices. The opportunity cost of the capital value of the plow, at the
current long-term savings interest rate of 15%, may be computed as follows:

M1000 X .5 X 15% = MT75.

Thetotalannual cost of the plow services is depreciation plus the opportunity cost

of capital, or:
MI00 + M75= M175.

Similar computations for other items are shown in Table 2,
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Table 2, An example of fixed input items, their prices and annual costs, in M monetary units.

(1) (2) 3) 4) (5) (6)

Fixed Price Years Annual Average Interest Total
input when it can be depreciation capital on av annual
items new used (1) +(2) value? value cost

(1yx.s A5 X (4) (3) +(5)

Depreciable items

Plow 1000 10 100 500 75.0 175.0
Harrow 500 10 50 250 37,5 87.5
Cart 1500 20 75 750 112.5 187.5
Sprayer 800 5 160 400 600 220.0
Hand tools 500 10 50 250 37.5 87.5
Tool shed 2000 20 100 1000 150.0 250.0
Total 6300 535 3150 472.5 1007.5
Total per ha for typical farm size (1.9 ha) 530

Nondepreciable items
Land (per hectare)

capital value (or) rental valueb 10,000 1500 1500
Total 1500
Grand total annual fixed input costs/ha M 2030

9Average capital value assumed to be one-half price when new, except nondepreciable items
given at current market value, 2If market value of land cannot be determined, its rental value
may be substituted in the last column based on the average annual rents paid by sample of
farmers (Table 3).

Because results of experiments are usually reported on a per hectare basis, the
annual cost of depreciable inputs must also be per hectare. The total value of inputs
per average farm should be divided by the area of land over which they would
normally be used each year (the total area harvested on the farm during | year).

Land is generally considered not to depreciate, and its annual cost may be com-
puted as the opportunity cost of its capital value. Opportunity cost of land can be
computed as the current market value times the interest rate on long-term savings.
Current market value can be established by interviewing farmers. A farm is often
composed of land of different qualities, and perhaps only a certain portion is of
equivalent productivity to that on which experiments have been conducted. If
farmers are interviewed to determine the price of land, researchers must take care to
obtain the price of land of appropriate quality.

Asin the case of depreciable fixed inputs, land value should be computed on a per
hectare basis. If farmers or other sources cannot suggest a market value for land,
researchers might construct a rental value by interviewing tenant farmers. Rents
often are paid as a share of harvcst. If so, the researcher may compute annual land
cost as an average value of product shares, per hectare, paid to landlords by a sample
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of tenants. Results will be most accurate if the researcher asks about specific plots or
fields that were treated in a uniform manner during the year. An example is shown in
Table 3.

When annual fixed costs have been computed, and a result is obtained such as that
shown in Table 3, labeled “total annual fixed input costs,” the value may be appor-
tioned to the experimental activity. The method suggested in the previous section is
to charge the experimental activity a proportion of annual fixed costs equal to the
proportion of the value of output from the experimental activity to the total
expected output per hectare of the land where the experimental activity takes place.
The computation is as foilows:

Value of output/ha of experimental activity

- — X Total annual fixed input costs/ha.
Value of output/ha of experimental activity
+ value of output/ha of other enterprises on the same land

PRICE OF MATERIALS

Perhaps the least difficult of prices to identify and apply in an analysis of experi-
ments are prices of materials, or purchased inputs (Perrin et al 1976). Quantities of
matertals used denend on decisions during the farming activity and are therefore
variable inpute Variabl~ inputs are consumed during production and their entire
value is chiarged against the activity.

Material prices are fzirly stable. Infrequent price checks, once or twice a year, are
sufficient. The price of materials that farmers consider when deciding input levels
will probably include prices at the nearest market plus the cost of transportation.
Table 4 contains a list of typical material inputs, and demonstrates the computation

Table 3. An example computation of annual land rent from a sample of farmer plots,

1st crop 2d crop Value of shares
of all crops
Plot Kind Land- Price Value Kind Land- Price Value 7™ | —

Farmer .
no. s.ze lords  of of lords of of
(ha) share crop share share crop share Total Value
(kg) (M/kg) (M) (ke) (M/kg) (M) value perha
1 0.5 Rice 400 1.5 600 Mung 100 5.0 500 1100 2200
0.8 Rice 467 1.5 701 Maize 200 1.2 240 941 1176
3 1.1 Rice 1100 1.5 1650 Rice 825 1.5 1238 2888 2625
(other
farmers)

10 0.1 Rice 90 1.5 135 Corn 44 1.5 66 201 2010
Av 2003
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of the price a farmer faces — the “farm-gate” price.

The price per unit shown in Table 4 is the price of the item at the nearest market.
The unit in which the material is purchased is the amount a farmer will usually pur-
chase at one time. Transport cost per unit of material applied is computed from the
cost of transporting the total amount typically purchased and shipped to a farm.
Transport costs are zero for items purchased within the village and for items that are
easily hand carried.

LABOR WAGES

Labor is human physical effort spent to produce goods and services. Labor is an
essential farm production factor provided by men, women, and children through
various arrangements with a farm operator. 1. is usually measured in units of time
during which effort is expended, usually in man-days or man-hours. Labor value is a
variable cost that must be considered when estimating farm enterprise profitability.
Cost is calculated as man-hours or man-days of labor cxpended times wage rates (see
Chapter 3).

Estimating appropriate wage rates is a problem when calculating the profitability
of an enterprise. Labor is a major production input. Wage rates assumed are an
important determinant of alternative enterprise profitability. However, it is seldom
clear what wage rate should be used, or how it should be estimated. In this section,
ws discuss simple ways to compute wage rates using direct observation of agricul-
tural labor transactions.

The following wage rates will be discussed:

1. task wages which differ by operation but are constant for each operation ov.

all months,

2. seasonal agricultural wages which vary by month but are the same for all

operations in a month,

3. seasonal task wages which vary by operation and month, and

4. standard agricultural wages which remain constant for all operations for all

months,

Before proceeding, however, some additional definitions and assumptions are

needed.

Table 4, Example computation of material input prices.

Transport cost

Material Unit Price/unit Unit of _ Total
input in w}}xch applied purchase _nit of Unit cost/unit
applied (¥ purchase  applied (M/ke)
M Mg
Seed
Rice kg 1.5 (usually purchased in village) 1.5
Maize kg 1.2 50 kg 5.0 0.1 1.3
Mungbeans kg 8.0 10 kg 2.0 0.2 8.2
Fertilizer kg 4.0 200 kg 10.0 0.05 4.05

Insecticide cc 5.0 51 (negligible) 5.0
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Definitions and assumptions

Differential valuation of labor. Differenst wage 1ates are often paid for work ver-
formed by different sex and age groups. 'Wage esiimations to be discussed here are
based on observations taken with notation of age and/ or gender. They are assumed
to apply to work performed regardless of age or gender.

If theage and sex mix of worker groups is highly variable and the work capacity of
laborers appears to differ, an adjustment can be made to labor time before multi-
plyingit by the wage rate. Labor may be converted to adult-male equivalents, thena
common wage applied. A typical labor time adjustment is to multiply adult female
time by 0.75, child labor time by 0.5, and leave adult-male unitsat a full count of 1.0.

Length of workday. A standard number of hours should be used for converting
labor man-days and man-hours, and for converting daily and hourly wages. A
workday is normally 8 hours. In field observations actual hours worked ina day for
each task should be recorded. A workday for a plowman and carabao is often about
6 hours, although a daily wage n:ay be reported. In this case, daily wage should be
divided by 6 to #-rive an hourly wage.

Wages in kind. Compensation for work is often paid in meals, refreshments, and
in shares of produce. These items must be accounted for in monetary terms and
added to cash compensation to fully value a labor payment. Examples will be given
later. This partially noncash wage may be referred to as the implicit wage.

Separating human and animal wages. Where man and animal work together, as in
plowing, labor cost should be separated from animal cost. A general rule is that
1 hour of animal work equais 1 hour of labor. That is, the wage for a man and
animal is twice that of a man alone. This can be tested by asking “what wage would
you pay a man using your work animals?”

Labor sources. Members of farm operator's family may work without receiving
explicit payment. Outside labor is usually paid in cash, food, or farm products and is
called hired labor. A third arrangement is labor exchange between farm households.
By prior agreement farm households provide equivalent amounts of labor on each
farm. Family, hired, and exchange labor are often referred to as labor sources.

Value of family and exchange labor. Valuation of labor not directly compensated,
such as family labor, is discussed in Chapter 3.

However, all labor should be valued, partly because in agricultural research labor
used on experiments cannot be systematically distinguished by source — i.e. hired,
family, or exchange. We use the principle of opportunity r:ost here (see Chapter 2).

Labor opportunity cost. 1.abor opportunity cost is the wage rate labor would earn
in its highest paying alternate employment. When estimating the profit of an
enterprise, the opportunity cost of labor employed in the enterprise equals the
highest amount labor could earn in an alternative job. Wage rates discussed in the
succeeding sections are labor opportunity cost inany enterprise under analysis. This
is because wage rates are estimated from a broader class of market labor transactions
than that likely to be used in a specific enterprise analysis.

Because wages are estimated from market transactions they show the effect of
employment opportunities in the surrounding nonfarm community. They can be
regarded as the opportunity cost of farm and nonfarm labor.
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Standard agricultural wage

Standard agricultural wage is the easiest to compute and use. It is a single value given
all agricultural labor during a given time at one site. It highlights differences in
physical production relationships. When standard prices of material inputs, power,
and products are also used, it is possible to compare the agronomic performance of
similar or different technologies across space and time. For example, to compare
resource use and productivity across agroclimatic zones it would be useful to use a
single wage rate, regardless of task, crop, time of year, or country.

There are severai ways to identify the hourly standard wage rate. If a government
minimum agricultural wage has been established farm workers and employeis can
verify if the legal wage is paid at various sites at different times of year. Government
sources such as the Central Bank, Department of Labor, Department of Commerce,
or statistical scrvices may be able to provide information on an agricultural wage.

If there is no legal wage, or if it is apparent the wage rate given is not generally
observed, survey techniques mus! be employed. It is probably not practical, how-
ever, for a researcher to try to establish a national agricultural wage if one is not
determ.ned from secondary so.rces. If survey techniques must be used, a limited
space over which wage is to be applied should be identified.

By sampling farmers, or taking a key informant survey, one may be able to
establish a general agricultural wage for a specific site. Be careful, however, that
respondents do not report task-specific or scason-specific wages. This can be
avoided by asking a question like, “what would be the cost of hiring a worker for |
day to help do various jobs on tne farm?” This should be asked of several farmers or
other informants and the average answer used.

Be careful to account for the value of compensation paid in meals and refresh-
ments, and payments in kind as well as cash wages. Harvesters are often paid a share
of produce. Produce should be priced at markct value of the commodity if sold at
the farm. Farmers can usually price meals and refreshments they give,

If a survey fails to provide a general agricultural wage rate, it may be necessary to
determine task-specific wages, to weight these by percentage of total annual labor
required for each task, and sum the results. Table 5 shows such a computation.

If task wage ratcs in Table S were collected from a nationwide sample, the agricul-
tural wage is a national wage. If the sample is confined to a specific site, such as a
cropping systems research site, it applies to that site alone. A computed wage rate
can be used for the space where sample data were originally taken, The wage com-
puted in Table 6 may be used for any task in any season.

Task wages

A task wage rate is for a particular task regardless of when it is performed. Usually
different task wages apply to different tasks. It is the easiest wage to identify by
survey methods because questions can be specific, i.e. “How much do you pay a
person to transplant rice for one day?” It is easy to apply because large blocks of
labor time use the same task wage. Difficulties occur when there are unusual or non-
traditional tasks with no established wage. For these, the wage rate of a similar job
might be used.
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Table 5. Computing the general agricultural wage by weighting task wages.

. Wage? rate % of total Weighted wage component
Agricultural task (M/hour) annual labor (M/hour)
Land preparation 1.60 30 0.48
Planting 1.40 20 0.28
Weeding 0.90 15 0.14
Harvesting 2.30 35 0.81
General agricultural wage 1.71

%ncludes value of payments in kind.

The task wage can be misleading. The cost of a job may change because overall
labor availability or requirements vary. For example, weeders cannot be hired
during the transplanting season at the usual wage because transplanting pays more.
Transplanting task wages must be paic to induce a worker to do weeding.

Specific wage rates may become associated with a task not because of the nature
of the task but because of general labor conditions that prevail when the task is
usually performed. This will be discussed in the section on seasonal wages.

Different crops and different management techniques imply different labor
requirements for various operations. For example, direct-seeding rice requires more
labor for weeding and less for planting, as compared to transplanting rice. If weeding
costs differ from transplanting costs, total costs are affected. In this case, task wage
rates should be used, i.e. labor rates determined by operation.

Table 6 shows variable labor prices by operation. Appropriate operational wage
rates can be determined by surveying a few farmers or interviewing key informants.
‘Table 6 shows how information from 10 farmers can be summarized.

Seasonal agriculturai wage

Agricultural wages in a given site usually vary by season depending on labor demand
and supply. Demand and supply conditions are often localized. Computing a
national seasonal wage is usually not practical. Seasonal wages should be used only
if a region has similar crops, growing seasons, agricultural technology, and similar
opportunities for nonfarm work. A seasonal agricultural wage can usually be com-
puted for a cropping systems research site or a group of villages in close proximity.

There are many reasons for wage seasonality. In some seasons schoolchildren can
work. Factory labor sometimes becomes available for farm work, and workers may
seasonally migrate from regions where cropping schedules are different. Any labor
increase will cause a seasonal reduction in the wage rate. Wages will increase when
workers return to altzrnate occupations.

Village labor requirements also vary seasonally, usually by cropping schedule.
Where rainfed rice dominates, labor needs increase at land preparation time, trans-
planting, and harvest. Seasonal livestock activities can also affect labor needs. For
example, when farmland is in crops, little grazing land may be available. Feedstuff
must either be cut and hauled to the animals, or animals must be driven to pastures.
In generzl, the greater the farm labor requirements, the higher the wage rates will be.



Table 6. Computation of wages for crop operations from a survey of 10 farmers.

Land preparation Transplanting Weeding Harvesting
Compensation paid a Compensation paid Compensation paid Compensation paid
Inter- mar: plus animal for 1 person for 1 day 1 person for 1 day 1 peison for 1 day
viewee 1 day (8 hours) work (8 hours) work (8 hours) work (8 hours) work?
Cash  Value Total Cash Value Total Cash Value Total Cash Value Value Total
paid of food value paid of food value paid of food value paid of food ofcrop value
share
................................................. B
1 15 5 20 5 5 10 7 0 7 0 s 16 21
2 12 5 17 5 3 8 5 0 5 0 3 8 11
3 20 0 20 4 3 7 8 0 8 0 6 32 38
4 18 3 21 4 5 9 4 5 9 0 8 10 18
5 12 7 19 5 3 8 6 0 6 0 3 20 23
6 17 0 17 7 0 7 5 4 9 0 6 15 21
7 12 10 22 4 2 6 7 0 7 0 4 10 14
8 25 0 25 5 4 9 5 0 5 0 7 11 18
9 10 5 15 5 6 11 7 0 7 0 7 16 23
10 12 7 19 5 2 7 5 3 8 0 6 9 15
Total 195 83 71 202
Av/dy 19.5 8.3 71 20.2
Av/hour 24 1.0 0.9 25

9This value represents compensation to man plus animal. This wage is easier to obtain in an interview than that of a man alone. A man's wage
for plowing with an animal is half the total value of the wage of a man plus animal, M1.20/hour in the example above. PHarvesters are paid a
share of the amount they harvest. Interviewees were asked how much the usuat share is for an adult worker for ] day. That share was then con-
verted into monetasy units,

Ly SEINAOUd ANV SINANTIVENL TNV 0 SHI10NHd ONLLYIWILLSY
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Agricultural wage rates vary by demand and supply. Wage rates are also affected
by the kind of work being done. For example, some work is more difficult than other
work. Laborers usually are less willing to perform difficult tasks. In a sense, more
labor is available for easy jobs than difficult jobs. As a result, wage rates usually are
higher for difficult tasks.

Agricultural wages also differ by urgency of labor needs. This occurs when timing
is critical to a crop operation. Although two or more jobs — land preparation,
transplanting, land weeding, harvesting — may require equivalent labor, farmers
have more flexibility in the timing and intensity of certain of these operations. They
may plow. soon after the last vear's crop, and make other plowings and harrowings
long before planting. Weeding can be distributed by doing several light weedings.
Even transplanting can be done over time without sacrificing yield. On the other
hand, farmers have little choice in harvesting time. Serious losses may occur if the
crop is not harvested when ripe. Farmers have little bargaining power with labor at
harvesting. Flexibility of operation timing and intensity, and crop yield, determine
how much a farmer will pay for labor.

Agricultural wage rates may vary for different tasks because of a more com-
plicated reason. Some jobs require more labor per unit area. Whenan operation that
requires high amounts of labor is nceded by many farmers at once, total labor
requirements in the area increase. Wage rates also rise.

Under these circumstances higher wage rates are associated with seasonal tasks
not because they are more urgent or difficult, but because labor demand is higher. It
is wrong to assume the same high wage rate would be paid for the job at another time
of year.

Seasonal wage rates are computed to reflect the amount of work performed at
specific wage rates observed in all labor transactions at a given time. If harvesting is
the principal activity in a given month, the seasonal wage fcr that month will
primarily reflect the harvesting wage. Even labor employed in weeding activity is
valued at that wage.

This task-wise generalization of the seasonal agricultiiral wage is justified because
wage rates for specific tasks tend to vary by season as they are dominated by the cost
of the prevalent task being performed. For example, if higher paying harvesting
work is casily available, weeding labor cannot be bought unless a similar wage is
paid.

Table 7 shows how to compute a seasonal wage rate by month and year. The
hypothetical data are assumed to have been collected from 10farmersduring 1 year.
Total man-hours of labor hired for all farm jobs are in the second column.
Columns 3 through 6 show compensation paid for labor in column 2. Raw wage per
man-hour is calculated by dividing column 6 by column 2. Because no data were
available for March, half the average for February and April is entered. Half the
average is entered because little labor is needed that month and only a low wage rate
would be paid.

Because crop schedules may vary from year to year the raw wage series is
smoothed by taking the 3-month moving average. ~or example, the January wage is
the average of raw wages from December, January, and February. Because wage
data are seldom accurate to the hundredths decimal place, wage rates are rounded to
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Table 7. Example of a monthly summary of wages paid for hired labor for land preparation
by 10 sample farmers,

Total Total value of compensation Wage 3-mo. Seasonal
hired per moving wage
labor Wages Food Crops Sum manhour? avwage (M/hour)

Month (man-hours) M) M m M) (M/hour)  (M/hou:}
2) 3) 4) (5) 6) ) &) 9

January 127 87 23 0 110 0.87 1.11 11
February 83 72 15 0 87 1.05 0.79 0.8
March® - - - - - (0.46) 0.76 0.8
April 29 22 0 0 22 0.76 0.78 0.8
May 75 62 21 0 83 1.11 1.07 1.1
June 152 168 34 0 202 1.33 149 . 1.5
July 273 371 183 0 554 2.03 1.94 1.9
August 201 330 162 0 492 2.45 2.36 2.4
September 82 87 70 55 212 2.59 2.23 2.2
October 96 74 57 27 158 1.65 2,02 2.0
November 53 72 24 0 96 1.81 1.62 1.6
December 41 46 12 0 58 141 1.36 14

9Computed by dividing column 6 by column 2. YIn March no labor was hired; however,wage
per man-hour was interpolated as one-half the average of February and April wages as shown in
parentheses.

the nearest tenth. Seasonal wage rate for each month is shown in column 9. It can be
used for all laboi employed in each month,

The calculation in Table 7 requires data on all labor transactions of 10 farmers for
| year. Sometimes this amount of data is not available and there may be neither time
nor resources to collect it. Seasonal agricultural wages may be approximated from
task wages, which may be obtained from one-time interviews with farmers. The steps
in this procedure are:

1. Construct schedule of principal operations (Table 8);

2. Construct schedule of imputed wage rates for principal operations (Table 8);

3. Foreach month of the year when a principal operation is taking place, enter the
imputed wage rate of the dominant operation taking place (Table 9);

4. Interpolate and enter wages for months when no operation is taking place by
computing one-half the average of the previous month and next succeeding
month when wages are entered (Table 9);

5. Compute 3-month moving average imputed wage rate for each month of the
year (Table 9).

When to use the seasonal agricultural wage

Labor requirement timing for a new agricultural technology may differ from present
operation requirements, It isadvantageous for the farmer if new technology employs
labor when family labor resources are not normally fully used. Such technology fits
into the farm family’s work schedule more easily, and minimizes the need to hire
extra labor. If labor must be hired, it may be cheaper when village labor demand is
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Table 8. Schedule of principal operations and imputed wages.

Value of a day's compensation (M) Hourly

- . Month when
Principal operations? f d wage
M per ("2’)'“" Cash  Food Produce Total (M)
3) 4) &) 6) )
Rice
Plowing and harrowing May-Jun 10 3 13 1.63
Transplanting Jul-Aug 6 5 11 1.38
Weeding Sep 4 3 7 0.88
Harvesting Nov—Dec 18 18 2,25
Upland crops
Weeding Jan 6 3 9 1.13
Harvesting Feb 7.1 0.88

9Q0perations not listed are not commonly used, or do not require much labor, ”lmputed
wage accounts for in-kind and cash compensation,

Table 9. Imputed monthly wage rates, interpolated wages, and 3-month moving average wage
rates.

Month Task wages 3-month moving average Seasonal? wage
(M/hour) (M/hour) (M/hour)
Jan 1.13 142 1.4
Feb 0.88 0.94 0.9
Mar (0.82)2 0.84 0.8
Apr (0.82)? 1.09 1.1
May 1.63 1.36 1.4
Jun 1.63 1.55 1.6
Jul 1.38 1.46 1.5
Aug 1.38 1.21 1.2
Sep 0.88 1.01 1.0
Oct (0.78)2 1.30 1.3
Nov 2.25 1.76 1.8
Dec 2.25 1.88 1.9

aFor months when there is rio significant labor-hiring activity, a wage is interpolated as one-half
the average of the wages of the nearest months before and after task wages are observed.
b3.month moving average wage rounded to the nearest tenths,

low. A new technology that competes for labor with present activities is dis-
advantageous to the farmer because it does not alleviate — it may even aggravate
—stresses in the family work schedule, because it requires hiring labor at peak wage
rates.

Advantages or disadvantages of technologies in terms of labor requirement
timing may be determined by using seasonal wage rates in the budgeting analysis.
When evaluating a new technology t:sing partial budgeting methods, take care to
note the periods when labor is needed. Value the labor at appropriate seasonal
wages. Advantageous labor requirement timing will increase profitability of a
technology.
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1. Hourly wages by operation and month, lloilo, 1976-77.

Seasonal task wage

The seasonal task wage combines features of the seasonal agricultural wage and the
task wage. It reflects labor conditions faced by farmers most accurately, It responds
to seasonal differences in overall labor requirements and availability and reflects
task differences that detcrmine wage rates. Seasonal task \wage is a seasonally
variable wage specific to major agricultural tasks,

This wage measure is more difficalt to cstimate than those discussed earlier.
Although farmers are aware of, and may articulate, seasonal diffzrences in wages by
task, precise distinctions are difficult to determine through oral inquiry. It is better to
gather and analyze information from a large number of labor transactions through-
outa yearasin Table 7. A table like Table 7 should be constructed for ajob or task,
Only labor hours and associated compensation for a given task should be sum-
marized in each table. The wage calculated in column 9 is the seasonal task wage.
Figure 1 shows seasonal task wages computed for a specific site. A composite of the
wages shown in Figure 1 is equivalent to the seasonal agricultural wage. Because
there is pronounced seasonality in tasksand labor requirement times it is difficult to
obtain sufficient off-season observations for all jobs. A reliable wage estimate is
difficult to calculate. If observations for a given task in a given season are few, the
seasonal agricultural wage (a composite of all seasonal task wages) probably values
labor more accurately for the farmer.
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In summary, wage rates used for economic analysis may be:

e constant for all operations for all months (standard agricultural wage),

e different by operation but constant for each operation over all months (task

wage),

® variable by month but equal for all operations ina month (seasonal agricultural

wage), or

e variable according to operation and month (seasonal task wage).

The seasonal task wage rate is the most rigorous and is most likely to reflect the
conditions farmers use to choose technology. However, because this rate is so dif-
ficult to estimate, the seasonal agricultural wage is recommended for use. It is
accurate and easy to estimate.

The methods for estimating and using wage rates suggested above all derive from
information on present labor practices. To the limits stated, they are useful and
reliable in analyzing prospective marginal cropping systems changes. If major
changes do take place in cropping systems, seasonal labor requirements and the
nature of tasks are likely to change. As changes occur, task and seasonal wages, and
even the general agricultural wage, will probably shift. A new analysis of labor con-
ditions will be needed to accurately assess the profitability of new technology.

PRICES OF PRODUCTS

Prices of farm output usually vary through the year in a regular pattern according to
seasonal supply and demand for products. Rice prices increase during the months
just before harvest, then decline soon after harvest begins. The prices of major
agricultural products, particularly storable products, fluctuate less than minor
products and products that are perishable,

The attractiveness of an enterprise to a farmer can easily be affected by seasonal
price fluctuations. For example, anex perimental practice that resultsin an early har-
vest when prices are high might be a key aspect of its profitability, and hence accept-
ability, to farmers.

Because of seasonal product price fluctuations and their possible influence on
adoption of an experimental technology, any regular variability in prices should be
incorporated intoan economic analysis. This is done most simply by visiting product
markets frequently (once a month) to obtain prices from product buyers, Asin the
case of material inputs, contact should be made with buyers nearest to farmers who
are prospective adopters of new technology, and the cost of transportation to the
market should be added.

Table 10 gives an example of a monthly tabulation of product prices. Trans-
portation costs may beadded in a similar manner as shown for input costs in Table 4.

SENSITIVITY ANALYSIS

Methods of deriving prices for agricultural inputs and outputs for economic analysis
of experiments were presented in the preceding sections. Certain prices are derived
with some difficulty and perhaps reflect erroneously the situation faced by farmers.
It is useful to know how seriously an error may affect the outcome of an analysis.
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Table 10, Example table of seasonal prices of agricultural outputs in local markets,

Prices of agricultural products (¥

Month
Chicken (kg) Eggs (doz) Rice (kg) Maize (kg)

Jan 20 9 1.40 1.40
Feb 19 9 1.25 1.50
Mar 18 9 1.10 1.50
Apr 17 10 1.10 1.50
May 17 10 1.20 1.40
Jun 19 9 1.35 1.35
Jul 19 9 1.50 1.35
Aug 19 9 1.60 1.10
Sep 19 8 1.60 1.20
Oct 21 8 1.55 1.25
Nov 22 8 1.50 1.30
Dec 23 9 1.45 1.35

Researchers may examine the sensitivity of conclusions by computing different
results for prices above and below the levels original v assumed. A reasonable range
of price variation should be chosen. For example, the seasonal extremes of labor
wages and product prices are a reasonable range fur those items. Varying prices
within a standard percentage range, plus or minus 20% for example, has also been
suggested (Perrin et al 1976).
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CHAPTER 5

ANALYSIS OF INVESTMENTS
AND RETURNS OVER TIME

J. A. WICKS

Chapter 3introduced ihe concept of partial budgeting. This is relatively simple when
applied to annual crops because all costs and returns are incurred during | year and
limited data need to be considered. As soon as partial budgeting is extended to
perennial crops or capital investments, budgeting becomes more complex. These
frequently require inputs and provide output for many years. Therefore, the volume
of data to be analyzed is large.

Long-term capital investments can range from the purchase of machinery to
construction of large-scale irrigation systems. To illustrate the main principles
involved in investment appraisal, two examples are used.

Before examining specific analytical methods which might be used, we need to
clarify the relevance o1 inflation and the discount rate for money. Inflation has
reached high levels in most countries and it is almost impossible to predict | year in
the future, much less 5 or 6 years in advance. Therefore, specification of future costs
and returns in actual money is almost impossible, so the only way values can be
obtained is by using current prices. These should include any anticipated changes in
real prices, such as a change in the price of rice relative to other items,

The value of cash is dependent on the time of receipt. A unit of money (M )today
is usually worth more than M at year end. Money available today can ecarna rate of
return — interest — and will yield more money at year end.

When capital markets operate efficiently and borrowing/lending programs are
well devetoped, a specificinterest rate paid for money lent or borrowed can be iden-
tified. Knowing thisinterest rate cnables us to compute the present amount of money
that will yield a specified amount at a future date.

Therefore,a common base for comparing money earned orspent at different time
periods can be developed. To do so, all future cash flows are discounted to present
values. The concept of present value is central to this analysis.

Ifris the interest rate, the present vatue (Pr) of M 100 carned (or spent) at the end
of a year’s time is:

M1

l
(x) B
(1+r1)

Previous Page Blank

L5
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If M 100 is earned (or spent) at the end of 2 years time, its present value is

1
M l(x) 1 —
(1+1)?
The present value of a sum of money S earned (or spent) in t years’ time is

|
()

S .

One of the most important limitations of this type of analysis is that capital
markets ~re not perfectly competitive. Borrowing rates do not generally ¢qual
lending rates and many different interest rates can be observed in an economy.
Therefore, it is impossible to identify a unique discount rate. However, an appropri-
ate rate must be chosen.

Usually the interest charged on loans for investments in long-term crops or
machinery purchased is used. (These commonly range from 10 to 20% per annum.)
If an investment is considered risky, a higher figure may be selected (perhans 30%).
The latter rate also applies when borrowing from institutional sources is difiicult and
interest rates in informal credit mark.ts are high.

Sometimes, for personal decisions, the appropriate discount rate can be obtained
by finding the decision maker's subjective rate of time preference (SRTP). Ignoring
the effects of inflation, most people would p: fer to receive M 1 today, compared
with M 1 a year in the future. By increasing the o mount to be received in I year, a
point of indifference will be reached. The rate at which the future amount must be
discounted to equal M 1 received today is known as the subjective rate of time
preference,

It is usually best to analyze a situation with more than one interest rate to ensure
that major conclusions are sufficiently robust.

To simplify such calculation, tables have been developed showing the present
value of M 1 for ary number of years in the future. Some pocket calculators also
enable direct computation of pre;eat value. To assist you in your calculations, the
values fc. - four of the most frequently used discount rates (5, 10, 15, and 20%) are
produced as Table 1, Discounted Cash Flows (irregular flows).

SOME ALTERNATIVE APPROACHES
TO THE ANALYSIS OF INVESTMENT OVER TIME

There are many ways of analyzing investments that have an extended payback
period. In this section wz review several of these methods and illustrate their
potential drawbacks. A simple example, where a decision maker must select one of
four possible projects, is shown in Table 2. These projects are analyzed and ranked
by various methods in Table 3.

Ranking by inspection
It is sometimes possible to rank projects by inspecting the returns from an equal
investment level. This is possible under two conditions. First, if two alternative
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Table 1. Discounted cash flows (irregular flows), 40 years.

Year 5% 10% 15% 20%

1 0.952381 0.909091 0.869565 0.833333

2 0.907029 0.82644¢6 0.756144 0.694444

3 0.863838 0.751315 0.657516 0.578704

4 0.822702 0.683013 0.571753 0.482253

5 0.783526 0.620921 0497177 0.401878

6 0.746215 0.564474 0.432328 0.334898

7 0.710681 0.513158 0.375937 0.279082

8 0.676839 0.466507 0.326902 0.232568

9 0.644609 0.424098 0.284262 0.193807
10 0.613913 0.385543 0.247185 0.161506
11 0.584679 0.350494 0.214943 0.134588
12 0.556837 0.318631 0.186907 0.112157
13 0.530321 0.289664 0.162528 0.093464
14 0.505068 0.263331 0.141329 0.077887
15 0.481017 0.239392 0.122894 0.064905
16 0.458112 0.217629 0.106865 0.054088
17 0.436297 0.19784s 0.092926 0.045073
18 0.415521 0.179859 0.030805 0.037561
19 0.395734 0.163508 0.070265 0.031301
20 0.376890 0.148644 0.061100 0.026084
21 0.358942 0.135131 0.053131 0.021731
22 0.341850 0.122846 0.046201 0.018114
23 0.325571 0.111678 0.040174 0.015095
24 0.310068 0.101526 0.034934 0.012579
25 0.295303 0.092296 0.030378 0.010483
26 0.281241 0.083905 0.026415 0.00873s
27 0.267848 0.076278 0.022970 0.007280
28 0.255094 0.069343 0.019974 0.006066
29 0.242946 0.063039 0.017369 0.005055
30 0.2313717 0.057309 0.015103 0.004213
3l 0.220360 0.032099 0.013133 0.003511
32 0.209866 0.047362 0.011420 0.002925
33 0.199873 0.043057 0.00993i 0.002438
34 0.190355 0.039143 0.008635 0.002032
35 0.181290 0.035584 0.007509 0.001693
36 0.172657 0.032349 0.006529 0.001411
37 0.164436 0.029408 0.005678 0.001176
38 0.156605 0.026735 0.004937 0.000980
39 0.149148 0.024304 0.004293 0.000816
40 0.142046 0.022095 0.003733 0.000680

Table 2. Description of four hypothetical investments,

Investment Initial cost Net cash proceeds per year (M)
M) Year 1 Year 2
A 1000 1000
B 1000 1000 100
C 1000 376 776
D 1000 576 576
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Table 3. Some alternative analyses o the four hypothetical investments.

Analysis Investment
A B C D
Inspection
ranking B preferred to A, D preferred to C
No further comparisons possible
Payback period (yrs) 1 1 1.8 1.7
ranking 1 1 4 3
Net present value 10% discount (M) -90.9 -74  -16.9 -0.3
ranking 4 2 3 1
Rate of return on total capital — 10% 100 57.2 56.6 57.6
discount rate (M)
ranking 1 3 4 2
Internal rate of return (%) 0 9 9 10
ranking 4 2 2 1

investments have equal cash flows through to the final year of the first, but the
second investment continues to show returns for more years, the latter is more
desirable. Second, consider the case of two investments with the same initial outlay
and the same earning life. If at the end of every year net earnings from the first
investment are at least as high as net earnings from the second investment, but are
higher in at least | year, then the first investment is preferred to the second. In Table 2
we candetermine, as shown in Table 3, that Bis preferred to A and D preferred to C.
No furt!l :r ordering of preferences iz possible.

Payback pericd

One of the simplest, and most frequently used, methods of investment appraisal is to
determine the payback period, that is, the number of years over which the original
investment is repaid. In Table 3 investinents A and B have a 1-year payback period,
D 1.8 years, and C 1.7 years. All four can be ranked, which could not be done by
inspection. Note, however, that the rankings of C and D are switched and that A and
B are equally preferred. Ranking by payback period takes no account of income
derived after the initial investment has been repaid. Forinvestments A and B thisisa
serious deficiency because only one provides a payback over the investment. Also,
no account is taken of time preference.

Net present value

Net present value (NPV) is a technique for discounting a stream of future incomes
and expenses to a fixed point in time, usually to present time. The rate discount is
assessed as the appropriate rate of time preference for money. For a simple illustra-
tion, consider proposals A and B in Table 2. Initial costs are assumed to be incurred
in year 0, so present value of the investment is M 1,000. Assuminga discount rate of
109, refer to Table 1 and look down the column marked 109 to the row for year 1.
This tells you that Ml 1in year I discounted by 10% will be equivalent to M 0.909091
in year 0. Hence M 1,000 received in year | will have a present value of M 1,000 X
0.909091 or M 909.09. NPV, the curreat value of costs, in investment A is M 909.09
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— 1000 = —W 90.91, rounded to —M 90.9 in Table 3. In investment B, there is an
additional return of M 100 in year 2. This time look down the 10% discount column
until you find the row marked year 2. This shows present value of M linyear2tobe
M 0.826446. The present value of M 100 is l%l 82.64.
Therefore, NPV of investment B = —M 1000 +909.91 + 82.64 = —M 7.45,
rounded to —M 7.4. Now, try estimating net present values forinvestments Cand D.
Section 4 of Table 3 shows investment D to be best, followed by B, C, and A.

Rate of retumn on total capital
Rate of return on total capital (RR) is measured as an annual percentage rate of
return, using the following formula:

RR = (A/PV) X 100

A is the annuity of the stream of cash benefits expected from the investment. PV is
the present value of all capital expenditures required to obtain the benefits, An
annuity is a flow of equal returns over a number of years, If the expected flow is
unequal, the present value of returns must be estimated, then converted to an
annuity.

For investment B in Table 2, returns to the investment are M 1,000 in year | and
M 100 in year 2 which, given a 10% discount rate, has a present value of M 992.55.
To determine the value of a 2-year annuity, which at a discount rate of 109 will have
anet present value of M 992.55, use Table 4. Look down the column marked 109 to
the row for year 2. The value shown at that point, 1.7355, is the present value of a
M | 2-year annuity discounted 10%. The value of a 2-year annuity that satisfies the
requirements is M (992.55/ 1.7355), or M 57191, using the formula:

RR = (571.91/1000) X 100 = 57.2%.

Repeat the calculations for investments C and D to ensure that you understand
the use of the tables. Note that this method ranks the projects differently.

Computing RR requires one more step than calculating NPV. RR has the same
conceptual problems as NPV — the need te differentiate between fixed costs and
variable costs so cost and return components can be correctly assessed. For many
situations this is not easy.

Internal rate of return

The internal rate of return (IRR) (sometimes called discounted yield or discounted
cash flow rate of interest) is the discount rate at which the NPV of aninvestment is 0.
Computations used to estimate internal rate of return are the same as for the NPV,
but they must be repeated until a discount rate that produces a NPV of zero is
located. A programmable calculator or computer helps to calculate IRR fairly
rapidly. Computation with a nonprogrammable machine is much more complex
and requires detailed discounted cash flow tables. The main advantage of IRR is it
does not require determination of an appropriate discount rate, Despite this advan-
tage, and although the results of the calculation are shown in Table 3, we suggest it
should not be used.
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Table 4. Discounted cash flows (regular flows), 40 years.

Year 5% 10% 15% 20%

1 0.9524 0.9091 0.8696 0.8333

2 1.8594 1.7355 1.6257 1.5278

3 2.7232 2.4869 2,2832 2.1065

4 3.5460 3.1699 2.8550 2.5887

5 4.3295 3.7908 3.3522 2.9906

6 5.0757 4.3553 3.7845 3.3255

7 5.7864 4.8684 4.1604 3.6046

8 6.4632 5.3349 4.4873 3.8372

9 7.1078 5.7590 4.7716 40310
10 7.7217 6.1446 5.0188 4.1925
1} 8.3064 6.4951 5.2337 4.3271
12 8.8633 6.8137 5.4206 44392
13 9.3936 7.1034 5.5831 4,5327
14 9.8986 7.3667 5.7245 4.6106
15 10.3797 7.6061 5.8474 4.6755
16 10.8378 7.8237 5.9542 4.7296
17 11.2741 8.0216 6.0472 4.7746
18 11.6896 8.2014 6.1280 48122
19 12.0853 8.3649 6.1982 4.8435
20 12.4622 8.5136 6.2593 4.8696
21 12.8212 8.6487 6.3125 4.8913
22 13.1630 8.7715 6.3587 49094
23 13.4886 8.8832 6.3988 4.9245
24 13.7986 8.9847 6.4338 4.9371
25 14.0939 9.0770 6.4641 49476
26 14.3752 9.1609 6.4906 4.9563
27 14.6430 9.2372 6.5135 49636
28 14.8981 9.3066 6.5335 4.9697
29 15.1411 9.3696 6.5509 4.9747
30 15.3725 9.4269 6.5660 4.9789
k)| 15.5928 9.4790 6.5791 49824
32 15.8027 9.5264 6.5905 4.9854
33 16.0025 9.5694 6.6005 4.9878
34 16.1929 9.6086 6.6091 4.9898
35 16.3742 9.6442 6.6166 49915
36 16.5469 9.6765 6.6231 4.9929
37 16.7113 9.7059 6.6288 49941
38 16.8679 9.7327 6.6338 4.9951
39 17.0170 9.7570 6.6380 4.9959
40 17.1591 9.7791 6.6418 4.9966

We, and many other people, favor using NPV to evaluate alternative investments.
However, NPV is not required when inspection is adequate to evaluate the
alternatives,

AN ILLUSTRATIVE PROBLEM OF INVESTING IN A TWO-WHEEL TRACTOR

The easiest way to explain many problems of investment appraisal is to work
through a substantial example. The following example illustrates many problems
involved in evaluating machinery investments.
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A farmer, who grows 5 ha of rice in wet season and 5 ha in dry season, must
replace his carabaos. He is willing to consider two alternative sources of power. He
can purchase a 10-hp, 2-wheel tractor, including implements, for l‘ﬁ 11,700; or hirea
custom operator for M 250/ ha. If he buys the tractor he can do up to 15 ha of custom
work in wet seesonand 15 hza in dry season to offset costs. Expected life of the tractor
is 8 years and expected salvage value (value at which it can be sold) is 10% of the
initial cost. He has funds to purchase the tractor outright. Should the farmer
purchase or hire? (Refer to Table 5.)

We do not have sufficient information to answer the question, First we need to
determine some engineering standards. Then we will discuss the investment with the
farmer to assess how much these values should be modified, and what other
variables should be included.

Costs

Checking machine specifications shows repair/ maintenance costs should be 45-65%
of initial costs over the life of the investment. The higher value is 8%/annum.
Because the farmer is inexperienced with machines we suggest a higher repuir cost
for years | and 2, 109 and 9% respectively, and higher costs in years 6and 7 because
the machine is aging. We suggest that only essential repairs be made the final year;
therefore, apply one half the normal rate. We agree to review these assumptions
later. Information also shows that an insurance cost of 2% of the purchase price must
be paid at the beginning of each year,

The tractor will need 10 hours to cultivate | ha. It will use M 122.67 of fuel, at
M 4.60/ liter,and M 2.20 of oil at M 9.50/ liter. D 1ring the first two seasons cultiva-
tion will take longer because the farmer is inexperienced. Allow 12 h/ha and fuel
costs at M 147.70/ ha.

Using these data the costs of operating the tractor, over its 8-year life, are
calculated in Table S, Section A, Note that half of ‘he annual variable costs and the
whole annual insurance are included in year 0. These costs are incurred at the
beginning of the year and should not be discour.ced. The costs at year 8 also are only
for half a year.

Retumns

Now, estimate expected returns from the investment. These are salvage value at the
end of the machine’s useful life and the increased production from more timely land
preparation. The farmer believes he is suffering yield loss because he cannot make
maximum use of available water. By the second year of his investment he believes he
will have enough experience to produce an additional disposable 100 kg/ha per
crop, followed by 200 kg/ha the next year and peaking at 400 kg/ha in year 4. If he
does contract work these benefits will be lost at a rate of 50% for 5 ha of contract
work per season and 100% for 10 ha. Additional production is priced at l‘ﬁ 1/kg(the
price received from a private dealer most recently).

If the alternative option were more complex a separate table of costs and returns
would be developed. However, for the current problem the alternative is so simple
that it can be treated as partial budgeting. Costs avoided by not having to custom
hire will be used as the return to tractor purchase. Values of additional yield, salvage



Table 5. Analysis of tractor investment over 8 years,

Item 0 1 2 3 4 5 6 7 8
Costs
Purchase of machine 11,700
(10-hp tiller)
Fixed costs
Repair/maintenance 1170 1053 936 936 936 1170 1170 468
Insurance (2%) 234 234 234 234 234 234 234 234
Variable costs

Gasoline (M4.60/1) 736 1472 1343 1213 1213 1213 1213 1213 606
Lubrication oil (M9.50/1) 11 22 22 22 22 22 22 22 11
A Total Costs 12,681 2898 2652 2405 2405 2405 2639 2639 1085
Reiurns with no custom work
Increase production 1004 2000 4000 4000 4000 4000 4000

at M1/kg
Salvage value of year 8 (10%) 1170
Cost avoided

Hire cost of custom 1250 2500 2500 2500 2500 2500 2500 2500 1250

operator (M250/ha)

B Total Returns 1250 2500 3500 4500 6500 6500 6500 6500 6420 NPV
C Net Returns (B-A) -11431 =398 848 2095 4095 4095 3861 3861 5335 12361

discounted at 10%/year -11431 -361.8 700.8 1574.0 2796.9 2542.7 21794 1981.3 2488.8 2471.1

15%/year 11431 =346.1 641.2 137715 2341.3 2035.9 1669.2 1451.5 17440 516.6
20%/year -11431 -331.6 588.9 12124 19748 1645.7 1293.0 1077.5 1240.8 -2729.5
Returns with 10 hs[year
contract work

Increase production 500 1000 2000 2000 2000 2000 2000

at M1/kg
Salvage value at year 8 (10%) 1170
Net income from 294 718 848 848 848 848 848 848 424

contract work
Cost avoided

Hire cost of custom 1250 2500 2500 2500 2500 2500 2500 2500 1250

operator (M250/ha)

Continued on opposite page
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Table continued

Item

0 1 2 3 4 5 6 7 8
Savings from experie-~e 129 130
gained
D Total Returns 1544 3347 3978 4348 5348 5248 5348 5348 4844 INPV
E Net Returns (D-A) -11137 449 1326 1943 2943 2943 2709 2709 3759 7220.0
discounted at 10%/year -11137 4082 1095.9 1459.8 2010.1 1827.4 1529.2 1390.1 17536 3373
15%/year -11137 390.4 1002.6 12776 1682.7 1463.2 1171.2 10184 1228.8 1902.0
20%/year -11137 374.2 920.1 11244 1419.3 1182.7 907.2 756.0 874.2 -3578.2
Return with 20 ha/year '
contract work
Increased production 0 0 0 0 0 0 0
Salvage value at yr 8 (10%) 1170
Net income from 588 1436 1696 1696 1696 1696 1696 1696 848
contract work
Cost avoided
Hire cost of custom 1250 2500 2500 2500 2500 2500 2500 2500 1250
operator (M250/ha)
Savings from experience 129 130
gained
F Total Retums 1838 4065 4326 4196 4196 4196 4196 4196 3262 NPV
G Net Returns (F-A) -10843 1167 1674 1791 1791 1791 1557 1557 2183 2668
discounted at 10%/year -10843 1060.9 13834 13456 1223.3 1112.1 878.9 799.0 1018.4 -2021.4
15%/year -10843 1014.8 17758 11776 1024.0 890.4 673.1 585.3 713.6 -3698.4
20%/year -10843 972.5 lio. 1036.5 863.7 719.7 5214 4345 507.7 -4624.5
H Net income from
additional 10 ha/year
(i.e. 30 ha/year) 294 718 848 848 848 848 848 848 424 NPV
1 Net Returns (G+H) -10549 1885 2522 2639 2639 2639 2405 2405 2607 9192
discounted at 10%/year —10549 1713.7 2084.3 1982.7 1802.5 1638.6 1357.6 1234.1 1216.2 2480.7
15%/year  -10549 1639.2 1907.0 1735.2 1508.9 1312.1  1039.7 904.1 852.2 349.2
20%/year ~10549 1570.8 17514 15272 1272.7 1060.6 805.4 671.2 606.3 -1283.4
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value, and costs avoided are listed in section B in Table S and summed to give total
returns. The hiring cost avoided for cultivation in the first season of year 1 is credited
to year 0 because it must be paid immediately. Additional income from rice grown
the first season of year 2is credited to year 2 because harvest cannot be sold until the
crop has been grown.

We can now compute net returns (B-A) for each year as shown in section C,
betermine NPV of this investment. NPV are in the final column, marked XNPV.
They are computed as follows. Relevant discount rates are selected (based on earlier
discussion we have chosen 10, 15, and 20%). The NPV of income received in year O is
that income, and can be written in each row. Locate net returns for year I, namely
- M 398, and discount by relevant factors. For a 10% discount rate look down the
column marked 10%, in Table 1, to the row marked year 1. This shows the present
value of M ltobe M 0.909091. Multiplying — M 398 by 0.909 I generates a present
value of—M 361.8. Repeat the procedure using the columns marked 15 and 20%.
Find the present valuc of M 1 received in year 2 ata 109 discount rate. The value is
M 0.826446 and multiplying by 848 yields a present value of M 700.8. Repeat the
process for all years and all discount rates. Add the product value across the rows to
get the various tutal NPVs, The undiscounted values hu~. been added in this
calculation to yield NPV at 09 discount.

Atadiscount rate of 109/ ye: i, buying the tractor is preferable to hiring a custom
operator. Ata 15% discount ra' the farmer should hire a custom operator and use
his money for other purposes.

~ Now examine the possibility of the farmer undertaking 10 ha/year (5 ha in wet
season and 5 hain dry season) of custom work. Details of the estimated returnsare in
section D of Table S. Increase in returns from additional production is reduced to
50%, according to earlier estimates. Tractor salvage value and savings from not
having to hire a custom operator, as previously estimated, are included.

We also rccognize two additional returns: income from custom work and savings
in cultivation costs shown in section A because the farmer gets additional operating
experience in year [. These are estimated to be M 129 inyear land M 130in year 2.

The farmer estimates he will employ a casual worker at M 30.00/ ha which they
jointly cultivate. Expected net returns for the first year of operation are:

Returns from 10 ha cultivation (M 250/ ha) M 2500

Cost of fuel (M 4.60/ liter) M 1472

Cost of lubrication (M 9.50; liter) 22

Cost of additional repairs 17

Cost of casual workers (M 30.00/ha) 300 1911
Net returns M 589 1911 M 589

Additional income is distributed evenly between years 0 and | to allow for 50%
being received at the beginning of year | and 50% being received in the middle. The
calculations are repeated for cach year.

Total the returns for the option with 10 ha/year. In section E net returns are
computed as D-A. By comparing net returns in E with net returns in C we see that
the custom operation option has increased returns in carlier years at the cost of
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returns fro.n increased production in later years. Now, determine NPV of incomes at
10, 15, and 209 discount as described for section C. Check to see if you obtained the
correct answer.

Continue the analysis to compute corresponding NP Vs for custom hire at 20 and
30ha/year. The NPVs of these options are summarized in Table 6. Itis clear that the
farmer must do custom work on 30 ha/ year before returns will equal those obtained
by improving his own production,

INVESTING IN A COCONUT PLANTATION

This example illustrates a much longer-term investment. For simplicity assume there
are no alternative land uses. Before describing the problem it is worth repeating that
farmers often have a lower subjective rate of time preference for investments
involving perennial crops.

A farmer requires more information about the economics of long-term investment
in coconuts. The field he wants to develop is 2.17 ha. When planted it will contain
300 coconut trees. Operations and costs involved in production are:

1. Field preparation for coconut seedlings requires one mound for each seedling
at Pﬁ 2/mound.
2. Digginyg shallow canals between coconut rows costs M 1,800/ ha.
3. When coconuts are 3 years old building up the mounds and deepening the
canals will cost M 1,200/ ha.
4. Maintaining canals every second year costs M 1,200/ ha.
5. Seed nuts will be planted by the farm family but will cost M 0.50 each to
purchase.
6. Harvesting by hired labor will cost M 0.08/nut. .
Coconuts are expected to begin bearing in year 8. We will assume a yield of:
10 nuts/tree in year 8
20 nuts/tree in year 9
40 nuts/tree in year 10
60 nuts/tree in year |1
74 nuts/tree in year 12,

Table 6. Sunmary of results of tractor investment analysis.

Investment Plan Net present value at discount rate of
proposal no. 0% 10% 15% 20%

C Own farm, no custom 1 12,361.0 2,471.1 -516.5 -2,729.5
work

E Own farm plus 10 ha 2 7,220.0 337.3 -1,902.0 -3,578.2
custom work per year

G Own farm plus 20 ha 3 2,668.0 -2,0214 -3,698.4 -4,624.5
custom work per year

I Own farm plus 30 ha 4 9,192.0 2,480.7 349.2 1,283.4

custom work per year
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Yields after year 12 will be 74 nuts/tree per year. Nuts are expected to sell for
M 0.45/nut.

During the first 3 years of the coconut crop the farmer will intercrop 0.57 ha of rice
per ha of coconut. Family labor will be used. Net returns will be M 1,070, 1,400, and
1,070/ ha respectively. After the third year the coconut trees will be too large for rice
to be grown.

Costs and returns for the first 14 yearsare shown in Table 7. The M 8,214 annual
returnand M 2,604 biennial cost will continue for the lifetime of the investment. This
flow pattern begins in year 12 and continues until year 51. Net returns for each year
could be calculated, discounted to year 0, and summed to get NPV. However, this
approach is tedious. We know that it is simpler to discount a set of equal cash flows
than a set of unequal flows. Therefore, let us try to adjust figures from year 12
forward. The following possibilities exist.

1. Treat costs as one set of cash flows, to be discounted biennially at twice the
annual discount rate, and returns as a second set of cash flows to be discounted
annually. This would involve a slight approximation error and would require
two sets of discounting, although the annuities would be simpler.

2. Because the investment runs to an odd year numbper, and maintenance cost is
incurred in even years, cost could be spread equally over the year in which it
occurs and the next year. The M 2,604 cost in year 12 would be M 1,302 in year
12 and M 1,302 in year 3. If costs are likely to be incurred in pattern the
approach is acceptable, otherwise errors will be introduced.

3. The most accurate approach is to determine the amount of equal costs in years
12 and 13 that will, when discounted, equal the actual cost in year 12, The same
relationship will hold for costs in year 14, year 16, etc. Therefore, a constant
flow of costs, total returns, and net returns can be produced. Present value of
these may be determined as an annuity.

To follow the methodology reter to Table 8, which lists the revised set of costs and
returns. Costs to year 11 are in the first row. The second to fourth rows show
annuitized values, at three discount rates, of biennial costs for years 12-51. These are
computed as follows: A M 1/year annuity for years 0 and 1 has a present value of
(1 X 1+ 1X0.952381)if discounted at 5%. The M 2,604 return has an annual value
of M 2,604/1.952381 or M 1,333.75. This is the annual annuitized cost for years
12-51. Similar calculations are required for 10 and 15% discount rates.

The fifth row shows total returns for all years. Row 6 shows net returns for the first
11 years. Annuitized net returns for three discount rates are shown in successive
rows. By this stage there is a single annuity for each discount rate, net present value
of which must now be estimated.

The casiest approach is to estimate the 40-year annuity in year 11, which is
equivalent to estimating present value of an annuity received in years 1-40. Turn to
Table4and look down 5%column to year 40. Present value of M i/year for 40 years
is M 17.1591. Present value of M 6,880.25/ year for 40 years is i 6,880.25X 17.1591
or M 118,058.90. This value is in parentheses under year 11. Now, discount the flow
of net returns to obtain net present values. For year 11 add net return for year 11 to
I l-year annuity value and discount the tota! to year 0. Annual valuesare summed to
obtain NPV of the total investment. This analysis shows coconuts are a profitable
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Table 7. Costs and retums for coconut investment problem, 14 years.

Costs/Retums

0

2 3 4 5

10 11

12

13 14

Costs

Prepare field for
seedlings
(300 mounds at
M2/mound) 600

Seed nuts
(at M0.50/nuts) 150
Initial digging
of shallow
canals (M 800/ha)
Deepen canals and
build up mounds
after coconuts
are 3 years oid
and every 2 years
(M 1200/ha)

Total costs 750

Returns

Rice (2.17 ha,,
57% cropped)

Coconuts (M 0.45/nut
less M0.08 for
harvesting)

Total returns

3906

3906

1323

1323

2604
2604

1732 1323

1732 1323

2604
2604

2604
2604

1110
1110

2220
2220

2604
2604

4440 6660
4440 6660

2604
2604

8214
8214

2604
2604

8214 8214
8214 8214
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Table 8. Restructured flow of annual costs and returns.

Item 2 3 4 5 6 7 8 9 10 11 12 — 51
Costs to year i1 0 0 2604 0 2604 0 2604 0 2604 0
Annuitized costs
from year 12 to
year 51 at 5% 1334 — 1334
10% 1364 — 1364
15% 1393 — 1393
Total returns 1732 1323 00 00 1110 2220 4440 6660 8214 — 8214
Net returns to
year 11 1732 1323 -2604 0 -~-2604 0 -1494 2220 1836 6660
Annuitized net
returns from
year 12 to
year 51 and
value at year
119 at 5% (118059) 6880 — 6880
10% ( 64931) 6850 — 6850
15% ( 45307 6821 — 6821
INPV
NPV at 5% discount -750 1571 1143 -2142 0 -1943 0 -1011 1431 1127 72921 69886
10% discount -750 1431 994 -1779 0 -1470 0 - 697 942 708 2509 22123
and 15% discount -750 1310 870 -1489 0 -1126 0 - 488 631 454 11169 8335

rates

%The values at year 11 for each of the annuities are shown in parentheses.
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long-term investment, although returns are not realized for several years.

Let us include one refinement. The investment has been appraised only to year 51.
A coconut plantation will be productive well beyond year 51, although the exact
number of years may not be known. We can account for this by summing returns to
an infinite () number of years. This will provide an upper limit to the present value
of the investment.

First, an example of M 10 invested at 10% interest. Annual earnings will be M 1
foraslongas the M 10is intact. Therefore, current value of an annuity to infinity at

109 discount rate is:
M 1/0.10=M 10

Similarly, the year 11 value of the M 6,850 annuity, if summed to infinity, is:
M 6,850/0.10 = M 68,500

which is M 3,568.85 more than the value shown in Table 8. These values can be
discounted to yield NPV. Howevel, when investments do not produce income
immediately farmers may experience cash flow, or liquidity, problems. They may
have insufficient income to meet essential expenses and be forced to borrow, often at
excessively high interest rates. For projects that show negative net returns for more
than 2 or 3 years, it is wise to also produce a cash flow. If the farmer needs to borrow
money he may be more sympathetically treated if he can provide such information
well in advance.

Cash flow for the coconut plantation is shown in Table 9. To construct the table,
costs and returns from the coconuts were added to additional income values from a
second field just opened to rice production, and to a household expenditure amount.
Because inflation is likely to be high we inflated all costs and returns. Annual

Table 9. Cash flow for coconut plantation.

rt‘_ll’t:’tni‘n::)‘:rele Houschold ‘Totafl R:tums Cumulative
Year n other expenditures costs for rom cash ﬂqw
activities B coconuts coconuts (each savings)
A C D
0 2,480 1,000 750 730
1 3,480 1,200 4,300 1,450 160
2 2,970 1,400 0 2,100 3,790
3 3,250 1,730 0 1,760 7,070
4 3,550 2,070 3,810 0 4,740
5 2,480 2,480 0 0 4,740
6 1,160 2,980 4,610 0 -1,690
7 0 3,580 0 0 -5,270
8 4,300 5,580 2,380 -12,770
9 5,160 0 5,230 ~12,700
10 6,190 6,750 11,520 -14,120
11 7,430 0 19,000 -2,550
12 8,910 8,170 25,780 6,150
13 10,700 0 28,360 23,810
14 12,840 9,880 31,190 32,280
15 15,400 0 34,310 51,190
16 18,480 11,970 37,740 58,480



http:3,568.85
http:6,850/0.10

80 BASIC PROCEDURES FOR AGROECONOMIC RESEARCH

Table 10. Compound interest, 40 years.

Year 5% 10% 15% 20%
1 1.0500 1.1000 1.1500 1.2000
2 1.1025 1.2100 1.3225 1.4400
3 1.1576 1.3310 1.5209 1.7280
4 1.215§ 1.4641 1.7440 2,0736
S 1.2763 1.6105 20114 24883
6 1.3401 1.7716 2.3131 2,9860
7 1.4071 19487 2.6600 3.5832
8 14775 2.1436 3.0590 4.2998
9 1.5513 2,3579 3.5179 5.1598
10 1.6289 2.5937 4.0456 6.1917
11 1.7103 2,8531 4,6524 7.4301
12 1.7959 3.1384 5.3502 8.9161
13 1.8856 3.4523 6.1528 10.699
14 1.9799 3.7975 7.0757 13.839
15 2.0789 4,1772 8.1371 15.407
16 2.1829 4,5950 9.3576 18.488
17 2.2920 5.0545 10.761 22.186
18 2.4066 5.5599 12.375 26.623
19 2.5269 6.1159 14.232 31.948
20 2.6533 6.7275 16.367 38.338
21 2.7860 7.4002 18.822 46.005
22 29253 8.1403 21.645 55.206
23 3.0715 8.9543 24.891 66.247
24 3.2251 9.8497 28.625 79.497
25 3.5864 10.835 32,919 95.396
26 3.5557 11.918 37.857 114,48
27 3.7335 13.110 43.535 137.37
28 3.9201 14.421 50.066 164.84
29 4.1161 15.863 57.575 197.81
30 4.3219 17.449 66.212 237.38
3l 4.5380 19.194 76.144 284.85
32 4.7649 21.114 87.565 341.82
33 5.0032 23,225 100.70 410.19
34 5.2533 25.548 115.80 492.22
35 5.5160 28.102 133.18 590.67
36 5.7918 30.913 153.15 708.80
37 6.0814 34.004 176.12 850,56
38 6.3855 37.404 202.54 1020.7
39 6.7048 41.145 232,92 1224.8
40 7.0400 /5,259 267.86 1469.8

inflation rates selected were 209 for inputs and 10% for outputs. Inflated values can
be computed using Table 10 which shows the inflated value of 1 unit up to 40 years
into the future. Cash availabie at the beginning of the plan was ignored but results
can easily be adjusted. Cumulative cash flows (E) at the end of period t are:

E=E.,.+A+D—B—C

This is not precise, but merely a rough method to highlight likely problems. In this
example cumulative cash flow declines as rice production from the new field
declines. This is a critical phase, lasting up to year 12. The farmer should know he
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n1ay be short of money during this period, and will need to look for other income,
particularly if additional costs arise. Once coconut production begins the surplus will
grow rapidly. However, remember thisis in future M , 50 the real value of money will
be less. Compare it to cost of living which is constant in real terms,

You should now be prepared to evaluate investments over time. However, when
you go to the field inuch of the data required will not be obtained from the specific
farmer. Alternative data sources are:

1. engineering and other standards for inputs, and

2. survey results from similar areas.

Adjust the data if you feel the farmer is much worse or better than average and
investigate the problem fully and be prepared to do additional sensitivity analyses,

ADDITIONAL PROBLEMS

For each of the following cash flows, compute the net present value at discount rates
of 10 and 15%.

Year 0 Year | Year 2 Year 3 Year 4 Year 5

A 1000 100 100 100 100 1100
B 1000 264 264 264 264 264
C 1000 1611

Which investment would you recommend?
The ABC company is considering the purchase of a piece of equipment costing
M 7,500 and having expected returns at the end of each year, at:

Year Return
| M 5,000
2 3.000
3 2,000
4 1,000
5 500

From your knowledge of the company you anticipate a -easonable discount rate to
be 15 or 209%. Would you recommend they make the investment?

Which of the three following mutually exclusive investments should be chosen,
given a discount rate of 10%/year?

Investment Year 0 Year | Year 2 Year 3
A —1,000 505 505 505
B —10,000 2,000 2,000 12,000

C —11,000 5,304 5,304 5,304
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A farmer is considering two alternative investments with the following returns:

Investment
Year
A B

0 -1,000 —2,000
1 0 —2,000
2 —1,000 0
3 v} 0
4 0 100
5 0 500
6 0 750
7 100 750
8 300 750
9 500 750
10 500 750
11 500 750
12 500 750
50 500 750

Using discount rates of 5 and 10%, which, if any, would you recommend?



CHAPTER §

FAC’TOR SHARE

IN AGRICULTURAL PRODUCTION:
DEFINITION, ESTIMATION,

AND APPLICATION

M. KIKUCHI

Factor share is a fundamental concept in economics that plays a critical role in
research concerning producti:r: structure, costs and returns analysis, income distri-
bution, and technology choicr. Becau.. the factor share concept often is a starting
point in these types of economic analysis, it is important that researchers who study
these issues fully understand the concept.

This chapter defines factor shares, gives procedures for using farm survey data to
estimate factor shares in agriculture, and shows how estimates of factor shares are
used in economic analyses.

FACTOR SHARES AND FUNCTIONAL DISTRIBUTION OF INCOME

Factor shares are the ratio of costs of factor inputs used in a production process to
the total value of output, i.e. total revenue.

Considera production process in which a firm uses four inputs, current input (C),
capital (K), labor (L), and land (A), to produce a single output, paddy /Q). All
variables are defined in terms of flow, If the firm purchases inputs and sells output at
constant unit prices (p, i, w, r, and P, respectively), factor shares of the firm’s input
are;

C
Factor share of current input = %’
Factor share of capital = "
actor share of capita =PQ
F hare of labo .18
actor share o r = Q
Factor share of lind = |
actor share of lan = PQ (1

where C, K, L, and A are the physical quantiti=s of each input factor used in

production, and Q is the physical quantity of output produced. The numerators are

the firm’s factor costs and the common denominatoris total revenue (paddy price X

output quantity). Factor costs are payments for inputs purchased and arc also callec
Jactor payments.



84 BASIC PROCEDURES FOR AGROECONOMIC RESEARCH

Functional distribution of income*
A firm’s production process is gencrally expressed by a production functior that
gives the quantity of output as a function of the quantities of its inputs:

Q=F(CK,L, A). )

The firm seeks to maximize profit in the production process. Profit (i) is the
difference between tota! revenue and total costs:

™= PQ— (pC+ iK+ wL-rrA).
Substituting equation 2 for Q,
= PF(C, K, L, A)— (pC+ iK+ wL+rA).

Profit is a function of inputs and is maximized with respect to these variables.

Standard econoniic theory states that profit is maximized when each input is
utilized to the point where its value of marginal productivity equals its market price.
.Mathematically, it is expressed as:

P‘F| =P, P'Fz = i,
P-F;=w,and P-F;=r, 3)

where F;(j= 1,...,4)is toe partial derivative of the production function with respect
to the j-thinput, i.e. the marginal productivity (MP) of j-th input. It is assumed that
the production function of equation 2 satisfies all conventional requirements for a
production function.

The value of MP of an input (P-F;) is the rate at which the firm’s revenue would
increase when one unit of the j-th input is added to the production process, if other
input levels are held constant. The conditions of profit maximization, equation 3,
show the firm can increase profit as long as an addition to the total revenue earned
from using an additional input unit exceeds its input cost.

Substituting equation 3 for equation 1, the factor share of labor is written as:

Factor share of labor = o = £2L, “)
actor share of labor PQ- Q
or rewriting Fy»
EL_«Q L _MP
Q oL Q AP
where AP is the average productivity of labor. If profit maximization is satisfied, the
factor share of an input equals its production elasticity — the proportionate rate of
change of output Q with respect to input. The factor share, which is equivalent to the
production elasticity of an input, can be expressed as a ratio of the marginal and
average productivities of the input at profit maximizing level.

!Readers who are interested only in the technical procedure of estimating factor shares may skip this
section. Readers who want to grasp the issue to its full extent should consult the chapter on the “The
Theory of the Firm” in any microeconomics textbook.
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If the product market is perfectly competitive in the sense that free entry and exit
of competing firms are assured, the maximum long-run profit of the representative
firm in the industry (in this case, rice farming) would be expected to be zero. If
maximum profit is positive, additional firms will enter the industry and lower the
profit. If it is negative, some firms will leave the industry and profits will rise.
Therefore, long-run profit of the representative firm (7*) is:

m™*=PQ— (pC+ iK+ wL+rA)=0
Substituting equation 3 and rearranging the terms, we obtain:
Q=F C+ F,'K+ F, 'L+ F; ‘A (5

Total output would be exactly exhausted if the firm paid the supplier of each input
its marginal product.

Toan input ownera factor payment, for instance F;: A, is their production income
earned in return to their supply of the production factor. It is through factor
payments that income earned in a production precess is distributed among those
who contributed resources. In other words, distribution of income from a pro-
duction process among production factors is determined first by production func-
tion and market prices after profit maximization, then the income is distiibuted
among resource owners. Personal distribution of income comes after the income is
generated.

Income distribution determined in this way is called functional distribution of
income. Itis this link in basic economic theory that makes factor share an important
concept in analyzing economic issues such as resource allocation efficiency and
income distribution. The marginal-productivity theory of distribution states that the
functional distribution of income is determined according to marginal contributions
of factor inputs to the output: each input is paid its marginal product and total
product is exactly exhausted at the equilibrium,

Dividing by Q through equation 5, the following relationship is obtained:

= F|'C + Fz'K + FJ'L + F4'A
Q Q Q Q

1

or,
|=2C , K WL 1A

PQ PQ PQ PQ

The summation of factor shares over all inputs becomes unity at the equilibrium.

ESTIMATING FACTOR SHARES

Functional distribution and mixed income

Let us consider a farm where a farmer hires land, labor, and capital to produce an
agricultural comnmodity. Assume further that these resources are owned by land-
owners, laborers, and capital investors (e.g. banks, lenders). Functional distribution
of income equals personal distribuiion of income. In this case, factor income of land
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is land rent paid to landowners, factor income of labor is wages paid to laborers, and
factor income of capital is interest and rental paid to capital owners. Therefore,
factor costs fora firm are equal to income earned by the factors. Factor income also
is personal income for factor owners.

This kind of farm is unusual if it exists at all. The typical production unit is a
family farm which contributes several production resources and also hires some
outside resources. A family farm might own farmland, labor, and some capital
equipment, perhaps a tractor. The farmer might diso hire a capital ite.:; like a
threshing machine, or employ other farmers or landless workers as laborers during
busy seasons.

In this case functional distribution of income does not equal personal distribution
of income. Personal income from a family farm consists of returns to various factor
inputs owned by the farmer. Farm income is the mixed income from these owned
factors.

If a farm has a mixed income some production factors do not nass through the
markets and do not receive a market return or do not have a market determined
price. This makes it difficult to estimate factor shares, Therefore, it is necessary to
break down mixed income into individual factor contributions. Income from owned
resources can bz divided along functional lines if some assumptions about the value
of family owned resources are set.

Figure | relates functional income distribution to personal income distribution for
rice farming. I illustrates factor shares or functional distribution of income. The
production function is the same as in the previous section:

Q=F(C.K, L, A).

Capital inputs (K) include services of fixed capital (production assets that are usable
beyond a preduction period, such as a draft animal, tractor, hoe, or sickle) and
capital fund., used in the production process.

Each irput category can consist of several different resources. Current inputs
might ir ;lude seeds, fertilizer, chemicals, and gasoline for the tractor, Labor input
might "»e used for farm tasks live land preparation and transplanting, for which
differznt wage rates may be paid. Some factors are not purchased through markets
$0 raoney is not actually paid out.

lotal revenue is expressed as:

PQ=pC-+iK+wL+rA+e 6)

where e is a residual. Unlike the explanation in the previous section, total output is
notexhausted in equation 6. If long-run perfect com petition does not prevail or if we
are dealing with individual farms, there will be a resid-1al left afier tot... “actor costs
are subtracted from total revenue. The residual term. ¢, isat - i-z term showing
farm profit if it is positive (Fig. 1) or farm loss if it is negative. 11 some production
resources, such as management skill, are not included in the production function,
returns to those resources will be included in the residual.

Thedifference Yetween total revenue and current inputcos' "®Q— pC)is the value
that is added to an economy by a production process, and « called value added!,
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Value added is income distribution among resource contributors in a production
process.

Factor income (value added) accrued to capital, labor, and land is distributed to
the resource owners (11). 111 and 1V give definite examples of rescurce ownership. I11
illustrates income distribution among factors and resource owners for an owner-
operated farm. The farmer owns land and capital and hires laborers for some
farming tasks. Farm operator or farm family income is mixed income consisting of
returns to family labor, capital, and land, and the residual. Personal income of hired
laborers is wages paid and is part of the factor cost of labor.

1V shows the income distribution for a tenant farmer who rents land, owns part of
the capital vsed, and hires labor for some farming tasks. The landowner supplies
some capital to the tenant. Farm family income is returns to family labor and capital
owned by the farmer, and the residual. The landowner's personal income includes
land rent and returns to his capital. Hired laborers’ share is the same as 111

The difference between total revenue and farm family income is paid-out costs, in

cash or in kind, by the farmer.
As already mentioned, a major problem in estimating factor share is how to

impute prices of inputs not acquired from markets. As a general principle, the value
of unpaid factor inputs is determined by their opportunity costs. If a farmer does not
use an owned resource, but sells it, how much is he paid? Market prices, if they exist,
can be good values for unpaid factor inputs. If a ma ket price is not available, farmer
evaluations can be used aithough théy are less reliable than objective market rate.
Remember that market prices of factor inputs must equal their marginal productiv-
ities at the competitive equilibrium.

If no suitable price foran input can be 7~und, you may estimate factor share of the
input as a residual. If it is difficult to calculate capital input costs, the factor cost of
capital may be estimated as:

(iK+e)=PQ— pC— wL—rA.
Use the same process to estimate factor cost of land, if there is no land rental rate
(r) avail: ble. Note that factor costs(s) of input(s) thus estimated almost always
include the residual in the rea! sense. ‘

An illustration of factor share estimation

Factor shares can be estimated for an economy as a whole, for an industry, for all
rice farms in a country or region, or for an individual firm. It is sometimes
meaningful to estimate factor shares by farm category; by crop — rice or vegatables;
by land condition — irrigated or rainfed; by size — small or large; or by tenure status
- owner-operator, leaseholder, or share-tenant. The type and level of aggregation
used for factor share estimation depend on the purpose of the research. The
following factor share calculation uses farm records from a Philippine sharecrop-
ping rice farm (Table 1). For collection of cost data from surveys, seechapters 11, 12,
and 13.

Output
This tenant harvested 4.5 t of rice in a crop season from 1.5 ha. Market price of rice
was M 1.30/kg. Gross revenue was M 5,850. Some produce was saved for home



Table 1. Factor share estimation for a sharecropping rice farm.

Quantity Price Total value
Output _— _—
4,500 kg M1.30/kg M5,850 (PQ)
Purchased Self-supplied
- Total
Factor payment Quantity Price Total Quantity Price Total value
M) value M) valuc (M)
(¢:9) M)
Current inputs
1) Seeds 111 kg (1.30/kg)? 144 144
2) Fertilizer 300 kg 1.80/kg 540 ) 540
3) Chemicals 250 250
4} Gasoline 501 4.00/1 200 200
Total 990 (C;) 144 (C,) 1134 (C)
Capital _
1) Carabao 12 carabao- (15/day) 180 180
days
2) Tractor 5 tractor-days 80/day 400 400
3) Sprayer 4 days (5/day) 20 20
4) Thresher
Total 400 (X,) 200 (X3) 600 (K)

Labor
1) Land preparation 5 man-days 15/day® 75 12 man-days (15/day) 180 255
2) Transplanting 15 man-days 15/day 180 1 man-day (12/day) 12 192
3) Weeding 20 man-days 12/day 240 24 man-days (12/day) 288 528
4) Harvesting and

threshing 55 man-days 1/8¢ 731 731

Continued on next page
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Table continued.
Quantity Price Total value
Output _— _
4,500 kg M1.30/kg M5,850 (PQ)
(others)d 2 man-days 12/day 24 20 man-days (12/day) 240 264
Total 1250 (L,) 720 (L,) 1970 (L)
Land 1.50 ha Sharing® 2003 (A,) 2003 (A)
50:50
Residual 143 (e)
Total (C+K+L+A+e) 5850
Value added = PQ-C=K+L+A+e = M471S
Value added ratio = (PQ - C)/PQ = 0.806
Farm family income (mixed income) = PQ-C-K,;-L,-A, =K; +L,+e = M1063
Paidoutcosts = C+K, +L, +A, = PQ-K,-L, -¢ = M4787/

Prices in parentheses are market prices, PWage rates include both cash wage and the value of meals, if served. Harvesters are paid in kind, 1/8
of total harvest. 90ther tasks such as seedbed preparation, fertilizer and chemical applications and irrigation control. €Sharing arrangzment be-
tween landowner and tenant, Some cost items also are shared equally: 1) seeds, 2) fertilizer, 3) chemicals, 4) hired labor cost for transplanting,
and 5) hired labor cost for harvesting and threshing /Costs actually paid by the farm are M3,864 because of the cost sharing.
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consumption, Although this did not go through the market, it is valued at the market
price.

The market price of rice varies. It is lower during the harvest season than in lean
season. The farmer may sell his rice at different times for different prices. Usually, a
typical price at which the majority of rice is sold or a weighted average price is used as
market price for computing output value.

For factor share calculation, output(s) must be carefully defined. In this example,
output is the (paddy) rice after threshing. Output price and other costs are defined
accordingly. Output price is the farm gate price of rice after threshing. All costs are
incurred from land preparation through delivering threshed rice to the farm gate.

Rice output is defined as milled rice; the production process includes land
preparation through miliing. Output price is price of milled rice at the mill and input
factors used to transport rice to the milland for milling must be included in the total
production cost. If a farmer sells his produce as standing crop before harvest, outpnt
is standing crop before harvest. The output price is at the field and the total cost does
not include harvesting and threshing costs.

Outputs at different levels must not be mixed in a factor share calculation, unless
adjustments are made to allow for the differences. This does not mean that the factor
shares cannot be calculated for multiple outputs, however. For instance, some
farmers grow rice and maize during the same year. To estimate factor shares for
annual production, combine factor share estimates for both crops, being careful to
uniquely define each production process.

Current inputs

Some current inputs were self-supplied. This farmer used 111 kg ot rice seeds from
previous production. It was valued, like output, at opportunity cost, the market
price of rice. Other current inputs were bought at the market and there is no
imputational problem.

Although the example shows only four items as current inputs, there can be more.
All material inputs used in production, for which total value transfers to output and
is exhausted during the production period, are defined as current inputs.

Although 50% of seed, fertilizer, and chemical costs were shared by the landowner
in this illustration, all current inputs must be included in the calculation, regardless
of who bears the cost.

Capital

Capital is usually defined as physical inputs usable for multiple production periods.
Draft animals, capital equipnient (a tractor), and farming tools (hoes and sickles) are
in this category.

Estimation of capital services derived from capital assets during a production
period might be difficult if capital is owned by farm operators. For capital equip-
ment with established rental market, the rental rate can be considered as the
marginal contribution of services from farm equipment. However, rental markets
often do not exist for some farm capital assets.

There are two ways to estimate capital services costs. Value of capital services can
be calculated using, capital depreciation, or by calculating total value of capital assets
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and applying an interes!. rate to the value. Estimating costs by depreciating capital is
difficult because rate of capital depreciation depends on depreciation method and on
usable lifetime of capital assets. Determining a reasonable interest rate is also
difficult.

Rental rates are used to evaluate services of owned capital in the illustration,
Small tools like sickles and hoes are not considered. Returns to them, if any, are
included in the residual. This is done because cost of these tools is a fraction, often
less than 1% of total costs.

Rental rates and operator wages, although sometimes reported together, should
be separated. Woges for operator, even if they are not paid explicitly, must be
included in return to labor and rental rate must be pure rentals. In the example,
tractor rental is obtained by subtracting M 15/day of operator wages from
M 95/day gross rental. Draft animal rental is obtained using W 30/ day gross rental.
Pure rcntal rates are multiplied by days of cquipment use to estimate the value of
capital services derived from cquipment.

Because it is «!ifficult to obtain a reasonable interest rate for capital funds used in
tlie production process, it is not included in the example. If a 10% interest rate per
crop season is used, capital interest for this farm would be M 205 if all funds were
used at the beginning of the crop season [(C+ K, + L, — wage for harvesters) X 0.10
= M 205]. If the capital interest payment is borne by the farmer regardless of the cost
sharing arrangement with the landowner, the residual, —M 62, is negative.

Labor
In South and Southeast Asia evensmall rice farmers depend on hired labor for farm
operations. Labor markets are well developed, so market wage rates are available to
impute family labor costs. Market wage rates are often not established for non-
standard, specialized tasks requiring careful management — pest and disease con-
trol, and irrigation and drainage management. Opportunity costs of labor for these
tasks may be obtained by asking farmers what they would pay a person to do this
job.

Wage rates should include cash and kind. The value of all meals provided to hired
laborers should be added to the cash wage.

Land
Return to land, if the land is owned by a farmer, is difficult to determine. These
methods can be used:

1. Obtain the average (or typical) ratio of land rent to total output for tenants in

study areas. Multiply the ratio by the owner-operator’s output.

2. Compute the average (or typical) ratio of land rent to land price and multiply it

by the value of the land owned by the operator.

3. Apply a reasonable interest rate to the owner-operator’s land value.

These methods are useful only when land and capital markets are well developed.
Where land and land rental markets do not exist, returns to land can be estimated
only as a residual.

In the example the farmer and the landowner share the output 50:50. Some
current inputs and hired labor costs are also shared equally between tenant and
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owner. Costs shared by the owner must be deducted from his output share to
determine the amount actually received by him as land rent.

If there is a leasehold arrangement and a fixed land rent (cash or kind) is paid to
the landowner, all production costs are usually borne by the leasehold tenant. Fixed
rent is a factor payment for land in this case.

Irrigation fee. An irrigation cost is not in this example. It was omitted to simplify
theillustration. Unless land is rainfed, irrigation water or service of irrigation system
must be included as a production input.

If a farmer pays irrigation fees in cash or kind, the payment is for services.
Irrigation fees can be considered intwo ways. Irrigation water can be considered asa
current input, or as services from capital (dams, canals, ditches).

Ifirrigation water is supplied by a pump owned by the farmer, determine costs by
the method used to evasuate fixed capital.

Tax and rate. Land and income taxes, and rates such as a village contribution
where amount is dztermined in proportion to rice output or land area, must not be
included in the factor share calculation. They are not production factors. Factor
shares are defined in relation to a production function. Taxes and rates are levied on
the results of a production process after it is over.

Sometimes taxes and rates affect farmers’ production decisions and therefore, the
functional distribution of income. Taxes and rates (or subsidies) that affect output
and/ or input price are examples,

Taxes and rates affect personal distribution of income, but usually not the
functional distribution ~f income. Distribution of disposable income among land-
lords, farmers, and hired lahorers varies according to what taxes and rates are levied
and how they are determinc 4.

Presentation of factor shares
Factor and income shares from Table | are reported per hectare in Table 2. Factor
payments can be presented many ways. For crop farming, they can be expressed per
hectare or per farm. To simplify comparison, it is sometimes convenient to present
them per unit of land.

It is also convenient to discuss factor payments for interregion, intercountry, and
over time comparisons in terms of relative input and output prices.

Application

Effects of any change which affects an existing production function and a relative
price structure of outputs and inputs can be observed through associated changes in
factor shares. Factor share is a powerful tool in analyses when dealing with eco-
nomic growth, technological changes, and income distribution.

Although the factor share concept can be widely used, it is better when applied to
aggregate data.

Factor shares can be estimated for a single farm. Used in this way, the estimates
serve as accountir:ig or documenting tools for farm management. If estimates are
compared cross-sectionally over time, insights similar to those obtained by other
types of farm budgeting or accounting analyses can be derived. (Sce Chapter4 fora
description of farm budget analysis.)
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Table 2. Factor and income shares (per hectare).?

Factor payment

Factor share Value Paddy equivalent? Factor share
) (kg) (%)
Output 3,900 3,000 100.0
Current inputs 756 581 19.4
Capital 400 308 10.2
Labor 1,313 1,010 33.7
Land 1,335 1,027 34.2
Residual 96 74 2.5
Incoine
Incomie sharc Value Paddy equivalent Income share
) (kg) %)
Value added 3,144 2,418 100.0
Landowner 1,335 1,027 42.5
Hired laborers 833 641 26.5
Farm operator 709 545 22.5
(Capital) (133) (102) 4.2)
(Family labor) (480) (369) (15.3)
(Residual) (96) (74) (2.0
Capital owner 267 20S 8.5

9Based on Table 1. ?Value terms are divided by the price of rice (M1.30/kg).

Because market equilibrium plays a critical role in the concept of factor share,
data that have been collected from microlevel farm (or vidage) surveys may need to
be aggregated to reduce variation of individuals from equilibra, Factor share
analysis, however, is not limited to studies using data from microlevel surveys. It is
most often employed in studies, such as nationwide agricultural census, in which
macrodata are used.

A factor share analysis example

To illustrate how factor share estimates are used in economic analyses, results of a

Philippine rice village study are discussed (Kikuchi and Hayami 1980).
Population around the study village was growing rapidly, but land rescurces were

limited. There were an increasing number of subtenancy arrangements, where

leaseholders subleased land on a 50:50 share contract. Government land reform

regulations controlled leasehold rental rates.

The hypothesis

Economists hypothesized that the gap between economic (or functional) rent accru-
ing to the service of land and the actual rent paid to landlords widened in relation to
population pressure under the institutional rigidity of the land rental market. This
gap induced leasehold tenants to become intermediate landlords,
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society by changing technology used in farming operations. The analytical approach
is holistic because it examines the entire system while secking to directly change only
one component. Without understanding the farm, we cannot understand what is
happening on one part of it, perhaps the cropping system, and we cannot understand
the farm withont understanding something about the village, its markets, institu-
tions, etc,

We also must recognize that we do research with limited resources and time, We
cannot wait to analyz¢ and understand everything about higher levei systems before
beginning to develop technology for a particular subsystem. Therefore, we must
understand cnough about the wider context to develop usetul technology. The
analysis should focus on general features of the system and on the most important
interactions and links that will affect and will be affected by changes in the
technology of the subsystent. If we do tescarch to develop technology for a lowland
paddy system, livestock or upland systems need to be studied only to the extent that
there are significant interactions, Tenure nstitutions should be studied to the extent
that they influence farmer decisions, practices, and resulis of new technology
adoption.

The intial gqualitative model is quantified with these considerations i mind.
Quantification is more precise and detanled where interactions with target systems
are strongest.
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duction. Because they are substantial crop-livestock interactions, changes in one
subsystem’s technology could cause substantial changes in the other subsystem. For
example, if power tillers were to become popular, the importance of carabao raising
would probably diminish.

Using the tabular presentation, weak and strong flows in the system can be
reformulatad to provide the graphical representation in Figure 4. By using solid lines
to show strong linkages and flows and broken lines to show weaker ones, researchers
can illustrate specific resources and activities relevant to the technology design and
testing process.

In this figure, land markets are climinated because tillage rights are not bought
and sol). The machinery market is linked with a broken line because of its minor role
in the production process. The link with the nonformal credit sector is shown by a
solid line. The formal sector link is shown as a weak relationship, The livestock sub-
system is connected to the crop subsystem with a solid line to denote strong
interaction. The labor resource is divided into family and hired. Hired lubor is used
only in the crop subsystem. Livestock is raised using family labor only.

This kind of presentation helps researchers understand what is happening on the
farms and helps thern make better decisions about kinds of research to be conducted.
It is a msthod to study effects of changes in farming technologies within a whole-
farm frainework and to develop technologies best suited to a farming system.
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CHAPTER 9

DETERMINING OPTIMUM
FERTILIZER RECOMMENDATIONS

R. A. MORRIS

The determination of optimum crop fertilizer rates is one of the most common
research areas that use agronomic and economic analytical tools. Fertilizer is one of
many componerits in a technology package, but in terms of its impact on pro-
ductivity, and because of modern fertilizer-responsive high-yielding crop cultivars, it
plays a crucial role in modern agricultural technology.

Different crops and crop cultivars at the same site respond differently to fertilizers.
Responses are markedly different across sites. Even when fields with similar soils
and water regimes are selected, different field-to-field fertilizer responses are
expected. Variations occur because of diffzrences in soils, pest management, local
weather, and crop history. In some fields, large amounts of fertilizer may have been
applied, leaving residual fertility. In otii=r fieids, nutrient availability to a following
crop may be high because drought caused only small quantities of nutrients to be
used by the preceding crop.

Despite these differences, it is common to have nationwide fertilizer recommenda-
tions for major crops such as rice. Recently, however, many countries have made
progress ioward developing recommendations for land with similar characteristics,
hereafter referred to as recommended domains, following the terminology used by
Zandstra et al (1982). In many Asian countries the spread of cropping systems
rescarch activities has led to extensive on-farm research. In these situations agro-
nomists and economists are challenged to develop appropriate fertilizer recom-
mendations for a given land type.

In this chapter we discuss methods for determining optimum fertilizer recom-
mendations for several land types within a cropping systems research site.
Ficld-to-field variability, of course, prevents any rae from being exactly optimal for
a large number of fields. Economists may not be involved duringevery experimental
stage that will generate data for economic analysis. However, economists who
interact with agronomists in the final economic analysis of experiments should be
aware of and appreciate procedures used in earlier stages. Therefore, all major steps
used in fertilizer rate rescarch at a site will be discuzsed in this chapter.

Previous Page Blank
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PRELIMINARY QUESTIONS

To determine fertilizer rates for cropping patterns, ask some of the following
questions:
® What is the crop and what is its nutrient requirement for high yields?
e What is known about nutrient uptake patterns during crop growth?
® What is the soil and how much of each required nutrient can it supply?
® What are the current fertilizer recommendations for each soil mapping unit or
region? Is it easy to obtain a soil analysis and are the test data for the soils
reliable? (Has the soil test been calibrated for the soils and crops?) Early in the
project it may be sufficient to know if an clement is deficient. Later it may be
necessary to determine optimum levels for several recognized land types.
Ultimately; researchers may need to determine carry-over or residual effects and
to compare practical methods of improving fertilizer cfficiency.

Other questions relate to the capacity to do research:

® How diverse is the study area?

® How large is the research staff and how familiar are they with soil fertility

rescarch, experimental design, and data analysis methods?

® What are the immediate and long-range objectives of the project?

The analysis and interpretation of data — a fertilizer study is not complete until
data are properly interpreted -— ask the following questions.

® What are fertilizer and product prices?

® Will farmers use government-sponsored production loans to buy fertilizers?

o Will fertilizers be subsidized or will a current subsidy be reduced?

e How specific must fertilizer reccommendations be? Can a specific recommenda-

tion be justified?

The research method will be affected by background information such as past
fertilizer response experiments, soil test results, soil maps, and related information.
The size and experience of research staff, and the complexity of the site also will
affect research,

Recommendations are often made in bags of fertilizer materials or increments of
10 or 20 kg ha, Data that permit greater precision in estimates are unnecessary and
costly.

ALTERNATIVE METHODS

At the start of fertilizer rate rescarch, examine each land type selected for cropping
systems research at the site (see chapter 3, Selection of land types). Soil types,
textural classes, predominant mineralogy, and hydrological conditions should be
noted. Soil maps and previous research should be examined and soil scientists
consulted to determine what mineral deficiencies to expect. The cropping pattern
design process will determine the crops and their growing periods for which fertilizer
recommendations must be determined. For these crops the approximate require-
ments for nitrogen, phosphorus, and potassium are generally known and will
provide a starting point for initial cropping pattern design and fertilizer recom-
mendation trials.
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Two methods are described. They differ in design and analysis complexity and in
conceptual intricacy.

® Example 1. Assume, based on previous studies in the area, that the crop

responds to 50 kg N/ha. Phosphorus and potassium responses are uncertain.
Yourinterest is to test the response to higher nitrogen rates and for phosphorus
and potassium deficiencies. You have personnel to conduct a moderately large
conventional experiment and six small superimposed N-P-K trials and you
have a staff member who understands computation of basic statistical analysis
with a pocket calculator.

The method in this example evaluates several treatment combinations in which
fertilizer response may occur. An example of a test for treatment interactions with
fields is also explained.

Analysis of variance procedures are the most widely used statistical tool in many
agronomic experiments, including fertilizer trials. Economists with a multidis-
ciplinary team should become familiar with this technique. Analysis of variance
procedures for rice research are described by Gomez and Gomez (1976). In sub-
sequent discussions we shall assume that readers have this basic familiarity.

Twelve sclected treatment combinations for conventional experiments are shown
in Table 1. A subset of six treatment combinations was chosen for superimposed
trizls (Table 2). It will permit you to examine response to phosphorus, potassium,
the phosphorus-potassium interaction at 70 kg N/ ha, and nitrogen response without
phosphorus or potassium fertilizer. The analyses of variance are also presented in
Tables | and 2.

Inaddition to the routine analysis of variance on the superimposed trial, the Error
Sum of Squares (Error SS), which is computationally equivalent to a Block X
Treatment interaction SS, was partitioned into a Block (lincar) X Treatment inter-
action SS (B, X T). If there is a Block X Treatment interaction, which is apttooccur
when there are major field effects, the interaction will likely be most strongly
expressed in the Block (lincar) X Treatment component. By subtracting the B, X T
SSfromthe Error SS, the remainder (Block [deviation] X Treatment SS) is expected
to be a more correct estimate of the Error SS. An F-test on B, X T will suggest
whether the By X T and the By, X T should be considered part of the Error SS.
When the B, X T SS is large, treatment responses are not uniform over fields.
Depending on the interaction term, some treatment responses will increase or
decrease as {icld means increase.

In this analysis of supcrimposed trial data, treatments did not strongly interact
with block means. Therefore, the appropriate analysis of variance is that without
error partitioned, i ¢. the original analysis of variance of superimposed trial data.

The analyses of variance on the conventional experiment and the superimposed
trials show that treatment differences occurred. Phosphorus and potassium did not
influence yield, but nitrogen did. The results (vield levels, treatment responses, and
error) of the two experiments are in approximate agreenient, suggesting that similar
response to fertilizer applications would occur in many area fields.

Economic analysis of nitrogen response data can be done, but it appears that
response over the range tested was lincar. Therefore, using a simple profit-
maximizing assumption, the highest nitrogen rate would be mo.e profitable than the
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Table 1. An example of a conventional 12-treatment nitrogen-phos) .1orus-potassium fertilizer

experiment,
Treatment
Treatment designation Grain yield (1/ha) by farm
no.
N p K Ry R, R, R4 X
1 50 0 0 3.54 4.11 3.47 3.39 362
2 50 0 30 4.05 3.83 4.12 3.16 3.79
3 50 30 0 4.15 4.12 3.59 3.52 3.84
4 50 30 30 3.50 4.18 4.00 4.02 3.92
5 70 0 0 3.90 3.85 4,17 3.94 3.97
6 70 0 30 4.30 3.87 3.96 343 3.89
7 70 30 0 4.10 368 4.22 3.91 3.98
8 70 30 30 39 4.30 4.07 4.16 4.11
9 90 0 0 4.09 4.31 4.59 4.32 4.33
10 90 0 30 3.94 3.87 4.07 4.63 3.88
11 90 30 0 3.92 4.10 4.07 4.03 3.03
12 90 30 30 4.08 4.07 4.49 3.93 4.14
ANOVA
Source DF
SS MS F
BLOCKS 3 0.265 0.083
N 2 1.036 0.518 6.55
P 1 0.266 0.266 3.36
K 1 0.252 0.252 3.18
NXxP 2 - -
Nx K 2 0.00 -
PXK 1 0.00 -
NXPx K 2 0.00 -
Error 33 2611 0.0791
P- P+
Yield (t/ha) K- 3.97 3.95
K+ 3.85 4.06
Nso 3.52
Nio 3.86
Nso 4,23

-

middle rate, providcd the cost of an incrcment of nitrogen is less than the value of
additional yield. If responses are similar to nitrogen respanses in this example, input
availabilities, cost constraints, and risk factors should be considered jointly by

agronomists and economists.
If farmers in the area have adequate funds to invest in high fertilizer levcls,

researchers can test fertilizer response at even higher nitrogen levels to discover the
level at which additional yields begin diminishing. If farmers’ resources are low
and/or the risk levels are high (with high probabilities of crop failure due to drought,

floods, etc), the optimal rate can be decided by using a specified expenditure limit

which is likely to be an upper limit of what most farmers can spend on fertilizer.
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e Example 2. This example shows a more complete definition of the yield
response to fertilizer. It allows optimum rates of two nutrients for different
cost-price relationships to be calculated. This example also includes a complete
analysis and economic interpretation. In a site where five or more crops are
managed in cropping patterns, this more complete approach should be confined
to the most important and most responsive crops.

Assume that you know the upper limits of fertilizer response for both nitrogen and
phosphorus, and that potassium is not limiting tn the rescarch arca. Furthermere,
you strongly suspect that nitrogen is more limiting than phosphorus and you have
personnel to conduct 6-10 experiments using 9-12 treatment combinations replicated
twice in each ficld.

To decide the rates, use the five-step method shown schematically in Figure 1.

1. Determine experimental fertilizer ranges and select test levels based on soil
tests, previouis experiments, or both, on similar soils.

2. Determine rational treatment combinations based on fertilizer pricesand erop
nutrient requirements, eliminating treatment combinations that will be
uneconomic.

3. Allocate experiments to fields within recognized land types, using 2 replica-
tions/ field in at least 6 fields to sample for yield variability.

4. Review the data statistically by computing analyses of variance on each
experiment, and inspecting treatment and error mean squares and treatiment
means for cxtreme behavior,

5. Determine economically dominant fertilizer rates by plotting benefits against
costs.

In the first step, collect information about general soil fertility in the research arca.
Logical sources of information are reports on fertilizer experiments and soil test
results. Identify nutrient application limits that are thought to satisfy the needs of the
crop being studied.

To determine reasonable fertilizer rates for crops in patterns being tested in the
first year, the same fertilizer response information should be available as that
required to determine the fimits for the fertilizer experiments. Generelly the levels
used in the [irst year are between 50 and 75% of the limiting level used in the
fertilizer-rate experiments. In the second year cropping pattern fertilizer levels are
adjusted using results of fertilizer trials and after consultation with the site
economists. It is impractical, however, to refine rates more precisely than 10-20 kg
N/ha and 5-10 kg P,Os/ha for recommendations targeted at major land types.

In the example, fertilizer limits were 135 kg N/ha and 60 kg P,O./ha. Nitrogen
was the primary limiting clement, and all treatments, except the nonfertilized
~ontrol, contained some level of nitrogen. Nitrogen-phosphorus treatment combina-
tions roughly bracketed the expected expansion path. Note that resources are not
wasted by including high phosphorus rates limited by low nitrogen levels, or high
nitrogen rates limited by low phosphorus levels.

Remember that the objective is to determine fertilizer recommendations for a
crop in a cropping pattern, not to show nitrogen-phosphorus interactions.

Following the procedure, treatment combinations were formed at constant
intervals (0, 45, 90, and 135 kg for nitrogen, and 0, 20, 40, and 60 kg for P,O). The
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Table continued

Terms and computations

Sxx is sum of squares of block (farm) means. The value is the same for all treatments.

Sxx=4.102 +...3.882 -6 (4.19)2
=544

Sxy is sum of cross-products between block means and treatments. For Treatment 1

Sxy = 3.36 X 4.10+4.34 X 4.02+ .. +3.75 x 3.88 — 6 (4.02) (4.20)

3,011

Syy is sum of squares of treatments. For Treatment 1

3.36% +4.34% +.. . +3.75% - 6 (4.02)*
8,589

Syy

Reg SS is sum of squares of regression. For Treatment 1
Reg SS = (Sxy)?*/Sxx = (3011)3/5,445 = 1,665
By X T is Block (linear) X Treatment interaction.

BLdevX T = Error SS — By X T = 25,681 — 4,615 = 21,066

SNOLLVANIWWOIIY H3Z1T1LYT1 WNIWILIO ONINIWYILIA

st
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1. Five steps to determine economical fertilizer rates by field experimentation.

treatment design is shown in Figure 2. The most appropriate number of treatments
for these kinds of studies is 9, 10, or 12,

Following the ficld phase of the study, review data for reliability. Inspect data for
missing values (which may be estimated in most cases) and values that are obviously
erroneous (extremely high or low). When a value is suspect, it should be recalculated
from raw data to determine if computation errors were made. Staff members who
frequently observe the cxperiment in the field should be asked about suspect
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numbers. If no valid cause of value error can be found, and the value is within
biological possibilities, it should be assumed correct and part of the natural
variability in the population.
Statistical partitioning of the Total SS into Rep SS, Treatment SS, and Error SS
will aid the data review process by calling attention to two types of errors:
1. Obviously erroneous data, usually from one or two plots with very high or low
values that cause inflation of experimental error, and
2. Treatment behavior that is clearly different from other fields, such as no yield
response to any treatment, despite a low coefficient of variation.

In the statistical analysis, the coefficient of variation (CV) should be from 10 to
129 for good sensitivity in the tests. CVs excceding 25% indicate major yield
differences within the same treatment, even after the effect of replications is
removed. Experiments with such high CV; seldom will generate a feeling of satis-
faction, even if treatment differences are large enough to be detected.

Further partitioning of Treatment SS can be used to isolate the contributions of
nutrients to yield increases. Where data on other attributes such as plant height,
straw weight, stand or tiller counts are recorded, statistical analysis of these
attributes can strengthen the convergence of evidence of the yield response to
nutrients.

Convergence of evidence is important when analyzing low sensitivity data (i.e. the
CVs are greater than 15%) or when yield differences between treatments are not
substantial (below | or 5% significance level). By applying statistical tests to many
atiributes a pattern consistent with underlying basic principles (c.g. phosphorus
fertilizer promotes tillering; both nitrcgen and phosphorus increase plant height)can
be shown. In such a case, there is strong evidence that statistically significant yield
differences at the 10 or 15% level are due to true responses to applicd nutrients, and
not to chance variability.
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Table 3. Summary of frequency of treatment significances obtained in 9 exper-
iments.

Source dr Frequency

First factorial setd

N 1 7

P 1 4

NXP 1 0
Second factorial set?

N 1 4

P 1 1

NxP 1 0

9N = 45 and 90 kg/ha, and P,05 = 0 and 20 kg/ha. PN =90 and 135 kg/ha, and
P0; =20 and 40 kg/fl.a.

Table 4. Degrees of freedom and mean squares of analysis of variance on grain yield as affected
by nitrogen and phosphorus fertilization in 4 of the 9 farm ficlds,

[ ' ~

Analysis of variance on grain yield (t/ha) in field®

Soqrce of .- : :DF

variance 1 2 3 4
Replication ‘ 1 427.49%* 275.83ns 287.28* 0.53
Treatment 8 3,255,28** 3,422.50** 2,051.11** 2,423.50**
Error 9 1549 84.07 40.44 37.22

Planned comparisons based on 2 X 2 factorial
N (45 and 90 kg/ha) and P,O4 (0 and 20 kg/ha)

N 1 606.65** 521.73+* 243.60* 203.52*
P 1 239.78%+ 472.38* 165.31ns 68.12ns
NxP 1 47.28ns 169.07ns 1.92ns 39.76ns

Planned comparisons based on 2 X 2 factorial
N (90 and 135 kg/ha) and P04 (20 and 40 kg/ha)

N 1 414.96%* 179.70ns 90.95ns 615.50%
P 1 54.45ns 59.00ns 77.82ns 105.5ns
NXP 1 17.11ns 1.17ns 5.25ns 0.33ns

Besignificant at the 5% levcl. **significant at the 1% level. ns, not significant.

In this example (Ali 1980), the nine treatment combinations ‘kg N/ha and kg
P.Os/ha) were:

I — 00 T4 — 45-20 T7 — 9040
T2 —45-0 T5 — 90-20 T8 — 13540
T3 —90-0 T6 — 135-20 T9 — 135-60

Treatment effects were significant in each experiment analyzed separately. Two 2
X 2 factorial sets of treatment combinations from within the full set were examined
separately, Frequencies of significant effects and interactions are summarized in
Table 3. Examples of analysis of variance are shown forfour ficlds in Table 4. The
summary table shows that nitrogen and phosphorus produced additive effects at



Table 5. Partial budget for grain yields, variable costs, and net benefits of 9 fertilizer treatments, at 2 interest rates.

Treatment no. T1 T2 T3 T4 TS T6 T7 T8 T9
Fertilizer rates (N-P,0;) 0-0 45-0 90-0 45-20 90-20 135-20 90-40 135-40 135-60
Av grain yield (t/ha) 3.67 4.37 5.03 4.78 5.65 6.33 5.84 6.48 6.16
Net vield (t/ha¥) 291 3.46 3.98 3.78 4.47 5.01 447 5.13 4.87
Gross field benefit? (M /ha) 339 403 463 440 520 583 538 597 568
Fertilizer cash cost® (M/ha) 0 25 51 36 62 87 72 98 109
Other variable cost and

interest at 6.5% 0 3 4 4 4 6 5 7 8
Gther variable cost and

interest at S0% 0 14 26 20 32 45 37 50 56
Net benefit, 6.5% interest 339 37§ 408 400 454 490 460 492 451
Net benefit, S0% interest 339 364 386 384 426 451 428 449 403

%Assuming one-sixth share goes to harvesters, and field losses are 5% for a total reduction of 20%. DAt M 116/t of net yield. At M0.55/kg N
and M0.56/kg P;0s.

SNOLLVANTWINODTY HIAZITLLY S WOINLLAO ONINIWYELIA

[14]
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Net benefit (.M/ha)
500

475

450

425

400

OO ot 65 % interest
@@ at 50 % nterest

0 25 50 75 100 125 150 175
varioble cost (M/ a)

3. Net benefits and variable costs of 10 tertilizer treatment combinations, at 2
INterest ristes.

intermediate (first factorial set) and high fertilizer rates (second factorial set).
Significant nitrogen and phosphorus effects were frequent at intermediate levels, but
only nitrogen effects were common at high levels.

To the farmer the most important question is “Will fertilizer be profitable”” You
can examine profitability more realistically by using marginal analysis than by
comparing net profits from the treatments tested (see discussion on researcher-
managed trials in Chapter 5). Marginal analysis involves estimations of net yields,
gross field benefits, and total variable costs, and calculation of the marginal benefit-
cost ratio (MBCR) to cach increment of variable cost. (A comprehensive discussion
of the cconomic concepts and their application in analysis is given in Perrin et al
1976.)

Using results from this examp'e, net yield was calculated as the measured yield per
hectare in the field, less a 56¢ harvest loss and a one-sixth harvester share. Gross field
benefit equals net yield multiplied by field price. Total variable costs equal the sum of
the fertilizer cost. the cost of fertilizer topdressing applications, and interest on
variable costs. Costs and prices assumed are in Table 5. Two cases were examined;
one where interest was computed as 6.5¢ (institutional credit rate) and the other at
506¢ per half year (village moneylender’s rate). Net benefit was computed as gross
field benefit less total variable cost. Partial budgets of the 9 treatments, using mean
yields over the 10 experiments, are presented in Table 5.

Net benefit curves were constructed by plotting the variable costs of the alternative
fertilizer rates against their net benefits (Fig. 3). Only treatments that form the upper
boundary (cfficient frontier) of the net benefit relationship to available cost should
be considered. T9and T3 were inferior to other alternatives. For the treatments that
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form the efficient frontier, Table 3 can be used to calculate MBCR for each cost
increment:

Added gross

Treatment Added cost”

. benefit MBCR

increment . h

ncremen (M /ha) (M/ha)
TI1-T2 64 28 2.3
T2-T5 117 38 3.1
T5-T6 63 26 24
T6-T8 14 12 1.2

“At 6.5C{ interest,

The MBCRs were high where fertilizer applicatiuns were low but relieved limiting
nutrient supplies. The MBCR obtained by shifting 90-20 (T5) to 135-20(T6) was 2.4
at the 6.5% interest and 1.7 at the 509 interest. Beyond 135-20 returns decreased
rapidly.

Although 90-20 produced a MBCR near or greater than 2 for both interest rates,
fertilizer cost of M62/ha was required. This was high in relation to most farmers’
fertilizer expenditures in the researcharea. A 70-15 rate, determined by interpolating
rates used in the experiments, would provide a high rate of return under a M50/ ha
fertilizer material restriction.
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CHAPTER 10

ECONOMIC ANALYSIS
OF NEW TECHNOLOGIES

G. R. BANTA AND S. K. JAYASURIYA

The need for economic evaluation of new technologies -— new cropping practices
and cropping patterns, new farm implements and machinery — is now widely
accepted by agricultura! researchers,

Economic evaluation can be done before technologies are released to farmers or
after they are released, when farmers have had the opportunity to accept or reject
them. Evaluation done before a technology is released is ex ante evaluation; done
afterward it is ex post evaluation.

Ex ante evaluation is usually used to determine if new farming technologies
(cropping patterns or component technologies) developed for a particular farming
site using site research are acceptable to farmers and if they will improve farmer
welfare. The assessment is made before recommending any new technology.

A new technology can be evaluated from many points of view. The most common
economic evaluations are done using the iudividual farmer’s point of view or
society's point of view.

Technology that benefits individual farmcrs may not be desirable from society's
point of view. For instance, using iractors may increase farmer profit but may not be
beneficial for society if Inndlessness and unemployment are widespread.

Methods for analyzing the economic dimensions of a new technology likely to be
desired by farmers will be discussed in this chapter. ‘There can be other factors, such
as the managerial complexity of a new technology or social barriers, that affect
farmer adoption. In each situation researchers must be sensitive to these factors to
thoroughly evaluate a new technology. The innovation being evaluated can be a
component technologyv (a new fertilizer treatment for a crop), a new crop (with
associated component technologies), or a new cropping pattern. Although the level
of complexity increases as the process grows from evaluaticn of a simple treatment,
to a crop, to a cropping pattern, the underlying principles are the same.

ANALYTICAL METHODS

A rescarcher in a crop research program must evaluate a new technology that wil
directly affect the cropping system or a component of the cropping system,
Changing the rice crop establishment method from transplanting to direct seeding
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only affects the rice ente rprise directly: however, due to farm household interactions,
such a change may cause major changes in other farm activities. Farmer adoption
will depend on the whole-farm effect of adoptir.g the new technology. The evalua-
tion should consider direet and indirect effects of the new technology on the whole
farm.

Rigorous, quantitative evaluation of new technologies ina whole farm setting can
be conducted using mathematical programming methods. Of these, linear program-
ming is the best known (Ditlon and Hardaker 1980, Throsby 1970). However, such
methods need volumes of data, substantial time and skilled personnel, and adequate
computer facilities. Program planning or simplified programing is a simple proce-
dure (Dillon and Hardaker 1980, Banta 1980, Jayasuriva and Chiew 1980). In many
situations, particularly at site-level research, this technique is also difficult.

In site-level rescarch the siame results can be rapidly obtained using simpler
methods. The following sections deseribe these methods. Towever, we want to stress
that, irrespective of the method used. the guality of the evaluation depends on the
rescarchers’ understanding of the real farminge situation.

The simple evaluation methods are based on budgeting techniques discussed in
Chapter 3. Budgeting prineiples and procedures must be understood before continu-
ing. We discuss new crop evaluation, but the principles are applicable to other new
technologies. '

Returns above variable costs (RAVC) gross margin criterion
New cropping patterns are designed for paiticular land types and are expected to
replace present cropping patterns on that land type.

The simplest evaluation compares the ceonomic performance of new technology
1o the dominant technology. This is plot level analysis because the activities in the
land arca (plot) are abstracted from the rest of the fa. m household.

In the firststep of the evaluation procedure we compare the returns above variable
costs (RAVC) (gross margin) expected from the new (or experimental) technology
and farmer technology.

Figure | gives a set of decision points for evaluating the problem arcas of a4 new
technology. If the RAVC is higher further tests should be made 1o judge technology
acceptability to the typical farmer. The RAVC of a new technology should be at least
30¢; higher than the farmers” technology or chances for farmer adoption will be low.
This margin allows for farmer adjustment costs and the higher yields usually
obtained from research plots which get better than average cultivation.

If new technologies give lower RAVC than farmer technology no further analysis
of likely acceptance is needed. However. the 30¢¢ higher rule may notbean adequate
guide to farmer adoption, and analysis should not stop at this point if agronomic
research into new technologies is ongoing.

Analysis of new technology with RAVE less than 30K higher than farmer
rechnology
If the RAVCT is notacceptable, we should find out why it is low, then decide if more
rescarch is needed on wiiat problem. Ask the following questions:

o If vield was lower than expected, why?
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Steps Decision points

Is RAVC

¢ acceptable

csen s

No

2 .

Is yicld
acceptable

Is product price
acceptable

e we

Yes

>

Are input costs
acceptable

Probably reject

Yes

Yes

No

Problem

What is the cause?

Can quantity, type,
or price be reduced?

1. Decision analysis procedure for evaluation of new technology.
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Possible research areas

Test if technology is
acceptatle for farm
resource base

Nutrients
Pests
Disease
Timeliness
Rainfall
Managernent

Marketing
Product quality

Labor
Power
Fertilizer
Chemicals

e [fyield is acceptable, is the RAVC low because the product price was lower than

expected?

e |5 it a marketing or product quality problem?
o If the product price is acceptable, is one or more of the input costs unacceptably

high?

If farmer resources are adequate to incur input costs, the new technology should
probably be dropped from the research program if the RAVC is not acceptable.
While working through this analysis several problem areas may be identified. They
will help the researcher set priorities for future research.

Suppose a farmer’s crop returns M 1000/ ha over variable costs. The new 4-month
crop has the following levels and values:

Item

Yield (Y)
Nitrogen (N)

Phosphorus (P)

Insecticide (1)

Labor

land preparation (Lp)

crop care {Lcc)

harvest (Lh)
Total cash cost (TCC)

Unit Level/ ha

kg 1000
kg 40
kg 10
kg |
day ¥
day 3
day 7

Unit price ( 4// )

2
10
30

100
20
20
20

M with 50% annual interest
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The equation for RAVC is

Gross return — total variable cost = RAVC

Gross return = Yield X Product price (+ by-product yield X price, if applicable)
Total variable cost = X Quantity of input X Input price

In this example,

Gross return = 1000 X 2= 2000

Total variable costs =

Nitrogen 10 X 40 = 400
Phosphorus 30 X 10 = 300
Insecticide 100 X | = 100
TCC interest 800 X 50/ 100 X 4/ 12 = 133
Labor (Lp) 20 X 8 = 160
Labor (Lcc) 20 X 3 = 60
Labor (Lh) 20 X 7 = 14

Total = 1323

RAVC = 2000 — 1323= 677

The new technology RAVC is lower than the farmers’ and not acceptable.

The next step in the analysis considers yield. Is the yield of 1,000 acceptable? In
this example assume that it is. Assume that the price of the product is also
acceptable. The decision on what is acceptable is subjective; however, members of
the research team know what the input and output levels in previous research were.
The final step ccnsiders input costs. The entomologist notes that an expensive
insecticide was used and one that costs only M 10/ha should work just as well.
Should this be studied in the coming year? Probably not, as the savings on insecticide
cost and interest charges would only increase the RAVC by 90+ (90 X 50/ 1() X
4/12)= 105. Thenew RAVCis 677+ 105= 782, still less than the farmers’ RA VC of
1,000. Nitrogen and phosphorus are the major costs. If nitrogen (N) was reduced
from 40 to 25 and phosphorus (P) from 10 to 7 and the new cheaper insecticide used
what yield would give the same RAVC as the farmer? The new variable costs would
be:

N 10X 25 = 250

P30X 7 =210

[oX | =10
TCCint 470 X 50/100 X 4/12= 78
Labor Lp20X 8 = [60
Lec20X 3 = 60
Lh20X 7 =210

Total 978

Use the RAVC equation to find yield.

2 X Yield — 978 = 1000
2 X Yield = 1978
Yiew=15T8

Yield = 989
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To compete with the farmers’ crop the new crop would have to get the saine yield
using lower N and P levels. Therefore, the new crop seems to have little potential and
research on it should be stopped.

Anexercise such as this can prevent conducting research trials that have little hope
of success. It allows the researcher to explore tecknology with potential.

If the new crop had been more profitable than the current crop, more analysis
would be needed to decide if it is likely to be adopted.

Graphs

New technologics require greater resources, particularly cash and labor and often
power, than traditional farming patterns. Some of these resources may be more
scarce than others. Anidea of how the new technology adoption can affect overall
labor and power use can be obtained using graphical methods.

Table I showsa I-year labor use pattern for a typicalfarm in a certain region that
grows several crops on two land types. The farmer has 2 ha of lowland rice land
where Le traditionally grows a single long-duration variety and | ha of upland.

Researchers have developed a new rice - rice cropping patiern with the labor
requirements shown in Table 2.

The change in labor requirements, if the farmer adopts the new pattern on his
entire 2 ha lowland paddy, is shown in Table 3.

The new labor use pattern on the entire farm is shown in Figure 2,

Table 1. Present labor use,

Mouth Lowland Upland Total
Man-days/ha  Man-days/2 ha Man-days/ha  Man-days

May 0 0 15 15
June 15 30 5 35
July 30 60 0 60
August S 10 30 40
September 2 4 0 4
Octcber 5 10 0 10
November - - 0 0
December 40 80 0 80

Total 97 224 50 274

Table 2. Labor requirement of new pattern.

Month Man-days/ha Man-days/2 ha
May 15 30
June 25 50
July 5 10
August 5 10
September 70 140
October 5 10
November 5 10
December 40 80

Total 340
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Table 3. New labor use pattemn.

Lowland Upland

Month man-cays/2 ha man-days/ha Total
May 30 13 45
June 50 5 55
July 10 0 10
August H() 30 40
September 140 0 140
QOctober 10 0 1C
November 10 0 10
December 80 0 80

Total 340 50 390

A major labor peak requiring an additional 136 man-days has developed in
September because harvestingand postharvest operations for the first rice cropand
land preparation and crop establishment of the second rice crop must be
accomplished.

Can the farmer obtain this labor during September?

When asking such a question, bear in mind that if this pattern is widely adopied
many farmeis will need labor on this scale. The question can be answered only by
studying labor supply in the area and the potential for labor migration from
surrounding areas. This kind of analysis and questioning is particuarly imporiant

Man-days / farm

140
30 |-
120 |-
=
00 -
80 [
70 |-
60 |-
50 |-
40 -
30 |

20 |~

il

D Lowland

Present
N3 Upiond

N\ Lowland

e New
ik Upland

............. s

\\\\\:

— May ——+— Jun —+—Jul —+— Aug —+— Sep

2. Present versus new labor use patterns,

N

I,

i

N

7

+=

%

]{///A

Oc Nov —+—Dec —4



FCONOMIC ANALYSIS OF NEW TEUHNOEURGIES 1Y

when large-scale farmer adoption of a technotogy can stpruticantly incredase total
demand for factors such as labor and power.

In cropping systems research the rates of return on costs mconied by new
technologies can be used to predict new technology aceeptanee The tate ol wtuin
obtained from current technology reflects some of the tesource constramntyand othet
factors operating at tfarm level.

Experience at cropping svstems reseirch sites has shown that tarmers will adopt
cropping patterns that have a higher tate ot return on total vanable costs than
patterns if resources are available (Price et al TOR2) The rate of return on total
variable costs s computed as gross returns total varable costs, often called the
benefii-cost ratio,

If a new technology requires high inpuis (Tibor and cash) it s helptal to compute
the rate of return to these factors tor new and current technolopies

Ideally, the new technology should have equal or hipher tates of et butin
practice the rate of return for cash often v lower than that from present technofog
because present technology uses httle cash, causing the rate ot retin to cnh to be
high. In such acase examine the RAVC Jevelind localmterest rates to detenmime it
farmers wil find 1t attractive to ovest ther hmtted cashe The RANVC nast be
substantially higher than in the prosent svstemaend the e of return to cash st be
higher than the interest rate pand dorng the crop growing penod

Return to labor should be higher thanom the fanmens” pattern I anactine b
market exists with opportunities for off-tnm crplosracent st muast equad the wape
rite. It the retarn to kiboris tower than the wapge rate stunplios that it better for the
farmer to do oft-timm work. However, ~omcinnes the return to Lehos fiom cotient
farmer technologyis lower than the oft-farm woeere e When thos happens chedk to
cee that the assumed wage rate s not too lighand whethion L anahaass Tisd
outside work at this wage rate. o the acw paticrnos bhely to prodoce peaks i labaor
use then s usetul to compute the return te Libor dunig peak periods and compare
it with the expected wape rate,

A Turther simple analvtical step s 1o exarmne the e Foretie o ratio

(MBCR). where

Added returns obtoned Baoshiinnge 1o
MBCR = new technology (NI from farmer technolopy (1 1)

Added costs incuried by shatting 1o N

Giross return of N Gross et ol B

Total variable vosts of N Lotal variabhle vosts ot

The MBCR should be cqual to or preater than 2 Flor the new technolopy 1o be
acceptable,

As emphasized in Chapter 3, all computations shionld be baecd o thie roat conts
and returns to the fanmer. Fanme-gate prices should be s dand approprate adios
ments shiould be made tor the particubar tenunal cranpeme nts e the are g

It s also uselul to examine total added coctewhinch chowe he total e eaee i
expenditure the former needs toancar to fully adopt the new ochnology It the
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researcher knows the typical farmer situation, credit facilities available, etc he may
be able to judge the extent to which new technology adoption is feasible. Of course, if
the innovation can be adopted on a small part of the land type, a relatively high
added cost may not deter farmers from adopting the technology in stages.

Of the performance criteria discussed above, the most important criicrion (or
criteria) in evaluating a new technology depends on the specific site conditions.
Researchers should follow the general rule that the returns to the constraining
resource Or resources are most important.

Performance variability and the associated risk can be an important dcterminant
of farmer adoption. Mean values are a fair guide provided failures are included in
analysis. Means and standard deviations (SD) can be used in comparisons. If means
are similar the technology with a smaller SD is preferred. If the SDs are similar, the
technology with higher mean is preferred.

In this discussion we have assumed that it is possible tc identify a unique,
dominant farmer technology on the relevant land type. Procedures for evaluating
technologiss where many important technologies with different resource productivi-
ties are found on the same land type are discussed by Zandstra et al (1981).

In these situations compare the less inensive farmer technology with more
intensive experimental patterns and with more intensive farmer “echnologies on the
same Jand type. Usually, the more intensive farmer technologies are intermediate
between low intensive technologies and researcher technologies, We should examine
why farmers do not use the more intensive farmer technology on all of the particular
land area.

Certain physical factors may limit adoption of the new pattern. Inan area broadly
classified into a certain land type, it is sometimes possible to find important
differences that affect cropping performance, If this is the case, then there is no need
to compare low intensive and more intensive systems in economic terms.

On the other hand, some resource limitations may prevent farmers from adopting
the more intensive farmer system on the whole area. In this situation compare the
added net benefits of shifting from the present system to any alternative, including
the farmers’ more intensive system, using the methods discussed in the preceding
sections,

FARM-LEVEIL CONSIDERATIONS

Performance criteria based on budgeting proceduies can be useful for evaluating a
new technology, but they may be inadequate to provide a sound assessment by
themselves, particularly if changes in the component being studied significantly
influence other farming activitics. Although techniques that allow rigorous quanti-
tative whole-farm level assessments are difficult to use in many situations and almost
impossible in site-level analysis, we are not forced to ignore whole-farm considera-
tions when using simple analytical tools.

What is most important is to think about the whole-farm impact of a change in
one component,

Consider, for example, a situation where cattle are important to the farmer. They
may be important sources of power, nutrients, and/ or fuel (for example, cattledung
is one of the most important sources of fuel in many parts of the Indian sub-
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continent). Much of the fodder may come from crop residues. If we are evaluating
the effects of introducing a dwarf rice variety tc replace a traditional tall varicty, it is
important to realize that the supply of fodder will be reduced.

If we remember this when we construct our budgets we should include the value of
straw in our calculations. When doing that, remember it is possible that the present
price of straw in the region is lower than the cost the farmer may have to pay if he is
forced to buy straw to feed his animals in the future. If many farmers adopt the new
rice variety, the total straw supply in the region will diminish and straw prices will
rise.

For another example, early land preparation and crop establishment in lowland
paddies permit a profitable two-crop systemto be cstablished in cerwain areas of the
Philippines. However, the change in timing of operations requires that farmers
allocate labor away from the dryland components of their farm dunng this period,
causing lower returns from dryland arcis

If we underst ind the farming system and carefully examine the eﬂects ofachange
in one compor.ent on other components, we can adjust budget analysis to reflect all
costs and rewurns. Even if precise quantification of some costs is difficult, estimates
can be made that will result in a better evaluation.

Another source of valuable information for evaluating a technology are farmers
who have used the technology. Researchers at cropping systems research sites
should tap the experiences of the farmers who are cooperating in testing new
technologies. Farmer adoption of a netw techrology is the real test. If farmers who
have seen and experienced the new technelogy do not adopt it, it is usually a clear
sign, irrespective of all calculations, that there are problems. A study of reasons for
nonadoption can identify the problemsand help modify the technology to better suit
the farmers’ situation. It may also provide policy makers useful information about
farm-level constraints to the ado,ticn of better technologies.

All these procedures help us tell if a new technology will be more preductive for
and acceptable to farmers. However, farmers arc nnot the only neople involved in agri-
cultural production. Landless laborers are an important group that performs agricul-
tural tasks and derives livelihood from agriculture. Fuarmer adoption of new tech-
nologies can affect them, sometimes positively, and sometimes negatively.

In Chapter 6 the procedures for compuiing factor share were discussed. These can
be computed for the new technology to obtain anassessment of the likely impact on
employment and incomes of landless laborers. The new technology should be
analyzed as a package when evaluating impact. Consider the following case.

In a new cropping pattern labor-saving techniques reduce labor use in the first
crop, as compared with the existing farmer technology. However, by using this
labor-saving technique in the first crop the fariner can grow two crops instead of the
present single crop, and total hired labor use in both crops is higher. On the whole,
landless laborers may be better off.

Before a new iechrology is finally released for widescale adoption, an evaluation
that takes these wider considerations into account should be conducted to ensure
that the new technology will improve overall social welfare. This is important if the
new technology differs substzntially from present farmer technology in the levels
and proportions of factor use,
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CHAPTER 11

STUDYING MARKETING SYSTEMS

N. F. C. RANAWEERA

New agricultural technologies change the demand for inputs and the agricultural
product supply levels. These changes can affect the prices of inputsand products and
the profitability of cultivation of these products. The major reason for conducting
market studies is to assess the potential impact of new technology on profitability
levels.

BASIC CONCEPTS

Supply and demand are the most basic economic concepts.

A market isan institution that enables commodity exchanges to take place. Barter
(where one commodity is exchanged for another) was common in the past but is
usually unimportant today, because most transactions are conducted using money.
In money markets a price is a sum of money for which a commaodity can be bought
or sold. A market comprises all potential buyers and sellers of a commodity.

Generally the guantity supplied (or made available for sale) is greater when its
price is high and smaller when its price is low. The demand relationship is opposite.
Demand is greater at lower prices and smaller ac higher prices because people are
inciined to buy when prices are low.

These relationships are expressed graphically in Figure . SSisa supply curveand
shows quantities that will be supplied to the market at di“ferent prices. DD is a
demand curve and shows quantities that will be demanded (bought) at different
prices. When supply equals demand there is an equilibrium. In Figure | this is
achieved at the intersection of the two curves. At this point the quantity go wilt be
supplied and bought. The price at which this occurs, Po, is the equilibrium price.

Fordifferent types of cornmodities, at different times and/ or sites, these curves are
different. Supply, for example, is affected by the production costs. If inputs become
cheaper more production will be offered at the same price and the supply curve will
shift to the right (S'S"). This can also happen if a new technology produces a greater
output at any specified cost level causing per unit production cost to decrease.

Shifts in demand can be caused by changes in population, taxes, incomes, prices
of substitutes, etc. For example, if rice becomes expensive more wheat flour may be
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Price

Quantity

1. Supply and deaii:ud curves,

demanded, even at the same wheat price. An increase indemand at a given price will
shift the demand curve to the right (D’D’). When such shifts occur equilibzium prices
change. It only demand rises, this price will go up; at intersection of SS and D’D’ the
price P| is higher than PQ. If supply increases and demand does not change
(intersection of $’5’and DD), the price (P2) will be lower. When demand and supply
change, the price will 2o up or down depending on the relative magnitudes of the
shifts and the shapes cf the curves,

The shapes of the demand and supply curves describe quantity-price relation-
ships. A stecply rising S1S1 curve imglics that the change in quantity of supplies
caused by a price change is less than in a flatter curve. Steeper curves are said to be
less elastic or inelastic with respect to price changes and flatter curves are said to be
elastic. When a supply curve is flat it is called perfectly elastic. When vertical it is
called perfectly (or completely) inclastic.

If prices arc fixed the market may not reach an equilibrium. For example, at a
fixed price more of a commodity will be demanded than is supplied if the price is
fixed below equilibrium price. There is excess demand in this situation. Excess
supply situations can also exist. Sometimes supply may be determined byan agency
that also fixes price below equilibrium price. Excess demand can lead to a black
market in this situation.

Many agricultural commodities do not pass directly from the producer to the
consumer. A commodity may be bought and sold several times before it reaches the
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consumer. This chain of buyzrs and sellers or middlemen sometimes store, trans-
port, grade, and process the product. The chain that connects the producer to the
consumer is the marketing channel. The difference between the price at which a
trader buys a product and the price at which he sells the product is called the
markeiing margin. Note that the marketing margin is not a measure of the level of
profits made by middlemen, although it includes their profits.

MARKET STUDIES AT RESEARCH SITES

In this chapter we will discuss methods and procedures for assessing the potential
impact of new cropping techsiologies in areas and regions within a country. New
technology can be a new variety, a single-crop technology package, or a new.
cropping pattern. Crop(s) may be already locally grown or may be new.

Marketing aspects that must be evaluated in a market study are:

a) input supplies,

b) expected output increases,

c) market potential,

d) capacity of the marketing system *o handle increased output, and

e) anticipaied government interventions.

C, d, and ¢ are closely related.

Input supplies

Large-scale farmer adoption of new technologies usually increases demand for
inputs: seeds, fertilizer and chemicals, power and labor, etc. Labar and power
markets will not be discussed because they are discussed in other chapters. Avail-
ability of seeds, fertilizers, and chemicals often is 4 prerequisite for successful
large-scale adoption of new technologies. If farmers can multiply and rctain seeds
from a crop for subsequent plantings {rice), seed supply is not likely to be a major
problem. However, if new seeds reed to be bought regularly (hyorid maize) then the
marketing system must be evaluated to ensure thata functioning marketing channel
for transferring seeds from the producers to the farmers exists in the area or will
develop soon. Crop productior. programs have failed because a marketing channel
for seed supply did not exist. Similar considerations appiy to fertilizer and other
chemicals. However, in most parts of Asia the infrastructure for import supplies is
developing and, provided the attractiveness of the technology can be demonstrated,
input supply problems are easier to solve than preduct marketing problems.

In many marketing systems credit and crop sales are linked. Traders often extend
credit for inputs and sometimes even for personal consumption that must be repaid
by selling the produce to them. If market prospects for the crop are good. this type of
informal lending can facilitate farmer adoption of the crop and the necessary inputs.

Expected increases in marketed output

Expected marketed output increases can be estimated using expected farm yields,
the potential area that is likely to come under the n. w technology, and the propor-
tion of cutput that farmers are likely to sell in the market. In our projection we must
be careful not to use yield figures frorn plots that have been ma naged by researchers
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or from those that have had substantial researcher input. If a crop can be consumed
by the farm-household, it is necessary to assess the proportion of output that will
actually enter the market.

The proportion of output that will be marketed varies depending on the price of
the crop, price and availability of substitutes, etc. A rough approximation can be
made using a reasonable estimate of expected average per capita consumption of the
particular commodity. For a staple food crop this leve! may be much higher than the
present level of consumption if present production levels are low. For subsidiary
food crops, consumption level is not likely to rise. Asking farmers about expected
consumption if they had adequate supplies may give some idea of this figure.
Another method is to assume that consumption level will equal the present con-
sumption level of a farmer with adequate supplies.

Market potentisl, capacity cf marketing system, and government policies
The crucial factor in determining market potentialis the level of demand. For level of
demand it is important to distinguish between different types of craps.

Traditional staple crops, particularly cereal grains that can be stored relatively
well, usually have established marketing channels. Although problems such as lack
of storage and transpo.tation facilities can develop, experience with rice, wheat. and
maize during the last 15 years shows that these are temporary problems. Local
marketing sysiems already have been established for these grains and they are traded
nationally and internationally, therefore local or regional demand is not of primary
impertance. Similar considerations apply to expoit crops.

Serious marketing problems develop when new crops or perishables are intro-
duced. Perishable crops (vegetables, fruits, etc) require either a large enough local
market or a good marketing channel with adgequate transport facilitie, to carry
producetoa market quickly at reasonable cost. if either of these cenditions s lacking
it is wise not to advocate such crops on a large scale. The situation can change, of
course, if a canning or processing factory is set up in the locality.

Even for nonperishable new crops, future marketing facilities must be examined
closely. If there is demand elsewhere in the country and if marketing channels for
other crops are alieady well developed, 1:aers and dealers may respond well to the
availability of the new crop and diversify their marketing operations. Government
plans also may exist for establishing processing facilities r government purchasing
centers,

Estimating consumer demand for many crops is cifficult if adequate demand
studies have not been done. This is likely to be the case in most sites, If a large
increase in a new crop (which is expected to be consumed in the region) is to be
implemented through a major production program, it is worth investing time and
resources to conduct a demand study so that the impact on prices can be ascertained.
If a demand study is not feasible, a survey in the arca will provide some useful
information.

Itis best if economists try to evaluate the potential marketability of a crop onceits
agronomic feasibility has been established at an experimental station and before it is
tested widely infarmer fields. 1t this has not been done and the cropis being tested at
the research site, the economist should not wait until trials are conducted for many
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years to establish agronomic possibilities before conducting a market study.
A survey to obtain market information can be done at three levels:
1. at the farm,
2. at the local market, and
3. among local traders.

At the farm

The initial site description survey should have provided some basic information on
farmer tastes, preferences, and food habits, Farmers must be surveyed (quickly and
informally) to assess their reactions to the new crop. If the reactions are strongly
negative, the research team should deliberate carefully and decide whether they
should proceed further, because it is likely that attempts to introduce the crop may
not be successful in the short run,

Information on crops that farmers would like to grow can be obtained during the
site description survey. If this was not done, a somewhat larger number of farmers
than the farmer cooperators who indicated they would like to grow a new crop
should be surveyed.

At the local market

The site economist should conduct simple surveys with 5-10 questions to identify
tastes and preferences of the consumers in terms of present consumption patterns
and potential consumption of a new crop.

Information should be collected about:

a) food crop preferences;

b) prices paid by censumers for preferred crops;

¢) the highest price consumers will pay for preferred crops;

d) distaste for crops locally grown and marketed crops and reasons;

e) preferences, if any, for a particular grading system (for example, will farmers
pay more for quality chilis, rice, tomatoes, etc? This can be important in the
casc of cereals and pulses as well as with vegetables. The highest price consu-
mers will pay for quality produce or high grade products must be determined
because grading has overhcads and good quality items cost more); and

f) the likes and dislikes consumers may have for a new crop introduced by
rescarchers (for example, if groundnuts are agronomically feasible but consu-
mers do not like them, there is little reason for introducing the product unless
there is outside demand. If there is outside demand more information must be
obtained about this market from other sources).

At the adaptive research stage, it may be necrssary to guarantee a market for the

produce that cooperating farmers produce on trials conducted in their fields.

Trader surveys

Information from trader surveys must be ¢ ciully examined, because traders often
provide incomplete information. Traders accept new crops only if there is substan-
tial local demand or if the crop can be transported at rcasonable cost to a market
where there is demand and where it can be sold for a profit.
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Forexample, growing red rice varietics where consumers prefer white rice may be
agronomically and economically justified if the trader can market the red rice
semewhere else at a profit. When obtaining information about a local market from
traders, itis possible to determine how much of the new crop they will purchase. For
example, if soybeans are introduced to an area where they are not traditionally
consumed they will be purchased by a trader if he knows there is a demand in urban
arcas. Therefore, although a particular crop may not have a local market or be
preferred by farmers, if traders will buy it at a competitive price the crop can be
introduced.

Transportation and storage facilities availabie to traders should be evaluated and
it should be determined if marketing the new crop is likely to conflict with present
marketing practices. If the new crop is harvested when the trader has idle storage and
transport capacity, it is more likely that the crop will be accepted (assuming there isa
demand).

The level of government intervention must also be assessed. Price support
schemes such s floor price schemes and government purchasing centers, if they exist
orare planned, must be considered and the extent to which such institutions operate
in the locality must be assessed. This is particularly important if pilot production
programs are planned.



CHAPTER 12

DATA COLLECTION METHODS
FOR DEVELOPING AN INITIAL
AGROECONOMIC PROFILE
OF A RESEARCH SITE:

SITE DESCRIPTION

M. VAN DER VEEN aND S. B. MATHEMA

One of the first steps taken by cropping systems researchers is to develop an
agronomic and socioeconomie profile of cropping systems sites. Efforts are directed
toward developing an understanding of: 1) what farmers are doing, 2) how they are
doing it. and 3) why they are doing it the way they are (Hildebrand 1978). To
understand these actions researchers must identity factors that influence farmers’
choice of farming svstems and factors that must be considered in attempts to
improve farming systems.

An agronomic and socioecconomic profile of a cropping systems site is used a
number of wavs. Initially, the wformation provides knowledge needed to design
cropping trials. The data also cnable comparisons of net benefits which could
potentially be derived by farmers using new or improved technology (as scen
through cropping systems tilals) to net benefits derived from farmers’ present
practices.

Information on technology in use and on the know-how of more successful
farmers might aid in developing improved technology for other farmers. A good

understanding of existing farming methods and the agronomic, economic and;or

social constraints facing farmers also helps in determining how new technology has
to be modified to be practical and acceptable to farmers. Finally, the information
can be used as a bench mark ora measurement of the agronomic and socioeconomic
condition of the site before cropping svstems work is initiated. The bench mark
enables measurement of progress made in increasing agricultural productionand in
improving farmer welfare as the cropping systems program develops.

Site deseription can be a difficult, ime-consuming, expensive tusk and probably
cannot be fully completed before begianing cropping systems trials. The list of
information ulumately desired is long and involves detailed data on climate, soils,

topography. tarming practices, cropping patterns, crop vields, and a wide range of

soctoeconomic subjects (Zandstra et al 1981).

Data collection techniques used to gather information about farmers such as
farmer surveys, cise studies, and nonparticipant or participant observations require
many man-hours, money, and calendar months. Often personnel and resources are
limited, especially in early stages of a cropping systems program. Further, in
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cropping systems programs agronomists are frequently interested in initiating trials
quickly and are not inclined to wait the months required to complete an in-depth
socioeconomic and agronomic site profile.

In general, site information is collected over time, up to a year or more, using a
combination of techniques. Indeed, site description can be considered an activity
which continues throughout the research period. Interactions with the people and
the physical environment during research activities deepen the researchers’ under-
standing. A number of short cuts in acquiring site information are used to provide a
wide range of information quickly and economically.

Data collected quickly are used in early planning stages for cropping systems
trials. Other more intensive, comprehensive, and time-consuming data collection
techniques such as large farmer surveys and case studies are used when time and
money permit and as the cropping systems programevolves, Later studies provide a
deeper understanding of the site, information on topics which cannot be handled
adequately by initial research, more accurate data, and information about specific
problem areas.

This paper describes how data for developing a tentative agronomic and socio-
economic profile for a site can be collccted quickly and economically so a profile can
be available for use carly in a cropping systems program,

DATA COLLECTICN

Four complementary methods are commonly used to collect initial information
about cropping systems sites. Theyvare: 1) review of previous studies carried out in or
near the site, 2) secondary data collection, 3) a nonstructured site reconnaissance,
and 4) key informant surveys.

Literature review

A substantial amount of agricultural research has already been carried out in rural
areas of countries in the cropping systems petwork — a complete review of this
research, although useful, is beyond the capabilities of any program.

However, valuable information can be gained quickly by reviewing literature on
studies carried out on or near a site and on topics of value to cropping systems
research. Forexample, the Nepalese cropping systems staff found, ina report, thata
detailed land survey had been carried out on a site (Mathema et al 1979),

Although the site covered only 110 ha, 6 land types were mapped. Each land type
was described according to soil type, texture, topography, drainage, present land
use, limiting factors, and potential suitability. Further, a farm survey had been taken
in the area and the report included information on present farming practices
including cropping patterns and crop yields, labor requirements for crop production,
and recommendations for improved cropping patterns. Also included in the report
were data collected by other agricultural surveys in the arca and information from
government officials. These studies provided much information needed to develop
an agronomic-sociocconomic profile for the site.

Knowledge gained by reviewing previous research can also be useful in focusing
the reconnaissance survey and in formulating questions to be asked of key
informants,
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Research findings can be located in development program reports, published
books, papers from various governmental organizations, unpublished reports from
governmental and other organizations, student theses, etc.

Secondary data

In most countries a great deal of useful secondary data exists at the local level and is
readily available, This includes: weekly rainfall, temperature and other climato-
logical data spanning several years, market prices of agricultural inputs and outputs,
population by age and sex, arca planted and harvested to each main crop by year,
livestock population, maps, and aerial photos. These data will provide additional
information for the reconnaissance team and can be included in the repor: of the key
informant survey.

Site reconnaissance

A nonstructured reconraissance survey is a visit to the cropping systems site by a
group of cropping systems socioeconoric and agricultural scientists (Hildebrand
1978). The length of the visit can vary from one day to more than a weck depending
orn the size and complexity of the site and the availability of scientists. Being already
informed to some extent about the site from the reviews of previous studies and from
the secondary data, group members can form general impressions about the farming
systems followed and atterapt to gain more knowledge concerning special areas. The
soil scientist, for example, can classify land types by noting soil texture, structure and
color, soil profile characteristics, and water table depth; and by measuring soil pH.
Plant protection scientists can note insect problems, pests, and plant diseases in
standing crops and can interview farmers about insect, disease, and rat problems in
previous crops or years.

Useful information can be learned by the reconnaissance team by carefully inter-
viewing farmers to determine their conceptualizations of major problems they face
in increasing crop yields, in increasing the number of crops grown in a parcel in a
year, and/ or in changing crops. Farmers’ responses can be discussed and analyzed
by the scientific team, .

The combined technical knowledge of the scientific group allows clearer defini-
tion of major crop production problems faced by farmers, This knowledge can help
to detcrmine cropping systems research priorities and also help identify problem
areas where additional information must be collected cither through a key informant
survey or through some subsequent survey.

Dialzct spoken, local agricultural vocabulary, and local units of measurement can
also be recorded during the reconnaissance. This is useful information forany future
survey work in the area.

First hand information gained by the reconnaissance group can also aid in inter-
preting data collected from subsequent socioeconomic and/ or agronomic research,

KEY INFORMANT SURVEYS

In a key informant survey, individuals knowledgeable about certain subjects or
topics are asked to supply infortnation. For cxample, shopkeepers or merchants are
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asked about prices of local commodities or the local elected leader is asked ahout
topics related to the community. The key informant survey differs from a regular
survey in that the respondent does not respond about tiimself but about the subject
in which he is an eipert. A knowiedgeable farmer, for exampie, describes the
farming systems followed by the farmers from his village and does not describe his
own farm.

Advantages of key informant surveys

® Key informant surveys are quick and inexpensive and can be useful tools for
collecting information about a cropping systems site. Carefuliy designed key
informant surveys can quickly provide a large amount of high-quality quanti-
fied information at low cost. Only a few individuals at a cropping systems site
need to be interviewed. The, efore, manpower requirements for carrying out the
surveys are small (2-10 man-days in Nepal depending on the size of the site).
Data processing requirements for data presentation ina report are also limited.
The last key informant survey at a cropping systems site in Nepal resulted in a
56-pagc report. This report was finalized and reproduced within 2 wecks after
survey work was initiated. Three men gpent about 7 days (21 man-days) con-
ducting the survey and preparing tables. The rest of the time was devoted to
writing up the results, typing, and cyclostyling.

® A carefully administered key informant survey gives accurate results, Estimates
of average crop vields derived from key informant surveys in Nepal were close
to yield estiraates from large farmer surveys and from standing crop samples.

¢ Keyinformant surveys can be carried out and the data processed by people who
are not highly trained scientists. Skilled agronomists and other scientists in a
cropping systems program have more important things to do than take surveys,
Fortunately, individuals who have as little as high school education but who are
intelligent, motivated, and have the right aptitude can easily carry out a key
informant survey. All that is required is training and a good interview schedule,

Disadvantages of key informant surveys

There is one important disadvantage to using key informant surveys to collect in-
formation. Accurate and reliable (two or more informants give the same or similar
answers to the same questions) data can be collected for only certain subjects.
Answers of key informants on other subjects can be unreliable. For example, if
farmers were asked about organic matter content of soil, answers might differ con-
siderably between farmers (assuming they did not answer that they “do not know”)
and could also differ from the true organic matter percentage. However, if they were
asked how many large threshing machines are found in their village, answers could
be reliable and accurate.

Previous studies show key informants give precise and reliable answers to the
following kinds of questions: questions about things that are publicly and directly
observable, questions about well-known community traits, questions that require
little evaluation or inference, and roncontroversiai questions (Poggie 1972).

Key informants give the most unreliable answers to questions that ask for
information directly observable, that require inferences, evaluations, or judgments,
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and about typical individual behavior, activity, social relations, etc (Young and
Young 1961).

Farmers would probably give unreliable information about the amount of rice
being stored in the area (rice is stored in the home and is not publicly observable) but
might give reliable answers about predominant cropping patterns in the area.
Similarly, farmers may give unreliable answers to a question asking which political
party best represents farmers' interests (controversial) but give reliable answers when
asked if there is an agricultural cooperative in their village (directly observable and
well known in the community).

There may also be technical questions or questions requiring inferences or evalua-
tions which result in "inreliable answers. In most cases, farmers are iliiterate or have
little formal education and are unfamiliar with concepts and terms employed by
agricultural scientists. Questions involving panicle initiation stage oi rice, organic
matter coatent of soils, diverse vector, virus, fungus, chemical composition of
fertilizers, and others could be bevond the scope of farmers. In Nepal, where
illiteracy among farmers is high, unreliable responses were given .o questions abou®
percentages and proportions, but reliable answers were given to the same questionsif
they were asked about absolute numboers (farmers could count but had difficulty
dividing). Care must be taken to as<ure the language used in questions is simple and
understandable. These considerations apply not only to key informant surveys but
also to farmer interview surveys.

One of the most difficult nroblems in any survey is developing qucstions that can
be reliably and accurately answered by respondents, Questions must be simple and
unambiguous. They also should concern topics familiar to farmers. If questions
relate to farming practices in a geographic area, the area should be where farmers live
and farm. It should also be reasonably small. Farmers can then bc expected to know
what happens in the fields on a daily basis. Boundaries of the geographic area under
disc.ssion shouid be clearly delineated by physical features such as streams and
roads, or by political boundaries familiar to the farmers. This assures the farmers
understand which specific geographic area is being discussed.

Preparing to conduct a key informant survey

When developing an interview schedule it inay be difficult to decide if key infer-
mants will give accurate, reliable answers to questions asked. Some questions may
require farmers to have considerable knowledge or good menuories.

Carcful pretesting of schedules to be used in key informant surveys is a useful tool
to help ensure that informants can give reliable answers to questions. To pretest,
persons with similar back ground, education, and experience to those who will be key
informants are interviewed. Individual answers tc the same set of questions are
compared. Quest'ans receiving similar answers from a number of respondents are
considered reliable and used in the survey. Questions ieceiving very ditferent
responses should be climinated or improved. Improved questions should also be
pretested.

Reliability and accuracy of information collected from key infoimant surveys can
be increased by carefully choosiug the informants. The mors a person knows about a
subject, the better is the information he provides. In Nepal, persons se'ected to be key
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informants on area farming practices were older, better educated farmers who had
lived and farmed the survey site most, if not all, their lives, They were identified by
local political or community leaders, local governmental personnel (usually exten-
sion workers), and local farmers. If questions are politically sensitive local political
leaders should not be asked to identify key informants, Similarly, if land tenure
relations is a controversial topic, care should be taken in choosing key informants, If
it becomes obvious that a selected farmer is not adequately knowledgeable to answer
questions, the interview should be tactfully ended and a more experienced farmer
selected to be a key informant.

Guaranteeing acc. dacy

Another way to help ensure reliability and accuracy of data collected is to interview
two key informants about the same topic. Their answers can be compared and
discrepancies noted. If the interview schedule used was caiefully developed and
pretested and if the interviewers were wel! trained, answers of the two informants
should be the same for most, if not all, qur;tions. However, requestioning and
additional questioning can be carried out for topics where informants gave different
answers, in order to judge what the proper answer should be.

Geuing key informant cooperation

Getting full cooperation of key informants is impor@nt n collecting reliable,
accurate information. Suspicious, uncoopera'ive informants. either because they do
not understand the purposes of the interview, or for other reasons, may be guarded
in their replies, may not answer truthfully, or may refuse to spend the time required
to answer all questions in the schedule.

Steps can be taken to avoid uncooperative or susj..cious informants. It may be
worthwhile for members of the cropping systems program to explain the program to
local farmers and officials. If farmers understand the program, locating cooperative
key informants and farmers willing to devote land to cropping systems trials will be
easier, It may be helpful to have an official lctter signed by 2 high government
official. The letter should state what organization is carrying out the key informant
survey, explain the purposes of the survey, and request full cooperation for the
study. A copy of the letter can be given and explained to cach potential informant
and local officials.

To ensure good public relations, program understanding, and consent to the
survey, allimportant local people should be contacted before data collection begins.
People visited may be potentially cooperative key informants or may identify
farmers who might be helpful informants. It may alse be helpful to make appoint-
ments with key informants to ensure the interview is held when the informant has
not planned other work.

Carrving out key informant surveys

Four key informant surveys were used at cropping systems sites in Nepal to help
develop agronomic and socioeconomic profiles. Local merchants, the local manager
of the Agriculturai Development Bank and/ or the manager of the local cooperative,
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farmers, and an elecied area official were interviewed. Conies of the English transla-
tion of the interview schedules used are in the Appendix.

Schedules were designed for thie Hill region of Nepal and subsequient studies in
cropping systems sites have shown that they elicited accurate information. However,
the schedules might not be effective in other areas or countries and should be seen
only asexamples of the kinds of uiformation that can be learned fromn key informant
surveys. Types of data necded by cropping systen:s programs probabiy differ from
country to country depending on fzrning condiiions, problems, and/ or the existing
knowledge levels. For example, schedules used in Mepaldo not provide information
about tenancy relations at the siies, 1.¢. typical reintal arrangerncnts, rental rates,
inputs provided by the landlord. This is primarily because [:revious studies showed
almost all farmers in this arca own their farmland. However, in other countries many
farmers may not own the land they cultis ate. If inadequate information exists about
farm rental arrangements at a site, questio:i concerning this topic might be included
in a survey.

THE PRADHAN PANCH AND MERCHANT INTERVIEWY

Cropping systems research in Nepal is being done in governmental wunits called
panchayats. Each panchayat contains about 1,000 families and 890 cultivable
hectares of land, and is divided into 9 wards. The =lected head of the panchayat, the
pradhan panch, has a small office that gene -ally maintains a large file of local data.

The first person surveyed in a key inforinani survey in Nepalese cropping systems
sites is the pradhan panch. This survey (Appendix, inicrview schedule No. 1) clicits
well-known information about the panchayat like climate, markets, and prices,
Facts ahout each ward where cropping svstems research will te Gone are also
gathered. Local merchants are asked about prices of agricalima! commodities to
ensure price information accuracy.

Data concerning individual wards take two forms. One sct of questions relates Lo
general knowledge about the arca. answer.: can be provided by mos! peorle from
the panchayat. Commonly krown facts include iccations of schools and hosgitals,
and common languages spoken. The second sct of questions relates to topics that
may not be generally known. The pradhan parch could be expected to have records
answering these guestions in his office. Cubjects will likely include the amount of
upland and lowland area, number of households, population, and number of
students.

As will be explained below, data concerning cultivable land in wards and number
of households in each ward were used in the farmer interviews,

The farmer interview

In the farmer key informant surveys {Appendix, interview schedule Ne. 2), two
Vnowledgeable fariners frons cach wucd wiiere cropping systems research was to be
carried out were interviewed. The farmers were asked abount conditions in the ward
where they lived and farmed. Answers given by the two farmers were comparcd to
assess reliability. Requestioning or checking by other source, v carsied out in the
few cases where d'screpancies occurred in ausvaers given,
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Information from the pradhan panch concerning cultivable land area and house-
hold numbers within wards was entered in interview schedule No. 2 before the
farmer was interviewed. For example, amounts of cultivable upland and lo viand
were entered in questions one and eight, respectively. Household number was
entered in question 50. Providing data in this way allowed the two farmers inter-
viewed in each ward to start with the same reference point and helped gain more
reliable data. Entering these facts also helped to assure reporting was complete, If
therc are 75 ha ¢f lowland ina ward and a farmer reports cropping patterns for only
30 ha, sonicthing is wrong. Either the farmer has forgotten to mention some existing
cropping patterns in the ward or perhaps there has been a misunderstanding about
the area covercd by a cropping pattern alrcady mentioned.

Soil fertility was found to be a familiar concept to Nepalese farmers. Farmers used
a five-point classification to rank the soil — very fertilie, fertile, intermediate,
in-fertile, or very infertile (different soil characteristics may be mere important in
other countries). In the key informant interview, farmers were asked about the
amount of land in the ward which s infertile or very infertile (questions 5, 6, and 10},
These soils usually are low in nutrient content, in som. :ases are coarse textiired and
may be less intensively cultivated.

In questions 7 and 10 cropping patterns showing the crop, planting date, and
harvesting date were drawn in, Land area devoted-to each pattern was written at the
bottom of the page and interviewers were asked to be careful to make sure all
mixed-cropping was indicated. (Farmers have a tendency to mention the major
crop, such as maize, but forget to mention soybeans, gourds c1 broad beans
mix-cropped with the maize).

We found that when using the long, structured interview schedule in key in-
formant surveys, it was better to interview the farmer when he was alone. Inter-
viewing one farmer within a group can lead to discussions and waste time.

The credit and input supply interview

In Nepal, agricultural inputs such as seed, fertilizer, or chemicals are supplied to
farmers by the Agriculturai Inputs Corporation {AIC), usually through a local
coopcerative,

The local cooperative also gives credit to small farmers. Money for credit is
provided by a local branch of the Agricultural Development Bank. The bank also
grauis credit directly to the larger farmers,

An informal key informant interview with managers of the local cooperative and
bank wz < conducted to learnabout credit and agricultural input supply situations at
study site :. Interviews were informa! in that an interview schedule was not used (see
attachment). Topics were dstermined before the interview but much of the informa-
tion d~sired was contained in bank or cooperatives records. These data were copied
as they existed. No attempt was made to transform them in any way at the time of the
interview.

Enun. ators were instructed to report inforination provided by the managers as
‘oonas pe sible. The prrsoninterviewed was asked to read the report, point outany
¢ rors, and make comments and/ or suggestions. This helped assure the accuracy of
the report and also helped assure bad relations did not develop between the cropping
systems program and other organizations assisting local farmers.
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PROCESSING THE KEY INFORMANT DATA

Reports of key informant surveys combine secondary data, information collected
from key informant surveys, and information from previous studies, if available.

Data processing can be used to develop tables rapidly if careful planning is carried
out detailing what data are to be collected and how these data will be presented in the
report. Forexample, many tables can be taken directly from the interview schedules.
Data ccllected about climate, and information collected from the farmers about
fallow land, can be described in the text of the report. Simp’e hand calculatorscanbe
used to calculate multiple cropping indexes, percentages, etc.

The amount of data available can be very large and too detailed to be included in
the report. Consequently, data can be aggregated and the report written at the
village level. However, ward-level data should be kept in case information is needed
about specific wards in the future. A report produced from the questions asked in the
Appendix can be obtained from Mathema et al (1979).

A number of data collection techniques can be used to collect information quickly
and economically to permit the davelopment of agronomic and socioecoromic
profiles. These include: a review of literature, collection of secondarv data, an
informal reconnaissance of the cropping systems site, and key informant surveys.

The most difficult part of conducting key informant surveys is developing inter-
view schedules which elicit accurate, reliable data,

However, key informant interviews and dat2 processing can be carried out by
lower-level staff and can provide useful information during early planning stages of a
cropping systems program.
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Appendix., English translation of interview schedules

Interview Schedule No. 1
Key Informant Survey of the Area

(Information collected from Pradhan Panch (Head of the village)

Zone

District

Panchayat (village)

Name of the Pradhan Panch Date

(A) CLIMATE OF THE PANCHAYAT

1. What months of the year is rainfall generally enough for crop

production in this panchayat?

2. Is flooding or too much rain a problem in this area?

Yes /___/ No /__/

3. If yes, when?

4, What months in the winter did it freeze at night last year?

5. Is hail a big problem for the farmers in this area?

Yes [ __/ No [/

6. If yes, how much are crop yields generally reduced by hail?

7. In what months did hail occur during the last five years?

Months

1979
1978
1977
1976
1975
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(B) MARKETS

8. Where are che permanent market centers used by the farmers of

this panchayat?

[ Distance
| Name of the from the Types of Time
Name of market village panchavat transport in
building walking
i (km)
i
(a) L
(b)
(c)
(d) i
9, Where are the temporary markets in this panchayat?
Distance
Name of the from the Types of Time
Nun. of market village paachayat transport in
building walking
(km)
(a)
(b)
(c)
(GO
10. Main items of transaction in the above markets.
IN PFRMANENT MARKETS IN TEMPORARY MARKETS
Commodiries Unit Price Commodities Unit | Price
(1)
(2)
(3) i
(4)
(5)
(6)
(1 I
8) |

159
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1.

12.

13.

14.

16.

What is the nearcst source of inorganic fertilizer?

What types of inorganic fertilizer are available and whau are the

average prices farmers have to pay for them?

Types of inorganic

oy Frice
fertilizer

(a)

(b)

(c)

(d)

(e)

Is inec.ganic fertilizer always avxilable to the farmers when they

need it?

Yes /[ [ No [/

Explain

Do the farmers buy fertilizer from the black market?

Yes [/ No [T

1f ycs, when?

What prices do the farmers have to pay?

Where do the farmers generally purchase the following agricultural

inputa?

INPUT SOURCE

Improved seed

Insecticides

Herbicides

Inproved elements

Improved breeds of livestock

Fruit trees




C.
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CREDIT

17.

18.

19.

20,

21.

r
(]
.

23,

24,

What are the most important credit sources for the farmers in

this panchayat?

Are loans provided from land reform savings?

Yes [__/ Yo [ /

If yes, how many farmers in this panchayat received loans from

land reform savings during 19797

Where is the nearest agricultural cooperative that provides

loans to farmers?

How many farmers in this panchayat received loans from the

cooperative in 19827

Where is the nearest agricultural development bank?

161

How many farmers in this village received loans from the agricultural

development bank in 19827

Are credit facilities sufficient for improved farming?
Yes [/ N [/

Explain
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(D) PRICES

25. Farm gate prices of agricultural commodities (1981-82) (Also to

be asked of merchants and shopkeepers when time permits).

Cereals Crops

Varieties

Maximum

Months

Minimin | Months

Average

RICE

WHEAT

MAIZE

BARLEY

MILLET

BUCKWHEAT

POTATO

PULSES

OTHERS

Cash Crops

Varieties

Maximum

Months

Minimum Months

Average

SUGARCANE

JUTE

OILSEEDS
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(These questions to be asked for each ward where cropping systems research

is to be carried out)

PANCHAYAT

WARD NO.

(A) GENERAL INFORMATION OF THE WARD

1.

2.

10.

Amount
Amount
Amount
Number
Number
Number
Number

Number

of

of

of

of

of

of

of

of

upland in ward

lowland in ward .
pasture and/or forest land in ward
households in ward

households in ward who do not farm
females over 14

males over l4

children less than 14 __

What are the most common ethnic groups in this ward?

ETHNIC GROUPS NUMBER OF HOUSEHOLDS

@A)

(B)

(C)

(D)

(E)

(F)

What are the common religions in this ward?

RELIGION NUMBER OF HOUSEHOLDS

(A)

(B)

(C)

(D)

(E)

(F)
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11, What languages do the farmers speak in their general daily

conversations?
LANGUAGE NUMBER OF HOUSEHOLDS
(A)
(8
(c)
(D)

12, How many men of this ward are soldiers?

ARMY

NUMBER

Nepal Army

Indian Army

British Army

Nepal Army (Retired)

Iadian Army (Retired)

Britieh Army (Retired)

(B) EDUCATION AND HEALTH

13. Types of school

Primary | Middle High
(5 to 10| (11 to (15 to Adult
years) 14 years) | 16 years)

Nearest school

Mame of the village with school

iAverage time walking from ward
to school

Number of people from this
ward attending

from this ward attending

Proportion of school age children
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14, How many household heads in this ward can read and write?

15, Health

Health Center | Hospital | Ayurvedic

Nearest medical care

Name of the village with medical care

Hours walking from ward
Number of people from the ward
treated last year

(C) SOURCES OF WATER

Source Average time
walking from
home to source

Source of water for livestock

Source of water for washing

Source of water for drinking
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Zone

Key Informant Survey of the Area

District :

Panchayat :

Farmer's name:

6.

Interview Schedule No. 2.

Ward Mo,

Date

(Information collected from two knowledgeable farmers in each ward)

In this ward, according to Pradhan Pancha there are ....... hectares

of lowland. Do you thin this estimate is true? Yes /| _/ No [/

If no, what is the correct meAaBSUre? s..eeseeovssransravacsseavessns

How many hectares of lowland are irrigated? ce.eoeceesosercsscessncse

What are the sources of irrigation? seeessecvescsrcsccccsvosortonane

How many hectares of lowland are relatively infertile among the

lowland and are irrigsted during the whole year?

How many hectares of lowlund are relatively infcrtile among the

lowland and are irrigated only in rainy season or are only rainfed?

Irrigation supply

Total
area
(hectares)

Sources
of
jrrigat. »n

Area
infertile
(hectares)

Area
cthers
(hectqres)

Lowland which is
irrigated whole ycar (9
pnnths or more)

[Total area of lowland
which is unirrigated or
irrigated only in rainy

season
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7. What crops were grown on the lowland during 1978/79 and when? What were

the planting and harvesting dates?

Lowland which is rainfed Irrigated throughout

or irrigated only in the year

i Months
rainy season

Infertile Other Infertile Other

Mar - Apr 1978

Apr - May 1978

May -_.Jun 1978

Jun - Jul 1978

Jul - Aug 1978

Aug - Sep 1978

Sep ~ Oct 1978

Oct - Nov 1978

Nov - Dec 1978

Dec 1978 - Jan 1979

Feb 1979

Jan

Feb - Mar 1979

Mar - Apr 1979

Apr - May 1973

May - Jun 1979

Jun - Jul 1979

Area

8. According to Pradhan Pancha there are ....... hectares of upland in

this ward. Do you think this guess is true?

Yes [/ No [__/
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9. 1f no what is the correct measure?
10. How many hectares of upland are infertile in this ward? ...eeeeeeoss

Cropping patterns

Upland
Infertile Othar

Months

Mar - Apr 1978

Apr - May 1978

May - Jun 1978

Jun - Jul 1978

Jul - Aug 1978

Aug - Sep 1978

Sep - Oct 1978

Oct - Nov 1978

Nov - Dec 1978

Dec 1978 - Jan 1979

Jan - Feb 1979

Feb - Mar 1979

Mar - Apr 1979

Apr - May 1979

- May - Jun 1979

Jun - Jul 1979

Area

11. Do the iarmers who own more thanone hectare of land practice
cultivation differently from thos:» farmers who own less than
one hectare?

/

Yes [/ |/ No /



12,

13.

14,

15.

16.

DATA COLLECTION METHODS FOR AN INITIAL AGROECONOMIC PROFILE 169

If yes, in what way does cultivation differ? .veveevreroeceeconncnnons

L R R R N Y N R I N R R R R R R R T N T

Has there been any change(s) in the method of culzivation in the
upland within the last five years?
/

Yes [/ / No /

If rhere was, eXPlaiN uueuiiseeeesooecnuosoneossasossssasenonsnsonssse

L R A R I T I T R S S S

Has there bean any change(s) in cultivation methods in the lowland

within last five years?

Yes [/ / No [/ /

EXPlain, 1f ye8 tuuuuviuieeiuneseeeneronsooonsacesnosesnnssoscanonaneses

L R R I I T I T T I R R T S A

Fallow land

17. Does any cultivable land remain fallow at any time of the year in
this ward?
Yes [/ No [/
18. 1f yes
o | ot | ity | S
Upland Locality - 1
Locality - 2
Lewland Locality - | °
Locality -~ 2 B

(Compare this information with the cropping pattern informatior)

Fallow Upland

19.

What are the main reasons for keeping this upland f£allow? .eeeeeenron

LR R A R R N I N RN N R R R R R
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20, Do the farmers feel there is a possibility of cultivating any crop
in this land within the fallow period?

Yes [/ |/ No [/

22, If yes|which crops

Why don't farmers cultivate these crops within the fallow fields?.....

L I N N R R R I R A R R I R I N R I R N N N NN RN

23| How much yield, on an average, can be obtained from those crops

when grown in the Zallow fieldB? ....v.eovuvssviacscsscscescnsssssnnns

24, During the frllow period do the farmers who have fallow upland spend
most of their time cultivating other land? ..isveeerecsveceatvasscenss

RN R N N I R R N R N NN RN ]

25, if they do, which crops are Zrown? ..eeeesssesccevsesosscsnssnssssvsnsnse

R N R R R R I R N Y RN N R RN

26. Do the farmers face difficulties in farming their upland fields

because they have to work in other fields? .iieceesosecsosocccossonsnn
27. EXPlain ccuisesesrocsscrsovevessncrccanasesvosrirecsesserssssesssansans

28, What work would the farmer who owne the fallow upland and his family
members b . doing during the fullow period of this upland?

29, Do the farmers mostly live far from the uplands that are left fallow?
30. Are upland fields used for grazin, cattla?

31, 1f fallow upland fields are brought under cultivation, will it be

difficult to get fodder materials for cattle from other sources?

32. Do the farmers of this ward feel they will cuitivate the fallow

uplands in future?

33, Yes [ __/ Yo [ _ 1

34, Why? EXplain .ceeescoessesannssoecssscsse soesssvsosssonssatssasnrooses

RN I R R N N N N N N N NN
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Fallow Louwland

35.

36.

37.

8.

39.

40.

41,

42,

43,

44,
45,

46.

47.

48,

49,

What are the main reasons for keeping this lowland fallow? ..eceeveace

60 00006 1 0 88 90500000000 esiisenstseisssessnsecsnesanonotiosnsintonrescsrsnnoe

o the farmers fecl that there is a poesibility of cultivating any

crop in this land within tne fallow period?

Yes [/ N [/ /

43 yeslwhich CEOPB sessovasesasonsrsssoascancssssossasosncsoranscanesnes

Why don't farmers cultivate these crops within the fallow fields?.....

e P s S AR e B YN E ES 00 G SRR SEI0 NP ReRUR0ENEBBRIRPREINIEIRERIIIOIOIIRIRIOTCTTS

How much yield, on an average, can be obtained from those crops when

grown in the fallow fields? ..ccivsenrsssoosvsccscrnnnscnsascnccsnnons

» e e 8 e 00t e B B I P B EE LB EP IO 0000000000 R0IRRISIEEEFrFRRlINERORIIITY RS

During the fallow period do the farmers who have fallow lowland spend
most of their time cultivating other land? ..ccececreoccacevenancannny

¢ 08 2 0 8 B eB TP S eI B N EO LU RS S0 SO PO SRS RPN R I NBIePIORIENLIEIERNIITIVTEITIRLEEOILITOTY

If they do, which crops are grown? .esessssessceseriscrcconnsccsscones

00 08 080 08T EE 00 e P IeN e AN SN EI PP P 0es et PR RTIOEOINRIIRIOISIOERIISISISEOEIBNIITLTY

Do the farmers face difficulties in farming their lowland fields

because they have to work in other fields? .ieeeecnccracccrsccecncases
EXPlain.ccseseseeoeessosssassasssassosossssscrsesasassessonsosscnscsas

What work would the farmar who owns the fallow lowland and his facily

members be doing during the fallow period of this lowland?
Do the farmers mostly live far from the lowlands that are left fallow?
Are the lowlund fields used for grazing cattle?

If fallow lowland fields are brought under cultivation, will it be

difficult to get fodder materials for cattle from other sources?

Do the farmers of this ward fcel they will cultivate the fallow

lowlands in future?

Yes [ No [T

Why? EXPLAin seveeencocscsssasrsseossssoocossscarnnsssossssccnccasonss

5 P 9080 es B0 s o0 el e0 a0t a0 et Paloast000000000000PIsNIBTIIIEISIRESIIITLTY
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Land Tenure

50.

According to Pradhan Panch, in this ward there are ......... farming

households. Do you think it is true?
Yes [ __/ No [ __/
If no, how many farming households

Amount of land the farming households in this ward cultivate including

leased in land and land outside of the ward:

Total no. No. of No. of No. of No. of
of house~ | house- households* | households* | householdg*
Land (farm) size holds holqs* owning up- oyning who hav?
owning land mixed leased in
lowland mainly lowland land only
mainly and upland

0.15 hectare
or less

0.16 to 0.30
hectare

0.31 to 0.60
hectare

0.61 to 1
hectare

2to$s
hectares

6 hectares
and more

* leas than 20X of the other land type.



ra

Production of main crop and use

What are the main varieties of crops grown in this ward and how much was the average yield from these main

crops last year (1978-79)?

Crop Variety Land Average lo. of No. of Average No. of Average | Main uses of
type yield farmers farmers amount of farmers selling | the plant
per growing who have chemical who price residues
hectare this used fertilizer consume
crop chemical used (per all the
fertilizer] hectare) yields
for house-
hold use
Wneat siraw
Wheat
Strav Chaif
. .
Paddy —
, Plant Husk
Maize Leaf Cob
Linseed Plant

FH40Ud IIAONCIAOYOV TVILINI NV 304 SAOHLIW NOLLDITI0D Vivd

€LY



Crop Variety Land Average No. of No. of Average No. of Average | Main uses of
type yield farmers farmers amount of farmers selling the plant
per growing who have chemical who price residues
hectare this used tertilizer consure
crop chemical used (per all the
fertilizer] hectare) yiclds
for house-
hold use
Plant Chaff
Soyabean
Plant Chaff
Barley
Plant Chaff
Millet

Pulses

Plant Chaff

HOUV3ISTY DINONODIOUDY YO4 STUNAIO0Ud JISvE  pLI



Crop Variety Land Average No. of No. of Average No. of Average | Main uses of
type yvield farmers farmers amount of farmers gelling | the plant
per growing who have chemical wno price residues
hectare this used fertilizer | consume
crop chemical used (per ail the
fertilizer hectare) yields
for house-
hold use
Plant
Potato
Others

SLT  T1A0Ud DINONODIOHOV TVILINI NV HO4 SGOHLIN NOLLDT1'10D V.IVd
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54. Can you explain the cultural practices followed in growing the major
food crops (especially about the land preparation, seeding, compost

application etc)?

Paddy

(a)

Maize

(b)

Wheat

(c)




Livestock

55. Whet kinds cf animals do the

farmers of this ward keep?

Livestock

Ko. of house-
holds who do
not have any:

No. of house-
hold who have
one:

No. of house-
hold who have
two:

No. of house-
hold who have
three:

No. o{ house-
hold who have
four:

No. of house--
hold who have
five or above:

COU

Calf

Ox

She-buffalo

Calf

Pig

Improved pig

Chir.ckens

FHA0Hd JTWONOITOYDV “IVLLINI NV Y04 SAOHLIW NOLLDITT102 Vivd

Lt



56. What are the main food wTaterials fed to the animals by the farmers of this ward and where are the animals fed?

Winter (what is
fed? Describe)

Location (check)

House Field

Pasture

Sumner (What is
fed? Describe)

Location (check)

House Field

Pasture

Cow not milking

Cow milking

Bullock not working

Bullock working

Buffalo not working

Buffalo milking

Calf

Goat

Sheep

Pig

Improved pig

Chicken

HOUVIASIY JINONOJI0YOV Y04 STUNAIAD0™d DISvE 8L
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57, 1s it difficult to get enough grass ur fodder for cattle in this ward?

Yes [:::7 No [/ /

If yeB, WHY soveana'iantonnssosscsasosssonseanneasaasssnsssnososassnans

€ 80 56 00 5080056000003 600804008605908080008000000800800000088000s0cERIINPOIGEBETS

58. In which months do the farmers have the most difficulty in getting

grass or fodder for cattle in this ward? ...eeveereiecceancsascrnosnne
59, WhY? toereeenceneasesonasonsasossesnssasssnossasotocsocsnaocssssnonsosss
60. How many hours distance is the pasture areas from this ward? .........

R R N R N R R R R N N N N R RN IR N ]

Compost

61, How many farmers of this ward dig pits for keeping compost? ......c..0

62. Do some farmers of this ward practice scientific methods for keeping

cotpost?
Yes /[ __/ No [/ __/

HOW Many? eceseeseroeseesosvesesoroonsossoonntossssosssssossssosnanesns

64. What method do most farmers of this ward use for making compost?

R N I e R RN RN Y]

Labor and power

65, What is the busiest time of year for the farmers?.......ceiveivencsnne
66. What do the farmers do in this time? ...ececverecnaciercessrsonosesnes

R R A A R N

67. Besides this, are there any busy times for the farmers?

Yes / No [/

L

If yes, When .oceeseiesevecnnenncsvssoossssarsrsosssnsssosscasnannssnnes
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68. What do farmers do? wuuuseussvseeocesoeesosassoossnnecsansserasensannnces

R A R N R T R R RN

69. What are the leisure times for the fAarMeEIrS? ....eeeseveeresensvvsansnnens

R R I L R I N A R R N R R R R R R Y

70. Do the farmers exchange 1abor? veeveeceronsosrrstuscsseonsscscnovascionns

L R I R R I N N I N R A A A A I ST S AP S P AP ST S AP S

71, If yes, for what tASKS? tuueeeeessnersetnse ttosnsecsnsncstsansnsnncnnne

L I R R I I I I S I A AP A I AP A ST AP ISP S P AP P SRR I

72, Do the farmers of this ward hire laborers on contract basis for working

in their fields?

Yes [/ No

~
~!

1f yes
Male

Types of No. of house- How many What Wage
work holds hiring days in a months (include
labor year on meale)
average
Female

Types of No. of house- How many What 'r Wage
work holds hiring days in a months i {include

labor year on meals)

average




DATA COLLECTION METHODS FOR AN INITIAL AGROECONOMIC PROFILE 181

73. Do the farmers o this ward hire villagers as laborers on daily wage

for working in their fields?

Yes [/ [ No /__/
If yes
Male
Types of No. of house- How many What Wage
work holds hiring days in a months (include
year on meals)
average
Female
Types of No. of house- How many What Wage
holds hiring days in a monchs (include
year on meals)
average

74. Do the farmers of this ward have problems in hiring labor during any

times of a year?
Yes [ 7 No / /

75. 1f yes

WHEN? o hteunnnsnensoneonsasasssssonsonnsenssassanassonasssssssnennssssos o

WY T e neenavenonenassocorsssesrasssoaonsvssnsssssassssasacsasssossscasces

76. How many farmers use bullocks to prepare their land in this ward?

L A L R R N N I I N I R A N S I A AN I I S I S AP I

77. Do the f-rmers hire bullocks to get their work done? ....civeersesvvosenes

R R I R R R R N R I R R R R



18.

19.

80.

8l.
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Do the farmers use bullock fer growing every type of Crop? .ievevivenscecenes

EXPlain uvaveessosacaosasesensnosiseeastsonsesssns asasnsasosncsesossosansos

R R R I I I R e R I I I e R e N R N XK

ereresese e

Are bullocks used both in upland and lowland? .......ec0.e ererees

EXPlain seveseveneeanaasnceanessansosocersasiostsssasstosnsestsvsssssasasssns

R R R R R R R N R N N R E R R

Are there any timrs of a year when there are shortages of bullocks for

WOILK? st eiienestsneronenso soneseccnnnsnes

EXPLALIN 4 voueesoseonnsorsonsassasnossasnsossssastasssssonesresaossrsnssnssos

R R R N R I R R R R N IR I )

Other occupations besides farming

82.

83.

How many farmers of this ward go to the Tarai or India for one month or

more every year for employment or marketing?

Purpose Number of farmers what month

(a)
(b)
(c)

(e)
(f)

What other types of occupations do the farmers have besides farming?

Which member

No. of house-

What months

Average work

Average work

Types of of the tamily | holds doing of the days in a hours in a
work is engaged this sort year year year
of work
{(a)
(b) _

(c)

(d)

(e)

(£)

Sources of fuel (for burning)

84.

What are the main scurces of fuel? ..oeeveens

R R R N R A R ]

R R R N R R R N N N R R R R R R AR R AR
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86.
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Do the people of this ward collect their own firewood or do they

PUICHABEY s it vvarnnronesessesrassocnsressasonsonsntonssescassasssssssnnse

If they collect

183

e

How much tine dres a family, on an average, spend .or cu*ting firewood
or other materials for burning?

How many days tiow many Bbourg

Person What months . . X
in a yoar in_a day

Head of the family

Wife

Children

General information

87.

89.

90.

9l.

92.

9%.

What are the major problems of the farmers of this ward in increasing
agricultural production? ...i.eivesrerereietraeteanarrarsrosncssnoannas

P I I R R I I R R R R R R R I N I A 'Y

What are the reasons for decreasing yields in the last years? ........

D R I N I R R I R R R R R R I R I I I R R N N N IR I I I I R )

R R R I I T N I I I I B R R R R I R I I N A R N

What are the reasons for yield increases in the last years? ...cv.ees
G e e te e s ie et et et s iares et er et et et tsetast e s st ses bt ies s rarette

I R I I I T R I N R R I I N I N R I N N R R AP I

What type of changes in varieties of crops would the farmers like to
Lo

L R I R R R I N N N RN T

What are the major obstacles to the development of agricuiture in this
WATA? cieeeeeonoanvorsosssasonsssseronenssnsosronssasssancssssncsansns

DR R R P R R R R R N R R R R N R R I R N N

What do you suggest for the agricultural development in this ward?

L I I R N R R I I R R I A R R e R I R N N N

Do the farmers of this ward produce enoug: Jood materials lor lhouse-
hold use from their own fields or do they have to get food rrom other

BOUTCEBT sosuenussonanorssnasnrsvsscansansscaoonssossssasassssssssnnssose

How many small farms are there that cannot grow the required food

grains for household consumption? seoeivvesriecrvtsensnronnsoosnnssanns
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95, How many farms generally grow just enough for household conaumptioq?

M R N N N RN RN R R T T

96. How many farms generaily produce more grain than is required for

the RouBEhOLA? tiuuueiasnesionnansoceeoesonsnsonneoscnsssesnonassnnes

Fruits

97. What fruits a : grown in this ward?

Types of fruit

Improved
(number)

Local
(number)

Mango

Orange

Pear

Apple

Papaya

Banana

_Lemon

Jack fruit

Guava

Pineapple

Others (spe-ify
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CREDIT AND INPUT SUPPLY STUDY

CROPPING SYSTEMS PROGRAM

We want to see how adequate the supply of agricultural credit and

agrizultural inputs (inorganic fertilizer, seeds, insecticide etc) are

for the farmers at the sites.

This will be achieved by collecting

iaformation from the cooperatives, agricultural development banks, local

peuple, etc.

Ve would like to know the voluwe of credit and inputs

supplied to farmers in each site over the years, the number of farmers

helped,

asked:

main problems, costs, etc.

From the cooperative

Name of cooperative

Location

How organized

Area of coverage

Number of members

Number of members from site

Is membership increasing?
Procedures for becoming a member
What is the membership fee?

Can any one join? Explain.

If credit is provided:

11.

12,

13.
14,

15,

What are the procedures for getting a loan?

How much credit have the farmers at the site

The following questions could be

received over

the last few years, how many farmers rcceived credit and what

were the main purposes of the loans?
Who can qualify for a loan?
What are the procedures for applying?

When are applications for loans rejected?
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16, Are there any problems with default? Explain.
17. Whar are tie repayment procedures?
18, How can the credit system be improved?
19, Are ycu able to provide credit to more farmers in the site? Explain.
If inputs are sold
20. What products are sold by the cooperative? (State amount sold
by type by year for the farmers in the site.

21, Who can buy and how mary farmers from the site did buy inputs

last vear?

22, Have there been problems in supply, i.c. have the inputs always

been available when the farmers need them? Explain.
23. Whet are the sources of the inputs?
24. What are their prices (last 5 years)?
25. What other services does the cooperative provide?
26, Wwhat are themain problems of the cooperative?

27. Will the cooperat.ve expand in size and in volume of credit and

business in the near future? Explain.

28. How can the cooperative be inmproved?
From the Bank

Name Location

1. What volume and types of loans for agricultural purposes has

the bank provided over the last few years?
2. How many cooperatives are you providing loans to?

3. How much have you loaned to the cooperative in our research

site over the last years?



4.

1.
12.

13.

who
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What procedures should be followed to get a loan from the bank?
(a) Cooperative (b) Individual farmer

How much have you loaned to farmers at our site over the past
years?

How many farmers received credit and what were the main purposes
of the loans?

What types of farmers generally receive loans from the bank?
What determines the size of loan you can give?

For what purposes can you give loans?

What are the repayment procedures?

Are there problems with defaule? Explain.

liow can the credit system be improved?

Will you be able to provide more credit to farmers ind to

cooperatives in the future? Explain.

There may also be local businessmen who supply agricnltural inputs
can be interviewed.

The Pradhan Panch and others can also be asked about how well these

institutions presentiy meet the credit and input needs of the farmers,

what the problems are, etc.

Also answers, tables, data provided should be written down on

another piece of paper and a report written as soon as the interview

is over. If possible, the person interviewed should be asked to read

the

report and make sure thet it is accurate.

i87



CHAPTER 13

COLLECTING AND ANALYZING
FARM-LEVEL SURVEY DATA

P. E. CHURCH

A sound understanding of the structure and performance of small farm agriculture is
essential for agricultural research aimed at designing and testing new technologies
suitable for farmier adoption. Farm-level surveys contribute to that understanding.
However, results of farm surveys are useful only when prepared in a readily usable
form for researchers and analysts. Good farm surveys, therefore, must meet three
requirements:
1. they must be representative — this requires statistically reliable samples of
respondents,
2. tney must be ace. rate — this requires careful measurement and computaticn of
a broad range of factors involved in farm operauons, and
3. they must be iimely — to be useful to analysts and polizy makers they rust be
available within weeks — not months or years — after the survey is conducted.
To collect and analyze farm-level agroeconomic data, certain steps must be taken.
This study guide describes and illustrates steps field staffs should follow when
collecting, tabulating, and; or analyzing data needec to preduce farm-leve! agro-
economic studies. For researchers involved in all these activities or with prior
experience, these steps can be used as a checklist or work plan. For those involved
only in part of the study process, these steps will show how their specific activities
relate to the whole process of collecting and analyzi .g farm-level survev data.

WHY CONDUCT FARM-LEVEL SURVEYS?

Why must we use claborate and complex procedures to collect agroeconomic data
from farmers? Why survey farmers at all? Why don't experiment station trials or a
few interviews with casy to reach, knowledgeable faimsrs or community leaders
provide enough information?

The answer is that the real world is much more comjlex and much less control-
lable than conditions at agriculture experiment stations. At experiment stations,
scientists can conduct trials on uniform soil types, using controlled water and pest
management practices. Conditions are a great «:al more variable in the farmers’
environment. Land, water supplies, and grov.iny; eriod often vary within small
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geographical areas and between farms. Farmers also differ, by education level,
family size, land and asset ownership, and world outlook. These differences deter-
minc how they cultivate their crops.

Variability in cultivators and cultivation conditions makes it necessary to usc
statistical sampling and survey techniques developed to assure an accurate under-
standing of the differences and their effect on cultivator behavior. These techniques
identify and measure differences among cultivators and cultivation conditions, and
assess how these differences affect the adoption and effective use of cultivation
practices.

DETERMINING SURVEY OBJECTIVES

Farm-level surveys are a tool used to accomplish a task. Requests to field researchers
for farm survey data should be made with a specific purpose in mind. Although
computers \v_.th the capacity to handle huge volumes of daia an process informa-
tion from large surveys using complex questionraires, results from extravagant
survey cffortsare not often useful. Clear objectives limit surveys and reduce time and
resources needed.

Farm-level surveys are time-consuming, expensive, and prone to error. The
decision to conduct a farm-level survey should be carefully considered. Will the
survey data contribute to a valid objective? Are there sufficient resources to do a
survey that will achieve the objectives?

Site description

Farm-level surveys often help scientists understand the agroeconomic environment
where they propose to work. These surveys, often called baseline or benchmark
surveys, identify the greatest potential for and constraints to improved agricultural
production. They can also show where the greatest pay-off to scarce agricultural
research money and manpower will be. :Jescriptive surveys are often the most
expensive and time-consuming to undertake because a wide range of information is
usually collected from a 'arge sample of respondents. '

Experiment monitoring

Once key problems have been identified and new technologies developed to improve
cultivation: practices in a particular site, regular and periodic monitoring of their
performance among a limited number of farme:s is needed so the best practices can
be selected for disiribution to potential users. Often data are collected from usersand
non-users of new technology (seed variety, crop inanagement practice, or production
input) to compare their relative performance. This type of data colleciion, farm
record keeping surveys, is also expensive and time-consuming because frequent,
even daily, visits with farme- cooperators are £ssential to monitor their crop cultiva-
tion decisions and activities,

Production evaluation
When new technologics have been introduced to the farm population, sample
surveys can be valuable in assessing the pace and direction of adoption by farmers.
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Farm-level surveys also can provide data to show how efficiently new technologies
are being used by farmers and if there are unexpected constraints to optimum
performance under farmer cultivation. Cost of production or farm-budget surveys
assess production performance because both level of physical output and level of
monetary reward are used in evaluation.

Consequences assessment

New technologies that have a favorable impact on farm resource use also changethe
socioeconomic environment in which the cultivator and his family live. Socio-
economic changes may be favorable or unfavorable for the farmer, his family, and
his community. Socioeconomic surveys collect data to show how farmers are
affected by the changing environment. This information helps researchers who are
medifying technologies to fit changing socioeconomic conditions and policy makers
seeking to promote socioeconomic conditions that will ensure maximum benefits
from new technology ad sption.

FORMULATION OF HYPOTHESES

Most field resea ichers understand how to formulate hypotheses for agronomic field
research expetiments. When hypotheses are stated (for example, different yields can
be expected from different levels of input application) experimental design is
straightforward.

In many farm-level surveys, however, ficld researchers forget the value of formu-
lating hypotheses.

Formulation of hypotheses is essential to successful research that invol es agro-
economic data collection. Most agroeconomic studies requirc complex. combina-
tions of data that not only include amounts of inputs used, but input tyres and costs,
sources, and time of use. These added dimensions require a hypothetical foundation,
to help focus data collection and analysis.

Letus formulate a hypothesis to be used to assess the relative profitability of locai
and moder.i seed cultivation and develop it through data collection and anaiysis
steps. The hypothesis is: modern seed varieties (MV) outperfe am local seed varieties.
Incconcemicterms that means MYV yield higher and provide tarmers higher incomes.

To test the hypothesis, be careful to control for variabies that might bias results.
Forexample, we should compare MV and local variety vultivation costs and returns
using the same fields to avoid differences in soil types tnat would affect plowing time
and costs, or water and fertilizer requirements.

Selecting crops cultivated on similar fields limit. the chance that land and its costs
willinfluence results. The land variable becomes a constant, and it can be eliminated
from the analysis in the comparison of the economic performance of modern and
local rice varieties.

By making land a constant we have made it unnecessary to collect data on land
values and rents, and avoided the need to ask farmers about land ownership that
might make them rel:ctant to provide other more necessary data.

Are there other confounding factors such as credit (sec Appendix 1) or farm size
that can be climinated from consideration in the analysis of the hypotheses?


http:analy.is
http:hypotheti.al
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Table 1. MV and local variety rice cultivation costs per hectare,
Item Modern variety Local variety

Labor
Hired
Family

Draft Animals
Hired
Family

Seed
Manure

Fertilizer
Urea
TSP
MP

Pesticides

Irrigation ]
Total cost (I /hectare)
Yield (t/hectarc)

Cost per unit (M/t)

Price per unit (M/t)

Total income (M/hectare)
Met income (sl/iiectare)
Bencfit-cost ratios

A hypothesis helps a field researcher know what data he needs for analysis in
advance. If he does not know, more datz inay be collected than he can use, which
wastes his and the farmer's time. and limits the number of farmers who can be
contacted.

CONSTKUCTING MASTER TABLES

To test hypotheses we have formulated requires collecting substantial data. Data
must dbe organized to he understood. A master table helps the field researcher
organize data. A master table is an organized table that will be completed when
survey data are analyzed. It should reflect the hypothesis that is being tested. Tab:e |
is an example of a master table that might be used to organize data collected to test
the sample hypotheses. It is a preliminary data listand outline for 2 survey question-
naire. Inputs for which amount and cost data must be collectec are shown in the
table. It also shows that input and output price information coilected from respond-
ents or local markets will be needed. A master table will help identify information
needed in the analysis and organize it for use.

For example, labor costs will be derived from the number of labor days used in
cultivation activities, wages paid, and meals given if labor is hired. Table 2 records all
labor cost components. Similar tables can be generated for other inputs.
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Table 2. Labor use and costs per hectare in cultivation of madern and local rice varietiex.

Cultivation Mun-days Wage rate Cost
uctivity Family Hired Total Cash Kind Adjusted Family Hired Total
Plowing
Land preparation
Sowing
Transplanting

Fertilizer application
Pesticide application
Manual weeding
Irrigation

Harvesting
Postharvest

Total

SURVEY QUESTIONNAIRE DESICN

A form or questionnaire to record field data is used for most sample surveys that
collect agroeconomic information for analysis. The survey questionnaire is an
important field survey tcol because it stores data for future tabulation and analysis.
It must be carefully designed. If a field survey is not carefully designed, the value of
the survey is reduced because:

I. important questions aie omitted;

2. poorly formulated questions produce erroncous responses;

3. unnecessary questions are included; and ;

4. poorly organized questions cause delay and errors in coding and tabulating of

responses.

These problems can be avoided by following the steps in sample survey prepara-
tion. For example, carefully stating the hypotheses to be tested and designing master
tables to record data can help identify the information needed and the type of
questions to ask.

Understanding available time and resources will help determine length and
complexity of the questicnnaire. The survey technique and sample size needed to
produce statistically reliable results also determine the length of questionnaire and
the type of questions to ask. Finally, how questions are formuiated and organized
will depend on how the data are tabulated (manually or electronically) when the field
survey is concluded.

Although there is no ideal questionnaire or set of rules for designing a farm-level
survey questionnaire some general guidelines apply in most survey settings
(Appendix 2).

Single objective
" Multipurpose surveys usually result in a cumbersome census-type document that is
difficult to analyze and will hinder gathering and processing data needed for the
primary objective of the study.,
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Completeness
Preliminary formulation of hypotheses and preparation of master tables will assure
that all data needed are included in the questionnzire.

Organization

Organizing data to e collected will help both the surveyor and respondent. When
data are needed on crop production, farm-level survey questionnaires are often
organized to follow the sequence of cultivation practices and input use followed by
farmers, beginning with plowing and planting and ending with harvest and post-
harvest activities. Sections may be added to record special information about farmer
assets, labor availability, and other data that need >nly be collected once. Ask
sensitive questicns after your respondent understands your goals. For example,
questions about income or land ownership might follow after gencral questions
about cultivation practices or input use.

Clarity

When possible, units of measurement should be specified. Special instructions
(record labor in hours) should be with the question or columns where the data wilt be
recorded. Separate instruction sheets are seldom consulted in the field. It is always
wise to pretest your questionnaire to determine the best wording to use in the actual
survey. Instruct surveyors to record answers in local measures for conversion later.
There is seidom time to do calculations in the field. Provide space for surveyors to
record local measures and their equivalenis in metric or other standard terms.

Length and content

Each question takes time, and costs money, to ask, process, and analyze. Be
sclective. Screen proposed questions carefully and decide if the respondent is the
appropnate source for the answer, or if the answer can be more readily obtained
elsewhere.

Avoid leading questions. Many peopie try to please the questioner with their
answers. Others will distort their answers depending on how they perceive the
answers may be used. You cannot eliminate all response problems, but you can
improve surveys by phrasing questions objectively to avoid hinting at the desirable
answer. If there is a strong element of doubt or distortion in the answer, ask sore
objectively verifiable cross check questions.

Recall questions must be formulated with special care.

Consistency
Record daua carefully. Separate plot-level and farm-level questions to avoid con-
fusion over measurement.

Indicate missing information. To say no fertilizer was used is different from saying
information on fertilizer was not coliected because the respondent gave no answer, A
non-answer incorrectly tabulated as none used will bias results. Non-answers must
be considered missing and coded to ensure such cases are excluded from calculations
of sample averages. All questions must be answered.
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Single vs multiple forrus

For some survey conditions it may be necessary to decide if one questionnaire form
is appropriate or two or more forms are more suitable. Incropping systems research
where data on the economic performance of different crops may be required, this
choice may need to be made.

One long form with provisions to handle several different crops may waste space
because questions for all crops must be included although each forin will be used for
only one crop. However, forms designed tor specific crops may be more wasteful if
they share many common questions. Two forms also cost more time in printingand
collating.

Multiple forms add to training burdens and lead to confusion in the ficld when
one form runs out or the wrong one is grabbed in haste to get to an interview on time.
Multiple forms 2lso add to tabulating burdens. Field cxp- rience suggests that the
simpler the questionnaire form the better the chances of meeting the requirements of
representativeness, accuracy. and timeliness for farm surveys.

FORMULATING SURVEY QUESTICNS

There are several ways to ask a question and each is appropriate under certain
conditions. The three most popular types of questions are the open-ended question,
the multiple choice question, and the quantitative question.

The open-ended question format records the respondent’s own words. Samples
are: “What did you do last scason to control pests?” or “1"»w did you market your
harvest?”

Open-ended questions are suitable if questionnaires are skort (it takes time to
write responses), and sample sizes are small (it takes time to tabulate results).
Open-ended style questicnnaires are suitable for key informant surveys and are
usefu! when surveyors are unfamiliar with an area and wish to test responses before
undertaking larger samp  surveys.

Open-ended questions are easy to formulate, allow maximum freedom of reply,
and are useful when surveyors do not know local conditions. However, responses
are difficult to classify and tabulate, and surveyors recording responses are difficult
to control.

Multiple choice questions are often used when the objectives of the survey are to
classify farmers by crop cultivated, land tenancy arrangement, or particular cultiva-
tion practices. Less than ten response choices are usually provided. The surveyor
determines the category of the reply.

Multiple choice questions are used when quick overviews of large survey arcas are
needed to guide future sample survey work. For example, a multiple choice ques-
tionnaire to determine how many farmers grew selected crops may help in designing
a stratified sample of respondents that includes enough cultivators of each crop to be
studied (Table 3).

Multiple choice questions also categorize respondents when comparing yield
costs, returns, or other measures of economic performance.

Multiple choice questions remind respondents and surveyors what the manage-
ment options were, are easy to code and tabuiate, and are quick to ask and fill in.
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Table 3. Multipie choice question format used in a weeding survey.
Indicate how you controlled weeds in your crops on this plot last season:

(Circle one) J
0 No response 7 Herbicide
1 No weeding done 8 Hand and herbicide
2 Hand - own labor 9 Hand and mechanical
3 Hand - hired labor 10 Mechanical and herbicide
4 Hand - owned and hired labor 11 Hand, mechanical, herbicide
5 Mechanical weeder - owned 12 Others

6 Mcchanical weeder - rented

However, they give *how” information only, may put words into the respondents’
mouth, and may not include all possible responses.

Quantitative questions provide data on spe.ific ainounts of mpu's used by
farmers to be used in detailed and rigorous agroeconomic analysis. Collecting
accurate quantitative data requires careful formulatiun of questions. Reference to
land area must be precise and measures (often local) must be specified (Tuble 4).

Quantitative questions are essential to most cost-of-praduction studies and stu-
dies of agronomic or economic efficiency of labor or input use. They should be
designed for computer processing because sample sizes must be fairly large, given the
variability of responses and dezree of reliability desired.

Quantitative questions allow surveyors to record quantitative information,
require respondents to give careful answers, and responses can be computerized for
rapid analysis. However, they require more time to complete and careful attention to
response coding, and may not include all pessible responses. Appendix 3 gives an
example of a cost of production survey questionnaire,

There are many pitfalls to formulating survey questions that will provide accurate
responses. Table 5 gives an example of what can happen if a question is not asked
clearly.

SELECTING THE SURVEY SAMPLE

When survey information needs are established and a questionnaire has been
designed to collect and record data, we must determine from whom data will be
collected. Purposive and probabilistic methods of selecting survey respondents can
be used.

Purposive selection is the conscious choice of respondents by established criteria,
such as surveyor access, crops cultivated, or membership in organizations. Although
purposive selection helps surveyors get results quickly, they do not allow our
findings to be generalized to the population of farraers being studied because the
respondents may not be representative farmers, For example, surveying farmers
selected because they were by the side of the road may produce respondents whoare
market oriented and perhaps more technologically advanced than farmers in remote
areas,

If precise data that are representative of all farmers in the survey population are
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When did you do first weeding? mo wk 1 17
How many weedings did youdo? — 7
What kind of herbicide did you apply? (name) T 177
What amount of herbicide did you apply? (grams) T 17
What cost of herbicide? M per

Indicate days of Jabor used in weeding control:

a) Family labor days hours rr1r7
b) -lired labor days hours T 17
¢) Exchange labor days hours [T T
What wage did you pay for weeding?

a) Cash —__/day [T 177
b) Kind [day T 7

Table 5. An example of the Dangers of Poor Survey Questions,

Ten farmers with exactly the same yi:ld were asked: *What rice output did you get on your
land last year?” When converted to ton< per hectare all answers were different. Below are the
answers and reasons why,

Explanation of Response

This is the correct answer.
The farmer was a tenant and deducted

The farmer answered for the crop grown
last scason not last year.

The farmer converted paddy (rough rice)

The farmer deducted the rice he sold.
The farmer deducted a 1/10 share he
paid to the harvester.

The farmer harvested his crop wet (24%
moisture); no adjustment to dry cqui-

The farmer incorrectly reported the size
of his plot and the surveyor did not

This farmer replied for his whole fazm
not for the plot being surveyed.

Farmer Response
1 5.0
2 25
the landlord’s share,
3 3.0
4 35
to clean rice.
5 4.0
6 4.5
7 6.0
valent was made.
8 7.0
check it.
9 10.0
10 100.0

The farmer responded in local measure
(cavans) and the surveyor did not con-
vert it to tons,

needed, a probability sampling method can be used to assure that each respondent in
the survey population has an equal probability of being selected. Probabilistic
selection is used in most farm-lcvel surveys. There are several methods for drawing
probability samples from a population, each with certain advantages.

If each respondent in the population is equally important, we can use a simple or
systematic random sample. If the characteristics of individuals within the population
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differ and they can be categorized, random samples from each category might be
selected to improve the validity of the survey. This is called a stratified random
sampling. Cluster sampling may be used when travel between fields is difficult, or
when travel time and funds are limited.

Simple random sampling

If the only information we have about a farm survey population is a list of its
members, then simple random sampling is the best method of selecting respondents.
Obtaining lists of farm-households is possible only if the survey area is small or a
recent census list is available. Respondents can be randomly selected from farm-
household lists using random numbers tables that use the digits 0-9 in an unstruc-
tured, unsystematic, random manner, where each digit occurs with about the same
frequency. To select respondents:

1. Obtain a count of the population under study.

2. Usethesize of the population to determine the grouping of random digits in the
table that will be used. For example, if the population is between 10 and 99, use
digit groupings; between 100 and 999, use 3-digit groupings; between 1,000 and
9,999 use 4-digit groupings, etc.

. Assign sequence numbers to the population members.
. Select any point in the table to start.

5. Proceed in any ¢ ystematic manner (down, across, etc) selecting and recording
those numbers that fall within the population range, and disregarding numbers
outside the range, until the total designated sample size has been selected.

Systematic random sampling selects items from all parts of the population in an

unbiased systematic manner rather than picking items at random. To use systematic
random sampling;

I. Assign a sequence number to each member of the population.

2. Determine the skip interval by dividing the number of units in the population
by the sample size:

oW

. P
i=—
S

Where: 1= skip interval,
P = population size, and
S = sample size.

3. Select a starting point in a random digit table.

4. Include that item in the sample, and every “i” th item thereafter, until the total

sample has been selected.

Sometimes, items ina population arearranged ina repetitive or cyclical pattern. If
the skip interval is on the same cycle, your sample items may not be representative of
the total population but may all have the same characteristics.

The greatest shortcoming of simple and systematic random sampling procedures
is the need to have a complete list of all population units from which to randomly
select sample respondents, If surveys for site description, production evaluation, or
consequences assessment are to be undertaken, populations may be too large for
total enumeration,
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If researchers know that some characteristics of individuals within a population
differ and that these differences are significant to the survey problem, and it is
possible to classify these individuals by their characteristics, a more accurate descrip-
tion of the population can be made by selecting a random sample from groups of
individuals with similar characteristics. This is known as stratified random sampling.

Forexample, if the viclds of rice farms in a province are to be studied it might be
useful to stratify the farms by irrigated, rainfed, and upland because these charac-
teristics are known, can be classified, and are significant factors in determining rice
yields. Results using stratification are more meaningful than selecting farms
randomly.

The sample size drawn from stratifications should be proportionate to the size of
the group, which reduces the analytical problems in evaluating the results. For
instance, if we wanted to survey 200 ha from South Cotabato and the province had
been stratified as indicated below, the sample size for cach category would also be
based on the same percentage, thus:

Stratification  Hectares  Percentages  Sample size

Irrigated 35,000 46.5 93.0
Rainfed 31,728 4272 84.4
Upland 8,500 113 22.6

Total 75,228 100.0 200.0

Sampling within each stratum can then be done by any of the other methods
discussed.

Cluster sampling is the only practical means of gathering data where there are
time limitations and/or difficult field travel conditions. Cluster sampling is also
practical when a multistage surveying process is feasible — where provinces are
randomly selected, then villages, areas within villages are partitioned, and smaller
areas are randomly chosen for a total survey of all farms.

In cluster sampling many or all respondents are querried at a few sites. Whenever
possible, the total appropriate population (all rice farmers in a selected barrio) are
interviewed.

It may take 2 or more days and extensive traveling for an interviewer to obtain
responses from [0 farmers by simple random sampling if they are scattered all over
the province. By randomly selecting two barrios, and interviewing as many farmers
as possible within those barrios, more farmers can be contacted in less time.

Because this sampling method draws responses from a limited cross section of the
total population samples should be larger than minimum sample size specifications.
As many clusters as can be accommodated by the time/budget limitations should
also be selected. Clusters should be of equal size.

Itis important to remember that the clusters must be selected on a scientific basis
and that sampling done within the cluster should also be random.

DETERMINING SAMPLE SIZE

One of the most difficult decisions ficld researchers must make is the choice of the
number of {armers and survey plots from which to collect data for analysis.
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Suggestions range from using a few case-study respondents on plots to samples of 5,
10, or 20% of the farm population of a survey region that may include several
hundred thousand respondents.

Collecting and evaluating data from large samples are difficult and information
froma 5 or 10% sample is not more statistically reliable thana 1 ora 0.01% sample.
Statistical reliability depends not only on the number of respondents butalso on the
variability of data.

If wide variability is found, a relatively large number of sample respondents or
plots must be selected to ensure that mean vaiues calculated from the sample
accurately estimate the mean values for the entire population. If variables differ only
slightly then a smaller sample of plots can be selected to estimate mean values
reliably.

We want to have 90 to 99% statistical reliability in our sampling, but must realize
that having limited control over manpower, time, and money limits the number of
respondents that can be reached.

To achieve a suitable level of sampling reliability and enhance the credibility of
our survey results the degree of variability in the data collected must be reduced.
Variability can be limited bv carefully defining tne survey population.

Precise formulation of hypothcses reduces data requirements, population size,
and reduces the data variability. By specifying objectives of the sample, survey
variability in observations and sample size can be reduced. For example, modern
and local varieties may each perform differently under rainfed and irrigated condi-
tions. Limiting the survey to a study of the relative economic performance of MV
and local variety cultivation under irrigated conditions will reduce data variability
and requirements for large numbers of plot experiments and farmer interviews.

Special care must be taken not to eliminate variables that are closely associated
with the characteristics of the technologies being tested. For example, MV yields
may be more sensitive to planting dates than those of local varieties. To reduce
variability and sample size requirements by limiting analysis of data to MV and local
variety, rice cultivators who planted after/before a certain date might remove an
important variable from the analysis.

SELECTING THE DATA PROCESSING PROCEDURE

Data tabulation and analysis .est the study hypotheses and reveal new findings.
However, data tabulation and analysis can be tedious and time-consuming if data
processing methods were not planned early in the survey design process.

If samples are small (less than 100 respondents) and the analysis is site specific,
tabulation and analysis can — and often should — be done in the field by field
researchers. Field researchers know the data and the farmers best, and are often the
best judges of survey results. Field tabulation and analysis help researchers focus
future surveys and studies. However, field-level analysis requires greater supervision
and additional field staff training,

Larger samples or cross-site analyses require centralized tabulation preferably
supported by computer processing,. If indeed computer processing is used computer
specialists should help design questionnaires and supervise data coding. These tasks
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should not be the responsibility of field researchers, and they must not be allowed to
interfere with their primary duties.

If hand tabulation with pocket or desk calculators is used data must be transferred
from survey forms to tabulation sheets or, if the questionnaire is short, transferred
directly to the calculator. Data taken from short questionnaires tabulated using a
small programmable calculator with basic statistical operations can be successful
and efficient. When forms are grouped for analysis the field researcher can enter all
the values for one variable and quickly calculate meuns, variances, and numbers of
observations on a separate sheet.

Statistical measures calculated for a single variable from modern and local
varieties can then be compared using, for example, a t-test to determine if there are
statistically significant differences between the two groups. If more than two groups
are involved other statistical tests of significance can be used.

When descriptive statistics (means, frequencies, variances) and related statistical
tests (standard deviation, t-test, F-test, chi-square) are recorded, questionnaires can
be regrouped to test whether other characteristics of the respondents or their crops
explain their economic performance. Tabulation sheets can be used in the same way,
although with more difficulty because the researcher must use the error-prone
process of pick and choose according to the classification needed. Physically sorting
the questionnaires into piles reduces errors.

CONDUCTING THE SAMPLE SURVEY

The sample size chosen for a farm-level survey will depend on the number of farmers
the field rescarcher and his staff or colleagues can interview with the time and nioney
available. Although no strict rules on sample size apply, there is a simple formula for
farm-level agroeconomic survey size.

Between three and four farm-level surveys can be conducted per man-day of
surveyor time in the field. This includes multiple visits (three half-hour visits at
preplanting, preharvest, and postharvest) or one 2-hour postharvest visit plus a
crop-cut for comparison of measured yields with farmer estimates. Survey times
include the time used going to and from the farmer’s home or field, returning when
he is not available, etc.

A 2-man field team, with 50 working days (10 S-day weeks) in the field can reach
between 300 and 400 respondents during a crop season. This is a small percentage of
the farm population or number of crop plots cultivated in most survey environ-
ments, and again underscores the need to carefully define survey objectives and
formulate survey hypotheses.

Optimum sample size differs with the objectives of the survey. A common
erroneous idea is that the larger the sample the better the sample. Larger samples
require more supervision and more field staff training. Errors happen when large
numbers of poorly trained surveyors are used instead of a small group of well-
prepared, motivated field researchers.

Differences in interviewers’ personalities and questioning techniques affect the
responses they obtain. These differences can never be eliminated but they can be
minimized. The following are techniques that will reduce interviewer bias.
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Brief the interviewers

A survey is rarely conducted by one individual. Make sure all interviewers under-
stand the purpose of the survey, the definition of terms, and the meaning of the
questions to be asked, and have a uniform way to record answers. Provide a
procedural guide to follow when they encounter difficulties. If possible, arrange for a
dry run interview sescion to supplement the orientation p. Jcess.

Have the interviewer brief respondents
When you meet thie respondent you should:
¢ introduce yourself,
e verify who you are speaking to,
® explain the reason for the survey and how it will be used,
o tell the respondent how he was selected for the interview,
® assure him that results are confidential,
¢ tell him how long the interview will last,
e ask if now is convenient for the interview, and
® find a suitable place to conduct the interview. (Privacy is desirable, especially if
personal questions will be asked.)

Conducting the interview

Decide whether to follow a structured questionnaire format reading or an unstruc-
tured interview style. The structured style may get a response to every answer, but
you may scare or inhibit the response, especially if you record the answers during the
interview. Unstructured interviewing generally leads to wider ranging discussion, is
longer, and may gather useful supplementary data. However, you may also miss
important questions.

Field computations

Use local or familiar measures and minimize respondent computations. Get raw
data that you can convert later. For plot-level surveys of cultivation costs and
returns, the parcel size is important and should be measured whenever possible. (A
method for measuring irregular plots is described in Appendix 4).

Do not rush

Avoid leading questions designed to elicit a quick reply. Take time to verfy
responses for accuracy by cross-checking and/ or backtrack repetition. Ofter: indi-
viduals misunderstand what you are asking, or only teli you what they think you
want to hear. They may be trying to impress you, or gain your sympathy. Repeat
your questions several different ways to ensure that they are understood and the
person being inteviewed is responding accurately.

Remember who you are

Do not promise anything, except to pass on information, unless you have authority
to take corrective action. You are usually there only to observe and gather facts. The
respondent, on the other hand, often regards you as a government representative
who canand should do something about the situation. Idle promises cause a lack of
confidence and lessen later cooperation.



COLLECTING AND ANALYZING FARM-LEVEL SURVEY DATA 203

ANALYZING SURVEY DATA

After data have been gathered and recorded on the survey forms, they must be
edited, weighted, calculated, and interpreted. Consistent guidelines must be used to
screen raw data gathered by different enumerators. Screening helps review for
clarity, internal consistency, correction, and conversions for fuirther processing,

Clarity
Data recorded in the field are sometimes illegible and/or unintelligible to a staff
editor. Numbers may be illegible and comments may have been added to the
standardized responses that might qualify the answers from “Yes” to “Yes,but . , . ”
Wherever possible, que--- inable items should be reviewed with the surveyor,
Where multiple choice responses were not used it is difficult to develop a standard-
ized classification of open-ended comments. It may also develop that some questions
that were overlooked in designing the questionnaire are significant. Thus, some
preliminary modification or elimination of questions and responses may be
necessary.

Internal consistency

Multiple choice questions may have been marked with multiple answers although
one of the above was specified. There may be clarifying comments or no explana-
tion. Editing of numbered responses is frequently necessary to place the recorded
value into the standardized units requested. Sometimes a conversion factor is
provided, sometimes it has been overlooked.

Correction

A whole range of important decisions about data treatment must be made during
editing. Should it be rejected as erroneous, counted at face value regardless of error,
or accepted but reduced in value, with an attempt to figure the intent?

Conversions

Some responses may need to be converted to common measures by editors or coding
assistants. Sometimes a computer being used in the analysis can do the conversions if
local measures are used throughout the survey.

THE FINAL REPORT

The final report describes the researchers’ farm-level data collection and analysis. It
must be clear, concise, and well-organized. Here, too, earlier formulation of hypo-
theses will be of help. Style manuals can be used to guide the structure of the final
report so that they can be easily understood by users.

There is no fixed format for farm-level agroecononiic study reports. Their length,
content, and organization are determined by the field researcher. Certain compo-
nents of the study effort should be present, however. Among these the field
researcher may wish to consider the following:
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L. Preface or acknowledgments. Agroeconomic studies are undertaken in the

belief that better knowledge about how agriculture works will contribute to

better agricultural programs and policies. This is the place to say it. Persons

who participated in data collection, analysis, and in financing and supervising
the study effort deserve mention here. Do not forget to acknowledge the
cultivator respondents who contributed their time to the study.

. Summary of findings. A one-page summary of findings that includes page
references to additional information is useful to readers. The field researcher
should give the hypotheses and indicate if they were proven true. Suggestions
for further refinement of analysis of future rescarch can also be mentioned here
or, if somewhat lengthy, in a final chapter.

. Introduction. A brief description of the background and objectives of the
survey is sometimes useful to the reader. For example, an analysis of the
economic performance of MV and local rice cultivation may have been moti-
vated from findings that MV adoption rate by farmers has slowed in recent
years and that there may be an economic explanation for this trend. In such a
case, a table showing national level MV and local rice hectarage trends over
several years might help set a focus for the study. The objectives of the survey
should include the hypotheses and the expected findings.

- Sampling methodology and survey procedures. The saniple population, how it
was sclected, and the methods used in the survey should be discussed here.
Reasons for limiting the sample to those respondents/ plots with special charac-
teristics should be explained. Describing when and how respondents were
interviewed gives readers an idea of the quality of data collection. A brief
description of the survey sites may be appropriate here or in the annexes.

. Analytical findings. This section describes the survey results and analysis.
Agroeconomic studies generally begin with summary tables that support main
survey findings such as the one used for illustration in this chapter. Following
the summary tables there may be separate sections with tables (such as Table 2)
discussing each of the inputs recorded and their rates of uses in the calculations.
If further breakdowns of the data on costs and returns are called for, they
usually follow in separate sections or become part of special annexes to the
report, depending on how central they are to the objectives of the study.

. Annexes. These are additions at the end of the report that can be used by
readers interested in probing further into the study findings. The annexes also
present subject matter that requires detailed discussions that would detract
from the main purposes of the study. The following topics are frequently
annexed to agroeconomic studies:

a. Respondent profiles describe family size, land ownership, attitudes, etc that
help the reader determine how representative the survey respondents are of
farmers,

b. Site profiles describe temperature, rainfall, soil type, infrastructure, and land
use patterns, that describe the site where the survey work was done.

c. Sampling procedures give further detail on how respondents were selected, a
lisi of the survey villages, special characteristics of survey plots, or other

racaennnific infarmatinn
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d. References list research conducted at the same survey cite or on the same
study topic in other sites that were used to guide this study or that might be
useful for readers interested in pursuing the problem further. References to
books containing explanations of the analytical or statistical procedures
followed in the study also may be included.

SOME FINAL POINTS ON REPORTING SURVEY RESULTS

1. Avoid technical jargon.

2. Round off numbers. Although you may have gathered data in hectares, or
tenths of hectares, the final report will probably be in thousands, tens of
thousands, or hundreds of thousands.

3. Use graphs instead of tables. Usually the trend of data is more important than
the precise numbers,

4. Where you do use tables try to get all the data on one page.

5. Tables should be organized to highlight a single message. Comprehensive
matrixes of basic data are useful only for researchers’ analysis — they do not
communicate anything until they are interpreted. If you need a comprehensive
table the appendix is the place for it. Extract from it the point you wish to
make, then prepare a condensed version for the text.

6. Summarize tables in the text so readers understand them more thoroughly.
Some people have a mental block against numbers and read only the text.

7. If you need more detail ona point, and it will clutter the text, use a fooinote or
appendix. FFootnotes are best seen at the bottom of the page they refer to.

Appendix 1. Credit and interest.
Of all inputs used in crop cultivation credit (or capital) is the most difficult to
measure and analyze.

Credit may be obtained for several purposes, some not related directly to agricul-
tural production. Although farmers may obtain production loans to buy seed,
fertilizer, and other inputs used in cultivation, some of the money may be used to pay
markel expenses until harvest,

Credit may also be used to buy all or part of the inputs for several plots. if survey
data are collected only for one plot, the researcher must assign part of the credit costs
1o the single survey plot.

Credit costs are often hidden. Interest charges may be only part of the costs to
borrowers of institutional (bank) credits. Special assessments (even bribes),
documentation (deeds to land or registry of residency), and multiple visits from farm
to bank branch add substantial costs to institutional credit. Local moneylenders may
charge higher rates than banks but borrowers may not have to pay the other
expenses associated with bank loans.

Farmers also use their own resources or those of relatives and friends. No interest
payments are made for these resources but there is an economniic cost because that
money, otherwise invested in a savings account, for example, would have earned the
farmer interest which is lost because it was needed for cultivation. The cost of lost
interest earnings must be included when calculating a farmer’s real production costs.



There are three ways of handling credit farm-level agroeconomic analysis:

1. Credit costs can be ignored. Some agroeconomic studies consider credit an
irrelevant variable. For example, in the illustration used in Chapter 14 where
the economic performance of modern and local seed varieties is being com-
pared, credit costs, like land costs, can be excluded from the analysis, if their
cash costs were similar.

Care must be taken, however, to assure that the financial conditions are
similar for both MV and local variety users.

2. Credit costs can be imputed. If credit costs should be included in analysis, the
most direct method to use is to impute or estimate credit costs. The field
researcher must decide what total value of credit should be used and what
interest charge should be applied to it. Several choices exist for setting credit
values and interest charges.

Some analysts prefer to use the total of all input costs at market prices as the
credit value. Others use the total of all cash costs — excluding the value of
family labor and draft animals. Total of all cash cost is used by many agricul-
tural banks, which often lend to finance borrowers’ cash costs of production.

Interest rates vary among credit sources. Banks generally charge low, often
subsidized, interest rates. Moneylenders often charge high interest rates which
may or may not be justified given their risks, the true cost of money, etc.
Somewhere between these probably lics the true cost of capital (see Chapter 3
for a further discussion of how to calculate capital costs). Each of these rates
has its merits in analysis. Perhaps the best rule to follow is once a rate is chosen
do not change it.

3. Credit costs can be tabulated. A third alternative is to tabulate credit costs from
data supplied by respondents. This method may be useful if credit is used by a
large percentage of respondents, because then it is possible to obtain a sub-
sample of data credit users large enough to achieve statistically reliable results.
Cf course, the problem of attribution of credit to production, mentioned
earlier, must be recognized. In areas where production credits are extended in
kind as part of broadly based production promotion schemes, this method of
calculating credit costs may be suitable.
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Appendix 2. Agroeconomic questions most frequently asked about crop cultivation
practices.

Although arca circumstances may be unique several questions are
frequently asked in agroeconomic surveys of farmers' cultivation
practices., Here is a list that can serve as a guideline in considering
what to include in your survey.

Cultivation activity:

A. Area cultivated ha /1 1
B. Method employed (circle one) l_/
)
2 -
3 -
4 -
C. Number of applications )
D. Date activity began (wk) L1/

E. Tamily labor: No. of persons

Days Hours 1/ / /
F. Hired labor: No. of persons /
Pays Hours /

G. Exchange labor used (Circle one)

1 - None 3 - Most
2 - Some 4 - A11 )
H. Type of input used (circle one) L/
1 -
2 -
3 -
I. 1If none used, why? (Circle one) [/

1 - Not available when needed
~ Cost too much

- No money to buy

Not required

- Conditions not suitable

- Other

SN WN
1

J. Amount of (input) used kg VR )

K. Cost of (input) used P/kg )



Appendix 3. Cost of production survey questionnaire.

(Date) (Location) (Code) (Surveyor)

Farmer: Name Age Education

Owned area: MV Local Other crop Total

Rented area: MV Local Other crop Total -

Family size: Adults: Children: Workers: Survey plotsize . (ha)

Draft animals: Owned: Leased: Shared: _

Cl;lcti;';tti;’;m :I)Caltisise Family Hired Total Day wage No. of Real Total cost

began days days days (M/day} meals wage
(mo/wk)

Labor inputs

Plowing (man only)
no.

Land preparation
Sowing (Broadcast

or secdbed)
Transplanting
Fertilizer (topdress)
Pesticide (no. )
Weeding (no. )
Irrigation (no. )

Harvesting (if contract

share of crop indicate %)

Postharvest optimum
Total (Labor Use)
Draft animal use
Land preparation
Threshing/carrying
Total (Draft animals)

Continued on opposite page
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Appendix continued

Input If non used, why?

Source Amount Price Cost

Seed:
(Variety)
Fertilizer:
Organic
Basal Urea
Basal TSP
Basal MP
Basal
(Others)
Topdressed urea
Topdressed
(Others)
Pesticide:
(Type)
Irrigation:
(Type)
Fixed Input:
(Type)

Credit: Cash/kind
(circle one)

Soil Type: 1 - Sand 2 -Clay 3 -Loam
4 -Sand/Loam 5 - Clay Loam
6 - Sand/Clay 7 - Other

Output prices:  Grain Straw

Output amount: Grain Straw

Output value: Grain Straw

If plot leased/rented, share/payment to owner:

Total input cost
Total production cost

Gross income

Net income

607 VLVQA ATAUNS 1IATT-WAVA ONIZATVNV SNV ONILITTI0D
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Appendix 4. Measuring a survey field of irregular shape

Agricultural economists are frequently asked to gather plot-level information on
farmers’ crop production practices. Data must be converted from plot-specific
measure to per hectare or other standard unit measures to permit comparisons of
farmers or between farmer and experimental trial results.

Accurate measurement of the farmers’ plots is critical to obtaining reliable per
hectare measures. Because of limited time and resources many surveyors depend on
farmers' estimates of their field sizes. Although generally reliable, farmers tend to
overestimate their field sizes, causing input level per product yield to be under-
estimated when the conversion per hectare or standard units is made.

When possible, surveyors should measure the fields to verify farmers’ estimates.
Farmer fields, however, often are irregular in shape making the area difficult to
calculate. Surveyors who try to avoid these difficulties by seeking out only regularly
shaped (square or rectangular) fields to gather survey data introduce biases into their
results.

It is important to understand how to measure irregularly shaped fields. The
method is called rieasurement by triangularization and is done by pacing (walking
along the edges and counting the number of steps or paces on each side) or by usinga
steel tape measure and right angle bar.

Pacing the field is an acceptable way of field measurement. If the length of the
average step has been accurately measured an estimate of field area that is within less
than 19 of an estimate made using a steel tape measure can be obtained.

Measurement by triangularization
Irregular-shaped fields can be measured by partitioning their areas into right trian-
gles, squares, and rectangles whose heights and bases are easily measured. Then all
external sides of the partitions are measured by pacing or with a steel tape measure.
Measuring only the external sides is practical because often it is not possible to walk
through the field because of flooding or because the standing crop could be
damaged.
Use measurement by triangularization to calculate the area of the irregular ficid
drawn to a scale of 1:10 m in Figure 1.
Step 1. Calculate the length of your average pace:
a. In a field of comparable soil conditions take 10 normal paces along a steel
meter tape measure;
b. Do this three times and record the distance walked each time; sum the values
and divide by 30 for the average length of your pace in meters.

M= m
M= m
M= m
Total= m
Average = (Total) + 30= m

Step 2. On a piece of paper draw a sketch of the field as closely as you can
determine visually (Fig. 1).
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1. Mcasurement by triangularization,

Step 3. Divide the sketch of the field into triangles and rectangles.
(Note: Experiment to get as few partitions and internal sides and angles as possible.
Two partition methods are shown here. Method A should be used when only the
sides of the plot can be measured. Method B can be used when it is possible to walk in
the field.)
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Step 4. Witha right angle bar and bamboo sticks locate the right angle vertices of
each triangle. Then, by pacing or by steel tape, measure a'! sides of the survey plot
and record their lengths on the sketch. (If measured by pacing, be sure to convert to
meters.)

Step 5. Number the triangles, squares of rectangle partitions, and set up a working
space to record the bases and heights of each as shown below.

(Mcthod A - sides only)

Partition Base Height Area
| bb" = 10 b'c = 30 “BEOX10) = 150
11 a'b’ =100 b'c = 30 30x 100 =3,000
111 aa = 30 ae = 50 30X 50 =1,500
v aa = 30 d'd = 20 “(20x 30) = 300
v a'b’ =100 c¢d = 40 % (40 X 100)= 2,000
Total - - —_ =6,950 m2
(Method B - sides and interior measures)
Partition Base Height Area
1 ab =140 ae =50 ¥4 (50 X 140)=3,5n0
11 eb =150 dd' = 304 14(150%30.4)= 2,280
111 db =130 cc’ =18 ¥ (130x20) =1,170
Total - — - =6,950 m2

Step 6. Calculate the area of the field by totaling the corresponding areas of the
triangles.



CHAPTER 14

DATA COLLECTION

FOR EVALUATION

OF NEW TECHNOLOGIES
AT RESEARCH SITES

S. K. JAYASURIYA AND G. R. BANTA

Simple orocedures which can be used for evaluating new technologies were dis-
cussed in Chapter 10. Data collection at a research site obtains information required
for the evaluation process. To evaluate a new technology an understanding of the
farming system is required. Incropping (or farming) systems research a preliminary
understanding of the system at the research site is obtained from a site description
survey. This survey provides the foundation for designing new technologies. In
Chapter 12, methods and procedures for doing a site description survey are
discussed.

During new technology testing additional data are necessary. Rainfall patterns,
prices, and wages change over time. Agronomic and economic crop performance is
affected by these changes. Performance of new and existing tcchnologies must be
compared under similar conditions. Accurate data on the performance of new and
existing technologies on similar land types should also be obtained, and the pre-
liminary profile from the site description survey should be confirmed and refined.
This process will help researchers understand how farmers allocate resources to
different activities and better assess the interactions between various subsystems in
the farm.

In the following sections we will describe the kind of data that should be collected
at a site during the testing phase of research and procedures for collecting appro-
priate data using limited resources. We assume that a preliminary site description
survey has been conducted previously.

DATA TO BE COLLECTED

Site-level, farm-level, and plot-level data will be collected. Some data must be
collected periodically while other data may be collected only once, unless major
changes have occurred since the data were first collected.

Site-level data
Most site-level data are collected during the site description survey. However, some
important site-level variables change significantly over time.

)
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Data must be regularly collected for:

a) farm product and input prices,

b) wage rates and contractual arrangements,

c) custom hire rates for farm machinery and animal power. and

d) credit facilities and interest rates.

Input and output prices, custom hire rates, and wage rates can change sub-
stantially during the year (seasonally). They should be carefully monitored to
determine seasonal patterns. All rates, including interest rates, change over time,
Data gathered the first year of research may be outdated by the second year.

Wages and product prices can be obtained from farmers who are regularly
interviewed by site staff. Remember, farm-gate prices can differ significantly from
the price at the market even in the nearest town. The price farmers get for their rice,
for example, may be much lower than the official price at a state-administered
purchasing center. Farm-gzte product prices can be different from retail prices in the
same area, particularly for storable goods. Thus, the retail price of rice at a shop may
remain r=latively unchanged over the year whereas farm-gate prices fluctuate
substantially.

Wages and prices should be monitored monthly and if resources permit, weekly.
Appendix | gives examples of data collection methods that can be used to regularly
monitor and record wages and prices.

Input prices can be obtained most easily from dealers. If farms are far from
markets transportation costs may be significant and should be added to input
purchase price.

When technological changes take place, tenancy and other contractual arrange-
ments also tend to change. Prevailing contractual arrangements (landlord’s share,
harvesters’ share etc) should be checked at least twice a year.

Chapters 4 and 11 discuss procedures for obtaining appropriate wage and price
data.

Farm- and plot-level data

Most farm- and plot-level data about existing farmer technology can be obtained by
regularly monitoring a group of carefully chosen typical farmers (see Zandstra et al
1981).

How many farmers to monitor?

At least 5 plots of each major farmer technology on a given land type where research
will be conducted must be monitored. A technology that covers 30% or more of the
area of the particular land type is a major technology. There can be as many as 3
major farmer technologies on a given land type. If this is the case at least 15 plots
must be monitored.

If research is conducted on 2 land types and there are 3 major technologies on
each, a minimum of 30 plots must be monitored. If there are several cropping
patterns grown on a specific land type, one farmer will usually use several tech-
nologies. Using the guidelines given in the next section, cvery cffort should be made
to minimize the number of farmers monitored by selecting farms with the different
land types and scveral technologics.
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Table 1. Characteristics of modal farmers,

Farm size 23 ha
Yrrigated area 10-20%
Number of draft animals 1

Tenure Share-tenant
Fertilizer use in rice 2040 kg/ha

How to select farmer-cooperators

Because random sample methods are widcly recommended for use in farm surveys,
it is often thot:3ht economic-cooperators at research sites should be selected in the
same way. This is not always correct. Indeed, it is incorrect when trying to choose a
small number of farmers with multiple characteristics. If you want to find five typical
farmers, you are likely to do a better job choosing them purposely than if you pick
five farms randomly from a list of farmers in the village.

Generally, farmers who are representative of the majority of the target population
are needed. Because farmers have many characteristics, they must be representative
of the most important of these characteristics.

List the three or four characteristics that will be most important at the site. These
may be farm size, farm composition (irrigated land, semi-irrigated land) tenure,
ownership of draft animals, and level of fertilizer use.

From our initial farm survey we know the characteristics of the modal (most
common) farmers. Table 1 gives the characteristics of 75% of the farmersin the area.

If many farmers have these five characteristics several more criteria, such as
off-farm income, household size, etc, might be added to ensure we get modal or
representative farmers. Because many decisions will be based on data from these few
farms extra time and effort at this stage are worthwhile,

Now farmers who have approximately these characteristics and are on the land
type we want should be chosen. If a farm survey of a substantial number of farmers
has already been conducted, information obtained from that survey can be used to
select the cooperators.

If the site description was done using a different method, such as a key informant
survey, we do not have data on individual farms. In such a situation, a rapid survey
of several farmers must be conducted to obtain data on the farm-level factors
identified as the most important during site description. Check carefully to see that
the farmers are not too different from typical farmers in other ways. (We might finda
farmer who has all required characteristics, but who has a son sending money from
Saudi Arabia and has bought a 4-wheel tractor and a rice mill. This farmer is
certainly not typical.)

Use your judgment to make sure the farmer is typical, even when he meets all the
important requirements. Remember, there is a tendency to pick the better farmers
rather than typical farmers. The objective is to know how the majority is performing;
so the typical, not the better, farmer must be examined,

Basic farm-household data fromn economic-cooperators
Before beginning regular monitoring of relevant farm activities, a profile of each
cooperator farm housechold must be developed. This profile, to be expanded over
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time, provides the framework and the data base for studying the farming system and
the interactions of different components.

Appendix 2 is an example of the type of questionnaire we can use to collect these
data. Thesc data should be collected once at the beginning of our regular data
collection and used to develop a resource flow model of the farm household.

Regular data coliection

Ideaily, data on all farm-household activities should be collected regularly. How-
ever, if all activities are monitored at once the data load is large, the cooperators
become bored and/or reluctant to give truthful information, the enumerators
become bored and careless, and the analysis is delayed or never completed. There-
fore, it is important that we collect only those data that are essential to the evaluation
procedures discussed in Chapter 10. It is most important to collect useful, accurate
data on farmer technology (or technologies) on the land type(s) of interest.

When the basic whole farm information has bezn obtained, select one parcel for
intensive monitoring. A parcel is a contiguous area with a single land type. It should
usually be the largest parcel of the land type we are interested in. If we are interested
in more than one land type and the farmer has those land types, then we can select
one parcel of each type for intensive monitoring,

Use a questionnaire like that in Appendix 3 to obtain data on farm cropping
activities on a weekly basis. If the parcel is planted to two or more crops, collect data
on all crops grown on a significant arca. Although daily collection may give better
data, remember that our resources are limited. Detailed data should be obtained for
only the selected parcel(s). For other parcels, record when major operations (land
preparation, crop establishment, harvesting, etc) are done. These data help check the
nature of labor use distribution on the farm. Also record use of fertilizer and
chemicals. During his weekly visit the enumerator can ask the farmer if he did any
major operation on his other parcels and record the response. Major operations
must be clearly specified so the enumerator is not confused. Data cbtained during
site description can be used to estimate labor use levels for these parcels,

If a crop fails, record the time and reason for the failure. Major insect and disease
attacks should also be recorded.

Maintain a map of the farmer's land area. At the beginning of every crop year,
record what crops are grown in each parce! and the areas devoted to them. As new
crops are planted, record how the land area is reallocated to different crops. Farmers
may often plant the parcel to one crop at the beginning of the year, then divide the
parcel and grow several different crops simultaneously. For example, a 1-ha parcel
may be planted to rice as the first crop. Afterrice is harvested, the farmer may grow
mungbean on .25 ha and tobacco on .5 ha, and leave .25 ha fallow. Three different
cropping patterns should be recorded for the same parcel: 1) rice - fallow, .25 ha;
2) rice - mung, .25 ha; and 3) rice - tobacco, .5 ha.

If watermelon followsin .1 ha of the land planted to mung, the number of patterns
increases to 4:

1) Rice - fallow, .25 ha;

2) Rice - mung, .15 ha;
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3) Rice - mung - water melon, .10 ha; and

4) Rice - tobacce, .5 ha,

When another crop is established we should clearly indicate where in the parcel it
is being grown so the different plots in the parcel can be determined. A plot is a
contiguous arca of land planted in a homogeneous manner during a defined period,
normally | year (Zandsira et al 1981). Unless there were major differences in the
management and input use within areas where a particular cropping pattern was
grown, the area under cach cropping pattern can be treated as a single plot. L chere
are differences in technology, patterns must be differentiated into different plots,
even if the crops are the same. For instance, if .5 ha was transplanted (TPR) and .5
was direct seeded (DSR) in the first rice crop and tobacco was subsequently grown in
.25 ha of the transplanted rice area, and the rest of the transplanted area was left
fallow, the cropping patterns in that parcel would be:

1) TPR - fallow, .25 ha;

2) TPR - tobacco, .25 ha;

3) DSR - mung, .15 ha;

4) DSR - mung - watermelon, .10 ha; and

5) DSR - tobacco, .25 ha.

We now distinguish between direct-seeded rice and transplanted rice as two
techniologics employed by the farmer in rice cultivation.

The data from the intensive parcel should be transferred to an appropriate sheet
(see Appendix 4 for an example) immediately after collection to permit rapid
analysis. At the end of each crop season and crop year, data should be analyzed for
each crop and presented as in Figure |

When the data are to be analyzed and presented based on different technologies,
input-output ¢ata for the individual plots must be presented. When the plats have
been specified using the maps where successive crops were recorded, inputs and
outputs must be allocated to differcnt plots. The common procedure is to allocate
themin proportion to the areas. For instance, if the mung bean yield from .25 ha was
100 kg, 40 kg is the mung yield in the DSR - mung - watermelon pattern and 60 kg,
the mung yield in the DSR - mung pattern. The same applies to inputs.

Labor data
After the first year, labor data for common operations need not be collected because
it is not likely to vary much from year to year. Work out standards based on data
from first year and use these for the analysis. A common ¢xception is weeding labor,
particularly in rainfed conditions, This can vary substantially from year to year. If
this is the case (check with farmers). record it regularly even after the first year.
Sometimes, information on labor requirements for many common operations
may be availabic from other studies in the same site or in similar environments.
Using these data can reduce the regular data collection load.

Qutput data
Itisimportant that the outputs from the different plots are accurately recorded when
comparing fariner technologies with new technologics. Farmers usually measure
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crop cutput fiom major grain crops at harvest. Phrase questions about crop output
carefully when interviev . . farmers about total crop output. Otherwise, instead of
total output the farmer may report the amount he obtained after deducting shares
paid the landlord and/or laborers and others.

Crop cuts are an objective way of measuring vields but farmers may not like
researchers to take crop cuts. Also, crop cuts tend to overestimate plot yields by
10-20%.

When a crop is harvested more than once and much of it is ased for home
consumption, accurate measurement is more difficult. The enumerators must take
extra care to obtain reasonable estimates of such products if these crops are
important.

When we have the basic input-outy ut data required for calculating a budgeting
analysis of farmer technology and the data to develop annual labor use schedules
and graphs for specific land type(s) and the whole farm (using data on operations in
the other parcels together with estimates cof labor use), a questionnaire like the
questionnaire given in Appendix 5 can be used to regularly record (weekly if
possible) major incomes and expenses during the year, After 2-3 months, it will be
possible to estimate the average monthly expenditurz for basic consumption items.
If resources are limited we can stop collecting this information and record only other
major expenses.

However, income and expense data are difficult to obtain accurately and many
farmers are unwilling to divulge details of these personal activitics. When resources
are limited and/or farmers are uncooperative, it may be best to assess the general
level and pattern of cash flows by inforimal questioning and interactions, with
farmers and other members of the community such as shop keepers, extension
agents, and officials. Careful, sensitive observation of a community can give a
researcher a good idea of cash flow. Village festivals and ceremonies when expenses
are high should be noizd.

The basic objective of these activitics is to obtain an insight into the gencral level
and pattera of cash flows duriug the year, and to identify when cash is likely to be
scarce or plentiful. We also want to determine how expenses, particularly produc-
tion expenses, are financed and the availability of credit facilities,

Sequential evaluation and changes in data collection
New technologies should be evaluated at the end of each crop season and particular-
ly at the end of the crop year.

Plot-level analysis, supplemnented by information on farm-level considerations,
particularly labor and cash flow, should help rescarchers understand major inter-
actions between activities on the land type being studied and other farm components
{subsystems).

When these interactions appear important, data collection should be adjusted to
obtain more precise, complete information. For example, we may find that opera-
tions on a dryland area tend to coincide with operations specified by the new
technology for a lowland area. Inthis situation, it is important to have accurate data
on labor use in the upland area. During the next cropping year labor use during the
relevant period in the dryland area would be monitored to determine if the conflict in
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labor needs is likely to hamper acceptance of the new technology. Also, it may be
decided to reduce the volume of data being collected for a farm component that
appears unlikely to have an important interaction with the new technology if it is
introduced.

It is miost important to remember that collecting data is not an end in itself. Data
are collected so new technologies can be compared with present farmer technologies.
We have to collect, process, and analyze data using limited resources and time. An
approximate answer in time is infinitely more useful than the perfect answer too late.
Data collection methods and volume should be constantly reviewed and adjusted
based on experience. Data irrelevant to the basic problem of new technology
evaluation or data that we lack the capacity to analyze should not be coltected.
Collecting data that cannot be analyzed in time serves only to reduce the amount of
useful research.

Zandstra et al (1981) and Price and Banta (1977) discuss this in more detail.
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Appendix 1. Prices and wages.

1. Labor wagesa/(monthly)

Month

Operation Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Plowing

E/Make sure the wage is the total wage. Add the cost of food, snacks,
etc to the cash wage. You must estimate the value of the typical
noncash payments.
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Power tiller hire rateE/ (monthly)

Month
Operation Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
plowing
harrowing

Elclearly specify unit such as per hectare, per day, etc.

Carabao hire rnteS/ (monthly)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

N20/day

c/

='Add to the cash payment the value of any food or snacks given to man
handling carabao.

Thresher hire rateg/ (monthly)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1/10th
of paddy
d/ . .
= Clearly state unit of payment.
e/
Products—(weekly or monthly)
5.1 Rice (paddy) - Place: Farm Gate, Barrio, St. Antonio
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

N90/ha

€Llearly state unit.

5.2 Maize (green) Placé:
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MONTHLY

L..PUT PRICES

Obtain the following data from the local input supply store:

onth
;;;:257\M\\\\\. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

a/

— List all major purchased inputs and describe them clearly (e.g. Furadan,
granules), and make sure the unit is clearly indicated (kg, kg a.i., etc)

Appendix 2. Profile of economic cooperators,

Site:
Farmer's name: Date:
Village: Enumerator's name:

1. Household details

Relationship Main Months

to operator Age  Sex Education Occupation availahle
for farm
work

2. Major sources of cash income

/

% of tota! cash
income

a
Source Amount—

Farming

Crops
Livestock

Nonfarming

Total

a/

Only approximate fipgures can be obtained; ask for figures for the last
year or if it was an atypical year, obtain figures for a normal vear.

3., Membership in any farmer organization (where membership gives access to
credit, inputs, etc.)

Organization

L.




4. Farm assets: Land
4.1 Map
Draw a map of the parcels with area and distance from farm and number them.
4.2
Parcel Area Tenure Arrangement Irrigation Topography Soil color/ Other PresentE/
number  (ha) status texture cropping
pattern(s)
1 .7 Share- 50:50 cash costs Pump- Side Black, heavy Transplanted
tenant 2/3:1/3 output irrigated slope clay rice - tobacco
(607%)
Rice - garlic
(40%)
2 .5 Amorcti- 500 kg rice/ Canal- Plain Clay Near Wet-seeded rice-
zation crop irrigated loam main wet-seeded rice
(8 months) road (40%)
3
Note:

(a) Take particular care about parcels that are the same land type as :those for which new technologies are

designed.

b/

Measure the area carefully and indicate any factors which may affect crop performance.

— The technology expected to be used this year if it is early in the crop year or the technology used during
last year if the crop year is finished (or nearly finished).

4.3 Cropping practices input use

Amount or quantity used

Input Rice Maize Tobacco
Fertilizer
1. Urea 40 kg 2C kg 60 kg
2. TSP
Insecticide

1. Furadan

£ SHIDOTONHIIL MIN 20 NOLLYNTVAT ¥Od NOILDATIOD Vivd
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5., Farm assets: Livestock

Type Number

VWork animals

Water buffalo 2
Other

Water buffalo 1

Cow 1

Chicken 6

6. Farm assets: £quipment and machinery

Type Number
Plow 1
2-wheel tractor 1
4-wheel tractor 0
Sprayer 1

7. Farnm products used within the fam

Used fors/ -

Product Human.con- Anlma% con= Sile Crop Others Not used

sumption sumption (%) produc=-

%) %) tion (%)
Rice 80 20
Rice bran 100 ~ for pig
Rice straw 60 20 mulch
for tobacco

Mung 70 30
Milk 80 20
Cow dung 40 as 60 manure

fuel

c e s . .
—/If used for more than one purpose indicate approximate percentage in
each purpose.

8. Remarks
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Appendix 3. Questionnaire to obtain data on farm cropping activities on a weekly
basis.

Site

Farmer's name :

Vill

1.

age :

/

Data from selected intensive monitoring parcel:g
Parcel number

Crop 1

Date planted:

Date (week) harvested: 1,

2.
3.
1.1 Labor
Week Operation Quantity Payment
Familyhj Exchange Hired Total Cash Kind
Wage Meals Product Amount Meals
of
produce

E/All weeks can be conveniently numbered by numbering the first week. 1-7 Jan as
week 1, 8-15 Jan as week 2, and so on up to week 52.

b/,

worker less than 14 years old is counted as .5.

1.2 Fertilizer

Input Week Type Amount Cost

Fertilizer
(Inorganic)

Manure
Insecticide

Herbicide
Others

1.3 Power

Machine Operation Cost

1.4 Yield

Week Produce Amount
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2. Other plots

Plot 2 (lab) Plot 3

Week Operation Week Operation

Fertilizer - Type/quantity

Chemical -

Yield of crop 15-/ Yield of crop 1 =

Yield of crop 2 = Yield of crop 2 =
Yield of crop 3 = Yield of crop 3 =
Plot 4

Week Operation

1
E/Spec:ify clearly how yield is measured Ty paddy, green maize, dry maize, etc.

3.1 Crop and livestock sales

Week Product Amount Value Where sold

3.2 Off-farm incomes

Month Source Anount

3.3 Expenses

Week Source Amount










Appendix 5. Incomes and expenditures,

1.

DATA COLLECTION FOR EVALUATION OF NEW TECHNOLOGIES

Incomes

1.1 Crop and livestock sales

229

Week/month Product Amount Value
1,2 Off~and non-farm income
Week/month Operation Numberl/ Amount
of days
(if rele-
vant)
1/,
="if worked as laborer, etc.
1.3 Others
Week /month Source Amount
Expenses
2.1 Regular household expenses
Week/month Item Quality Amount
Jan Meat 3 kg % 60,00
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2,2 Regular payments

Week/month Item Amount

Jan School fees ¥ 200.00

2.3 Farm inputs

Week/month Type Amount Value

2,4 Others

Week/month Item Value

Credit use

Borrowing

Week Amount Source Interest Purpose
rate/arrangements

Repayment

Week Amount Source When borrowed Interest rate




