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MEASURING. TIlE ECONOMI C BENEF ITS OF NEW
 
TECIINOLOGIES TO SlI.. RICE FARMERS!/
 

ABSTRACT
 

Costs and returns analysis is a good method for 
 and looks at the economic impact on the whole farmcomparison of the economic 
impact of 
new cropping of any new technologies that he might wish to adopt.

technologies at 
the field level. It suffers from
 
several disadvantages, however, the most notable ILinear programming is applied to the cases of two
heing that the ma or resources of land, Iabor, anid selected farmers, one qi!,c po,,, and the other (/i.?tc.capita] 
are valued without reference to the actual rc,'/, in the barrio of Lamot, west of [loiI. Thesupply-demand position within 
the farn. This error 
 basic line ar priiramin g model used in the study is
nay lead to seriously distorted comparisons being presented aind 
 ht information needed 
to build tie
made between different technologies, 
 model for each of the case study farmers is detailed. 

The basic Atruiture is considered useful for modeling 
smll II rive farms in many countlous of the region.


In this report 4mhc-fi?m ,.iuZ a;h is presented as
 
a system of "rcan e assessment which van useful ly 
 The eoCaiuonoi , impats oi the frirmer of dry-seeded,

qualify the results of costs 
inu returns analysis, wet-seeded, and transplanted IRVB as a first crop
Such analysis measures tie 
economic benefits of hoti a re examined in soime detail, rind the assessment of
new and historical cropping technologies in the con- the cult ivation te'hnolog ies by the model is r'om­text of all the 
farmers' economi: activities, in- F~ared with that 
by cost and returns analysis. Itcluding his other agricultural enterprises and his 
 is conlcluded that 
the model gives better assessments
household and off-farm operations. fhe major 
re- in a 'ive1 form situation, and that it highlightssources of land, labor, anti capital 
are all valued complementar ies hetween the different technologies
with due regard to their actual availabilit,' and to 
 where the technologies use labor at different times.
 
the demand which exists for them at a particular

time. Linear programming, a widely used form of The application uifwhole-farm analysis to 
a range of
mathematical modeling, can br used as 
a techni que 
 resource situations pertinent to wide geographical
for whole-farm analysis. 
 The modeling procedure areas is discussed, 1i0( some useful modifications ofchooses a selection of technologies, whicli maxi- procedures used 'ni the present scudy are 
suggested.
mizes the overall money surplus over cash costs 
for Whole-farm analysis is a methodology that can help
each situation treated, subject 
to the major con- research workers at cen tral research institutes instraints of land, labor, aad 
capital. Thi.s selection identifying technologies likoly to be most valuable,
of technologies is known as an optmaZ rolu tion. au in tailoring these technologic- to farmers'
By assessing each technology according to 
its effect practical situations. Whole-farm analysis is judged
on the overall cash surplus, 
dhe modeling procedure to he complementary to simpler methods of economic
simulates the decision-making process of the farmer 
 assessment, notably costs and 
returns analysis.
 

i/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 Research Institute, 
Los Ba~os, Laguna, Philippines.
Submitted to 
the IRRf Research Paper Series Committee March 1979.
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MEASURING THE ECONOMIC BENEFITS OF NEW TECHNOLOGIES TO SMALL RICE FARMERS
 

A prime concern of agricultural research in South 

and Southeast Asia is the development of useful 
technology for small rice farmers -- better varie-
ties of rice and associated crops, better livestock, 
bet-ter cropping patterns, and improved methods of 
crop and livestock husbandry. Essentidl to tech-
nology development is measurement of its economic 
benefits to farmers. Such measurement identifies 
technologies that should be promoted by exten ion 

workers, or guides research workers toward better 

tailoring of new technologies to practical farm
 
circumstances and applications. Measureoent of 
economic be" fits can also identify areas where more 
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 t'tal 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 
expetiments or recorded farm performances in L range 
of situations, 

A concrete example of traditional costs and returns 

analysis is given in Table 2. The net returns from 

the first and second rice. crops in Iloilo province 

are compared, using the alternatives of wet seeding 

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 material costs. Ot! 'r illus-

trations of costs and returns analysis are given in 

various specialist reports assessing the economic 

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, 

rearing on a foundation comprising basic resources of 

land, fixed capital, and entrepreneurship and, per-

haps, even working capital (cash), family labor, and 

animal power. It 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 aoalysis 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 
(1976).
 

Costs and returns analysis will c-n:inue to be the
 
most widely used first pproach in economic assess­
ment ,f new technologies. It gives field workers a
 
good initial guide to the benefits of the technolo­
gies, even without sophisticated computing facilities. 
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 and returns anglysis can
 
become important, however, when the technologies
 
being considered involve major changes in resource
 
usC. For example, in the technologies of an early­
and a late-maturing rice variety the late-maturing
 
variety uses land for a greater period, and its peak
 
labor requirements for hlarvesLing and threshing are
 
correspondingly delayed. When such technology is 
evaluated, the inteactions between its activities 
and the farm household 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 ledd 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 currelt market
 
prices can be applied. In the other situ,, 'ion, no 
active commercial market exists and the pr±.iciple of
 
opporturnit2l cost must be employed. The market prices
 
of some of the farmer's major resources usually 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 -iia likely to change the existing pattern of
 
resource use, appropriate shadow pricing is difficult. 
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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 research institutes attempt 
to assess the nature and possible impact of tech-
nologies that iIvolv. substantial changes in the 
existing farming systems. 

We present a system of economic assessment that over­
comes some of the limitations of costs and returns 
analvsis, and other forms of partial analysis. The 
system z,,zc-rcri :Oi,- reviews the economic 
benefits of a new technology in the context of ail. 
the farmer's economic activities, including his other 
agricultural enterprises and his hosehold 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-
itv of such resources and to the demand which exists 
for them at a particular time. 

We illustrate the whole-farm approach in measuring
the economic benefits of various new cropping tech­
nologies developed for rice farmer,:. The technolo-

gies were developed by IREI at an outreach site in 


Table 1. An outline of costs and return analysis.
 

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 = Fertilizer cost 

Average pesticide input x average price = Pesticide cost 

aLabor + animal + seed + fertilizer 

Iloilo province, Philippines. We compare whole­
farm analysis with costs and returns analysis, and 
give examples from the actual cases of two farmers, 
Mamerto Baiares and Julian Polido, in the barrio of 
Lamot . / Each farmer represents one end of tie range 
of resource endowments typical in the area. Baiiares 
can be classified as quit" 'oo and t'olido as quite 
richl. The contrasting endowments have important
effects on the cho ice of technology. 

The need for better criteria to measure 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 (1.977) recounted in 
detail IRRI's collection at the Iloilo site of econ­
amic data on cropping systems. Norman and Palmer-
Jones (1976) gave an excellent review of possible 

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

Gross return
 

Total variable costsa
 

b
 
Net return
 

+ pesticide costs. bGross return 
7lecs total variable costs. The
 
costs of land and capital are ignored (see text), 
these inputs being effectively priced at zero. 

Table 2. 
Costs and returns analysis of farmers' rice plots at the IRRI outreach site, Iloilo, Philippines, 1976-77
 

Plots Costs (US$/ha) 
 Returns ________ eCrop, cropping reported Yield 
 Labor Material TVC) Gross 
rn  Net To labor " To cash
 
pat te (no.) (t /ha) CUS$/ha) (US$/h)
(US$/ha) (US$/US$)
 

First crop 

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
 

Sccond crop
 

WSR 13 3.1 81 100 181 446 
 265 0.46 3.65

TPR 12 3.6 47 152 
 199 523 
 324 0.86 3.13 

Source: International Rice Research Institute (1977). 

a4SR = wet-seede4 rice, TPR = transplanted rice. bTotgl variable costs (TVC) = labor cost + animal cost +

material cost. Net returns = gross return less TVC. Returns to labor = Gross 
returns less material costs
eReturns to cash (spent on material inputs) = Gross returns 
less labor costs Labor (hours)
 

Material costs
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economic methodologies for assessing cropping systems, The problem is solved by an iterative procedure,
and of possible problems in collecting economic data which for 
all but very small matrices involves the
from small farmers. 
 use of a computer. A simple problem is 
illustrated
 
in Appendix B, and the broad outline of 
the model
WItOLEI-FARM ANALYS IS we used is in Table 3.
 

In analyzing the impact of new teclnologies on the Most activities in the model of Table 3 comprise thefarm hiousehold, the whole-farm approach should con-
 different technologies available to the farmer; theysider tlie fact that the tvpical farmer operates with may be historical, in the sense that they have beena set of resol rces -- land, family labor, capital -- used by the farmer in the past, or new, in the sense
that are limited, at least in the run
short but whose 
 that they are not yet adopted. To be described in
levels say vary over the year. The farm may not be the model , each activity or technology must the speci­entirely cash oriented; it may, for example, be fied in terms of the surplus ak it is expected LO
oriented 
toward meeting family food requirements. 
 give, and the requirements . it has for all
A number of sociocultin-al and institutional factors important fa-is resources ni . Thus, the particular
may impose constraints on what the farmer -an dit, and historical technology veit{JrA., involving the pro­on what he woold like to do. duction on I ha of rainfed land of a transplanted
 
first crop of BE3 rice frmm 
weeks 20 to 50 on Babiares'
Linear programming offers a techniqut for wholo-farm farm, has certain requirements over time of labor,analysis, which, despite certain limitations, is 
 animal inputs, seed, and fertilizer (Table 4).
sii table for model ing aiid analyzing farms with varied iiethod of determining the expected surplus c k is

The
 

clhairacteristics. 
 The method has been widely used in 
 discussed next.
 
studyiiig the optimal allocation of resources within a

farm. Although its eal'y app! iataions focused mainly Apart from activ ities specifying historical and newon large colmerc aI 
 I arms iindeveloped countries, it technologies, others are included in the linear pro­has increasing ly been used to study semisubsistelue gramming model 
to represent tie various noncropping
and subsistence type faiiims iinIess-heve lopal colntrcites. functions that may take place in a complete farm-
Examples of its use in the 
latter context are iinthe household unit. Activity vectors may be includedworks of Clayton (1975) , leyer (1972) , Thodey and for Iivestock enterprises, dailyiousehold consump-
Repeepum Sektheera (1974), Ilardaker (1)75), Low Lion, and off-farm employment. Details are given
(1975), Benito (19 7h ), and Wardhani (I1976). Many of in the section 
t/, /M oat- 'Pi.P" .' ,,' iiic. Z.
these stutlies were hampel-re by the sunall model size
 
dictated by the natlre of the available data and 
 With an adequate model, linear programming over­available computer 
facilities. Adequate replresenuta-
 comes the problems of inappntrpriate pricing inlion of the :ctual farm situatition wails diffitult. In costs and returns analysis. When it chooses the
our study, the availability of appropriate data and 
 particular combination of technologies that gives
access 
to adequate computer faciltitits helped 
over- maximum surplus, it imputes appropriate prices to
come that limitation. A number of handy package all restricted resources. 
 It also indicates the
 
programs are available for c.arrying out linear pro- extra 
(marginal opportunity) cost to the farmer of
grassing analyvsis. We u:ed the 1BM Mll'SX-370 program deciding include thoseto technologies it has
for most of the analysis. A\simple but compr-ehensive 
 rejected as less profintaile, and the shadow price ofexplanation of the use of the 
linear programnming each resource 
(i.e., its unit worth) predictated
technique in an agricultutral setting is given by for the maximum surplus situation. The whole process
leady and Candjer (1958). 
 of optimum technology selection and measurement is
 

Essentiallv linear Irogramiug is a formal mathemat­
ical teclinique that selects the combination (and the Table 3. 
Illustration of the matrix.
 
levels) of activities from the 
set of all feasible
 
activities so that a specified objective function,
usually 
tle cash surplus, is maximized witho t 
 Surpluses per unit 
 Activity
violating the resource and 
any other slpecified 
 of activity, C 
 levels
constraints. Formally, 
in matrix notation, the 
 1 2 .... k
problem is usually presented as, 
 Restricted Input-output 


resourc coefficients for 
Max 2 = o. availabilities, S each activity

subject to R 
 p12.... Pk 
and V>) 

where c is a row vector of surpluses from unit 
 S P P1p...Plk Xlevels of tile set of activities available to the 
 s2 P21 P22.. P2K x2
 
farm (a surplus defined as a return over all cash 
costs), x is a column vector of the number of unit
 
levels of the set of activities, P is a matrix of
 
coefficients representing the amount of 
restricted
 
resources (or inputs) used by the unit 
levels of s 
 . X
the activities; and K is 
a column vector of the 
 Pml
M Pm2 . .kmk
 
available amount of the restricted resources.
 

X 
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Table 4. An 	activity analysis.
 

Farmer: Mamerto Baiaras, No. 109 

Crop : TPR, BE3, 1 crop 

Plot : 510 (rainfed) 


Week no.a Operaxio, 

19 Plowing seedbed 

20 Plowing seedbed 

20 Harrowing seedbed 

20 Sowing seedbed 

24 Weeding seedbed 

27 Fixing the bund 
27 Plowing 

28 Fixing the bund 

28 Harrowing 

28 Pulling and bundling 
28 Plowing 
28 Transplanting 
36 Replanting 
36 Weeding 
38 Weeding 
39 Weeding 
39 Fertilizing 
50 Harvesting 

50 Piling 
51 Tireshing 

51 Drying 

51 Winnowing 
51 Measuring 

51 Hauling 


Man 


8 

12 

24 

12
 
12
 
71 
63 


32 
71 
30
 
32 


350
 
8
 

28
 
118
 
63
 
8 


79 


32 
90
 
12
 
16 
11
 
16 


aSee code of 	cropping weeks in Appendix Table B.
 

performed within the framework of the defined farm-

household model and takes into account interrelation-

ships between all productive processes through their
 
dependence on a common resource base. 


Some of the limitations of the basic linear program-
mitig technique have been described, for example, by 
Anderson et al (1977). Some of the main drawbacks 
are that a) it ignores possible variability in the 
input-output 	 coefficient and tenure, b) it assumes 
that all inputs are perfectly divisible, and c) it 
does not recognize the sequentially stochastic 
nature of real-life decision making. However, 
adjustments to tile basic model can be made to over-
come these drawbacks, 

Activity analyjsea and historical technology vectors 

Generally, both historical and new technologies must 
be considered in a realistic farm budgeting model. 
The historical Lechnology vectors in this study ara 
based on actit ' aniiai,/:;'. An activity analysis is 
a catalog, over time, of the recorded inputs and 

outputs pertaining to a given crop on a given plot 
in 	a given year. 


An activity analysis is illustrated in Table 4 for 

transplanted BE3 as first crop on rainfed plot 510 

of Bafares in 1975-76. These are the basic physical 
data needed to support both costs and returns anal-
ysis and whole-farm analysis. 

Barrio: Lamot, Iloilo 
Year : 1975-76 
Area 0.254 ha 

Hours/ha Kg/ha 
Animal Seed Fertilizer Yield
 

8 61
 
12
 
24
 

63
 

71 

32
 

180.2 	(urea)
 
1,680 (palay)
 

16
 

There are two steps in determining historical tech­
nology vectors from activity analyses.
 

e 	 The first stel) is to group all activity 
analyses that refer to a given technology. 
Thus, for the technology of transplanted BE3 
as first crop on rainfed land (Table 4) the 
first step is to group all activity analyses 
for the technology as it was used in different 
plots in different years on the Bfiares farm.
 

e 	 The cecond ,tcp:, is to define, for each selected 
group of activity analyses, an appropriate set 
of vectors to cover the range of planting dates 
and performances 
shows the set of 
defined to cover 
group of activity 
transplanted BE3 
In vector A, the 

represented. Thus, Table 5 
historical technologies 
the range represented by the 
analyses for the technology 

as first crop on rainfed land. 
seedbed is plowed in week 20, 

and the crop 	harvested in week 49. In vector 
H, 	 at the other end of the range, the seedbed 
is plowed in week 32, and harvest is in week 4. 
Six other vectors are defined between the 
extremes. Average labor inputs per hectare are 
shown for each operation. They are based on 
overall averages calculated from the relevant
 
group of activity analyses, but some vary with
 
changes in the estimated yield. In fact, the 
activity analyses on which the vectors of Table 
4 are based showed a markedly lower yield from 
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Table 5. Tile set of historical technology vectors for transplanted BE3 as first crop on rainfed land, Bafiares farm,
 
Iloilo, Philippines.
 

Operations Wk no. Hours/ha Wk no. Hours/ia 

Vector A 1B C D E F G Ht 

Fixing tile hund 20 22 25 26 29 34 30 31 32 34 
l'lowing seedbed' 20 22 25 26 29 21 30 31 32 21 
Harrowing seedbed 21 24 26 27 30 15 31 32 33 15 
Sowing seedbed 21 24 26 27 30 5 31 32 33 5 
Plowing:
Plowing, 

23
24 

26
27 

28
29 

29
30 

31
32 

64
60 

33
34 

34
35 

35
34 

64
60 

Harrowing2 25 28 30 32 34 79 35 36 37 79 
Pulling and blndling 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 
I'ea ;uring 50 51 52 01 03 14 03 04 05 12 
Hauling 50 51 52 01 03 22 03 04 05 18 
Drying 50 51 52 01 02 22 03 04 05 18 

kq/ha /ha k,7/ha p/ha 
Seed 58 62 58 62 
Fertilizer (urea) b [97 335 197 335 
Yields or net returns 1800 592 1470 242 

Requirement of animal time also in these weeks. Net returns as defined in Tables 1 and 2. Prices used arc 
given in Appendix Table A. 

later plantings because of drought. That lower determined on the basis of recorded activity anal­
yield is accordingly assumed for vectors F, G, yses for his farm in 1975-76 and 1976-77. 
and 11, and the yield-dependent inputs of' har­
vesting, threshing, winnowing, measuring, The case study farmers (Baiares and Polido) are 
haul ing, and drying are lower in these latter among 45 economic cooperators at Iloilo. They are 
vectors (Table 5). small rice farmers whose daily cropping and house­

hold activities were recorded by IRRI research staff 
The set of vectors in Tae 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. Each vector, which is based solidly on histor- trasted with a further group of ajronomlc 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 tie future, each vector represents tile 
farmer's mct likc ' i expectation of the outcome, New technoio!y v-ctor3 
should the given inputs ne committed in the year to 
which the budgeting exercise is applied. Alt1.ough 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 tile cases of 
output coefficients could also be calculated on the Baiares and Polido, the new technology vectors were 
basis of data drawn from the individual activity estimated in close consultation with the farmers and 
analyses of the group. Net returns per hectare in agronomists sad during visits to the farm parcels. 
Table 5 are estimated by tralitional costs and The consultations noted tire historical performance 
returns analysis, of various crops on the parcels, the perfonance of 

the proposed new technology in trials in the adjoin-
In constructing our linear progranuming model, histor- ing fields of agronomic cooperators, the estimated 
ical technology vectors were determined for all managerial ability of the farmer, and the farmer's 
important historical technologies on tile two farms. and agronomists' expectations regarding the perfor-
In tie case of Ba~lares, sets of such vectors were mance of the new technology. 
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Relative managerial abil ity is a major fact or caising
dif fertoens between farmers in thl' oultcome on a 
given teclhno logy. if twoour sihubje-cts., lolid ao wasconsistintl1v better manager of rop- ainli otlher 

actLivities. 
 Tiat was eviii fronm the histriol 

activity analys'es for 
 lite aine ciop grown uderilr 
similJar ronditlions, aind from olservat ions of dav-
to-dav behiavior. Th li timatese ofl gii bi,ilni, l a iI -
it \' floimed in tile coiurrs of the stliy, are ul ertive, 
hut are based on a irat fril iassessment of peisinal 

lilirateristics and liltoriala ait vity ail\-ae,,i 
and or' pract'iral oblservat ions l of i i l lineriirt'iilire-. 

l rialThe inut maf i,,ag ility' of the two faimers 
is reflerted iii tir est rmated row tlrclnolo1 yv 

vecrto rs. fere we roiaia -, tie 
 saime t erriol ogv rIns-
planteod iatt on io 

vertos-a wert 


IR16! as I r r)r inlfed Ilandilits 
,est imnated 'elatioin o lo simi ilra inl-

fed parcels in the saomeiegerreixi Irixit ion (lTale I).'lie vectrirs f or lo Iljiho iwdicat, a ilpri iiro aiti 
in that a ionsidlirablI IIgli r vioif (2.9 t/hla o'mrI-
pared with 2-'.4 t/lia Oin te Wi/n,ory rielsa) is 
eat in ted ais ois tainbile fromn si eIwitrlrat righ!er iiiit 
Of Ulea, itiI riwo'r ill au of liabor iaIil an imeal 

Tire eat i n oi inw 'telilh v vtorfs foir givei
farm sitations is a ili I 'ult task, espfecia ll ini 
terms 
i f l hitjuic g int' iio xlriit, a1t ions tif lie 

famrinedi- t' f'tfodI, i'ticril
lii r, the, illupit Ilevels 
that a Lir-ir't" coins idora re iovll l Ii p iven wilt-

lilogy nravm difri subs tartit is ll I fromr tieI evl.-;
recimllni dei dtlliv t'l 
 iiiien ters, p r tl I a oifT';iiisOiif 
resource colnstrt t til s ilt Lia'ndf iotir ilitit ii's, anrf 
partl\' Irt lecase oif thlih' l roi''nsiial refe'ren'ce of tie
fame-irri. lxpe'totd vie lds will diffe[ r a icortir.:l,. 

'Ilie L '5 iasesmiin uto tlii' ternl I ogyir toi
irr ilFar.s I 

il lPO lie, liengerairhs iai Wiw t it.
so 0-is 15 e mlbeco famil

As expel'rit'c is gainm d iiirlicit ng faiite''s expetc--
Lations, more i'ur te 'Vieictor s ('it ie oa iat ed.l 

Not rtrrls per letare, ff ir inill and, t per I ilirrr-hour 

antd pe pes.'i of fits ti- loii 
 i uliut c sts, i rfni ,te,- fitl 

the vet-o[si-s of lft i 
 h , wer' 's ti tied, i igop traidi-

tio1 l I costs llnldretlrnsa niii sis. 


TlllI-.INEAR I'R(ff;RAMIIN(; MOIDEL 

A broad outl i-le of the l ineari pel)trf)txi'rt ii) nodelI used 

in this stulv is given 
 in 'l'eli I., 7. Thie mIodtle I 

expllds i-i ti 
 h n trix if 'liel' 3, antaliiIlors it titliheri tyt oif the i1ff sil tlrtionii " li moli l icriver's 

a yolr of optl it'iont flr ai fti-fi hfalrlrihold unit --

fromt Lhe btgiiltnin; tif wt-tek I4 
 (2 April) to the enduI 

huldixof week 13 (1 April) (A 'i 'abhle, B), tIlt itorimil 
crop Ve ir threiii aeili. 

The vartoils activit it-a at' shown vrosa the- top if 
TaleI, 7. Croip iroduhic'i ire Iforiis fir' f irat t;iis fill jiltr
ci tegory-,, and i tilt' l s i f tImst fll rn-h tatliir lit 
un its it ociup i hoiiiit our-hall Iof the totlI ma trix 

'elli. Thu lita of crip prodclt ion ac'ti vity aiive 

differing i'et melilrts oif tie r sV aIio ri-st, ii ti-t 

'eso rlces; lit-st ris ourciloi-i-s, dt iIuiled n tie t ef 


side of Table 7, include' lind, labtor,* aininrual(carabha 
 ) iit, and! ialh sulply. EIcli is dlef-i itidoi 
a weekly b,'isis. 

The requ ir-m-nt of vach rest rict d resource by a on 
or a given viivitv is expressed bv a coeffUic-i ent,
 

lol Wing t he lhotal ion oI TblIe 1, in tieri(vaIL row vot'[or. Tihis parti'lar "k has a ipOs
live (f) sign in Table 7, denot ig that resources a 

. " a' by h lie r I rVan t arit iv it v. Irlh "init of r ro 
proidlt ion activ i lsoIo ntiibutes viuld io a a ,
hi t, row. Ili s is vii oIlIs- \'tih i landlor-d'.­
;ind harvesters' saliires, as expla ined in tie discos­
sion f Tab!le S. The ,k tforltis yie ld ront rihil-
Lion lii a ilhnegat ive (-) sign in T'able 7, because 
viuld is ,',>nl bo, c/ /. the row. Tli s olmrenclituire 
of posit iVv arid nitgatiV signs for the ,., istollowed for ill artivities in the matrix. The stir.
plus, ah, pori " 

iiit ofi irop lrodli uiin act ivity, is 
zero (Tab!le 7); i~: is because te yiold fromwiih 
iiV surluis vanii1 he tgeiierat eld is passed into tl-i rrop 
baillanice row. 

' con-.il'tion,esl iatvegorv t aol livitivs is tiose i iirc roll 
i'oiliirpi on,on tirl i veit' iivtor belieigildul, riitid for each 
irop conwsuiimed ini the fomtirer 's himre. liese vectst-s 
take qlilill t ies of r''ip ii IoUt tie t topof iel eva 
hLime.balalce rot, ;ini ld litem o ielevint 


Liiinini mi i i w rar;I i sot at 


hu rti irnsuilip­
rioiw;eaiiimum is ai level to

satisfy 
thre iimii mi conumtionii rerpiiireiuta of the 
partitul;ir f ufini ioi iethtld. These i teiis are nrcs­
s-w V I tiiisi all salil riv, fa'ri s 
 gt era lly use a 
ilirge- pri'tioun if tile ain ripr iie for fe dling faiyiv 
iolo)rs ani! a iiilIs. 

Ilie Lhirdi 'cateitrrr- it artiviti' s is tho ,sefor c-'rop
salei's, wioise vvtrLrs ;ilsi tik it -ri opnt if ti 
hlxi!atit, ro-is anthd adll vIl I tiltehIl ue' til Ilevanit 
sulpply row. The silpl-liuIris peir "iii oi if rip salec-s 

rash 

activity' ia i ill ze-o. 

"'li, t'einiii iatt-gorits if artiv ities c-over the 
tge if funciti i i firri [ L i i-in i liaoe -I unit.
 

' 5i'irt,iitit t s i
a r rni vt -Iis dl ciisli to the Lash
Ir' S ill t 1frst0 W Cks where auIt0IIhu;e1li i lits Ire expecteLd.
A lfiorslii :itltil Vittroouehld veo r 

asii rows I fir thritali rli ltill of 


, tLak, froim t ne weekly 
) l t:.lvxit ,nlitur0t
 

'xI't'[ rdf iII 
 t'ih wt-k. loan Vt''ti's serve tio add
 
-'ihs i i rlit- we 
,ks of the' cro 'lvii'Vr,hit t aike­

'ila-hiwayI1\ (oi trop balaite') lit i lit rr stage of the 
y'eir whient i',.;iviitifI . of1 i it, in ipal ani inteel t iredit'. Fni lv liali ril 'llisf lr vti tlsire trXeo[r x lained 

low. 

Sets Of wi-i-k Iwel iliorhii ifg; atitl arai ioiild labor
 
liinrig vect- Ill oi-, rtslpet-tively, foiirhiring units
 
(if llior iiin 
 tie ir own, or in conjtiti oin witlh a work
 
a1in11 , 'r li.These vi-ectoirs idd r nd animal
toi lbl ai time
 
in part iciialir weeks , h t alsri tke aw y from t
 
(lsl row (beciusile payents for these resol-ces lire
 
neelld) in llt sae 
week. Finall vtilh--sllviog vec­
tor. pI'rfiii tlit 
 fict t i ofili t l rall-ffti'n g xtrl 
ca frl we't to succet'dt' , 
ltd villais i iI lis Vttsi'li Itiw taIlowc ilt tl 

o ek hi week duiiniog tie year, 
ifoetld in
 

the profiL-miax imhzinlg corimbitlt ions 
 of activities to 
be seti aside as a surplust. E ch cash stur lus vec or, 
which is defined in one peso (Wll units, - 'has a 

. . .
 
-/'lilt' exchange rate is P7.35 US$1.
to 
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surplus, ck, of 
0-l.00 per unit of cash surplus 
 animal time, and cash. The selection process of
activity. The total of the individual surpluses linear programming chooses the economic optimum com­generated by all cash surplus
tie unit:: of vectors bination of activities in the light of 
farm resource

specified in the 
final solution is the tt.tal surplus, prices determined in the framework of the model.
 o.c, which is maximized in the linear programming
 
proc ss. It is what the farmer earns atjol buying 
 Table 8 illustrates ip more detail 
how the model
all his purchased inputs, including labor and animal 
 accommodates the new technology vector, tr'a[.dln tedtime, during the crop year covered by the model. As IR36 ag j'lt oio,! (/in/,,mt'd-teuan.td, ainfel band,such, the total surplus is a return to management, lP)CitO! b1, Unit:y b/, (jbanti . tleik 27), on thejtP 

land, family labor, and working capital 
tied up in farm of aiare:;.
 
the -arii-hoisehold eilterpriso. 

Table 8 shows how the I-ha unit of this vector linksThis discussion j dicites how the farm miodel allows with the relevant resources. The vector uses 1for the interrelationships between the 
ha 

various acti- of share-tenanted rainfed land from week 25 
throughvities of the farmer, and for the dependence of these 40; each of these requirements appears as a coeffi­activities on the basic farm resources ef land, labor, cient, or Q of +1.0 in the budgeting matrix. The 

Table 6. The new technology vectors for dry seeded 
(DSR), wet seeded (WSR),or transplanted (TPR) IR36 on rainfed
 
l:d. aares and Polido's farms, Iloilo, Philippines.
 

Operations 
 '
 Ba ares _ PolidoDoe[ osWSR 
 TPR DSR WSR TPR 

Fixing the bund 
 34 34 34 
 30 30 
 30
Plowing seed sd 10 16larrowing seedbeid 5 
 9
Sowing setdbtd 1 

'lowing 
 60 90 120 86 

2 
86 110Harrowing 
 25 48 
 70 76 76 80Furadan appl icat ion 
 10 10 
 5 5
Selding 
 18 6 
 18 18


Fertilizer appl ication 1 5 
 5 5 9 
 9
Pull ing and bundling 16
 
140 
 60
Transplanting 
 242 
 133
Hand weeding 1 50 45 45 
 65 65


Fertilizer application 2 5 5 5 
20 

9 9 16Hand 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
Dry ing 
 24 27 29 
 41 44 47
 
Total -----------------
 668 758 1,207 900 
 947 1,129
 

1st plowing, seedbed 
 21-26 
 23-27
1st plowing, main area 17-20 19-23 
 22-27 19-23 
 20-24 24-28
Broadcasting 
 19-22 21-25 
 19-23 22-26
Transplanting 
 24-29 
 23-29
Harvesting 33-36 35-39 
 36-41 33-37 36-40 
 39-43
 

Yatciral int,4ts (kq /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
 

yi lds (kg/ha) 2,000 
 2,200 2,400 2,500 
 2,700 2,900
 
Act rturn 0 per ha 1,311 1,309 1,220 1,437 1,648 
 1,728
 
et rnn to aborC per h 2.58 
 2.48 1.50 
 2.35 2.43 
 2.12 

h'ctur'nn to oavhrz per Y 4.93 3.82 4.45 
 3.63 4.23 
 4.75
 
'Requirement of animal time also for the operations. t
)Onlyfirst and last weeks are given for each set of vectors.
As defined in Tables 1 and 2. Returns "per Y'' are per po¢no of cash spent 
on material inputs.
 

http:mt'd-teuan.td
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vector also uses labor iniweek 23 through 40, and specified as using family labor for harvesting, a
the appropriate (positive) labor coefficients for realistic model of most farmers' situations in the
each week are given. Further detail of how labor Philippines, including that of aiares, must also
is used by this vector for individual farm opera- allow for the 	possible use of outside labor for har­
tions appears in Table 6. The vector also requires vesting. In this latter situation a share of the
carabao time (for plowing and harrowing) in weeks goes such acrop to labor as payment for work in24, 25, and 26, and in weeks 27 and 32. Final ly it harvesting, threshing, and associated activities. 
adda the farmer's share of the crop harvested in 
week 39 to the relevant rice balance row. This Consequently, a separate column vector is incorpo­
farmer's share is two-thirds of the expected yield rated in the Baiares farm model for the new tech­
from the I ha of share-tenanted land, ?iii.t that part nology. This vector, unlike Lhat of Table 8, has noof 'he remaining one-third that is owed to tihe farmer physical requirements of family labor for harvesting
and his family for their part in harvesting the crop. and associated activities because all this work is
It is entered in the matrix as -1.733 t. The balance done by share labor and paid in kind. To account for
in excess of the farmer's share goes to the landlord. such payment in tie model the yield entered in the 

vector against the rice crop balance row is reducedAlthough the new technology vector of Table 8 is accordingly. 

Table 7. Outline of the whole-farm model. 

Crop Crop Crop Other Mluse- Loans Family labor Carabao/ Cash WshI 
produq- consump- sale hold laborearn-	 hiring labor saving surplus

ACTIVITIES, tion' tion (W) ings expen- (W) transfer hire
 
RESOURCES (la), 
 (t) () diture (li/wk) (h/wk) (h/wk) (P/wk) (t/wk)

/-3577 /4_/ /-7/ / 1/ 	 (t)/l/ /13/ /52/ /52/ /52/ /52/ /52/ 

Land (diff. tyRleS) 0 0 0 0 0 0 0 0 0 0 
wkly (ha) /T56/b nk 

Labor (diff. types) +Pink 0 0 0 0 0 +4 - c 0 0
wkly (h) /104/ + 07 -Pmk -Pmk 

Carabao time, wkiy +0nk 0 0 0 0 0 0 0 0 
(W) /52/ 
Cash supply, wkly+1
 
Cash /2 
 +Pmk -Pnk -Pmk +Pmk +Pink 0PikQ-Pk +Pmk 	 +Pnk +Pik 

-Pink 
Credit maxima 0 0 0 0 0 nk 0 0 0 0 0(P) /2/+p 0 0 	 o a 

Htousehold exlenditure 0 0 0 0 +Pmk 0 0 0 0 0 0

min (0) / I/+
 

Other earnings,_ 0 0 0 nk 0 0 0 0 0 0 0
 
maxima (Y) / 1 /
 

Crop balances -Pmk +PNk +Pmk 0 0 0 0 0 0 0 0
 
(t) /7 / 

Consumption minima 0 +Pk 0 0 0 0 0 
 0 0 0 0
 
(t) / 2_/ 

Carabao availability 0 0 0 0 
 0 0 0 0 A 0 0
 
(h) / I / 

Surplus per unit
 
of activity 0 
 0 0 0 0 0 0 0 0 
 0 +ck
 

aThese crop production vectors occupy about half of 
the matrix area 
and account for most of its density.
Figures in round brackets ( ) are units in which the relevant vector is measured. CFigures in square
brackets / / arc numbers of vectors each in the Baiares model,in category 	 including both historical and 
new technology vectors. +pm 	 (-p ) indicates that the input-output coefficients Pnk (Table 3) in this
particular submatrix are positive Inegative), or zero. do indicates that all pnmk are zero. M+Pk-Aik 
indicate that the Pmk are positive, negative.
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Table 8. Resource and constraint 	 linkages of tie new cient to justify any further breakdown, although such 
technology vector transplanted IR36 as first crop on may be necessary in other circumstances. 
share-tenanted rainfeda land harvested by family labor 
(planting week 27). Baares farm, Ijoilo, Philippines. For the Baiares farm family, tie labor hours speci­

fied for each working member are the maxima that 
Resource linkage they each feel they can contribute each week, both 

Resources Weeks per ha of generally anid during school vacations. The persons 
technology concerned do not necessarily work all these hours, 

but can work if required. The relevant numbers of
 
Share-tenanted rinfed land (ha) 25-40 +1 ha hours are entered in the matrix as weekly ma'ima,
 
Family (or hired) (h) +34 and tie labor
labor 	 23 h represent family tonstraint. The 

24 +16 animal hours are specified similarly. 
25 +120 
26 +80 The liquid cisi of P(00 attributed to Bartes in 
27 +387 week 14 is the est imnated amount of cash available 
30 +45 for various plrposes inithe farm householtl at the 
32 +5 beginning of the cropping season. It is treated as 
39 +225 the initial cash sulpily at the beginniiig of the 
40 +295 budgeting year. 

Carabao time (h) 	 24 +15 h Banares' cash supply can be augmented by loans, but 
25 +120 the increase is limited by his Ipersonal decision not 
26 +70 to borrow more tlhan ll0800 from the two forms of credit 

available (Table t). 

Cash supply (F) 	 26 +F94
 
27 +P237 The lousehold expenditure and other earnings in 
32 +Y75 ailares' and Iolido's case are taken to occur evenly

througlout the weeks of the yiar, 	 but that may not 

Palay first crop balance (t) 	 39 -1.733 t b Ie so in all farm sitiuations. 

a The model also incorporates items of essential home 
On share-tenanted land one-third of Lhe crop goes to constmption, which in Bafiares' situation are esti­

the landlord, afte,, Parvesters' share of one-s ::dh mated as 1.14 t of rough rice 
 and 0.24 t of shelled 
has been deducted. Farmers' share (harvesting by corn.
 
family labor) on share-tenanted land = 2/3 (Total
 
yield-harvesters' share of 1/6 of total 
yield) + The figures for P'ol id's budgeting model were
 
harvesters' share = 2/3 (2400 - 1/6 x 2400) + 1/6 x 
 extracted from the details of Table 10. The details
 
2400 = 1.733 t. emphasize Iis sllperior asset position in comparison
 

with Bafares' -- a much larger land area, some of 
which is icri gated aind mitlc of which is fully owned. 

By defining separate vectors tie bitdgeting model Otlter earniltigs, also far greater, are contributed by
allows the use of either family or share labor, or tie members of the fami lv work ing away f rom the farm 
combinations of both. Vectors are defined for both lItseholt. The superior asset position of Polido
 
historical and new crop prodtction tectology. The accounts for his highgnr limit on loans and for the
 
possible use of hired or wage labor within each tech- lower rate 
of interest clharged. 
nology is also provided for, and explains the pres­
once of Jvq;,/ idiA tiv;w'4YP co lum vectors (Table Particulars of all crop production vectors included
 
7). The linear programming process thts selects in the farm model for Mlamerto Bafiares are given in
 
those proportions of hired, family, and share labor 
 Appendix Table A. A similarly wide range of vectors
 
that are et:onomi ca 11lyopt imum accord iig to the con-
 was tons idered for Pol id's.
 
ditions of the molu l.
 

0I, tima ,o ,, th: ,; , Z', /.Is tions 0ri 
'Th? CaC 0Qa' 	 ": 

Some solutions from the linear programming model 
The basic situations of the two case study farmers of Bafares' farm household are given in Table 11. 
are summarized in Tables 9 and 10. The details The optimal solutions cover three separate situa­
explain how the level of constraints is set in the tions: first, where only his,;torical technology
model for eich farm household. vectors are incltided in the model; second, where 

both historical and relevant iew technology vectors 
in the case of Bafistes, 3 distinct tenure categories are included; ant third, where historical and new 
are specified for land in the budgeting ,model; these technology vectors are included, bitt othcap oa12gr. 
are partly owned upland (1.026 ha), share-tenanted are raised from the basic as,'iced level of Mfi8R 
rainfed land (0.338 ha), and fully owned raiifed (Table 9) to 12,0009. The second and third solutions 
land (0.225 ha). These are also the weekly land are described as having [bii to, cash and moe cash. 
constraints limiting the areas of crops that can be The historical and now technology vectors ctnsi­
grown (Table 7). In this instance landscape differ- dered for the whole-farm models of Bafiares are 
ences within each category are considered insuffi- detailed in Appendix Table C. 
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Table 9. Basic farm-household situations. 
 Baisres farm. 
 Iloilo, Philippines.
 

Parcel 1 Parcel 3 Parcel 5 
 Parcel 6 Parcel 7
 

Land
 

Classa 
Landscape 

U 
UP 

R 
P 

R 
PS 

R 
F 

U 
UP 

Texturc 
Tcnure 

Historical crops 

Sa.L 
P 0 

C-C/YB 

Si.L 
S T 

R-M 

Si.L 
F 0 

R-R 

Si.L 
S T 

R-T 

Si.L 
P 0 

C-C/YB 
R-R 

Area (ha) 0.804 0.225 0.225 0.113 0.222 

Total area (ha) 1.589 

Farmn fr i i' ____, r(enecra MILax
hours available/week
G: b 
 Vacations 

Mamerto 
 53 
 53
 
Encarnacion 
 6 
 6

Domingo 
 8 
 48
 
Aquilis 
 16 
 48
 
Terry 
 18 
 18
 

Total 
 I01
Carabao 173
No. Max hours available/week
 
1 48 

Liquid cash, week .74 (estimated) P 600 

a.f-cimwvi orcdit (waiobil"it1 300 from carabao loan (1%/month)
 

500 from loan shark (50%/year, repayable in kind)
 

ilouoch:L.! .'; 'n"turc (1976-77) 2409
 

Othr, rwv ;m (1976-77) 688
 

10meC con:-,mI tion Ton:!
 

(estimated annual) 
Rough rice (for family) 1.14
 
S1helled corn (for animals) 
 0.24
 

= U upland, R = rainfed, 1(.,=irrigated. "UP = unbunded plain, P = plain, S side slope, F = foot slope, P1
platoau, B = bottomiland. Sa.L = Sandy Loam, Si.L = = silty loam, C
owned, St share-tenanted, FO 
clay, Si.C = silty clay. "P0 = partly
= fully owned. "C = corn, YB = yam bean, R = rice, T = tobacco, M = mung bean.
 

The model solution for Bafiares' first situation of crops, again according to the relative prices and
only historical technology vectors 
is similar to the 
 availabilities of the 
basic resources needed. Thus,
actual plan Baiares followed in 1.977-78. That indi- Singapore corn as first crop is specified as using
cates that the simulated decision-making process of the partly owned upland of parcels 1 and 7, bOLhthe specified model closely follows that 
of the 
 in weeks 14-31 (0.555 ha) and in weeks 16-33
former. More confidence can thus be placed in the (0.471 ha). The further splitting of the corn crop
indications of the farm model where new technology into areas grown with and without fertilizer is also
vectors are Also included. 
 In this first situation indicated, but this detail is 
not included in Table
the model selects a combination of family labor and 
 11. The total annual surplus earned in the first
share labor for harvesting the second crop of corn situation is F1,656.

and yam bean. The combination depends the rela­on
tive shadow prices of the two classes of labor at The optimal solution for the second situation (his­the particular times labor is 
required. The solution 
 torical and new technology vectors, limited cash)
indicates a staggered planting of most specified 
 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 

Class 
 U I I I ILandscapeUP F P1, F P F, B P1
Texture" 
 Si.L Sa.L 
 C C 
 Si.C Si.C
Tenured 
 F 0 S T 
 F 0 F 0 F 0 F 0
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 0.1.4 0.713 0.306
 

Total area (ha) 
 3.661
 

FalIn' fcvail Max labor-hours available/week 

ame 
 GeneYai IIR Vacations 

Julian 
 49 
 49
 
Gloria 
 7 
 7
 
Henry 
 8 
 49
 

Total 
 101 
 173
 

Carabao 
 No. Max hours available/week
 

48

Liquid cash, week 14 (estimated) P1060
 

Aaxi.mum credit availability 
 1500 (from Rural Bank, 1%/mo)
 

louseho id epcndliture (1976-77) 4240
 

Other, earnings (1976-77) 2400
 

1omt? cons?ump tion 
 Ton:s
 

(estimated annual)
 
Rough rice (for family) 1.804
 
Shelled corn (for animals) 0.378
 

U = upland, R = rainfed, I = irrigated. bUP = unbunded plain, P = plain, S side slope, F = foot slope, P1=
 
plateau, B bottomland. 'Sa.L = sandy loam, Si.L 
= silty loam, C = clay, Si.C = silty clay. Po = partlyowned, 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 that the partial adoption of new technologies directly
upland parcels 1 and 7, and some 1F36 and improved reflects the 
absence of sufficient cash. Thus, no
minimum cultivation mung bean are indicated for the first crop of IR36 is grown in parcels 3 and 6 becauserainfed parcels 3, 5, and 6. All these new technol- of the technology's relatively high requirement ofogies are expected to give higher yields than their cash to purchase fertilizer cnd pesticide (Table 6).
historical counterparts; 1R36 has other superior Scrutiny of the detailed figures in tie linear pro­characteristics such as good drought resistance, gramming results (Table 12) shows that the shadow
excellent insect and disease resistance, and good price of the cash resource is very high indeed in theeating quality. It is netewormhy that considerable first part of the crop year, when the tight cashareas of historical technologies, expecially Singapore supply (Table 9) is set against a high demand from
corn, IR5, and Kapopoy, are still specified in the all tie possible cropping activities. In these cir­second solution (Table 11). With incorporation of cumstances the extensive cultivation of IR36 as a
the new t,!chnologies, the total surplus in the second first crop would reduce the overall surplus generated
situation rises iroY3,343. by the farnI-household business. Tie historically 
adopted technologies of transplanted IR5 and KapopoyFurther examination of the second solution indicates are more economically optimal because their cash
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Table 11. Optimal solutions from linear programming, Baiiares farm, Iloilo, Philippines. 

IT vectors only lIT NTand vectorsT(limited ca sh_)_ tIT and NT vectors(limited cash) _____ (more cashh)
 

Parcels 1 and 7 Singapore corn, 1st crop I)MR2corn, Ist crop IMH2 corn, 1st cropUpland and FL (14-31 to 1(6-33)K:1.026 ha I. (22-38 to 26-42):0.850 ha FL (22-38 to 26-42):1.026partly owned S. corn/yam bean, 2d crop Singapore corn, 1st 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 
 F.L(41-07 to 44-10):0.567
SL (40-06 to 42-08):0.626 ha DMR2 corn/yam bean, 2d crop SL (41-07 to 44-10):0.334 

FL (41-07 to 44-10):0.556 ha S. corn/yam bean, 2d crop
SL (42-08 to 44-10):0.322 ha FL (40-06 to 41-07):0.135 1
 

S. corn/yam bean , 2d crop 
FL (40-06 to 41-(17):0.148 ha 

Parcels 3 and 6 Kapopoy, TPR 1st crop 185, 1stTPH, crop 1136, TPR, 1st cropRainfed and FL (21-36 to 22-37):0. 318 ha FL (23-40) :0.207 ha FL (22-37):0.050 hashare-tenanted Kapopoy, WSR, 1st crop Kapopoy, T'R, Ist crop 1136, WSR, 1st crop(0.338 ha) FL (17-34):0.020 ha FL (21-36 to 23-39):0.131 ha FL (19-36):0.071 ha
BE3, TPR, 2d crop !136, "f'l'l, 2d crop 1136, DSR, 1st
FL (36-52 to 40-03):0.225 ha FL (40-031):0.)18 ha 

crop 
FL (17-34):0.168 haHung, 3d crop lung min. cult., 2d cr4p Kapopoy, 'I'PI, 1st cropFL (02-10 to 041-12):9.225 ha FL (41-04):0.2107 ha FL (21-36):0.049 ha 

ung, 3d crop [1136, TI'PF, 2d crop
FL (02-10 to (6-14):0.225 ha FL (36-51 to 40-03):0.225 1
 

Hung, 3d crop 
FL (04-12) :0.225 ha 

Parcel 5 Kapopoy, TPR, 1st crop 1R36, DSR, 1st crop 1R36, TPR, 1st crop
Rainfed 
 and FL (22-37 to 24-39) :11.225 ha FL (17-34) :0. 102 ha FL (22-37) :0:11-7 hafully owned BE3, '['PR, 2d crop Kapopoy, TI'R, 1st crop 11136, WSt, 1st crop(0.225 ha) FL (29-02 
to 40-03):0.225 ha FL (21-36):0.123 ha FL (19-36):0.108 ha 
1136, TI'R, 2d crop 1836, TPR, 2d crop 
F.L(36-51 to 38-01):0.225 ha FL (37-52 to 40-03):0.225 h 

Total surplus Y1,656 P3,343 P4,273 
altT = historical technology, NT = new technology. CL imited cash = h, U/,"2i.0 of 11,238, more, Pb cash = othercainwing;n of '2,000. CFL = family labor for harvesting, SL = share labor for harvesting. "Figures in paren­theses are ranges of weeks over which the crop uses the ground. In this particular case, only two lots ofSingapore corn, 1st crop, are specified by the program, viz., 0.555 ha from weeks 14-31 and 0.471 from weeks16-33. The firs; week given is the week of first plowing, aind the last week is the week directly after the weelof harvesting. 'Surplus = gross return I=.? cost of all purchased inputs (material, Iator, and animals). 

Table 12. Shadow prices of major resources in requirements are much less. It is probable thatselected weeks (1 imited cash sit un t ionL). lanares similar conditiols arc widespread among small farmer.farm, Iloilo, Philippines.' with low asset levels, and are one important reason 
for nonadopLtion or only Partial adoption of,
technologies. new
 

S Shado~w prices 
Share-tenanted iThethird optimal solution tests the reaction ofrainfed land" Family labor Cash Baiiares to a s i tuat ion in which other earn ings are(S/) (/ha) (/f) raised to P2,00 during the 12 months of the assess­

ment. As can be seen in TableI11, this solution0 (25) 0 (23) 5.2 (14) greatly changes the selection of crops in all rain­15 (26) 0.86 (24) 5.2 (31) fed parcels, and except for a small area of Kapopoy65 (28) 0.98 (25) 1.(0 (32) in parcels 3 and 6, IR36 is selected whenever rice481 (40) (.38 (42) 1.0 (13) cultivation i.s possible. In parcels 3 and 6, sub­665 (50) 0 (46) stantial dry seeding is stipulated for the first171 ( 8) 1.04 ( 7) crop, with cultivation beginning in week 17; the65 (12) 0.72 (10) 
 balance area wetof the is seeded and transplanted,0 (13) 0 (11) with c'ltivation beginning in weeks 19 and 22. Forthe second crap, only transplanting is stipulated,
but this is staggered over 5 weeks. In parcel 5Figures n parentheses are week numbers of stated
1 some wet seeding (with cultivation from week 19)
prices. Parcels 3 and 6. 
 and some transplanting (with cultivation from week
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22) are prescribed. A transplanted and staggered 
 first crop of the new tec.nology instead of IR5 or

second crop is again denoted. 
 Kapopoy is insignificant (Table 14). Indeed, in­

clusion of this technology to partly replace IR5
 
The surplus in the third situation rises to R4,273, 
 and Kapopoy represents an HIternative solution that
which is P930 more than in the second situation. It would generate almost the same total surplus. 
 Even

should be recailed, however, that the other earnings though dry-seeded IR36 has slightly higher cash

available to supplement the annual cash 
flow wera requirements than either transplanted IR5 or Kapopoy,
raised by P712 (P2,000 less R1,288) between the 
 as specified in the model it 
produces a considerably

second and third situations, so that the nct 1nopeave greatec yield. It also . j some economic advantage

in surplus resulting from a considerably greoter 
 in being harvested earlier, and in thus permitting

usage of cash is only R218. 
 This is a 237 return more flexibility in turnaround time. The option of
 
on extra working capital. and shoult he set against establishing a first crop of dry-seeded IR36 is
 
an interest rate of at leas! 
50Z on lo an: in the ctually chosen in the limited-cash solution for

barrio setting. This rate is a fair estimate of 
the parcel 5 (Table 11), where the 
first crop K, followed
 
opportunity cost for cash. 
 by a second crop of transplanted IR36. Tnis option
 

generates a much higher surplus per hectare than in
An optimal soluftion for 'olido's farn-lhusehold rarcels 3 and 6, where most of the 
second crop area
situatfoa , in which both historical and relevant is mung bean. The option is not 
feasible in the
 
new technology sectors are considered, is presented 
 latter parcels, however, because of the cash limita­
in Table 13. As in aiares' cas,, the optimal Lion.
 
solution where only historical technology vectors
 
are considered is similar to l'olido's actual 
choice
 
of cropping patterns in 1976-77. The solution in
 
Table 13 denotes acceptance of new technologies for
 
mes, of the farm area, notwithstanding the fact 
that Table 13. An optimnl solution from linear programming,

only the actual current cash flow (Table 10) is Polido farm, Iloilo.a
 

taken. There is no 
difficulty in sustaining the more
 
intensive requirod use of cash in this 
case, because
 
Polido has a far 
higher cash flow and asset level. 
 HT and NT vectors
 
The estimated total surplus in this solution is 
 (normal cash - Table 10)
 
Y8,727.
 

Parcel 1 DMlR2 corn, 1st crop

COSTS OF ADOPTING SUIOPTlMAI. TECHNOLOGIES Upland and SL 
(23-28 to 26-41):0.669 ha
 

fully owned FL (23-28 to 26-41):1.178 ha
The extra or marginal opportunity costs of including (1.847 ha) 
 DMR2 corn/yam bean, 2d crop
suboptimal technologies are among the information 
 SL (41-07 to 44-10):0.935 ha

given by the linear program in presenting optimal 
 FL (41-07 to 44-10):0.912 ha
 
solutions. The marginal opportunity cost of the
 
various first crop technologies specified in both Parcel 2 IR36, WSR, 1st crop

the limited-cash and more-cash solutions for 
rainfed Irrigated land and FL (20-35):0.520 ha
 
parcels 3 and 6 of Baiares (Table 11) are presented share-tenanted IR36, WSR, 2d crop

in Table 14. The marginal opportunity costs of some (0-520 ha) 
 FL (28-02):0.050 ha
 
other technologies are also detailed. 
 FL (27-01):0.188 ha
 

IR20, TPR, 2d crop
For those technologies specified as optimal in the 
 SL (38-04):0.282 ha
 
limited-cash situation transplanted iR5 (weeks 
 23-40)
and transplanted Kapopoy (weeks 21-30 and 23-39), 
the Parcels 3 and 4 IR36, WSR, 1st crop

marginal opportuNity costs 
are zero. There is no Irrigated land, SL (22-37):0.069 ha
 
extra cost in introducing these vectors, because they 
 fully owned FL (22-37):0.206 ha
 
are already in the optimal solution. The marginal 
 (0.275 ha) IR20,TPR, 2d crop

opportunity costs under limited cash of 
transplanted 
 FL (39-00):0.275 ha
 
[R36 (weeks 22-37) and wet-seeded IR36 (weeks 19-36),

both of which are optimal new technologies when more Parcels 5 and 6 
 IR28, WSR, ls crop

cash becomes available, are P919 and Y536/ha, how-
 Rainfed land, FL (24-39):0.520 ha
 
evcr. These substantial costs that spring from fully owned 
 IR36, WSR, 1st cropextra costs are only partly offset by hig-er yields. (1.029 ha) SL (21-36):0.509 ha 
Because of the overall shortage of cash, :nclusion IR36, TPR, 2d crop

of 1R36 as a first crop in parcels 3 an! " would 
 FL (38-52):0.164 ha
 
also mean reducing the area of transp lrnLed IR36 
 IR36, WSR, 2d crop

grown as a second crop in parcel 5 (fable 11). The 
 FL (40-04):0.382 ha

much higher marginal opportunity costs of trans-
 SL (40-04):0.483 ha
 
planted as opposed to wet-seeded 1R36 (Table 14) 
 Total surplus P8,727
 
can be ascribed to the large requirement of the
 
former for hired labor to pull, bundle, and trans- AT 
= historical technology, NT = new technology; SL
plant (Table 6). 
 and FL 
= share labor and family labor for harvesting.
 

Figures in parentheses are ranges of weeks over which
On the other hand, the marginal opportunity cost the crop uses the ground. 
WSR = wet-seeded rice,

of including dry-seeded IR36 (weeks 17-34) as a 
 TPR = tra isplanted rice.
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Table 14. Marginal opportunity costs of selected 

technologies. Baiares farm, Iloilo, Philippines.
 

t9ptimal solations for 
Technologies for parcels iT and NT liT and NT 

3 and 6 (rainfed and vectors, vectors, 
share-tenanted, family more cash more cash 
labor for harvesting) (P/ha) (P/ha) 

IR5, TPR, 1st crop
 
Weeks 23-40 , 0 209 


Kapopoy, TPR,1 1st crop 

Weeks 	 21-36" 0 0 

23-39z 0 170 

IR36, 	TPR, 1st crop 

Weeks 2 2 - 37b 919 0 

24-39 898 142 
25-40 972 134 
26-41 1380 146 
27-42 1334 144 

IR36, 	WSR, 1st crop 

Weeks 	1 9 -3 6b 536 0 


20-37 575 53 

21-38 826 210 

22-39 994 316 

23-40 1333 268 


IR36, DSR, 1st crop
 
Weeks 1 7 - 34b Insignificant 0 


18-35 43 3 
19-36 85 26 
20-37 36 71 

aTPR = transplanted rice, WSR = wet-seeded rice. 

bThese are technologies 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 afares, the marginal 

opportunity cost of transplanted IR5 (weeks 23-40) 

is P209 (Table 14), and that of transplanted Kapopoy 

(weeks 23-29) is R170/ha. With the greater cash 
availability in this solution, the various specified 
areas of transplanted IR36 (weeks 17-34), in con-

junction with some transplaated Kapopoy (weeks 21-36), 

generate a higher total surplus than t:he purely his­
torical technologies. 


Table 14 also shows 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 concer-

tration of their demand for harvesting labor in a 

peak labor demand period. The marginal opportunity 

costs of later plantings of dry-seeded I136 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
 

cf technology selection are the shadow prices of
 
key resources. A shadow price is actually a mar­
ginal value proiuct, 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 share-tenanted rainfed land (parcels 3
 
and 6), the shadow price per hectare is zero up
 
to week 25, wlon land is not the limiting factor
 
in production. By week 28 the price has risen to
 
Y65. This is the small increase in surplus which
 
would be genorated 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 P,81 in week 40 and F665 in week 50 be­
cause land addition in these weeks would enable 
more transplanted rice to be cultivated. The in­
crLases 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 higL 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 yam 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 shdow
 
price i';zero.
 

For the whole early part of the cropping year, up
 
to week 31, cash has a very high shadow price of up
 
to P5.20. This implies that the availability of one
 
additional unit of cash can increase the farmer's
 
net cash surplus by Y5.20. (However, the rate of
 
return to additional units of cash declines rapialy,
 
as observed earlier when an additional P712 yielded
 

only an extra Y218.) The sale of the first crop of
 
Singapore corn in week 31 (and of other crops there­
after) enhances the subsequent cash flow and the
 
shadow price declines to P, i.e., additional cash
 
at this stage cannot increase the productive use of
 
the farmer's other resources to raise the net cash
 
surplus.
 

('mpaicon i,:th eon t:;and returns analsis 

It is 	interesting to compare the preceding assess­
ments of the economic advantages of transplanted, 
wet-seeded, and dry-seeded first crops of IR36 
with assessments by traditional costs and returns 
analysis. In the case of Baares, traditional anal­
ysis shows no significant difference in net returns
 
per hectare between dry-seeded and wet-seeded IR36
 
(Table 6), and only a small advantage of these
 
techniques over transplanting, whose higher gross
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returns (due to a higher yield) are more than offset ping patterns. The paper has an explanatory purpose,
by higher labor costs. As indicated previously in but may be useful as a background to subsequent and
the discussion of costs and returns analysis, labot more detailed studies that employ the whole-farm
(and other) inputs are charged at the same overall analytical approach. We believe the basic model 
average rate, irrespective of whether they ire from presented (Table 7) can he applied in a variety of
hired or family sources. In terms of returns per situations throughout the Philippines and elsehere,
labor hour, transplanting gives considerably less provided adequate data to support it are available. 
than the other techniques, as might be expected.
In terms of returns to cash spent on material in- Some fundamental problems of time linear programming 
puts, dry seeding is much superior (Table 6). technique and its use in whole-farm analysis were 

noted. In practical applications, modified forms
These indications from costs and returns analysis of linear programming appear easier to use; they

provide a good overall economic assessment of the have been reviewed by Anderson et a] (1977). In
three cultivation techniques, on the basis of the 
 many cases, relatively simple modifications of the
physical inputs and outputs of Table 6. Dry seeding basic model can be made to achieve a more realistic 
is superior when labor and cash are short; wet portrayal of the problem. Modifications of this

secding approaches it closely in terms of economical nature will be attempted in the present series of

labor usage. As noted earl ier, however, costs and studies, 
 once the ranges of pertinent resource 
returns analysis does not perform aell in more situations have been better established, and the
detailed assessments where careful pricing of inputs historical and new technology vectors better esti­
becomes significant. In the case of Bafiares, where mated. The effects 
of risk on decision making can
the usage of land by the three techniques is similar, be usefully considered through the minimum absolute
such careful pricing is especially pertinent for deviation (or MOTAD) approach. This approich can
labor and working capital in the form of cash. use tie basic data arrangements describcd, together
Thus, because it uses labor in a somewhat earlier with measures of expected variability in performance.
period, dry-seeded [P36 is far superior to wet-seeded Again, the results of sequential decision making canand transplanted IR36 than would appear from costs be well simulated by manipulating time sets of tech­
and returns analysis. Its lesser demand 
 for cash nologies ovailable for use by the farmers, according
is also more advantageous in abso lute terms, because to assumed seasonal weather variations. Different

this input is much more expensive in the early part vectors 
 (as in Table 5) will he feasible in each
 
of the year than the application of average market 
 set of assumed weather conditions.
 
prices would suggest.
 

The whole-farm analysis procedures are regarded as

It is noteworthy, 
 however, that a considerable first major aids in the identification of relevant new
 
crop of transplanted and wet-seeded rice is pre- teclmnologies. They are submitted as methodologies

scribed in the third solution (Table 10), with the that be
shlid used at central research institutes, 
use of labor whose shadow price is lower than would as a means for he!ping research workers to identify

have been if all the area had been transplanted or time technologies most likely to be valuable, and to

wet-seeded. This lower price is attributed 
 to the tailor such technologies to actial farm situations.
 
staggering of labor demand, which occurs 
 where dry Although the modeling processes involved cannot be

seeding is also practiced in earlier weeks, undertaken without good basic data, 
 it is not neces­

sary to have elaborate historical records, and workI. is thus evident that whole-farm analysis is is under wiy to develop a means of farm data collec­
superior in assessing the rel 'ive merits of dif-
 tion througl ciu.'laf;.' nttoemuue.nts. These, in contrast
 
ferent technologies in particular farm situations; 
 with the activity analyses based on detailed histo­
it can also denote useful complementaritie3 between 
 rical records, are statements of farmers' expecta­
such technologies in terms of overall resource tionsuse. about the output and inputs of particular 

crops. They are based on tIme farmers' experience,We beli,. that whole-farm analysis can also give and can be elicited through a few interviews rather
siperior assessments in the mucl, wider regional than from hundreds of daily records. With appro­
comparisons of technologies by exploring the econo- priate adjustments, the activity statements can be

mic impact of technologies in a 
 range of defined used in attempts to measure the impact of new tech­
farm resource situations through empirically col- nologies in situations where no extensive records 
lected data. are available. 

APP]ICATION OF ilEFMOD01E1L The work we report concentrates almost exclusively 
on mathematical modeling techniques, particularly 
on linear programming. We stress that these tech-This paper aims to explain the approach of whole- niques complement the simpler methods of ecoomic

farm analysis through linear programming, and to assessments, notably costs and returns analysis
illustrate the approach briefly in relation to two and other forms of partial budgeting. The simpler
selected farmers with differing asset levels. It techniques will continue to have an important
introduces the concepts of activity analysis and application at the field level where they can be
historical and new technology vectors, which are applied by extension workers to get a simple assess­
basic elements in any mathematical modeling of crop- ment of the economic benefits of a new technology. 
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APPENDIX A: PRICING INPUTS AND OUTPUTS
 

Two situations should be distinguished when is off-farm employment, the opportunity cost of
 
realistic input and output prices are sought for weeding labor is the wage earned in that employ­
farm budgeting purposes: 
 ment. If there is no alternative income earning
 

activity for the family labor, its opportunity

There is an active co, icicia/, market for the farm cost is the valuz placed on a day of leisure, 
inlnt4' or litputs. which may range from zero to a level usually well 

below the wage payable to hired labor during times
This is generally true of inputs like seed, fer-
 of active labor demand. Opportunity costs are
 
tilizer, chemicals, and hired labor. It is also also referred 
 to as ,hadoiw prices. 
true of almost all outputs. Here market prices
 
can be accurately used. 
 Animal time and land are given opportunity cost in
 

a similar manner. Thus the opportunity cost of
There Is no active cornerciaZ market, land for a particular crop over a particular time 
period will be the net return earnable from the

This is usually true of inputs like family labor, best alternative crop grown over the same time
 
domestic animal time, and land. 
 Here prices period.
 
should be secured by using the principle of 
o 'ortunity coat, which is the value or price of For a giver farm where family ]dbor, animal time, 

resource in its best alternative uqc. Thus, and land are more or less fixed in supply, opportu­
if family labor spends I day weeding rice, and a 
 nity costs will mainly vary with changes in demand
 
best alternative use is hilling corn, the oppor- for these 
resources. Such costs will therefore be 
tunity cost of labor in weeding rice is the extra higher at times of high demand, such as the peak 
net return from the increased yield of corn (as a planting season. 
result of hilling). If the alternative to weeding 

Appendix Table A. Prices assumed for marketable
 
outputs and purchased inputs. Budgets for Bafiares
 
and Polido farms, Iloilo, Philippines.
 

Outputs 

Rough rice, per ton 1070 
Corn, 1st 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
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APPENDIX B: 
 A SIMPLE LINEAR PROGRAMMING PROBLEM
 

Consider a farm household with the following 

resources and possible production activities.
 

Resources: Land 
 5 ha

Labor 
 100 hours 


Capital 1 i00
 

Possible production activities: 


Rice 

Corn 


Let the 
resources necessary for cultivation of 1 ha

of rice be I ha of 
land, 20 hours of labor, and P30;
and for corn, 1 ha of land, 30 hours of labor, and 

P20. 

Let the surplus from 1 ha of each production acti-
vity be P100 for rice and P60 for 
corn. 


The problem is to decide tile 
optimal allocation of 

the farmer's restricted resources of 
land, labor,

and capital between 
rice and corn production. (It

is clear that the resource requirements in this 

case preclude the cultivation of rice or corn only 
on 5 ha.) 

This can now be represented in a matrix of the form 
generally used linearin programming: 

Surpluses per

hectare of 
actare of 

activity 100 100 
Restricted 
 Production activities 

resource 

availabilities 
 Rice 
 Corn 


Land 
 5 Ia 1 1 

Labor 100 h 
 20 
 20 

Capital PI00 
 30 
 20 


aone US$ = 7.35. -

Appendix Table B. 


Week 


14 

15 


16 

17
18 


19
20 

21 

22 

23 


24 
26

27 

27 

28 

30 

31 

32 

33 


34 
3536 

37 


38 

39 
40

41 

42 

43 

45 

46 

47 

48 


49
50 


51 

52 


01 

02 

03 


04 

05 

06 

07 

08 

09 


10 


11 

12 

13 


Code of cropping weeks.
 

Actual dates
 

2 - 8 Apr 
9 - 15 Apr 

16 - 22 Apr 
23 - 29 Apr 

30 Apr - 6 May 
7 - 1314 - 20 May 

21 - 27 May 
29 May - 3 Jun 

4 - 10 Jun 

11- 17 Jun 
25 Jun - IJul2un- 8 Jul 

2 - 8 Jul 
9 - 15 Jul 

23 - 29 Jul 
30 Jul - 5 Aug 

6 - 12 Aug 
6 - 19 Aug 

20 - 26 Aug 
27 Aug - 2 Sep3 - 9 Sep 

10 - 16 Sep
 

17 - 23 Sep
 
24 - 30 Sep
1 - 7 Oct
8 - 14 Oct 

15 - 21 Oct
 
22-28 Oct 

29 Oct - 4 Nov 

5 - 11 Nov 
12 - 18 Nov 
19 - 25 Nov 

26 Nov - 2 Dec 

3 - 9 Dec
10 - 16 Dec
 

17 - 23 Dec
 
24 - 31 Dec
 

1 - 7 Jan 
8 - 14 Jan 

15 - 21 Jan 
22 - 28 Jan 

29 Jan - 4 Feb 
5 - 11 Feb 

12 - 18 Feb 
19 - 25 Feb 

26 Feb - 4 Mar 

5 - M1iar 
12 - 18 Mar 
19 - 25 Mar 

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

HISTORICAL TECHNOLOGY VECTORS Weekso NEW TECHNOLOGY VECTORS Weeksc 

1. On upland, partly owned, either family 1. On upland, partly owned, either 
or share labor family or share labor 

Singapore corn, 1st cropb 
Singapore corn, Ist crop, 
without fertilizer 

17-19 

17-19 

DMR2 corn, 1st crop 
DMR2 corn/yamn bean, 2d crop 

23-27 
42-45 

Singapore corn, 2d crop 
Singapore corn, 2d crop, 

45-48 2. On rainfed and share-tenanted land, 
either family or share labor 

without fertilizer 
Corn/yam bean, 2d crop, 
without fertilicer 

Mung, 3d crop, without fertilizer 

45-48 

44-46 
52-02 

TPR, IR36, 1st crop 
WSR, IR36, 1st crop 
DSR, IR36, 1st crop 

24-29 

21-25 
19-22 

2. On rainfed and share-tenanted land, either 
family or share labor 

TPR, IR36, 2d crop
WSk, IR36, 2d crop 
Mung, minimum tillage, 2d crop 

38-42 
37-40 

38-42 

TPR, Camaros, 

TPR, IR5, 1st 

ist crop 

crop 
25-37 

25-37 

TPR, IR36, 1st crop/ratoon 
TPR, IR36, ist crop/ratoon per cowpea 

24-29 
24-47 

TPR, BE3, 1st 
TPR, Kapopoy, 

crop 
Ist crop 

25-37 
24-37 

3. On rainfed and fully owned upland, 
either family or share labor 

WSR, Kapopoy, ist crop 19-30 
TPR, BE3, 2d crop 34-42 TPR, IR36, Ist crop 24-29 

3. On rainfed and fully owned upland, 
either family or shm'e labor 

TPR, IR36, 1st crop 
DSR, IR36, 1st crop 
TPR, IR36, 2d crop 

21-25 
19-22 
38-42 

TPR, Camaros, 1st crop 
TPR, IR5, ist crop 
TPR, BE3, 1st crop 

TPR, Kapopoy, 1st crop 

25-37 
25.-37 
25-37 

24-37 

WSR, IR36, 2d crop 
Mung, minimum tillage, 2d crop 
TPR, IR36, 1st crop/ratoon 
TPR, IR36, 1st crop/ratoon per cowpea 

37-40 
38-42 
24-29 
24-47 

WSR, Kapopoy, ist crop 19-30 
TPR, BE3, 2d crop 34-42 

Fertilizerci applied unless otherwise indicated. Each crop entry has a 3et of vectors (see Table 5 for an

example). Figures show range of planting weeks covered by set of vectors.
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