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MEASURING 'THE ECONOMIC BENEFITS OF NEW
TECHNOLOGIES TO SMALL RICE FARMERSL/

ABSTRACT

Costs and returns analysis is a pood method for
comparison of the economic impact of noew cropping
technologies at the field level. 1t suffers from
several disadvantages, however, the most notable
being that the major resources of land, labor, and
capital are valued without reference to the actusl
supply-demand position within the farm. This crror
may lead to seriously distorted comparisons being
made between different technologices,

In this report whole-fam el sia is presented as

a system of cx ante assessment which can usefully
qualily the results of costs and returns analysis.
Such analysis measures the economic benefits of hoth
new and historical cropping technologics in the con-
text of all the farmers' cconomis activities, in-~
cluding nis other agricultural enterprises and his
honsehold and off~farm operations. The major re-
sources of land, labor, and capital are all valued
with due regard to their actual availability, and to
the demand which exists for them at a particular
time. Lincar programming, a widely used form of
mathematical modeling, can br. used as a technique
for whole~farm analysis. The modeling procedure
chooses a selection of technologies, which maxi-
mizes the overall money surplus over cash costs for
cach situation treated, subject to the ma jor con-
straints of land, labor, aad capital. This sclection
of technologies is known as an optimal solution.

By assessing cach technology aceording to its effect
on the overall cash surplus, che modeling procedure
simulates the decision-making process of the farmer

1/

and looks at the economic impact on the whole farm
of any new technologies that he might wish to adopt.

Lincar progromming is appliced to the cases of two
selected farmers, one gulte poor and the other quite
riely in the barrio of Lamot, west of tlorlo,  The
basic lincar propramming model used in the study is
presented and che information needed to build the
model for cach of the case study farmers is detailed.
The basic structure is considored useful for modeling
small vice farms in many countrics of the region,

The cconomic impacrs on the farmer of dry-sceded,
wet-seeded, and transplanted [R36 as a first crop
are examined in some detail, and the assessment of
the cultivation technologies by the model is com-
pared with that by cost and returns analysis. It

is concluded that the model gives better asscessments
in a given form situation, and that it highlights
complementaritices botween the different technologies
vhere the technologies use labor at different times,

The application of whole-farm analysis to a range of
resoursce situations pertinent to wide geographical
areas is discussed, and some useful modifications of
procedures used ‘n the present scudy are suggested.
Whole-farm analysis is a methodology that can help
research workers at central research institutes in
identifying technologies likely to be most valuable,
ard in tailoring these technologiee to farmers'
practical situations. Whole-farm analysis is judged
Lo be complementary to simpler methods of ecconomic
assessment, notably costs and returns analysis.

— By Colin Barlow, visiting agricultural economist, Sisira Jayasuriya, postdoctoral fellow, Violeta Cordova,

senior research assistant, Nicanor Roxas, research assistant, Leonida Yambao, Cresencia Bantilan, and
Constancia Maranan, research aides, The International Rice Reseurch Institute, Los Bafos, Laguna, Philippines.
Submitted to the IRRI[ Research Paper Series Committee March 1979,
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MEASURING THE ECONOMIC BENEFITS OF NEW TECHUNOLOGIES TO SMALL RICE FARMERS

A prime concern of agricultural research in South
and Southeast Asia is the development of useful
technelogy for small rice farmers -- better varie-
ties of rice and associated crops, better livestock,
berter cropping patterns, and improved methods of
crop and livestock husbandry. Essential to tech-
nology development is measurement of its economic
benefits to farmers. Such measuvement identifies
technologies that should be promoted by exten:ion
workers, or guides rescarch workers toward better
tailoring of new technologics to practical farm
circumstances and applications. Measurenent of
economic ber fits can also identify areas where morc
new technologies are economically significant.

COSTS AND RETURNS ANALYSIS

The most common method of determining the economic
impact of a new technology is costs and returns
analysis. In its traditional form, which is used

by the International Rice Research Institute (IRRI),
the method measures the benefit of a technology as

a net return (outlined in Table 1). The gross
returns and trtal variable costs are usually deter-
mined for each hectare and with average market prices.
Overhead inputs, such as land and capital, are
ignored in the calculation. The physical outputs

and inputs are typically averages, derived from field
experiments or recorded farm performances in - range
of situations,

A concrete example of traditional costs and recturns
analysis is given in Table 2. The net returns from
the first and second rice crops in Tloilo province
are compared, using the alternatives of wet sceding
or transplanting. The figures are averages from

many farm plots. The major inputs of land, cash,

and animal power are all omitted, with an implicit
cost of zero. Net returns per hectare are calculated,
and returns are also determined per hour of labor

and per dollar (US$) of waterial costs. Ot' -r illus-
trations of costs and returns analysis are given in
various specialist reports assessing the cconomic
benefits from different crops on particular sites;
for example, see Garrity (1976).

Essentially all costs and returns analysis of the
kind described can be categorized as partial analysis.
The farm is viewed as a superstructure of enterprises,
resting on a foundation comprising basic resources of
land, fixed capital, and entrepreneurship and, per-
haps, even working capital (cash), family labor, and
animal power. [t is assumed that enterprises can be
varied within broad limits without affecting the

costs of basic resources, which can thus be omitted
from the budgeting calculations. The partial anal-
ysis calculations attempt to measure the extra return
and the extra (variable) costs incurred by enter-
prises using new technologies. The average costs and

returns aunalysis ignores variability of outcomes;
however, the technique can be modified to incornorate
considerations of risk and uncertainty. Furthermore,
the computation of returns to scarce resources and
the use of judgmentally derived shadow prices for the
basic resources can supplement the measurement of
benefits from net returns. These various improve-
ments to costs and returns analysis are more fully
discussed by Anderson (1976) and by Perrin et al
(19706) .

Costs and returns analysis will <Znfinue to be the
most widely used first wpproach in economic assess-
ment of new technologies. It gives field workers a
good initial guide to the benefits of the technolo-
gies, cven without sophisticated computing facilicies.
It is particularly suitable when analyzing and com-
paring the relative benefits of directly substitut-
able component technologies -- different fertilizers,
pesticides, seed varieties, etc -- when such substi-
tutions involve only minor changes in resource use.

The limitations of costs aud returns analysis can
become important, however, when the technologies
being considered involve major changes in resource
use. For example, in the technologies »f an early-
and a late-maturing rice variety the late-maturing
variety uses land for a greater period, and its peak
labor requirements for harvesiing and threshing are
correspondingly delayed. When such technology is
evaluated, the intei.actions between its activities
and the farm houschold resource base need to be more
explicitly considered. The relevant price or cost
of the farmer's inputs and outputs will depend on
their actual demand-supply position within the farm
household. When the new tecnnologies involve sub-
stantial changes in prices use of overall average (or
zero) prices will lead to major inaccuracies.

Appendix A outlines the pricing of inputs and outputs
in two situations. In one an active commercial market
exists for inputs and outputs and curreit market
prices can be applied. In the other situ: “ion, no
active commercial market exists and the priaciple of
opportunity cost must be employed. The market prices
of some of the farmer's major resources usuzlly do
not reflect their real scarcity value to him. Thus,
during the slack period family labor may be rela-
tively abundant, but at peak periods it would be
more scarce in terms of the demands for it. Simi-~
larly cash, family labor, animal time, and " .nd will
have different values at different times.

As mentioned earlier, average costs and returns
analysis is sometimes refined by using judgmentally
derived shadow prices. But when the number of farm
activities and resources is large or the new technol-
ogies =212 likely to change the existing pattern of
resource use, appropriate shadow pricing isdifficult,

.
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Costs and returns analysis does not provide an indi-
cation of how the farmer's resources should be allo-
cated between different types of activities. These
and other limitations of partial analysis become
important when central rescarch institutes attempt
to assess the nature and possible impact of tech-
nologics that iavolv: substantial changes in the
existing farming svstems.

We prescnt a system of economic assessment that over-
comes some of the limitations of e¢osts and returns
analysis and other forms of partial analvsis. The
system whole-farm analysie reviews the economic
benetfits of a new technology in the context of ali
the farmer's economic activities, including his other
agricultural enterprises and his household and off-
farm operations. Values are imputed to the major
resources of land, labor, and capital available to
the farmer, with due regard to the actual availabil-
ity of such resources and to the demand which exists
for them at a particular time.

We 1llustrate the whole-farm approach in measuring
the cconomic benefits of various new cropping tech-
nologies developed for rice farmers. The technolo-
grins were developed by IRRI at an outreach site in

Table 1. An outline of costs and return analysis.

Iloilo province, Philippines. We compare whole-
farm analysis with costs and returns analysis, and
give examples from the actual cases of two farmers,
Mamerto Banares and Julian Polido, in the barrio of
Lamot.2/ Each farmer represents one end of the range
of resource endowments typical in the areca. Bafares
can be classified as quite poor and Polido as quite
rich. The contrasting endowments have important
effects on the choice of technology,

The need for better criteria to measurc the benefits
of new cropping patterns was stressed by Zandstra
(1976), and the overall goals of economic analysis in
relation to cropping systems were reviewed by Price
(1976) and Vincent (1976). Banta (1976) discussed
the basic data required to adequately describe given
cropping systems, and thus to undertake a satisfac-
tory economic analysis. Servano (1977) recounted in
detail IRR1's collection at the Iloilo site of econ-
omic data on cropping svstems. Norman and Palmer-
Jones (1976) gave an excellent review of possible

2]

='The names of the two farmers and the village have
been changed.

Average output x average price =

Average labor input x average price = Labor cost
Average animal input x average price = Animal cost

Average seed input x average price = Seed cost

Average fcrtilizer input x average price =

Average

Fertilizer cost

pesticide input x average price = Pesticide cost

Gross return

a
Total variable costs

b
Net return

Labor + animal + sced + fertilizer + pesticide costs.

I3 .
Gross return less total variable costs.

The

costs of land and capital are ignored (sce text), these inputs being effectively priced at zero.

Table 2. Costs and returns analysis of farmers' rice plots at the TRRI outreach site, Tloilo, Philippines, 1976-77
Plots Costs (US$/ha) Returns L .
Crop, cropeing reported  Yield Labor  Material  TVGC? Gross Net To labor“ To cash
pattern” (no.) (t/ha) (Us$/ha)  (USS$/ha) (US$/h)  (US$/USS)
First erop
WSR 24 2.3 68 67 135 316 181 0.39 3.70
TPR 14 3.1 74 108 182 457 275 0.52 3.55
Second erop
WSR 13 3.1 81 100 181 446 265 C.46 3.65
TPR 12 3.6 47 152 199 523 324 0.86 3.13
Source: International Rice Research Institute (1977).

ysr = wet—seedeg rice, TPR = transplanted rice.
material cost. “Net returns = gross return less TVC.

bTot 1 variable costs (TVC) =
Returns to labor =
Returns to cash (spent on material inputs) = Gross returns less labor costs

labor cost + animal cost +
Gross returns less material costs
Labor (hours)

Material costs



cconomic methodologics for assessing cropping systems,
and of possible problems in collecting cconomic data
from small farmers.

WHOLE=-FARM ANALYSIS

In analvzing the impact of new technologies on the
farm houschold, the whole-farm approach should con-
sider the fact that the typical farmer operates with
a set of resources -- land, family labor, capital --
that are limited, at least in the short run but whose
levels may vary over the year.  The farm may not be
entirely cash oriented; it mav, for example, be
oriented toward meeting familyv food requircements.,

A number of sociocultural and institutional factors
may impose constraints on what the farmer can de, and
on what he would like to do.

Linear programming offers a technique for whole-farm
analysis, which, despite certain Limitations, is
suitable for modeling and analvzing farms with varied
characteristies,  The method has been widely used in
studying the optimal allocation of resources within a
farm.  Although its carly applications focused mainly
on large commercial Tfarms in developed countries, it
has increasingly been used to study semisubsistence
and subsistence tyvpe farms in less=developed countrivs.
Examples of its use in the latter context are in the
works of Clavton (1975), Hever (1972), Thodey and
Repeepum Sektheera (1974), Hardaker (1975), Low
(1975), Benito (1976), and Wardhani (1976) . Many of
these studies were hampered by the small model size
dictated by the nature of the available data and
available computer facilities. Adequate representa-
tion of the actual farm situation was difficult. In
our study, the availability of appropriate data and
access to adequate computer facilities helped over-
come that limitation. A number of handy package
programs are available for carrving out lincar pro-
pramming analvsis. We used the 1BM MPSN-370 program
for most of the analysis. A simple but comprehensive
explimation of the use of the linear programming,
technique in an agricultural setting is given by
Heady and Candier (1958).

Essentially lincar programming is a formal marhemat-
ical technique that sclects the combinat ion (and the
levels) of activities from the set of all feasible
activities so that a specified objective function,
usually the cash surplus, is maximized withott
violating the resource and anv other specified
constraints. Formally, in matrix notation, the
vroblem is usually presented as,

Max “=car
subject to Pm\g
and >0

where ¢ is a row vector of surpluses from unit
levels of the set of activities available to the
farm (a surplus defined as a return over all cash
costs), & is a column vector of the number of unit
levels of the set of activities, P is a matrix of
cocfficients representing the amount of restricted
resources (or inputs) used by the unit levels of
the activities; and & is a column vector of the
available amount of the restricted resources.
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The problem is solved by an iterative procedure,
which for all but very small matrices involves the
use of a computer. A simple problem is illuctrated
in Appendix B, and the broad outline of the model
we used is in Table 3.

Most activities in the model of Table 3 comprise the
different technologies available to the farmer; they
may be historical, in the sense that they have been
used by the farmer in the past, or new, in the sense
that they are not yet adopted. To be described in
the model, each activity or technology must be speci-
fied ia terms of the surplus o, it is expected Lo
give, and the requirements IyTit has for all
important farm resources a . Thus, the particular
historical technolopy vee tdr A, involving the pro-
duction on | ha of rainfed land of a transplanted
first crop of BE3 rice from weeks 20 to 50 on Bafiares'
farm, has certain requirements over time of labor,
animal inputs, seced, and fertilizer (Table 4). The
method of determining the expected surplus ¢ is
discussed next.

Apart from activitics specifying historiecal and new
technologies, others are included in the linear pro-
gramning model to represent the various noncropping
functions that may take place in a complete farm-
houschold unit., Activity vectors may be included
for livestock enterprises, daily houschold consump-
tion, and off~farm emplovment. Details are given

in the section the inear progremming medel.

With an adequate model, lincar programming over-
comes the problems of inappropriate pricing in
costs and returns analysis. When it chooses the
particular combination of technologices that gives
maximum surplus, it imputes appropriate prices to
all restricted resources. It also indicates the
extra (marginal opportunity) cost to the farmer of
deciding to include those technologies it has
rejected as less profitable, and the shadow price of
cach resource (i.e., its unit worth) predictated
for the maximum surplus situation. The whole process
of optimum technology sclection and measurement is

Table 3. 1llustration of the matrix.
Surpluses per unit Activity
of activity, C o c B levels
1 2.... k
Restricted Input-out put X
resourc coefficients for
availabilities, S cach activity
Py Pa Py
51 Prr Pzl Pix *)
[y
Sy Par Paa.. P %3
Sm Pm1 pmz...pmk xk
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Table 4. An activity analysis.

Farmer: Mamerto Banares, No. 1u9 Barrio: Lamot, Iloilo
Crop : PR, BE3, 1 rrup Year : 1975-76
Plot : 510 (rainfed) Area : 0.254 ha
a s Hours/ha . Kg/ha
Week no. Operation Man Animal feed Fertilizer Yield
19 Plowing seedbad 8 8 61
20 Plowing secedbed 12 12
20 Harrowing scedbed 24 24
20 Sowing seecdbed 12
24 Weeding seedbed 12
27 Fixing the bund 71
27 Plowing 63 63
28 Fixing the bund 32
28 Harrowing 71 71
28 Pulling and bundling 30
28 Plowing 32 32
28 Transplanting 350 )
36 Replanting 8
36 Weeding 28
38 Weeding 118
39 Wecding 63
39 Feruilizing 8 180.2 (urea)
50 Harvesting 79 1,680 (palay)
50 Piling 32
51 Threshing 90
51 Drying 12
51 Winnowing 16
51 Measuring 11
51 Hauling 16 16

dSee code of cropping weeks in Appendix Table B.

performed within the framework of the defined farm- There are two steps in determining historical tech-
household model and takes into account interrelation- nology vectors from activity analyses.
ships between all productive processes through their
dependence on a common resource base. e The first step is to group all activity
analyses that refer to a e¢iven technology.
Some of the limitations of the bhasic linear program- Thus, for the technology of transplanted BE3
mivg technique have been described, for example, by as first crop on rainfed land (Table 4) the
Anderson et al (1977). Some of the main drawbacks first step is to group all activity analyses
are that a) it ignores possible variability in the for the technology as it was used in different
input-output coefficient and tenure, b) it assumes plots in different years on the Bifiares farm.
that all inputs are perfectly divisible, and ¢) it
does not recognize the sequentially stochastic e The second step is to define, for each selected
nature of real-life decision making. However, group of activity analyses, an appropriate set
adjustments to the basic model can be made to over- of vectors to cover the range of planting dates
come these drawbacks. and performances represented. Thus, Table 5
shows the set of historical technologies
Aetivity analyses and historical technology vectors defined to cover the range represented by the
group of activity analyses for the technology
Generally, both historical and new technologies must transplanted BE3 as first crop on rainfed land.
be considered in a realistic farm budgeting model. In vector A, the seedbed is plowed in week 20,
The historical technology vectors in this study are and the crop harvested in week 49. 1n vector
based on activity analysis. An activity analysis is H, at the other end of the range, the seedbed
a catalog, over time, of the recorded inputs and is plowed in week 32, and harvest is in week 4.
outputs pertaining to a given crop on a given plot Six other vectors are defined between the
in a given vear. extremes. Average labor inputs per hectare are
shown for each operation. They are based on
An activity analysis is illustrated in Table 4 for overall averages calculated from the relevant
transplanted BE3 as first crop on rainfed plot 510 group of activity analyses, but some vary with
of Banares in 1975-76. These are the basic physical changes in the estimated yield. In fact, the
data needed to support both costs and returns anal- activity analyses on which the vectors of Table

ysis and whole-farm analysis. 4 are based showed a markedly lower yield from
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Table 5. The set of historical technology vectors for transplanted BE3 as first crop on rainfed land, Bafares farm,
Iloilo, Philippines.

Operations Wk no. Hours/ha Wk no. Hours/ta
Vector A B C D E F G H
Fixing the bund 20 22 25 26 29 34 30 31 2 34
Plowing seedbed’ 20 22 25 26 29 21 30 31 32 21
Harrowing seedbed’ 21 24 26 27 30 15 31 32 33 15
Sowing scedbed 21 24 26 27 30 5 31 32 33 5
Plowing’ 23 26 28 29 31 64 33 34 35 64
Plowing? 24 27 29 30 32 60 34 35 34 60
larrowing” 25 28 30 32 34 79 35 36 37 79
Pulling and bundling 25 28 30 32 34 140 35 36 37 140
Transplanting 25 28 30 32 34 242 35 36 37 242
Weeding 33 36 38 49 42 60 43 44 45 60
Weeding 35 38 40 42 44 70 45 46 47 70
Weeding 36 39 41 43 45 70 46 47 48 70
Fertilizing 36 39 41 43 45 14 46 47 48 14
Harvesting 49 50 51 52 01 133 02 03 04 109
Piling 49 50 51 52 01 36 02 03 04 29
Threshing 50 51 52 01 02 137 03 04 05 112
Winnowing 50 51 52 01 02 27 03 04 05 22
Measuring 50 51 52 01 03 14 03 04 05 12
Hauling 50 51 52 01 03 22 03 04 05 18
Drving 50 51 52 01 02 22 03 04 05 18

kafha Flha kg /lha £/ha

Seed 58 62 58 62
Fertilizer (urca) b 197 335 197 335
Yields or net returns 1800 592 1470 242

. . . . R b . .
aROqurCant of animal time also in these weeks. Net returns as defined in Tables 1 and 2. Prices usced are
eiven in Appendix Table A.

later plantings because of drought. That lower determined on the basis of recorded activity anal-
vield is accerdingly assumed for vectors I, G, yses for his farm in 1975-76 and 1976-77.
and H, and the yield-dependent inputs ot har-
vesting, threshing, winnowing, measuring, The case study farmers (Badares and Polido) are
hauling, and drying are lower in these latter among 45 economic cooperators at lloilo. They are
vectors (Table 5). small rice farmers whose daily cropping and house-
hold activities were recorded by IRRI resecarch staff
The set of vectors in Table 5 portrays in more for 3 years (1975-78). Their records served to
orderly fashion the range of timings and performances monitor the systems of farming followed by ordinary
represented by the relevant group of activity anal- farmers in the area. The economic cooperators con-
yses.  Fach vector, which is based solidly on histor- trasted with a further group of agronomic cooperators
ical data, is defined in a manner that enables it to on whose farms the impact of new technologies was
fit in a farm budgeting model of the nature described actively measured through IRRI trials and experi-
above. Because the budgeting process necessarily ments.
refers to the future, each vector represents the
farmer's meat Likely expectation of the outeome, New techmology veetors
should the given inputs pe committed in the year to
which the budgeting cxercise is applied. Althlough When new technology vectors are estimated for given
only single valued expectations are presented, farm situations, vectors must be constructed on the
measures of variability in both yield and input- basis of informed estimates. In the cases of
output coefficients could also be calculated on the Banares and Polido, the new technology vectors were
basis of data drawn from the individual activity estimated in close consultation with the farmers and
analvses of the group. Net returns per hectarc in agronemists and during visits to the farm parcels.
Table 5 are estimated by traditional costs and The consultations noted the historical performance

of various crops on the parcels, the performance of

returns analysis.
the proposed new technology in trials in the adjoin-

In constructing our linecar programming model, histor- ing ficlds of agronomic cooperators, the cestimated
ical technology vectors were determined for all managerial ability of the farmer, and the farmer's
important historical technologies on the two farms. and agronomists' exvectations regarding the perfor~

In the case of Banares, sets of such vectors were mance of the new technology. .



8 IRPS No. 28, May 1979

Relative managerial ability is o major factor causing
differences between farmers in the outeome of g
given technology,  Of our two subjects, Polido was a
consistently better manager of crops and other
activities.  That was evident from the historical
activity analvses for the same crop ogrown undoer
similar conditions, and from observations of dav-
to-dav behavior,  The estimates ol minagertal abil-
ey formed in the course of the studv are subjective,
but are basced on o careful assessment ot personal
characteristics and historical act tvity analvses,
and on practical obscrvations of Tarming periormance.

The difterving manaperial ability of the two farmers
is reflected in their estimated new technolopy
vectors.  Here we compare the same technology trans-
planted IR30 as 1irst crop on raintfoed landy s
vectors were estimated in orelation to similar rain-
fed parcels in the same general location (Table 6).
The vectors for Polido indicate o superior situation,

B

in that o considerably higher vield (2.9 t/ha com-
pared with 2.4 t/ha on the Banares parcels) is
estimated as obtainable {rom somewhat higher inputs

of urca, but lower inputs of labor and animal time,

The estimation ol new technology vectors for yiven
farm situations s a Jdilficult task, especiallv in
terms of cliciting the true expectations of the
farmer concerned.  In particular, the input levels
that a farmer considers relevant to a piven tech-
nology mav ditfer substantially from the levels
recommended by experimenters, partly because of
resource constraints and farm pecularities, and
partly because of the personal prefevences of the
farmer.  Expected vields will differ accoraingly,
The tarmer's own assessment ol the technology will
also change as he becomes moro familiar with it.
As experience is gained in cliciting larmer's oxpec-
tations, more accurate vectors can be estimated.,

Net returns per hectare, and roturns per labor-hour
and per peso of material input costs, presented for
the vectors of Tabic 6, were estimater using tradi-
tional costs and returns analvsis,

THE LINEAR PROGRAMMING MODEI

A broad outliae of the linear programming model used
in this study is given in Table 7. The model
expands on the matrix of Table 3, and tailors it to
the reality of the farm situation., The model covers
a vear of operation for a farm houschold unit --
from the beginning of week 14 (2 April) to the end
of week 13 (1 April) (Appendix Toble BY, the normal
crop vear in the area.

The various activities are shown across hoe top of
Table 7. Crop production forms the first amd najor
catepory, and in the models of most tarm=houschold
units it occupies shout onc=half of the toral matrix
arca.  The units of crop product jon activity have
differing requirements of the various restricted
resources;  these resources, detailed on (he left
side of Table 7, include land, labor, animal
(carabao) time, and cash supply.  Each is defined on
a weekly basis,

The requirement of cach restricted resource by a un
of a pgiven activity is expressed by a coefticient,
gt s Following the notation of Table 3, in the
relevant row vector.  This particular smfe has a pos
Live (#) sign in Table 7, denot ing that resources a
st by the relovant activity,  Each unit of c¢ro
production activity also contributes vield to a epo
ol row. This is the vield mel of landlord's
and havvesters' shaves, as explained in the discus-
sion of Table 8. The mie for this vield contribu-
tion has a negative (=) sign in Table 7, beeause
vielbd dis contylbated 10 the row. This nomene lature
of positive and negative signs for the e s
followed for all activities in the miatrix. The sur-
plus, Cles Per unit of crop production activi S B
zevo (Table 7)5 this is because Lhe yvield fromwhich
any surplus can be penerated is passed into the crop
balance row,

The second category of activities is those for crop
consumption, one such veetor being defined for cach
crop consumed in the farmer's home.  These vectors
Lake quantities of crop out of the relevant crop
halance row, and add them to the relevant consump-
tion minimum row; each minimum is set oat a level to
satisfy the minimum consumption requirements of the
particular farm houschold.,  Theso items are neces-
sary because all small rice farmers penerally use o
large portion ol the farm produce for feeding family
members and animals,

The chivd catepory of activities is Lhose for crop
sales, whose vectors also take crop oout of the
balance rows and add the value to the relevant cash
supply row.  The surplus per unit of crop sales
activity is apain zero.

The remaining categories of activities cover the
range of functions normal to a farm houschold unit.,
Thes, another carnings vector adds cash to the cash
rows in those weeks where such carnings are expected.
A househobd cxpenditare vector takes from the weekly
cash rows the total amount of cash cependiture
expected in caeh week,  Loan vectors serve to add
cash in carlicr weceks of the crop o vear, but take
away cash (or crop balance) at a later stage of the
vear when repavments of principal and interest are
duce Family labor transfer vectors arce explained
betlow,

Sets of weekly Jabor hiring and carabao and labor
hiring vectors allow, respectively, for hiring units
of labor on their own, or in conjunction with a work
animal,  These vectors add to labor and animal time
in particular weeks, but also toke awayv from the
cash row (because pavments for these resources are
needed) in the same week. Finally cash-saving vec-
tors perform the function of transforring extra

cash ‘rom week to succeeding week during the year,
and cash surplus vectors allow cash not needed in
the profit-maximizing combinations of activities to
be set aside as a surplus.  Each cash surplus vector,
wirtich is defined in one peso (B) units,2/ has o

3 The exchange rate is B7.35 to USSI.
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surplus, ¢, of +R1.00 per unit of cash surplus animal time, and cash. The selection process of
activity. The total of the individual surpluses linear programming chouvses the economic optimum com-
generated by all the units of cash surplus vectors bination of activities in the light of farm resource
specified in the final solution is the total surplus, prices determined in the framework of the model.

ary, which is maximized in the linecar programming

process. 1L 1s what the farmer carns afier buying Table 8 illustrates ip more detail how the model

all his purchased inputs, including labor and animal accommodates the new technology vector, transplanted
time, during the crop vear covered by the model, As 1036 as firat erop on shared-tenanted, rainfed land,
such, the total surplus is a return to management , harvested by family labop (planting week 27), on the
Land, family labor, and working capital tied up in farm of Bafares.

the farm-household enterprise.
Table 8 shows how the I-ha unit of this vector links

This discussion indicates how the farm model al lows with the relevant resources. The vector uses 1 ha
for the interrelationships between the various acti- of share-~tenanted rainfed land from week 25 through
vities of the farmer, and for the dependence of these 405 each of these requirements appears as a coeffi-
activities on the basic farm resources of land, labor, cient, or Ut of +1.0 in the budgeting matrix. The

Table 6. The new technology vectors for dry sceded (DSR), wet sceded (WSR), or transplanted (TPR) IR36 on rainfed
land.  Banares and Polido's farms, Iloilo, Philippines.

C perations Bafares L Polido
peration: DR WSK TPR DSR WSR TPR
doepablone (hewrs! ha)
Fixing the bund 34 34 34 30 30 30
Plowing scodbed 10 16
Harrowing scedbed 5 9
Sowing scvedbed 1 2
Plowing 60 90 120 86 86 110
Harrowing 25 48 70 76 76 80
Furadan application 10 10 5 5
Seeding 18 6 18 18
Fertilizer application 1 5 5 5 9 9 16
Pulling and bundling 140 60
Transplanting 242 133
Hand weeding 1 50 45 45 65 65 20
Fertilizer application 2 5 5 5 9 9 16
Hand weeding 2 40 40 60 60
Harvesting 147 162 178 163 176 189
Piling ' 40 44 47 72 77 83
Threshing 152 166 182 163 176 189
Winnowing 29 32 36 41 44 47
Measuring 15 17 19 26 28 30
Hauling 24 27 29 41 44 47
Drving 24 27 29 41 44 47
Total —ememvm e 668 758 1,207 900 947 1,129
Rangge uj'unu'ks‘
Ist plowing, secedbed 21-26 23-27
1st plowing, main area 17-20 19-23 22-217 19-23 20-24 24-28
Broadcasting 19~22 21-25 19-23 22-26
Transplanting 24-29 23-29
Harvesting 33-36 35-139 36-41 33-37 36-40 39-43
Material inputs (kg 'ha)
Seed 76 76 60 82 82 70
Urea 88 122 122 156 156 156
0-20-2 125 100 100 125 100 100
Furadan 17 17 17 17 17
Y7eldi (kg/ha) 2,000 2,200 2,400 2,500 2,700 2,900
tet returns per ha 1,311 1,309 1,220 1,437 1,648 1,728
Returns to labor® per h 2.58 2.48 1.50 2.35 2.43 2.12
Beturmo to cash” per @ 4.93 3.82 4.45 3.63 4.23 4.75

“Requirement of animal time also for the operations. POnly first and last weeks are given for each set of vectors.
“As defined in Tables 1 and 2. Returns "per B" are per peso of cash spent on material inputs.
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vector also uses labor in week 23 through 40, and

the appropriate (positive) labor coefficients for
each week are given. Further detail of how labor

is used by this vector for individual farm opera-
tions appears in Table 6. The vector also requires
carabao time (for plowing and harrowing) in weeks

24, 25, and 26, and in weeks 27 and 32, Finally it
adds the Tarmer's share of the crop harvested in
week 39 to the relevant rice balance row. This
farmer's share is two-thirds of the expected yield
frow the 1 ha of share-tenanted land, plus that part
of rhe remaining one-third that is owed to the farmer
and his family for their part in harvesting the crop.
[t is entered in the matrix as -1.733 t. The balance
in excess of the farmer's share goes to the landlord.

Although the new technology vector of Table 8 is

specified as using family labor for harvesting, a
realistic model of most farmers' situations in the
Philippines, including that of Banares, must also
allow for the possible use of outside labor for har-
vesting. In this latter situation a share of the
crop goes to such labor as a payment for work in
harvesting, threshing, and associated activities.

Conscqucntly, a separate column vector is incorpo—
rated in the Bafares farm mode! for the new tech-
noelogy. This vector, unlike that of Table 8, has no
physical requirements of family labor for harvesting
and associaved activities because all this work is
done by sharc labor and paid in kind. To account for
such payment in the model the vield entered in the
vector against the rice crop balance row is reduced
accordingly.,

Table 7. Outline of the whole-farm model.
d;bp Crop Crop Other House- Loans Family Labor Carabao/ Ca;h Cash
produc- consump- sale  earn-  hold labor hiring  labor saving surplus
ACTIVITIES, tion' tion (B) ings expen- (#) transfer hire
RESOURCES (ha), (U_ . (¥ diture . (h/wk) (h/wk)  (h/wk) (R/wk)  (B/wk)
JEE Y N B ) A VAN ¢ VIS VA ¢ VA Y VA LT /527 /527 /527
— - - ——
Land (diff. types) +pka ) 0 0 0 0 0 0 0 0 0
wkly (ha) /T56/P
e e
Labor (diff. types) +n 0 0 0 0 0 +p o -p -p 0 0
wkly () /1047 mk mk mK mk
S L = —P
mk
Carabao _time, wkiy +ank 0 0 0 0 0 0 0 0 0 0
(h) /527
%:?h/gggply, vy P Pk Pk Pk Pk Pk 0 P Pk P Pk
T Pk “Fmk
Credit maxima 0 0 0 0 0 +p,k 0 0 0 0 0
(® /27 "
Houschold expenditure 0 0 0 0 Dok 0 0 0 0 0 0
min (¥) /1 /
Other earnings, 0 0 0 P O 0 0 0 0 0 0
maxima () /1 /
Crop balances - +p +p 0 0 0 0 0 0 0 0
(ty /77 mk mk mk
Consumption minima 0 +p 0 0 0 0 0 0 0 0 0
a— mk
(v [ 2/
Carabao availability 0 0 0 0 0 0 0 0 +pmk 0 0
(h) / 1/
Surplus per unit
of activity 0 0 0 0 0 0 0 0 0 0 +ck

These crop production vectors occupy about half of the

Figures in round brackets ( ) are units in which the relevant vector is measured.
brackets / / arc numbers of vectors in each category in the Barnares model,

new technology vectors. +Pmk (—pm ) indicates that the
particular submatrix are positive %negative), or zero.
indicate that the pmk are positive, negative,

matrix area and account for most of its density.
Figures in square
including both historical and
input-output coefficients p (Table 3) in this
40 indi at all p , are zero. &+ -

0 indicates that a Pk Poke® Pk



Table 8. Resource and constraint linkages of the new
technology vector trangplanted IR36 as first crop on

share-tenanted rainfed” land harvested by family labor
(planting week 27). Badares farm, Tioilo, Philippines.

Resource linkage

Resources Weeks per ha of
technology

Share-tenanted rainfed land (ha) 25-40 +1 ha
Family (or hired) labor (h) 23 +34 h

24 +16

25 +120

26 +80

27 +387

30 +45

32 +5

39 +225

40 +295
Carabao time (h) 24 +15 h

25 +120

26 +70
Cash supply (PB) 26 +R94

27 +p237

32 +#75
Palay first crop balance (t) 39 -1.733 tb

%on share-tenanted land one-third of the crop goes to
the Tandlord, aftcr harvesters' share of one-sindh
has been deducted. “Farmers' share (harvesting by
family labor) on share-tenanted land = 2/3 (Total
yield-harvesters' share of 1/6 of total yield) +
harvesters' share = 2/3 (2400 - 1/6 x 2400) + 1/6 x
2400 = 1.733 t.

By delining separate vectors the budgeting model
allows the use of cither family or share labor, or
combinations of both. Vectors are defined for both
historical and new crop production technology.,  The
possible use of hired or wage labor within cach tech-
nology is also provided for, and explains the pres-
ence of funily labor tranzfor column vectors (Table
7). The linear programming process thus sclects
those proportions of hired, family, and share labor
that are economically optimum according to the con-
ditions of the moddl.

The case gtuwds Somers
K

The basic situations of the two case study farmers
are summarized in Tables 9 and 10. The details
explain how the level of constraints is set in the
model for each farm household.

In the case of Bafiures, 3 distinct tenure categories
are specified for land in the budgetiang model; these
are partly owned upland (1.026 ha), share-tenanted
rainfed land (0.338 ha), and fully owned rainfed
land (0.225 ha). These are also the weekly land
constraints limiting the areas of crops that can be
grown (Table 7). In this instance landscape differ-
ences within each catepory are considered insuffi-
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cient to justify any further breakdown, although such
may be necessary in other circumstances.

For the Baiares farm family, the labor hours speci-
fied for each working member are the maxima that
they each feel they can contribute cach weel, both
generally and during school vacations. The persons
concerned do not necessarily work all these hours,
but can work if required. The relevent numbers of
hours are entered in the matrix as weeklv marima,
and represent the family labor constraint. The
animal hours are specificd similarly,

The Tiquid cash of BAOO attributed to Banarves in
week 14 is the estimated amount of cash available
for various purposes in the farm houschold at the
beginning of the cropping scason. It is treated as
the initial cash supply at the beginning of the
budgeting year.

Banares' cash supply can be augmented by loans, but
the increase is limited by his personal decision not
to borrow more than ®800 from the two forms of credit
available (Table 9).

The houschold expenditure and other carnings in
Banares' and Polide's casce are token to occur evenly
throughout the weeks of the year, but that may not
be so in all farm situations.

The model also incorporates items of essential home
consumption, which in Banares' situation are esti-
mated as .14 v of rough rice and 0.24 t of shelled
corn.,

The figures for Polido's budgeting model were
extracted from the details of Table 10, The details
emphasize his superior asset position in comparison
with Badares' -- a much larger land arca, some of
which is irrigated and much of which is fully owned.
Other carnings, also far greater, are contributed by
the members of the family working away from the farm
houscehold.  The superior asset position of Polido
accounts for his higher limit on loans and for the
lover rate of interest charged.

Particulars of all crop production vectors included
in the farm model for Mamerto Badares are given in
Appendix Table A, A similarly wide range of vectors
was considered for Polido's.

Optimal solutions from the model

Some solutions from the lincar programming model

of Banares' farm household are given in Table 11,
The optimal solutions cover three separate situa-
tions: first, where only historical technology
vectors are included in the model; second, where
both historical and relevant new technology vectors
are included; and third, where historical and new
technology vectors arc included, but other carmings
are raiscd from the basic as-wured level of R6ER
(Table 9) to ®2,000. The second and third solutions
arce described as having limited cash and more cash.
The historical and new technology vectors consi-
dered for the whole-farm models of Banares are
detailed in Appendix Table C.
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Table 9. Basic farm-household situations. Bafares farm. l1loilo, Philippines.
Parcel 1 Parcel 3 Parcel 5 Parcel 6 Parcel 7
Land
Class” u R R R u
Lnndscaqe] up P PS F UpP
Texcuroz“ Sa.lL 5i.L Si.L Si.L 5i.L
Tenure' PO ST FO 8T PO
Nistorical crops® Cc-C/YB R-M R-R R-T C-C/YB
R-R
Area (ha) 0.804 0.225 0.225 0.113 0.222
Total area (ha) 1.589
Mux hours available/week
Farm family Nemne Generally Vacations
Mamerto 53 53
Incarnacion 6 6
Domingo 8 48
Aquilis 16 48
Terry _18 18
Total 101 173
Carabao No. Max hours available/week
1 48
Liquid cash, week 14 (estimated) P 600
Mazimum eredit availability 300 from carabao loan (1%/month)
500 from loan shark (50%/year, repayable in kind)
Houschold capenditure (1976-77) 2409
Other carmings (19Y76-77) 688
ffome consnp tion Tonge

(estimated annual)
Rough rice (for family) R
Shelled corn (for animals) 0.24

Y = upland, R rainfed, 1 = irrigated.
plateau, B = bottomland. “Sa.L = Sandy
owned, St share-tenanted, FO fully owned.

>

The wodel solution for Badares' first situation of
only historical technology vectors is similar to the
actual plan Bahtares followed in 1977-78. That indi-
cates that the simulated decision-making process of
the specified model closely follows that of the
farmer. More confidence can thus be placed in the
indications of the farm model where new technology
vectors are ulso included. 1In this first situation
the model selects a combination of family labor and
share labor for harvesting the second crop of corn
and yam bean. The combination depends on the rela-
tive shadow prices of the two classes of labor at
the particular times labor is required. The solution
indicates a staggered planting of most specified

bUP = unbunded plain, ?
Loam, Si.L = silty loam, C
C = corn, YB

plain, S = side slope, F = foot slope, Pl =
clay, Si.C = silty clay. “po = partly

rice, T tobacco, M = mung hean.

= yam hean, R

crops, again according to the relative prices and
availabilities of the basic resources nceded. Thus,
‘Singapore corn as first crop is specified as using
the partly owned upland of parcels 1 and 7, boch

in weeks 14-31 (0.555 ha) and in weeks 16-33

(0.471 ha). The further splitting of the corn crop
into areas grown with and without fertilizer is also
indicated, but this detail is not included in Table
11. The total annual surplus earned in the first
situation is R1,656,

The optimal solution for the second situation (his-
torical and new technology vectors, limited cash)
denotes that new technologies are specified for parts
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Table 10. Basic farm-household situation. Polido farm, Iloilo, Philippines.
Parcel 1 Parcel 2 Parcel 3 Parcel 4 Parcel 5 Parcel 6
Land
a
Class b U 1 1 I 1 1
Landscape up F rl, F p F, B Pl
Texture® Si.L Sa.L C C §i.C §i.c
Tenure? F O ST F o F O F 0 F O
Historical crops® C-C/YB R-R/M R-R/M R-R/M R-M R-M
Area (ha) 1.847 0.520 0.131 0.144 0.713 0.306
Total area (ha) 3.661
Farm family Max labor-hours available/week
Mame General ly Vacations
Julian 49 49
Gloria 7 7
Henry 8 49
Total 101 173
Carabao No. Max hours available/week
1 48
Liquid cash, week 14 (estimated) R1060

Maximum eredit availability 1500 (from Rural

Bank, 1%/mo)

Houschold expenditure (1976-77) 4240
Other earnings (1976-77) 2400
Home conswnption Tong

(estimated annual)

Rough rice (for family) 1.804

Shelled corn (for animals) 0.378
aU = upland, R = rainfed, 1 = irrigated. bUP = unbunded plain, P = plain, § = gide slope, F = 5oot slope, P1 =
plateau, B = bottomland. “Sa.L = sandy loam, Sg.L = silty loam, C = clay, 8i.C = silty clay. PO = partly
owned, ST = share tenanted, FO = fully owned. “C = corn, YB = yam bean, R = rice, T = tobacco, M = mung bean.

of all parcels. Some DMR 2 corn is indicated for the
upland parcels 1 and 7, and some 1K36 and improved
minimum cultivation mung bean are indicated for the
rainfed parcels 3, 5, and 6. All these new technol-
ogies are expected to give higher yvields than their
historical counterparts; IR36 has other superior
characteristics such as good drought resistance,
excellent inscct and disease resistance, and good
eating quality. It is noteworthy that considerable
arecas of historical technologies, expecially Singapore
corn, IR5, and Kapopoy, are still specified in the
second solution (Table 11). With incorporation of
the new (2chnologies, the total surplus in the second
situation rises to B3, 343,

Further cxamination of the second solution indicates

that the partial adoption of new technologies directly
reflects the absence of sufficient cash. Thus, no
first crop of IR36 is grown in parcels 3 and 6 because
of the technology's relatively high requirement of
cash to purchase fertilizer and pesticide (Table 6).
Scrutiny of the detailed figures in the linear pro-
gramming results (Table 12) shows that the shadow
price of the cash resource is very high inderd in the
first part of the crop year, when the tight cash
supply (Table 9) is set against a high demand from
all the possible cropping activities. 1In these cir-
cumstances the extensive cultivation of IR36 as a
first crop would reduce the overall surplus generated
by the farm-household business. The historically
adopted technologies of transplanted IR5 and Kapopoy
are more cconomically optimal because their cash
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Table 11. Optimal solutions from lincar programming, Bafares farm, lloilo, Philippines.

HT vectors only IFT and NT vectors? HT and NT vectors

(Limited cash?) _ (limired cash)_ (more cash®)
Parcels 1 and 7 Singapore corn, 1st erop DMRZ corn, st crop DMR2 corn, lst crop
Upland and FL© (14-31 to 16-33):1.026 ha  FL (22-38 to 26-42):0.850 ha FL (22-38 to 26-42):1.026
partly owned S. corn/yam bean, 2d crop Stngapore corn, lst crop DMR2 corn/yam bean, 2d crop
(1.026 ha) FL (40-06 to 42-08):0.400 ha FL (14-31):0.176 ha FL. (41-07 to 44-19):0.567
SL (40-06 to 42-08):0.626 ha DMR? corn/yam bean, 2d crop SL (41-07 to 44-10):0.334

FL (41-07 to 44-10):0.556 ha §. corn/yam bean, 2d crop

SL (42-08 to 44-10):0.322 ha FL (40-06 to 41-07):0.135 |
S. corn/yam bean, 2d crop

FL (40-06 to 41-07):0.148 ha

Parcels 3 and 6 Kapopoy, TPR lst crop IR5, TPR, lst crop IR36, TPR, lst crop
Rainfed and FL (21-36 to 22-37):0.318 ha FL (23-40):0.207 ha FL (22-37):0.050 ha
share-tenanted Kapopoy, WSR, 1st crop Kapopoy, TPR, lst crop IR36, WSR, 1st crop
(0.338 ha) FL (17-34):0.020 ha FL O (21-36 to 23-39):0.131 ha FL. (19-36):0.071 ha
BE3, TPR, 2d crop IR36, TPR, 2d crop IR36, DSR, Ist crop
FL (36-52 to 40-03):0.225 ha L (40-03):0.018 ha FL. (17-34):0.168 ha
Mung, 3d crop Munyg min. cult., 2d crop RKapopoy, TPR, lst crop
FL (02-10 to 041-12):0.225 ha FL.(41-04):0.207 ha FL (21-36):0.049 ha

Mung, 3d crop [R36, TPR, 2d crop

FL. (02-10 to 06-14):0.225 ha FL. (36-51 to 40-03):0.225 t
Mung, 3d crop
FL (04-12):0.225 ha

Parcel 5 Kapopoy, TPR, 1st crop IR36, DSR, Ist crop [R36, TPR, 1st crop
Rainfed and FL (22-37 to 24-39):0.225 ha FL. (17-34):0.102 ha FL (22-37):0:117 ha
fully owned BE3, TPR, 2d crop Kapopoy, TPR, lst crop IR36, WSR, lst crop
(0.225 ha) FL (29-02 to 40-03):0.225 ha FI. (21-36):0.123 ha FL (19-36):0.108 ha
IR36, TPR, 2d crop IR36, TPR, 2d crop
FL (36-51 to 38-01):0.225 ha FL. (37-52 to 40-03):0.225 h
Total surplus Bl,656 B3,343 B4,273

AHT = historical technology, NT = ncw technology. PLimited cash = . theye camiing: of #1,238, morce cash = othier
carnings of 12,000, “rL = family labor for harvesting, SL = sharc labor for harvesting. “Figures in paren-
theses are ranges of weeks over whiclh the crop uses the ground.  In this particular case, only two lots of
Singapore corn, lst crop, arc specifliced by the program, viz., 0.555 ha [rom weoks 14-31 and 0.471 from weeks
16-33.  The firsg week given is the week of first plowing, and the last week is the week directly after the wee
of harvesting. LSUTP]HH = gross return Legs cost of all purchased inputs (material, lalor, and animals) .

Table 12. Shadow prices of major resources in r?qgircmcnts.nru much le§s. It is probable that

sclected weeks (limited cash situation). Banares s§mllur conditions are widespread among small farmers

loilo, Philippines.” with low asset levels, and are one important reason
for nonadoption or only partial adoption of, new
technologies.

farm,

Shadow prices

Share-tenanted The third optimal solution tosts the reaction of

. ;. il - S Banares to a situation in which other carnings are
rﬂlnggﬁll?nd ]dm2;>h1;bor ?;72) raised to B2,000 during the 12 months of the assess-
1a - ment. As can be scen in Table 11, this solution
0 (25) 0 (23) 5.2 (14) preatly changes the selection of crops in all rain-
15 (26) 0.86 (24) 5.2 (31) fcd parcclsf and cxvch fgr a small area of Kap9poy
65 (28) 0.98 (25) 1.0 (32) in p§rcc¥s J'und 6,.1th is selected whenever rice
481 (40) 0.38 (42) 1.0 (1) cultlyatlon 18 po§51b%e. Fn parcels 3 and 63 sub-
665 (50) 0 (46) stnntln% dry se?dlng is stlpu!nted for the firse
171 ( 8) 1.04 (7) crop, with cultxvatlgn beginning in week 17; the
65 (12) 0.72 (10) leance of thg area is wet ﬁucdcd and transplanted,
0 (13) 0 (11) with cltivation beginning in weeks 19 and 22, For
the second crop, only transplanting is stipulated,
= but this is staggered over 5 weeks. In parcel 5
Figures Jn parentheses are week numbers of stated some wet seeding (with cultivation from week 19)

prices. PParcels 3 and 6. and some transplanting (with cultivation from week



22) are prescribed. A transplanted and staggered
second crop is again denoted.

The surplus in the third situation rises to R4,273,
which is P930 more than in the second situation. It
should be recalled, however, that the other earnings
available to supplement the annual cash flow werz
raised by R712 (R2,000 less ®#1,288) bhetween the
sccond and third situations, so that the net fnerease
in surplus resulting from a considerably greater
usage of cash is only B218. This is a 237 return

on extra working capital, and shoulc be set against
an interest rate of at least SOY on loans in the
barrio setting. This rate is a fair estimate of the
opportunity cost for cash.

An oprimal solution for Polido's farm-houschold
situatioa, in which both historical and relevant

new technology sectors are considered, is presented
in Table 13, As in Banares' case, the optimal
solution where only historical technology vectors
are considered is similar to Polido's actual choice
of cropping patterns in 1976-77. The solution in
Table 13 denotes acceptance of new technologies for
mosc of the farm areu, notwithstunding the face that
only the actual current cash flow (Table 10) is
taken. There is no difficulty in sustaining the more
intensive requiraed use of cash in this case, because
Polido has a far higher cash flow and asset level,
The estimated total surplus in this solution is
r8,727.

COSTS OF ADOPTING SUBOPTIMAL TECHNOLOGILES

The extra or marginal opportunity costs of including
suboptimal technologies arc arong the information
given by the linear program in presenting optimal
solutions. The marginal opportunity cost of the
various first crop technologies specified in bLoth
the limited-cash and more-cash solutions for rainfed
parcels 3 and 6 of Banares (Table 11) are presented
in Table 14, The marginal opportunity costs of some
other techuologies are also detailed.

For those technologies specified as optimal in the
limited-cash situation transplanted IRS (wecks 23-40)
and transplanted Kapopoy (weeks 21-30 and 23-39), the
marginal opportunity costs are zero. There is no
extra cost in introducing these vectors, beecause they
are alrcady in the optimal solution. The marginal
opportunity costs under limited cash of tronsplanted
IR36 (weeks 22-37) and wet-seeded IR36 (wenks 19-36),
both of which are optimal new technologies when more
cash becomes available, are B919 and R536/ha, how-
ever., These substantial costs that spring from

extra costs are only partly offset by higter yields.
Because of the overall shortage of cash, :nclusion

of TR36 as a first crop in parcels 3 an! % would

also mean reducing the area of transplerted IR36
grown as a second crop in parcel 5 (rable 11). The
much higher marginal opportunity costs of trans-
planted as opposed to wet-seeded IR36 (Table 14)

can be ascribed to the large requirement of the
former for hired labor to pull, bundle, and trans-
plant (Table 6).

On the other hand, the marginal opportunity cost
of including dry-seeded IR36 (weeks 17-34) as a
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first crop of the new tecunology instead of IR5 or
Kapopoy is insignifieant (Table 14). Indeed, in-
clusion of this technology tu partly replace IRS

and Kapopoy represents an zalternative solution that
would generate almost the same total surplus. Even
though dry-seeded IR36 has slightly higher cash
requirements than either transplanted IR5 or Kapopoy,
as specified in the model. it produces a considerably
greatecs yvield, Tt also . s some economic advantage
in being harvested earlier, and in thus permitting
more flexibility in turnaround time. The option of
establishing a first crop of dry-seeded IR36 is
ctually chosen in the limited-cash solution for
parcel 5 (Table 11), whkere the first crop i, followed
by a second crop of transplanted IR36. Tuis option
fienerates a much higher surplus per hectare than in
rarceis 3 and 6, where most of tke second crop area
is mung bean. The option is not feasible in the
Jatter parcels, however, because of the cash limita-
tion.

Table 13. An optimal solution from linear programming,
Polido farm, Tloilo.?

HT and NT vectors
(normal cash ~ Table 10)

Parcel 1

Upland and
fully owned
(1.847 ha)

DMK2 corn, lst crop
SL (23-28 to 26-41):0.669 ha
FL (23-28 to 26-41):1.178 ha
DMR2 corn/yam bean, 2d crop
SL (41-07 to 44-10):0.935 ha
FL (41-07 to 44-10):0.912 ha

Parcel 2

Irrigated land and
sharz-tenanted
(0-520 ha)

Parcels 3 and 4
Irrigated land,
fully owned
(0.275 ha)

Parcels 5 and 6

Rainfed land,
fully owned
(1.029 ha)

Total surplus

IR36, WSR, lst crop
FL (20-35):0.520 ha
IR36, WSR, 2d crop
FL (28-02):0.050 ha
FL (27-01):0.188 ha
IR20, TPR, 2d crop
SL (38-04):0.282 ha

IR36, WSR, 1st crop
SL (22-37):0.069 ha
FL (22-37):0.206 ha

IR20,TPR, 2d crop
FL (39-0€):0.275 ha

IR28, WSR, 1s' crop
FL (24-39):0.520 ha
IR36, WSR, 1lst crop
SL (21-36):0.509 ha
IR36, TPR, 2d crop
FL (38-52):0.164 ha
IR36, WSR, 2d crop
FL (40-04):0.382 ha
SL (40-04):0.483 ha

B8,727

YHT = historical technology, NT = new technology; SL
and FL = share labor and family labor for harvestiag.
Figures in parentheses are ranges of weeks over which
the crop uses the ground. WSR = wet-seeded rice,

TPR = trausplanted rice.
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Table 14. Marginal opportunity costs of selected
technologies. Bafares farm, Iloilo, Philippines.

Optimal solJEiiErT;}
HT and NT NT and NT
vectors, vectors,

more cash more cash

Technologies for parcels
3 and 6 (rainfed and
share-tenanted, family

labor for harvesting) (B/h2) (R/ha)
IR5, TPR, lst’cgop
Weeks 23-40 0 209
Kapopoy, TPR,;lst crop
Weeks 21—36; 0 0
23-39 0 170
IR36, TPR, lst crop
Weeks 22-37P 919 0
24-39 898 142
25-40 972 134
26-41 1380 146
2742 1334 144
IR3G, WSR, lst crop
Weeks 19-360 536 0
20-37 575 53
21-38 826 210
22-39 994 316
23-40 1333 268
IR36, DSR, lst crop
Weeks 17-34D Insignificant 0
18-35 43 3
19-36 85 26
20- 37 36 71

ATPR = transplanted rice, WSR = wet-sceded rice.
These are technologics specified as optimal in
either the limited cash or more cash solutions,

or both. As in Table 11, the first week given -
is the week of first plowing, and the last week is
the week immediately after the week of harvesting.

In the more-cash solution for Banares, the marginal
opportunity cost of transplanted IR5 (weeks 23-40)

is ®209 (Table 14), and that of transplanted Kapopoy
(weeks 23-29) is Ri70/ha. With the greater cash
availability in this solution, the varinus specified
areas of transplanted IR36 (wecks 17-34), in con-
junction with some transplaated Kapopoy (weeks 21T36L
generate a higher total surplus than the purely his-—
torical techaologies.

Table 14 also shtows that the marginal opportunity
costs of later plantings of both transplanted and
wet-seeded IR36 are sub~tantial in the more-cash
solution, mainly because of the greater concen-
tration of their demand for harvesting labor in a
peak labor demand period. The marginal opportunity
costs of later plantings of dry-sceded IR36 are only
minor, at least up to week 19, because a longer
turnaround time is still possible.

Shadow prices of key resources

A further by-product of the linear programming,
solution and another aid in the wider interpretation
of technology selection are the shadow prices of

key resources. A shadow price is actually a mar-
ginal value profuct, which is an addition to the
total surplus resulting from further addition of

a unit of a given resource.

Some shadow prices generated by the optimum solution
for the limited-cash situation are presented in
Table 12, The values of land, labor, and cash vary
according to the particular supply-dema..d situation.
Thus, for shars-tenanted rainfed land (parcels 3

and 6), the shadow price per hectare is zero up

to week 25, wien land is not the limiting factor

in production. By weck 28 the price has risen to
B65. This is the small increase in surplus which
would be gencrated by the added availability of

1 ha. At this stage the major limiting factors

are labor and cash. The price reaches much higher
levels of #481 in week 40 and 665 in week 50 be-
cause land addition in these weeks would enable

more transplanted rice to be cultivated. The in-
creases in total surplus arising from these changes
would nonetheless involve leaving some share-
tenanted land idle for the first crop, again be-
cause of limited cash availability and the partic-
ularly high price of this resource early in the year,

Labor attains its highest shadow price per hour
during the peak cultivation period in weeks 24 and
25, and once more during the harvesting period for
corn and vam bean in weeks 7-10. Early in the year,
and during intermediate periods when labor demand

is low and some family labor is idle, the shadow
price is zero.

For the whole carly part of the cropping year, up

to week 31, cash has a very high shadow price of up
to B5.20. This implies that the availability of one
additional unit of cash can increase the farmer's
net cash surplus by B5.20. (However, the rate of
return to additional units of cash declines rapiuly,
as observed earlier vhen an additional B712 yielded
only an extra B218.) The sale of the first crop of
Singaporc corn in week 31 (and of other crops there-
after) enhances the subsequent cash flow and the
shadov price declines to ®l, i.e., additional cash
at this stage camnot increase the productive use of
the farmer's other resources to raise the net cash
surplus.

Comparison with costs and returns analysis

It is interesting to compare the preceding assess-
ments of the economic advantages of transplanted,
wet-seeded, and dry-sceded first crops of 1R36

with assessments by traditional costs and returns
analysis, 1In the case of Badares, traditional anal-
ysis shows no significant difference in net returns
per hectare between dry-secded and wet-sceded IR36
(Table 6), and only a small advantage of these
techniques over transplanting, whose higher gross



returns (due to a higher yield) are more than offset
by higher labor costs. As indicated previously ir
the discussion of costs and returns analysis, labor
(and other) inputs are charged at the same overall
average rate, irrespective of whether they ire from
hired or family sources. In terms of returns per
labor hour, transplanting gives considerably less
than the other techniques, as might be expected.

In terms of returns to cash spent on material in-
puts, dry seeding is much superior (Table 6).

These indications from costs and returns analysis
provide a good overall cconomic assessment of the
three cultivation techniques, on the basis of the
physical inputs and outputs of Table 6. Dry sceding
is superior when labor and cash are short; wet
secding approaches it closely in terms of cconomical
labor usage. As noted cartier, however, costs and
returns analysis does not perform well in more
detailed assessments where careful pricing of inputs
becomes significant. In the case of Bafares, where
the usage of land by the three techniques is similar,
such careful pricing Is especially pertinent for
labor and working capital in the form of cash.

Thus, because it uses labor in a somewhat carlier
period, dry-sceded IR3h is far superior to wet-seeded
and transplanted IR36 than would appear from costs
and returns analysis.  lts lesser demand for cash

is also more advantageous in absolute terms. because
this input is much more expensive in the early part
of the vear than the application of average market
prices would suggest.

It is noteworthy, however, that a considerable first
crop of transplanted and wet-seeded rice is pre-
scribed in the third solution (Table 10), with the
use of labor whose shadow price is lower than would
have been if all the area had been transplanted or
wet-sceded. This lower price is attributed to the
staggering of labor demand, which occurs where dry
seeding is also practiced in earlier weeks.

Ir Jjs thus evident that whole-farm analysis is
superior in assessing the rel “ive merits of dif-
ferent technologies in particular farm situations;
it can also denote useful complementarities between
such technologies in terms of overall resource use.

We belie.  that whole-farm analysis can also give
superior assessments in the much wider regional
comparisons of technologies by exploring the econo-
mic impact of technologics in a range of defined
farm resource situations through empirieally col-
lected data.

APPLICATION OF THE MODEL

This paper aims to explain the approach of whole-
farm analysis through linear programming, and to
illustrate the approach briefly in relation to two
selected farmers with differing asset levels., It
introduces the concepts of activity analysis and
historical and new technology vectors, which are
basic elements in any mathematical modeling of crop-
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ping patterns. The paper has an explanatory purpose,
but may be useful as a background to subsequent and
more detailed studies that employ the whole-farm
analytical approach. We believe the basic model
presented (Table 7) can be applied in a variety of
situations throughout the Philippines and clsewhere,
provided adequate data to support it are available.

Some fundamental problems of the linear programming
technique and its use in whole-farm analysis were
noted. In practical applications, modified forms

of linear programming appear easier to use; they
have been reviewed by Anderson et a2l (1977). In
many cases, relatively simple modifications of the
basic model can be made to achieve a more realistic
portrayal of the problem. Modifications of this
nature will be attempted in the present series of
studies, once the ranges of pertinent resource
situations have been better established, and the
listorical and new technology veectors better esti-
mated. The effects of risk on decision making can
be usefully considered through the minimum absolute
deviation (or MOTAD) approach. This approach can
use the basic data arrangements described, together
with measures of expected variability in performance.
Again, the results of sequential decision making can
be well simulated by manipulating the sets of tech-
nologies available for use by the farmers, according
to assumed scasonal weather variations. Different
vectors (as in Table 5) will be feasible in each

set of assumed weather conditions.

The whole=farm analvsis procedures are regarded as
major aids in the identification of relevant new
technologies.  They are submitted as methodologies
that should be used at central research institutes,
as a means for helping research workers to identify
the technologics most likely to be valuable, and to
taitor such technologies to actual farm situations.
Although the modeling processes involved cannot be
undertaken without pood basic data, it is not neces—
sary to have ciaborate historical records, and work
is under way to develop a means of farm data collec-
tion througn activily statements. These, in contrast
with the activity analyses based on detailed histo-
rical records, are statements of farmers' expecta-~
tions about the output and inputs of particular
crops. They are based on the farmers' experience,
and can be elicited through a few interviews rather
than from hundreds of daily records. With appro-
priate adjustments, the activity statements can be
used In attempts to measure the impact of new tech-
nologies in situations where no extensive records
are available.

The work we report concentrates almost exclusively
on mathematical modeling techniques, particularly

on linear programming. We stress that these tech-
niques complement the simpler mevhods of economic
assessments, notably costs and returns analysis

and other forms of partial budgeting. The simpler
techniques will centinue to have an inportant
application at the field level where they can be
applied by extension workers to get a simple assess-
ment of the economic benefits »f a new technology.
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APPENDIX A: PRICING INPUTS AND OUTPUTS

Two situations should be distinguished when
realistic input and output prices are sought for
farm budgeting purposes:

There is an active commereial market for the farm
iputs or owiputs.

This is generally true of inputs like seed, fer-
tilizer, chemicals, and hired labor. It is also
true of almost all outputs. Here market prices
can be accurately used.

There 7s no active commerceial market.

This 1is usually true of inputs like family labor,
domestic animal time, and land. Here prices
should be secured by using the principle of
oprortunity cost, which is the value or price of
A resource in its best alternative use. Thus,

if family labor spends 1 day weeding rice, and a
best alternative use is hilling corn, the oppor-
tunity cost of labor in weeding rice is the extra
net return from the increased yield of corn (as a
result of hilling). If the alternative to weeding

Appendix Tabie A. Prices assumed for marketable
outputs and purchased inputs. Budgets for Bafares
and Polido farms, 1loilo, Philippines.

Outputs B
Rough rice, per ton 1070
Corn, 1lst crop, per ton 1300
Corn, 2d crop, per ton 1000
Yam bean, per ton 420
Mung, per kg 5
Cowpea, per kg 2.76
Inputs

Hired labor, per hour 0.62
Hired carabao plus man, per hour 1.25
Urea (45-0-0), per kg 1.70
Ammophos (16-20-0), per kg 1.38
Solophos (0-20-0), per kg 1.04
Furadan, per kg 5.61

Thiodan, Endrin, Meptox, Eradex, Hytox,
Folidol, and Methyl Phosferna, per cc 0.04

1s off-farm employment, the opportunity cost of
weeding labor is the wage earned in that employ-
ment. If there is no alternative income earning
activity for the family labor, its oppertunity
cost is the valuc placed on a day of leisure,
which may range from zcro to a level usually well
below the wage payable to hired labor during times
of active labor demand. Opportunity costs are
also referred to as shadow prices.

Animal time and land are given opportunity cost in
a similar manner. Thus the opportunity cost of
land for a particular crop over a particular time
period will be the net return earnable from the
best alternative crop grown over the same time
period.

For a giver farm where family labor, animal time,
and land are more cr less fixed in supply, opportu-
nity costs will mainly vary with changes in demand
for these resources. Such costs will therefore be
higher at times of high demand, such as the peak
planting season.

19
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APPENDIX B: A SIMPLE LINEAR PROGRAMMING PROBLEM

Consider a farm household with the following Appendix Table B. Code of cropping weeks.
resources and possible production activities.

Resources: Land 5 ha

Labor 100 hours Week Actual dates
Capital? £100
14 2 - 8 Apr
Possible production activities: 15 9 - 15 Apr
. 16 16 - 22 Apr
Rice 17 23 - 29 Apr
Corn 18 30 Apr - 6 May
. 19 7-13
Let the resources necessary for cultivation of 1 ha 20 14 ~ 20 May
of rice be 1 ha of land, 20 hours of labor, and R30; 21 21 - 27 May
and for corn, 1 ha of land, 30 hours of labor, and 22 29 May - 3 Jun
220. 23 4 -~ 10 Jun
. . 24 11 - 17 Jun
Let the surplus from 1 ha of each production acti- 25 18 - 25 Jun
vity be P100 for rice and 860 for corn. 26 25 Jun - 1 Jul
i . ) . 27 2 - 8 Jul
The problem is to decide the optimal allocation of 28 9 - 15 Jul
the farmer's restricted resources of land, labor, 29 16 - 22 Jul
and capital between rice and corn production. (It 10 23 - 29 Jul
is clear that the resource requirements in this 31 30 Jul - 5 Aug
case preclude the cultivation of rice or corn only 32 6 - 12 Aug
on 5 ha.) 33 13 - 19 Aug
. . . 34 20 - 26 Aug
This can now be represented in a matrix of the form 35 27 Aug - 2 Sep
generally used in linear programming: 36 3- 9 Sep
37 10 - 16 Sep
38 17 - 23 Sep
?urplusesfper 39 24 - 30 Sep
ectare o
activity 100 100 2(1) é N 1Z gst
Restricted Production activities 42 15 - 21 Oct
resource Rice Corn 43 22 - 28 Oct
availabilities 44 29 Oct ~ 4 Nov
45 5 - 11 Nov
Land 5 ha 1 1 46 12 - 18 Nov
Labor 100 h 20 20 47 19 - 25 Nov
Capital R100 30 20 48 26 Nov - 2 Dec
49 3 - 9 Dec
9ne US$ = B7.35. 50 10 - 16 Dec
51 17 - 23 Dec
52 24 -~ 31 Dec
01 1 - 7 Jan
02 8 - 14 Jan
03 15 - 21 Jan
04 22 - 28 Jan
05 29 Jan - 4 Feb
06 5 - 11 Feb
07 12 - 18 Feb
08 19 - 25 Feb
09 26 Feb - 4 Mar
10 5 - 11 Mar
11 12 - 18 Mar
12 19 - 25 Mar

13 26 Mar - 1 Apr
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Appendix Table C. Crop production vectors® included in the budgeting model of Bafiares farm, Iloilo, Philippines.

HISTORICAL TECHNOLOGY VECTORS Neeksc NEW TECHNOLOGY VECTORS h’eeksc
1. On upland, partly owned, either family 1. 0On upland, partly owned, either
or share labor family or chare labor
Singapore corn, lst cropl 17-19 DMR2 corn, lst crop 23-27
Singapore corn, lst crop, DMR2 corn/yam bean, 2d crop 42-45
without fertilizer 17-19
Singapore corn, 2d crop 45-48 2. On rainfed and share-tenanted land,
Singapore corn, 2d crop, either family or share labor
without fertilizer 45-48
Corn/yam bean, 2d crop, TPR, IR36, lst crop 24-29
without fertilicer 44-46 WSR, IR36, lst crop 21-25
Mung, 3d crop, without fertilizer 52-02 DSR, IR36, lst crop 19-22
TPR, IR36, 2d crop 38-42
2. On rainfed and share-tenanted land, either WSk, IR36, 2d crop 37-40
family or share labor Mung, minimum tillage, 2d crop 38-42
TPR, IR36, 1lst crop/ratoon 24-29
TPR, Camaros, lst crop 25-37 TPR, IR36, lst crop/ratoon per cowpea 24~47
TPR, IRS5, 1lst crop 25-37
TPR, BE3, lst crop 25-37 3. On rainfed and fully owned upland,
TPR, Kapopoy, lst crop 24-37 etther family or share labor
WSR, Kapopoy, 1st crop 19-30
TPR, BE3, 2d crop 34-42 TPR, IR36, 1lst crop 24-29
TPR, IR36, 1lst crop 21-25
3. On rainfed and fully owned upland, DSR, IR36, 1lst crop 19-22
etther family or shace labor TPR, IR36, 2d crop 38-42
WSR, IR36, 2d crop 37-40
TPR, Camaros, lst crop 25-37 Mung, minimum tillage, 2d crop 38-42
TPR, IRS5, lst crop 25-37 TPR, IR36, lst crop/ratoon 24-29
TPR, BE3, 1lst crop 25-37 TPR, IR36, lst crop/ratoon per cowpea 24~47
TPR, Kapopoy, lst crop 24-37
WSR, Kapopoy, lst crop 19-30
TPR, BE3, 2d crop 34-42

aFertilizercis applied unless otherwise indicated. bEach crop entry has a set of vectors (see Table 5 for an
example). Figures show range of planting weaks covered by set of vectors.
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