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mIrdace 
This document is a completely revised version of the 
CIMMYT Economics Program manual, From Agronomic 

.	 Data to FarmerRecommendations: An Economics 
TrainingManual, written by Richard Perrin. Donald 
Winkelmann, Edgardo Moscardi, and Jock Anderson. 
Since its publication in 1976 that manual has been 
through six 	printings and has been translated into six 
languages. The manual has been used by countless 
students and researchers for learning a straightforward 
method of analyzing the results of on-fanri agronomic 
experiments and making farmer recommendations. 

We approach the revision of such a successful manual 
with considerable caution. Our work over the past 
decade has given us a chance to present this material, 
in the classroom and in the field, to agricultural 
researchers in a wide variety of settings all over the 
world. This experience has led us to propose and test 
some new ways of explaining and presenting key 
concepts. We gradually began to consider the possibility 
of incorporating some of those ideas in a revised 
manual. 

One of the first steps in the process was to introduce a 
set of exercises for classroom teaching, developed by 
Larry Harrington. Later, Robert Tripp and Gustavo Sain 
developed further exercises and methods of presentation 
which they tested in training courses. Tripp and Sain 
wrote the first draft of the present document and guided 
its review by the entire staff of the CIMMYT Economics 
Program. 

Just as this revised manual has built on the experience
of hundreds 	of researchers with the original version, we 
hope that those who use this new version will provide 
suggestions for its improvement. We believe it will be 
useful in the classroom as well as for individual study 
and reference. A book of exercises has been developed to 
accompany this manual and can be obtained from 
CIMMYT. We hope that the new version of the manual 
will find an acceptance as wide as that of its 
predecessor. 

Derek Byerlee 
Director 
CIMMYT Economics Program 



Many people have contributed to the production of thisnow manual. Jock Anderson and Richard Perrin, two of the 
authors of the original manual, were kind enough to 
read the final draft of this revised version and to offer 
detailed comments and suggestions. Miguel Avedillo, 
Carlos Gonzalez, Peter Hildebrand, Roger Kirkby,
Stephen Waddington, and Patrick Wall also read the
final draft and provided valuable ideas. In addition, 
participants in the courses and workshops presented by
the CIMMYT Economics Program over the past decade 
have made significant contributions. 

The document passed through several drafts, which 
would not have been possible without the superb
organization and typing of Maria Luisa Rodriguez. 
Editing was in the very competent hands of Kelly
Cassaday and design was skillfully directed by Anita 
Albert. Typesetting, layout, and production were 
carefully managed by Silvia Bistrain R., Maricela A. de 
Ramos, Miguel Mellado E., Rafael De la Colina F., Jose 
Manuel Fouilloux B., and Bertha Regalado M. 



Part One: 
Introduction 

Chapter One 
Overview of Economic Analysis 

1 

Part Two: 
The Partial 

Budget 

Chapter Two 
Costs That Vary
Chapter Three 
Gross Field Benefits, 
Net Benefits, and the Partial Budget 

13 

20 

Part Three: 
Marginal 
Analysis 

Chapter Four 
The Net Benefit Curve and 
the Marginal Rate of Return 
Chapter Five 
The Minimum Acceptable
Rate of Return 
Chapter Six 
Using Marginal Analysis 
to Make Recommendations 

30 

34 

38 

Part Four: 
Variability 

Chapter Seven 
Preparing Experimental Results for 
Economic Analysis: Recommendation 
Domains and Statistical Analysis
Chapter Eight 
Variability in Yields: 
Minimum Returns Analysis 
Chapter Nine 
Variability in Prices: Sensitivity
Analysis 

55 

63 

71 

Part Five: 
Summary 

Chapter Ten 
Reporting the Results 
of Economic Analysis 

76 

Index 79 



chapter One 
Overview of 

ccllis li li's'Is fo t-i-l 1) It f'clctiiill fiti''liit's 1 i 
for- list' l),v itjit'ilttit'ail 5('it'ttissts 5Il('V (ul('op~ 

lDcv'ropitig i't'tiiii~timois that Htithtriit(ts, goials atiti 
51(11!tiolls is huot tit't'issiliv dhifficullt. butt it is ('('rtaillVN 
(NI5N i( 11ctp ttini ot iiihtt 101lvs iLg1oring hato' 

Ihillitart itlio)01 t to Ih l ariih'r. Sotlic(of Ihi('5 factiirs 

mA rc' in l) (x't'r i'xi l'i tolt alkn lls all 

to1 imipirove 140(10(1Ilit' it ,v of' I heir t'(solir('ts. A good 
i'(C0liit'11 ioni (';III lit thliught ofI a li' t'pa('t le's 
which fa'Iiers would follow. giv't'h f hii ('1tl't't'it 
rt'snIR('(S. if ihit'v h1a l il t'c itif o i itill availahbli to theu 
it'e 'i'ilit't'cs. l'ariiit'is litiva h ;1)1)1(.'tii) l it 
r(T'ni111iiiiit'til i tht(rc v.i ,5 ill i t case of it pari' tui rll 

vait v. iOrlfi.it v . 'li(iiitfist sotpis hagIiosis oif 

shunid i t.is ;iil wi iiiauI il t'rstaitdi of farm r 
'111(1ili i . isit(liii IT's 'li lt liuidi('i rip whit' 

fIcI liiirs (m nI )5 c i Is f 1 1iit)I'Is' fhldii IL o t' -It t Ian1d! 
lWiltiX\' f (El'tttrs t.iwnsislcis usdtohlpwihos Tli1t l 

i'jT'l lrit's ofili lfartit'rs' il'lit'pii-faui i t'r-(, 
showl ill It' 1 ti. Tlu fiels tf.htttt tlurtist'iiaois't 

faritot1'is A)L it firt-( hr ( 'rit-tit',- v(oi' li'ttrri rscalts 
shioultdiii i i of"tm it isl ort ii 1(hl~tiitinIifu't~ 
coiltiti tst'Tilt it ubtj o dI et'ptic 'w'sk(illht'i 

it's w~k f Ilit'(i ltLit t-v iith liicl-iT tl i t isatiageltto I ofp 

w t l it- Ill ut 

S old hri - o5 h iiso ~lts ltl
 

rX ill iis i - licse iiTI iii fI il i tt ei pItilt' e li 
titill 

1 'lIl r .A l l Il.lr tt e e p ljle ia e u t 

l 



Figure 1.1. Stages of on-farm research 
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The results of the on-farm experiments must Ibe 
assessed. There are several elements in such an 
assessment. First, researchers must discuss the results 
with farmers to get their opinions of the treatnents they 
have seen in their fields. The farmers' assessment is 
very importait. The experimental results must also be 
subjected to both an afgrononic evaluatioll and a 
statistical analysis. Finally, a!I economlic analysis of the 
results is essential. The cconomic analvs i' helps 
researchers to look at the results from th( tanners" 
viewpoint, to decide which treatments merit iurther 
investigation, and which recomnmendalions can be madc 
to farmers. The procedures for carrying out such an 
economic analysis are the subject of this manual. 

The results ofan assessmrnt Otoii-farm (xp(mrii(its 

can be used for several plrposes. First, they may he 
used to help plan firther research. Some experiments 
will have as heir goal the('clariication of' production 
problems: Islroduction liuiited by t11availability of 
phosphoru s? Will impro'ed weed control give an11 
important it r('i8-(' iii vields? Ih(, answers to such 
quesions provi (ler(.scare'ltrs wilh ifinimalion for 
firther work. As Figure 1.1 shows, that information can 
be used to plan subse(in t experinei its. It also lay 
hel ) oIiellt work oillile expeli' il t station. 

Second. the results may be used to make 
recommendations to farmers. Some experiments will 
compare possible imlprovements to farmers' current 
practices: Which level of" phosphorus should be applied? 
Which weed cootrol method gives the best results'? The 
answers to these quiestmions provide information to guide 
farmers in lheir management decisions. 

Finally. tlihe
resulls of on-farm experiments may 
sometni Ie used( )provide inforna lion to 
policylnakers regarding current policy toward such 
matters as inlput supply or credit r(gUtlations. 
Experin ental resuIts can be used to help analyze policy 
intplementation: Given isignificant response to 
phosphorus. is tile apl)ropriate f'rtilizer available? Do 
local credit progrins allow farmners to take advantage of 
niew weed ('orol n('thods? Although tile emphasis in 
this manual will he on ile economic analysis of Ol-farim 
Cxperimentls tor guiding turther research and ma king 
recommendations to tarnrs. at several points links 
bet ween on-farm research an(1 policy implementation 
will be mentioned. 



In order to make recommendations that farmers willuse, researchers must be aware of the human elementin farming, as well as the biological element. They mustthink in terms of farmers' goals and the constraints on 
achieving those goals. 

In the first place, many farmers are primarily concerned
with assuring an adequate food supply for their families.They may do this by producing much of what theirfamily consumes, or by marketing a certain proportionof their output and using the cash to obtain food. Farm
enterprises also provide other necessities for the farmfamily, either directly or through cash earnings. Inaddition, the farm family is usually part of a wider
community, towards which it may have certainobligations. To meet all of these requirements, farmersoften manage a very complex system of enterprises that may include various crops, animals, and off-farm work.Although the procedures of this manual concentrate onthe evaluation of improvements in particular crop
enterprises, it is essential that these new practices be
compatible with the larger farming system.
 

Second, whether farmers market little or most of theirproduce, they are interested in the economic return.
Farmers will consider the costs of changing from onepractice to another and the economic benefits resultingfrom that change. Farmers will recognize that if theyeliminate weeds from their fields they will likely benefitby harvesting more grain. On the other hand, they willrealize that they must give up a lot of time and effort forhand weeding, or that alternatively they must give up
some cash to buy herbicides and then expend some
time and effort to apply them. Farmers will weigh the
benefits gained in the form of grain (or other usefulproducts) against the things lost (costs) in the form oflabor and cash given up. What farmers are doing in this case is assessing the difference in net beneflts betweenpractices-the value of the benefits gained minus the

value of the things given up. 

As farmers attempt to evaluate the net benefits ofdifferent treatments, they usually take risk into account.In the weed control example just mentioned, farmersknow that in the case of drought or early frost they mayget no grain, regardless of the type of weed control.Farmers attempt to protect themselves against risks ofloss in benefits and often avoid choices that subject 



them to these risks, even though such choices may on 
average yield higher benefits than less risky choices do. 
That farmers may prefer stable returns to the highest 
possible returns is referred to as risk aversion. 

Another factor in farmers' decision making, related to 
risk aversion, is the fact that farmers tend to change 
their practices in a gradual, stepwise manner. They 
compare their practices with alternatives, and seek ways
of cautiously testing new technologies. It is thus more 
likely that farmers will adopt individual elements, or 
small combinations of elements, rather than a complete 
technological package. This is not to say that farmers 
will not eventually come to use all the elements of a 
package of practices, but simply that in offering 
recommendations to farmers it is best to think of a 
strategy that allows them to make changes one step 
at 	a time. 

Characteristics of On-Farm Experiyientb-' 
What are the characteristics of agi,,nomilc experiments 
that will allow an appraisal of alternative technologies in 
a way that parallels farmer decision making? The 
following are five requirements of on-farm experiments
that must be fulfilled if the procedures described in this 
manual are to be useful: 

The experiments must address problems that are 
important to farmers. It may be that farmers themselves 
are not initially aware of a particular problem (e.g., a 
nutrient deficiency or a disease), but if research does not 
lead to possibilities for significantly improving farm 
productivity, it will neither attract the interest of 
farmers, nor merit assessment. Thus the experiments 
demand a good understanding of farmers' agronomic 
and socioeconomic conditions. 

The experiments should examine relatively few factors 
:, 	 at a time. An on-farm experiment with more than, say, 

four variables will be difficult to manage and may be 
inappropriate given farmers' stepwise adoption behavior. 

If researchers are to compare the farmers' practice with 
various alternat; yes in order to make a recommendation, 
then the farmers' practice should be included as one of 
the treatments in the experiment. The farmers will want 
to 	see this comparison in any case. 
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The nonexperimental variables of an experiment should 
4 ,reflect farmers' actual practice. It is sometimes tempting

to use higher levels of management for the
nonexperimental variables to increase the chances of 
observable responses to the experimental variables. This 
type of experiment may certainly be justified in some 
cases, but th results usually cannot be used to make 
recommendations to farmers. 

An example may be useful. Assume that researchers 
wish to carry out a fertilizer experiment in an area 
where insects cause crop losses but farmers do not 
control insects. There are Four possibilities: 

" Carry out the fertilizer experiment with good insect 
control. The experiment will give interesting
information on fertilizer response but will probably 
not provide a relevant fertilizer recommendation for 
farmers who do not use insect control. An analysis
of this experiment using the procedures in this 
manual will give misleading results. 

* Carry out the fertilizer experiment without insect 
control (the farmers' practice). The results can be 
analyzed, using the procedures in this manual, to 
decide what level of fertilizer is appropriate, given
farmers' current insect control practices. 

" If insects are indeed a very serious problem, it may
be better to experiment first with insect control 
methods before experimenting with fertilizer. The 
diagnosis and planning steps of on-farm research are 
meant to help set these priorities. The methods of 
this manual could then be used to help identify an 
appropriate insect control method for 
recommendation to fairmers. 1/ 

* If insects and fertility are both serious problens,
then an experiment can be designed which takes 
both insect control mid fertilizer as experimental
variables. As long as one treatment represents the
farmers' practice with respect to both insect control 
and fertility, the experiment can he analyzed using
tile proceduores in this manual. 

Finally, not only nust the management of 
ronexperimcntal variables be representative of farmers' 
practice, but the experiments must be planted atlocations that are representative of farmers' conditions. 



Recommendation domain 

If most of the farms are on steep slopes, the results of 
experiments planted on an alluvial plain will probably 
not be relevant. Similarly, if most farmers plant one 
crop in rotation with another, experiments from fields 
that have been under fallow may provide little useful 
information. More will be said in the following section 
about selecting locations. 

'Experimental Locations 
and Recommendation- Domsins' 
The development of recommendations for farmers must 
be as efficient as possible. The conditions under which 
farmers live and work are diverse in almost every 
respect imaginable. Farmers have different amounts and 
kinds of land, different levels of wealth, different 
attitudes toward risk, different access to labor, different 
marketing opportunities, and so on. Many of these 
differences can influence farmers' responses to 
recommendations. But it is impossible to make a 
separate recommendation for each farmer. 

As a practical matter, researchers must 
compromise by identifying groups of farmers who 
have similar circumstances and for whom it is 
likely that the same recommendation will be 
suitable. In this manual such a group of farmers is 
called a recommendation domain. Recommendation 
domains may be defined by agroclimatic and/or by 
socioeconomic circumstances. The definition of the 
recommendation domain depends on the particular 
recommendation. For example, a new variety may be 
appropriate fbr all farmers in a given geographical area, 
whereas a particular fertilizer recommendation may be 
appropriate only for farmers who follow a certain 
rotation pattern or whose fields have a certain type of 
soil. Thus the recommendation domain for variety 
would be different from the recommendation domain 
for fertilizer. 

Recommendation domains are identified, defined, and 
redefined throughout the process of on-farm research. 
They may be tentatively described during the first 
diagnosis. Experimentation adds precision to the 
definition of domains. The final definition may not be 
developed until the recommendation is ready to be 
passed to farmers. 



When interpreting agronomic data to make theirrecommendations, researchers must have a fairly clear 
idea of the group of farmers who will be able to use this
information. Researchers must consider not only the 
agroclimatic range over which the results will berelevant, but also whether such factors as different 
management practices or access to resources will 	be 
important in causing some farmers to interpret the 
results differently from others. 

For the purposes of this manual, it is important that the
on-farm experiments be planted at locations that are
representative of the recommendation domain. The
economic analysis is done on the pooled data from a group of locations of the same domain. The economic 
analysis of results from a single location is not very
useful because, first, researchers cannot make
recommendations for individual farmers, and second, 
one 	location will rarely provide sufficient agronomic
data to be extrapolated to a group of farmers. Thus all ofthe examples in this manual will represent data from
several locations of one recommendation domain. 

Introduction to Basic Concepts, 
To make good recommendations for farmers,
researchers must be able to evaluate alternative 
technologies from the farmers' point of view. The 
premises of this manual are: 

Farmers are concerned with the benefits and costs of 
particular technologies. 

V0 	 They usually adopt innovations in a stepwise
fashion. 

They will consider the risks involved in adopting 
new 	practices. 

These concerns will 	be treated in subsequent sections of
the manual. Part Two describes the construction of apartial budget, which is used to calculate net benefits. 
Part Three presents the techniques of marginal analysis.
This is a way of evaluating the changes from one 
technology to another by comparing the changes in
costs and net benefits associated with ea-ch treatment.
Part Four describes ways of dealing with the variability
that is characteristic of farmers' environments. 
Variability in results from location to location and from 



year to year, and in the costs of the inputs and prices of 
crops, is of concern to farmers as they make production 
decisions. Part Five summarizes the first four sections 
and provides general guidelines for reporting research 
results. 

The following sections offer a brief overview of 
these topics. 

Tit.he Partial Budgot 
Partial budgeting is a method of organizing 
experimental data and information about the costs and 
benefits of various alternative treatments. As an 
e"ample, consider the farmers who are trying to decide 
between their current practice of hand weeding and the 
alternative of applying herbicide. Suppose that some 
experiments have been planted on farmers' fields, and 
the results show that the current farmer practice of 
hand weeding results in average yields of 2,000 kg/ha, 
while the use of herbicides gives an average yield of 
2,400 kg/ha. 

.Table 11 Example of a partial budget 

w..dno "* We$. 

Average yield (kg/ha) 2.000 2,400 
Adjusted yield (kg/ha) 1,800 2,160 
Gross field benefits ($,'ha) 3,600 4,320 

Cost of herbicide (S/ha) 0 500 
Cost of labor to apply 

herbicide (S/ha) 0 100 
Cost of labor for hand 

weeding (S/ha) 400 0 

Total costs that vary (S/ha) 400 600 

Net benefits (S/ha) 3,200 3,720 

Table 1.1 shows a partial budget for this weed control 
experiment. There are two columns, representing the 
two treatments (hand weeding and herbicide). The first 
line of the budget presents the average yield from all 
locations in the recommendation domain for each of the 
two treatments. The second line is the adjusted yield. 
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Although tile experiments were planted on
representative farmers' fields, researchers have judged
that farrners using the same technologies would obtain 
yields 10% lower t1han those obtained by theresearchers. They have therefore adjusted the yieldsdownwards by 10% (yield adjustment will be discussed 
in Chapter 3). 

The next line is the gross held benefits, which valuesthe adjusled yield for each treatment. To calculate thegross field benefits it is necessary to know the field priceof the crop. The field piice is the value of one kilogram
of the crop to the farmer, net of harvest costs thatproportional are 

to yield. In this example the field price is 
$2/kg (i.e.. 1,800 kg/ha x $2/kg = $3,600/ha).2/ 

Farmers can now compare the gross beaefits of each 
treatment, but they will want to rake account of the
different costs as well. In considering the costsassociated with each treatment, the farmers need only
be conccrned by those costs that differ across the
 
treatments, 
or the costs that vary. Costs (such as

plowing and planting costs) that do not differ 
across
treatments will be incurred regardless of which
 
treatment 
is used. They do not affect the farmers' 
choices concerning weed control and call be ignored for
the purpose of this decision. The term "partial budget"
is a reminder that not all production costs are included 
in the budget-only those that are affected by the
 
alternative treatments 
being considered. 

In this case, the costs that vary are those associated
 
with weed control. Table 
1.2 shows how to calculate
these costs. Note that they arc all calculated on a per-

NTabjb 1.2. Calculation of costs that vary ,, 

Price of herbicide 
$250/I

Amount used 
2 I/ha

Cost of hcrbicide 
$500/ha 

Price of labor 
$50/day


Labor to apply herbicide 
 2 days/ha 
Cost of labor to apply herbicide $100/ha

rice o.)h]ili)OI" 

Price ofrh., r,$50/day
Labor for hand wee diing 

da sh
Cost of labor for hand weeding $400/ha 
I . ..I • ....

I 



hectare basis. The total costs t.hat vary for each 
treatment is the sum of the individual costs that vary. 
In this example, the total costs that vary for the present 
practice of hand weeding is $400/ha, while the total 
costs that vary for the herbicide alternative is $600/ha. 

The final line of th'. partial budget shows the net 
benefits. This is calculated by subtracting the total costs 
that vary from the gross field benefits. In the weed 
control example, the net benefits from the use of 
herbicide are $3,720/ha, while those for the current 
practice are $3,200/ha. Nat benefits are not the same 
thing as profit, because the partial budget does not 
include the other costs of production which are not 
rekvant to this particular decision. The computation of 
total costs of production is sometimes useful for other 
purposes, but will not be covered in this manual. 

A partial budget, then, is a way of calculating the total 
costs that vary and the net benefits of each treatment in 
an on-farm experiment. The partial budget includes the 
average yields tor each treatment, the adjusted yields 
and the gross field benefit (based on the field price of 
the crop). It also includes all the costs that vary for each 
treatment. The final two lines are the total costs that 
vary and the net benefits. 

;,,Marginal Analysis 
In the weed contr'ol example, the net benefits from 
herbicide use are higher than those for hand weeding. It 
may appear that farmers would choose to adopt 
herbicides, but the choice is not obvious, because 
farmers will also want to consider the increase in costs. 
Although the calculation of net benefits accounts for the 
costs that vary, it is necessary to compare the extra (or 
marginal) costs with the extra (or marginal) net benefits. 
Higher net benefits may not be attractive if they require 
very much higher costs. 

If the farmers in the example were to adopt herbicide, it 
would require an extra investment of $200/ha, which is 
the difference between the costs associated with the use 
of herbicide ($600) and the costs of their current 
practice ($400). This difference can then be compared to 
the gain in net benefits, which is $520/ha ($3,720-$3,200). 

In changing from their current weed control practice to 
a herbicide the farmers must make an extra investment 
of $200/ha; in return, they will obtain extra benefits of 



$520/ha. One way of assessing this change is to dividethe difference in net benefits by the difference in costs
that vary ($520/$200 = 2.6). For each $1/ha on average
invested in herbicide, farmers recover their $1, plus anextra $2.6/ha in net benefits. This ratio is usually
expressed as a percentage (i.e., 260%) and is called the 
marginalrate of return. 

The process of calculating the marginal rates of returnof alternative treatments, proceeding in steps from theleast costly treatment to the most costly, and deciding if
they are acceptable to farmers, is called marginal 
analysis. 

Variability 
In addition to being concerned about the net benefits of
alternative technologies and the marginal rates of returnin changing from one to another, farmers also take into 
account the possible variability in results. This
variability can come from several sources, which 
researchers need to consider in making
 
recommendations.
 

Experimental results will always vary somewhat fromlocation to location and from year to year. An agronomic
assessment of the trial results will help researchers
decide whether the locations are really representative of a single recommendation domain, and can therefore be

analyzed together, 
or whether the experimental
 
locations represent different domains. This type of
agronomic assessment helps refine domain definitions
 
and leads to more precisely targeted recommendations. 

Another source of variability in experimental results
derives from factors that are impossible to predict or

control, such as droughts, floods, or frosts. These are
risks that the farmers have to confront, and If the
experimental data reflect these risks, they should be 
included in the analysis. 

Finally, farmers are also aware that their economic
environment is not perfectly stable. Crop prices change
from year to year, labor availability and costs may
change, and input prices are also subject to variation.
Although such changes are difficult to predict with 
accuracy, there are techniques that allow researchers toconsider their recommendations in view of possible
changes in farmers' economic circumstances. 



The first step in doing an economic analysis of on-farm 
Fhapter Two experiments is to calculate the costs that vary for each 
Costs That Vary treatment. Costs that vary are the costs (per 

hectare) of purchased inputs, labor, and machinery
that vary between experimental treatments. 

Coststhat vary .Farmers will want to evaluate all the changes that are.Cinvolved in adopting a new practice. It is therefore 
important to take into consideration all inputs that are 
affected in any way by changing from one treatment to 
another. These arc the items associated with the 
experimental variables. They may include purchased 
inputs such as chemicals or seed, the amount or type of 
labor, and the amount or type of machinery. These 
calculations should be done before the experiment is 
planted, as part of the planning process, to get an idea 
of the costs of the various treatments that are being 
considered for the experimental program. 

In developing a partial budget, a common measure is 
nceded. It is of course not possible to add hours of labor 
to liters of herbicide and compare these with kilograms 
of grin. The solution is to use the value of these 
factors, measured in currency units, as a common 
denominator. This provides an estimate of the costs of 
investment measured in a uniform manner. It does not 
necessarily imply that farmers spend money for labor or 
receive money for grain. Neither does it imply that 
farmers are concerned only with money. It is simply a 
device to represent the process that farmers go through 
when comparing the value of the things gained and the 
value of he things given Ul). 

Ai important concept in these calculations is that of 
Opportunity cost opportunity cost. Not all costs in a partial budget 

cnecessarily represent tile exchange of cash. In the case 
of labor. for instance, farmers may do the work 
themselves, radher than hire others to dto it. The 
opportunity cost can be defined as the value of any 
resource in its best alternative use. Thus if farmers 
could be earning money as laborers, rather than 
working oil their own farns, the opportunity cost of 
iheir weeding is the net wage they would have earned 

had they ('hosen not to stay on the farm and weed. The 
conecpt of opportunity cost will be discussed at several 
points iml the following sections. 

Field price (of an input) The field price of a variable input is the value 
which must be given up to bring an extra unit of 
input into the field. The field price is expressed in 
units of sale (e.g., $ per kilogram of seed, liter of 
herbicide, day of labor, or hour of tractor time). 
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Fieldcost. . The field cost is the field price multiplied by the 
quantity of the input needed for a given area. Thus
field costs are usually expressed in $ per hectare. If the
field price of herbicide is $10/1, and if 3 I/ha are
required, then the field cost of the herbicide is $30/ha.
In both cases, the emphasis is on the hleld, i.e., what thelarmers pay to obtain the input and to transport it to
their farms. Such field prices may be quite different 
from official prices. 

Identifying Variable Inputs 
To identify which inputs are affected by the alternative 
treatments included in an experiment, researchers must
be familiar with farmers' practices as well as the
practices used in the experiment. They must then ask
themselves which operations change from treatment to 
treatment and make a list of these. 

For example, consider an experiment in which two
different fungicides (A and B) are being tested, along
with the farmers' practice of no fungicide application.There are thus three treatments in the experiment. The 
list of variable inputs is as follows: 

" Fungicide A 
* Fungicide B 
* Labor to apply each fungicide
" Labor to haul water for mixing with each fungicide
" Rental of sprayer to apply each fungicide 

This list includes purchased inputs (the fungicides),
labor, and equipment (a sprayer). The following sections 
explain how to calculate the costs for all of these. 

Purchased Inputs. 
Purchased inputs include such items as seed, pesticides,
fertilizer, and irrigation water. The best way to estimate
the field price of a purchased input is to go to the place
where most of the farmers buy their inputs and check
the retail price for the appropriate size of package. Forinstance, if farmers normally purchase their insecticide
in 1-kg packets in a rural market, that is the price that
should be used, rather than the price of insecticide in 
25-kg sacks in the capital city. 



In some situations, the farmers will be selecting seed 
from their previous crop, rather than buying seed. This 
seed is not without cost. The best way to estimate the 
opportunity field price of the farmers' own seed is to use 
the price that farmers pay if they buy local seed, either 
from each other or at the market. 

The next step is to find out how the farmers get the 
input to the farm. Such inputs as insecticides and 
herbicides, which are not bulky, can be carried by the 
farmers and transportation costs are probably not 
important. But for fertilizer and perhaps seed, this is not 
the case. Usually the farmers must use a truck or 
an animal to get the input to the farm. If this is so, a 
transportation charge must be added to the retail price. 
As many farmers pay others to transport such items for 
them. it is not difficult to learn what the normal charges 
are. In general, it is best to be guided by the practice 
that is followed by the majority of farmers in the 
recommendation domain. 

For example, if a 50-kg sack of urea costs $375 in the 
market, and it costs $25 to transport the 50 kg to the 
farm, then the field price of urea is calculated as follows: 

$375 cost of 50 kg urea in market 
+ $ 25 cost of transporting 50 kg to farm 

$400 field price of 50 kg urea 

or $400 
50 kg = $8/kg, field price of urea 

Very often fertilizer experiments, especially those in the 
early stages of investigation, use single-nutrient 
fertilizers. The treatments are usually expressed in 
terms of amounts of the nutrient (e.g. 50 kg N/ha or 40 
kg P205/ha). In these cases, it is useful to go one step 
further and calculate the field price of the nutrient. This 
can be done by simply dividing the field price of the 
fertilizer by "he proportion of nutrient in the fertilizer. In 
the case of urea, which is 46% nitrogen. 

$8/kg urea
 
_ __ = $17.4/kg N, field price of N
 

0.46 kg N/kg urea 

The field cost of 50 kg N in a particular treatment using 
urea would be 50 x $17.4, or $870/ha. 



This should be done only when working with singenutrient fertilizers, and it presumes that the field priceof nitrogen (for instance) is roughly the same in anynitrogen fertilizer available. If it is not, researchersshould of course be aware of this and take thesedifferences into account when considering whichfertilizer to experiment with and recommend. 

A final point about purchased inputs is i' order. Thisdiscussion has assumed that the inputs in theexperiments are available in local markets, or can bemade available. If this is not the case, then theeconomic analysis of experiments involving such inputsmay be of little immediate use to farmers. The resultsmay be used. however, to communicate to policymakersthe possible benefits of making a particular input

available.
 

Equ ipm e n,t and Machinery 
Some experimental treatments may require the use ofequipment not required by other treatments. It is thennecessary to estimate a field cost per hectare for the use
of the equipment. 

The easiest way to estimate the per-hectare field cost ofequipment is to use the average rental rate In the area.For example, if farmers rent their sprayers for $20/dayand if the sprayer can cover 2 ha in one day, then thefield cost may be taken as $10/ha. When estimating thefield cost of tractor-drawn or animal-drawn implements.or small self-powered implements, the average rentalrate in the area can also be used. This is especially
appropriate if most farmers are renting the implementsanyway, but even for farmers who own their equipment,the rental rate is a good estimate of the opportunity fieldcost. In certain cases a pro-rated cost per hectare can becalculated, using the retail price of the equipment and
its useful lifetime, but this calculation involves factors
such as repair costs, fuel costs, and the possibility that
the equipment will have other uses on the farm. If a prorated field cost is to be calculated, it is best to consult 

an agricultural economist who is familiar with the
equipment and costing techniques. 

Labor 
It is very ill)orlant to take into consideration all of thechanges in labor implied by the different treatments inan experiment. Estimates of labor time should cone
 



from conversations with farmers and perhaps directobservation in their fields. Information about labor usederived from the experimental plots is not very useful,however, if small plots are used in the experiments. Thebest way to get th!s information 
different farmers. Each will have 

is 
an 

to visit with several 
opinion as to thetime required for a given operation, but a number closeto the average of these opinions will provide a goodestimate. Not all farmers take the same amount of timefor a given task, so the estimates will only beapproximate. For new activities with which farmers arecompletely unfamiliar, some educated guesses will have tobe made until more reliable estimates can be developed. 

If farmers hire labor for the operations in question, thefield price of labor is the local wage rate for day laborersin the re'ommendation domain, plus the value ofnonmonetary payments normally offered, such as mealsor drinks. This wage rate can be estimated by talking toseveral farraers. The field cost of labor for a particulartreatment is then the field price of labor multiplied bythe number of days per hectare required. 

When members of the farm family will do the work, it isnecessary to estimate the opportunity cost of familylabor. This is the value which is given up to do the workand thus represents a real cost. For example, if farmersmust take a day off from working in town to do extraweeding, they will give up a day's wages in town.opportunity cost Thisis just as real as paying a iaborcr to dothe work. And even if the farmer has nothing to do but
sit in the shade, the opportunity cost is not zero. 
asmost people put some value on being able to sit in the
shade rather than work in the sun. 

The best plai t to start in estimating an opportunity fieldprice for family labor is the local wage rate (plu;nonmonetary payments). It is not unusual to find therate higher during some periods of the year than others,
and this must be taken into account.
 

It is sometimes difficult 
 to estimate an opportunity cost
of family labor, especially if local labor markets 
arepoorly developed. Labor availability may varyseasonally, or across different types of farm households.Labor availability and labor bottlenecks are two of themost important types of diagnostic information that aidin selecting appropriate treatments for experiments andin defining recommendation domains. If labor is scarceat a particular tima,, extreme caution must be used inexperimenting with technologies that further increase 
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Total costs tiat *ary 

Tall 

the labor demand at that time. In cases s,ch as this, it 

is reasonable to set the opportunity cost of labor above 

the going wage rate. On the other hand, if additional 

labor is to be used during a relatively slack period, an 

opportunity cost below the going wage rate might be 

appropriate. But in no case should the opportunity cost 

of labor be set at zero. 

In situations where most farm labor is provided by the 

family, and where the new technologies being 

considered change the balance between cash 

expenditures (i.e., for inputs) and labor, special care 

must be taken in estimating labor costs. If a particular 

treatment involves a large change in labor input, 

relatively s-nall differences in the opportunity cost of 

labor will have significant effects on the estimation of 

the cost of the treatment. 

Total Costs That Vary 
Once the variable inputs have been identified, their field 

prices determined, and the field costs calculated, the 

total costs that vary for each treatment can be 

calculated. The total costs that vary is the sum of 

the costs that vary for a particular treatment. A 

control by seeding rate experimentdescription of a weed 
is provided in Table 2.1; the calculation of costs that 

vary is shown in Table 2.2: and the calculation of the 

total costs that vary is shown in Table 2.3. 

Table 2.1. Weed control by seeding rate experiment (wheat) 

Treatment Weed control Seeding rate 

1A/ 
 No weed control 120 kg/ha 

2 I!','icide (2 I/ha) 120 kg/ha 

3 No wced control 160 kg/ha 

4 l-lerbieide (2 1/ha) 160 kg/ha 

a_/Farmers' practice 

Data 

Field price of seed 820/kg 

Field price ofhicrbicide $350/1 

Field price of labor $250/day (local wage rate) 

Field price of sprayer $75/day (rental ratel 

I.i,:,or to apply herbicide 2 rlays/ha 

Labor to hatil water One laborer can haul 400 I/day 
(2(0) I w1ater/ha arc required for 

the herbi(idc) 

48



Table 2.2. Calculation of costs that vary 

Cost of seed Treatments I and 2:120 kg/ha x $20/kg = $2,400/ha 

Treatments 3 ai 14:160 kg/ha x $20/kg = $3,200/ha 

Cost of herbicide Treatments 2 and 4: 2 1/ha x $350/l = $700/ha 

Cost of labor to apply herbicide Treatments 2 and 4: 2 days/ha x $250/day = $500/ha 

Cost of labor to haul water Treatments 2 and 4: 200 1_equired
400/day x $250/day = $125/ha400 I/day 

Cost of sprayer Treatments 2 and 4: 2 days/ha x $75/day = $150/ha 

Table 2.3. Total costs that vary for weed control by seeding rate experiment 

Treatment 

1 2 3 14 

Sced (S/ha) 2.400 2.400 3,200 3,200
 
Ilhrhicidc ($/lia) 0 700 0 700
 

Labor to ai)1)ly liri-bicid (S/I; 0) 500 0 500
 
al)or to haul wvatcr (S/ha) 0 125 0 125
 

Spraycr (S/lha) 0 150 0 150
 

Total costs tlat varv (S/ha) 2,400 3,875 3.200 4.675 

The perceptive reader will have noticed that not all of 
the costs that vary have"been treated in this chapter. 
There are two important exceptions. Costs associated 
with harvest and marketing are discussed in the next 
chapter, where they arc included in the field price of the 
crop. Costs associated with obtaining working capital, 
such as interest rates, are discussed in Chapter 5. 



ThreeC er .There are several steps involved in calculating therFChaptelT ee.Grois..,Field' aeneits,' benefits of the treatments in an on-farm experiment: 
Ne PBenefits, Step 1.Identify the locations that belong to the samearnd -the Partial. recommendation domain. The economicBudget analysis is done on the pooled results of anexperiment that has been planted in several 

locations Ibr one recommendation domain. 

Step 2. 	 Next, calculate the average yields across sites
for each treatment. If the results of these 
experiments are agronomically consistent and
understandable, do a statistical analysis of the 
pooled results, If there is no reasonable 
evidence of differences among treatment yields.
researchers need only consider the differences 
in costs among the treatments. But if there are
real yield differences, then researchers should 
continue with the partial budget. 

Step 3. 	Adjust the average yields downwards, if it is 
believed that there are differences between the
experimental results and the yield farmers 
might expect using the same treatment. 

Step 4. 	Calculate a field price for the crop and multiply
by the adjusted yields to give the gross field 
benefits 	for each treatment. 

Step 5. 	 Finally, subtract the total costs that vary from
the gross field benefits to give the net benefits. 
With this calculation the partial budget 
is complete. 

Pooling the Results From the
Same Recommendation Domain 
The first line of a partial budget is the average yield foreach treatment for a particular experiment for all
locations for a rccommendation domain. Recall that arecommendation domain 	is a group of farmers whose
circumstances are similar enough that they will all be
eligible for the same recommendation. Tentative 
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identification of recommendation domains begins duringthe diagrnostic and planning stages of on-farm research.This tentative identification is used for selectinglocations for planting experiments. The reconmmnendationdomain for a fertilizer experiment, for example, mightbe defined in terms of farmers who plant the targetcrop, whose fields have certain types of soil, and whofollow a particular crop rotation. Locations for theexperiments are chosen to represent farmers with thoseparticular circumstances. Upon analyzing the results itmay be found that a factor otpreviously considered 
such as the slope of the field, is responsible for differentresults between locations. In such a case, theexperiments from the tentative domain would not all becombined for economic analysis. Instead, they would bedivided into 

this case), 
two domains (further defined by slope, inand two separate analyses would be carriedout. More detail on how and when to pool experimentalresults is presented in Chapter 7. 

It should be noted here that although locations caneliminated from analysis if it can 
be 

be demonstrated thatthey do not belong to tle recommendation domain inquestion, this does not hold for locations where trialswere severely damaged by drought, flooding, or otherenvironmental factors 
locations that are not predictable. Suchmust be included in the economic analysisbecause they ale Outcomes that farmers will experience,too. Further discussion of risk analysis is to be found inChapter 8. 

Assessing Experimental
Results Before'Fconomic Analysis

Before doing an economic analysis of the pooled resultsof an experiment for a particular recommendationdomain, researchers must assess the experimental datato verify that the observed responses make sensean agronomic standpoint. fromResearchers must also reviewthe statistical analysis of the experimental data.Performing an economic analysis onthat researchers do 

experimental datanot understand, or do not haveconfidence in, is a misuse of the techniques presented inthis manual. 

If statistical analysis of the results of an
indicates that there are experiment

no relevant differences
two treatments, then the lower cost 

between
 
preferred. treatment would be
If researchers have evidence that treatment 
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Note that the Individual 

treatment vields are 
re-ported to tie nearest 
10 kg/ha. to refleet the 
rehability of the data. Itthat4t-hulrememlbered 
should hebti ii ec a 
neither the average yieldsilts of 

nior ainy o f' tf r 

aictilatit s done with tieim 
canIc mtore preise than 

st' 


original yield data onth(e 

which hey "arc hasetd. Thus 
the final digit reported Int 
tie average yields is 111o 
slgnilallit altd is 
Mnatntaincd ini the partial 
hudget Icr conv entct 
Only.
 

yields are probably about the same, the gross benefits 

for these treatments will also be similar, and the lowest 

cost method of achieving those benefits should be 

chosen. If two methods of weed control give equivalent 

results, for instance, the method with the lower costs 

that vary should be chosen (for further experimentation 
no further economicor for recomriendation) and 

analysis is needed. 

tie relation of statistical analysis toMore details on 
given in Chapter 7.economic analysis are 

Average Yield 
domain for a particularWhen the recommendation 

experiment has been established and agronomic and 

statistical assessments have indicated that it is 

worthwhile to proceed with a partial budget, the average 

yields of each treatment are entered on the first line of 

the partial budget. 

shows the results from five locations in oneTable 3.1 
domain of the weed control by seedingrecommendation 

wererate experiment described in Tables 2.1-2.3. There 

two replications at each location. Note that the results 
arefrom location 5,which was affected by drought, 

included in the average.3 / 

Table 3.1. Yields (kg/ha) for weed control by seeding rate experime 

Treatment 

No weed contol 
120 kg atfed/ha 

(farmers' practice) 

Replication 

Location 1 2 Avg. 

1 2, 180 2,220 2,200 

2 2,800 2,640 2,720 

3 1,720 1.880 1,800 

4 
5aI 

2,680
530 

2,620
670 

2,650
600 

Average yield1,994
 

a/Affected by drought 



The average yields for the four treatments are reported 
on 	the first line of the partial budget (Table 3.2, p. 27). 

'Adjusted Yield 
The next step is to consider adjusting the average
 

Adjusted yield yields. The adjusted yield for a treatme.L is the
average yield adjusted downward by a certain 

percentage to reflect the difference between the 
experimental yield and the yield farmers could 
expect from the same treatment. Experimental 
yields, even from on-farm experiments under 
representative conditions, are often higher than the 
yields that farmers could expect using the same 
treatments. There are several reasons for this: 

1 	 Management. If they manage the experimental 
variables, researchers ('an often be more precise and 
sometimes more timely than farmers in operations such 
as plant spacing, fertilizer application, or weed control. 
Further ias will be introdued if researchers manage 
some of thc nonexperimental variables. 

2 	 Plot size. Yields estimated from small plots oftenoverestimate the yield of an entire field because of errors 
in the measurement of the harvested area and because 

In one recommendation domain 

Treatment 	 Treatment Treatment 
2 3 	 4.

Herbicide (2 I/ha) No weed control Herbicide (2 I/hu)
120 kg seed/ha 160 kg seed/ha 160 kg rseed/ha 

Replication Replication Replication 
1 2 Avg. 1 2 Avg. 1 2 Avg. 

:.020 2.570 2.800 2.440 2,180 2.310 3.200 3.060 3.130 
3.090 3.410 3.250 2.790 3.010 2.900 3,410 3,510 3.460 
2,200 2,180 2.190 1.820 1.680 1.750 2.410 2,230 2.320 
3.270 	 3.090 3,180 2.950 2,770 2,860 3.400 3.,480 3.440 

860 '740 800 700 500 600 620 680 650 

2,444 	 2,084 2,600 
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1 

the small plots tend to be more uniform than 
large fields. 

* Harvest date. Researchers often harvest a crop at3 	 physiological maturity, whereas farmers may not
harvest at the optimum time. Thus even when the
yields of both researchers and farmers are adjusted to aconstant moisture content, the researchers' yield may
be higher. because of fewer losses to insects, birds,
rodents, ear rots, or shattering. 

Form of har-vest. In some cases farmers' harvest
methods may lead to heavier losses than result fromresearchers' harvest methods. This might occur, for
example, if farmers harvest their fields by machine and
researchers carry out a more careful manual harvest. 

Unless some adjustment is made for these factors, theexperimental yields will overestimate the return: that
farmers are likely to get from a particular treatment. 
One way to estimate the adjustment required is to 
compare yields obtained in the experimental treatmentwhich represents farmers' practice with yields from
carefully sampled check plots in the farmers' fields.
Where this is not possible, it is necessary to review each
of the four factors discussed earlier and assign a 
percentage adjustment. As a general rule, total
adjustments between 5 and 30% are appropriate. Ayield adjustment of greater magnitude than 30% would
indicate that the experimental conditions are very
different from those of the farmers, and that some
changes in experimental design or management mightbe in order. Many of these problems regarding yield
adjustment are eliminated if the farmers manage the

experiment. Decisions regarding experimental

management will depend on 
several factors, but where
possible the farmers should certainly manage thenonexperimental variables. As the experimentation 
moves into later stages, farmers should also manage the 
experimental variables. 

In the case of the weed control by density experiment inwheat, researchers estimated that their methods of
seeding and of herbicide application were more precise

than those of the farmers, and so estimated a yield

adjustment of 10% due to management differences. Plot

size was also judged to be a factor, and a further 5%
adjustment was suggested. Since the plots were

harvested at the same 
time as those of the farmers, no
adjustment was needed tc account for differences in
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Field price (of output) 

harvest date. However, the plots were harvested with a 
small combine harvester, while the farmers used larger 
machines, and the difference in harvest loss was judged 
to be about 5%. Thus the total yield adjustment for this 
experiment was estimated to be 20%. The second line of 
the partial budget (Table 3.2) thus adjusts the average 
yields downwards by 20%. For Instance, the average 
rield for treatment 1 is 1,994 kg/ha and the adjusted 
yield is 80% x 1,994 or 1,595 kg/ha. 

It is obvious that this type of adjustment is not precise, 
nor does it pretend to be. The point is that it is much 
better to estimate the effect of a factor than to ignore it 
completely. As researchers gain more experience in an 
area they will have better estimates of the differences 
between farmers' fields and the experiments, and yield 
adjustments will become more accurate. The yield 
adjustment, although approximate, should not be looked 
upon as a factor to be applied mechanically. Each type 
of experiment, each year, should be reviewed before 
'4 eciding on an appropriate adjustment. If this is done, 
researchers will be able to make decisions about new 
technologies with a realistic appreciation of farmers' 
conditions. 

Field Price of the Crop 
The field price of the crop is defined as the valueto the farmer of an additional unit of production in 

the field, prior to harvest. It is calculated by 
taking the price that farmers receive (or can 
receive) for the crop when they sell it, and 
subtracting all costs associated with harvest and 
sale that are proportional to yield, that is, costs 
that can be expressed per kilogram of crcp. 

The place to start is the sale price of the crop. This is 
estimated by finding out how the majority of the 
farmers in the recommendation domain sell their crop, 
to whom they sell it, and under what conditions (such 
as discounts for quality). Crop prices often vary 
throughout the year, but it is best to use the price at 
harvest time. It is the amount that the farmer actually 
receives, rather than the official or market price of the 
crop, that is of interest. 

Next, subtract the costs of harvest and marketing that 
are proportional to yield. These may include the costs of 
harvesting, shelling, threshing, winnowing, bagging, and 
transport to the point of sale. These costs have to be 



estimated on a per-kilogram basis. In the case of
harvesting or shelling, for instance, this may require
cellecting data on the average amount of labor 
necessary to harvest a field of defined size and yield, or 
shell a given quantity of grain. Again, these may be 
cash costs or opportunity costs. 

" If farmers sell maize to traders for $6.00/kg, 

" 	and they incur harvesting costs of $0.30/kg, 

" 	shelling costs of $0.20/kg, 

" 	and transport costs of $0.20/kg, 

• 	 then the field price of an additional unit of maize is: 
$6.00 - ($0.30 + 0.20 + 0.20) = $5.30/kg. 

It is important to account for these costs because they 
are proportional to the , ield; the higher the yield of a
particular treatment, the higher the cost (per hectare) of 
harvesting, she]ing, and transport. That is, the cost of
harvesting, shelling, and transporting 200 kg is almost
exactly twice the cost of performing the same activities 
for a harvest of 100 kg. As these costs will differ across 
treatments (because the treatment yields are different),
they must be included in the analysis. It is convenient 
to treai these costs separately from the costs that vary
(described in Chapter 2) because, although they do vary 
across treatments, they are incurred at the time of 
harvest and thus do not enter into the marginal analysis
of the returns to resources invested. That is, farmers 
have to wait perhaps five months to recover their
investment in purchased inputs, but only a few days to 
recover harvest-related costs. 

If there are costs associated with harvest or sale that do 
not vary with 'he yield, then these should not be
included in the field price, nor in the partial budget. In 
the e:xample of the weed control by s.:eding rate
experiment, the farmers sell their wheat in town for 
$9/kg. The harvesting is done by combine, and the 
operators charge on a per-hectare basis (regardless of
yield), so harvest cost is not included in the calculation 
of field price. 

* There is a bagging charge of $0.10/kg, 



* 	transport charge of $0.50/kg. 

" 	and a market tax of $0.40/kg, 

i 	 so the field price of the wheat is: 
$9.00 - ($0.10 + 0.50 + 0.40) = $8.00/kg. 

Gross ,b-nefits 

calculated by multiplying the field price by the
 
adjusted yield. Thus the gross field benefits for
 
Treatment 1 is 1.595 kg/ha x $8/kg = $12,760/ha.
 

!, , l ,. . The gross field benefits for each treatment is 

Although the field price is based on the sale price of the 
crop, the concept can normally be used even in 
situations where farmers do not. produce enough for 
their own needs. An alternative would be to calculate an 
opportunity ield price for the crop, based on the money 
price the farm family would have to pay to acquire an 
additional unit of the product fbr consumption (see note 
5, p. 35). But under most conditions use of the field 
price is adequate for estimating the value of the product 
to farmers, even when the product is not sold, and this 
is 	the approach that will be followed in this manual. 

.:Table 3.2. Parial budget, weed control by se c rate cpe..... " arilb'diswedcnro~ys6edling 	 . :,.Tal 32 	 rate experimen t . . - , <i , 

2 3 

Average yield (kg/ha) 1,994 2,444 2,084 2,600 
Adjusted yield (kg/ha) 1,595 1,955 1,667 2,080 

Gross field benefits (S/ha) 12,760 15 640 13,336 16,640 
Cost of seed (S/ha) 2,400 2,400 3,200 3,200 

Cost of herbicide ($/ha) 0 700 0 700 
Cost of labor to apply 

herbicide ($/ha) 0 500 0 500 
Cost of labor to haul 

water (0/ha) 0 125 0 125 
Cost of sprayer 

rental (S/ha) 0 150 0 150 

Total costs that vary (S/ha) 2,400 3,875 3,200 4,675 
Net benefits (S/ha) 10,360 11,765 10,136 11,965 



Net benlefits 

4/ It is mportant torememrnbr 
tha 
 tthe 1H bellefits do Ilothavc greatr precison thitan 
lieoriginal ''(ieddala
(which inthis case were 
rfvljortc'd to thlev Signific'ant 

(igits int Lable 3,A) Whinuising a fllniator for 
flirttir oprtiraflois (suloh is,aflciilatig ti('narginal 
rates (;Ireturn). I( isIM,vtl,.ei
to taketh, 
1Iititiersa fir'V ap|ear Initi0l parti;l Ild t., b ItfIor
fitlaI reportling researiflrs 
May wish to rottod hr Met 
feInIfits (eg.. Sl 1.800 
Inst 'd i)i8 11.765 tit 
Tr rtt lett2). 

Table 3.2 is a partial budget for the we-d control by 
seeding rate experiment. The final line of the partialbudget is the net benefits. This is calculated bysubtracting the total costs that vary from the 
gross field benefits for each treatment.4 / 

Including All Gross Benefits in the Partial Budget 
The examples discussed above have assumed that a
single product is the only thing of value to the farmers
from their fields. This is often not the case. In manyregions crop residues have considerable fodder value, forinstance. The procedure for estimating the gross field
benefit for fodder is exactly the same as that for
estimating the value of grain. First estimate production
(by treatment) and adjust the average yields. Thencalculate a field price. Of course "harvesting" becomes"collecting," "shelling" becomes "baling," and so forth.It is important to consider each activity that is
performed (for instance, is maize fodder chopped?).
Multiplying the field price of the fodder by the adjusted
fodder yield gives the gross field benefit from fodder,

and this should be added to the gross field benefit
 
from grain.
 

Another important exam-ple is that of intercropping. If
the majority of farmers in the recommendation domain

inteicrop, then experiments should reflect that practice.

(Intercropping experiments may of course 
include
individual treatments with a single crop as well, if thatis considered a possible alternative.) It may be that the

experimental variables alfect only one crop, but if
farmers intercrop maize and beans, for instance, then a

fertilizer experiment 
on maize should include beans, or a disease control experiment on beans should be planted
with maize. The yields of both crops should be
measured, since treatments may haveindirect effect on a direct orthe associated crop. The partial budget
would then have two average yields, two adjusted 
yields, and two gross field benefits. 

The total costs that vary would be subtracted from the 
suM of the two gross field benefits to give the net 
benefits. Table 3.3 gives an example. 
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'Table 3.3. Partial budget lor an experiment on bean density arid phosphorus application-In a 
maize-bean intercrop 

Bean density (plants/lua) 

Plosplhorus rate (kg P205/ha) 

Avcragc bcan vicId (klg/ha)' 

Avrcaagc maize vivld (kg/ha) 

Adjustc'd lcan vield (kg/ha) 

Adjusled inn ize Yield (kg/ha) 


G.ro)ss Hl'd bcn.cl'its.
 

beans (S/h1a) 
GJross Hlcd hclefils. 

maize (S/ha) 

Total gross lihid henclits (8/ha) 

Cost of ])tall seed (S/ha) 

Cost (f labor f(W.lanting 

brls (S/ha) 
( st ()If'ertilizcr (S/ia) 

Total costs that vary (S/ha) 

Net benwfits (S/ha) 

1 

40.000 

30 

650 


2,300 

553 
1.955 

17. 143 

14.663 

31.806 

900 

450 
1.050 

2,400 

29.406 

. Treadtment 

2 

60,000 

30 

830 
2,020 

706 
1.717 

21.886 

12.878 

34.764 

1.350 

675 
1.050 

3,075 

31.689 

3 4 

80.000 80.000 

30 60 

890 980 
1.700 1,790 

757 833 
1.445 1.522 

23.467 25,823 

10,838 11,415 

34.305 37.238 

1.800 1.800 

900 900 
1.050 2.100 

3.750 4,800 

30.555 32.438 
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e Four 

The Net Benefit Curve 
and the Marginal
Rat-e 6f Refrn 

Dominance analysis 

I thle previous chapter a partial buget wasdelpto calculate the total costs that vary and theilet eneflts
for each treatneut ofn experiment. This chapter
describes a ,ethod
for co"pring the costs that var','
w,,ith the net benefrits. 'ritis ctoliarisoni is inlpo,-taji to

la'rnuer,+ because they are interested illseeing tileilClease ill
CcSs tquired to oblaill a giv'I illlcrease illltet benet'its. Tllc best way of illustrating this
coiliparisolin Isto plot i t- nt benefits of' eactll tr-catilllt
Ve'SLS tihe total costs that vary, The, iiCt benefil €t ry'e(actually,. a series of lines) coni ects these poilits. The

net beit'fit curve is usefl.ilIfor visualiziig tle chalges illcosts and lbieiefits iipassiiig frojii one treatrnit to tile 
rtcat iinen I of nlext highest cost. Thi net beiiel'it ctrvet,


also ciai'tlies the reasoning behindite 
 ('alcilatiol oflllalgill l'ates of retulur, lich (coillpare, lle ile-ellellls
illcosts ;andC-bttfils btlween sulch pairs of trcatIlmellns.
 
lBefo're lroceecfing witlh i tie nt( beir'fit (iryec 
 at](ihe
'alUlatiO o rIICS ofargillal tlClnll.)owver, anl 
ifliial eXailin ollnof tile costs ald be.'ne'its of ('aeli

eI't aallaysis, ilaV Servt 1t
 

illilrlt. callel djoillillalic 


'lilillr Soil.
att 
 of tlie tleat llneilts floill tIrttiel
 
(olisidel ltiliall(l thierily sill plify 
tile altalysis. 

Dominance Analysis 
'able 4.1 lists ttie total costs (fhat valry alld the nIet
I)te'li lis for" eaclh oft lilt.Ircatllcients ill"lie weed cotlilt'ol 
li'seeding rate cxperiniien froii the pre,'ious clhapter. 

Notcll ilal thtlitratllelils air listed illo(r( r of
iIIereasilig total 'osts that valy. The 
itl belefits also
illrl'eas, except! in tlhe ease of Trllnclllell :3,wille iletbei'if its afte lowr 111aii in llrIleatiiit 1. No l'aririer would
 
c lioost Treatlliell 3 illollparisoil withITrcalliltil 1
becaiise Treatlit ii t3 has higier costs thiat 
 vaiy. bilit

h wt r('Itbellefils. Such a Ireatlieilil is called a

(fOliainwd teltm';ijent (iiarked wilh 
a "l)" illTable 4.1).

arid call be eiillihiated froilii ftil'her consi(eralioi. A
dominance analysis is thus carried out by first
listing the treatments in order of increasing coststhat vary. Any treatment that has net benefits
that are less than or equal to those of a treatment
with lower costs that vary is dominated. 

This exaiillill, ilhslraltes that to iiliprol, firiiiTS"
ilcorlies it Is Iimportallt to pay altelioll to lietlhtiiefits,
ratlier ihai vields. Nolie (frolii Tableh 3.21 lhal Itle
yields rf "'l-(ettillc'lrt 3 aa ' lfl4lerIhllal tlhose ofrT i'tallitll 1. bu tt ie do iia iec 1i,1liysis shows Iilat lile
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" 
iNet b 1':curve:'" 
.
.Netbeneficve --

value of the increase in yield is not enough to 
compensate for the increase in costs. Farmers would be 
better off using the lower seed rate, provided they are 
not using herbicide. 

Tabe 4.1. Dominance anal"swW~qOntrW y-IU4gdt 

1 None 120 2,400 10,360 
3 None 160 3,200 10,136 D
 
2 Herbicide 120 3,875 11,765
 
4 Herbicide 160 4,675 11,965
 

SNot B9enefit Curve 
The dominance analysis has eliminated one treatment 
from consideration because of its low net benefits, but it 
has not provided a firm recommendation. It is possible 
to say that Treatment 1 is better than Treatment 3, but 
to compare Treatment 1 with Treatments 2 and 4 
further analysis will have to be done. For that analysis, 
a net benefit curve is useful. 

Figure 4.1 is the net benefit curve for the weed control 
by seeding rate experiment. In a net benefit curve 
each of the treatments is plotted according to its 
net benefits and total costs that vary. The 
alternatives that are not dominated are connected 
with lines. The dominated alternative (Treatment 3) 
has been graphed as well, to show that it falls below the 
net benefit curve. Because only nondominated 
treatments are included in the net benefit curve, its
 
slope will always te positive.
 

" Marginal Rate of Return,. 
The net benefit curve in Figure 4.1 shows the relation 
between the costs that vary and net benefits for the 
three nondominated treatments. The slopL of the line 
connecting Treatment I to Treatment 2 is steeper than 
the slope of the line connecting Treatment 2 to
 
Treatment 4.
 



'Figure 4 iNet benit cuve.oo d conto b!
'rat....peiment ... . .. . T. .. . 
Net benefits 

12.000*K 
''% V 

KK P j t ~~~L -~t7 ' 2' r1' ~ 

L3 It 

10 .0 0 4+', 4 't,+,,+ '< '.. + t . 
1 4. 

Y7,' 

2.500 3.000 3,500 4000 4.500 
Total costs that vary ($/ha) 

The purpose of miarginal analysis is to reveal just howthle 'let benefits fromi an in'vestment increase as thc 
amount invested increases. That is, ii farmers invest 
$1,475 in herbicide and its application, they will recover
the $1,475 (reniemnber, thle costs that vary have already
bcen subtracted fromn the gross field benefits), plus an 
additional $1,405. 

An easier way of expressing this relationship Is byMargial~calculating the marginal rate of return, which Is
the marginal net benefit (i.e., the change In net
benefits) divided by the marginal cost (i.e., the
change in costs), eapressed as a percentage. In this 
case, the mnarginal rate of return for changing fromn 
ITreat ment I to Ireatmecnt 2 is: 

$11,765-,10,360 - $1,405 = 0.95 = 95% 
S 3,875 -S$ 2,400 -$1,475 

This mieans that for every $1 .00 invested in herbicide 
and its application, larmiers can expect to recover the
$1.00, and ob~tain an additional $0.95. 

i, 2. 



The next step is to calculate the marginal rate of return 
for going from Treatment 2 (not 1) to Treatment 4. 

$11,965 - $11,765 $200 0.25 = 25% 
$ 4,675 - $ 3,875 $800 

Thus for farmers who use herbicide and plant at a rate 
of 120 kg seed/ha, investing in the higher seed rate 
would give a marginal rate of return of 25%; for every
$1.00 invested in the higher seed rate, they will recover 
the $1.00 and an additional $0.25. 

The two ma,-ginal rates of return confirm the visual 
evidence of the net benefit curve; the second rate of 
return is lower than the first. It is possible to do a 
marginal analysis without reference to the net benefit 
curve itself (Table 4.2). Note that the marginal rates of 
return appear in between the two treatments. It makes 
no sense to speak of the marginal rate of return of a 
particular treatment; rather, the marginal rate of return 
is a characteristic of the change from one treatment to 
another.Because dominated treatments are not included 
in the marginal analysis, the marginal rate of return will 
always be positive. 

Tsbe 4.2.' irg nImdg :"Snalysis,weed cntrol by u rite expednrint 

CoetsMuiI vn.
 
Treatment (*/ha)a). 
 ' .............. return
 

S2,400 1,475 10 360-in 1.405 95% 
2 3875 10 11,765j 
4 4 ,6 7 5 F 800 11965200 25% 

The marginal rate of return indicates what farmers can 
expect to gain, on the average, in return for their 
investment when they decide to change from one 
practice (or set of practic s) to another. In the present 
example. adopting herbicide implies a 95% rate of 
return, and then increasing seed rate implies a further 
25%. As the analysis in this example is based on only
five experiments in one year. it is likely that the 
conclusions will be used to select promising treatments 
for further testing, rather than for immediate farmer 
recommendations. Nevertheless, a decision cannot be 
taken regarding these treatments without knowing what 
rate of return is acceptable to the farmers. Is 95% high
enough? What about 25%? The next chapter explains 
how to estimate a minimum rate of return. 
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of Return 

Working capital 

Cost of capital 

In order to make farmer recommendations from a

marginal analysis, it is necessary to estimate the
 
minimum rate of return acceptable to farmers in therecommendation domain. If farmers are asked to make 
an additional investment in their farming operations, 
they are going to consider the cost of the money
invested. This is a cost that has not been considered inprevious chapters. Because of the critical importance ofcapital availability it is treated separately. Working
capital Is the value of inputs (purchased or owned)
allocated to an enterprise with the expectation of a
return at a later point in time. The cost of workingcapital (which in this manuid will simply be
 
referred to as the cost of capital) is 
 the benefit
given up by the farmer by tying up the working
capital in the enterprise for a period of time. This 
may be a direct cost, as ini the case of a person whu

borrows money to buy fertilizer and must pay an
Interest charge on it. Or it may be an opportunity cost,
the earnings of which are given up by not putting
 
money, or an input already owned, 
to its best
 
alternative use.
 

It is also necessary to estimate the level of additional 
returns, beyond the cost of capital, that will satisfy
farmers that their investment is worthwhile. After all,farmers are not going to borrow money at 20% interest 
to invest in a technology that returns only 20% and
leaves them with nothing to show for their investment.
In estimating a minimum acceptable rate of return,
something must be added to the cost of capital to repay
the farmers for the time and effort spent in learning to
 
manage a new technology.
 

There are several ways of estimating a minimum

acceptable 
rate of return (or, more simply, a minimum
 
rate of return).
 

Experience and empirical evidence have shown that for
the majority of situations the minimum rate of return
acceptable to farmers vill be between 50 and 100%. Ifthe technology is new to the farmers (e.g., chemical 
weed control where farmers currently practice hand
weeding) and requires that they learn some new skills, a100% minimum rate of return is a reasonable estimate. 
If a change in technologies offers a rate of return above 



Incases where the 
opportunitj field price is 
used to calculate gross field 
benefits, the estimation of 
Oe minimum rate of return 
should be based on the 
period from planting to the 
time when the household 
makes its principal
purchase of thc commodity.
This Is generally much later 
thanl harvest, and thus the 
mininmm rate of return In 
these cases will be higher 
than when the field price is 
used to calculate gross field 
benefits. 

100% (which is equivalent to a "2 to I" return, of 
which farmers often speak), it would seem safe to 
recommend it in most cases. 

If the technology simply represents an adjustment in 
current farmer practice (such as a different fertilizer rate 
for farmers that are already using fertilizer), then a 
minimum rate of return as low as 50% may be 
acceptable. Unless capital is very easily available and 
learning costs are very low, it is unlikely that a rate of 
return below 50% will be accepted. 

This range of 50 to 100% is rather crude but it should 
always be rciembered that the other agronomic and 
economic data used in the analysis will be estimates or 
approximations as well. This range should serve as a 
useful guide in most cases for the minimum rate of 
return acceptable to farmers. It is Important to note that 
this range represents an estimate for crop cycles of four 
to five months. If the crop cycle is longer, the minimum 
rate of return will be correspondingly higherr/. In areas 
where the inflation rate is very high, this range should 
be adjusted upward by the rate of inflation over the 
period of the crop cycle as well. (For more information 
on inflation, see pp.71-72.) 

'}P,:A, h Informal Capital Market 
An alternative way of estimating the minimum rate of 
return is through an examination of the informal capital 
market. In many areas, farmers do not have access to 
institutional credit. They must either use their own 
capital, or take advantage of the informal capital 
market, such as village moneylenders. The interest rates 
charged in this informal sector provide a way of 
beginning to estimate a minimum rate of return. 
Informal conversations with several farmers who ate 
part of the recommendation domain should give 
researchers a good idea of the local rates of interest. "If 
you need cash to purchase something for the farm, to 
whom do you go?" and "How much does this person
charge for the loan of .he money?" are examples of 

relevant questions. 

If it turns out that local moneylenders charge 10% per
month, for instance, then a cost of capital for five 
months would be 50%. To estimate the minimum rate 
of return in this case. an additional amount would have
to be added to represent what farmers expect will repay 
their effort in learning about and using the new 
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technology. This extra amount may be approximated bydoubling the cost of capital (unless the technologyrepresents a very simple adjustment in practices). Thusin this example, the minimum rate of return would beestimated to be 100%. Again, it should be emphasizedthat this is simply a way of deriving a rough estimate ofthe level of returns that farmers will require. 

The Formal Capital Market 
It is also possible to estimate a minimum rate of returnusing information from the formal capital market. Iffarmers have access to loans through private or
government banks, cooperatives, 
or other agenciesserving the agricultural sector, then the rates of interestcharged by these institutions can be used to estimate acost of capital. But this calculation is relevant only if themajority of the farmers in fact have access to
institutional credit. If they do not, then they willprobably face a cost of capital different from that offered
through relatively cheap institutional credit. In some
cases, it may be that farmers with otherwise similar

clrcumslances must be divided into two groupsaccording to their access to one or the other type ofcredit. These two groups of farmers would face differentminimum rates of return and may well represent two 
separate recommendation domains. 

In other cases, institutional credit may be available tofarmers, but only for certain crops or in the form ofrigidly defined credit packages. If institutional credit isnot likely to be available for the recommendations beingconsidered, then the cost of capital in these credit
 programs is not relevant 
to the estimation of a

minimum rate of return. This is another example of how
on-farm research can 
provide information 
policymakers, in this case 

to 
by interacting with creditinstitutions to assure that their services are directed to
farmers in as efficient 
a manner as possible. 

If farmers do have access to institutional credit, the costof capital can be estimated by using the rate of interestcharged over the agricultural cycle. That is, the rate ofinterest should cover the period from when the farmersreceive credit (cash or inputs) to when they sell theirharvest and repay the loan. In addition, it is necessaryto include all charges connected with the loan. There 
are often service charges, insurance fees, or even 
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farmers' personal expenses for things like transport to 
town to arrange the loan, that must be included in the 
estimate of the cost of capital. 

Once the cost of capital on the formal market has been 
calculated, an estimate of the minimum rate of return 
can be obtained by doubling this rate. This will provide 
a rough idea of the rate of return that farmers will find 
acceptable if they are to take a loan to invest in a 
new technology. 

Sumrray 
It is necessary to estimate a minimum rate of return 
acceptable to the farmers of a recommendation domain. 
In most cases it will not be possible to provide an exact 
figure, but experience has shown that the figure will 
rarely be below 50%. even for technologies that 
represent only simple adjustments in farmer practice, 
and is often in the neighborhood of 100%, especially 
when the proposed practice is new to farmers. If the 
crop cycle is longer than four to five months, these 
minimum rates will be correspondingly higher. Where 
farmers have access to credit, either through the 
informal or formal capital markets, it is possible to 
estimate a cost of' capital (or an opportunity cost of 
capital) and use it to estimate a ninimum rate of return. 
But even in these cases, it must be remembered that the 
figure will be approximate. The next chapter explains 
how to use the estimates of the minimum rate of return 
to judge which changes in technology will be acceptable 
to farmers. 



_ePt-.. r x 
isIng: Marginal! 

A y t M 
Scommeniidaii ons 

Marginal analysis 

Chapter 4 demonstrated how to develop a net benefitcurve and calculate the marginal rate of return between 
adjacent pairs of treatments. Chapter 5 discussed 
methods for estimating the minimum rate of return 
acceptable to farmers. The purpose of this chapter is todescribe marginalanalysis, which is the process ofcalculating marginal rates of return between
 
treatments, proceeding in 
 steps from a lower costtreatment to that of next higher cost, and 
comparing those rates of return to the minimumrate of return acceptable to farmers. It should beemphasized again that this type of analysis is useful
both for making recommendations to farmers, wherethere is sufficient experimental evidence, and for helping
select treatments for further experimentation. Three 
examples of marginal analysis follow. 

eed Control by Seeding Rate Experiment 
It might be best to start by returning to the example ofthe weed control by seeding rate experiment
summarized in Figure 4.1. After the dominance analysisthere were only three treatments left for consideration,
and the marginal rates of return were calculated. If
Treatment I represents the farmers' 
practice,

will farmers be willing to adopt Tre-atment 2 or
 
Treatment 4?
 

Farmers should be willing to change from one
treatment to another if 
 the marginal rate of returnof that change is greater than the minimum rate ofreturn. In this case, If the minimum rate of return were
100%, the farmers would probably not be willing to
change from their practice of no weed control,

represented by Treatment 
 1, to the use of herbicide,
represented by Treatment 2, because the marginal rate
of return 
(95%) is below the minimum. If the minimum
 
rate of return were 
50%, then farmers would be willing
to change to Treatment 2. 
Only if the minimum rate ofreturn were below 25% (which is unlikely) would the
farmers be willing to change from Treatment 2 toTreatment 4. As long as the marginal rate of return
between two treatments exceeds the minimumacceptable rate of return, the change from one treatment 
to the next should be attractive to farmers. If the
marginal rate of return falls below the minimum, on theother hand, the change from one treatment to another 
will not be acceptable. 



<FerIIIizeExpeim!ent 
Figure 6.1 shows the results of a nitrogen experiment in 
maize. Table 6.1 gives details on the experimental
design and costs that vary. The yield data are the 
average of 20 locations from three years of 
experimentation. Tab!e 6.2 is a partial budget for the 
experiment. Figure 6.2 shows the net benefit curve and 
Table 6.3 shows the marginal analysis (one of the 
treatments is dominated). 

For the recommendation domain where these 
experiments were planted, researchers estimated that 
the minimum rate of return for the crop cycle was 
100%. With 20 experiments over three years,
restarchers felt that they were ready to make a nitrogen 
recommendation to farmers, who are currently not using
nitrogen fertilizer on their crop. What should be the 
recommendation? Or, in other words, if farmers are 
considering investing in nitrogen fertilizer and the labor 
to apply it, what should be the recommended level 
of investment? 

Figure 6.1. YWeld frorn:!*ogon -a~p~mn
Yield 

(kg/ha) SH .31 

3 500 J.~v.LLiJJiJ A1 

3,500, 

L~ 
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Kg N/ha 

• - single application, * * = split application 



~aI6 4, NJitoeilexPelmont data 

~Treatment (kg1. Mp~otago 
la/ 0 0 2,222 
2 40 1 2,867 
3 80 2 3,256 
4 120 2 3,444 
5 160 2 3,544 

a/ Farmers' practice 

Data, 
Field price of N = $0.625/kg 
Field price of maize = $0.20/kg 
Cost of one fertilizer application = $5.00/ha
 
Yield adjustment = 10%
 
Minimum rate of return 100%
 

STable 6.2. Partal budget, nlItrogen experiment : o 

I2 3 4: 
0kP 40: kgI0k
N/ha N/ha N/ha 

Average yield (kg/ha) 2,222 2,867 3,256 3,444 3,544
Adjusted yield (kg/ha) 2,000 2,580 2,930 3,100 3 190 
Gross field benefits (S/ha) 400 516 586 620 638 
Cost of nitrogen (S/ha) 0 25 50 75 100 
Cost of labor (S/ha) 0 5 10 10 10
Total costs that vary (S/ha) 0 30 60 85 110 
Net benefits (S/ha) 400 486 526 535 528 

This analysis should always be done in a stepwise 
manner, passing from the treatment with the lowest 
costs that vary to the next. If the marginal rate of return 
of the change from the first to the second treatment is 
equal to or above the minimum rate of return, then the 
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4 80 kg N/ha $60 $ 

03%
 
4 120 kg N/ha $ 85 $53536
 
5 160 kg N/ha Si - $528
 

a!Treatment 5 is dominated 

next comparison can be made, between the second--andja 
third treatments (not between the first and third). These 

comparisons continue (i.e., increasing the level of 
investment) until the marginal rate of return falls below 
the minimum rate of return. If the slope of the net 
benefit curve continues to fall, then the analysis can be 



stopped at the last treatment that has an acceptable rateof return compared to the treatment of next lowest cost.If the net benefit curve is irregular, then further analysis
must be done. (See the next example, p.43). 

In the nitrogen experiment, the marginal rate of returnof the change from 0 kg N/ha to 40 kg N/ha is 287%,well above the 100% minimum. The marginal rate ofreturn from 40 kg N/ha to 80 kg N/ha is 133%, alsoabove 100%. But the marginal rate of return between 80kg N/ha and 120 kg N/ha is only 36%. So of thetreatments in the experiment, 80 kg N/ha would be the
best recommendation for farmers. 

There are a couple of things to notice about this

conclusion. 
First, the recommendation is not(necessarily) based on the highest marginal rate of
return. For farmers who use 
no nitrogen, investing in 40kg N/ha gives a very high rate of return, but if farmers
stopped there, they would miss the opportunity forfurther earnings, at an attractive rate of return, byinvesting in an additional 40 kg of nitrogen. Farmerswill continue to invest as long as the returns to each
extra unit invested (measured by the marginal rate of
return) arc higher than the cost of the extra unit
invested (measured by the minimum acceptable rate
 

of return).
 

The second thing to notice is that the recommendation 
is not (necessarily) the treatment with highest netbenefits (120 kg N/ha). If instead of a step-by-step
marginal analysis, an average analysis is carried out.comparing 0 kg N/ha with 120 kg N/ha, the rate of
return looks attractive (I.e., (535-400)/(85-0) = 159%).
but this is misleading. The average rate of return of
159% hides the fact that most of the benefits were
already earned from lower levels of investment. This
 average rate of return lumps together the profitable andthe unprofitable segments of the net benefit curve. Themarginal analysis indicates acceptable rates of return up
to 80 kg N/ha. If the farmers are to apply 120 kg N/ha,


the analysis shows they would only get a marginal rateof return of 36% on their investment of the last $25. Itis likely that they would be willing to invest their moneyin nitrogen up to 80 kg N/ha, and then ask if there isnot some other way of investing that final $25 (a littleextra weeding, fencing for animals, etc.) that would give
a better rate of return than 36%. 



In summary, the recommendation is not necessarily the 
treatment with the highest marginal rate of return 
compared to that of next lowest cost, nor the treatment 
with the highest net benefit, nor the treatment with the 
highest yield. The identification of a recommendation 
requires a careful marginal analysis using an 
appropriate minimum rate of return. 

This example illustrates some additional aspects of 
marginal analysis and the selection of recommendations. 
Figure 6.3 presents yield data from a tillage experiment 
in wheat. Table 6.4 gives details of the design and the 
costs that vary. The yield data are the average of six 
locations from one year of experiments. Table 6.5 shows 
the partial budget. Figure 6.4 shows the net benefit 
curve and Table 6.6 shows the marginal analysis. 

Figure 6.3. Yk"IS from tViag* aXPeSnftV 
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Table 8.4. T.iage expeiment data 

TPe -OfTrestment' plow 

None 
2 
 None 

3 
 Chisel 

4 
 Mold board 

a/ Farmers' practi(,e 

Data 

Tillage costs: 
Cultivator 

Chisel plow 

Mold board plow 
Zero-till planter 

Table 6.5. Partial budget, tillage experiment 

Average yield (kg/ha) 

Adjusted yield (kg/ha) 

Gross field benefits (S/ha) 

Cost of' plowing (S/h) 

Cost of ci'!tivation (S/ha) 

Cost o sveding (S/hal 

Cost of zero-till seeding (S/ha) 

Total costs that 
vary (S/ha) 
Net benefits (S/ha) 

1 


3.800 

3.040 


243 


0 


14 


2 


0 


16 


227 


'of'-t:vetIo Awig'i4(jfding meod for 6 Fcekm 

2 By ha:1 d 3,800
0 Zero-till planter 4,080 
2 
 By hand 4.300 
2 
 By hand 4,47) 

$7/ha Cost of seeding by hand $2/ha
$16/ha Field price of wheat $0.08/kg 
$22/ha Yield adjustment 20% 
$20/ha Minimum rate of return 80% 

Treatment 

.
 4
 

4.300 4.470 
3,440 3.576 

275 
 286
 
16 
 22
 
14 
 14
 
2 
 2
 
0 0 

32 
 38
 
243 
 248
 

2 


4,080 

3.264 

261 


0 


0 


0 


20 


20 


241 




ftIgure- I.4 Net, benofit cury,tillage experiment-
Net benefits ........
 

($/ha).. 
. 

245 

240 £(2) :~~ r a~-
235 .' 4 : 

0 20 29 30 4039 
Total costs that vary ($/ha) 

Table 6.6. 'Marginalanalysis, tillage experiment.,. 

:' r . ++ +a ga rafte'+'-,O1 4 5 Total costs+'+++ '+;' that' ;:Nto+ beneits:!' #P+ y:1' '+ & " 

Treatment vary ($/ha) (4ha) rtr 

1 16 227 
350% 

220 241 1% 
332 243 83% 39% 

4 38 248 

First, it Should b~e noted that this tillage experiment is 
different from the nitrogen experiment in that. it tests 
four distinct treatments, rather than the continuous 
increase of' one factor. It -impossible to use 80 kg of 
nitrogen withbout using 40 kg of' nitrogen, but using one 
tillage method does not require first using a lower cos5t 
met hod. There are four different options, arranged on 
the net benef'it curve in order of' increasing costs. The 
marginal analysis is simp~ly a way of examining v'arious 



alternatives for tillage (in this case). The comparisonsare made, as always, in a stepwise manner between onealternative and the next, in order of increasing costs,until an acceptable recommendation is identified. 

Second. the situation is a bit different from the previousexample in that only six locations from one year areavailable for analysis. Thus the analysis will be used tohelp plan further experiments, rather than to make
farmer recommendations. 

Finally, the shape of the net benefit curve is differentfrom the previous example. The marginal rate of returnin going from Treatment 1 to Treatment 2 is 350%, wellabove the minimum. Therefore Treatment 2 is certainlya worthwhile alternative to the farmers' practice. Next,the marginal rate of return in going from Treatment 2 toTreatment 3 is 17%, and below the minimum.

Treatment 3 can 
therefore be eliminated fromconsideration. But the marginal rate of return betweenTreatments, 3 and 4 is 83%, and above the minimumrate of return of 80%. In such cases as this, where themarginal rate of return between two treatments falls
below the minimum, but the following marginal 
rate ofreturn is above the minimum, it is necessary toeliminate the treatment(s) that are unacceptable andrecalculate a new marginal rate of return. In this
example, it is necessary to calculate a marginal rate of
return between Treatment 2 and Treatment 4. The
result is 39 o 248-241 39 which is below the
 

" 38-20 9%
minimum rate of return. Thus Treatment 4 is also
rejected. If this last marginal rate of return had beenabove 80%, however, Treatment 4 would have been the
 
best treatment.
 

In this case researchers should continue to experiment
with Treatment 2 (the zero-till planter), which seems 
tobe a promising alternative to the farmers' practice oftwo cultivations before seeding. Treatments 3 and 4 givehigher yields, but their costs are such that they do notprovide an acceptable rate of return. Researchers mustdecide if there is sufficient evidence to eliminate thesetreatments from future experimentation, or If another 
year of testing is worthwhile. 



For flt plrjx)svs of this 
lanualthe l.erm "residual" 

islt- nitii 9)t(iaI ii (llItt'ill(e .felre,.e' to,.th
ItW,,ee th, lot te,''ts 
MI(t Ile (ost of lie
it'stttnetnt. "l'he rrateti 
should ,ot that til, ern 
has otl(r iIIaiIIIgs. hoth Ill
t''Oilu Iiand fit other 
Hihlds. 

Analysis Using Residuals 
The conclusions of a marginal analysis can be checked 
by using the concept of "residuals. Q Residuals (as the 
term is used here) are calculated by subtracting the 
return that farmers require (the minimum rate of return 
multiplied by the ,otal costs that ve-try) from the net 
benefits. Table 6.7 illustrates this method, using the 
data from the nitrogen experiment (Table 6.3). 

Table 6.7. Analysis of nitrogen experiment using residuals 

V) (2) (3Y 4) 

Total coats Ne raquired RasIduN 
that vary benefits [100%x(1)1 [(2)3]N

Treatment ($/ha (POW ($1ha) (Ah), 

1 0 kg N/ha 0 400 0 400 
2 40 kg N/ha :30 486 30 456 
3 80 kg N/ha 60 526 60 466W/
 
4 120 kg N/ha 85 535 85 450
 

LI/ MaxilIbumI r(sidltial 

The treatments are listed, as usual, in order of total 
costs that vary. Column 1 gives the total costs that vary 
and column 2 gives the net benefits. Column 3 is the 
minimum acceptable rate of return multiplied by the 
costs that vary, and represents the return that farmers 
would require from their investment in order to change
their practice. For instance, if 40 kg N/ha has costs that 
vary of $30/ha, and if the minimum rate of return is 
100%, this means that fairmers would ask for returns of 
at least an additional S30/ha before investing in 40 lkg 
N/ha. Finally, the residual (column 4) is the difference 
between net benefits (column 2) and the return that 
farmers require (column 3). Of course this residual is not 
the profit and it is the comparison between the 
residuals, rather than their absoltc value, that is 
of interest. 

Farmers will be interested in the treatment with the 
highest residual. In this ease, the treatment with the 
highest residual is 80 kg N/ha. which is the samc 
conclusion that was reachcd in the previous analysis.
Stopping at 40 kg N/ha denies the farmers the 
possibility to earn more ioney per hectare. Going oil to120 kg N/ha implies a loss, aflter accounting for the 
return that farners require. 



Residuals can also be used to check the conclusions of 
the marginal analysis of the tillage experiment (Table
6.6). Table 6.8 shows the results: Treatment 2 is the one 
with the highest residual. 

Table 6.8. Analys's of tilage experiment using residuals 

(1) 	 (2) 43).. (4) 
RetarnTotal costs Not reaulrod ReWudual

that vary benefits (80% it (1)) fg(2) (3)]Treatment ($Iha) ($Iha) (/ho) (Wha). 

1 16 227 13 214 
2 20 241 16 2254 
3 32 243 26 217 
4 38 248 30 218 

P/ Maximum residual 

This Ienthod of calulatilIg and comparing residuals will 
always give the sane conclusion as the graphical
method of marginal analysis shown earlier. The method 
of using residuals, however. requires an exact figure for 
the minimum r-,te of return, whereas the graphical
method allows coml)arison of tle marginal rates of 
return with Various aSSumlptions about, the minimum 
rate of return. Thus it is advisable to use the graphical
method first and then, if necessary, check the 
conclusions with respect rateto a particular minimum 
of return by calculating residuals. 



SOME QUE$TIONS ABOUT MARGINAL ANALY'SIS i 

Is marginal analysis the "last word" for making 
a recommendation? 
Marginal analysis is an important step in assessing the 
results of on-farm experiments before making 
recommendations. But agronomic interpretation and 
statistical analysis are also part of the assessment, as 
well as farmer evaluation. As researchers conduct on
farm -xperimcnts, they must constantly solicit farmers. 
opinions and reactions. Alternatives that seem to be 
promising both agronomically and econumically may 
have other drawbacks that only farmers can identify. To 
the extent possible, screening treatments for 
compatibility with the farming system should take place 
before experiments are planted. But farmer assessment 
of the experiments is also essential. It is the farmers 
who have the last word. 

2 	 How precise is the marginal rate of return
 
as a criterion?
 
It is important to bear in mind that the calculation of 
the marginal rate of return is based on yield estimates 
derived from agronomic experiments and on estimates 
of various costs, often opportunity costs. Furthermore, 
the marginal rate of return is compared to a minimum 
rate of return which is only an approximation of the 
investment goals of the farmers. Discretion and good 
judgment must always play an important part in 
interpreting these rates and in making 
recommendations. If the marginal rate of return is 
comfortably above the minimum, the chances are good 
that the change will be accepted. If it is close to the 
minimum rate of return then caution must be exercised. 
In no case can one apply a mechanical rule to 
recommend a change that is a few percentage points 
above the minimum rate, or reject it if it is a few points 
below. Making farmer recommendations requires a 
thorough knowledge of the research area and the 
problems that farmers face, a dedication to good 
agronomic research, and fhe ability to learn from 
previous experience. Marginal analysis is a powerful tool 
in this process, but it must be seen as only a part of the 
research strategy. 

Can the marginal rate of return be interpreted if 
the change in costs that vary is small? 
Certain experiments, such as those that look at different 
varieties or perhaps modest changes in seeding rate, 
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involve changes in costs that may be quite small. If the 
yield differences arc at all substantial, the resulting
marginal rate of return can be very large, sometimes in 
the thousands o" percent. In these cases the marginal 
rate of return is of little use iii comparing trcatments. 
Thus it is usually not worthwhile cailculating marginal
rate.i of return for variety experiments, unless there are 
significant difiercnees in cost betwc'n varieties (e.g..
local maize variety versus a hybrid), or in the market 
value of the varieties ie.g., because of consumer 
preteren,, c). 

4 !s it really possible to make recommendations, 
using marginal analysis, without considering all the 
costs oi' production? 
Remember that tie starting point in on-farm research is 
the assumpt ion that itis much better to consider 
relatively small improvements in farmers' practices,
rather than proposc large-scale changes. "I'h idea is 
thus to ask what changes can be made in the present
system, and to compare ti change in benefits with the 
change ill cos:. iTcausC thC f'eus is on the diflcrences 
between two trcatnlweilts, rat her than their absolute 
values, cots that (10 vary betweennot treatments will 
not affect the ClCulatioll of the marginal rate of return. 
Table 6.9 shows two cases, 1.Ath using the same yields
and costs that vary. For the partial budget, the marginal 
rate of return is calculated in the usual way. The 
complete budget includes all of the costs of production:
they are of course constant ($300/ha) for each 
treatment. When the marginal rate of return is 

Table 6.9. Marginal analysis using a partial budget and a complete budget 
Partial budget 1 2 Complete budGet I 2 
Gross Iitckd 1)ciluits Gross hihl Iiih, Hits 

(S/ha) 500 650 (,S/1ha) 500 650 
'ol I costs Ihalt 
(S/"t11) 

vary 
100 21)0 

Total costs 
(-$/h;) 

I1h1l vary 
100 200 

Net hemefits (S/ha) 400 450 Total of costs that (h)1not 

vary (S/h1a) 300 300 
lotal o'iss (S/Iha) 400 500 
Net bcncfits (S/la) 100 150 

Marginal rate _ 450 - 400 =50% Mariil rale - 150 - 100 = 50y 
of return 200 - 100 of rt011rm1 500 - 400 

50
 



calculated usingf benefits and total costs, the result isthe 	sane. 

5 	Is the correct strategy always to consider 
small changes in farmers' practices? 
Experience has shown that farmers are much more 
likely to adopt new practices in small steps rather than 
in comlplcc packages. lut in following this strategy it 
should )r realized that farmers (can (and do) eventially 
adol)t a new set of" practices over t period of several 
years of testing. The complexity of the individual steps 
depends ,.)tIne na ure of the agrononic interactions 
amiong the (lll ntS being tested and on the resources 
available to fitini(ers. 

It. is often possible to lake advantage of this sequential 
adoption pat tern in making recommendations. Initial 
steps may be intermediate between farmers' practice 
and the recommendation that would be selected by 
marginal analysis. Figure 6.5 is the net benefit curve for 

Figure 6.5. Net benefit curve, weed control by .rrtillzer 
exp eriment 

Net 
benefits 

($/ha) Improved weed 
c-atrol and 
fertilization* 

II 
Improved' 
fertilization 

cki Improved
weed control 

ol 

Only 

Farmners' 
practice51r i 

Total costs that vary (S/ha) 



a weed control by fertilizer experiment. The curve 
shows that a combination of improved weed control and 
fertilization should be the recommendation. 

Nevertheless, it is possible to first promote an
intermediate recommendation of improved weed control 
only 	and then add fertilization later. The curve allows
researchers to trace out an efficient set of technologies
for recommendation as farmers increase expenditure
levels. In this case, further analysis would indicate that 
adopting fertilizer first, without improved weed control, 
would not be a worthwhile option. 

More complex changes, such as the introduction of new 
crops or cropping patterns, are of course possible as
well. But such changes require extremely careful 
planning and analysis which are beyond the scope of 
this 	manual. 

116 	 What is the difference between a marginal
analysis and a continuous analysis of data? 
Agronomists often estimate response functions for 
factors such as nutrients, and economists use similar 
('cntillUoUs functions to select economic optima. Yet the 
met hodology of lhis Manual uses a marginal analysis for 
sets of discrete altcrnatives. There are three reasons for 
emphasizing the latter method. First, marginal analysis,
using discrete points, can be used for any type of 
experimentalion, whereas continuous analysis is only
ap)licable to factors that vary continuously, such as 
fertilizer rates or seed rates. Second, the computational
skills and facilities necessary for estimating response
functions are not always available. Finally, great 
precision is not required for farmer recommendations
(e.g., for fertilizer levels) because farners will adjust
theni to their individual conditions. 

A continuous economic analysis may be very useful in
certain situations, however. But if it is done, it requires
the same degree of care in estimating the benefits and 
costs that farmers face that has been emphasized in this 
manual for constructing a partial budget. and conducting
marginal analysis. The sophisticated analyses that arc 
often done with unrealistic assumptions about farmers' 
yields, field prices, or minimum rate of return do not 
give useful conclusions. 



Does the marginal analy3is assume 
that capital is the only scarce factor for farmers? 
In the marginal analysis, all factors are expressed in 
monetary units. This does not necessarily mean that 
farmers think of all costs and benefits in monetary 
terms, or that cash is necessarily the limiting factor. 
Marginal analysis may be used, for instance, in an 
experiment that compares treatments which differ only 
in the amount of (unpaid) family labor utilized on a crop 
which is not sold. To decide whether extra amounts of 
labor would be effectively invested to produce extra 
amounts of the crop, opportunity costs and prices can 
be assigned and the comparison made. 

Nevertheless, in cases where family labor is the 
predominant source of labor, and experimental 
treatments involve significant changes in labor use, care 
must be taken in valuing labor. If, for instance, a 
change from one treatment to another implies a 
reduction in family labor and an increase in cash 
expenditure, a modest increase in total costs that vary 
may in fact represent a significant increase in cash 
outlay (balanced to some extent by a reduction in labor 
"costs"). In cases where family labor is a particularly 
important factor in farmer decision making regarding 
new technologies, a careful analysis must be 
undertaken. This is complicated by the fact that the 
opportunity cost of labor is sometimes difficult to 
estimate. Different members of the household (men, 
women, children) will likely have different opportunity 
costs of labor, and the time of the year (slack season, 
peak season) will also affect the estimate. 

One possibility is to do a sensitivity analysis (Chapter 9), 
which involves doing several marginal analyses using 
different estimates of the opportunity cost of labor. 
Another technique involves estimating the returns to 
labor for the treatments and comparing the marginal 
returns to labor between two treatments with various 
estimates of the opportunity cost of labor. This is a 
reminder that there are often alternative analytical 
techniques, beyond the scope of this manual, which 
may be useful in making decisions about the 
appropriateness of a particular technology. 

Gan the concept of marginal
 
analysis be used for planning experiments?
 
It is common to consider a change in farmers' practice 
by doing a quick calculation of how much additional 
yield would be needed to pay for the extra costs of the 
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new practice. If an extra 100 kg of fertilizer costs$1,000, and wheat is selling for $5/kg, then the estimatemight be that the farmers would need an extra 200 kgof wheat ($1.000/5) in order to "repay the fertilizer."
However, there are three errors in this kind of 
calculation 

The first error is in using market prices lbr fertilizer andwheat, rather than field prices. The second is notincluding the labor or machinery costs associated withthe use of fertilizer. The third is in not including theminimum rate of return. The following formula correctsthose errors, and provides a useful way for helping toconsider practices that are proposed for 
experimentation. 

AY = ATCV (1 + M)
 
P
 

where AY= minimum change in yield required
ATCV = change in total costs that vary

P = field price of product
M = minimum rate of return (expressed 

as a decimal fraction) 

In the example just mentioned, if the additional fertilizerplus the labor to apply it is worth $1,200, the field priceof wheat is $4/kg, and the minimum rate of return Is
50%, then: 

,AY = $1,200 (1 + 0.5)
4

= 450 kg of wheat 

Thus, given current prices, the minimum yield increaserequired by farmers from the addition of an extra100 kg of fertilizer is 450 kg of wheat, not the 200 kg inthe original calculation. The use of this type ofcalculation before designing an experiment helps ensurethat the treatments include an economically realistic 
range of levels. 

Can marginal analysis be used
 
when yields are variable or prices change?

Yields in agronomic experiments are usually quitevariable, and prices often change. Methods for
accommodating 
this kind of variability to marginal

analysis arc discussed in Chapters 7, 8, and 9.
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MNargilli ,al \'. i. ,articular Xl)trim(,nl sliitI(hl I)(,Chapter Seven dotlic oi 11he J)oolcd r('S.tilts Irmli at l('dl st'v(t'rl ho('ilid
Preparing 

t 

(o(,r i( )r . yt'ars. T() Pr'Par, lit' 'Xpurili('lital
Experimental Results ills f(r 

Mi', 
hti typ, oF) anais'.i., sev(eral St(,i)S inSt. IWt

for Economic Analysis: t ktn First, rcsarhlitrs lust rt'vi(' i' , purp()s ()f tlit' 
Recommendation txpltiinicit lin o( (lt'dert ('ide whlvt'iicr dhe rs.tllts ()I lit'

D s nlysi,ar(' to ' used to'- makinig r(t''oliniit'tnatiolns forDomnatins and fmlrs or for gtuiIing 1rt ht'r '('s(.'ar(,lch. tic.. a revi('w
Statistical Analysis of restilts Irott) clidiif'ren t loeai()s will iudi'al 

whtther all of* th loat olts belong to lie sanit'
 
recoietndalot i( domain nd cat thlrtcl' he italyzed
tow-Wtr. FittallY, I combinatioin f agrononlei(, .iti(lgtit,iit 
anudi statistical analy'sis will eiad to i deceision regarding 
the yiel(l dilT'retiees atong treat ntentl s ill ti-le 
experitnn t. If'rcseareht'rs have little eoi ffideue that 
there are rtal dilferenees in yields, Own let total ('osIs
that vary of' eaeh t'atnent (canbe 'omt pared: the, 
trittllett wiih tit lowest costs will genc(rally be 
prefer'Cdl if.oit the ()(Ie'r hatd. researc'hers l)elevethat
theldirftret t,'S observed rprslit rt'al (Iiferetces 
atlig treat li matrgiinal ainalysis shouldill('iits, tOw 

bc doit.
 

Reviewing the Purpose of the Experiment 
Eac h c'xpe'rini ntal variable inat experinient has a 
purpos', and resat'('ht'rs shoutld review the objectives of
lh(.expo'riien Ibe'fore thinking aboLIt ill] ('Coliom li 
analysis. Sornit' xl).rillilital variables arc of' an 
exploratory lill rell: tht'eN, rcit' ant to provide answers 
regarding reslt)itst' (t,.g . is it'hre a resl)onsc to 
phosp)Irtus'?) Or to (ltcidate )arlicular produclion
constraints Ihat hIvt' bee( observed (e.g., is the low 
[illerint obst'rvtd inl ilte wheat crop due It) a nutrient 
dcl'ficiely tr tt) lilt' varictyv?). These variables are illeant 
to proividt, il(frlnat (oll that can be us('Cd ill spePc(if'in'g 
prou(lutiol pr(ttolh'lts and designing solutions for thein.
Tlt It'a1tilllletiIs ill lhst' (,hxploraltrv (xl),riten s arc 
clet) o (]t'It'('t Ili' l)t).ssil)ilily of r,1) tsol.sc-, andal(I .is 
hee+d lot Nt' dlc'sigtle to r(,l)rt,;t'll e'onlloit'all].V viable 
soltiti)lt It) a partictlar problhi. Reseacher'tslirs must btar 
this ill Illntd wilclt 'onsideringt lit' t'tOloliitlialysis of' 
expe'rimlents with this Ivpt' (o cx])btrintory variable. If tit' 
experimental results pr(vid(t clear ('vidt'llc Ithat a 
.)part iula' prodltion ltplob'lt t'xists, tl' c'c'noli

antalysis may lll;) it) st'lt't possil)l ltuctits for t t'.t ing. 
If a high level 1)1all i ((ti't' iicl ill a 'Xl)loratotr' 
t'XI)e'rineitll provid'd e'viditc f, f rt's)onlsv, but if lIh' 
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marginal analysis then showed an unacceptable rate of 
return, researchers would want to examine lower levels 
of insecticide or less expensive insect control methods in 
subsequent experimentation. 

Other experimental treatments test possible solutions to 
well-defined production problems. The solutions will 
have been selected for testing not only because they
promise economically acceptable returns, but because 
they are compatible with the farming system and do not 
represent special risks to farmers. When there are yield 
differences among treatments in these cases, the 
marginal analysis should be more rigorous, because a 
recommendation may be made to farmers. 

The marginal analysis should be done on the pooled
results of a number of locations, usually over more than 
one year. No strict rules can be given here, but the 
number of locations should be sufficient to give
researchers confidence that the results fairly represent
the conditions aced by farmers in the recommendation 
domain. A very rough rule of thumb might be to include 
at least 20 experimental locations (in relatively
homogeneous environments) over two years for each 
recommendation domain. The exact number of test sites 
required will depend on the var!ability (across sites and 
across years) in the recommendation domain and on the 
technology being t-sted. For instance, fertilizer 
recommendations usually require a fairly large number 
of locations to adequately sample the range of response 
by soil type, rotation, and so forth. Insect control 
recommendations may require several years of evidence 
to sample year-to-year variability in insect populations,
especially in the case of routine preventive treatments. 

Once recommendations are derived they are often 
presented to farmers through demonstrations, which 
mav involve one or more large plots showing various 
alternatives next to a similar plot with the farmers' 
practice. As a way of following up on the 
recommendation the results of these demonstration 
plots should also be subjected to an economic analysis,
preferably as part. of the demonstration. 



Tentaive RecommendatiOn ,Domains', ' 
Whether the experiments are of an exploratory nature or 
are testing possible solutions, they should be planted in 
locations that represent the tentative definition of the 
recommendation domain. Recall that a recommendation 
domain is a group of farmers whose circumstances are 
similar enough that members of the group are eligible 
for the same recommendation. 

An example may help. In a particular research area 
there is experimental evidence of a response to nitrogen 
,.I maize. Farmers currently use no fertilizer, and an 
experiment is designed to test various levels of nitrogen. 
Most of the farmers plant maize under rainfed 
condition; , although a few have access to irrigation. 
Because the response to nitrogen may differ under 
rainfed and irrigated conditions, and because of the 
small number of farmers with irrigation, only farmers 
with rainfed fields are considered. (If there were more 
farmers with irrigation, experiments might be planted 
with them as well, but they would almost certainly be a 
separate recommendation domain.) Most of the farmers 
with rainfed fields have land with sandy to sandy-loam 
soils. Locations are chosen to represent this range of soil 
types, and careful note is taken in the field book of the 
soil type at each location. The tentative definition of the 
recommendation domain includes the range of soil 
types, but the experimental results may distinguish 
separate domains. Nonexperimental variables, such as 
variety, planting date, and weed control are left in the 
hands of the farmers. A certain range in these practices 
is present in the recommendation domain, and the 
actual practices at each location are noted in the field 
book. The researchers do their best to reject locations 
that represent very unusual practices or conditions 
(such as a few farmers who plant a special maize variety 
to sell as green maize.) 

The tentative delinition of the recommendation domain 
for the fertilizer experiment is thus: "All farmers in the 
area who plant maize under rainfed conditions on sandy 
to sandy-loam soils." This definition allows for some 
variability in conditions and practices, and the selection 
of experimental sites tries to represent this range, but 
avoids obvious extremes. 



Notice that the recommendation domain is defined for 
the particular experimental variable. A different 
experimental variable (say, a ciisease-resistant variety)
might be tested in a domain of a different definition. In
this case, the variety might be tested on both irrigated
and rainfed fields, if no difference in its disease 
resistance capacity wcre expected. 

,-- Reviewing Experimental Results 
The results of each experiment at each location in the
tentative recommendation domain must be reviewed. 
InConsistenies in results between locations can be due 
to one of three causes: 

" 
 Redefinition of the recommendation domain. In thet.u above example, soil type was being considered as a
possible means of subdividing the recommendation 
domain. If the responses are very different at locations 
with sandy soils and those with sandy-loam soils, then
there may be two separate recommendation domains 
(and two separate econonic analyses). Or it may be that 
an unexpected characteristic is of importance. Suppose,
in this same example, that some farmers plant a maize
maize rotation, while others rotate their maize with
fallow. If the responses to nitrogen are different on these 
two types of fields, the original recommendation domain 
may be refined (by eliminating the rotation that 
represents a minority of the farmers) or divided (by
rotation, if both rotations are of importance in the area). 

The important point is that researchers must have a 
clear and consistent definition of the recommendation 
domain whose experiments will be submitted to
economic analysis. Domain definitions are reviewed and
refined during the experimental process. As the number 
of possible defining characteristics for domains is greater
than the number of locations to be planted, careful 
selection of experimental locations is important. The 
routine collection of information adequate to describe 
each location (e.g. elevation, soil, cropping history,management practices) is a most important activity, 
without which across-location interpretation is
 
impossible.
 



Improper experimnental management. At times the 
experimental resuits at a location may differ from the 
others because of problems in experimental 
management. This may include errors by the 
researchers (such as applying the wrong dosage of a 
chemical), or factors related to the farmer (such as a 
cow destroying part of the experiment, or the farmer 
failing to weed because of a misunderstanding). In such 
cases the location can be eliminated from the analysis 
and the researchers will gain a bit more experience-in 
the management of chemicals, in locating experiments 
where there is little chance of animal damage, or in 
carefully discussing with farmers their responsibilities in 
the management of an experiment. Part of experimental 
management includes the selection of locations. If 
locations have to be eliminated because they have 
characteristics well outside the normal range of the 
recommendation domain (such as very late I'antlng 
dates) this too is an indication of the necessity to 
improve experimental management. 

3 Unexplained or unpredictable sources of variation. 
After eliminating locations from the analysis because 
they do not represent the recommendation domain, and 
eliminating sites where the management. of the 
experiment is responsible for unrepresentative results, 
there may still be considerable variation in the results 
from the remaining locations. This may be due to 
factors that are not understood (and may be the focus of 
further agronomic investigation and/or discussion with 
farmers). Or it may be due to factors that are understood 
but not predictable, and hence not eligible for defining a 
recommendation domain, like drought or frost. These 
sites must be included in the economic analysis, unless 
researchers are able to identify particular areas where 
the factor is more likely to occur. It may be, for 
instance, that the research area can be divided into 
more and less drought-prone domains. But if drought (or 
frost or insect attack) cannot be associated with 
particular areas, then the results of the affected 
locations must enter the analysis. More will be said 
about treating these risk factors in Chapter 8, but it is 
important to emphasize that locations that have been 
affected, or evcn abandoned, because of these factors 
must be included in the marginal analysis. 



Statistical Analysis 
In Chapter 3 it was pointed out that the economic
analysis of an experiment should be done only after
reviewing the agronomic assessment and statistical
analysis. If after reviewing the statistical analysis
researchers do not have confidence that there are real
differences among treatments, then they need to take 
another l(x)k at the experiment. If the average

differences among treatments are 
large relative to theyields obtained by farmers (e.g., 5-10% or more of 
average farmer yields), but there is insufficient evidence
that these diffcrences are real, then researchers may
want to review the design or management of the
experiment and perhaps repeat it the next cycle. If the
differences among treatments are small in relation tofarmers' yields, and researchers have no confidence that
the differences are real, then they need consider only
the differences in costs among treatments and choose 
the one with lowest costs. 

Cases where no significant yield differences exist and nomarginal analysis is required are not necessarily trivial.
If experimentation leads to recommendation of a

practice that lowers the costs of production while

maintaining yields, the gains in productivity of farmer
 resources are as legitimate as those from a higher

yielding (and higher cost) treatment. One common

example is that of substituting some 
form of reduced 
tillage for mechanical tillage. This often results in

considerable cost savings, although yie.ids may not
 
be affected. 

In experiments with factorial designs, an examination of
the statistical and agronomic analyses will help point
the way to the most appropriate type of economic 
analysis. For example, in an experiment with two
factors, one factor may be responsible for yield
differences although the second factor is not (and thereis no interaction between them). In that case, the yields
for levels of the first factor should be the average foreach level over all levels of the s2cond factor. Such a case occurs in a nitrogen by tillage experiment in which
there is a response to nitrogen, but not to tillage (Table
7.1). The tillage method to be chosen for furtherexperimentation is the one that costs the least. The
partial budget for such an experiment will then have 
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ble~!7,. Yield data for a nitrogen bv tliNfgexpeMlne it 

Nitrgen TWOlp 

I 50 "A" 2,560
2 50 "1" 2.300 
3 100 "A" 3.120 
4 100 "'. 3.200
 

Average yield: 50 kg N/ha 2,430 kg/ha
100 kg N/ha 3,160 kg/ha 

Average yield: tillage method "A" 2,840 kg/ha 
tillage method "B" 2,750 kg/ha 

only two columns, corresponding to the two nitrogen
levels (50 kg/ha and 100 kg/ha). The yields for the two 
nitrogen levels will be the average yields across tillage
treatments (to take advantage of all the data available,
which should give a better estimate of real differences in
yields between nitrogen levels). The first line of the
partial budget ("Average yield") will thus have 2,430
and 3,160 kg/ha. The costs that vary wi1 include those
associated with the change in nitrogen level (fertilizer,
application costs), but not those associated with tillage.
The marginal analysis of the partial budget will examine 
the marginal rate of return of changing from one 
nitrogen level to another. 

The economic analysis of factorial experiment is
concerned only with factors that exhibit responses or 
are iniolved in interactions. Therefore the interpretation
of experiments including several factors is often
simplified because some factors may be dropped from
the analysis. In the example above, for instance, tillage
was not included in the analysis. But if there had been 
an interaction between tillage and nitrogen, the partial
budget would have had four columns (with all possible
combinations of tillage and nitrogen) and the costs that 
vary would have reflected both factors. 



In the early stages of on-farm experimentation there are 
often experiments with a large number of treatments (12 
to 15 or more) examining several variables. The 
statistical analysis of such experiments may be quite 
complex, and its relation to an economic analysis at first 
sight may be unclear. The point to remember is that the 
purpose of those experiments is to characterize as 
quickly as possible the responses and the interactions of 
several factors. Once that is accumplished, a small 
number of possible solutions can be tested. If the results 
of such an exploratory experiment are agronomically 
clear (and the statistical analysis can only help in 
making this decision), then the next year's experiments 
will certainly be simpler, and a marginal analysis will 
help to select a reasonable range of treatments for those 
experiments. If the results are not clear agronomically, 
then further exploratry work is needed, and there is 
less that a marginal analysis can contribute to the 
selection of treatment, for future experiments. 
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Assigning experimental locations to different 
recommendation domains and reviewing the 
management of the experiments (Chapter 7) help 
account for some of the variability in experimental 

After doing this, however, some variability will 
certainly remain, and farmers and researchers will take 
this into account when making decisions about 
alternative practices. Some variability in the 
performance of particular treatments will be 
unexplained, whereas some may be due to identifiable 
factors such as drought, frost, or flooding. In either case, 
farmers will want to know how this variability might 
affect their welfare, and what undesirable outcomes are 
possible if they adopt a recommendation. One method 
for analyzing experimental data in this way is known as 
minimum returns analysis. 

Dealing with Risk in On-Farm Re,3arch 
Recall that the objective of an on-farm research program 
is to improve the productivity of farmers' resources. 
Besides improving the production of target crops or 
animals, this may also include lowering the costs of 
production or increasing the stability of production. The 
latter is an important factor for many farmers, whose 
practices often reflect attempts to reduce the risks of 
failure. Common examples of such practices include 
staggering planting dates to minimize the risk of losing 
an entire crop to drought, or investing extra labor to 
double over the maize plants before harvest in areas 
where there are strong winds. 

Risk has three important implications for an on-farm 
research prograi:1. First, ricw technologies that are 
proposed for testing should be compatible with farmers' 
practices to reduce risk. Before proposing a technology 
that relics on a uniform planting date, for instance, 
researchers should take account of farmers' rationale for 
staggered planting dates. Technologies that do not take 
account of farmers' attempts to reduce risk have little 
chance of being adopted. 

The second implication is that the risks faced by 
farmers may suggest opportunities for developing 
recommendations to help stabilize farm production. 
Drought risk may be reduced with moisture 
conservation? techniques, and losses from high winds 
may be re,,'.:cd with shorter varieties. Thus in setting 
priorities for an experimental program, researchers 
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should include the possibility of testing alternatives that 
may not necessarily increase average benefits, but 
instead help to reduce their year-to-year variability. 

The third implication is that researchers will want to be
careful in evaluating how new recommendations modify
the risks currently borne by the farmers in a
recommendation domain. The amount that farmers are
willing to give up (in terms of average net benefits) to
reduce the effects of an uncertain environment is a 
measure of their degree of risk aversion. The degree of
farmers' risk aversion may depend on several factors,

but in general it can be said that most farmers in
developing countries are moderately averse to risks. It is 
not :asy to specify the degree of risk aversion, but it is
something that should be considered when proposing 
new recommendations. 

Risk and Data From On-Farm Experiments 
The sou cc of risk is often thought of as being

susceptible to quantification. Thus it is possible to say
that the probability of less than 400 mm 
of rainfall in
 
the growing season is 0.2 (i.e., 
one year in five). Ifresearchers have information about the probability of
 
occurrence for a particular event, then those data may

be used in interpreting e:"perimental results. If, for

instance, it is kiown that there is a drought 
on the 
average of one year in five, causing a certain percentage
of crop loss, that information can be factored into an
analysis of the results of the on-farm experiments,

whether or not they were conducted during a drought

year. But this type of piecise data is not usually

encountered, and researchers need 
a more useful way of
looking at the variability in their own experimental data.
Even if the source of variability is well specified (e.g.,
midseason drought), probabilities may not be available. 
Often the variability observed in experimental results
and in farmers' fields is due to several sources. Thus the
minimum returns analysis presented here is not, strictly
speaking, a method of risk analysis, but rather a way of
assessing the variability due to unpredictable and at 
times unexplained causes. 



* The Farmers' Point of View 
Before minimum returns analysis is done to look atvariability the way that farmers do, it is useful toconsider how in fact farmers approach this problem. 

First, recall that the marginal analysis is based on theaverage yields from a number of locations. If a proposedrecommendation gives an average yield of 3,000 kg/ha,it is certain that it will have yielded more than 3,000kg/ha in some locations and less in others. If thefarmers' practice yields an average of 2,000 kg/ha, it toowill exhibit some variation. And if the marginal analysisindicates that the proposed recommendation has anacceptable marginal rate of return, when compared tothe farmers' practice, it is a rate of return based onthese average yields. Minimum returns analysis will notlook at averages, but rather at the results fromindividual sites. Looking at across-location and acrossyear variability is one way of estimating the risks for
farmers associated 
with the proposed recommendation. 
The careful definition of recommendation domains

attempts to eliminate across-location variability 
as muchas possible. Across-year variability, on the other hand, isestimated here bascd on the results of only two or threeyears, and tends to underestimate the year-to-year
variability that farmers face. Nevertheless, carefula

minimum returns analysis is a 
useful way of examiningthe variability associated with different technological 
alternatives. 

Second, note that farmers are more interested in
variability in benefits than variability in yields. A
minimum returns analysis looks at variability in 
net benefits. 

If the results of a set of on-farm experiments show thattwo treatments have the same average net benefits, butone treatment's results arc more variable than theother's, it is likely that farmers will prefer the treatmentthat is more consistent, rather than the one thatsometimes gives very high net benefits but at othertimes gives very low nt benefits. 

But variability per se is not the only factor that farmerswill take into account when deciding among treatments.If one treatment always gives higher net benefits than 
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another treatment, it may not matter if the first exhibits 
higher variability than the second. As long as marginal 
analysis shows that it gives an acceptable rate of return, 
and farmers are assured that even in the worst cases it 
gives higher net benefits than the alternative, then 
farmers will be interested in adopting it. 

The most difficult decisions must bc taken when the 
average net benefits for one treatlent are higher than 
those for another, but in some locations the net benefits 
are lower than those of the alternative. The marginal 
analysis (on average results) shows the treatment to be 
acceptable, but there are some individual cases where 
the benefits are lower than those of the altcrnative 
treatment. Should the farmers choose the treatment that 
is better on average, or the one that offers less chance of 
low net benefits'? It is here that a minimum returns 
analysis is most helpful. 

Prerequisites for a Minimum Returns Analysis6 

A minimum returns analysis is a way of screening data 
from on-farm experiments in order to give farmers (and 
researchers) additional information about the variabi!!ty 
in returns implicit in a proposed recommendation in 

Illzzuu with the farmers' practice. A minimumretrnscomparison 
returns analysis compares the average of the 
lowest net benefits for each nondominated 

treatment. For the analysis to be relevant, several 
prerequisites must be met: 

The marginal analysis must have been done on all 
locations for a given experiment and for all years. It 
should include all locations deemed to belong to the 
recommendation domain, including locations with poor 
results or those that have been abandoned. A marginal 
analysis done only on locations with "good" results will 
not be of much use to farmers. At times it is tempting to 
remove a particularly poor location from the analysis. If 
ten locations were planted in the recommendation 
domain, and one location had poor results because of 
frost damage, the analysis of the remaining nine will 
give farmers an idea of what returns they can expect if 
there is no frost. This may not be very useful 
information. If nine locations were damaged by frost, no 
one would propose analyzing only the single good one! 
Thus minimum returns analysis assumes that all 
locations have been included in the marginal analysis 

done previously. 
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A minimum returns analysis should be done only on 
experimental treatments that are being considered for 
recommendation. That may include not only the 
farmers' practice and the treatment that has been 
judged acceptable on the average by marginal analysis, 
but also other nondominated treatments that ;nay 
provide alternatives if the tentative recommendation 
proves unsatisfactory. 

Minimum returns analysis presumes that researchers 
have tried to explain the reasons for the variability they 
observe, rather than assuming it is simply bad luck. The 
more precise an idea of the sources of observed 
variability, the more useful the information from the 
minimum returns analysis will be for farmers. 

Minimum returns analysis is most useful when 
recommendations are being considered. Although it does 
not pretend to be mathematically precise, it does try to 
assess the effects of variability, and this is best 
estimated from a large number of results. Minimum 
returns analysis is most relevant when done on the 
results of at least 20 locations from at least tvo years. 
The results should be from enough locations and years 
to fairly represent the variability that farmers in the 
recommendation domain are likely to face. 

Minimum Returns Analysis 
For simplicity, the steps in the minimum returns 
analysis will be illustrated for a comparison between 
only two treatments. Table 8.1 lists the yield data from 
20 locations over three years of the "0 kg nitrogen" 
(farmers' practice) and "80 kg nitrogen" treatments in a 
fertilizer experiment. The 80 kg N/ha treatment gives, 
on the average. higher yields than the 0 kg N/ha, 
although there is considerable variability for both 
treatments. The marginal analysis of the average yield 
data showed ,0 kg N/ha gives an acceptable rate of 
return (see "lable6.3). 



Table8.1. Yield 

1 
2 
3 
4 

20 

Average of 
20 locations 

bY location forT monts. 

2,450 
2,840 
2,130 
2,170 

3,970 
3,930 
1,870 
3,720 

2,570 1,780 

2.222 3.256 

The first step is to calculate the net benefits at each one
of the locations for each one of the treatments This is 
not as time consuming as it sounds. In the case of the 
80 kg N treatment, the necessary calculations are 
shown below: 

Net benefits = (Y x A x P)-TCV, 

where 

Y = 

A = 

P = 


TCV = 


yield at one location 
1-the yield adjustment 
field price of crop 
total costs that vary for the treatment 

If A = 0.90, P = $0.20/kg, TCV = $60/ha 

then the net benefits for treatment 80 kg N for each
 
location will be:
 

(Y x 0.9 x $0.20) - ($60)
 

or 0.18 Y -60.
 

Because Treatment 0 kg N has no costs that vary, the
 
formula for calculating the net benefits is even easier 
(0.18 Y). The net benefits for each locatlon are shown in 
Table 8.2. 

To do the minimum returns analysis, select the 
(approximately) 25% lowest net benefits for one 
treatment and compare their average with that of the 
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0.... 
ctkgN 

1 441 
2 511 
3 383 
4 391 
5 250 
6 322 
7 490 
8 458 
9 

10 2 
1 542 
12 512 
13 285 
14 387 
15 375 
16 494 
17 485 
18 295, 
19 485 
20 463 

Average 400 

verage, 

....iws44 25 

25% lowest net benefits for the alternative. The five 
:N lowest net benefits representing the 25% worst cases for.,.iy_

:irn ieach treatment are marked in yellow in Table 8.2.
):ts 

If the average of the lowest net benefits for the tentative 
.recommendation is higher than the average of the 

lowest net benefits for the farmers' practice, then the 
recommendation should be made, because even in the

655 worst cases the recommendation does better than the 
647 farmers' practice. 
277 
610 But if the average for the teitative recommendation is 
593 lower than that for the farmers' practice, then a decision 
619 must be made. The average of the five lowest net 
660 benefits for 0 kg N is $252, whereas the average for the 
600 five lowest for 80 kg N is $244. The absolute value of 
162 these net benefits has little meaning but the difference 

between the two should be examined. If the difference is612 small, then farmers will probably be willing to accept 
562 this risk, knowing that over the long run they will come 
681 out ahead with the recommendation. In this case, the 
291 difference is only $8, and is small in relation to the 
578 average increase in net benefits ($126). So it is likely 
230 that farmers will be willing to accept this risk. But if the 
661 difference is large, representing a sum equivalent to a 
660 significant part of farmer income or a quantity that 
480 would put farmers in serious debt to a bank or a 
683 moneylender, then it would be best to reconsider the 
260 recommendation. Perhaps an alternative could be found 

(in this case it would be worth doing the minimum 
526 	 returns analysis on 40 kg N as well). If no less risky 

alternative is available, then the farmers' practice is to 
be preferred. 

2 	 It is important to emphasize that this type of analysis 
assumes that all locations are representative of a single
recommendation domain, and that there is nothing 
special about any individual location. The poor results 
for one treatment ;nay or may not be in the same 
location as the poor results for another treatment. Thus 
in Table 8.2 the farners' practice does much better than 
the recommendation in location 3, whereas in location 5 
the reverse is true. But it is assumed that these 



locations passed through the analysis described inChapter 7. The explanation tor these peculiar results may be a specific factor, such as flooding, or it may bean undetermined cause. But the decision has been takenthat they both fairly represent the recommendation 
domain, should be icluded in the marginal analysis,

and then included in the minimum returns analysis.
 

Finally, it should be noted that the minimum returns
analysis is clone with actual location by location data.No attempt is madc to fit the data to standard frequencydistributions. The rule of thumb of looking at the worst25% of cases for each treatment Is a guideline only.Experimental results unfortunately do not always givesmooth curves and normal distributions. The key tominimum returns analysis, as with the other analytical
techniques described in this manual, is a commonsenseexamination of the data from the farmers' point of view. 
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Experimental yields are not the only element of the 
partial budget that is likely to vary. Input and product 
prices are subject to change as well. Researchers need 

way of deciding which prices to use in a partial 
budget when making recommendations. At times it is 
difficult to predict where prices might be a year or 
several years in the future, or difficult to estimate the 
opportunity cost of a particular input such as labor. In 
these cases, researchers need a way of estimating the 
range of prices under which a given treatment may be 
recommended. A method for doing this is called 
sensitivity analysis. 

,WEhich 	Coests and Pikei
 
Be Used in the 3 '
 

Chapters 2 and 3 emphasized that the partial budget
 
should use the costs and prices that farmers actually
 
ace, rather than those announced in the newspaper 

or set by the government. But beyond this rule there 
are still a number of questions that may be asked about 
how to select the appropriate price. The price of the crop 
may vary considt rably within one year, or between 
years. Both crop and input prices may be subject to 
inflation. And both may be affected by government 
policies. 	What prices ,;hould be used in these cases? 

It is not uncommon for crop prices to vary within a
 
year, rising just before harvest and then falling after
 
harvest. Even if all the farmers in a recommendation
 
domain store their crop after harvest to sell it at a later 
date, it is usually most convenient to base the field 
price of the crop on the market price immediately 
after harvest. 

If crop (or input) prices vary from year to year, itis 
possible to use the average price over the past, say, 
three to five years as a basis for calculating field prices. 
If researchers have access to price data from ten years 
or more, a trend price may be estimated. Very often, 
however, these "trend:" are due to inflation. Although 
inflation is a serious problem for any country, it need 
not be an impediment to the marginal analysis. If the 
calculations of the costs that vary are based on the 
inpat prices that the farmers will face at the beginning 
of the cycle, and if the field price of the crop used for 
calculating gross field benefits is based on the crop price 
the farmers will receive at the end of the cycle, and if 
the minimum rate of return includes the rate of inflation 



(which it should if it is based oil the rate of interest in
thc informal capital market, or in the unsubsidized 
formal ca)ital market), then the comparison of the
marginal rate of ret urn to the minimum rate of return is 
valid. Alternatively, if input prices and product prices 
are taken at one point in time, then the inflation rate 
does not have to be included in the minimum rate 
of return. 

In some cases, prices are controlled by the government,
either directly or through certain policies that affect the 
operation of market forces. If input prices are 
maintained at low levels through subsidies of some kind
(or if crop prices are maintained at high levels), care 
must be taken in using these prices in the economic 
analysis of experimental results. If the analysis is to be 
used for making recommendations to fairmers for U.ture 
years, a judgment must be made as to whether the 
government can maintain such subsidies. If it seens 
unlikely, then it will be better to use more realistic 
prices in the valculations. 

If, on the other hand, farmers arc adversely affected by
government policy, if crop prices are controlled (and
farmers have no alternative markets) or inputs arc sold 
at higher than world market prices, then there are two
possible lines of action. First, over the short term,

recommendations will have 
to be based on the prices
that farmers face under these policies. But second, if it
Is felt that. there is something to be gained by providing
policymakers with information about the consequences
of their current policies and the possible advantages of a
change, the same analysis can be done using estimates 
of undistorted prices and be presented to policymakers.
Thus the same set of experiments can be analyzed in 
two different ways, for two different audiences; using
current prices lor short-term farmer recommendations, 
and using alternative prices for contributing to the 
consideration of policy options. 

$. np itvty Analsis.; 

Markets, inflation, and policies are often unpredictable
enough that, short of access to a crystal " -11, there is no 
way for researchers to predict prices with any certainty 
a few years in the future. Recommendations often 
involve an Investment in extension agents' time, field
days, pamphlets, or radio programs, and researchers
would like to feel that a recommendation will be able to 



withstand any likely changes in prices of inputs or crops 
for at least a few years. 

The best way to test a recommendation for its ability to 
withstand price changes is through sensitivity analysis.

ensiUtiity alysis.:: .	 Sensitii !ty analysis simply implies redoing a 
marginal analysis with alternative prices. If, for 
instance, a fertilizer recommendation is made using 
current fertilizer prices, but there are indications that 
those prices may increase, a reasonable estimate of the 
new prices may be substituted in the analysis. 'Fable 9.1 
illustrates such a situation. In the original analysis (case 
A). a field price for nitrogen of $0.625/kg was used. The 
recommendation of 80 kg N was made, assuming a 
minimum rate of return of 100%. If the field price of' 
nitrogen increases to $0.75/kg, would the same 
recommendation hold? Redoing the partial budget (case 
B) with the higher price of nitrogen shows that the 
recommendation of 80 kg N is now in doubt, because 
the marginal rate of return of changing from 40 kg N to 
80 kg N is just equal to the minimum rate of return. 
Any higher nitrogen prices would necessitate lowering 
the fertilizer recommendation. 

-Tabls 9.1. Sensitivity analysis for nitrogen experiment . 

Cas A," 
(Currntfield pone (Fut t.d:rp
of N = $O.025ikp) ov N- $0,75*9ig 

0 kg N 40 kgN 80 kg N 0 kg N 40kg N 80 kg N 
Adjusted yield (kg/ha) 2.000 2,580 2.930 2.000 2.580 2.930 
Gross field benefits (S/lia) 400 516 586 400 516 586 
Cost of fertilizer (8/ha) 0 25 50 0 30 60 
Cost of labor ($/ha) 0 5 10 0 5 10 
Total costs that vary (S/ha) 0 30 60 0 35 70 
Net benefits (S/ha) 400 486 526 400 ,81 516 

-..:* Marginal rates, o. ,otur7 = : 

Okg N4646 grN:-287%" 	 Okg ~101 to4,) kgN 
;46kgNto 80kgN = -133% "40 kg:N to 80,kgN ,q% 

If the minimum i'ate of return does not change, and the 
price of labor and the field price of maize remain 
constant, how high can the field price of nitrogen go 
before even 40 kg N ceases to be a viable 
recommendation? Such questions can be answered by 



the formula ill Table 9.2. ('This is the saime formula usedin Chapter 6, p. 54, to help in selecting econo1icallyviable trea in nls for experinel(talion). The changethe total costs in(ha I vary will depend on It ic fi(ld price ofN (n) an(I'(le laborosis of applying 40 kig N/ha (,5).The calculaIlll shows lla thi Ilit rog n field price canrise to S1..38/kg leforc .10 kg N ceas(s to bc a profitable
practicc for farners. 

Sensitivitv analysis can also be used to examineassumt)tions about opportunity costs, particularly thoseof labor. At times a partial budget is developed whichuses an opportunity cost of labor that is only a roughestimate. It the trcatments involve significant changes inlabor, an inaccurate cstinath of the opportunitylabor may lead cost ofto erroneous conclusions. Otheropportunity costs of labor can be substituted in thepartial budget 
given 

to give an idea of the range over which arecommendation would be acceptable to farmers. 

Table. 9.2, Calculation of maximum acceptable field price,

0f -nitrogen
 

AY = change in adjusted yield
ATCV = change in total costs that vary 

M = inininiui rate of return 
(expressed as a decimial Fraction)

P = field price of product
 
AY-ATCV HI # M)
 

1,
 

M 

Incecase In ad~jUStcd yield betw~een
0 kg N and 40 igN = 580 kg/ha

Cost of labor to apply fertilizer = $5/ha
Minimum rate of retl rn =100% 
Field price of maize = $0.20/kg 

To calculate the nmaxinum acceltable field price of nitrogen(n) in order for the application of 40 kg nitrogen 
to be economic: 

4 0n + 5 0.2 x 580 
2 

n = $1.33/kg 



Suppose experimental evidence shows that a certainherbicide gives the same average yield as the farmers'
hand weeding. A comparison of costs that vary is thusthe only economic analysis necessary for making the
recommendation. Table 9.3 shows these calculations. Incase A. the researchers have assumed an opportunity
cost of labor of S1/day. The total costs that vary of usingthe herbicide are lower than those of hand weeding, andtherefore the herbicide should be recommended. But if
the opportunity cost of labor is only $0.50/day, thenhand weeding is the preferred alternative. (Calculations
show that as long as the opportunity cost of labor isabove $0.56/day, the herbicide is to be recommended.)
This illustrates the necessity of carefully studying the
availability and utilization of labor before making
recommendations for something like weed control. 

The discussion of sensitivity analysis serves as a
reminder that farmer recommendations may change asprices change. Agronomic data regarding responses to a
factor are valid as long as the biological environment
and farming practices do not change. The economic
interpretation of that data will depend on changes inprices. There is thus the need to continually review 
farmer recommendations, based on past agronomic
experiments, in the light of present (and future)
economic circumstances. 

Table 9.3. Sonsi nis for econwrol ex oriment 

(OpportUnfty coM (Opqi* .of labor - *l.O Iiday. of 1 0/.. ..y) ..
 
osts that vary Hand weeding Herbicide Hand woeding Herbicide 

lerbicide (S/ha) 

,prayer (S/ha) 

0 8 0 8

0 1 0 1abor cost ($/ha) 20 4 10 2 

'otal costs that vary (S/ha) 20 13 10 11 



h.This inanual hias present ed a set of' pr(celires f'or doing 
~Capter Ten an ecoinmic analysis of oi-flarmi agronomnic 

SRep0orting the Results experiments. The caefl use esei willtieo. h 
of Ecom lc.Analysis ....... h'lp iislecting treatmentf s For fur'thcr ex)erimlenation 

.andlor c(levelopitng falnlImer re()o nn(la( l. Whien 
researchers report(Iie resulti o)fal-i'll ri)CIileicts. a 
suitIII atuy of Ilie results of Ihlt -onlomic analysis shoul 
he iucluched. 'lhe 'ollowing linoisis are a ('checklist for 
)rganiing irelxirt of' the iceononimic analysis. 

1 Review Objectives of Experiment 
il'Ore beginning any analysis., review ie oliet'(ivs of' 
ieexperilietli. Incl(le a review of Ili( pro.vioiis 

(dagios(ic and 'Xtilliiil l (vide'iie ltat was uised inl 
I;ailiziiig (li' eXlerimenti and a review of' Ihle tentaitive 
dflijif ioi ofI lile recoin ii tilhaf io (loillail. 'i'h pirpos' 
of, each Variable ill lhv experillii should also bt. 
re viewcod, )oes itrepresent a )ossilhe alternafive to Ill(
fian' ters )'practice,or is if ii1ian( to lrovide iiihal 
evidfence abtif(lie t inmportance, interactionstor isaliS 
of' )arti'hillar lpirolli(ion constrains'? linother wor(s,(o 
I reattint~'s rep resentf possible firuier recomimnuda Itionts 
of11T Iuc eiig used to helpl (IL'sigll l'uiherhey 
(vXfp riilliell . wlihl will )ciad (osuch ' coii elilllia(ilo is? 

2 Review Experimental Design and Management 
Revie'w th(e dcsign anl liiailageniill If' the Xlierineill. 
The iarginial analysis presen(ed iii this inil is 
usecli l onlv whei app onlie01 ex peniients wlthII (-lartii 
particular characteristics. Ihe liioieXie)riuiental 
variables iltist ibe at levels rcprescn(a(ive of* fuifiluers, 
practice inl Ihe ReC0olili(I(latioll dollniill. -and one 
reat(inen Iinist relpresent (lhe flarmers' prac tice wifh 

i'splee( t( lie ex perinmen tal variable(s). 

3 Calculate Total Costs That Vary 
ldclifil' Ille variable iuil)lt(s for0 atilluelit illea ht eIl t(e
 
('x)criilicill. Make suire(alall ililtlts I(llt varN?across 
reatilllts ai. inicludedl, paylNinlg )arfilal r l'aii(ion to 
liaiics i lllahior. ( alillw Ile (iststhat vary For e che 

Irtilliieriil, on a pasis-licere hais. For purchased iiputs. 
base 1lie ((sIts on realistie ield prices (hlil arnirs ili(le 
nCOil' i ii lationI d iallii I ll(,ac. nollilil ilasedlii s Fo-
iliptlls., ((.Telot) I';ilishc ofipol-illiiiV ', folalcosts. Stii1 flit' 
cos(sI hat vaiY fo va'etlrealunt . (A prmliii *lurv 
cilcufliiocll of IlIes cst.s sliild have beell (loi whlii 

rlit- Vis .d.)(xfwriiciil bling ilu;ll 
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Calculate Average Yields 
Review the results of the experiment at each location. 
These may be the results of a single year, or of several 
years. Decide if all the locations represent a single 
recommendation domain. Decide if any locations should 
be eliminated because cf errors in experimental 
management. Report the reasoning behind these 
decisions. Use statistical analysis to help decide if there 
are any differences in response among the treatments. 
Locations with results that were affected by unexplained 
or unpredictable factors must be included in the 
statistical analysis. 

Decide If a Partial Budget Should Be Presented 
a) If there are no yield differences among treatments, 
the one with lowest total costs that vary should be 
chosen for further experimentation or, if there is 
sufficient evidence, for recommendation. 

b) If there are yield differences among treatments, then 
a partial budget will have to be developed. 

'6 Calculate Adjusted Yields 
The first line of the partial budget should show the 
yields for each treatment averaged over all locations in 
the recommendation domain. The second line shows 
adjusted yields based on differences between the 
experiments and the farmers' fields with respect to trial 
management, plot size, or time or method of harvest. 

4:x Calculate Gross Field Benefits 
Calculate the field price of the crop. Remember, an 
experiment may involve more than one crop, and/or 
may involve crop by-products, such as fodder, which are 
of importance to farmers. The field price of a crop is the 
price that farmers receive, less all costs of harvesting 
and marketing that are proportional to the yield. The 
gross field benefits for each treatment are the adjusted 
yields times the field price. 

Calculate Net Benefits 
List the costs that vary, and the total, for each 
treatment. Calculate the net benefits for each treatment. 
The partial budget should contain only yield, cost, and 
benefit figures. Assumptions about field prices, yield 
adjustments, etc. should be presented beneath the 
partial budget as footnotes. Details on experimental 
treatments should be clearly presented elsewhere in the 
report, in the discussion of the experiment. 



Do 	a Dominance Analysis 
Arrange treatments in order of ascending total costs that 
vary, with corresponding jiet benefits. Eliminate 
dominated treatments. 

io Estimate a Minimum Acceptable Rate of Return 
Estimate a minimum rate of return for a crop cycle. In 
most cases the ininimum rate of return will probably be 
between 50% and 100% 1or a crop cycle. 

ii 	 Do a Marginal Analysis 
A marginal analysis presents the nondominated 
treatments on a net benefit curve and calculates the 
marginal rates of return between pairs of adjacent 
treatments. Compare the marginal rates of return to the 
minimum rate of return in 	order to select acceptable
treatments. Present the results of the marginal analysis 
in 	the report. 

Draw Conclusions From the Marginal Analysis, 	 a) If the results of the experincnt arc being LIseCi to Ihlpl 

plan further cXJ)erintentatioll, then the results of t he 
ecollOnlic alnalysis should be discussed ill the rel)ort ill 
light of the choice of l)ap)ropriate Iratnwint,; for 
('XpIerinltI S ill Ihe If(eX! cycle. 

b) If the economic analysis is being done to develop a 
recommendation, then the report should contain a 
discussion of the evidence that has been used to make 
the recommendation. 

13 	Before Making a Recommendation, 
Do a Minimum Returns Analysis 
If data from enough locations and years are available, do 
a minimum returns analysis on all the experimental
results to examine the implications of the variability in 
the results for farmer welfare. 

14 	Before Making a Recommendation,
4 	 Do a Sensitivity Analysis 

If variability in prices or costs is expected, carry out the 
relevant sensitivity analysis and include the results In 
the report. 



. .... - References to definitions of terms are printed in 
d" boldface type. 

Adjust (Iyield, 10. 23-25 
Adopt ion ot r(',otlhllenda ions, 5,51-52 
Agronomic asscssment, 3, 12. 21, 58, 62 

Average yield, 9. 22-23 
Continuous analysis. 52 

Cost of capital. 34-37 
Costs Ihat var. 10, 13-19 
I)olllinalic analysis, 30-3 1 
Experimnental v'auiables, 5-6. 55 

Farner assc,..u' ,3. ,19 
'ihld cost, 14 

Field price (of aniinput). 13-16 
lield price (of output), 10, 25-27. 71 
Gross field benetfis, 10. 27-28 
Inflation. '!.571-72 
Labor. 16- 18, 53. 7,4--75 
Manageincilt otx()rilnicits. 5-7. 23-25, 59 

Marginal analysis. 11-12,38-46 
Marginal rate of ret urn. 12, 32-33, 49 
Minlinum rate of rturn. 34--37, 48, 71-72 
Minimum rtlurns analysis, 66--70 
Net bencfits. 4t.11. 28 
Net benefit curve, 31--32. 4t1. 45 
Nonxterinictutal varialhts. 6. 23-24. 57 
On-farm vxpcrielils, 5--7 

00-farln rescarli'h. 1 -3 
Opportunity ('lost. 13. 1(G- 17. 34. 53. 74-75 
Opportunity (ld pirice (of an input), 15 
Opportunity field pric (of outpul). 27. 35 (lootnote) 

Packages of liracti'us, 5.51-52 
Parlial budget. 9. 27-29 
Polievnakers. 3. 16. 36. 72 
Rco.(uil dationis. 1.,19. 51-52 
R(.uonuidiclthion domain, 7--8. 20-21, 57-58 
Residuals. 47-18 
Risk, -1-5. 59. (3-66 
Snlisitlivit\v ailysis. 53. 73-75 
Stalisthcai analysis. 3,21-22. 60-62 
Total (osts thal vary. 11. 18-19 
Workinghi, capital. 34 


