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ABSTRACT
STRATEGIES FOR INCREASING FOOD PRODUCTION AND

INCOME ON SMALL UPLAND FARMS IN LAMPUNG,
INDONESIA--A LINEAR PROGRAMMING ANALYSIS

By

Uben Parhusip

The major purpose of this study was to analyze
empirically the effects of the adoption of the new tech-
nology on the traditional cropping system on the small
upland farms in the transmigration areas of Lampung, Indo-
nesia. The analysis emphasized the changes in key farm
variables of farm income, crop enterprise combinations,
resource use and productivity. Also estimates were made
of the price elasticities of the normative supply functions
of the major food crops of rice, corn, and cassava.

The survey method was used to collect empirical
data from a number of sample farms in the transmigration
areas of Lampung where upland farming for food crop pro-
duction is the main agricultural activity. For the selec-
tion of the sample farms a two stage sampling method was
used. The first stage identified four villages to repre-
sent Lampung province. The second stage involved random
sampling of farms in each village. Tatakarya Village,

Adiluih and Bulusari Villages, and Pugung Raharja Village
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were selected to represent the North, Central, and South
of Lampung respectively.

A static linear programming model, designed to maxi-
mize the gross margin subject to meeting minimum food crop
consumption requirements of the farming household, was the
computational tool in this farm planning analysis. Variable
price programming was used to generate data for normative
supply functions of the three major food crops. Then regres-
sion analysis was used to estimate the price elasticities
of the normative supply of these major food crops.

The study suggests that in 1979 only one of the
three regions has much possibility to increase food pro-
duction and farm income. This is in North Lampung. The
results of the analysis show that there is little potential
to increase farm income and food production through the
adoption of currently available new technology for the
representative farms in Central and South Lampung. Most of
the currently available new technology apparently has been
adopted. 1In North Lampung some potential appears to remain
for further adoption of currently available new technology,
in this relatively newly settled transmigration area.

For Central and South Lampung the major efforts to
increase food production and farm income could be the devel-
opment of research to produce new highly profitable inputs
or import them from the other areas with testing at the
farm level. Examples of such new inputs include new seeds,

fertilizers, insecticides, new cultural practices, and
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mixed cropping for the small farmers. Also needed is the
training of the farmers for the use of these new inputs, and
farmers' organizations for the distribution of these new
inputs and for mérketing the products. The efforts such

as of Tani Makmur Project in this regard need to be con-
tinued and expanded.

The analysis also shows that there is a compara-
tive advantage in producing specific crops with specific
cropping patterns in each region. North Lampung has a com-
parative advantage in producing cassava and upland rice with
the cropping pattern: corn + upland rice # cassava. Central
Lampung has a comparative advantage in producing rice and
cassava with cropping patterns consisting of crop mixtures:
corn - soybeans + cassava, and corn + upland rice # cassava.
South Lampung has a comparative advantage in producing soy-
beans with cropping patterns: upland rice - soybeans, upland
rice + corn - soybeans, and triple crops of soybeans.

Labor is particularly limiting during land prepara-
tion and weeding seasons in North Lampung. The increase in
the availability of labor in these peak seasons could signi-
ficantly increase farm income and output. Hired labor is
very small during these peak seasons which may be due to the
absence of landless farmers in the study area. 1In general
operating capital was not a limiting factor for the repre-
sentative farmers, most of whom practiced mixed cropping.
But medium to long term credit may be needed for investment

in the additional sources of power (e.g., cows and other
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sources of power) to reduce the labor constraints in the
peak seasons.

The products of the variable price programming anal-
ysié were the step normative supply functions for rice,
corn, and cassava under traditional and new technologies.
These step supply functions were then transformed into the
continuous supply functions by means of regression analysis.
From these continuous supply functions then, price elas-
ticities were calculated for these three major food crops.
For specific use for policy makers these elasticity coef-
ficients were converted into absolute changes in output
response to a 1 percent change in prices.

All the supply functions of the three major crops
were inelastic in the price range from existing levels to
somewhat higher levels. Under the new technology the sup-
ply curves of the three crops shift upward to the right
indicating that the new technology would increase produc-
tion of rice, corn, and cassava at all price levels in the
study area.

The price elasticities for cassava and corn are
higher under the new technology than under the traditional
technology. In all cases the price elasticity of cassava
is the highest and price increases for cassava are the
most effective means to increase both cassava production

and farm income compared with the other two crops.
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CHAPTER I

INTRODUCTION

1.1 The Problem and Its Setting

Indonesia has an area of about 2,027,000 square
kilometers covering about 13,000 islands, of which about
2,000 are inhabited. The major islands are Sumatra, Java,
Sulawesi, Kalimantan and Irian Jaya. Lampung is located
in the south part of Sumatra. See map in Appendix A. For
the purpose of agricultural statistics, the country is
divided into (a) Java and Madura and (b) Outer Java Islands
(FAO/UNDP, 1976). 1Indonesia to a great extent relies on
the agricultural sector. For 1978 the agricultural sector's
contribution to the Gross Domestic Product accounted for
31.1 percent compared with 17.8 percent for mining, manu-
facturing 9.3 percent, trade and financial intermediaries
and other services 31.4 percent (Central Bureau of Statis-
tics, Indonesia, 1979). It is also estimated that about
75 percent of the total population is directly dependent
on the agricultural sector for their livelihood. About
61.5 percent of the total labor force engages in agricul-

tural activities. This sector is expected to supply food,



raw materials, labor, and capital to the other sectors of
the economy.

The performance of agricultural sector has not kept
pacé with the gfowing population of Indonesia, even though
the program for increasing food production, especially rice
was initiated a long time ago. For example, in 1977/78
Indonesia imported about 3.3 million tons of food grain
consisting of 2.3 million tons of rice and 1.0 million tons
of wheat (Glassburner, 1978; World Bank, 1979). Even assum-
ing an expanded government investment in the food crop sub-
sector, improved technology, efficiently operating services
and marketing management, and a growth rate of production
at an average 3.5 percent per annum, with demand increasing
at a rate of 5.0 percent per annum (Timmer, 1974; Parhusip,
1976), it is likely that Indonesia will continue to face a
basic food deficit, i.e., rice. It is projected that the
rice deficit could be between 2.0 and 3.0 million tons in
1990 (World Bank, 1979).

The problem of increasing food production in Indo-
nesia is also aggravated by the concentration of population
on the island of Java. Table 1.1 shows the detail of popu-
lation distribution by provinces. As can be seen from the
table, for 1976, the population of Indonesia consisted of
130.7 million people of which 82 million people or 65.3
percent live in Java, an island with only 7 percent of the

total area of Indonesia.



Table l.1l.--Areas and Population of Indonesia by Province

for 1976.

Total Area .

opalation

Sg. Km. Percent

l. D.K.I. Jakarta 590 0.03 4925
2. West Java 46300 2.43 23849
3. Central Java 34206 1.80 23675
4. D.I. Jogyakarta 3169 0.17 2637
5. East Java 47922 2.52 27079
JAVA & MADURA 132187 6.95 82166
6. D.I. Aceh 55932 2.91 2299
7. N. Sumatra 70787 3.72 7347
8. W. Sumatra 49778 2.61 3077
9. Riau 94652 4.96 3070
10. Jambi 44924 2.36 1746
11. S. Sumatra 103688 5.44 3847
12. Bengkulu 21168 1.11 625
13. Lampung 33307 1.75 3452
SUMATRA 473606 24 .86 22480
14. W. Kalimantan 146760 7.70 2136
15. C. Kalimantan 152600 8.01 834
16. S. Kalimantan 37660 1.98 1872
17. E. Kalimantan 202440 10.63 929
KALIMANTAN 539460 28.32 5773
18. N. Sulawesi 19023 1.00 1931
19. C. Sulawesi 69726 3.66 1047
20. S. Sulawesi 72781 3.82 5729
21. SE. Sulawesi 27686 1.45 798
SULAWESI 189216 9.93 9057



Table 1l.1.--Continued.

Total Area .

Province ?2ggla§;g?

Sq. Km. Percent us

22. Bali 5561 - 0.30 2333
23. W. Nusatenggara 20177 1.06 2474
24. E. Nusatenggara 47876 2.51 2496
25. Maluku 74505 3.91 1309
26. Irian Jaya 421981 22.16 1042
INDONESIA 1904569 100.00 130766

Source: Central Bureau of Statistics, Jakarta,
Indonesia.



Lampung province, the south part of Sumatra island
has a population of 3.5 million people or 2.5 percent of
the total population of Indonesia. Of the land area culti-
vatéd in Java (46.7 percent of the total area) more than 70
percent of the farms had less than one hectare. The average
family size on all farms was five. The land area cultivated
in Lampung is only about 24.7 percent of the total area
(Central Bureau of Statistics, 1979). On the outer islands
there are vast areas of land potentially available for
increasing food production. 1In Lampung itself there are
2.0 million hectares of such land (Bogor Soil Research
Institute, 1971).

The problem of population distribution has been
partly tackled by the transmigration program from Java to
outer islands. Thus these programs have the dual strate-
gies of easing Java's population pressure and also develop-
ing the outer islands. The intended impact is to increase
food production, increase income per capita, create employ-
ment opportunities and create new economic growth centers
outside Java which are intended to attract new migrants.

Lampung province has great potential both for
increasing food production and as a transmigration program
recipient. Lampung has been the major recipient of the
transmigration in terms of the number of families for the
period of 1969/70 through 1974/75. This is primarily due
to its strategic location which is very close to Java, only

one half hour by air or two hours by bus plus four hours



by ferry. It also has relatively good transportation and
communication facilities compared to the other regions of
the outer islands.

Another;significant constraint on the development
of agriculture is the low level of farm investment. The
result is that land and labor continue to be the main
inputs in food production, especially for upland crops in
Lampung. The use of purchased inputs such as fertilizers
and pesticides/insecticides are extremely low, especially
in upland farming. The tools used in farming are mostly
hoes and ploughs. The low level of production technology
has been cited as one of the causes of poor performance of
agricultural sector. Low productivity in Lampung province
can be also attributed to the lack of the price incentive,
insufficient resource base including lack of capital or
credit, managerial know-how, shortage of labor and low
land fertility.

In Lampung the increase in food production is mostly
due to increases in areas of lowland and upland cultivated.
The following table shows the area expansion of upland and
lowland for food crop production during the period of 1969-
1976. From the table we can see that, during that period,
the total acreage increase was 30,000 ha and 90,000 ha or
the rate of 5.6 percent and 7.5 percent per annum for low-
land and upland respectively.

In terms of acreage, upland contributed about 72

percent of the total area cultivated for food production.



Table 1.2.--Acreage Expansion of Lowland and Upland in
Lampung for the Period of 1969-1976.

Annual Change Annual Change

vear  Ieyland Uelan

ha % ha %
1969 65,793 - - 150,000 - -
1970 71,282 5,489 8.34 168,188 18,188 12.13
1971 77,836 6,554 9.19 198,877 30,689 18.25
1972 83,431 5,595 7.19 220,955 22,070 11.10
1973 90,791 7.360 8.82 227,014 6,059 2.74
1974 89,843 -3,703 -4.08 233,044 6,030 2.66
1975 89,843 2,755 3.16 227,103 -5,941 -2.55
1976 95,792 5,949 6.62 240,900 13,797 6.08
Average
Annual 4,300 5.5 12,965 5.5
Change

Source: Dinas Pertanian Rakyat Lampung: Repelita III
Subsector Pertanian Tanaman Pangan Propinsi Lampung 1979/80-
1983/84.



This is due to the well distributed rainfall during the
year, and a very short dry season which is suitable for a
year around upland cropping system (Kongres Agronomi,

Jakarta, 1977)..

1.2 Theory of Agricultural Development

A background framework of theory of agricultural
development will help place the results of this study in
perspective. Schultz (1964) viewed that peasants, in tra-
ditional agricultural systems, were rational, efficient
resource allocators. They remain poor, because they had
limited technical and economic opportunities to which they
could respond. 1In this theory the agricultural transforma-
tion requires investment in producing and introducing the
new higher productivity agricultural inputs, such as high
yielding seed varieties, and chemical fertilizers. This
theory is incomplete since it treats technical change as
exogenous to the economic system. Ruttan and Hayami (1971)
augment agricultural development theory with an "Induced
Development Model" which treats technical change as endo-
genous to the development process in which both the private
and public sectors are responsive to the relative price of
factors. For example the mechanical technology is induced
to be developed where there is labor scarcity (high cost
labor) and biological technology is induced to be developed

where land is a scarce resource (has high cost).



Competitive conditions are assumed with profit maximizing

behavior by farmers.

To achieve a sizeable increase in agricultural pro-
duciion and proauctivity through the introduction of the
new technology, "development services" or "unconventional
inputs" such as agricultural research, education, and
extension are required that broaden the range of alternative
production possibilities available to the farm operators.
New information which strengthens their capacity to make and
execute decisions on the basis of more adequate knowledge
of productive agricultural technology is of particular
importance (Johnson, B. F. and Mellor, J. W., 1961).

In Lampung currently in the dryland farming, the
status of agricultural transformation is uncertain. Two
hypotheses are proposed here that may reflect the status of
agricultural transformation in Lampung as follows:
Hypothesis 1l: That the traditional agricultural technology

brought over from Java has reached its
equilibrium.

Hypothesis 2: That a certain amount of new technology has
been adopted by the farmers. Subhypotheses
here are: (a) that whatever new technology
has become available it has already been
incorporated and new equilibrium has been
reached; and (b) that there remains signifi-

cant opportunity for greater use of the



10

currently available new technology for increas-
ing food production and farm income.

To explore these hypotheses the study was conducted
in various regiéns of Lampung where transmigration is con-
centrated and the upland farming system for food crop pro-
duction is the main agricultural activity. Lampung is
divided into three Regional Development Areas (North,
Central, and South) based on population density and
administrative regions, and perhaps agroclimatic condi-
tions (BAPEPPDA Lampung, 1979). See the map of Lampung
province in Appendix A.

The Third Indonesian Five Year Plan states that
large scale mechanized public or private farms should also
be encouraged outside Java to increase food production
through the opening of new land. These large scale farms
make extensive use of machinery and other modern inputs such
as improved seeds, fertilizers, insecticides, herbicides,
and better management. Examples of such farms are P.T.
Mitsugoro, P.T. Daya Itoh, and P.T. Pago in Lampung pro-
vince. These three farms have demonstrated the possibil-
ities of turning alang2 land (Imperata cylindrica, which
due to this tenacious grass before was considered as waste
land) into productive ground. Food crops grown include
corn, upland rice, and cassava. The yields were more than
double that obtained on local traditional farms (Tsurumi,
1977) . But in this study, these large scale highly mech-

anized farms are excluded and attention was given only to
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to the traditional and transitional small scale (subsis-
tence) farms. This is not to say that the large scale
mechanized farm is unimportant, but our emphasis here is
to étudy those émall scale subsistence farms. We assumed
that the development of small scale farms in Indonesia
will be the right strategy for increasing food production
and income of millions of small farmers. This approach is
supported by R. D. Stevens (1977) whose arguments can be
summarized as follows:

1. Increasing food production on small farms is a
primary route for improving national income dis-
tribution.

2. In rural areas where unemployment is endemic and
sufficient off-farm employment opportunities are
unlikely available in the coming decade, due to a
combination of rapid population growth and low rates
of growth in employment in the service and particu-
larly in the industrial sectors of developing
nations.

3. The rising of food prices and global food scarcities
has drawn attention to role of small farmers might
play in food production.

4. Increasing energy costs for agricultural produc-
tion, contributed sharply by recent sharp rises in
petro prices and subsequent increases in the cost

of nitrogen fertilizers.
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Robert S. McNamara (1972), President of the World
Bank, also registered concern about progress on small farms
when he states "without rapid progress in small holder
agriculture thrdughout the developing world, there is little
hope of achieving long term stable economic growth or sig-
nificantly reducing the level of absolute poverty."
Fred Winch (1976) conducted research in Northern Ghana on
costs and returns of six alternative rice production systems
based on farm size and source of power for land preparation,
and concluded that the small farm (3.9 acres) labor inten-
sive approach produced substantial output and income to
farmers and generated economic profits. This implied that,
in a strategy to increase rice production and farm income,
emphasis should be given to the development of small farms.

These authorities have indicated that the solution
to the national problems of food supply, income growth, and
employment depends on the increasing productivity and
creating new job opportunities among the vast number of
small farmers throughout the developing nations.

Korea is the example of a success in developing its
agriculture through the development of small farms under a
noncommunist system as a strategy to increase food produc-

tion and improve the welfare of the rural population.1

1See Workshop on the Development Strategies for
Small Farmers, National Agricultural Economics Research
Institutes, Ministry of Agriculture and Fisheries, Republic
of Korea, 1974.
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The development of small scale farms is also con-
sistent with the food policy in Indonesia, i.e., increasing
per capita food consumption to improve nutritional standards,
espécially amoné the poorest groups of the society, and
improvement of productivity of small farms in order to
increase their incomes. At present, the new technology for
increasing food production is chiefly offered through
"BIMAS" (Mass guidance for increasing food production)
for lowland rice. Less attention is given to the develop-
ment of upland crops. Programs aimed at investigating
upland cropping patterns are rarely applied in the outer
islands. But in Lampung this cropping system research has
been conducted by the two separate agencies: The "Tani
Makmur Project" and the Central Research Institute for
Agriculture (CRIA), which are operating independently. The
Central Research Institute for Agriculture received tech-
nical assistance from the International Rice Research Insti-
tute (IRRI) and the Tank Makmur Project received technical
assistance through Japanese bilateral foreign assistance
and guidance from the Directorate General of Food Crops in
the Ministry of Agriculture. 1In general, CRIA cropping
system experiments feature higher level of cropping inten-
sity than the Tani Makmur Project system, but the CRIA sys-
tem has not yet been extensively tested in the farmer's
fields, as has the Tani Makmur system. The Tani Makmur
Project also enhances the farm organizations' ability to

cope with the introduction of the new technology,
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especially by farmer's training, distribution of agricul-
tural inputs, and introduction of revolving funds. For

the purpose of this study the Tani Makmur Cropping system
expériment outpﬁt is more relevant than the CRIA as a source
of data, since we are focusing on an analysis of the

farmers' cropping activities.

1.3 Objectives
The primary aim of this study is to analyze the
effects of the new technology on food production, resource
use, productivity, and income of small farmers on the dry
upland farming systems in Lampung. The specific objectives
are:

1. To develop a comprehensive description of the crop-
ping systems presently used on upland farms in the
study area.

2. To identify and analyze the technological poten-
tials presently available to increase food produc-
tion and farm income, by studying the effects of new
technology on cropping patterns, resource use and
productivity, the use of new inputs, and on farm
income.

3. To identify the major constraints facing small
farmers in increasing food production and their
income.

4. To derive the normative supply functions of major

food crops, i.e., rice, corn, and cassava; and to
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estimate their price elasticities of supply of

these major crops.

5. To deriye from the result of the study some possible
implicafions for development policies and strategies
for increasing food production and income of small
upland farmers in Lampung.

To ;chieve the above objectives various analytical
tools are available: (1) linear programming in its multi-
faceted forms; (2) budgeting; (3) aggregate time series data
analysis; (4) marginal analysis; and (5) simulation. These
techniques are not necessarily exclusive, but each can be
combined with one or more of the others. 1In general, the

choice of analytical technique depends, most importantly,

upon the availability of data and the purpose of the study.

1.4 The Research Approach

Previous studies ih Indonesia were conducted by
McCarl (1978) who used a combination of linear programming
and budgeting in studying the prospects of food production
in Indonesia employing secondary data. Dibyo Prabowo (1977)
conducted research in the Solo river basin (Central Java)
using linear programming approach to determine the agri-
cultural production activities to which farmers should
allocate their scarce resources of land, labor, capital,
and water so as to maximize net returns to the limited
resources. He also determined how resource use and pro-

duction are affected when certain constraints are relaxed.



16

The study shows that the irrigated farm has the highest
potential for increasing farmers' income and unirrigated
farm has the lowest potential for increasing small farm
income. |

These linear programming studies have been carried
out in Lampung. Sultoni Arifin (1978) examined the effect
of village labour resource on the feasibility of new crop-
ping system in Central Lampung, by the use of linear pro-
gramming approach. Rusdian Lubis (1978) examined the impact
of cropping system on production, employment and income in
resource management of upland areas in Central Lampung.
Nurzaman Bachtiar (1978), examined the cash liquidity in
adoption of the new cropping system in Central Lampung by
using linear programming approach. All of these studies
that have been conducted in Central Lampung used data from
multiple cropping experimental plots of 1,000 square meters
in one village (Bandarjaya) conducted by Central Research
Institute for Agriculture in 1976/77. There is no clear
way of how to adjust the data example of yields from the
experimental plots to the real farm conditions (physically,
economically, institutionally, etc.) on the small farm in
Lampung. Wardhani (1976) used linear programming approach
to examine various constraints for food production in the
settlement areas of Lampung with the use of secondary data
from various government agencies which most frequently are
unreliable in developing countries, so that the results

of the analysis may be questionable.
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Linear programming approach as an analytical tool
has proved to be useful in the analysis of the small
farmer's behavior in Indonesia as indicated by these
studies. Other;approaches could have been followed.
Linear programming was selected because standardized tech-
nique have been developed and it is to somewhat easier to
apply than certain other methods such as simulation. The
major problem has been data sources and quality. In this
study, primary data were collected through survey methods
in the areas where new technology has been introduced by
"BIMAS" and/or "TANI MAKMUR PROJECT" to the small upland
farms in Lampung province. The data provided estimates
of relevant parameters under new and traditional technolo-

gies on the representative operating farms.

1.3.1 The Analytical Framework

To achieve the above objectives, the linear program-
ming tool was chosen. Linear programming is highly suitable
for analyzing farm adjustment problems and estimating supply
functions in the approach of previous environment where no
time series data exist. A static linear programming model
of the "representative farm" in the study area will be used
to obtain the optimum farm plan under traditional tech-
nology and existing resource constraints as a base for com-
parison. And then new activities, constraints, production
coefficients reflecting the use of the new technology with

modern inputs under farmers' conditions were introduced
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into the model to find the optimal plan with new tech-
nology. A comparative analysis of these farm plans was
used to indicate the direct change in farm income, resource
productivity, aﬁd cropping patterns that could result from
full introduction of the new technology into the existing
farming system.

Static, normative supply curves of the major food
crops under both technologies were derived by means of
variable price (parametric) programming. Regression analy-
sis was used to estimate the price elasticities of supply
of the major food crops.

It has been recognized that production and con-
sumption considerations are both important for small farm-
firms, so an attempt has to be made at integrating the two
decisions into a single methodological framework. Endo-
genous determination of consumption activities in linear
programming allows the staple food to be grown for home
consumption or for sale in the market. For example, the
minimum level of rice consumption must be supplied from
production or purchases. The use of linear programming as
a computational tool in farm planning exercises is based on
the hypothesis that peasant farmers tend to behave in ways
which optimize their objective(s) given the constraints
within which they operate.

Risk factors are an important consideration in
smallholder decision making. Therefore some method of

incorporating risk factors into the linear programming
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framework is needed. A number of approaches have been
developed to take into account risk factors in linear pro-
gramming models (McCarl, 1978; Andrew, 1976; Kennedy and
Francisco, 1974f, but there is yet no clear guidance for
choosing the best method. Also, data such as time series
on yield, prices, and, production costs, needed to measure
income variability may not be available. These data are
required for the application of Quadratic Programming tech-
niques to peasant farmer behavior under uncertainty. It is
likely that peasant farmers are concerned about achieving

a minimum level of production with certainty rather than
minimizing income variance (Sow, 1974). 1In this study risk
factors will only be incorporated in the analysis as con-
sumption constraints for the major food crops.

The general procedure to achieve the objectives
involves (Low, 1974): (i) survey the specific areas in the
three major development regions of Lampung using sample
farm data to define representative farm resource situations
and various alternative production possibilities in each
region; (ii) construct and structure the framework for the
linear programming model by determining the technical coef-
ficients, the operational constraints, activities or pro-
cesses based upon the sample data, (iii) program the repre-
sentative farm in order to carry out objectives 2, 3; and
(iv) derive policy implications from the results of the
analysis for development policies and strategies to increase

farm income and food production.
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1.3.2 Some Advantages and
Limitations of Linear
Programming Approach

The main advantages of the linear programming tech-
nique is that it can encompass in the analysis several com-
modities as farm activities, seasonal labor, land constraints,
more than one production technique, land-capital substitu-
tion, and choice among several farm activities which are
subject to different economic, resource and behavioral con-
straints (Mudahar, 1974). Thus linear programming can be
used to provide a more adequate analytical description of
the whole-farm situation than other commonly used compu-
tational techniques for farm planning. Another advantage
of the linear programming technique is that it allows the
determination of certain important economic measures of
optimal plan. For example, it is possible to say how stable
the optimal solution is, measured in terms of the changes
in the net revenue of the enterprise needed to bring about
a change in the level of activities in the optimal solution.
The productivity of each farm resource can be assessed and
the importance of the various planning constraints can be
evaluated.

A limitation of linear programming is that some of
its assumptions may be unrealistic. For example, tradi-
tionally in linear programming we assume that there is no
farmer's enterprise preferences, they have perfect knowledge
of various alternatives, there is no scale of economies in

the processes, and risk and uncertainty do not enter
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decision making. We also assume that farmers adjust to the
optimal solution instantaneously, i.e., without a lag.
Upton has discussed and provided an excellent summary of
some of the metﬁodological problems that comprise the most
important limitations to the application of the linear pro-

gramming method to subsistence farms (Upton, 1974).

1.3.3 Sources of Data

For developing a farm plan by linear programming,
data are typically needed on the production alternatives on
the farm, the technical coefficients of production, prices
of inputs and outputs at the farm level, and resources that
are available on the farm. Data can be obtained from
secondary or primary sources. Consideration of the rele-
vance and reliability of the data on one hand, and time and
funds/resources available on the other hand will determine
the balance between the two sources. The use of secondary
data sources are cheap, but the data available may not pro-
vide reliable estimates of the parameters of the population
being studied. 1In developing countries it is common that
data from secondary sources are frequently unreliable.
Official sources may not have the data needed or the avail-
able data may be inaccurate. So the collection of the
primary data from the field is the common need for social
science research in developing countries. The empirical

analysis in this study will draw mostly from primary data
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sources, by interviewing a number of sample farmers in the
study area.
1.3.4 Sampling Method and
' the Sample Size
Sampling Method

Lampung province is administratively divided into
three Kabupatens (equivalent to the county level), i.e.,
South, Central, and North Lampung. Each Kabupaten is then
subdivided into many Kecamatans (equivalent to the township
level). South Lampung consists of twenty-four Kecamatans,
Central Lampung with twenty-three Kecamatans, and North
Lampung with twenty-four Kecamatans. Each Kecamatan again
is divided into many villages.

In terms of population density South Lampung is the
most populated area (150-200 persons per square kilometer),
next is Central Lampung (100-150 persons per square kilom-
eter), and the least populated is North Lampung with less
than fifty persons per square kilometer. The administrative
regions are overlapped with the Development Regions as
mentioned earlier. We believe that variation in population
density is closely related to the length of time the area
has been settled, and may be due to the variation in natural
conditions, and infrastructure facilities, and consequently
to the variation in cropping system and the kinds and the
number of crops grown in each region. The Japanese Survey

Mission for Agricultural Development in Lampung (1972)



23

concluded that each of the three Kabupatens has its own
characteristics. In terms of the cropping ratio of food
crops and cash crops (perennial), South Lampung tends to
casﬁ crops rathér than food crops, whereas Central Lampung
points mostly to food crop production and North Lampung
standing midway between the two areas. Production of the
major food crops by subregion (Kecamatan) in each region
(Kabupaten) can be seen in Appendix B.

These heterogenous conditions of the areas in
Lampung province in terms of population densities, length
of settlement, cropping patterns and number of crops grown
led us to the use of a two stage sampling method. The first
stage involves purposive sampling up to the village level
and the second stage involves simple random sampling at the
Vvillage level (Friedrich, 1977). By using stratification
by region then every region (Kabupaten) was represented
in this study.

After two days of observations with extension per-
sSonnel and local official of the three Kabupatens and after
in-depth discussion we came to the following conclusion.
We should select village by the purposive method to be
Xxepresentative of Lampung province as follows: South region
of Lampung represented by Pugung Raharja village; Central
region of Lampung represented by Adiluih and Bulusari vil-

lages; North region of Lampung represented by Tatakarya
village. Since Central Lampung is more diversified in terms

of crop and cropping pattern, two villages were selected
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to represent this region. The selection of these four vil-
lages was made after discussion with each village head and
with "Mantri Pertanian Kecamatan" (extension worker at the
towﬁship level); The villages that have been selected were
judged to be typical of the area they represented in
important attributes which influence the cropping patterns.
From each village selected, random sampling was used to

select the representative farmers.

Sample Size

The sampling frame was drawn from the list of all
farm cultivators in each village which is available in the
village office.

Statistical theory can help us determine the sample
sSize for a particular survey in a universe provided we
Specify the variance of the variable and the degree of
accuracy of the estimates we want to derive (Yang, 1965).
This system will work well for problems where only one
Variable is handled. However in this study we dealt with
Several important variables such as labor utilization for
different enterprises, prices received, wage rates of
hired labor, etc. These make it impossible to apply formal
statistical procedure and to achieve statistical represen-
tativeness of the sample.

A statistical formula was not used in this study
to arrive at the number of farmers to be selected for

interview. Instead, budget and time, and the availability
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of the interviewer candidates, and experience of the
researcher determined the size of our sample. The primary
sampling unit was the family farm household representing
both the producﬁion unit as well as a consumption unit.l
The sampling frame was the whole family farm cultivators in
the selected village, which can be found in the village
record. From the list of cultivators in each village a
random quota sample of twenty-three farm households were
drawn. Yang (1965) concluded that roughly twenty farms
should be included in each class (stratum) in order to make
a reliable comparison. Friedrich (1977) suggested twenty
to twenty-five observations being necessary to produce reli-
able estimates for each group. The reliability of esti-
mates however, very much depends on the actual variability
Of the population. This then made up of the total sample
Of ninety-two farm households from the four villages that
Were selected. For a random selection in each village,
the researcher asked for the help of the village head after
instructions were given by the researcher. This was done
Tt o hopefully reduce the suspicions from the village com-
munity during the survey period. Then the village head

dintroduced the interviewers to the selected respondent farm

households and briefly explained the purpose of the survey.

lDefinition of household or farm family, those
people eating from one pot (Norman, 1973). They also work
together as a production unit.
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1.3.5 Data Collection

The survey schedules (questionnaires) were designed
and developed for the purpose of collecting the needed data.
Data for only one year cropping cycle of 1978/1979 were
collected. Four agricultural university graduates helped
to conduct the interviews during the period of the survey
from August 1979 through December 1979. They are Extension
Specialists (government employees) who are stationed in the
areas of study and are familiar with the local farm con-
ditions.1 But on the other hand, there is a problem of
dual allegiance (dual loyalty one as extension worker/
government employee and the other as an interviewer), which
makes supervision or control difficult, or if not is impos-
Sible (Friedrich, 1977). During the first month data were
Collected on the previous years cropping cycle farm opera-
tion (September 1978-August 1979). Again with the same
interview procedure, the interview was repeated in September
AQnd October after the good "rapport"2 between the inter-

VW iewer and the respondent farmer had been established. To

dmprove data reliability, then every month from September

—

1For detailed procedures in selection of the inter-
WV iewer candidates see: Frank Lynch, S. J. (1976), Field Data
Collection in Developing Countries: Experiences in Asia,
S eminar Report No. 4, June 1976, Agricultural Development
Council, Inc., New York.

2“Rapport" could be described as genuine respect
and understanding of both interviewer and the farmer, which
to a large extent determines the quality of communication
and the accuracy of response.
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through December 1979, data were collected on family farm
activities, off-farm activities, and consumption of the
major food crops. This allowed for relatively short recall
on the part of the respondent. More emphasis was given to
the collection of data on labor use and family labor allo-
cation during the peak demand for labor (September-
December). The "periodic-visit survey" method was used,
which represent the compromise between "single- and multi-
visit" surveys, in collecting information on a few well-
timed rounds organized around the completion of crucial
phases, but also require a time period of a complete pro-
duction cycle, usually one year (Friedrich, 1977). So the
interview was based on monthly recall by the representative
farmers. Each interview lasted from one hour to one-and-a-
half hours for each respondent. Each interviewer was
assigned one village in each region with which he is
familiar.

The problems encountered during the data collection
throughout the survey period are similar to those discussed
by Spencer (1972) and Norman (1973).

1.3.6 Construction of the
Representative Farms

The ideal approach is to program every farm unit,
but cost of programming may be prohibitive, and it is not
a practical approach. This led to the use of the repre-
sentative farm, the representative of farm situation as the

unit of linear programming analysis. In areas where there
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is a reasonable homogeneity with respect to major resources
particularly natural resources, such as soil type, topog-
raphy and climate, linear programming can be used to obtain
the solution to:a "representative farm" situation in order
to guide planning for individual farms.

The usefulness of the representative farm approach
is limited by the manner by which the representative farm
is constructed. Collinson (1974) has discussed three
alternative techniques for deriving representative farms.
These are:

(a) the identification of a particular farm as the
typical farm,

(b) the use of an "average farm" (derived from an
average resource, input-output, and net price coef-
ficients of a sample farm) as a representative
farm

(c) a "hypothetical" or synthesis of composite farm
from different components of the population.

It is not easy to find a single farm that could be
validly considered typical in all respects. It requires
consideration of a wide range of criteria. The selection
and the construction of the criteria are difficult tasks
and data for this purpose may not be available nor easy to
collect.

The use of "average farm" as the representative
farm, brings with it the aggregation bias. Miller (1966),

Buckwell (1972) and Carter (1963) have discussed the
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aggregation bias inherent in the average farm approach.
Aggregation bias exists when the sum of the solution from
the individual farms in the set does not equal the estimate
obtained by the:optimum solution to the entire set directly.
While the synthesis of composite farms reduces the aggrega-
tion bias, it has the practical weakness in that it is diffi-
cult to identify several institutional variables and human
factors and their distribution within the population.

These nontypical variables involve institutional constraints,
motivations, preferences, managerial ability, etc. which
have an important impact on farm organization, production
efficiency, and earnings (Plaxico and Tweeten, 1962). The
choice of the method for construction of the representative
farm depends on the purpose for which the result of the
study is to be used. 1In this study the objective is to
identify the constraints and farm adjustments and to esti-
mate the degree of farmers response to changes in prices of
major food crops in a given area, so the use of the "average
farm"” as representative farm can be justified. The repre-
sentative farm is based on data obtained from the survey.
The farms in the sample were considered sufficiently similar
with respect to the key variables that affect adjustment.

In the study area all the sample farmers were trans-
migrants from Java, and.they were allocated land of about
two hectares per household. Although there is a tendency
toward land ownership concentration in the area of longer

settlement, no one was found without land. Thus the level
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of initial land resources for each individual farmer was

rather homogeneous.

;.5 Organization of the Study

This chapter was devoted to the problem definition
and its setting, the statement of the objectives and methodo-
logical approach for achieving these objectives. Chapter II
will present the description of the farming system in the
study area as revealed from the data obtained from the
survey. The programming model containing activities,
constraints, technical coefficients and prices will be
discussed in Chapter III. 1In Chapter IV the results of
the various applications of the models will be reported.
The derived impact of the new technology on farm income,
cropping patterns, resource use and its productivity will
be discussed. 1In Chapter V normative supply schedules for
major food crops (rice, corn, and cassava) both under tra-
ditional and new technology will be presented. The response
of the major food crops to changes in their prices will be
examined. The effect of the new technology on the price
elasticity of supply for major food crops will be dis-
cussed. Chapter VI contains the summary along with a dis-
cussion of the policy implications for development strategy
from the result of the analysis, limitations and suggestions

for further study.



CHAPTER II

DESCRIPTION OF THE FARMING SYSTEM IN

THE STUDY AREA

A good knowledge of the structure of the farming
system in the area under study is required for proper repre-
sentation of the agricultural conditions in a linear pro-
gramming framework. This chapter will try to describe some
important attributes of the farming system in the study
area as revealed mostly by the study conducted by the author
from July through December 1979. The description is pre-
sented in terms of the characteristics of the representa-
tive farms. The description of the farming system in Central
Lampung will be supplemented with the results of the Base
Line Survey conducted by Central Research Institutes for
Agriculture (Djauhari, Aman, 1977).

2.1 Physical Characteristics of the
Study Area

There are about 46 million of hectares of red yellow
podsolic soil out of a total of 200 million hectares of
land in Indonesia. About 1.5 million hectares of this red-
yellow podzolic soil is in Lampung. It is estimated that
about 500,000 hectares of this land is covered with

31
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alang-alang grass (Imperata cylindrica) as the result of
the shifting cultivation in the past.
2.1.1 Soil and Climate of the

Research Area

The soil in the research area is a podzolic plain
and generally flat, varying from red-yellow through brown
in color. 1In general, this soil is very porous and very
low in fertility. Under these conditions and due to cutting
of the forest and lack of agricultural land conservation,
alang-alang grass (Imperata cylindrica) is the dominant
vegetation. The soil has a low pH, is low in nitrogen,
phosphorus and potassium content (McIntosh and Suryatna,
1976). The productive capacity of these soils has been
seriously questioned by many agricultural scientists. 1In
fact these areas have been described as alang-alang infested
waste lands due to production constraints such as low
inherent soil fertility, excessive drainage and low PpH.
But on the positive side there are several assets. The
rainfall and its distribution are very good for a year
around upland crop production. The average monthly rain-
fall during the period of 1969-1975 is shown in Figure 2.1.
The driest month is in July and wettest month is in March.
The rainfall is well distributed and based on this data,
the Lampung region falls within Type D2 in the agro-
climate map. Rainfall exceeds 200 mm (80 inches) for six

months and 100 mm for three months. The remaining three
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Fig®2,1, Monthly rainfall pattern in Bandarjaya, Central Lampung,
Indonesia, 1970-76.

Source: CRIA, Bogor, Indomesia, 1977.
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months are drier but average rainfall is only a little less
than 100 mm. Since the soils are well drained, the heavy
rains during the rainy season do not inhibit upland crops
production, and a year around cropping is possible. Run
off problems are minimized by the rapid infiltration of

the rain water. Consequently, the soils are acid and
leached. But fortunately the soils do not contain exces-
sive levels of aluminum. There is sufficient clay and
organic matter to hold applied nutrients but fixation of
phosphorus is not a problem. So, these soils can be highly
productive if managed properly (Central Research Institute

for Agriculture, 1977).

2.2 Land Use
Most of the transmigrants received two hectares of
land. But they could only cultivate less than a hectare by
depending on the family as a source of labor. Most of the
farmers have only subsistence farming in the upland areas
using multiple cropping with the major crops of upland rice,
corn, and cassava or sometimes with legumes.
The research area can be divided into two cate-
gories based on the length of settlement. These are:
Category I - 014 alang-alang areas (Pugung Raharja,
Adiluih, and Bulusari Villages)
Category II - Newly opened areas (Tatakarya Village

which was settled about six years ago).
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Usually the farmers start land preparation in the beginning
of the rainy season (in September) and planting in October
and November each year with rice, corn, and cassava in a

mixed cropping system.

2.3 Crop Productions and Cropping Patterns

There were nine crops grown in the study area
during the survey period. These crops included cereals,
root crops, and legumes, and perennial crops. They are
grown either as a sole or as a mixture, but are mostly grown
as a mixture (multiple cropping or intercropping). Tech-
nical reasons for mixed cropping are: complementary relation-
ships derived by the crops, soil protection and reduction
in the incidence of disease and pest attacks. The socio-
economic reasons included the maximization of returns by
more efficient uses of resources and higher total output
and the need for security by more frequent harvest. The
crop combinations and the number of farmers growing each
combination are presented in Table 2.1.

The table shows that the number of farmers that
practiced the mixed cropping system accounted for 60 per-
cent, 70 percent, 98 percent, and 48 percent for Adiluih,
Bulusari, Pugung Raharja, and Tatakarya villages respec-
tively. The newly opened areas, Tatakarya had the lowest
number of farmers with multiple cropping system in their
farming operation. Perhaps they are not yet fully adjusted

to the local farming conditions.
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Table 2.l1l.--Number and Percentage of Farmers by Cropping
Patterns of the Representative Farms in Lampung.

Areas/Villages

Cropping Patterns* Adiluih  Bulusari g:g:g?a Tatakarya
No. % No. 3 No. 2 No. 3

1. C + ULR # CV 4 20 8 38 - - 16 69
2. ULR # CV 2 10 10 47 - - 6 26
3. ULR 4 20 2 9 - - - -
4. Cv 5 25 10 5 - - 20 87
5. LLR 8 40 1 - - - 1 4
6. ULR - SB - - - - 13 65 1 4
7. C + ULR - SB 5 25 - - 2 10 - -
8. C + SB # CV - - - - 8 40 - -
9. C + ULR/CV - - - - 5 25 - -
10. SB-SB-SB/CV - - - - 6 30 - -
11. cC/cocC 4 20 - - - - - -
12. GNDT - - - - - - 4 17
13. PEP - - - - 1 5 2 8
14. C # CV - - - - - - 2 8
15. ULR + SB/COC 1 5 - - - - - -
16. COF + CoC 1 5 2 9 - - - -
17. CLO + COC 3 15 - - - - - -
18. COC/FC 2 10 1 5 5 25 - -
19. COF/FC 3 25 3 13 - - - -
20. PEP + CLO - - - - 5 25 - -
21. CLO/FC - - - - 3 15 - -

Source: Field Survey.

*+ Two crops planted together at the same time or
the second crop planted within a week after the first crop.

+ The second crop planted a month later after the
first crop.

- The second crop planted after the first crop
harvested.

/ The last crop planted between border or fencing
or between the existing perennial crop.

For explanation of abbreviations, see Table Cl,
Appendix C.
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Table 2.2 shows the number of hectares devoted to
different crop enterprises by the representative farmers in
the study area during the survey period. Mixed cropping
accounted for Gi percent, 70 percent, 77 percent, and 68
percent for Adiluih, Bulusari, Pugung Raharja, and
Tatakarya villages respectively. Both in terms of the
number of farmers and the total area, multiple cropping or
mixed cropping is dominant cropping pattern in the study
area. It can be also expected that the longer the area
is settled, the more land will be devoted to perennial
crops such as clove, coconut, coffee, and pepper. Such
crops occupy very little cultivated land on farms in
Tatakarya, the newly settled area, and average 0.2 ha or 13
percent for Bulusari, 0.21 ha or 14 percent for Adiluih,
0.35 ha or 24 percent for Pugung Raharja villages. Area
devoted to food production decreases as the longer the area
has been settled. This can be explained as follows: First,
the deterioration of soil fertility, which more and more
suitable for perennial crops rather than for food crop pro-
duction. Second, land ownership concentration increases
as the longer the area settled, so perennial crops again is
the answer to cope with labor shortage for these larger
farms, since perennial crops require less labor both in the
total labor per hectare and seasonality in labor use. Third,
that relative price between food crops and perennial crops
deteriorated, may be due to the effect of government policy

and external effect of the increasing demand for coffee,
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Table 2.2.--Average Area Devoted to Each Cropping Pattern
by the Representative Farms in Lampung.

Areas/Villages
Cropping Patterns* Adiluih Bulusari g:gggga Tatakarya
(ha) (ha) (ha) (ha)
1. C + ULR # CV 0.28 0.40 - 0.62
2. ULR # CV 0.18 0.31 - 0.19
3. ULR 0.17 0.10 - -
4. cCv 0.16 0.27 - 0.37
5. LLR 0.25 0.23 - 0.02
6. ULR - SB - - 0.36 0.03
7. C + ULR - SB - - 0.28 -
8. C + SB # CV 0.11 - - -
9. ULR + C/CV - - 0.20 -
10. SB-SB-SB/CV - - 0.24 -
11. cv/co 0.10 - 0.02 -
12. GNDT - - - 0.06
13. PEP - - - -
14. C + Cv - - - 0.09
15. ULR + SB/CO 0.02 - - -
16. COF + CLO 0.02 - - -
17. CLO + CO - - - -
18. COF/FC 0.10 0.05 - -
19. CO/FC 0.09 0.04 - -
20. CLO + PEP - - 0.12 -
21. CLO - - 0.23 -
Average Size of Farm 1.48 1.44 1.45 1.38
Average Food Crops 1.27 1.25 1.10 1.38
Average Perennial
Crops 0.21 0.19 0.35 0.00

Source: Field Survey.

*For explanation of the abbreviations,
Appendix C.

see Table C1,
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clove, by international market. Government policies with
respect to food and price stabilization in a low level
(consumer oriented policies) for the price of food crops,
e.g;, rice, corﬁ. There is no such effort for perennial
crops which is promoted for export commodities. The

likely impact to the farmer's decision in the longer run is
to devote more land for perennial crop production and!less
for food crops. This trend is unfavorable or contradicted
with the self-sufficiency food program at the national level.
The transmigration area is expected at least to become self-
sufficiency in food, and some food surplus to be supplied

to the city, e.g., Jakarta. This hope may not be ful-
filled if this trend continued. It seems there is a
conflict between food production self-sufficiency program

at the national level and in the micro level or farm level

in the transmigration area in Lampung.

2.4 Technology of Agricultural Production
Two kinds of agricultural production technology

found in the study area, the traditional and the new tech-
nologies. The traditional technology are two types, one

is the indigenous traditional technology with shifting cul-
tivation or slash and burn is still exists mostly practiced
by the indigeneous population (Lampungnese) and the second
type is locally developed by the transmigrants in their
settlement areas, e.g., mixed cropping and/or sole cropping

without use of any new modern inputs. The practice of
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multiple cropping may be influenced by multiple cropping
system in Java, the origin of the transmigrants. 1In this
study the traditional technology considered is the one that
locally developéd by the transmigrants only, not included
the shifting cultivation. New technology is use of new
inputs and/or new techniques such as the use of fertilizers,
insecticides, improved seeds, tractor for land preparation
to the traditional farming. The traditional food crop pro-
duction technology currently being replaced partly by the
new technology through the extension activities of BIMAS

and TANI MAKMUR PROJECT, which introduce the use of improved
seeds, fertilizers, insecticides/pesticides to the existing
locally traditional cropping systems. Seeds use are mostly
local varieties for rice, cassava, soybean. Corn seeds used
were improved varieties (such as Metro, DMR). Fertilizers
input is considered to be the main modern input of the new
technology. On the average about forty kilograms of urea
and twenty kilograms of phosphate fertilizers and two liters
of insecticides were used per hectare by the representative
farm in the study area, much less than recommended level at
200 kilograms of urea and phosphate fertilizers. Land prep-
aration starting in August/September up to November/
December. Land preparation by manual labor and some with
the use of animal power both for traditional and new tech-
nologies are existing in the study area. Use of tractors
and other farm machineries are absent in the small upland

farm operations.
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The large scale highly mechanized farms do make
extensive use of machinery and other modern inputs such as
improved seeds, fertilizers, insecticides, herbicides, and
better management including better products, processing and
marketing. Examples of such farms are P.T. Mitsugoro, P.T.
Daya Itoh, P.T. Pago and other similar estate farms in
Lampung, both foreign and domestic enterprises. Food crops
grown including upland rice, corn or maize, and cassava as
a single crops or pure stands. The yields were more than
double that obtained on local traditional farm. However
these large scale highly mechanized farms were not included
in this study because of the particular objectives as has
been mentioned before was emphasized on small upland farms.

2.5 Some Demographic Characteristics of the

Representative Family Farms in the
Study Area

In the following table shows the main demographic
characteristics of the representative family farms popula-
tion in the study area. Sex ratios in all villages are above
one, that is the proportion of males is more than 50 percent.
The sex ratios of the active populations are below 60 per-
cent and vary between 53.8 percent to 59.4 percent. The
dependence ratio1 is the highest in the newly settled area,

i.e., Tatakarya Village with a 0.87 ratio. This can be

1Dependent ratio is the ratio between the number of
dependent children plus the number of dependent aged and the
number of active population. See Table 2.3.
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understandable since most of the family heads are rela-
tively young with more dependent children. This ratio is
50 percent for the Tatakarya Village. The number of
dependent aged (over 65 years old) is low in all the vil-
lages. The average family size in the study area is 5.7
persons. The highest size of the family is in the newly
settled area, i.e., six persons for Tatakarya, 5.9 persons
for Bulusari, 5.6 persons for Pugung Raharja, and 5.3
persons for Adiluih.
2.6 Educational Level of Representative
Farm Household's Head

The following table shows the educational level of
the representative farm household's head for each village.
On the average it is very low at 3.3 years varying from 0
to 6 years. This is near to the illiterate level. They
can hardly keep records on their farming operations.

Table 2.4.--Average Representative Farm Household's Head
Educational Level.

Village Av:;:ge E‘?ucati“ ?Zﬁﬁge
(years) years) Size
1. Tatakarya 41.6 3.2 6.0
2. Bulusari 43.4 3.6 5.9
3. Pugung Raharja 45.3 3.0 5.6
4. Adiluih 48.0 3.4 5.3
Overall Average 46.1 3.3 5.7

Source: Field Survey
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A. Raji Ahmed (1972) in his research on the size
of cattle feeding operations has concluded that the suc-
cess of the optimum size unit is a function of quality of
the managerial inputs, the managerial behavior of which is
characterized by willingness to accept a higher degree of
risk, appreciation for and application of scientific criteria
in decision making, and higher levels of formal education.

The low level of agricultural productivity in this
transmigration area may be related also to the high risk
factors in adapting the new profitable technology. So, it
is not just enough to provide them with more profitable
new production techniques, but also measures to reduce risk
to an acceptable level are required. For more detailed dis-
cussion of these problems, see Ruttan and Hayami (1971)
and comment by George L. Beckford. Supply of goods and
services and provision of better institutions and better
opportunities may not be sufficient to achieve the farm
income goals although they are necessary conditions for the
development of the small farmers. The managerial skills of
the small farmers should be improved for small farmer devel-

opment.

2.7 Farm Labor Force
The family is the major source of the farm labor
force. The representative farm in the study area on the
average consists of 5.7 persons. A detailed composition of

the labor force of the representative family farms can be
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seen in Table 2.5 which is recorded at the beginning of

the survey. The available labor on the representative
family farm is 2.75 adult male equivalents. The avail-
ability of family labor is determined by many factors such
as the family structure (age and sex), health, nutrition,
major occupation of each member of the family, customs, and
job opportunities outside the farm. It is estimated that
about 240-260 days of farm work per year for adult male
workers and only about 125 days of farm work for women

are available for the representative family.

As one would anticipate in a society where landless
does not exist, most work is undertaken on the farm by the
family itself. 1In Pugung Raharja Village the total labor
inputs by the representative farm is 315 mandays equivalent
per year, of which about 92 percent come from the family
sources and only about 8 percent from hired daily labor.
This labor hiring activity is small, but it may be important
due to their use in the critical season such as for land
preparation, weeding, and harvesting. Monthly labor inputs
and wage rates are presented in Tables 2.6 through 2.9.
Exchange labor is common in the study area ranging from
7 to 20 percent of the total labor input on the farm. The
highest percentage of exchange labor is found in the rela-
tively new settled area, i.e., Tatakarya and becomes less
and less as the area becomes longer settled. Exchange
labor tends to switch to hired labor system, especially

when cash crops and perennial crops become more important
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Table 2.5.--Representative Farm Family Composition by Age
Groups in Lampung.

Average Number of
Persons in Age

Average Work
Village Groups (years) Family Force

E Less Size Available

- *

Than 8-14 15-64 OZir (person) (man-day)
8
1. Tatakarya 1.70 1.20 3.10 - 6.0 2.50
2. Bulusari 1.50 1.10 3.30 - 5.9 2.80
3. Pugung 1.00 1.56 3.05 0.09 5.7 2.90
Raharja

4. Adiluih 1.00 1.10 3.15 0.05 5.3 2.78
Average 1.30 1.24 3.15 0.03 5.7 2.75

Source: Field Survey

*Marwoto (1975) has calculated the available labor
force for a family in Lampung area with unit labor as
follows:

Adult Male (Father) : 1.0 labor unit
Adult Female (Mother) : 0.3 (if all children under
12 years old)
: 0.5 (some children over 5
years old)
: 1.0 (if all children over
12 years o1ld)
Children less than 8 years : 0.0
Children 8-14 years old : 0.2
Children over 14 years old : 1.0 (if not attending
school)

Other Adult 1.0
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in the areas. Exchange labor is mostly evident during the
planting and weeding seasons. There is no clear social
arrangement on how to use and repay exchange (gotong royong)
labor, but everYbody understands and agrees that the farmer
or members of his family can work as repayment. There is
no standard time within which to repay borrowed labor, but
on the average the time span for repayment is within two
weeks (Sultoni Arifin, 1978). 1In this study exchange labor
will be treated as family labor and should be repaid in
labor within a month.

Hired labor generally is obtained simply on the
daily hiring basis. The average wage rates for hired labor
in the study area ranged from Rp500 to Rp600 per day, which
included two meals, breakfast and lunch. These meals
accounted for Rp 50 and Rp 150 respectively. There is not
much variation of wage rates between seasons, except for
rice harvesting with the "bawon system."

The bawon or "harvest share" is common in the study
area for rice harvesting. In the traditional bawon system,
rice harvesting takes the form of a community activity in
which all or most of the community members can participate
and receive a certain share of output. The owner normally
gives a harvest share to the harvesters of one-sixth to one-
fifth of what they harvested in Lampung area. This is
called "bawon." So, the amount of bawon received depended
upon the amount harvested, which in turn related to age and

sex. The value of bawon in money terms was between Rp 1000
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and Rp 1300 per day in 1979 in Lampung for adult males,
which was more than double the average daily wage rates at
Rp 500. That is why workers prefer joining the rice har-
vest rather than other farm activities. Hiring labor with
bawon system for rice harvesting is also as a social device
to redistribute output or income to the less beneficial
groups in the village society. For more detailed discus-
sion on the bawon system and recent change in this system
see Collier et al. (1973) and Sturgess and Wijaya Hesti
(1979) .

The family labor is the most important in the rela-
tively new settled area, where cash flow is also the lowest,
i.e., Tatakarya. The higher percentage of hired labor is in
the older settled area with 18 percent for Adiluih, 14 per-
cent for Bulusari, and only 9 percent for Tatakarya Village.
In Pugung Raharja Village, the oldest settlement, hired
labor is only 8.6 percent. This low percentage of hiring
labor may be due to differences in crop production emphasis
and cropping system. In Pugung Raharja soybeans and corn
are the major crops rather than rice as in the other vil-
lages. So the labor distribution is more even in Pugung
Raharja Village during the year, because weeding and har-
vesting is less critical seasons for labor demand for both
crops. It is also true that land devoted to food crop is
the smallest at 1.10 ha in Pugung Raharja from 1.45 hectare

area under cultivation (see Table 2.2). But there is no
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landless in this area. Cropping intensity may also be
higher in this area.

In this study it is sufficient to measure labor
use in mandays.' The assumption in measuring manday units
is that the length of the working day is in part dependent
on the cultural pattern of the society. It is about eight
hours per day in Lampung area, starting early in the morning
at 7 o'clock up to 12 o'clock, then resting for two hours,
and then starting again at 2 o'clock up to 5 or 6 o'clock
in the afternoon.

Another problem in measuring labor inputs is what
weight to use in aggregating man, woman, and children days
of work. Work may be affected by the age and sex of the
worker as well as by the task being performed and the cul-
ture in the society. Norman (1973) has estimated for North
Nigeria the weights to a common denominator for converting
to labor units. His assumption is that initially there is
a positive correlation with age and then a negative corre-
lation with age. He also assumes that the physical produc-
tivity of woman is lower than man. The following table
shows the Norman equivalent to adult male worker.

Marwoto (1975) has calculated the available number
of labor units for settlement areas in Indonesia as is

shown in Table 2.11.



54

Table 2.10.--Man Equivalents Used in the RERU Farm Manage-
ment Studies.

Laer Class | Age ggiiv2?:its
Small child Less than 7 0.00
Large child 7-14 0.50
Female adult 15-64 0.75
Male adult 15-64 1.00
Female adult 65 or more 0.50
Male adult 65 or more 0.50

2.8 Farm Capital

The two main inputs of traditional agriculture are
labor and land. The amount of capital and the proportion
of income invested are very low. Mellor (1967) has, how-
ever, emphasized that saving and investment are functions
of two main factors: (a) the attitude toward saving, invest-
ment, and consumption; (b) the low level of capital forma-
tion in traditional agriculture is not necessarily because
the capacity of saving is low but because of the low rates
of return on investment. Most of the capital is actually
simple tools or improvements produced mainly by labor.
At this low level of technilogy the productivity of addi-
tional capital of this type is very low.

Capital in farming includes items such as machines,
tools, buildings, roads, land improvements, tree crops,

livestock, seeds, fertilizers, etc. These assets are
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Table 2.11.--Table of Conversion of Various Working Age
and Different Sex for Settlement Areas.

Labor Class Male Adult Equivalents
Adult male (father) : 1.00 labor unit
Adult female (mother) : 0.30 (if all children under
5 years)

: 0.50 (if some children over
5 years)

1.00 (if all children over

12 years)
Children less than 8 years : 0.00 labor unit
Children 8-14 years : 0.20 labor unit
Children over 14 years : 0.50 labor unit (if attend-

ing school full time)

Children over 14 years : 1.00 labor unit (if not
attending school)

Other adults : 1.00 labor unit

Source: P. T. Agrindo/Harrison Fleming.
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usually classified into fixed capital (such as machines,
tools, buildings, land improvements, tree crops) with a
productive life more than a production cycle;l and working
capital or operéting capital (such as seeds, fertilizers,
insecticides/pesticides, hired labor) which are used up in
a single production cycle.

The level of fixed capital in the study area is very
low compared to labor. Use of capital equipment to substi-
tute for labor is very small. Each family farm owns three
hoes, three sickles, one chopping knife, and three "arit"
which is used for weeding and cutting grasses. The total
value is about Rp 7,800 ($12). 1In fact most of other
capital costs such as in tree crops, land improvement,
livestock are the embodiment of labor provided by the
farmers. Livestock activity is not important in the study
area, restricted only to the backyard poultry.

Operating capital is the value of fertilizer, seed,
insecticides/pesticides, and hired labor used in the pro-
duction process. Use of hired labor and seed do not neces-
sarily mean cash expenditures since most of the labor hired
is paid in kind (bawon system) and seed used is mainly saved
from the farmer's previous harvest. Fertilizer is Rp 80 per
kilogram supplied by thé government at subsidized and con-

trolled proces.

lProduction cycle in this study can be grouped into:
(1) clearing and preparation of land; (2) sowing, planting,
and fertilizing; (3) cultivation--weeding, and (4) harvest-
ing.
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Personal saving is the main source of cash for pur-
chase of operating capital. Institutional credit is not
available except for the farmers who joined the "BIMAS"
program. Table.2.12 shows the cash expenditures of the
representative farm on purchased inputs by month. These
are the amounts estimated that have been spent on hired
labor, fertilizers, seeds, insecticides/pesticides, and for
food and drinks for hired and exchange labor during the
1978-1979 production season. The total cash expenditure
for one year production cycle amounted to Rp 30,000, Rp
54,250, and Rp 18,000 for Tatakarya, Buluwari and Adiluih,

and Pugung and Raharja respectively.
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Table 2.12.--Cash Expenses by the Representative Farms by
Month in Lampung.

Cash Expenses (Rupiah)

Month
Tatakarya Adiluih & Bulusari Pugung Raharja
August 6000 4500 -
September 1000 5000 1500
October 9600 19750 1500
November 325 5000 4500
December 500 4000 2000
January 1000 5000 1500
February 500 2000 3000
March 500 4500 1000
April 7000 500 1000
May - 500 1000
June - 2000 1000
July - 1500 1000
Total 29250 54250 18000

Source: Field Survey



CHAPTER III

THE STRUCTURE OF LINEAR PROGRAMMING MODEL
OF THE REPRESENTATIVE FARMS FOR

THE STUDY AREA

3.1 Introduction

A typical decision faced by management is the
optimum allocation of scarce resources. Management's task
is to achieve the best possible outcome with the given
resources. Linear programming is very useful technique in
aiding management for making these decisions. This new
technique has been accepted by farm management workers in
many countries to solve management problems of individual
farms (Yang, 1965).

Linear programming problems must meet the following
requirements (Lee, 1976).

a. The objective function: Linear programming problems
must have an explicit objective criterion to opti-
mize. The objective function may be one of either
maximization or minimization of the criterion.

b. Limited resources: In order to apply linear pro-
gramming, a decision problem must involve activ-
ities that require consumption of limited resources.

59
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The amount of limited resources is usually
expressed as constraints for the problem.
c. Linearity and additivity: The primary requirement
of 1ine;r programming is the linearity in the
objective function and in the constraints. The
word "linear" implies that relationships among
decision variables must be directly proportional.
d. Divisibility: Linear programming requires complete
divisibility of resources utilized and the units
of the decision variables. In other words, frac-
tional values of decision variables and resources
must be permissible to obtain optimal solution.
e. Deterministic: In linear programming all model
coefficients (e.g., unit profit contribution of
each product and the amount of available resources)
are assumed to be known with certainty. 1In other
words, linear programming implicitly assumes a
decision problem in a static time period.
Linear programming is usually applied to the complex prob-
lems which involve many interacting variables that con-
tribute to objective criterion functions.

In linear programming, if a problem involves n-
decision variables and m-constraints, the typical linear
programming model can be constructed mathematically, as

either a maximization or a minimization formulation.
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The maximization problem,

n
Maximize 2 = I Cj Xj

subject to

aij Xj <bi (i =1, 2, . . ., m
Xj >0 (=1, 2, . . ., n)
The minimization problem
n
Minimize A = I Cj Xj
j=1
subject to
aij Xj > bi (i =1, 2, ., m)
Xj >0 (3 =1, 2, . . ., n)

only

will

Xj

aij

bi

nonnegative level of each decision variables

be considered.

unit contribution rate, the marginal contribu-
tion of each decision variable.

decision (or activity) variables

technological coefficients, how much a
resource is required for each activity unit

given resources or the amount of resources
available (right hand side value)
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For a mathematical formulation of linear programming
models in matrix notation, see Heady and Candler (1973).
The assumptions of linear programming include addivity of
resources and activities, linearity of objective function,
nonnegativity of decision variables, divisibilities of
activities and resources, finiteness of the activities and
resource restrictions, proportionality of the activity level
to resources and single value expectation, also discussed
by Agrawal and Heady (1972).

In the following section, the three essential ele-
ments of linear programming, the objective function, the

activities and system constraints, will be discussed.

3.2 The Objective Function

It is likely that small farmers entertain a number
of objectives (e.g., profit or income maximization, output
maximization, cost minimization, security) although they
are not necessarily exclusive, Schultz (1964) and Hopper
(1965) believe that peasant farmers are profit maximizers.
Miller and Charles (1964) argued that, "profit maximization
is not always the primary goal of farm management. Others
demand sure and sometimes substantial returns before they
risk additional operating capital for problems that are
compounded by great variability in production, and a high
level of risk and uncertainty. Under such circumstances
it is difficult to follow rigorous decision-making cri-

teria. As a result, many of these farmers do not follow
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a management strategy that would maximize their profits

but instead follow a strategy that minimizes costs."

Norman (1973) concluded that for small farmers in Zaira area
in Northern Nigéria, both security and profit maximization
were relevant goals. Heyer (1971) in her study on con-
straints on peasant farmers in Kenya had difficulties in
finding out what it is the subsistence farmers aimed for.
Subsistence farmer's objectives are ambiguous, but then

she suggested, "insuring an adequate food supply during a
drought years, producing preferred variety of diet, maxi-
mizing the number of people fed, maximizing the market value
of output" were possible alternatives to be considered.

The complexities of small farmer objectives make it diffi-
cult to operationalize their decision in a linear pro-
gramming framework.

Risk factors are an important consideration in small
holder decision making. Risk aversion is a rational and
almost universal characteristic of small farmers, particu-
larly with respect to the family food subsistence crops.

A number of recent studies have cited the importance of
risk on the decision making by peasant farmers (Norman,
1973; Dillon and Anderson, 1971; Woglin, 1975). As recent
empirical studies of peasant behavior indicate, "safety
first criteria" tend to be followed whenever the satisfac-
tion of the basic needs may be at stake.

In this study the safety first criterion will be

used in the formulation of the linear programming. Small
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farmers in the study area are assumed seeking security and
risk aversion (such as provided by the practice of multiple
cropping) as well as maximization of net farm income. The
security objective will be incorporated in the matrix table
as constraints, so that necessary amounts of rice, corn,
cassava for meeting the minimum family consumption levels
will be obtained first. According to this rule, an impor-
tant motivating force for the decision maker in managing
the productive resources that he controls and, in particu-
lar, in choosing among technological options is the security
of generating returns large enough to cover subsistence
needs (Moscardi and Janvry, 1977). The required amounts of
food crop consumption were estimated from the simple con-
sumption survey conducted by the researcher in the study
area. It was found that rice is the most preferred food
staple, then corn and the last one is cassava. These con-
sumption requirements can be either produced or bought.

Net farm income in this study will be expressed as
"gross margin." Gross margin is defined as the total value
of production less variable costs of production. In other
words, net return to resources such as land and labor which
are considered "fixed" in this study. Fixed cost other

than land and labor are negligible in the study area.
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3.3 Activities in the Model
There are seven groups of activities which will be
included in the model for the representative farm of
Tatakarya Village:
(a) Crop production activities
(b) Labor hiring activities
(c) Fertilizers, insecticides, food crop buying
activities
(d) Food crop consumption activities
(e) Crop selling activities
(f) Capital borrowing activities

(g) Transfer activities

(a) Crop Production Activities

The crop production activities for the representa-
tive farm are outlined in Table 3.1, Column Al through Al4.
They consist of four food crops: upland rice, corn, soy-
beans, and cassava in a single crop stand and in mixed
crops. They are comprised of four sole crops (upland rice,
corn, soybean, and cassava), three crop mixtures of two
crops (upland rice # cassava, corn +# cassava, upland rice -
soybeans) and one three crop mixture (upland rice + corn +
cassava) enterprises. These identified crop production
possibilities are the most important production opportun-
ities with respect to the area devoted to each crop/crop
mixture and the number of farmers involved. They are sig-

nificant in terms of their contribution to family food
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requirements as well as their contribution to farmer's
income. Two levels of production technologies are iden-
tified for each cropping pattern. One represents the pro-
duction of cropé under traditional technology with no use
of modern/new inputs and the new technology with the use

of new inputs such as fertilizers, insecticides/pesticides.
Only for upland rice + corn # cassava cropping pattern did
the data from the survey distinguish two levels of fertili-
zation by the representative farms in the study area.

When two or more crops are interplanted in a mixture,
then the production activities are considered as single
enterprise in terms of the mixture, rather than the indi-
vidual crops in the mixture as a separate enterprise. This
method saves us from the problem of allocation of join
resources such as labor and land use for each crop. There
are other problems associated with the use of mixed crop-
ping as production activities in linear programming models
as discussed by Crawford (1977).

The activity unit is one hectare. The objective
function coefficients (Cj) for the crop production activ-
ities represent the costs of fertilizers, insecticides, and
wages for hired labor for each unit of the activities.
Negative signs are assigned because costs reduce the income
of the farmers.

The input-output for traditional and new technol-
ogies are presented in Table 3.1. These coefficients are

the amounts of various resources required to produce one
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unit of production activities (e.g., to produce one hectare
of mixed crop corn + upland rice # cassava). They are
assigned positive signs because each activity used up the
available resoufces or decreased the magnitude of restric-
tions in the model. Coefficients with negative signs indi-
cated the increase in the magnitude of the restrictions or
resources associated with them.

Both technological coefficients for the traditional
and the new technologies were generated from the results
of the survey in the study area. Some of the character-
istics of the study area and the representative farms were
presented in Chapter II. The elements of the study design
were presented in Chapter I. The average input-output
coefficients for each crop production activity in the model
were determined from the grouping of farmers assumed to be
similar in the planting time, rate of fertilizer applica-
tions, monthly labor use, yield per hectare, seeding rate,
plant population, and level of management. It was also
assumed that the soil conditions were similar from farm
to farm in the study area. Each coefficient in the model
is the mean of the small sample observation from relatively
similar farm situations.

The differences of coefficients between traditional
and the new technologies are mostly due to the differences
in the rate of fertilizations and use of insecticides. The
labor inputs are consequently higher per hectare for the new

technology due to more labor use for fertilization, spraying,
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weeding and harvesting due to a higher yield. 1In fact, as
the rate of fertilization increased, the land required more
intensive weeding by the family labor plus some exchange
labér. The foliowing table represents the average annual
labor requirement under traditional and new technologies
for selected crop enterprises. The adoption of the new
technology increased the labor requirements in all cases.
Table 3.2.--Labor Requirement per Hectare of Selected Crop

Production Activities under Traditional and
New Technologies.

Labor Requirement per Hectare

(mandays)
Crop Enterprises*
Traditional New Percent of
Technology Technology Change
C + ULR # CV 193 266 38
ULR + CV 224 251 12
C + Cv 224 259 13

Source: Field Survey
*For explanation of abbreviations, see Table C1,
Appendix C.
(b) Labor and Animal Hiring
Activities
In the study area farmers needed to augment their

family labor with hired labor. For land preparation oxen

power is sometimes used to replace man labor. Labor and
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animal hiring activities are presented in Column Al5 to A30
in Table 3.3. Hired labor can be attained through various
hiring arrangements including exchange labor, contract basis
for specific farm operations or simply on a daily basis.
Work paid per day was the most common system. The activity
unit is one manday. Hiring animals for land preparation
usually consists of an oxen team with one man. The unit of
activity used here was the Animal Working Day (AWD) (a
shorter period of time than a manday) which consists of
about six hours per day for a team. The wage rates used
were the wages prevailing in the study area during the
period covered by the survey. Hired labor is renumerated
in cash and/or in kind. For convenience of analysis the

in kind payments were converted into money terms by multi-
plying the quantity received by its existing price.

For land preparation family labor, hired labor, and
animals hired, after appropriate conversions, are assumed
to be nearly perfect substitutes. For other types of activ-
ities hired and family labor are assumed to be perfect
substitutes. The hiring labor activities have negative
coefficients in the family labor rows, indicating that an
increase in one unit of hired labor relaxes the family
labor constraints by one unit. The animal hiring activ-
ities in the same way have negative coefficients of three,
indicating that for land preparation an additional unit of
animals hired will relax three units of family labor con-

straints. The use of hired labor will decrease capital by



72

-
'

ﬂl

AONXHY

dasxXHY
DOVXHVY

NACXIH
AVWX'TH

UVRXTH
G3AIXTH

JdaXTH

daSX'TH

00ST-

(11 2

oS-

005~

osy-

o=
of>
o>
o>
of>
of>
B
of>
of>
o>
of>
o] >
B
o>
of>
o>
Lt} >
81| >
81 ] >
€T >
sZ| >
g >
Ly >
114 b d
ocl >
oct >
el >
9Tl >
SHY Mb1g

AON
XHVY

ne
X'TH

NAC
X'IH

J4a
X'IH

onv

b 14

114

61

St

Irun

soIMNosey

)

uoyIduUng
8a7300(q0

o (bundwe] yIaoN) IO6ETTTA wArexeey Uy

SOYITATIOV TemTuUY pue I0qw] BUTITH--°€°€ SIqel




73

‘¥ xjpuaddy ‘1@ 9TIqel 998 ‘SUOTIVTAIIQQE JO uojIeueTdx® Syl 103,

sl> It AON-HVY W1 | TL
s|> 1 I00-HY 11 | TL
s|> 1 dus-wv 1 | oc
s|> 1 ONV-HY 11 | 69
s|> T C-1H U1 | 89
8] > 1 NNC-TH W1 | L9
9l > 1 AVH-TH IW¥T | 99
st} > 1 ¥dv-TH 1 | §9
ot} > 1 UVW-TH N1 | 9
8| > 1 a2d-1H W1 | €9
or| > 1 NNC-TH NI | 29
s|> 1 oaa-TH w1 | 19
8] > 1 AON-TH 21 | 09
9| > T 100-TH W1 | 65
¢l 1 dss- un | es
ot| > 1 ON-TH N1 | LS
o] > osy a nexo0 | ey
o > osy a Nnrxoo | oy
of > oSy au AVHXD0 | 9%
o] > 00S au ¥avxoo | sy
o > 00§ & avwxoo | vy
o] > osv a axix>0 | v
o > osy au Nuexoo | zv
of > 00s & osaxdo | T™»
o| > [oost 00§ a AONXD0 | oY
o] > 00sT 00s a wWoxd0 | 6¢
o] > 00ST osy a disxoo | s€
o| > 00sT osy a onvxdo | e
$I24N0SY
00ST- 00ST- 00ST- O00ST- OSP- OSP- OS¥- 00S- 00S- OSy- OS¥- 00S- 00S- 00S- OSp- OSP-
r AN 100 43S OOV INC  NAC AVW ¥4V WVW @34 NVT  D3Q  AON 10 435 OV | .o
SHYubyg XHY XMV  XHY  XHV XTH XIH XTH XTH XIH XIH XIH XIH XIH XIH XIH XIH
ot, ez, ec, ¢, ¢, s¢, vy, ¢z, e, 1z, or, el el ity ot Sty sa7309(q0

‘penuUIuUOD--¢ ¢ dIqeL




74

its wage/payment rate. The availability of operating
capital will determine the extent to which family labor
will be substituted by the hired labor and the availability
of the family labor itself.

Labor and animal hiring activities have negative
values on the Cj of the objective function. Each additional
unit of labor or animal hired will reduce the value of
objective function by the rate of wage/payment. Selling
labor activities is not included because the representative

farmers in the study area hire labor in the net.

(c) Capital Borrowing Activities

There are very limited formal loans in the study
area both by government and the "Tani Makmur Project."
The credit is a package deal consisting of fertilizers,
insecticides, seeds, and some living allowance. Very few
of the sample farmers joined this program. Borrowing
activities were included in the model to evaluate the con-
tribution (potentially) of credit facilities to farm income
and enterprise organization. The capital borrowing will
be specified on monthly terms with 18 percent interest
rate annually. The activity unit will be in Rupiah (Rp).
This activity is represented in the matrix Table 3.4 from

Columns A52 to A63.
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(d) Fertilizers, Insecticides, and
Food Crop Buying Activities

Fertilizers and insecticides are the major new
inputs in the new technology and have been used by some
farmers in the study area. Fertilizer buying activities
are included in the model to allow farmers to purchase
fertilizers. These buying activities are presented in the
matrix table from Column A31 to A40 (Table 3.5). The activ-
ity unit is one kilogram (kg).

Fertilizer prices are subsidized by the government
at Rp 80/kg at the farm level. Buying activities have
negative coefficients in the objective function since buy-
ing one unit of it will reduce the value of objective func-
tion. Fertilizer buying activities also have negative coef-
ficients on the fertilizer rows because they will increase
the stock of fertilizer. Food crop buying activities for
family consumption have positive coefficients in the food
consumption rows since food crop buying increases the con-
sumption constraints. Food crop buying activities have
negative coefficients in the objective function since they
will reduce the value of objective function by the price
of food crop bought per unit.

(e) Food Crop Consumption
Activities

The farm family consumption consists of grains

(rice, corn) and root crops (cassava). The food crop con-

sumption activities are shown in Table 3.5 from Column A4l
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to A43. The activity unit is one kilogram (kg). These
activities have positive coefficients in the output rows of
rice, corn, and cassava because they reduce the stocks of
these crops. Soybeans produced are mostly for sale.
(f) Crops Selling Activities and
Seed Production Activities

The crop produced is either to be consumed or sold.
Minimum family consumption requirements will be satisfied
first before any selling activities are undertaken. Soy-
beans are sold without any constraints, since they are mostly
produced for sale purposes. It is also assumed that selling
activities are undertaken in the month of harvesting, so
there will be no storage activities included in the model.
Storage of food crops for the purpose of family consumption
is allowed and storage for cassava could take place in the
ground. Selling activities are represented in Table 3.5
from Column A44 to A47. The activity unit is one kilogram
(kg) . The prices of the products are the prevailing prices
in the nearest market during the harvesting periods
(Appendix E). The objective function coefficients are
positive because selling added to the value of the objective
function. The row coefficients of the output of the crops
are also positive since selling activities reduce the stock

of that crop.
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(g) Transfer Activities

These activities were shown in Table 3.4, Columns
A64 to A74 represent activities which are used to pass sur-
plus capital frém one month to the next month during thé
year. Column A75 represents activity which is included as
a device by which any capital surplus over requirements for
operating capital is accumulated at the end of the crop
year. This.activity has a zero value in the objective
function, a positive sign for the last month (July) oper-
ating capital row and a negative sign on the amount of
transfer row, which means increasing the capital accumula-

tion at the end of the crop year.

3.4 Restrictions in the Model
In this study farming is carried out under a number
of constraints or restrictions, which include the avail-
ability of land for cultivation, family labor, hired labor,
operating capital, family consumption requirements, and the
assumption of nonnegati;ity of activity levels. These con-

straints are outlined in Table 3.1. Each type of these

restrictions will be described below.

(a) Land Restriction

The amount of land for cultivation by the represen-
tative farm is about 1.38 hectares, consisting of all dry-
land for the upland farming system. Each family in this
transmigration area received two hectares of unprepared land

from the transmigration program, so most of them have idle
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land not yet cultivated, possibly due to scarcity of family
labor, other sources of labor or power, and capital.

There was little evidence of land selling or rent-
ing in the study area. So, no provision is made in the
model for such activities.

Only upland farming is considered in the model.
Lowland farming is omitted because it was nearly absent in
our sample farms, except in Central Lampung. Land is also
assumed to be homogeneous in quality and fertility, soil
structure and other conditions that affect the soil capa-

bilities. The row unit is in hectares.

(b) Labor Restrictions

Family labor restrictions are specified on a monthly
basis in the model. The focus is in the family labor
restrictions in the critical month of farming operations,
but noncritical months of labor requirements are also
included in the model to provide a complete accounting for
labor within the system. The row unit is mandays. The
amount of family labor in each month was assumed to be
equal to the number of days actually spent by the family
members during each month. These figures were obtained .
from the survey by the researcher in the study area and
presented in Tables 2.6 through 2.9 in Chapter II.

Family labor could be augmented by hired labor and
animals hired especially for land preparation. The amount

of labor and animals hired depend on the amount of labor
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required relative to the family labor available, the amount
of hired labor and animals available in relation to their
wage rates/payments, and the amount of the operating capital
available for hiring labor and animal power. The amount of
animal power available was estimated from the number of
adult cows and buffaloes usually used as sources of power
for land preparation on the representative farms in the
study area. The amount of hired labor available was
assumed to be equal to the number of actual hired labor
used in each month by the representative farm. The amount
of operating capital was estimated from interviews at the
beginning of the cropping year (August). The figure was
also estimated from the actual expenditures obtained by

the surveys conducted during the crop season.

(c) Operating Capital Restrictions

Difficulties were encountered in collecting the
relevant data for estimation of the amount of operating
capital available for farming activities. Consumption and
production activities are difficult to separate in the small
farmer's decision making process. 1In this study cash
expenses of individual farm families are used as a proxy for
the amount of the operating capital.

The amount of cash expenses for the representative
farm was set equal to the amount estimated to have been
spent on hired labor, fertilizers, insecticides/pesticides,

and animals hired during that crop year (1978/1979). These
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were estimated from the survey conducted by the author as
presented in Table 2.12 in Chapter II. The row unit is
Rupiah (Rp). These operating capital constraints are also
preéented on thé monthly basis. Transfer activities were
used to pass surplus capital from one period to the next

during the year.

(d) Consumption Requirements

It is assumed that the representative farm is moti-
vated by the "first security rule," that is, the first
priority is to produce their family food consumption
requirements. Therefore, they need to produce the minimum
amount of rice, corn, and cassava for the family consumption.
For this purpose constraints were incorporated in the model
to ensure the production of that minimum amount. The food
consumption requirement for the family were derived from
the results of a simple consumption survey undertaken by the

author at the beginning of the crop year.

(e) Nonnegativity Restriction

One of the requirements for the use of linear pro-
gramming in analyzing the small farm behavior is the non-
negativity of the activities in the model. None of the

activities in the model can be operated at negative levels.

3.5 Some Limitations of the Model
Other activities and constraints could be included

in the model. For example, nonfarm activities of family
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members are excluded as are various types of the activities
in the farming process. For example, some activities may
require different types of labor. Other activities which
might have been:considered include additional level of
fertilizations, different planting space for each crop,
different planting times, and different harvesting methods.
The number of activities in the model depends on the avail-
ability of data and the objective of the study. Large and
complex models are costly in terms of time, money, and other
resources. It is not always certain that the benefits to be
derived from additional activities in terms of precision

for planning purposes are sufficient to justify the addi-
tional costs. Complex models may be difficult to interpret
in terms of tracing the logical causal relationship between
a change in one variable and the resulting changes in pro-
duction. The model developed in this study was kept as

simple as possible but complete enough to reflect the farm

situations in the study area.

In this chapter we have described the linear pro-
gramming model, its requirements, and the components to be
employed. The results of the various applications of the

models will be discussed in the following chapter.



CHAPTER IV

ANALYSIS OF THE RESULTS FROM THE LINEAR

PROGRAMMING MODELS APPLICATIONS

In Chapter III the structure of the linear program-
ming in this study was described. This Chapter presents
the analysis of the results of the applications of linear
programming models for the representative farms. The analy-
sis is focused on the changes in farm income, cropping patterns,
resource use and productivity. Some criteria for economic
efficiency measures in relation to the use of the new tech-
nology are also presented.

The base plan is described as the optimal plan under

the traditional technology1

with existing resource situations.
Then more activities and coefficients reflecting the use of
the new technology were added into the model and then the
optimal plan for the new technology with existing resources

was determined. This plan is compared to the base plan in

order to explain the likely effects of the adoption of the

lin the following, traditional technology is inter-
changeable with before the introduction of the new tech-
nology, and new technology is interchangeable with after
the introduction of the new technology.

84
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new technology. The output of the linear programming analy-
sis in each situation provided information on the value of
objective function, the optimal enterprise combination, the
resources use aﬁd their respective marginal value producti-
vities (MVPs), the nonoptimal activities with the cost
associated with forcing each of them into the optimal
solution and the stability limits of the optimal plan
(Stephen B. Harsh and J. Roy Black, 1975).

On the first and second sections of this Chapter
(Chapter IV) discussion emphasis is on the comparison of
the optimal plan of the representative farm enterprises
under the traditional and new technologies. The comparisons
are based on the changes on farm income, resource use and
productivity, average returns to resources as indications
of the effects of the new technology in the three subregions
of Lampung. In the third section, comparisons of the optimal
plan between the three subregions are presented to see the
different effects of the new technology on the cropping
patterns, resource use and crop productivity, and average
returns to limiting resources. In section four the effects
of releasing family labor constraints are examined. 1In
section five comparisons are made of the actual plan and the
optimal plan in each subregion to see the extent of adjust-
ments by the representative farms. In the last section of
this Chapter a summary of the results of the linear program-

ming analysis is presented.
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4.1 The Optimal Organization of the Represen-
tative Farm Enterprise Under the Traditional
Technology with Existing Resources
in North Lampung

The validity of the optimal solution depends on the
realism of the assumptions made concerning prices, techno-
logical coefficients and constraints. The optimal linear
programming solution may differ from farmers' experiences
due to the limitations of the linear programming analysis
which includes unknown omissions of some important factors.
Thus some points of the farmer's behavior when making
decisions may not be captured.

The optimal plan resulting from the present analysis
under traditional technology with existing resources is
presented in Table 4.1. The value of the objective function
or total gross margin is equal to 167,383 Rupiah. Fixed
cost does not include such items as depreciation of farm
tools because in general fixed cost items are neligible in
the study area. Thus total gross margin is the estimate of
the net farm income. Average return estimates with respect
to limiting resources such as land and labor are provided
as follows:

Gross margin = Total value of products - cash expenses
Returns per hectare = Total gross margins - unpaid
family labor - interest on owner's operating capital
(cagh expenses) divided by the total area under culti-
vation

Return per manday of labor = Total gross margin - inter-

est on owner's operating capital (cash expenses) divided
by the total labor used.
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Table 4.1.--Optimal Plan, Gross Margin, Resource Use and
Average Returns Under Traditional and New Tech-
nologies with Existing Resources of the Repre-
sentative Farm in North Lampung, Indonesia.

Item* Unit Activity Level
1. C + ULR # CV (NT) HA 0.246
2. ULR # CV (NT) HA 0.195
3. Ulr - SB (NT) HA 0.682
4. CV (TT) HA 0.136
Total Land HA 1.259
Total Gross Margin RP 167,383
Family Labor Manday 188
Hired Labor Manday 33
Total Labor Manday 221
Animal Hired AWD 2.5
Operating Capital RP 20,500
Return/Hectare RP 55,526
Return/Manday of Labor RP 741

Source: Computed

*For explanation of the abbreviations see Table C.1,
Appendix C.
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The most critical problem is the valuation of family labor,
since the family labor input is the largest portion. Using
the existing hired labor wage rates as an estimate of the
opportunity cost of family labor may be too high, since
employment opportunities outside farm is small or lacking.
Valuing the family labor at zero is unrealistic, since
family labor is limiting in the peak seasons. It is also
true there is a slack season for family labor use. Even in
the slack seasons the value of family labor may not zero,
at least the value of family labor in this season is equal
to the value of leisure time, which is believed to have
positive value for the farmers themselves. Based on the
labor situations in the study area where there are no land-
less farmers and by the researcher's judgment, it is likely
that the family labor valued at the existing hired labor wage
rate is relevant. This is overvalued labor in a non peak
season months, but in fact, wage rates are very stable from
season to season and without Government regulation on the
minimum wage rates that affected the study area.

The second problem is to assign the correct value
to the cost of borrowing capital or the opportunity cost of
own capital. This problem is not as crucial as valuing
family labor since cash expenses are only small portion of
total expenses and are usually formal and informal interest
rates. In the study area according to the results of the
interviews, the farmers are not familiar with borrowing from

moneylenders, family or friends, which is somewhat surprising.
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A formal source of credit is from the "BIMAS" program with
18 percent interest on loans in the form of fertilizers,
insecticides, and a small amount of cash for cost of living
if farmers join‘the program. This interest rate has been,
in fact, subsidized by the Government, because inflation
rate was 25 percent in 1979. By assuming that the govern-
ment of Indonesia will continue this BIMAS program loan to
the small farmers, the 18 percent interest rate may be rele-
vant to be used as a cost of borrowing or lending for the
study area. This is not a realistic interest rate, since

in real terms it is -7 percent with the rate of inflation

at 25 percent. The representative farmers in the study area
are not familiar with institutional borrowing or lending.
But even if the level of interest rate is under valued, it
would not change the results of the analysis since cash
borrowing is negligible or completely absent and cash
operating expenditure is only a small portion of the total
cost. Based on the above considerations, interest on bor-
rowing and lending capital will be valued at 18 percent
annually.

The optimal plan under the traditional technology
for Tatakarya village in North Lampung is presented in
Table 4.1. The optimal plan included all crops (upland rice,
corn, soybeans, and cassava) and utilized almost all of the
available land for cultivation. In the optimal plan mixed
cropping covered about 90 percent of the total cultivated

area and single or pure stands covered only 10 percent.
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In these instances cassava was the only crop in a pure

stand in the optimal plan. Within the mixed cropping, three
crop mixture of corn, upland rice and cassava covered

26.5 percent, and the two crop mixtures of upland rice and
cassava covered 19.5 percent, and mixture of upland rice

and soybeans covered 54 percent (the largest share) of the
cultivated land area. Soybeans are grown in the study area
as a cash crop and not for direct consumption by the family
farms.

Not all the crop mixtures grown by the representative
farm in the study area, were included in the optimal plan.
Examples are a mixture of corn, upland rice and soybeans,
and three crops of soybeans in sequence (three crops of soy-
bean in one crop year). They are not competitive enough to
be included in the optimal plan, e.g., three soybean crops in
sequence is not included in the otpimal plan due to its very
intensive labor requirements.

The total labor use in the optimal plan is 221 mandays
which is made of 188 mandays of family labor and 33 mandays
of hired labor. This does not include 2.5 animal working
days which is equivalent to about 7.5 mandays of man labor
for land preparation. Very limited operating capital was
used consisting of payments for hired labor and animal hired
cost at about Rp20,500. This operating capital is supplied
from the initial funds available in the beginning of the
crop year and the sales of surplus product beyond family con-

sumption requirements.
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The marginal value products (MVPs) are presented in
Table 4.2 which is the shadow prices of resources within
the constraints in the linear programming model. In this
case the marginal value product of disposal activities is
defined as the increase in the value of total output that
is obtained from the use of additional units of the resource
with all other inputs held constant. This condition may not
met in the linear programming framework, because technologi-
cal coefficients for activities are assumed to be at a fixed
ratio to one another. So, the increase in one unit of only
one input will require the increase in other inputs in order
to keep the ratio or coefficient fixed. Although with this
deficiency, marginal value product can give information on
the most likely resources to be expanded in order to increase
the value of the objective function or farm income. The
marginal value product of a resource is constant over the
specific range and the solution holds until other resources
become limiting. At that point another enterprise organiza-
tion becomes optimal and the marginal product of the
resources change.

The marginal value products indicate the productivity
of resources on the farm. They indicate the amount of total
gross margins of the farm products that could be increased
by the utilization of the additional one unit of that
resources. So they give information about the possible
gains or losses in income which are possible through the

acquisition of that scarce resource. The marginal value
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Table 4.2.--Marginal Value Products of Land, Family Labor,
Operating Capital (MVPs) on the Optimal Plan
Under Traditional Technology with Existing

Resources in North Lampung.

Resource Unit MVPs (RP)

1. Land 0
2. Family Labor in August HA 0
3. Family Labor in September Manday 377
4. Family Labor in October Manday 6,922
5. Family Labor in November Manday

6. Family Labor in December Manday

7. Family Labor in January Manday 0
8. Family Labor in February Manday 0
9. Family Labor in March Manday 0
10. Family Labor in April Manday 0
11. Family Labor in May Manday 0
12. Family Labor in June Manday 0
13. Family Labor in July Manday 0
14. Operating Capital in August RP 6.8
15. Operating Capital in September RP 0
16. Operating Capital in October RP 0
17. Operating Capital in November RP 0
18. Operating Capital in December RP 0
19. Operating Capital in January RP 0
20. Operating Capital in February RP 0
21. Operating Capital in March RP 0
22. Operating Capital in April RP 0
23. Operating Capital in May RP 0
24, Operating Capital in June RP 0
25. Operating Capital in July RP 0

Source: Computed.
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products of slack resources are zero and positive for the
limiting factors or constraint resources. A higher a marginal
value product of a resource indicates scarcity of that
resource. The ﬁore limiting that resource the higher its
marginal value product. So to be meaningful it should be
compared to the cost of its acquisition or to its marginal
factor cost. It is profitable to acquire an additional unit
of resources if its acquisition cost is less than its mar-
ginal value product. So maximum income can be obtained only
if all marginal value products of all resources are equal to
their marginal factor costs.

Family labor was limiting for crop production in
September and October. These months correspond to the peak
periods of land preparation and planting seasons. An addi-
tional unit of labor in these months will increase farm
income by the amount indicated by their respective marginal
value products. The marginal value product of family labor
is highest in October indicating that family labor was the
most constraining in this month. The marginal value product
of family labor in October is substantially higher than the
prevailing wage rate. Family income could be increased if
the family members are willing to work extra hours or days
during this month or had the funds available for hiring
labor (assuming hired labor is available). This high mar-
ginal value product of labor also indicates that the farmers
could afford to pay a much higher wage than the prevailing

wage rate in order to attract more hired labor in this peak
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season. In the month of September the marginal value product
of labor is lower than the marginal factor cost of hired
labor. Hence it would be unprofitable to hire more labor
during this monﬁh.

The marginal value product of operating capital in
August is 680 percent. Thus operating capital in August is
also a constraint in crop production. In this month the
marginal value product of operating capital was much higher
than its marginal factor cost of 18 percent. Hence farm
income can be increased if more operating capital was made
available. This may imply the need for short term credit to
relax that operating capital constraint which would permit
purchase of more fertilizers and insecticides. 1In the
following months the operating capital marginal value pro-
ducts have zero values, since there is a slack of operating
capital during these months.

Operating capital can be supplied after August from
the sale of crop products such as cassava in September,
soybeans in February, corn in March, and rice in May. This
source of funds for operating capital is more than enough to
cope with the operational cash costs of crop production.

The only credit they need is at the beginning of the
farming operating which is used as cash expenses for land
preparation. The amount needed is also very limited at about
Rp9000 or equivalent to U.S. $15. This initial operating
capital is usually also made available by the farmers them-

selves, since there is no formal or informal credit available
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for the farmers in the study area. This operating capital
can be obtained by working outside their farm for wage or
from the previous product sales. So, it seems that credit
is hot a limitihg factor in the context of traditional tech-
nology for the representative farmer in the study area when
they practiced mixed cropping. This traditional mixed
cropping system is without additional new or modern inputs.

The output of the linear programming routine also
provided information on the activities excluded from the
optimal plan. They are excluded from the optimal plan
because they are the least profitable enterprises. The
cost of forcing those excluded enterprises into the optimal
solution indicates how much the value of the objective
function would be decreased (income penalty) if one unit of
that enterprise was forced into the optimal plan. So it
reveals the competitive position of that enterprise. The
higher the cost or loss in income, the lower the competitive
position of that enterprise and vice versa. The lower the
cost of forcing that activity into the optimal solution,
the greater the potential to enter the optimal plan if one
or more of the contraints is relaxed.

Low productivity of traditional farming is con-
sidered the major constraint for increasing food crop pro-
duction and the income of the farmer in the study area.
Without the introduction and application of the new inputs
or new methods of production it is hardly possible that

both production and income of small farmers can be improved.
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The introduction of the new technology is believed to be
the basis for improving the small farmers' conditions in the
study area. But it will not guarantee this, unless supporting
services are avéilable in the right place and at the right
time at the farm level, such as extension services, new
agricultural inputs which are profitable, and transportation
and marketing services. The following section of this
Chapter will examine the changes in the cropping patterns,
farm income, resource use and their productivities after the
introduction of the new technology on the representative
farm in the study area.

4.2, The Effects of the New Technology with

Existing Resources in North Lampung

The comparison between optimum organization of the
representative farm before and after the introduction of the
new technology will provide information on the likely effects
of the new technology. This comparison is presented in the
following Table 4.3.

The total gross income of the representative farm is
Rp283,089 which represents an increase of about 69 percent
over the total gross income of the optimum farm plan under
the traditional technology. So, it indicates that farmers
who are income or profit maximizers could improve their
gross income by approximately 69 percent through the adoption
of the new technology. The optimum plan after the introduc-
tion of the new technology with the existing resource levels

included 0.214 hectares crop mixture of corn + upland rice #
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Table 4.3.--A Comparison of the Optimum Farm Organization of
the Representative Farm Under Traditional and
New Technologies with Existing Resources in
North Lampung.

Before After

Introduc- Introduc-

tion of tion of

new Tech- New Tech- Change
Item* Unit nology nology Percent

1. C + ULR # CV (TT) HA 0.246 0.214 )

) 190

2. C + ULR # CV (NT) HA - 0.500 )

3. ULR + CV (TT) HA 0.195 - -100

4, ULR - SB (TT) HA 0.682 - )

) -21

5. ULR - SB (NT) HA - 0.536 )

6. CV (TT) HA 0.136 - -100
Land HA 1.259 1.250 0
Total Gross Margin Rp 167,383 283,089 69
Family Labor Manday 188 232 23
Hired Labor Manday 33 33 0
Total Labor Manday 221 265 20
Animal Hired AWD 2,5 9.5 280
Operating Capital Rp 20,500 39,025 90

Source: Computed.

*For explanation of abbreviations see Table C.1,
Appendix C.
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casava under the traditional technology and 0.500 hectares
of the same crop mixture under the new technology. It
should be noted that after the introduction of the new tech-
nolbgy into mixéd crop systems of upland rice + corn # casava
in the optimal farm plan, there still existed two levels of
technology. One was without use of new inputs (traditional)
and one was with use of new inputs such as fertilizers,
insecticide, and improved seeds (new technology), which
covered 0.214 hectares and 0.500 hectares respectively.
This means that this crop mixture is competitive both under
traditional and under the new technologies in the conditions
in the study area. This crop mixture is the most popular
cropping pattern practiced by the farmers both in terms of
acreage devoted to it and the number of farmers practicing
it (see Table 2.1 and Table 2.2 in Chapter II). The second
crop mixture under the new technology in the optimal plan
is upland rice - soybeans with use of new inputs of fertili-
zers and insecticide. This crop mixture is the most competi-
tive under the new technology which covered 0.536 hectates.
After the introduction of the new technology, the
cropping pattern is less diversified and all cropping systems
are in mixtures. None of the sole crops appeared in the
optimal plan under the new technology. This means that the
mixed cropbing pattern is more competitive than the sole
cropping pattern. The cropping pattern of mixed crops of
upland rice + cassava is eliminated in the optimal plan

under the new technology. Sole crop of cassava is also



99

eliminated in the optimal plan after the introduction of
the new technology. The costs of forcing nonoptimal crop
production activities into the optimal solution (Table 4.4)
revealed that mixed crop of upland rice + corn # cassava
with the use of animal power for land preparation (classified
as traditional technology) has the highest potential to
enter the optimal plan. So, this cropping pattern with the
use of animal power for land preparation has the lowest
cost or income penalty when entered into the optimal plan
under the new technology if one or more restrictions were
relaxed.

The adoption of the new technology also changes the
allocation of resources among cCrops Or among crop mixtures.
For the mixed crop of corn + upland rice # cassava in the
optimal plan under new technology, land devoted is 0.714
hectares from 0.246 hectares before the introduction of the
new technology. There is an increase of 190 percent of land
devoted to this mixed cropping pattern. For mixed crop of
upland rice - soybeans there is a decrease in land devoted
to it after the introduction of the new technology from 0.682
hectares before the introduction of the new technology to
0.536 hectares, a decrease of 21 percent. Crop mixture of
upland rice + cassava was eliminated after the introduction
of the new technology. There is no significant change in
the total land devoted or under cultivation after the intro-
duction of the new technology compared with the optimal

plan before the introduction of the new technology.



100

Table 4.4.--Cost of Forcing in Nonoptimal Activities (Result
of the Linear Programming Analysis) Under the
New Technology with Existing Resources of the
Representative Farm in North Lampung.

Cost of Forcing in Into

Nonoptimal Activities* Optimal Plan (RP)
1. C + ULR # CV (TT2) 8477**

2. C + ULR # CV (NT1) 59216

3. ULR # CV (TT) 101430

4. ULR # CV (NT) 21891

5. C + Cv (TT2) 202163

6. C + CV (NT) 20216

7. ULR - SB (TT) 17934

8. CV (TTl) 74146

9. CV (TT2) 131800

Source: Computed.

* For explanation of abbreviations see Table C.1,
Appendix C.

**The lowest cost (income penalty) of forcing in
nonoptimal activities into the optimal plan.
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After the introduction of the new technology there
are increases in use of family labor, hired labor, and animal
draft power. Family labor use increases from 188 mandays to
232 mandays or én increase of about 23 percent. There is no
change in the use hired labor after the introduction the new
technology. Animal draft use increases from 2.5 animal
working days to 9.5 animal working days. Animal draft is
only used for land preparation in the beginning of the
cropping season. Hired labor is assumed as a substitute
for family labor. Hired labor is used for land preparation,
planting, weeding, and harvesting.

Operating capital increases from Rp20,500 before
the introduction of the new technology to Rp39,025 after
the introduction of the new technology. The increase in the
cash expenses is for payment of hired labor, animals hired
and for the purchases of the new inputs such as fertilizers
and insecticides. The average return to the factors of
production also increases after the introduction of the new
technology.

The average return per hectare of land before the
introduction of the new technology was Rp55,526. The return
increased to Rpl32,639 after the introduction of the new
technology, an increase of about 139 percent. The average
return to family labor per manday after the introduction
of the new technology was Rpl,041, an increase of about

40 percent from the traditional technology.
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There is a remarkable increase in the use of oper-
ating capital of about 90 percent after the introduction of
the new technology.

The marginal value products of the resources under
the new technology and under the traditional one are compared
in Table 4.5. The marginal value product of land under both
technologies is zero, i.e., land is idle. Family labor is
constraining in September and October before the introduction
of the new technology and family labor is limiting in Novem-
ber and January after the introduction of the new technology.
So, it seems that there is a shift in family labor as
limiting factor during land preparation under the traditional
technology into the weeding season under the new technology.
This may be due to more heavy weeds under the new technology.

The marginal value product of family labor is highest
in October under the traditional technology during the land
preparation and planting seasons. The marginal value product
of family labor is highest in November and January under the
new technology and is much higher than the prevailing wage
rates in the two months. Farmers can afford to hire more
labor at a much higher wage. These factors emphasize the
need for fund availability to hire more labor to break the
labor constraint during these two months with the assumption
that hired labor supply is not constraint. Operating capital
is the only limiting in August during the land preparation
and just a month before cassava harvesting. By limiting the

amount of capital to be borrowed in each month (for example
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Table 4.5.--A Comparison of Marginal Value Products (MVPs) of Land,
Family Labor, and Operating Capital on the Optimal Plan
Under Traditional and New Technologies with Existing
Resources of the Representative Farms in North Lampung.

Marginal Value Product

Resource Unit
Traditional New
Technology Technology

1. Land HA 0 0
2. Family Labor in August Manday 0 0
3. Family Labor in September Manday 377 0
4. Family Labor in October Manday 6922 0]

5. Family Labor in November Manday 0 10067
6. Family Labor in December Manday 0 0

7. Family Labor in January Manday 0 2472
8. Family Labor in February Manday 0 0
9. Family Labor in March Manday 0 0
10. Family Labor in April Manday 0 0
11. Family Labor in May Manday 0 o
12. Family Labor in June Manday 0 0]
13. Family Labor in July Manday 0 0
14. Operating Capital in August RP 6.8 6.8
15. Operating Capital in Sept. RP 0] 0
16. Operating Capital in Oct. RP 0] 0
17. Operating Capital in Nov. RP 0 0]
18. Operating Capital in Dec. RP 0] 0
19. Operating Capital in Jan. RP 0] 0
20. Operating Capital in Feb. RP 0 0
21. Operating Capital in March RP 0] 0]
22. Operating Capital in April RP 0] 0]
23. Operating Capital in May RP 0 0
24. Operating Capital in June RP 0 0
25. Operating Capital in July RP 0 0

Source: Computed.
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in August the limited amount can be borrowed is set at 6000
Rupiah (see Table 3.1 for other months limited borrowing)
the linear programming analysis shows that the marginal
value product of operating capital is zero except for August
which is 680 percent. It is very high and it is a very
crucial time for the farmers to have this fund available at
the beginning of the farming operation, i.e., for land
preparation.

By conducting sensitivity analysis, by changing the
limited borrowing in August from 6000 Rupiah to 9000 Rupiah,
the analysis shows that the marginal value product of cash
operating capital in August becomes zero. The critical fund-
ing required in August for land preparation is well known
by the farmers in the study area from their experience.
According to the result of the interview with the farmers
in August 1979 at the beginning of land preparation, the
representative farm has 9000 Rupiah cash already available
on hand. This amount is used as the limited amount of
borrowed capital in the sensitivity analysis and the results
shows that the marginal value product of cash operating
capital in August becomes zero. This may imply that there
is enough cash available by the farmer without borrowing to
cover the cash expenses even under the new technology. The
cash for expenses can be obtained by the farmer himself by
working off of his farm for wages or from the previous sales

of his crops.
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The total cash expenditure increases dramatically
with the introduction of the new technology by 90 percent
from 20500 Rupiah to 39025 Rupiah. This increase in cash
expenses is for'payment of additional hired labor, animals
hired and for purchases of the new inputs such as fertilizers
and insecticides. The increase of the cash expenses after
the adoption of the new technology is usually covered by
the farmer by selling his crop products after harvest such
as cassava in September, soybean in February, corn in March,
and rice in May. This procedure is possible since the
representative farmer has been familiar with the mixed
cropping systems. In addition, farmers can work off of
their farm for wages before the land preparation. Operating
capital for the representative farmer is not critical in
most of the months.

There is a very significant increase in animal draft
use from 2.5 animal working days under the traditional tech-
nology to 9.5 animal working days under the new technology.
The supply of hired labor is also limited since there are
no landless farmers in the study area. The major source of
hired labor is the newly arrived transmigrants and their
family members. They have to sacrifice some of their labor
for wages in order to sustain living for family at least in
first season of their arrival. Seasonal labor from Java is
also limited due to relatively high transportation costs
compared to their expected income. Social and cultural

factors also limit the mobility of labor from Java to Lampung.
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The study conducted by Gloria Davis (1979) in Lampung
show that the longer the transmigrants have settled in the
area, the larger the area of the available unprepared land
(two hectares for each family) that was brought into pro-
duction of food crops as well as perennial crops. This means
that the number of family labor hired out becomes less and
less, so that the supply of hired labor becomes a limiting
factor.

Other sources of power need to be considered to
release part of these labor constraints. Investment in these
sources of power such as cows and/or buffaloes, and tractors
is required. For this purpose medium to long term credit
may be needed by the representative farmers in the study
area since they do not have enough savings due to the low
income. According to the results of the interviews with
the representative farms in North Lampung, this need was
expressed.

The optimal plans after the introduction of the new
technology for the representative farms in Central and South
Lampung are presented in Table 4.6 and Table 4.7 respectively.
Similar analysis could be done for each region as has been
done for North Lampung (represented by Tatakarya village).
The complete analysis will not be repeated here as for North
Lampung. Only some differences will be discussed.

For the representative farm of Central Lampung not
only upland crop production activities but also lowland rice

or irrigated rice production activities are included in the
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Table 4.6.--Optimum Organization of the Representative Farm
Under the New Technology with Existing Resource
Levels in Central Lampung.

Item* Unit Adiluih and Bulusari
1. C + ULR # CV (NT) HA 0.262
2. ULR # CV (TT) HA 0.240
3. C + SB # CV (NT) HA 0.518
4. LLR (NT) HA 0.240
Total Land HA 1.260
Total Gross Margin RP 182,238
Family Labor Manday 219
Hired Labor Manday 71
Total Labor Manday 290
Animal Hired AWD 12.8
Operating Capital RP 70,000
Return/Hectare RP 52,074
Return/Manday of Labor RP 585

Source: Computed.

*For explanation of the abbreviations see Table C.1,
Appendix C.
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Table 4.7.--Optimum Organization of the Representative Farm
After the Introduction of the New Technology
with Existing Resource Levels in South Lampung.

Item* Unit Pugung Raharja
1. ULR - SB/CV HA 0.325
2, SB - SB - SB/CV HA 0.321
3. ULR + C - SB/CV HA 0.454
Total Land HA 1.100
Total Gross Margin RP 192,970
Family Labor Manday 257
Hired Labor Manday 5
Total Labor Manday 262
Operating Capital RP 7,500
Return/Hectare RP 63,223
Return/Manday of Labor RP 731

Source: Computed.

*For explanation of the abbreviations see Table C.1,
Appendix C.
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linear programming model. Total irrigated rice fields
covered 0.24 hectares for the representative farm. For
this irrigated rice, use of fertilizers, insecticides, and
improved seeds has been far in advance of the dryland crop
farming. On the average the use of fertilizers is the
highest in the Central part of the Lampung subregion. Also
of hired labor is the highest in Central Lampung compared
to the other subregions of Lampung.

The optimum plan for Pugung Raharja (representing
South Lampung subregion) after the introduction of the new
technology is presented in Table 4.7. Fertilizer, the main
input for the new technology, is not yet familiar to the
representative farmer in this subregion. They did not use
fertilizer in their crop cultivation. The only modern input
they have used is insecticides for soybean crop protection.
Soybeans are the major cash crop for the representative
farmer in this area. For North and Central Lampung rice
and cassava are the major crops for the representative
farm (Table 4.9).

Component and the level of the technology on the
optimal plans after the introduction of the new technology
in the three subregions of Lampung is presented in Table 4.8.
The comparison is in terms of the level of fertilizers,
insecticides, and use of improved or local seeds. Land
preparation by manual labor and/or by the use of animal
draft power is still considered to be traditional technology.

The table shows that the highest level of fertilizers on
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Table 4.8.--Comparison of the Level of Technology on Optimal Plans for
the Representative Farms in the Three Subregions of Lampung.

Tatakarya Adiluih and Pugqung
Bulusari Raharja
Item
(N.Lampung) (C.Lampung) (S.Lampung)
1. Fertilizers/Hectare 112.8 kg 140.5 kg -
2. Insecticides/Hectare 2 liters 2 liters 3.3 liters
3. Seed Variety Mixed Mixed Local
4. Land Preparation (M+Aa) ** (M+2) ** M
*Mixed = Use of both local and improved seeds.
** (M+A) = For land preparation by man labor and use of animal

draft power.

(M) = For land preparation use of man labor only.

the optimal plan after the introduction of the new technology
is for Central Lampung and next to it is North Lampung, and
none for South Lampung. This is due to the fact that the
representative farm in South Lampung not yet used fertilizers.
So, there is no crop production activities with use of
fertilizer in the linear programming model for South Lampung.
The levels of fertilizers in the optimal plan after the
introduction of the new technology are much lower than the
recommended levels of fertilizers by "BIMAS" program or by
"TANI MAKMUR PROJECT." Both of these agencies recommend
fertilizer use of 200 KG/hectare. The level of insecticide
use is similar to the project recommendations of about 2

liters per hectare.
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4.3. Comparison of Optimal Plan Under the
New Technology and Existing Resource Levels
Between the Three Subregions of Lampung

In the previous sections of this Chapter the results
of the applications of the Linear Programming model for the
representative farms in North Lampung has been presented.
The presentation included the analysis of the optimal plan
under traditional technology and the analysis of the effects
of the new technology by comparing the base plan with the
optimal plan under the new technology. In analyzing the
effects of the new technology emphasis was given to the
changes in farm income, resource use and their productivities
and crop enterprise combinations. In this section compari-
sons of the optimal plan under new technology and existing
resource levels between the three subregions of Lampung will
be presented. The level of technology, cropping patterns,
and the level of crop productivities will be compared between
the three subregions in Table 4.9 and Table 4.10.

The dominant cropping patterns in North Lampung are
mixed cropping of corn + upland rice # cassava and mixed
cropping of upland rice - soybeans. For Central Lampung the
dominant cropping pattern is the mixed cropping of corn +
soybean # cassava. In South Lampung the dominant cropping
pattern is mixed cropping of corn + upland rice - soybeans.
From the two tables it can be seen that the major crops for
North and Central Lampung are rice and cassava in terms of
land devoted to this crops and in terms of total crop pro-

duction. For South Lampung the dominant crop is soybeans
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Table 4.9.--Comparison of Cropping Patterns of the Optimal
Plans Under the New Technology and Existing
Resources for the Representative Farms of the
Three Subregions of Lampung.

_ Sub Region
Item Unit
North Central South
Cropping Pattern:*
1. ULR + C # CV (NT) HA 0.500 0.262 -
2. ULR + C # CV (TT) HA 0.214 - -
3. ULR + C - SB/CV (NT) HA - - 0.454
4. ULR # CV (TT) HA - 0.240 -
5. ULR - SB (NT) HA 0.536 - 0.325
6. C # CV - SB (NT) HA - 0.518 -
7. SB - SB - SB/CV (NT) HA - - 0.321
8. LLR (NT) HA - 0.240 -
Total Land HA 1.250 1,260 1.100
Total Crop Production:
Rice KG 1,607 1,827 624
Corn KG 407 469 228
Soybean KG 322 260 771
Cassava KG 9,714 7,649 3,015
Source: Computed.
*Perennial cropping pattern not included. For

explanation of abbreviations see Table C.1l, Appendix C.
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in terms of land devoted to this crop and in terms of the
value of the crop.

The differences in crops and cropping patterns may
be attributed éome to the differences in soil, rainfall,
prices of agricultural products and marketing services
available to the representative farms. For example, the
cassava processing industry recently has been concentrated
in Central Lampung and now is at over capacity (Nainy, 1979).
This will encourage cassava production if the price of
cassava is attractive to the farmers. Cassava not only is
a staple crop but also is a cash crop for the representative
farm in the study area. Lampung has been a major receiving
area for transmigrants and has a very active cassava based
industrial sector producing both starch for domestic con-
sumption and pellet for export. Production grew rapidly
from 300,000 tons of fresh roots in 1969/70 to 8000,000 tons
by 1977 (Dixon, 1979). The following table shows the level
of technology in the optimal plan in terms of use of modern
inputs such as fertilizers, insecticides, crop productivities
in the three subregions of Lampung.

The highest level of fertilizer use is in Central
Lampung and next to it is North Lampung. No fertilizer is
used in South Lampung. The level of insecticide use is near
the recommended level of 2 liters per hectare.

From the comparisons made in this analysis there
appears to be a comparative advantage in type of crop pro-

duced and the type of cropping patterns to be used in
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Table 4.10.--Comparison of Resource Use and Productivity on the Optimal
Plan Under New Technology with Existing Resources of the
Representative Farms in the Three Subregions of Lampung.

Resource Use and Produc-
tivity in Subregions

Item Unit
North Central South
1. Total Land HA 1.25 1.26 1.10
2. Fertilizers Use/Hectare KG 112.5 120.5 0
3. Insecticides/Hectare Liter 2 2 3.3
4. Family Labor/Hectare Manday 195 175 234
5. Hired Labor/Hectare Manday 38 58 5
6. Animal Draft Hired/Hectare AWD 10 10 o]
7. Total Crop Production/HA* KG
Rice KG 1285 1450 567
Corn KG 326 372 207
Soybean KG 258 206 612
Cassava KG 7771 6071 2741

Source: Computed.

*Crop productivity per hectare is in various mixed cropping
patterns and not as a sole crop.
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producing that crop for each subregions of Lampung (Table
4.11). North Lampung has a comparative advantage in pro-
ducing cassava and upland rice in mixed cropping patterns
of upland rice:+ corn # cassava and mixed cropping of upland
rice - soybeans. Central Lampung has a comparative advantage
of producing rice and cassava with cropping patterns in
mixed cropping of corn # cassava - soybeans, upland rice +
corn # cassava, upland rice # cassava, and low land rice
(irrigated ricefield) as a sole crop. South Lampung has a
comparative advantage in producing soybeans with cropping
patterns consisting of triple cropping of soybeans in
sequence, and mixed cropping of upland rice + corn - soybean,
upland rice - soybeans. On every cropping pattern in South
Lampung there is always a soybean crop in it. The compara-
tive advantage is also indicated by the total crop pro-
duction and per hectare basis of each crop produced by the
representative farm in each subregion of Lampung (see
Table 4.9 and Table 4.10). But it should born in mind that
the analysis only covered a small area of upland farming in
the study area and it may not represent other cropping
patterns such as for perennial crops, fruits and vegetables,
lowland rice, and the highly mechanized large scale upland
farming in Lampung.

4.4. The Effects of Releasing Family Labor

Constraints on the Optimal Plan Under
the New Technology
As pointed out in the previous section, the marginal

value product attached to family labor is high in November
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and January in the optimal plan after the introduction of
the new technology in North Lampung. So by increasing the
availability of family labor during these months, farm
income will increase. Family labor input can be increased
by the family members by working more days and/or more hours
in a day. Assuming the farm family members would consider
an increase family labor input during these months, an
attempt was made to analyse the economic effects of this
family effort. It is hoped that the result of the analysis
will also show the extent to which a family labor is a con-
straint under the new technology.

The number of mandays that the family could supply
will be set equal to the number of mandays of family labor
input in the peak season/month. Other resources, prices,
and technological coefficients are assumed to be unchanged.
The results of the analysis is presented in Table 4.12
through Table 4.14. For North Lampung (see Table 4.12) an
increase in family labor input during the peak season
(November and January), ceteris paribus, has an effect on
the expansion of farm income. Total gross margin increased
from Rp283,089 to Rp303,314, an increase of 7 percent.

Family labor use increased from 232 mandays to 252
mandays, an increase of 9 percent. Hired labor use increased
from 33 mandays to 35 mandays, an increase of 6 percent.
Total labor input increased from 265 mandays to 287 mandays,

an increase of 8 percent.
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Table 4.12.--Optimal Plan of the Representative Farm Under
New Technology with Existing Resource Levels
and Increased Family Labor in North Lampung.

A Existing Increased Change
Item* Unit Resource Labor Percent

1. C + ULR # CV (TT) HA 0.214 0.185 -13.5
2. C + ULR # CV (NT) HA 0.500 0.500 0
3. ULR - SB (NT) HA 0.536 0.583 9
4. CV (TT) HA - 0.112
Total Land HA 1.250 1.380 10
Total Gross Margin RP 283,089 303,314 7
Family Labor Manday 232 252 9
Hired Labor Manday 33 35 6
Total Labor Manday 265 287 8
Animal Draft AWD 9.5 9.5 0
Hired
Operating Capital RP 39,025 39,975 2
Return/hectare RP 132,692 127,839 3
Return/Manday of RP 1,041 1,032 1
Labor

Source: Computed.

*For explanation of the abbreviations see Table C.1,
Appendix C.
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more family labor is used, there is the expected decrease
in return to labor from Rpl041 to Rpl032, indicating
diminishing return to labor. There were no changes in
animal draft hired after the labor constraint was relaxed.
The relaxation of the labor constraint brought more land
into production of food crops and land became a limiting
factor as shown by the shadow price of land at Rp88,991.

Returns per hectare decreased from Rpl32,692 to
Rpl27,839, a decrease of 3 percent, indicating a diminishing
return to land as more land was brought into production.
Operating capital increased from Rp39,025 to Rp39,975, an
increase of 2 percent. This increase in operating capital
was due to increase in hired labor input.

There were also changes in the crop enterprise com-
bination. Sole crop of cassava entered the optimal plan
when the family labor constraint was relaxed. Land devoted
to a crop mixture of corn + upland rice # cassava decreased
from 0.214 hectares to 0.185 hectares, a decrease of about
13.5 percent. Land devoted to a crop mixture of upland rice
- soybeans increased from 0.536 hectares to 0.583 hectares,
an increase of 9 percent. This increase in land devoted to
this crop mixture of upland rice - soybeans was at the
expense of the decrease in land devoted to the crop mixture
of upland rice + corn # cassava. Also more land was brought
into production as family labor became more available. The
effects of increasing family labor in Adiluih and Bulusari

villages (representing Central Lampung) is presented in
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Table 4.13. Total gross margin increased from Rpl82,238 to
Rpl95,658, an increase of 7 percent. Family labor use
increased from 219 mandays to 235 mandays, an increase of

7 percent. Hired labor also increased from 71 mandays to
78 mandays, an increase of 10 percent. Total labor use
increase from 290 mandays to 313 mandays, an increase of

8 percent. The increase in labor use had an effect on the
decrease in returns to labor from Rp585 to Rp578, an indi-
cation of diminishing return to labor.

Operating capital increased from Rp70,000 to Rp81,300,
an increase of 16 percent. The marginal value product of
dryland was Rpl78,954 and the marginal value product of wet-
land/irrigated ricefield was Rp237,996, much higher for
irrigated land. This may indicate that one of the strategies
to increase farm income is to convert dry upland into
irrigated land (assumed technically and economically feasible).
Land becomes more limiting as more family labor is available.

The optimum farm organization became less diversified
as family labor became available. The crop enterprise mixture
of upland rice # cassava is eliminated from the optimal plan
as family labor became available in the peak season. More
land was devoted to the crop mixture of corn + upland rice #
cassava from 0.262 hectares to 0.574 hectares as more family
labor became available.

The effects of increasing family labor input in
Pugung Raharja (represents South Lampung) are presented in

Table 4.14. Total gross margin increased from Rpl92,970 to
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Table 4.13.--Optimal Plan of the Representative Farm Under
New Technology with Increased Family Labor in

Central Lampung.

Existing Increased Change
Item* Unit Resources Labor Percent
l. C + ULR # CV (NT) HA 0.262 0.574 119
2., ULR # CV (TT) HA 0.240 -
3. C # CVv - SB (TT) HA 0.518 0.446 14
4. LLR (NT) HA 0.240 0.240 0
Dry Land HA 1.02 l1.02 0
Wet Land HA 0.24 0.24 0
Total Land HA 1.26 1.26 0
Total Gross Margin RP 182.238 195,658 7
Family Labor Manday 219 235 7
Hired Labor Manday 71 78 10
Total Labor Manday 290 313 8
Animal Draft AWD 12.8 15 17
Hired
Operating Capital RP 70,000 81,300 16
Return/Hectare RP 52,074 55,076 6
Return/Manday of RP 585 578 -1
Labor
Source: Computed.

*For explanation of the abbreviations see Table C.1,

Appendix C.
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Rpl95,692, an increase of 1.5 percent. Family labor use
increased from 257 mandays to 268 mandays, an increase of

4 percent. The:increase in gross margin was not so signi-
ficant compared to increase in family labor input of 4 per-
cent. It may not be worthwhile to increase family labor
input into the farm by 4 percent if gross income increases
only by 1.5 percent.

Hired labor was eliminated after the family labor
became available. Total labor input increased by 2 percent,
all supplied by the family labor. As the labor input in-
creased, the return to labor decreased, again indicating
diminishing return to labor. Average return to labor de-
decreased from Rp731/manday to Rp717/manday. Operating capi-
tal decreased from Rp7,500 to Rp5,000 due to no more use of
hired labor, and there were no changes in the use of cash
inputs such as for purchasing fertilizers and insecticides.

It seems that the representative farm in South
Lampung subregion has used its resources, e.g., labor, nearly
optimally in most traditional techniques. The only new input
used by the representative farm was insecticides, with no
use of other modern inputs such as fertilizers and improved
seeds. So the strategy to increase food production and farm
income is to introduce new productive and profitable inputs.
Farmers must be shown a tangible fashion in readily comparable
circumstances, the new production techniques. They must be
shown the risk involved both in yield and price fluctuations.

They must also be aware of the farmer expenditure constraints.
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Table 4.14.--Optimal Plan of the Representative Farm Under
New Technology with Increased Family Labor in
South Lampung.

- Existing Increased Change
Item* Unit Resource Labor Percent

1. ULR - SB/CV HA 0.325 0.368 13

2. ULR + C - SB/CV HA 0.454 0.411 9

3. SB - SB - SB/CV HA 0.321 0.321 0
Total Land HA 1.100 1.100 0
Total Gross Margin RP 192,970 195,692 1.5
Family Labor Manday 257 268 4
Hired Labor Manday 5 0 -100
Total Labor Manday 262 268 2
Operating Capital RP 75,000 5,000 -33
Return/Hectare RP 63,223 62,420 -1
Return/Manday of RP 731 727 -0.5

Labor

Source: Computed.

*For explanation of abbreviations see Table C.1,
Appendix C.
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4.5 Comparison of Actual and Optimal Plan
of the Representative Farms Under New
Technology with Existing Resources

Table 4.15 through Table 4.17 present the comparison
of actual and optimal plans under the new technology and
existing resources in the three subregions North, Central,
and South Lampung. North Lampung (see Table 4.15) shows a
significant difference between the actual/observed plan and
the optimal plan. Land devoted to the optimal plan is
smaller by about 9 percent, 1.38 hectares in the actual plan
and 1.25 hectares in the optimal plan. This may be due to
the fact that in the actual plan more labor is used (255
mandays) compared with 232 mandays for the optimal plan.

Crop enterprise combinations differ significantly
and are less diversified under the optimal plan. Crop mix-
tures of corn + cassava, and upland rice # cassava were
eliminated in the optimal plan. Sole crop of cassava also
does not enter the optimal plan. There was a relatively
very large increase in land devoted to crop mixture of up-
land rice - soybeans from 0.03 hectares in the actual plan
to 0.536 hectares in the optimal plan, an increase of 1777
percent.

In North Lampung, total gross margin is higher by
43 percent in the optimal plan compared to the actual plan
even though land cultivated is smaller. Return to labor is
higher in the optimal plan by 54 percent than in the actual
plan. Return to land per hectare is very significantly

higher in the optimal plan, by 158 percent.
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Table 4.15.--A Comparison of Actual and Optimal Plan of the
Representative Farm Under New Technology and
Existing Resource Levels in North Lampung.

Actual Optimal Change

Item* ' Unit Plan Plan Percent

1. C + ULR # CV (TT) HA) 0.214)
) 0.620 ) 15

2. C + ULR # CV (NT) HA) 0.500)
3. ULR - SB (NT) HA 0.03 0.536 1777
4. ULR # CV (TT) HA 0.19 - =100
5. C # CV (TT) HA 0.09 - -100
6. CV (TT) HA 0.37 - -100
7. GNDT (TT) HA 0.08 - -100
Total Land HA 1.38 1.250 -9
Total Gross Margin RP 197,620 283,089 43
Family Labor Manday 255 232 -9
Hired Labor Manday 29 33 14
Total Labor Manday 284 265 -7
Animal Draft Hired AWD 6.5 9.5 46
Operating Capital RP 29,925 39,025 30
Return/Hectare RP 51,528 132,692 158
Return/Manday 677 1,041 54

Source: Computed.

*For explanation of abbreviations see Table C.1,
Appendix C.
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These differences can be attributed probably to the
fact that North Lampung is a relatively newly opened area
for transmigrants and use of modern inputs was just recently
introduced to the representative farm. So the representative
farm has not yet sufficient time to make all necessary adjust-
ments to achieve optimum farm organization. The other factor
that may have contributed to these differences between optimal
and actual plan of the representative farm is the data limita-
tion. Information obtained was based on the "memory" of the
respondent farmers which, in the interview, covered a whole
crop year of 1978/79. Problems may have developed in
measuring, for example, the area of land cultivated and
yields.

If we assume that the results of the linear program-
ming applications are valid, the implication from the analy-
sis is that there is some potential for achieving an increase
in farm income and improvement in the efficiencies of
resource use measured by the average return to resources
such as land, labor, and operating capital. This increase
in farm income could be realized through reallocation of
resources among crop production activities as indicated by
the optimal plan.

The slow process of adjustment in the farm organiza-
tion toward the optimal plan may be due to the limited
knowledge of the representative farmer. A more intensive
extension effort backed by field research could probably

speed up the process.
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The comparison of optimal and actual plans under
existing resource levels for Central Lampung is presented
in Table 4.16. The table shows that there was no significant
increase in farm income from the actual, even though there
is a significant change in the crop enterprise combination.
Sole crops of upland rice and cassava were eliminated in the
optimal plan, while there was a significant change in the
land devoted to crop mixtures. For the crop mixture of corn
# cassava - soybeans, land devoted to it in the optimal
plan covered 0.518 hectares and in the actual plan only
0.13 hectares, an increase of 298 percent. The increase of
land devoted to this crop mixture was at the expense of the
crop mixture of corn + upland rice # cassava and the single
crops of upland rice and cassava. There was an increase of
20 percent of land devoted to crop mixture of corn - soybeans
+ cassava under the new technology.

Family labor use was decreased in the optimal plan
compared to the actual plan by 11 percent. Returns to labor
increased in the optimal plan by 3 percent compared to the
actual plan.

Hired labor use increased by 51 percent and use of
animal draft power increased by 35 percent. The impact on
operating capital was to increase its use in the optimal
plan compared to the actual plan by 29 percent. Return to
land was higher in the optimal plan by 25 percent.

If the results of the linear programming are valid

then there is a small potential to increase farm income,



128

Table 4.16.--A Comparison of Actual and Optimal Plan of the
Representative Farm Under New Technology and
Existing Resource Levels in Central Lampung.

, Actual Optimal Change
Item* ‘ Unit Plan Plan Percent

1. C + ULR # CV (NT) HA 0.340 0.262 -23
2, C + ULR # CV (TT) HA 0.200 0.240 20
3. C - SB # CV (NT) HA 0.130 0.518 298
4., LLR (NT) HA 0.240 0.240 0
5. ULR (TT) HA 0.100 - -100
6. CV (NT) HA 0.250 - -100
Total Land HA 1.260 1.260 0
Total Gross Margin RP 178,500 182,238 2
Family Labor Manday 245 219 -11
Hired Labor Manday 47 71 51
Total Labor Manday 292 290 -1
Animal Draft Hired AWD 9.5 12.8 35
Operating Capital RP 54,250 70,000 29
Return/Hectare RP 41,548 52,074 25
Return/Manday Labor RP 568 585 3

Source: Computed.

*For explanation of abbreviations see Table C.1,
Appendix C.
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but high potential to increase efficiency of the resource

use such as land (as indicated by the average returns to
land). This high increase in return to land resource but
small increase in farm income could be achieved through the
reallocation of resources among crop enterprises as indicated
in the optimal plan. Then the question may arise is whether
the small increase of 2 percent in farm income is worthwhile
to make the changes with a decrease in family labor input by
11 percent (absolute decrease by 26 mandays) while increases
in use of hired labor by 51 percent (absolute increase by

24 mandays), increase in use of hired animal draft by 35 per-
cent (absolute increase by 3.3 animal working days) and its
consequences of increasing operating capital by 29 percent
(absolute increase by Rpl5,750). Taken into account risk
factor, it is likely that the farmer would not make any
changes in order to obtain a nonsignificant increase in his
income.

The comparison of actual and optimal plans under
existing resources in South Lampung is presented in Table
4.17. The table shows that gross farm income in the optimal
plan is higher compared to the actual plan by 6 percent.
There were changes in the farm organization. The crop mix-
ture of upland rice + corn - soybeans was eliminated in the
optimal plan. Sole crop of cassava was eliminated in the
optimal plan.

There was a significant change in the land devoted

to each crop mixture. Land devoted to the crop mixture of
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Table 4.17.--A Comparison of Actual and Optimal Plan of the
Representative Farm Under New Technology and
Existing Resource Levels in South Lampung.

Actual Optimal Change

Item* Unit Plan Plan Percent
1. ULR - SB/CV (NT) HA 0.360 0.325 -11
2. SB - SB - SB/CV (NT) HA 0.240 0.321 34
3. ULR + C - SB/CV (NT) HA 0.280 0.454 62
4. ULR + C/CV (TT) HA 0.200 - -100
5. CV (TT) HA 0.020 - -100
Total Land HA 1.100 1.100 0
Total Gross Margin RP 181,425 192,970 6
Family Labor Manday 288 257 -11
Hired Labor Manday 27 5 =440
Total Labor Manday 315 262 -17
Operating Capital RP 18,000 7,500 -58
Return/Hectare RP 49,623 63,223 27
Return/Manday Labor RP 664 731 10

Source: Computed.

*For explanation of abbreviations see Table C.1,
Appendix C.
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upland rice - soybeans was smaller by 11 percent in the
optimal plan compared to the actual plan. Triple crops of
soybeans increased by 34 percent compared to the actual
plan, and land devoted to the crop mixture of upland rice +
corn - soybeans increased by 62 percent compared to the
actual plan. The cropping pattern was less diversified in
the optimal plan than in the actual plan.

There was a decrease in family labor input in the
optimal plan compared to the actual plan by 11 percent.
Hired labor use declined to about one-fifth of the level of
the actual plan and total labor use decreased by 17 percent
in the optimal plan compared to the actual plan. There was
also a decrease in operating capital by 58 percent in the
optimal plan compared to the actual plan due to reduced hired
labor input in the optimal plan. Even though there were
decreases in resource use in the optimal plan compared to
the actual plan, gross income and returns to resources were
higher in the optimal plan. Returns per hectare were higher
by 27 percent and returns to labor were higher by 10 percent.

Assuming that the results of the linear prog;amming
analysis are valid, then there was only a small potential to
increase farm income and a small increase in returns to
labor, but a substantial opportunity to increase the produc-
tivity of the land resource. These increases can be obtained
through the reallocation of resources among the crop enter-
prises as indicated in the optimal plan under the new tech-

nology. It should also be noted that the only new input



132

which has been used after the introduction of the new tech-
nology on the representative farm in South Lampung is
insecticides.
4.6 Summary of the Results from
Linear Programming Analysis

The results of the analysis from the empirical data
collected in the study area has been presented in this
Chapter. The findings indicated that some of the cropping
patterns have a better competitive position in the optimal
plan under the new technology than under the traditional
one, i.e., in North Lampung this would be mixed cropping of
upland rice - soybeans, in Central Lampung this would be
mixed cropping of corn # cassava - soybeans, and for South
Lampung this would be mixed cropping of upland rice + corn -
soybeans. The cropping pattern is less diversified under
the new technology. There is a comparative advantage in
producing a specific crop with specific cropping patterns
in each subregion as shown by the results of the linear
programming analysis as well as by observations.

North Lampung has a comparative advantage in pro-
ducing cassava and upland rice with cropping patterns con-
sisting of cropping mixtures: corn + upland rice # cassava.
Central Lampung has a comparative advantage in production of
rice and cassava with crop mixtures: corn - soybeans # cas-
sava, and corn + upland rice # cassava. South Lampung has

a comparative advantage in producing soybeans with crop
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mixtures: corn + upland rice - soybean, upland rice - soy-
beans, and triple crops of soybeans in one cropping year.

The introduction of currently available new techno-
logy to the uplénd farming in Lampung indicates from the
results of the linear programming analysis that there is
some potential to increase food production and income of the
farmers, and increase resource use and productivity. The
highest potential is in North Lampung which is a relatively
newly settled transmigration area. This may be due to the
fact that the representative farm has not yet enough time
to make required adjustments towards the optimal farm organi-
zation. For the representative farms in Central and South
Lampung the results of the analysis indicated that there is
little potential to increase farm income and food production
through the adoption of the currently available new techno-
logy. It is also noted that in Pugung Raharja village
(South Lampung) insecticides is the only new input used by
the representative farm.

The results of the analysis of the representative
farm in Central Lampung show that the marginal value product
of irrigated land is much higher than the marginal value
product of dryland. This may imply that the conversion of
upland/dryland into irrigated land is one of the strategies
to increase both food crop production and farm income of the
small upland farmers.

Labor during the peak demand months is a limiting

factor in increasing food crop production and farm income



134

in the study area, especially for weeding under the new
technology, and for land preparation under the traditional
technology. Hired labor is limited in the peak seasons
since there are:no landless farmers in the study area.

The use of animal draft power and other source of power may
release part of this labor constraint. Medium to long term
credit may be needed for investment in additional sources
of power (e.g., cows, small tractors).

The representative farmers need no credit for oper-
ating capital if they practice a mixed cropping pattern
which distributes cash income more evenly:through the year.
This is accomplished by selling their products after harvest
of cassava in September, soybeans in February, corn in March,
and rice in May.

In this Chapter the analysis emphasized the compari-
son of the optimal farm organization under traditional and
under the new technology to present the likely effects of
the introduction of the new technology. The comparison of
the effects of the new technology with existing resource
levels between the three subregions sheds some light on the
comparative advantage in producing specific crops with
specific cropping patterns. The analysis also sheds some
light on the importance of some of the limiting resources
in the optimal plan under the new technology. In the follow-
ing Chapter the normative supply functions and estimates of

price elasticities of the major crops will be discussed.



CHAPTER V

NORMATIVE SUPPLY FUNCTIONS FOR MAJOR FOOD
CROPS UNDER TRADITIONAL AND

NEW TECHNOLOGIES

5.1 Introduction

The previous chapter dealt with the analysis of the
changes in the optimal plan of allocation of farm resources
as a new technology is introduced to the traditional farm-
ing. The analysis emphasized the effects of the new tech-
nology on farm income, crop enterprise combinations, resource
use and their productivities, and identification of some of
the constraints. 1In this chapter the examination will be
on the effect of the new technology on the major food crops
supply functions and elasticities on the representative farms
in the study area.

In Indonesia the major food crops are rice, maize
or corn, and cassava. For 1977 rice harvested covered 8.8
million hectares and total production 23.9 million tons of
unhulled rice, corn harvested included 2.6 million hectares
and total production of 2.8 million tons, and cassava har-
vested was 1.36 million hectares and a total production of

12.17 million tons (Asian Development Bank, 1978). 1In terms

135
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of human consumption, rice is predominant providing about
one half of all calories. Corn provides about a quarter
and cassava about one-fifth of all calories.

For exaﬁple, if the relative price of rice declined
relative to the other staple food crops, rice will be con-
sumed in a larger quantity, and vice versa. Income elas-
ticity of rice in Indonesia is 0.6 which is very high
(Timmer, 1974; Parhusip, 1976). Rice production has bene-
fitted from the government investment program such as irri-
gation, credit and extension programs (BIMAS), and research
programs in Indonesia. Rice production is still lagging
behind the increasing demand due to the rapid population
and income growth. The average annual import of rice is
about two million tons since the late 1970s and now Indo-
nesia has become the largest rice importer in the world.

In Lampung, rice, corn, and cassava are also the
major food crops. Area harvested and total production of
these crops for Lampung province is presented in Table Bl
through Table B3 of Appendix B. Corn production has deteri-
orated since 1973 and cassava production only has recently
had a significant increase. Lampung is still a rice deficit
area and local rice production cannot compete with the
increasing demand for rice. Corn is produced mostly for
domestic consumption. Some corn is exported and locally
traded. For example, in 1977, 3,888 tons were exported and
15,801 tons were traded to the other provinces, especially

to Java. Cassava is also produced mostly for domestic
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consumption in the rural area as well as in the urban
areas. Exports and other uses of cassava are fairly small,
probably less than 15 percent of total production (Dixon,
1979; Jones, 1978).

The low prices received by the farmers for these
crops have often been cited as one of the causes of the
slow growth or even deterioration in their output. Many
studies have shown that small farmers are rational and
respond positively to increases in commodity prices
(Gotsch and Falcon, 1974). Given this small farmer's
behavior, then policy makers have sometimes been called
upon to raise producer prices in order to increase food
production. An accurate knowledge of the price elastic-
ities of supply of these major crops is required to make a
correct decision in a right direction and appropriate pro-
ducer price increases in order to increase output by the
required amount.

The adoption of the new technology shifts the pro-
duction function and many times changes the farmer's
response to commodity price changes (Gotsch and Falcon,
1974). Where rapid technological change is being experi-
enced by the farmers, the previous estimates (if any) of
price elasticities will not be a very good guide to the
future supply response of the farmers in producing these
crops. A recent estimate of price elasticities of these
major crops may be needed in order to provide a basis for

meaningful public decisions.
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According to Heady (1961) there are two major direc-
tions from which empirical estimates of agricultural supply
have been attacked in the past. The positive or descrip-
tive approach ié the prediction of the quantitative rela-
tionship among variables as they actually do exist at a
point of time, or have existed over a period of time. The
other is the normative or predictive approach which refers
to what ought to exist, under certain assumptions. The
major tools for positive analysis are regression procedures,
e.g., econometric analysis, which attempts predictions from
observations drawn out of the "actual operating world."

The major tools for normative analysis include budgeting

and programming. Here, certain assumptions are usually made
about goal(s) and actions of decision makers. Both positive
and normative approaches have been used and are being used
because of the limitations of the estimates derived by each.

The most traditional positive approach is econo-
metric analysis of aggregate time series data. This approach
is descriptive since the estimation of the parameters is
based on the past behavior of producers in response to pro-
duct price changes and other relevant economic variables.
This positive analysis of supply functions indicates
responses to the real world in the past but is restricted
in its ability to estimate what might be in the future when
there are changes in structures or new variables.

A normative approach to estimation of supply func-

tions is by programming individual farms for optimal
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solutions, indicating farmer's potential response under the
assumptions of farm income maximization, perfect knowledge
about prices, technological changes and institutional envi-
ronmental factofs. To the extent that these assumptions
fail, a farmer's actual decisions may sometimes differ
markedly from those indicated as optimum.

Both approaches have their advantages and limita-
tions, and they are supplements rather than substitutes for
each other. However, when rapid technological change is
experienced by the farmers, and when there is a lack of
accurate time series data on production and prices at the
farm level, then there are definite advantages in the appli-
cation of the programming approach. These advantages have
been summarized by Buckwell and Hazel (1972). Programming
provides a wealth of information on the farm level which is
very useful for evaluation of the likely impact of policy
on many small farm problems, embodied in a causal system of
how individual farms function. It becomes easier to evalu-
ate the future impact of policies. The fact that most
farmers produce many products and use many resources with
various enterprise combinations renders this approach well
suited to evaluate the total impact of changes in relative
prices on the supply of the individual crops.

These advantages may be weighted against the enor-
mous data requirements of programming. The supply function
estimated by the programming is normative in the sense that

it indicates what farmer should produce in order to maximize
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income. The power of the analysis is dependent on the
degree of correspondence between the assumptions made and
reality including the structure of constraints, activities
included in the:model, technological coefficients, prices
of outputs and inputs, and how risk factors are taken into
account in the model (Heady, 1961). The normative approach
by its nature may lead to an upward biased estimate of the
supply function and elasticities (Anderson et al., 1965;
Sheehy et al., 1964). There is no clear way to estimate

to what extent normative quantities should be adjusted to
closely approximate the actual supply response. Krenz et
al. (1962) have suggested that the supply function could be
made "less normative" or more realistic by including in the
linear programming only production activities that the
farmer is likely to consider.

The normative supply function estimated for the
representative farm is derived from the linear programming
model presented earlier. Parametric (or variable price)
programming is used to derive the optimal output of the
commodity concerned as its price is varied within an
appropriate range while other prices are held constant.
Variable price programming derives a supply function that

can be formalized as follows (Krenz et al., 1962):

QA = f (Pl, P2' PA, . 3 . Pn' Rl’ RZ, . . . Rn,

Cl, C2, . . . Cn) in which:
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QA = quantity of A produced (PA varied)

Pl to Pn = prices of factors and products at the farm
level

‘Rl to Rn = the fixed resources of the farm (firm)

Cl to Cn = coefficients of production on the farm in

all production alternatives considered.
The supply function also considered alternative products
that may be produced with the given resources, at specified
prices for factors, and technology of the farm under con-
sideration. The supply function obtained is normative in
the sense that it indicates what a farmer would plan to
produce if he intended to maximize profits.

The functional relationship of price and quantity
of the commodity derived from linear programming is dis-
continuous and in the form of a "step" function. Burt
(1964) defined a step function as "a function such that a
range is divided into a finite number of intervals with
the dependent variable constant on a given interval."
Graphically a step function appears as a series of steps
as shown in Figure 5.1. By putting a consumption constraint
or household requirement in the model, then that amount
should be produced irrespective of its price (subsistence
production). According to Kottke (1967) the stepped supply
function consists of two parts. The horizontal segment
depicted in Figure 5.1 is identified as marginal cost.

The vertical segment of the step is identified by applying
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Figure 5.1. Farm-Firm Step Supply Function.
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the profit maximizing criterion of MR > MC. The vertical
segments or optimal solutions and price ranges for the

steps can be formulated as follows:

f(P) = Qs for 0 < P < MCa
= Qa for MCa < P < MCb
= Qb for MCb < P < MCc

Qc for MCc < P

where MC is the marginal cost of producing Q, and P is the
price of Q.

The range of the vertical segments of the supply
function is based on the profit maximizing criterion P =
MR = MC. The optimum crop enterprise combination, and
the optimum output, holds for all the prices included in
the range of the vertical portion of any one step. The
"stepped" characteristic of the supply function results
from the finite number of production alternatives and
rigid resource restrictions in the programming model. The
number of steps and corners are the function of the number
of production alternatives and restrictions. 1Including
more production alternatives and restrictions will generate
a normative supply function with more and smaller steps.

A supply function derived by means of parametric
programming is static and in partial equilibrium in that no
changes are assumed other than the price of the product
(e.g., no changes in asset structure, no changes in tech-

nological coefficients). Supply elasticities associated
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with normative supply functions are biased upwards when
compared with those obtained from time series data in which
implicit are time lags, risk and uncertainty, and other
behavioral factérs that influence farmer's decisions to
produce the output (Heady et al., 1961).
5.2 Normative Supply Function of Rice,
Corn, and Cassava

In this section the supply functions for rice, corn,
and cassava derived from the linear programming models
described in Chapter III will be presented. Normative sup-
ply functions for the three crops were derived under tra-
ditional and new technologies with existing resource levels.
The effects of releasing family labor constraints under the
new technology were also examined. 1In the interpretation
of the results caution must be taken since they were
derived from one representative farm based on a purposive
sample that was drawn from a limited number of samples and
limited geographical areas. As a complete case only the
analysis of the representative farm of North Lampung will

be presented.

5.2.1 Rice Supply Function

In order to obtain the normative supply function
for rice, the price of rice in the selling activities were
varied over the range of Rp 100 per kilogram to Rp 300 per

kilogram and then corresponding optimal solutions were
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obtained.1 The quantity of rice produced at each price
level was obtained from optimal solutions. The comparison
of the results under traditional and new technologies within
existing resource levels and new technology with labor
increased is presented in Table 5.1. The comparison shows
the likely impact of the new technology on the supply of
rice on the representative farm in North Lampung.

The introduction of the new technology resulted in
a shift in the supply curve outward to the right, indicat-
ing that the new technology has the effect of increasing
the quantity of rice produced at each price. The increase
of rice output comes from the expansion of acreage under
cultivation of rice and an increase in rice yields.

The table also shows that the normative supply
functions for rice under the new technology and increased
availability of family labor increased the gquantity of rice
produced at each price level. The effectiveness of the new
technology was enhanced by increasing the availability of
family labor during the peak seasons. The effects of the
new technology and the increase in availability of family
labor are also shown in Figure 5.2.

The effect of relaxing credit constraints was not
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