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ABSTRACT 

This study details the formulation of a dynamic mathematical programming 
model for obtaining optimal crop-soil allocation plans for perennial 
crops. The hypothetical model was built to complement soil survey stud­
ies in making land-use recommendations for Malaysian plantations. 

The intertemporal linear programming model was constructed to solve the 
problem of allocating Rubber, Oil Palm and Cocoa to various soil types 
encountered in Malaysia over a three year land allocation period in such 
a manner so as to ~aximize the present value of annual after-tax net 
income over the crops optimal rotation age. 

The framework also treats alternative goals by requ1r1ng basic consump­
tion needs be met, and permits borrowings (upto a prespecified limit) 
and lendings to cover annual negative and positive annual cash balances 
respectively. 

Data input-output coefficients used in model formulation reflect the 
agro-economic environment in which Malaysian plantations today operate. 
However, commodity prices forecasted by the FAD for the commodities 
concerned were used in the valuation of planted assets beyond the three 
year land allocation model horizon. 

The results obtained on computation provide detailed planting plans 
with respect to the amount of a particular soil type that should be 
allocated to a crop and the year in which the planting(s> should be 
carried out. In addition, the amount of labour, fertilizer and capital 
goods required in any of the three years within the horizon is generat­
ed, as is the amount of crop produced and sold. Also, annual income and 
expenses are automatically allocated to the various tax-brac kets in such 
a manner as to minimize cash lost through taxation. 

By making multiple optimization runs, the sensitivity of the optimal 
plan to changes in the various parameters was also examined. 
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1. 1 Objective of Study 

Chapter 1 

INTRODUCTION 

This study addresses the difficulty faced by managers of perennial crop 
plantations/ orchards with respect to allocating their plantable areas 
to the various perennial (and/or annual) crops. 

If a plantation manager's goal is to max1m1ze the financial returns from 
his land with the var ious perennial (and /or annual) crops over their 
individual productive lifetime, he would naturally plant the crop which 
gives the highest return (in present value terms) from a particular unit 
of land. This implies settling for lower returns now in exchange for 
higher returns in the future. 

With that stated, it should also be obvious that 'land ' 
'productive capacity of land' is not always uniform. Nor 
tive capacity (yield) of the crop uniform (particular ly 
soils/ terrain and climatic regimes). 

or rather the 
is the produc­

Ltnder various 

Added to this, the generally unstable nature of agricultural commodity 
prices (largely due to the highly inelastic nature of the Supply and 
Demand curves of such commodities), one can easily appreciate the diffi­
cult choice the plantation manager has to make concerning what to plant 
on his various soil types under various climatic conditions, so as to 
maximize financial returns. Making such a 'rational' decision is partic­
ularly difficult as the long productive lifetime of perennial crops make 
it necessary to forecas t commodity prices in the distant future accu­
rately, and this is almost impossible to do. It also requires that the 
decision maker make a preference between consumption in a particular 
time period versus consumption in a later time period. 

It should also be noted that once a land allocation decision for peren­
nial crops has been made and implemented (i.e. the ground has been 
planted ) , it becomes too costly to change it. This is especially true 
for perennial crops that take a long time to mature and/or those that 
have a very long productive lifespan. Thus, the decision maker cannot 
afford to make large errors of judgment when arriving at a land alloca­
tion decision. 

As it is almost impossible to predict crop product prices more than a 
few years in the future with some degree of accuracy, a decision maker 
also has to analyze the risks involved (as measured by opportunity 
costs) in making a 'less than optimal' decision. The sensitivity of the 
'rational decision ' to various factors that are invol ved therefore also 
needs to be studied when arriving at an optimal land allocation plan. 

1 
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This study aims to provide a theoretical framework (for a normative 
analysis) by which a plantation manager is able to -make 'more rational· 
decisions concerning what perennial (and/or annual) crops to plant. 

The study also tries to illustrate the need for a sensitivity analysis 
to be carried out so as to access the degree to which the various fac­
tors affect the Optimal Land Allocation Plan. In this way, the risk of 
making a 'less than optimal' land allocation decision arising from 
commodity ~rice fluctuations or factor input costs can be accessed. 

A sensitivity analysis also allows for various land-use plans to be 
derived under various financial scenarios and management preferences. 
The start-up capital available for planting investment, the savings and 
borrowing rates, which are somewhat more specific to the individual 
firm, are particularly critical variables leading determining the opti­
mal plan. As such, land-use plans for a range in values of these finan­
cial variables should be presented to the decision maker for him to make 
a choice. 

An attempt to forecast future prices of the various perennial crop 
commodities could perhaps also be made by estimating their supply and 
demand functions empirically. However, due to time and budget con­
straints, this aspect will not be covered in this study. The reader is 
instead referred to Food and Agricultural Organization (FAD> Production 
Yearbooks where projected prices for various agricultural commodities 
are provided based on spatial and intertemporal supply and demand models 
developed by the FAD. 

1.2 Scope of Study 

The use of the theoretical framewor k will be ill ustrated on a very rea l 
example problem that plantation managers in the humid tropics (such as 
Malaysia and Indonesia) face - that is, how much of each years plantable 
area should be allocated to the following perennial crops: Rubber, Oil 
Palm and Cocoa, given that these areas could consist of different soil 
types and be located under different climatic regimes. 

Of course, these perennial crops also face competition for land from 
other perennial crops in Malaysia and Indonesia, particularly from the 
increasingly more important fruit crops as well as from the newly prof­
itable fast-growing forest plantation species. 

Although annual crops also compete for land, they cannot 
cultivated on a large scale in Malaysia or Indonesia as 
require a rather level terrain, which only exists in small 
units. 

2 
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These other perennial and annual crops could easily be included in the 
decision making process ta be formulated. However, as these other peren­
nial fruit and forest species are relatively new and as relatively 
little agro-economic information is available, they have not been 
included in the case study. The annual crops have also not been included 
as they are almost never considered by plantation managers far the 
reasons already stated above. 

In this study, the ill ustration of the analysis far rubber, oil palm and 
cocoa is very general and broad in scope so as ta be applicable ta most 
commercial plantations in Malaysia and Indones ia. It is the author ' s 
intention and hope that the model developed here can be easil y used 
(with the minimum of modifications) to complement sail survey studies in 
recommending land-use plans in Malaysia and Indonesia. 

To this end, yield coefficients for very diverse sails/ terrain and 
climate types that are encountered in Malays i a and Indonesia, have been 
derived. The labour and capital coeffic i ent s used in the stud y are 
illustrative of the Malaysian situation. (Some modifications, especially 
with respect to labour costs and factor inputs would have to be made to 
make the model suitable for application in Indones ia ). 

Outline of Study 

Having stated the nature of the land allocation problem faced by deci­
sion makers/ plantation managers in this introduction chapter ICh ll, 
the next chapter (Ch 2) will describe in general the analytical methods 
often used to sol ve s uch problems and gi ve a brief overview of their 
advantages/ disadvantages as analytical tools. The superiority of using 
mathematical programming as a tool in solving the land allocation prob­
lem (along with its weaknesses/ assumption) will however be emphasized, 
particularly in an intertemporal setting. 

Following this, in the next chapter (Ch 3), the theoretical framework of 
an intertemporal mathematical programming model will be developed to 
solve the problem of allocating land to the various perennial crops. 

Before applying the theoretical framework to develop the applied model, 
a brief review of the agro-climatic factors involved in crop production 
is made ICh 4). This will allow the decision maker to consider factors 
other than soil type (such as rainfall, crop susceptibility to pests and 
diseases etc.) when deciding on what cropping activities are suitable 
for inclusion into the model in a given locality. The appropriate input­
output coefficients with respect to yields, labour and capital can then 
be derived in order to define the cropping activities when formulating 
the model. 

In addition,· ·a review of the commodity and factor input 
carried out (Ch 5) to give the decision maker some idea of 
and demand situation, and therefore the commodity prices 
cost~ that can possibly be expected, both in the short term, 
in the long term. 

markets is 
the supply 

and input 
as well as 
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Having obtained some indication of crop activity input-output coeffi­
cients as well as the long term commodity and f actor input prices that 
can be expected, the model is constructed (Ch 6). The computed results 
are presented and interpreted, together with the results of sensitivity 
analyses conducted <Ch 7). 

Following a discussion on the model~ achievements and limitations (Ch 8) 
the study is closed with a conclusion section (Ch 9 ) suggesting exten­
sions and other possible uses of the dev~loped model . 

4 
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Chapter 2 

ANALYTICAL METHOD 

2.1 Capital Budgeting, Marginal Analysis and Mathematical Programming 

Techniques commonly used to obtain solutions to capital budgeting, 
plantation/farm management problems include computing the present value 
of the ex~ected flow of future net returns, the internal rate of return 
from that flow, or the minimum payback period for the relevant invest­
ment alternatives. 

The use of the discounted cash flow technique is however limited, sfnce 
many types of investments allow for several activities, each subject to 
their own constraints. Since it is basically a non-optimization tech­
nique, it is not really suitable to the problem at hand of determining 
the optimal allocation of land resources over time to various cropping 
activities. The technique could only answer this question by running a 
large number of scenarios to determine the one that would maximize the 
decision maker ' s objective. 

The need, therefore, is for an optimization technique that can deal 
simultaneously with many activities and many constraints. 

Marginal Analysis and Mathematical Linear (or Quadratic) Programming, 
which are both optimiz~tioa techniques and therefore have the ability to 
overcome such multi-activity problems, are thus more suited to these 
types of investment analysis. These applications are generally designed 
to max1m1ze the present value of future incomes over some planning 
period by striving for an efficient allocation of scarce resources to 
meet desired objectives. Many problems which have a definite objective 
with alternative methods of achieving that objective subject to pre­
specified restrictions, can be expressed as Lagrangian constrained 
functions in marginal analysis or as mathematical programming problems. 

In either case, the objective may be the ma>: imization of a linear or 
quadratic pr ofit function (and perhaps the simultaneous minimization of 
a quadratic risk function). Specification of the problem would include 
the quantity of resources available, the possible outputs, the quantity 
of resources required per unit of output, and the profit (or risk) 
associated with an unit of output. A solution that satisfies both the 
conditions of the problem as well as maximizes (or minimizes) the given 
objective, is termed an optimum feasible solution. 

Thus the essential difference between capital budgeting, marginal analy­
sis and mathematical programming is that the latter two are optimization 
techniques, while the former is not. 

5 
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2.2 ~ Compar-ison between Mathematical Programming and Marginal Analysis 
in optimizing objectives that are subject to constraints. 

The Lagrangian technique for solving constrained optimization problems 
involves optimizing a function which combines the original objective 
function and the constraint conditions. This combined equation, called 
the Lagrangian function, is created in a way that insures that: 

when it has been maximized (or minimized), the original objective 
function wi11 also be maximized (or minimized), and 

- all the constraint requirements will have been satisfied. 

Suppose we have an objective function of the following form: 

y = f (" 1 v,.,) ;f ,\ , .'\ ..:.. 

which is subjected to the following constraint (with 'n' being the 
limiting resource): 

:d + :-:2 = n 

then, the Lagrangian will appear as: 

z = J<:<1, :-:2) + 'X.(n - :-: 1 -:-:2 I 

The maxi mization (or minimization) of Z can be obtained by taking the 
first derivatives of Z with respect to the various parameters (xl, x2, 
and X>, and then solving them simultaneously to obtain the values of xl, 
x2 , and X that maximizes (or minimizes) Z. 

Note: X (the Lagrangian multiplier) indicates the marginal effect on the 
original objective solution by releasing the constrained resource by one 
unit. 

The Mathematical Programming technique however, does not combine the 
objective with the constraint function(s) (as the Lagrangian technique 
does>, but keeps them separate and solves them by various optimization 
routines - graphical, algebraic or by using the Simplex algorithm. It's 
main advantage over Marginal Analysis lies in it's ability to easily 
handle numerous constraints and activities. 

Both Mathematical Programming and Lagrangian constrained Marginal Analy­
sis do allow for 'non-equalization' in the optimization process so 
reflecting trade-off's between various constraints. This flexibilit~ is 
reflected in the Surplus/ Slack variables in mathematical programming. 
Furthermore, the Dual of the problem provides us with the Opportunity 
Cost (Shadow Pri~e) of the various constrained resburces, (as does the 
Lagrangian technique, where I is the Shadow Price). In other words, 
additional resources are utilized only as long as their marginal contri­
bution to the objective function is at least as great as their marginal 
cost. 

6 
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Because of the easy handling of numerous constraints and activities in a 
Mathematical Programming framework (using the simplex algorithm), this 
was the method of analysis chosen for use in this study to allocate land 
optimally in the cultivation of perennial crops. Its ability to consider 
a large amount of capital, agronomic constraints and cropping activities 
is what makes the technique superior to constrained marginal analysis 
which does not permit easy computation of more than a few activities and 
constraints. Furthermore, changes can be easily made to various parame­
ter values and new solutions quickly obtained through the use of mathe­
matical programming. 

2.3 Assumptions made in Linear Programming Models 

A number of assumptions about the nature of the production process, the 
resources and activities, as well as of the objectives, are implicit in 
a Linear Programming model. Heady and Candler (1958) define them as: 

1. Continuity - It is assumed that resources can be used, acti vi ties 
carried out, and objectives met in units that are fractional units. 

2. Homogeneity - It is assumed that all units of the same resource and 
activities are identical. 

3 . Additivity - The acti vities are assumed to be addit ive in the sense 
that when two or more units are used, their total output is the sum of 
thei r i ndividual outputs i.e. a linear production function is assumed. 
As such, no interaction effects between activities are permitted in a LP 
fr ame1-ior k. 

4. Proportionality - The gross margin and resource requirements per unit 
of activity are assumed to be constant regardless of the level of acti v­
ity used (as economies of scale cannot directly be modeled in the LP 
framework). A constant gross margin per unit of activity thus assumes a 
perfectly elastic d~mand cur ve for the output, as well as a perfectly 
elastic supply of any variable inputs that may be used. 

The assumptions of additivity and proportionality together define lin­
earity in the activities, thereby giving rise to the name 'linear pro­
gramming'. They also define linear isoquant sections in resource use 
between pairs of activities. In other words, the firms aggregate produc­
tion function relate the value of the linear objective function and the 
fixed resources with constant returns to scale. 

An important property of production functions exhibiting constant re­
turns to scale is known as Eulers Theorem which states that if each 
factor is valued at its marginal product (i.e. at its marginal cost), 
then the sum of the factors multiplied by their marginal product (or 
marginal cost) is equal to the total output: i.e. Y = E x. (dY/dx). 

7 
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This implies that in the optimum solution of a LP model, the sum of each 
resource available multiplied by its marginal value product exactly 
exhausts the value of the objective function. 

As mentioned earlier, the linearity assumptions that are implicit to a 
LP model may however introduce some degree of inexactness in the model 
because non-linear production functions or complementarity/ substituta­
bility in resource use cannot be directly modeled. To reduce such inex­
actness, nan-linear activities (ex. the crap yield curve) and con­
straints can be 'linearized' through separable programming techniques 
which involves approximating the non-linear function into a series of 
linear segments which are defined over intervals. A series of linear 
segments can then be summed to describe a non-linear function through 
the use of convex-combination constraints. 

2.4 Characteristics~ Intertemporal <Dynamic) Linear Programming Models 

In Dynamic (intertemporall Linear Programming, the following kinds of 
linkages have to be considered: 

1. The firm's income in a given year will affect savings and borrowings, 
and therefore may affect possibilities for investments in future years. 

2. Investments affect the capacity for production in later years. 

3. There exist biological intertemporal linkages, such as the yield 
curve over time in tree crops and other perennials, and reproduction and 
growth rates for livestock. 

Also, 
count 
bles, 

the manager may reasonably be expected to have a subjective dis­
rate, and his objective function will include, among other varia­
some transformation of his discounted income stream. 

The reader should note that in using Linear Programming techniques, we 
are assuming that the behaviour of plantation companies to be approxi­
mately perfectly competitive in product as well as factor markets. In 
other wards, the existence of a many small producers who are therefore 
price takers (the demand conditions facing such firms being perfectly 
elastic) is assumed. In factor markets, the larger the number of buyers, 
the less can any one firm influence the price it pays for a factor by 
changing the quantity it uses. Hence, plantation companies may also be 
assumed to be 'near-perfect' competitors in factor markets. 

The existence of imperfectly competitive elements in agricultural com­
modity markets could provide many instances where Quadratic Programming 
techniques (where the Objective Function is quadratic) would be more 
appropriate than the Linear Programming approach. 

8 
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2.5 Risk Considerations 

One of the assumptions implicit to linear programming, is that all data 
(resource supplies, input-output coefficients and yield, price and 
costs) are known with certainty. Obviously this is a rather big assump­
tion to make, especially in an intertemporal setting where the values of 
these variables in the distant future would have to be predicted. 

In practice, the error terms associated with some types of agricultural 
production data merit special consideration due to the degree of varia­
bility (risk) associated with the variable. 

In Risk Programming, it is assumed that the planter/ decision maker has 
an utility function that exhibits a trade-off between risk and income. 
An E-V indifference system (Expected income vs Variance in income) 
specifying that he will be 'better-off' the higher his expected income 
and the lower his income variability would thus help the manager in 
making a decision. 

A commonly cited weakness of this approach is that the 
does not usually mind if his income variance is positive 
mean expected income), whereas the approach assumes 
(positive and negative) is undesirable, 

decision maker 
(i.e. above the 
all variances 

In any case, the Risk Programming problem is mathematically defined as 
follows: 

ma:{ Z = E. (PY) ~ V. <PY) 

such that 

E. <PY) 0 

where, ~ = risk aversion parameter, 
p = Price of Commodity 
y = Yield 
E = E:{pected (Mean) Income 
V = Variance in Income 

An alternative procedure of appreciating the amount of risk involved 
without having to make major modifications to a -deterministic LP model 
is to conduct sensitivity analyses where the degree. of changes in param­
eter values to the optimal solution is accessed. This technique would be 
more appropriate for use with an intertemporal LP model as the variances 
and mean values of some par-ameters in future years (such as commodity 
prices) cannot be determined a priori. 

9 
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2.6 Literature Review 

Since the objective of this study is to develop a linear programming 
decision making framework by which to derive optimal land-use plans for 
perennial crops, it would be beneficial to briefly review some of the 
various intertemporal linear programming models that have been used in 
the past to solve similar management problems. 

Hazell and Norton (1986) provide a good coverage of both traditional and 
innovating techniques for approaching questions of interest to decision 
makers at the farm (and sector) level. 

Crop production models that are intertemporal in nature have been de­
veloped by Rae (1968, 1970) to illustrate this model's applicability to 
farm planning with respect to the optimization of annual and perennial 
crop mixes. His model determines the optimal growth path for a farm 
given an initial stock of capital and investment levels. This was 
achieved through the incorporation into a basic production model, of 
annual capital constraints that are specified in such a manner so as to 
simulate annual cash flows. That is, capital can be supplied in each 
year (for the purchase of production inputs) from credit, or from sav­
ings carried over from the previous year; all revenues (from crop sales) 
are taxed on a progessive basis to obtain the after-tax cash balance 
from which consumption requirements are met. Vandeputte and Baker (1971) 
provide detailed specification for the allocation of income among taxes, 
consumption and savings while Boehlje and White (1969) define the basic 
components of a time based production investment decision model of farm 
firm growth (applying it to a hypothetical hog-corn farm). 

Intertemporal investment models dealing purely with perennial crops have 
also been developed. Willis and Hanlon's (1976) model selects an ' opt­
imum mi:< of ~ varieties for planting over time, while those of 
Ecker 11974) and l<wong (1975) ·select the 'optimum' time~ replacing 
~ and rubber trees respectively by incorporating annual replanting 
activities in their model. 

A model by Abalu (1973, 1975), optimizes perennial crop mixes and crop 
combinations with respect to the planting of bananas, coffee, cocoa, oil 
palm, cocoa-bananas, oil palm-cocoa and oil palm-coffee. He developed 
two planting horizon model variants - one where plantings are allowed in 
only the initial year and another where plantings are permitted over 
several years, and notes that the differences in the two optimal plant­
ing plans obtained are minor. 

The land allocation model developed here is similar to Abalu's in that 
it determines the optimal (profit maximizing) perennial crop mix and 
time of planting on soils having different characteristics and therefore 
production capabilities. In the model formulated here however, plantings 
are only permitted within a pre-specified land allocation period. Being 
a land allocation model (not a growth model), it does not optimize the 
time of replacing the perennial crops considered (rubber, oil palm and 
cocoa) assuming that replanting occurs at the crops respective optimal 
rotation ages. 

10 
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Chapter 3 

THEORETICAL FRAMEWORK 

3.1 Features of Linear Programming Models 

3.1.1 The Static LP Model 

The basic Static LP Model consists of 3 components: 

- an Objective Function 
various Activity Functions 

- various Constraint Functions 

This Static LP Model can be mathematically represented as: 

s.t. Output: a. x1 + 8.x2 2 0 

Input : a.x 1 + 8.x2 ~ 0 

where, TSM = Total Bross Margin (or Profit, nl. 
GM

0 
= a vector of Gross Margin obtained from 

activity unit xn, i.e. per Ha of Crop n. 
x

0 
= a vector of cropping activity levels. 

(Note: xn 2 Ol 

3.1.2 The Intertemporal LF' Model 

In an Intertemporal LP Model, where the time factor has to be incorpo­
rated, there are some distinguishing features. This arises because the 
amount of land, labour and capital resources available and I required 
may vary in different time periods, particularly where non-annual crop­
ping systems are concerned. 

1 1 
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Such distinguishing features of the intertemporal LP model are: 

1. Activity and Constraint functions are 'dated' to 
specific time units. 

2. Income and Expense Flows {i.e. Cash Flows) from one 
time period (time unit) to the subsequent periods has 
to be defined. As such, financial transfer ~unctions 
have also to be modeled. 

3. Activities and Constraints that are dated to a 
particular time period may have to be linked with not 
only each other within the same time period, but also 
with activities and constraints in other time periods. 

Thus the main distinguishing feature of the intertemporal model as 
opposed to the static model is that of the transfer of resources and 
monetary capital between the various time periods (Olsson, 1971). 

12 
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3.2 Structure of the Perennial Crop Land Allocation Model 

In approaching an optimal land allocation solution for perennial crops, 
dynamic (i.e~ intertemporal) linear programming is preferable as an 
analytical tool to derive normative crop mixes (through time). 

The basic structure of such a model should allow for multiple product 
(cropping) combinations and multiple resource restrictions (with respect 
to labour, capital and land) within each year, as dictated by agronomic, 
risk and price considerations. 

It should aim to maximize the present value of net annual profits 
through time (and perhaps, also the simultaneous minimization of risk). 
A 25 year period should ideally be · modeled because this is the maximum 
productive lifetime of all the three perennial crops considered in this 
study. Alternatively, a finite number of years sufficient for a realis­
tic planting programme to be completed can be modeled, with all ongoing 
cash income or expenses from future years represented in the final year 
terminal value row as asset values. 

However, before .constructing an intertemporal model, consideration has 
to be given to the following problems that are normally encountered in a 
study of this nature: 

The uncertainty problem which arises from the fact that factors such as 
prices (both input and output), climate (which could affect yields), 
etc. cannot be predicted with any degree of certainty. 

The capital formation problem which lies in the fact that a choice has 
to be made (subjectively) between consumption and saving for (relinvest­
ment in any time period (Boussard, 1971). Obviously, the more the firm 
saves (i.e. the less it consumes), the more it has to invest by increas­
ing its capital resources from the previous year, thus leading to a more 
flexible capital resource restraint being incorporated into the model in 
any year. The Marginal Propensity to Consume, MPC of the decision maker 
would reflect this trade-off between consumption and saving/ investing. 

The value of time problem which refers to the perceived cost that the 
decision maker faces in measuring monetary benefits from future time 
periods in todays terms. The plantation manager therefore has to choose 
an 'appropriate' interest (discount) rate that is to be used in deriving 
the present value of future streams of net income. 

Normatively speaking, the 'appropriate' discount rate would be the 
market rate of interest if it truly reflects the marginal productivity 
of investment and time preference. Thus, in an utopic financial market, 
the discount rate would be the same as the borrowing and savings rate. 

It should be realized that the discount rate has a very critical bearing 
in making land-use decisions where the various perennial crops show 
different periods of immaturity. Obviously, if the opportunity cost of 
time is high, we would prefer to get our income sooner rather than 
later, This would in turn have us favour perennial crops with shorter 
immaturity periods. 

13 
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To access the effects of subjective-cum-exogenous data used in the model 
ar1s1ng out of price uncertainty, consumption and investment trade-off 
preferences of the decision maker, and the value of time as it relates 
to future income, model calculations should ideally be repeated for 
different values of these variables to judge the stability of the profit 
maximizing plan i.e. a sensitivity analysis should be conducted. 

3.2.1 The Planning Horizon 

The inclusion of the 'time· factor in the basic LP model leads us to 
consider the following (very relevant) question: 

"For over ho;,i many time periods should the pr o fit maximizing objective 
functi on be maximized?" 

Obviously, a manager who is say, 5 years away from retirement, will only 
plan to maximize his utility over the next 5 years. This is in accord­
ance with Olsson's (1972) suggestion that the planning horizon should 
not be further in time than is of interest to the decision maker. 

As such, in a study dealing with perennial crops, the planning 
should be restricted up to either the longest Optimum Rotation 
all the perennial crops considered, or up to the point in time 
of interest to the decision ma ker, whichever is shorter. 

horizon 
Age of 

that is 

If we are to assume that the working lifetime of the decision maker 
exceeds that of the rotation ages of the perennial crops used in this 
study (about 25 years), then the planning horizon will be the rotation 
age i.e. 25 years. This assumption is especially realistic if the deci­
sion maker over the entire planning horizon is not any one individual 
manager, but a series of successive manager s , as is found in the case 
where plantations are owned by companies with many shareholders. 

In contrast, individual farmers are not as inclined to plant perennial 
crops (particularly if the crop's immaturity period is long). And they 
will almost certainly not be interested in growing forest species. His 
time horizon is shorter and therefore his preference leans more towards 
cultivating annual crops, or shorter term perennial crops. 

Since capital budgeting involves the planning of cash allocations over a 
series of time periods, it is useful to know (prior to modeling) how 
far into the future such capital budgeting should be carried. As the 
budgeting is carried further into the f uture, the less will each addi­
tional time period affect the desirable investment policy in the first 
time period. <How much less would of course depend on the discount rate 
chosen by the decision maker as reflecting his rate of time preference). 

14 
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Since a priori, it is not possible to know how the length of the plan­
ning horizon affects investment decisions in the first time period, Rae 
(1970) suggests that the time period considered should be continually 
extended until the investment decision in the first time period becomes 
insensitive to further extensions of the planning horizon. He points out 
that by examining several planning horizons, the sensitivity of the 
first time periods policy to changes in the length of the planning 
horizon, and the most profitable policy for the first time period, will 
be ascertained. 

But we have thus far neglected to allow for adjustment in investment 
directions from within the planning horizon to unexpected changes in 
product prices, factor prices, new production technologies, non­
eradicable pest infestations etc. 

Therefore, it might be more realistic when it comes to making cropping 
investment decisions that are based heavily on expectations of commodity 
product and factor prices in the distant future, to partition the long 
run planning horizon (taken in this study to be the rotation age i.e. 25 
years) into a series of sequential 'decision making' horizons. This 
would require the formulation of a model with an initial · inventory of 
cash and land assets and simulating a finite number of years long enough 
to cover the planting programme (say 3 years), the inventory at the end 
of the explicit simulation being valued to reflect expected future 
returns. 

Such a finite short run 'decision making' or land allocation horizon 
need only be long enough to implement investment decisions based on 
information (product prices, input costs etc) that is already available 
or known with a high degree of certainty; and / or on the amount of in 
vestment capital currently available. 

This approach has the advantage of providing the decision maker with 
some flexibility to change investment directions in a subsequent short 
run ' decision making ' horizons should future commodity price expecta­
tions or the amount of investment capital available change, both in the 
subsequent short run ' decision making ' horizon as well as in the remain­
ing part of the encompassing long run (25 year) planning horizon. 

As in this study, the optimum rotation age is taken as the long run 
planning horizon, a review of the theory used in determining the optimal 
rotation age of a perennial crop would be appropriate at this time. 

Then, in the short run ' investment decision making' 3 year m6del that is 
actually formulated in this study, the discounted long run expected 
returns from year 4 up to the calculated rotation age (determined to be 
25 years) can be imputed as the Terminal Asset Value in the third and 
final year of the model. 

15 
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3.2.2 The Optimal Perennial Crop Replacement Time 

The optimal rotation age (i.e. the Replacement time> for a 
crop is when the annual net revenue (marginal value product) 
current crop becomes equal to the amortized present value 
value> of the net revenue from the following crop. 

Determination of the Optimum Rotation~ 

perennial 
from the 

(annuity 

The yield, Yld of a perennial crop in any year is a function of Age, t, 
where time is treated as an input in the production process: 

Yld, Y = f'(t>. Annual Yield Function 

The cumulative yield at age t, would be the summation (i.e. the inte­
gral) of this annual yield function: 

Et Yld = f f ' (t) = f (t) Cumulative Yield Function 

Therefore, the Accumulated Revenue, Rev in any year at age, t is repre­
sented by the integral or summation of Price, P times the annual yield: 
E P.Yld = J P.f ' <t>; and the Acc umul ated Annual Variable Costs is gi ven 
by f C' <t>. 

Cumulative Profits, Et PR is the present value of all annual Revenue 
obtainable by clearing at age, t minus the present value of Costs in­
curred upto age, t : 

Using continuous discounting, this can be written as: 

= 

Thus, Ma:< i mum 
derivative of 
shown: 

P. f(tl.e-rt C<tl.e-rt 

where r = discount rate. 

Profits, PRmax can be determined by taking th~ first 
the above profit function and equating it to zero as 

PRmax = [P.f'(t).e-rt + -r,e-rt.P.f(t)J - [C ' (t).e-rt + r.e-rt.C(t)l = O 

or P.f'(tl - C'(tl = r.[P.f!tl - C(t)J 

16 



%%%%%%%%%%%%%%%%%%%% 3. THEORETICAL FRAMEWORK Pag~ - 17 %%%%%%%%% 

Note: 

f' (t) is synonymous with Annual Yield Changes, i.e. the Marginal 
Physical Product. Thus P.f '(t) - dC'(tJ i~ the net Marginal Revenue, 
obtainable from keeping a perennial crop standing one more year . 

r.(P.f(t) - C(t)J represents the revenues foregone by 
rotation by one year. Thus this is the Marginal Cost 
perennial crop standing one more year. 

delaying 
of keeping 

crop 
the 

However, the above condition for determining the profit max1m1z1ng 
rotation age (Eqn 1) does not take into account the opportunity cost of 
subsequent use of the land after the current stand of trees is cleared. 
Thus the marginal cost as defined above underestimates the true marginal 
cost if the land has some use after felling. For example, the land could 
be planted with the same or a different crop. 

If we assume that the land is going to be replanted with the same spe­
cies after every rotation, then the marginal cost has to be discounted 
to infinity so as to also reflect the present value of the opportunity 
cost of all future stands that the land can sustain 

r.[P.f(tl - C(t)J / (1-e-rt, 

As such Eqn 1 would then be modified to Eqn 2: 

P. f ' ( t) - C' ( t) = r. [P. f ( t) - C ( t) J / ( 1-e -rt) 

This condition for deri ving the optimum (profit maximizing) rotation 
age is known as the Faustmann formula. Given information on crop yields 
at various ages, f '(t), and the rate of time preference, r, this equa­
tion can be solved fort t o give the optimal rotation age. 

The optimum time to replace the three perennial crops considered in this 
study when the discount rate,r is 5 %, (assuming of course that yield , 
price and cost predictions hold good in future years) are: 

Rubber 
Oil Palm 
Cocoa 

25 years 
23 - 27 years 
20 - 30 years 

These rotation ages generally appear to be consistent with those ob­
served in practice. The range of rotation ages observed are due mainly 
to differences in yields (i.e. the production function) under various 
agro-climatic regimes. 

17 
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3.2.3 The Objective Function 

In modeling the Objective Function, the plantation manager's goal(s) has 
first to be defined in order of priorities. Very seldom is it the 
manager's sole objective to maximize profit, although this is usually 
his primary goal. Often, he also wishes to simultaneously minimize risk 
(mainly arising from yield and/or price fluctuations) at a particular 
income level; or to derive a less variable year to year income. In other 
words, a rational manager would want to make as much money with as 
little risk as possible, and preferably, with the minimum of effort 
(labour and capital requiremen~) as well. 

The fact that firms generally pursue several (often conflicting) objec­
tives in addition to that of profit maximization, should therefore be 
incorporated into the Objective Function of the intertemporal model. The 
approach adopted in this study (and in Rae, 1970), assumes that the 
decision makers utility may be expressed as a linear combination of the 
appropriately weighed objectives, and may also be lexicographic in that 
some other objectives must also be satisfied in all solutions. 

That is ... 

U = f( al TGM, a2 NW C > 

where, 
u 

TGM 
NW 

C 

al, a2 

= 
= 
= 
= 

= 

Utility 
Tot. Gross Margin (or Profit) 
Net Worth (or Asset Value) 
a separate annual Consumption objective, the 
achievement of which is compulsory (and which 
is therefore modeled as a constraint). 
weights applied to the TGM and NW objectives. 

In this lexicographic formulation, there exists no satisfactory trade­
off between TGM, NW and C, i.e. the firm is prepared to sacrifice all 
TGM and NW in order to meet the C objectives. 

Unless specific values 
the weighing problem 
solutions, each for 
'efficient set' of 
choice of the utility 

can be given to the weights prior to computation, 
could be resolved by determining many 'optimal· 
a different combination of ' a' values. Thus an 

solutions will be derived, allowing a objective 
maximizing solution to be made. 

The choice of weights could, for example, depend on the state of the 
economy. A nation which has a high inflation/ low interest rate would 
tend to have decision-makers favour asset accumulation over cash accumu­
lation. In a similar vein, if a nation's exchange rate is depreciating 
or likely to be devalued, the firm (particularly the multi-national 
firm) would emphasize asset building over cash income. Such macroeconom­
ic conditions however tend to lead to reduced mobility of capital be­
tween investments/ nations. 

18 
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For the purposes of this study however, where the objective is specified 
as the maximization of final year cash balance (i.e. TGMl and asset 
values (i.e. NW), the weights used to discount the objective function 
values at the conclusion of the final year (Year 3) into Rresent value 
terms were given equal priority. 

Two additional objectives were also specified as constraints:-

a Consumption constraint to meet fixed and variable consumption 
requirements (as dictated by the decision makers marginal propensity 
to consume). 

a Borrowing Limit constraint to limit indebtedness and to allow the 
manager to operate flexibly. 

3.2.4 The Activity Columns 

The main activities considered (on an annual basis) in a lano allocation 
model are categorized as follows: 

Cropping - The cultivation of three perennial crops on twelve soil types 
are considered in this study. As such, thirty six activities are re­
quired to allow each crop-soil production relationship to be modeled, 
particularly as their yield profiles are quite different. All the crops 
(Rubber, Oil Palm and Cocoa) generally follow 25 year rotations and as 
such the model should also reflect cropping returns over this whole 
period (either implicitly or explicitly). 

Crop Selling - These activities should allow the cumulative 
from all cropping activities to be sold to contribute to 
Closing Cash Balance account. 

production 
the pretax 

Hire Labour - The three crops require different levels of labour inten­
sities with respect to tapping/ harvesting, fertilizing, pest and 
disease control etc. at various stages of crop maturity. Thus this 
activity should allow for the hiring of labour according to the labour 
requirement of the cropping mix in the optimum plan at a particular 
time. 

Buy Capital/Fertilizer - Similarly, all three crops require different 
levels of capital intensity with respect to capital inputs used for 
tapping / harvesting, fertilizing, weeding, pest and disease control 
etc. Thus this activity should allow for the usage of capital to pur­
chase the required inputs for the production process (such as herbicides 
/ pesticides, fertilizer etc) at a particular time. 

Borrowing and Saving - These activities should permit borrowing on 
credit (when accumulated cash-flows are negative) as well as for lending 
/ saving with interest (when accumulated cash-flows are positive). 

19 
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Financing (including Taxation and Consumption) A ta:-:-deduction and ta:-:­
loss transfer activity is required to allow annual tax deductible ex­
penses (in the Tax Deduction/ Loss account) to be subtracted from the 
gross annual income (the Taxable Income account). The balance can then 
be taxed through tax-transfer activities and the remaining amount be 
transferred to the start of the following year as a cash fl6w (through 
the after-tax Closing Cash Balance account) after fixed and variable 
consumption expenditures are removed (and after borrowings are repaid 
and savings withdrawn). 

Taxation transfer activities are therefore required 
deductible expenditure (upto some specified limit), and 
that is taxed on a progressive basis for transfer to 
Closing Cash Balance account. 

to model 
to model 
the after 

ta>:­
cash 

ta>: 

Terminal Value <Asset Value plus Accumulated Cash Balance) - The only 
purpose of this activity is to transfer the accumulated value of assets 
in the final year (reflecting the income generating capacity of planted 
areas in future years not implicitly accounted for in the model), to­
gether or separate from the accumulated final year cash balance (from 
the final year Closing Cash Balance account), into the objective func­
tion which is maximized. 

3.2.5 The Resource Constraints & Reconciliation Rows 

The various resource constraints and reconciliation rows that are nor­
mally encountered in any period when arriving at a Optimum Land-Use Plan 
are: 

Crop Output row - These rows allow the collection of the 
yield from all the various cropping activities for sale via 
selling activities. 

cumulative 
the crop 

Crop Input row - These rows allow for the purchase/hiring of all 
(fertilizer, labour, capital) required by the various cropping 
ties for sale via the fertilizer purchasing, labour hiring and 
purchase activities. 

inputs 
activi­
capital 

Land constraint - As 'Land' is a non-uniform entirety (i.e. there are 
different soil types, having different plant nutrient contents, water 
holding capacities, topsoil depth, slopes, etc.), constraints are re­
quired to make each soil type available for allocation to the various 
crops considered. 

Hote: In this study, soil types are classified (by slope and textural 
characteristics) according to their agricultural productive capacity 
Nith respect to the various crops considered. The soil nutritional 
status was not considered in the actual classification (to limit the 
size of the model). HoNever, if the soil nutrient status is knoNn, the 
fertilizer input coefficients can be adjusted accordingly for each crop­
soil type cropping activity. 
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Climate The Climatic resource refers to such factors as Humidity, 
Rainfall (amount in a year, as well as distribution within a year) 1 the 
amount and intensity of Sunshine, Temperature and Wind speed. Since the 
study considers tropical crops, seasonal affects on. crop production are 
mainly observed in rainfall, humidity, and temperature. 

Note: Climatic constraints Nere not included in this study as its inclu­
sion would increase the computational requirements significantly (since 
many climatic variables have to be considered). A more efficient Nay to 
get around this (i.e. Nithout requiring more computational power) would 
be t o increase th e number o f cropping activites to model production 
possibilities for different climatic conditions in addition to different 
soil types. But since this study is concerned Nith crop production in a 
single location, the modeling of crop-soil-climate production activities 
becomes redundant. Instead, in the land allocation problem addressed by 
this study, only crop-soil activities were modeled. 

Labour - The Labour requirements for the cultivation of each of these 
perennials are modeled through these constraints. 

Capital 
1 i :ers 

- Similarly, the Capital input requirement (pesticides, ferti­
etc.) for each cropping activity are modeled through these con-

straints. 

Financial - The following financial constraints are incorporated into 
the model to simulate year-to-year after tax cash flows: 

an Opening Cash Balance constraint to limit total e:-: penditure to no 
more than cash available at the start of a year plus borrpwings and less 
saving deposits. (In the first year, the cash available at the start of 
the year is specified as the Start-up capital, while in all subsequent 
years, the cash available at the start of the year is equivalent to the 
cash collected at the end of the previous year as specified in the 
Closing Cash Balance row of the previous year i.e. from after-tax income 
less expenses, repaid borrowings, withdrawn savings and consumption 
removals). 

a Taxable Income constraint that allocates all pretax income 
crop sales and interest received on savings deposits) to the 
income tax brackets (incl uding tax deductions) in a manner that 
fies the tax limit constraints. 

(from 
various 
satis-

Tax Limit constraints to spec ify the allocable limits of pretax 
income into the various income tax brackets. 

a Tax Deduction/ Loss constraint that allocates all costs ---from the purchase of crop inputs and interest on borrowings) to 
tax-deductions or tax-losses (the latter for consideration as 
deductions in the following year). 

(arising 
either 

a ta:-:-

an Expenses constraint that collects all expenses categorized under 
tax-deductions and tax losses into Total Costs. 
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a Closing Cash Balance constraint which sums all after-tax cash 
receipts (including tax-deductions), and from which all tax deductible 
expenses are subtracted, borrowings repaid, savings withdrawn, and 
consumption requirements met. The balance is then collected as a Cash 
Surplus (or Cash Deficit) for transfer into the Opening Cash Balance row 
of the following year. 

- a Consumption constraint to remove fi xed and variable consumption 
requirements from the Cash Balance account. 

- a Borrowing Limit constraint that restricts borrowings to some 
prespecified limit. 

Terminal Value (Asset Value plus Cash Balance) - The Terminal Value 
constraint appears in the final year of the model and is used to deter­
mine final asset values at the end of the planning horizon after adjust­
ment for the final year cash surplus/ deficit i.e. the final year 
accumulated cash balance. 

It should be noted that in a model f ormulation such as the above, com­
modity prices are assumed to be derived from a perfectly competitive 
market (i.e. where the demand curve is perfectly elastic). 

A more rigorous approach Nould include the insertion of empirically 
derived supply and demand functions of all trade partners (after adjust­
ment for transportation costs, tariffs, quotas etc.) in the restraints 
subject to total supply being equal to total demand of all countries, to 
obtain the market clearing price. This price value ~ould more accurately 
reflect market conditions and as such would be more suitable for use in 
this frameNork. Determining prices endogenously in this manner Nould 
involve more complex modelinq, involving the specification of Supply and 
Demand functi ons thr ough the use of conve x-combination constraints. in a 
spatial equilibrium frame work. 

After discussing the agro-climatic f actors involved in the cultivation 
of rubber, oil palm and cocoa in Chapter 4; and after reviewing the 
market situation for the crop products and inputs in Chapter 5, the land 
allocation model is formulated in Chapter 6. 
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Chapter 4 

CROP PRODUCTION 

This chapter discusses the agro-climatic production factors that are 
considered important in the cultivation of Rubber, Oil Palm and Cocoa. 

Since the land allocation model that is developed in this study allo­
cates land only on the basis of soil type, the other agro-climatic 
factors discussed here (such as rainfall, humidity, the prevalence of 
pests and diseases etc.) should also be considered prior to deciding on 
the cropping activities that should be included in the model when ap­
plied to a particular geographical region or locality. The appropriate 
input-output coefficient with respect to yields obtainable and inputs 
required (such as labour capital and fertilizer) can then be derived for 
specification of the cropping activities when formulating the applied 
model. 

4.1 AGRO-CLIMATIC FACTORS IN CROP PRODUCTION 

4. 1. 1 Cli11ate 

The climatic factors that influence the performance of perennial crops 
are presented in Table 4.1. 

The optimum climatic features for the various perennial crops are: 

Rubber 

Rainfall of 1000 - 2500 mm annually and preferably with a distinct dry 
period / season. (If annual rainfall is greater than 2200 mm and more 
evenly distributed, there is a greater lit;elihood of fungal disease 
infestations such as white and red root disease CLignus spp.), leaf 
diseases (Phythopthora spp.> and panel diseases CPhythopthora spp.). 

Mean max temperature of 29°c - 33°C; and mean min temperature of 1a0 c 
24°c. 

Constant sunshine amounting to at least 5 hours per day in all months of 
the year and rising to 7 hours per day in some months. 

The above climatic requirements allow for Rubber to be grown in diverse 
geographical locations. Rubber plantations are found anywhere from the 
equator to as far north as southern China and Bangl~desh (about latitude 
30° N/S). 

See Fig. 4.1 - Climatic Factors influencing the cultivation of Rubber in 
Peninsula Malaysia. 
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Table 4.1 . 

CLIMATIC FACTORS IN THE PERFORMANCE OF PERENNIAL LOWLAND 
. CRO]>S IN PENINSULAR MAl.A YSIA 

Crop Dry KillOn Surplus Wind Sun.shine 0Lher facto!l Mu. ekv. 
(month.s) rainfall gusu (optimum) . (m) 

Rubber - over 2 0 - - + - - a.m . rf. 500 
I 

Oil Pilin - over l; - 0 + + (5 - irregular rf. 500 
- - over 2 hrs/day) + sm~l dium. 

temp. range 

Cocoa + up to l; - - - - - - high R.H. 300 
- - over 2 (shading) 

Coconut - over 2 0 - + (4 - lightning 900 
hn/day) + ,mall dium, 

temp. range. 

Ca.s.sava 0 ( - ) - - - 0 1200 + 

Coffc-e + up to 2 0 - 0 600 (Lib .) 
14-00 (Rob.) 

Sl1g.ircano + + - - ++ + large dium. H50 
temp. range 

Cuhew + up to 4 0 - 0 700 

Pineapple 0 (-) - - 0 + 1600 

GTU$C1 - 0 0 0 - high Lemp . 
and R .H . 

Mango + up to 2½ - - + + 1500 

Bananil - - - - - - + 1500 

CiLTW + up LO 2 - - + 1800 

Papayil - - - - + + large dium. 900 
temp. range 

Durian + 0 - + + large dium. 500 
temp. range. 

Pepper - - 0 0 0 500 

- : dudv&nllft + : advanurc 0: no clear cff.a - • + : minor rfTrci - - • + + : major effect. 

Source : MARDI 
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Oil Palm 

Rainfall of 2 2000 mm annually, distributed evenly; i.e. a non-seasonal 
climate is preferred. (If rainfall is less evenly distributed, a higher 
rainfall would go some way in compensating for reduced yields that 
would have otherwise occurred where a dry period/ season exists). 

Mean max temperature of 29°C - 33°C; and mean min temperature of 22°c 
24°C. 

Constant sunshine amounting to at least 5 hours per day in all months of 
the year and rising to 7 hours per day in some months. 

The above non-seasonal climatic requirements allow for Oil Palm to be 
grown only in equatorial regions. Thus Oil Palm plantations are normally 
found between latitudes O - 4° N/S. 

See Fig. 4.2 - Climatic Factors influencing the cultivation of Oil Palm 
in Peninsula Mal~ysia. 

Cocoa 

Rainfall of 1250 - 2800 mm annually, distributed somewhat evenly. If 
rainfall is greater than 2500 mm and very evenly distributed, fungal 
infestations are more li kely and may lead to significant crop losses. 
Black Pod (Phytophthora palmivora) and Vascular Streak Dieback (Oncoba­
sidium theobromae) are common to S.E. As i an cocoa plantations. 

Mean max temperature of 28°C - 32°C; and mean min temperature of 1s0 c 
21°c. The cocoa plant is naturally more suited to regions with a max 
temperature less than 2s0 c. However, if proper shade management is 
effected, the species can yield reasonably well even where the max 
temperature reaches 32°c. 

Constant sunshine amounting to at least 5 hours per day in all months of 
the year and rising to 7 hours per day in some months. In the tropics, 
young plantings should however be shaded until a good canopy develops 
(at about four years of age) as this allows for greater photosynthetic 
efficiency to be achieved under a lower microclimate temperature regime. 
Furthermore, insect damage to this susceptible species is reduced. (The 
Helopeltis insect is a serious cocoa pest in Malaysia). 

The above climatic requirements allow for Cocoa to be grown in somewhat 
more diverse geographical locations than Oil Palm (but less widespread 
as Rubber). Cocoa plantations are found anywhere from the equator to 
central America (abo~t latitude 25° N/S). 

4. 1.2 Soils 

The Physiography, Rock Types and Soil Types that are found in Malaysia 
are tabled in Appendi x 1. 

24 



Fig. 4.1 

101• 104" 

0 100 

km 

•• 

Over 300 m 0.1.l , 

Co01tal or,01 • 

N 
- - - - S101onol mornin9 roinfoll H 

t2½J Ory 11010n longer 1t1on 2 month1 

~ IHegular dry period• (June -Sept.) 

I'. I: I ~ 1! Severe, moderate, wind domog• 

101• 

Figure - Climatic JactorJ influencing the cultii,ation of rubber. 

Source : MARDI 



Fig. 4.2 

100• 102• 

0 

~ 
ltm 

j /9 

.+ 

. 
<4 

z• 
N 

I 

I 

r 

Ovor 300m. o.s.l 

~ Dry seoson(often lonQer than I month) 

' 
1 

; '. I 
I 

J irr~ulor dry period1(0.,er 40o/. prob.June - St?!.). 

,----, 
1 + +•Sunshine hour11during more thon I month less thon 5 hrs/dcy ·----•------

102• E 

Figure . - Climatz'c factors i'nfluendng the culti'!'ati'on of oil pa/111 . 

Source MARDI 

100 

6. 

2• 
N 



i.i.¼t.t.t.i.i.i.1.1.i.i.i.i.i. 4. CROP PRODUCTION Page - 25 i.i.i.i.i.i.i.i.i.i.i.i.i.i.i.1.1.'l.i.i.i.i.i. 

4.1.3 Crops 

a. Rubber 

The Rubber tree grows well in the humid tropics. It however does not do 
well in very high rainfall or low-lying areas subject to water logging, 
as this is conducive to the spread of fungal diseases to which the tree 
is very susceptible. It is mainly for this reason that Rubber is usually 
preferable for planting on hilltops and on sandy soils where excess 
water quickly drains away. The deep tap root of the rubber tree also has 
the advantage of controlling soil erosion. 

Due to the Rubber trees susceptibility to root disease of a fungal 
(white and red root disease) under high rainfall / humidity and 
soil conditions, the replanting of rubber under such micro-cli­

conditions is usually avoided, i.e. the Rubber field is rotated 
some other species. 

nature 
clayey 
matic 
with 

The yield profile of Rubber under various agro-climatic conditions 
existing and tapping systems being practiced in Malaysia and Indonesia 
are graphed in Appendix 2. The labour and capital (including fertilizer) 
inputs required in Rubber cultivation are tabled in Appendix 3, 

b. Oil Palm 

The Oil Palm, in contrast to Rubber which has a deep tap root system, 
has a shallow fibrous root system and so is better able to survive water 
logged conditions. In fact, its yields are higher in high rainfall 
areas, particularly where the rainfall in evenly distributed throughout 
the year. Because of this beneficial effect of water on palm yields, oil 
palm plantings are considered more suitable for low-lying areas where 
the soil water content is higher than on hilltops. Oil Palm plantings on 
sandy soils are usually avoided as these soils have a high water infil­
tr~tion rate and leads to excessive leaching of fertilizers. Leaching 
losses of soluble fertilizers is a particularly important factor as the 
oil palm requires massive fertilizer inputs. Also, because of the high 
fertilizer dosages that are required by the oil palm, it is significant­
ly more cost effective to grow palms on nutrient rich soils (especially 
if such soils have a high water holding capacity as wefl). 

The yield profile of Oil Palm under various agro-climatic conditions 
existing in Malaysia and Indonesia are graphed in Appendix 2. The labour 
and capital (including fertilizer) inputs required in Oil Palm cultiva­
tion are tabled in Appendix 3. 
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c. Cocoa 

The Cocoa tree is intermediate in its water requirements between Rubber 
and Oil Palm. Thus this crop is generally pl anted in level to sloping 
terrain. 

As this crop is not able to tolerate very high temperatures, it is 
usually planted in shaded areas such as behind hills and in valleys. It 
is also preferable to plant this species i n a climatic region where 
there is a relatively high amount of cloud cover in a year. This prefer­
ence of the cocoa plant for shade is particularly important during the 
immaturity period i.e. upto age five. It is for this reason that 'shade' 
trees are normally planted between the planting rows a few years prior 
to planting. The presence of shade trees also has the advantage of 
reducing insect damage, especially in young plantings where such damage 
is potentiall y more serious. 

The species also produces pods that are less acidic (and so commanding a 
premium on the market) if grown on soils that are less acidic. As most 
soils of the tropics come under the classification of Dxisols and Ulti­
sols which are highly leached and therefore acidic, the application of a 
significant quantity of fertilizer lime (calcium carbonate) is often 
necessary. However, if Cocoa is grown on the relatively 'newer' and more 
alkaline volcanic soils which are classified under Entisols, liming 
costs are much less. Such newer soils are sometimes encountered in 
Indonesia. 

The yie ld profile of Cocoa under various agro- cli mat ic conditions exist­
ing in Malays i a and I ndonesia ar e graphed in Appendi x 2. The labour and 
capital (including fertilizer) inputs required in Cocoa cultivation are 
tabled in Appendix 3. 
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Chapter 5 

MARKETS 

A review of the current and expected world commodity market situation 
for the perennial crop products considered in this study, is examined in 
this section so as to provide a comprehensive overview when making 
investment decisions involving these three perennial crops. A review 
such as this would serve to indicate the possible supply and demand 
situations (and by extension, the price regimes) that can be expected 
during the long lifetime of these perennial crops. 

In addition, a look at the effect of structural change in the economy on 
resource endowments in producing regions <Malaysia and Indonesia) is 
warranted so as to assess the comparative advantages existing in these 
regions with regard to meeting crop input requirements. This review of 
factor input markets would give the decision maker some idea on future 
labour and capital input costs in a cropping enterprise. 

5.1 WORLD COMMODITY MARKET OUTLOOK 

Rubber 

The advent of synthetic rubber (synthetic isoprene as well as synthetic 
non-isoprene rubbers) has led to the creation of weakly separable mar­
kets which are determined largely by the characteristics of the final 
product for which rubber is an input in the manufacturing process. 

Therefore, the Rubber market can generally be di vided into 3 not very 
distinct sectors: 

- Isoprene market. 

Both synthetic and natural isoprene can be used to satisfy 
this market, and the extent of their use depends solely on 
their price competitiveness. 

Thus far, natural isoprene has r emained significantly more 
cheaper and thus has captured almost the whole of this 
market. 

- Substitutable Isoprene:. Non-isoprene market. 

Both isoprene (natural and synthetic) and non-isoprene 
synthetics can be used to satisfy this market . The 
extent/proportion of their use depends largely on the de­
sirable physical and chemical characteristics of the final 
end product and the relative prices of natural/synthetic 
isoprene versus synthetic non-isoprene rubber . 
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Fig. 5.1 
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- Non-isoprene market. 

Only synthetic non-isoprene rubbers can be used to satisfy 
this market for inputs into various manufacturing processes. 
Thus natural isoprene rubbers does not participate in this 
market. 

The US, which produces no natural (isoprene) rubber, was the largest 
importer, taking about 769,000 tons/ year in 1987. Japan was the second 
largest importer. Collectively, however, the EEC imports more natural 
rubber than does the US. 

Malaysia, the largest natural rubber producer, accounted for about 35 X 
of the worlds output in 1987. Indonesia produced 20 % and Thailand 17 X 
(and catching up to Indonesia). China, India and Sri Lanka mainly ac­
count for the remaining world output. 

Non-isoprene synthetic rubber production, which was about double natural 
isoprene rubber output in 1987, continued to accelerate at the end of 
1988. The USSR was the largest synthetic rubber producer, followed by 
the US and Japan - together producing about 61 % of the worlds output in 
1987. The US which outproduced the EEC, exported 15-20 % of its produc­
tion, while the USSR consumed most of its output. 

Natural (isoprenoidl rubber is primarily used in Radial tires, where 
more is required than in bias-ply tires. Since radials have steadily 
gained market share in the passenger car market (as well as in trucks 
and busses), the usage of natural isoprenoid rubber (which is cheaper 
than synthetic isoprene) has also increased. (Market share for radials 
rose from about 68 % of production in 1982 to almost 90 % in 1987 for 
passenger cars alone.) 

World synthetic rubber production in 1988 was 2.655 million tons. Due to 
the softness of the US dollar, US exports of manufactured items is 
expected to rise, thus boosting deman~ for synthetic (non-isoprenel 
rubber. 

It should be noted that the world production of natural rubber is 
dwarfed by a much larger output of oil-based synthetic rubber, which is 
a close substitute in many applications. Thus all natural rubber produc­
ers are essentially price takers in the international rubber markets. 
Currently (in 1989), the proportion of natural rubber in the world 
elastomer market stands at 33 - 35 X. 
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Oil Palm 

Oils & Fats 

The various oils and fats (esters), with their characteristic fatty acid 
alcohol compositions, compete with each other to various extents in 

satisfying the input requirements of a multitude of end products. 

International trade in the oils and fats market is of substantial and 
growing importance. Trade and production of each of the oils and fats 
are influenced by their own specific technical and economic characteris­
tics as well as by relationships with other oils and fats. 

The FAD (1987-1988) indicates that world output oils and fats in 1986 
was 73.9 million tons (with exports of 24.8 million tons). Comparable 
figures for a decade earlier are 43.4 million tons (and 13.2 million 
tons e:-:ported). 

In 1986, the value of oilseeds, oils and fats, and meals was 
million (or 10.29 % of total world agricultural exports 
exports of forestry and fishery products). Exports of oils 
alone accounted for 5 % of world agricultural exports in 1986. 

us$ ,.,"":!' "'r ~·-'· ._, 

(e:-:cluding 
and fats 

Production and trade in oils and fats can be grouped into Vegetable and 
Animal oils/fats: 

Vegetable Oils 

Animal Fats 

Annual 
Crops 

Perennial 
Crops 

Cattle 
Hogs 
Fish 

Soybeans 
Groundnut 
Sunflower 
Catton seed 
Rapeseed 
and other-s 

Oil Palm 
Coconut 
Olives 

Uses of oils and fats are generally classified either as edible or soaps 
reflecting their two major uses: as edibles (ex. margarine, salad oils 
and shortenings) and as inedibles (ex. soaps, detergents, paints). 

Nate that most oils and fats are substitutable to varying degrees in end 
use between edible and inedible, with the largest proportional use of an 
individual oil / fat being for edible purposes. 

Each of the oils and fats are influenced by their own specific technical 
and economic characteristics, as well as by relationships with other 
oils and fats. Technically, most oils and fats are highly substitutable 
(their individual prices reflecting this by sometimes tracking each 
other). 
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Fig, 5.2 
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In reality however, refining, transport and specific end-use 
ments limit the range within which the individual oils and 
actually substituted. 

require­
fats are 

In this respect, it should be noted that some end use requirements may 
be politically inspired as in the case of the American Soybean Associa­
tion lobbying for mandatory labeling of palm and coconut oil usage in 
products 'to inform the general public that such . oils containing a 
greater proportion of saturated oils increase the risk of cardiac relat­
ed ailments.· US soybean oil producers have lately been losing signifi­
cant market share to palm oil producers who are more competitive oil 
producers. It should further be noted that if saturated fats do promote 
heart diseases (which has yet not been scientifically proven), the fat 
can be easily converted to an unsaturated form by dehydrogenation and/or 
undesirable fatty acid components removed by fractionation at relatively 
little cost. 

Goddard and Glance (1989 found in a study on the demand for all oils and 
fats in US, Canada and Japan, that the aggregate demand functions were 
all ~rice inelastic (-0.18 in the US, -0.21 in Canada and -0.18 in 
Japan). They also found that aggregate income elasticities were all 
around 0.4. 

However, of the individual oils and fats, they determined that the only 
own price elastic oils were Palm Oil (US), Soybean (Japan), Groundnut 
(US and Canada) and Cottonseed (US and Canada). 

Also, the cross-price elasticities were only elastic for Soybean-Palm 
oil, Soybean-Palm kernel, Corn-Palm oil, Soybean-Coconut and almost 
every other butter-oil elasticity, suggesting that for these oils and 
fats there is a certain degree of substitutability. 

In general, however, they found that the inelastic cross-price elastici­
ties give evidence of gross complementarity amongst the various oils and 
fats. 

A priori assumption of the oils and fats market may be that there is 
more substitutability than is evidenced. It is interesting to note that, 
for markets that are interrelated on the demand side through substitu­
tion relationships, prices move together (particularly when movements in 
prices are initiated from supply 'shocks'). On the other hand, for oils 
that are gross complements, prices only move together when initiated by 
demand 'shocks". 

Goddard and Glance therefore conclude that the implications for major 
exporters of individual oils and fats may be that demand for their 
product (with the exception of oil palm and some others) is significant­
ly more inelastic than a priori reasoning might suggest. 

They also conducted a simulation for world trade in oils and fats if 
tariffs on soybean and groundnut oil imports into the US, Canada and 
Japan were removed, and found that a reduced demand in these oils would 
result with substitution by other price elastic oils such as palm oil. 
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Although at present, the imports by US, Canada and Japan of Malaysian 
(and Indonesian) palm oil is relatively very small compared to imports 
by the EEC, India, Pakistan and China, there does exist a possibility of 
much greater substitution of soybeans, groundnut and other oils in these 
developed countries (including in the EEC whose oil seed crops are 
protected by the infamous umbrella of the Common Agricultural Policy). 

In this regard, it is relevant to point out the significant trade com­
parative advantage that tropical oil palm producers have over temperate 
soybean, groundnut and other vegetable oil producers. 

Oil Palm starts yielding after only 3 years and continues producing for 
25 years at relatively low variable costs (i.e. there is no recurring 
annual planting costs and production occurs year round). Even at current 
1989 depressed price levels, largely due to the US and EEC import tar­
iffs/barriers and e~port subsidies respectively, Malaysian (and espe­
cially Indonesian) oil palm producers continue to remain profitable. 

In 1990, the global hectarage under mature oil palm exceeded a record 3 
million hectares (double that in 1980). The mature area will rise by 7.5 
'l. in Malaysia and 8.7 'l. in Indonesia in 1990. In absolute terms however, 
Malaysia's palm oil exports are triple that of Indonesia's. 

Cocoa 

The market for cocoa (used for the manufacture of chocolate products) is 
saturated with excess production and stagnant consumption. Since cocoa 
(unlike oil palm and to some extent, rubber) can be cultivated in geo­
graphically diverse regions, many countries rely on this crop to con­
tribute to their foreign exchange earnings. 

World production for the 1987/88 cocoa crop was a record 2.12 million 
tons (7 'l. greater than the 1986/87 outturn of 1.97 million tons). 

Ivory Coast is the largest producer with an output of 700,000 tons in 
1988, followed by Brazil at 402,000 tons. Malaysia, which entered the 
cocoa market relatively late, is fast becoming an important producer at 
220,000 tons in 1988 (a 31 'l. gain over 1987's 167,000 tons). 

Switzerland continued to have the worlds highest rate of cocoa consump­
tion at 4.1 kg per capita, followed by Austria and W. Germany. The US 
averaged only about 1.8 kg per capita and the Soviets 0.7 kg per capita. 
Although the US is not a leading consumer on a per capita basis, it is 
the largest net importer accounting for more than 25 'l. of world cocoa 
imports. 
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c:' ,., 
,.J, L FACTOR INPUT MARKETS IN THE PRODUCER ECONOMIES 

As rapid structural change is now a major feature of several S.E. Asian 
producer economies (including Malaysia, Indonesia and Thailand), it is 
important to consider the effect of the Manufacturing and Service sec­
tors (which are growing very rapidly) on the more labour intensive 
agricultural sector which has traditionally been the mainstay of these 
nations economies. 

'Resource-pull· effects on labour (and to some extent, on 
these Manufacturing and Service sectors are especially 
raising real wages (and the cost of capital). 

capital), 
important 

to 
in 

In these section, these effects and the problems arising from them are 
examined for keeping the agricultural sector competitive in attracting 
resources. 

The circumstances of perennial crop production diffe~ considerably 
between the countries involved. Although the basic soils, climatic 
conditions and feasible yields may be similar for a particular crop 
(particularly Rubber) in each of the main producing locations, the 
relative endowments of land, labour and capital and other resources are 
not. 

In Malaysia, land and labour have become scarce. Real wages and land 
prices/ rent has tended to rise, while infrastructures of roads, rail­
ways, schools, welfare services and other related aspects have become 
increasingly abundant with advanced economic growth. In addition, lower 
level skills are generally well developed. Further, perennial crop 
plantings in the peninsula are concentrated in a relatively compact area 
close to points of exports, which decreases transport and marketing 
costs. 

The effect of an increasingly important Manufacturing and Service sector 
in Malaysia (latel y due to massive amounts of overseas in vestments), has 
led to significant urban migration and the accompanying rises in real 
wages in the traditional agricultural sector. The limited land available 
in Malaysia has also made land prices relat ivel y much more expensive. 

In contrast, on the huge island of Sumatra where most of Indonesia 's 
plantation crops are grown, land is abundant and labour far cheaper than 
in Malaysia, but infrastructures are still very poor despite some very 
recent improvements. 

As a result, the growth rates of planted hectarages to all perennial 
crops is greater in Indonesia than in Malaysia i.e. Indonesia has a 
greater comparative advantage in perennial crops than Malaysia. (This is 
particularly true for Oil Palm which grows very well under Sumatran 
climatic conditions.) 

-=!"'? 
•.J..:... 



XXXXXXXXXXXXXXXXXX. 5. MARKETS Page - 33 XXXXXXXXXXXXXXXXXXXXXXX¼XXX 

Thus far we have examined ' r esource-pull· effects in an inter-sectoral 
context. There is however also an intra- sectoral reallocation of re­
sources. 

Rubber cultivation, which is the most labour intensive of the three 
perennial crops considered, has decreased in the last decade (in terms 
of land area, not output), and Oil Palm plantings have increased (in 
both Malaysia and Indonesia). Indeed, Oil Palm with its rapidly expand­
ing output in the 1970 ' s was a booming sector, exerting significant re 
source-pull effects on both land and labour. In the 1980's, Cocoa was a 
mini booming sector. 

The estates that continued to cultivate Rubber responded to change by 
adopting output increasing management and capital intensive new technol­
ogy. 

Such new technology came in the form of higher yielding rubber trees and 
new tapping methods. While technical change has in the past been helpful 
in maintaining the economic viability of the remaining rubber estate 
area in Malaysia, it is significant that the parallel technical advances 
in Malaysian Oil Palm were that much greater, with notably that much 
larger increas es i n output . 

More recently (in 1989), a new method of extracting latex from the 
rubber tree was developed in Malaysia which in commercial trials in­
creased yields upto four to five times. The effect of this new technolo­
gy on the world rubber mar ket is thus expected to be quite significant 
and should help the nat ural rubber industry to bounce bac k as a desira­
ble in vestment sector. 
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Chapter 6 

MODEL FORMULATION 

6.1 MODEL DEFINITION 

The model as formulated is actually a 3 year model which is designed to 
allocate land to the various perennial crops in such a manner as to 
maximize the cash flows and the asset values of planted areas at the 
conclusion of the third year. 

Formulation of a 25 year model that covers the optimum rotation ages of 
the perennial crops considered was not considered justifiable as crop 
allocation decisions are rarely made more than 3 years in advance. 
However, if the model were formulated for a longer period, it would be 
possible to get a picture of the cash flow situation over all the years 
modeled. 

To reflect the ongoing nature of crop production after three years (the 
crop-land allocation planning horizon), either of two approaches is 
usually adopted. Either extra constraints, sometimes termed horizon 
posture constraints, are added to ensure a satisfactory horizon state is 
achieved (for example, in area planted); or alternatively, some form of 
post-horizon valuation is attempted to reflect the income generating 
potential of planted areas beyond the planning horizon. Both methods 
attempt to leave the plantation unit in a state which maximizes the net 
worth of that unit. The use of constraints achieves this by controlling 
the asset and/or liability structure (i.e. area planted), while post­
horizon valuation achieves this ty ensuring a 'healthy' post-horizon 
income stream. In the model formulated here, the latter approach is used 
in that, assets (i.e planted areas) are valued at the end of the third 
year as the Terminal Value. 

The mathematical structure of the model that is used in this study is 
defined as follows: 

For each crop, yield is a function of labour, capital and fertilizer 
inputs ... 

y t = f ( Lt I Kt' Ft ) 

where, Y =Yield/ Ha · 
L = Labour Intensity 
K = Capital Intensity 
F = Fertilizer Intensity 
t = Year (t = 1, 2 or 3) 

and the total crop produced is proportional to the area planted to that 
crop .•. 

= where, Q = Tot. Production 
N = Area planted to each crop 
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The objective of max1m1z1ng the present value of the cumulative annual 
net income obtainable from all crops planted subject to the conditions 
of resource (labour, capital, fertilizer and land) availability and cash 
flow accounting identities is denoted as: 

where, P = Price 
Y = Yield/Ha 
L = Labour 
K = Capital 
F = Ferti 1 izer 
c = Crops (Rubber, Oil Pali and Cocoa) 
t = Years (1, 2 or 3) 

For the intertemporal model developed here (for which the explanation of abbreviations can be 
found overleaf), this si11plifies to ••• 

11ax-rr = C CB3 + Ter1Val l / (1+rl 3 

such that in any year, t ••• 

~ Cash Bal: (SI.I() + CBt-l + Borr = TotCost + Save 

Taxable Inc: Cpricecl.(CropSold) + is· (Save) = Taxincl + Taxlnc2 + Taxlnc3 + TaxDed 

TaxDed/Loss: FixCost + Ccost1 ,k,fl. (Lab,Cap,Fert Usage) + ib. !Borr) + Taxlosst-l = TaxDed + Taxloss 

Exp: TotCost = TaxDed + Taxloss 

Taxli11: Taxincl <= 12,000 

Taxlil2: Tax Inc2 <= 12,000 

Borrli1: 

Cl Cash Bal: 

ConSU1pt ion: 

Yield: 

Labour: 

Capital: 

Fertilizer: 

Borr <= 500,000 

CB = (1-t1).Taxinc1 + (1-t2).Taxinc2 + (1-t3l.Taxlnc3 + TaxDed + Save - Borr - Consinp 

Cons,ap = FixConS1Dp + !l'fC) .CB 

Ye· (Ha planted up to Year t) 1 Crop produced and sold (for each crop) 

le· (Ha planted up to Year t) i Labour hired (for each crop) 

kc. (Ha planted up to Year tl i Capital bought (for each crop) 

fc. (Ha planted up to Year t) i Fertilizer purchased (for each crop) 

and such that over all years ••• 

Soil-Type STy: 

Ter1Val: 

(Ha planted up to Year t) i Land resource availability by Soil-Type 

TermVal = AVt· (Ha planted up to Year tl 

{See Table 6.1 & 6.2 for a sche1atic representation of the above 1odel for1ulationl. 
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where, 
r = Discount Rate. 

SUK= Start-Up Capital (specified in the first year only). 

CB= after-tax Cash Balance. 
i.e. the after-tax gross revenue less Borrowings repaid, 
plus Savings withdral'«l and less Consumptioo requirements. 
(If CB is positive, cash is transferred to the Opening Cash 
Balance row of the following year through the Cash Surplus 
activity. If CB is negative, cash is transferred through 
the Cash Deficit activity). 

AV= Asset Value of planted areas. 

Taxincl = Taxable Income in the first income ta>: bracket 
(i.e. income subjected to a taxation rate of tl). 

Taxinc2 = Taxable Income in the second income tax bracket 
(i.e. income subjected to a taxation rate of t2l. 

Taxinc3 = Ta:<able Income in the third income tax bracket 
(i.e. income subjected to a taxation rate of t3l. 

Note: The total Taxable Inco1e is the su1 of all crop sales 
plus interest on savings. 

TaxDed = Income allocated to cover tax deductible costs 
(and which is not taxed). 

Taxloss = Costs not coverable by taxable income. 
(transferred to the tax-deductions row of the following 
year for consideration as a tax-deductible e>:pendi ture l. 

TotCost = Total Cost (i.e. FixedCost + VariableCost + Interest 
on Borrowings or, TaxDed + Ta>:Loss). 

Save = Savings 
is = Savings Rate 

Borr = Borrowings 
ib = Borrowing (Lending) Rate 

Consmp = Consumption (i.e. Fixed plus Variable Consumption). 
Variable Consumption is specified as a percentage of 
the after-tax Cash Balance, CB i.e. the MPC. 
Note: MPC = 1 - MPS (implicitly). 
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TABLE 6· ! 

- T.abl•.au shoMing Cash, f•H~tion, ConsuMption ! 

Obj Fn Ueights (in Fin•l Ye•r Only): 

Cropping Input Output Activities -

1/(l+r)t 

Cons:tr..aint Supply 

RHS 

Activities <---- T.aH Tr.ansfers ------> EHp Borr S•u• ConsH C•sh Tr..ansf•r 
Crop Sell Buy ' T.-H T.aH 
Soil 0/put I/put T•Hl T.aH2 TaH3 Oedct Loss Q ~% Q ~% Sur o ... .r 

-in e..ach ye.ar, the following constr..aints .and .activity coefficients hold: 

Op C•sh B•l 
T•H•ble Inc 
T•H Dedct 
f.aH LiM 1 
T.aH Li" 2 
EHpenses 
Borr LiM 
Cl C•sh B•l 
ConsuMption 

Output Yield 

Input L•b 
C•p 
Fert 

St.rt-Up• 
0 

FiH Cost 
12,000 ).; 
12,000 ~ 

0 -
Borr Li"~ 

0 -
fiH Cons:N ~ 

0 ~ 

0 ~ 

Yl 

(1 ,k, f)-{ 

-Pric• 1 
-V. Cos t 

1 
1 

-1 

-(1 - tl ) - ( 1-t2) -(1 - t3) -1 

-1 

-1 

-in the Fin.al ~••r, the Ter ... in.al (Asset) V.alue & Soil Resource constr.aint 
.are .also included (with .activity coefficients incl1Jded for .all ye.ars): 

Ten, V•l 

Soil Type 

Hote: 

0 

Ar•• ~ 

-AV-1_ 

l-1. 

1 -1 1 
-is 

1 -ib 

-1 1 
1 
1 -1 

-1 

V. Cost 
F. Cost 

Vari.able Cost of cropping inputs on• per unit b.asis (fertili~•r, c•pit•l •nd l•bour). 
FiHed Cost (Depr•ci•tion, M~n•geri•l ~nd Office M•inten•nce eHpenses etc.) 

MPC • M•rgin•l Propens ity to ConsuHe ( i.e. V•ri•ble ConsuNption) [• 0.01 or 1?.J. 
fiH Cons:N • FiHed ConsuNption requiret1ent [• $ 10,000]. · 

tl 
t2 
t3 

r.H R•te c- 0 or 
T•H R•fe [• 0.26 or 
T•H R•te [• 0.3~ or 

0%] 
26%] 
3~%] 

.assess.able 

.assess.able 

.as sess•ble 

o n 
on 
on 

the first$ 12,000 of t•H•ble 
the neHt $ 12,000 of t•H•ble 
the re..,...aining t.aH..able incoMe. 

inCONe. 
inCONe. 

is, ib • S•uings r•t• [• 0.05 or~~] and Bo rroMing r •te (• 0.0~ or ~?.Jr•spectiuely. 

In the first ye•r, the St•rt-Up C•pit•l is specified •s $ 1,000,000 in the RHS. This specific•tion is not 
N•d• in subsequent y••rs, where the RH S is sp~cified as 0. 

Allow•ble (cuNul•tive) BorroMing LiHit in any year Mas spec ified •s $ ~00,000. 

The -1 coefficients br..ack~ted .are pre s ~nt in th~ Op~ning Cash B..al..anc• r o M for .all ye..ars/periods eHcept the 
initial year/period. It's role is t o tt· ~n$ ~~r i n after-t•H c ..a ~h ( Ninus consuHption) froN the Cash B~l..ance 
row of the pr e vious year to the Op~ning Ca~h Ba l a nce t·o M of the $Ubsequent year (i.e. in the s~H• coluNn). 

(-1) 

1 
-MPC 

Any t..aH loss in tr..ansfQrred to the f ~H Oe dc t / Lo ~s o f th~ following ye..ar f o r consid•r•ti o n .as• t•H deductible 
iteH. In the fin.al y~•r, any t4 H l o~s ar~ i n pu t~ d into th~ f~t-Hin~l Value row for t..aH deduction •gainst future 
i ncoHe streat1 s be':lond tho& land • l l oc.ati o,, ho ,·i z: ,:, t , . 

(+ 1) 

-1 

1/(l+r)t 

TerH 
v .. 1 
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6.2 INPUT-OUTPUT COEFFICIENTS IN THE MATRIX 

6. 2.1 Objective Function 

As discussed previ ously in Ch.3 (3 . 2. 3), the Objective function is 
specified as : 

1. ma ximization of tax-free cash available a t the end of the 3 year land 
a l location horizon, which implicitl y maximizes Cash Flows (i .e. Cash 
Trans fers) in each of t he three years . 

2. maximi zation of the value of assets (tree/ palm plantings) owned by 
the plantation at the end of t he land alloc ation horizon, and 

The Objecti ve Functi on of the intert emporal crop allocati on model there­
fore maximizes prof itability in present value terms and appears as: 

where, "ff"" = Profits (in Present Value terms). 

CB = Final (and annual) tax-free Cash Transfers / Flows 
i . e. the Year 3 Cash Balance. 

Et.AV= Tot.Asset (Terminal) Value in Final Year (Year3l. 

,0'n = Weights placed on the various objectives. 
In the model, equal weights were placed 
on both objectives i.e. ,=1. 

6.2.2 Constraints 

Cash, Taxation & Consumption Restraints 

All cropping activities contributing to the cash-flow are measured in 
units per hectare; while all other acti vities and restraints are meas­
ured in dollar units. [See Table 6.lJ. 

All acti vities requiring cash (for example, for payment of fi xed and 
variable costs as well as for savings), will have a positi ve coefficient 
in the Opening Cash Balance row. In contrast, all activities supplying 
tax-free cash (such as borrowings and cash transfers from previous 
years ), wi ll have a negative coefficient. 

37 



'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.t.'l.'l.'l.'l.'l.'l. 6. MODEL FORMULATION Page - 38 'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l. 

All acti vities that suppl y cash to pretax cash receipts in the Taxable 
Income row (for example, by the sale of crop produce and by interest on 
savings) have a negati ve coeff icient, which is then transferred through 
the tax transfer acti vities to the tax-free cash Closing Cash Bal ­
ancerow. The cash in the tax-free Closing Cash Balance row is then 
transferred to the Opening Cash Balance row of the subsequent year by 
the Cash Transfer activities after Consumption removals are carried out 
land after borrowi ngs have been repaid and / or savings withdrawn ) . 

The tax deduction / l oss r ow s ums all costs , depreciation , as well as 
interest on borrowings for a llocation as either a tax-deduction or tax­
loss (the latter i n the case where tota l expenses cannot be covered by 
income ) . The tax-deductions t ransfer acti vity transf ers t o t he tax-free 
cash Closing Cash Balance row, an amount equal to the total tax-deducti­
ble expenditures to which income must be allocated , wh il e an y tax-loss 
is transferred t o the Tax Deductions row of the subsequent year f or 
consideration as a tax-deductible item. 

The taxation rows and activities are structured in a way so as to tax 
income progressively. The first$ 12,000 of income is not taxed, while 
the next$ 12, 000 is taxed at a rate of 26 'l.. Any income above$ 24,000 
is t axed at a rate of 35 'l.. 

Assessable 
Income 

Ta:{ Deducti ons : 

Income 
Ta:-: 

Marginal Tax Rates 

Consumption 
Ta:-: 

Tot . After-ta:-: 
Ta:-: Income factor 

10 'l. of Bor rowings 
Depreciation $ 500 - free of a ll tax - 1. 00 

Taxable Balance : 

$ 1 $ 12000 0 0 tl= 0 1. 00 
$ 12000- $ 24000 0 . 26 0 t '"'-..:. - 0 . 26 0 . 74 
$ 24000- ~'( above 0 . 35 0 t,-._,- 0 . 35 0.65 

From the supply of tax-free cash in the Closing Cas h Balance row of any 
period, a fi xed dollar amount mus t be withdrawn to cover the fi xed 
consumption requirements of the firm. In addition, a percentage of the 
tax-free cash i ncome 11%) is channeled for consumption purposes as 
dictated by th~ firms Marginal Propens ity to Consume IMPC). It is the 
rema1n1ng cash amount (which reflects the firms Marginal Propensity to 
Save IMPS) or Invest, that is actually trans ferred t o the subsequent 
year in the Opening Cas h Balance row through either Cash Transfer activ­
ities (Cash Surplus or Cash Deficit) after debts are repaid and savings 
are withdrawn. ( If this cash amount is negative, i.e. the Cash Deficit 
activity is used to transfer the cash balance, borrowing is induced in 
the subsequent year). 
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The Savings activity allow annual savings and withdrawals and can there­
fore implicitly transfer tax-free cash from one year to the next 
(through the cash transfer activity), as well as pay a 5 'l. rate of 
return into pretax cash receipts. 

The Borrowings activity allows the firm to borrow and repay cash each 
year at an interest rate of 5 'l.. Borrowings are specified in the annual 
Borrowing Limit constraint as allowed up to a limit of$ 500,000. Simi~ 
lar to the Savings activity, Borrowings are transferable from one year 
to the next through the cash transfer activity. 

The Terminal Value row (in the final year of the planning horizon only ) 
allows the value of the firm ' s assets in areas planted (accumulated over 
the previous years ) to be accounted for in the final period (the third 
year). The calculation of these values are explained in the next sec­
tion. 
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Derivation of Asset Values of Planted Areas 

Asset values of an area planted to a particular perennial crop of age t 
at the end of the 3 year planning horizon, was derived by obtaining the 
Net Present Value (at the .third and final year) of all the post-planning 
horizon income streams (i.e. income derived after the third year). 

Note that in the present conte xt, assets do not include those in fixed 
supply over the planning period, such as land, buildings and machinery; 
but only that of perennial crop plantings. Thus the problem was to 
assign asset values to all perennial crop - soil type activities which 
could be in existence at the end of the planning period. 

Hence all perennial crop activities were assigned an asset value equal 
to the present value of future net revenue (after-tax) discounted from 
infinity, with crop replacement at the optimum time (i.e. at the age of 
25 years). 

That is, 

where, 

+ A 

AV= Asset Value 

NR = annual Net Revenue (after-tax) 

m = age (in years) of the crop at the end 
of the 3 year planning horizon. 

m + n = the optimum replacement age of the 
perennial crops (25 years). 
[See Ch.3.2.2]. 

A= the present value (at year 3) over all 
crop production cycles oft years ($/Hal: 

A = [ [ Et NR/(1+r)t J / (1-e-rt, J / (1+rlt+l-m 

where, t = m + n = Opt. Rotation Age. 
e = 2.71828 

If annual cropping activities are included, their asset values are 
simply computed as •.• 

AV = NR/r 

Asset Value calculations were computed with the help of a spreadsheet 
program using data presented in Appendix 2. 
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Labour Restraints 

The labour activities may supply (and implicitly remove) labour in each 
year, t, as required by a particular cropping activity. (These activi­
ties are measured in Man-Year units). 

Restraint 

Crop Labour 

Note: 

Labour Input coefficients 

Supply 

O 2 

Cropping 
Activities 
Requiring 

Labour 

Hire 
Labour 

-1 

The labour requirements (on a Man Year per Ha basis) as reflected 
by the labour coefficient, I of each cropping activity is detailed 
in Appendix 3. 

Capital Restraints 

The capital activities may supply (and / or remove) capital in each year, 
t. !These activities are measured in Dollar units per year). 

Restraint 

Crop Capital 

Note: 

Capital Input coefficients 

Supply 

0 2 

Activities 
Requiring 
Capital 

Borrow 
Capital 

-1 

The capital requirements (on a Dollar per Ha per year basis) as 
reflected by the capital coefficient, k of each cropping activity 
is detailed in Appendix 3. 
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Fertilizer Restraints 

The crop fertilizer activities may supply fertilizer in each year, t to 
each crop - soil type. <These activities are measured in Metric Tons). 

Restraint 

Crop Fertilizer 

Note: 

Fertilizer Input coefficients 

Supply 

0 

Activities 
Requiring 
Fertilizer 

Buy 
Fertilizer 

-1 

The fertilizer requirements (on a Man Year per Ha basis) as 
reflected by the fertilizer coefficient, f of each cropping 
activity is detailed in Appendix 3. 

Yield Restraints 

The crop yields obtained in each year, t (except during the crops imma­
turity years), are sold through the crop selling activities. (These 
activities are measured in kg for Rubber and Cocoa and in FFB tons for 
Oil Palm). 

Crop Yield Output coefficients 

Restraint Supply Cropping Activities Crop Selling Activities 
on various Soil Types 

-----------------------------------------------------------------------
RuSTl RuST2 DPSTl DPST2 CoSTl CoST2 Sell Ru Sell DP Se11Co 

RubberYld 0 ~ Yrl Yr2 -1 
DilPalmYld 0 ~ Yopl Yop2 -1 
CocoaYld 0 ~ Ycl Yc2 -1 

-------------------------------------------
Note: 

The yield profiles (on a per Ha per year basis) as reflected by the yield coefficient, Yen 
of each cropping activity is detailed in Appendix 3. (The yield profiles for all crop-soil 
type activities assume a mean annual rainfall of 2000 H with tlllO dry seasons per year 
lasting two months each i.e. where monthly rainfall is less than 150 mm), 

42 



'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l. 6. MODEL FORMULATION Page - 43 'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l. 

Land Restraints (specified once only) 

All cropping acti vi ties on the various soil t ypes have a +1 coefficient 
for the soil type on which they are planted and for all the years in 
which they can be planted. 

-Land Resource Availability in Period t -

Cropping Activities by Soil Type 
(in Year tl 

Soi lType 1 
Soi 1 Type 2 

Note 

Supply 

100 Ha 2 
100 Ha 2 

RuST1 RuST2 OPST1 OPST2 CoSTl CoST2 

The input-output coefficients of the various cropping activities used 
in the model was based on the soil type's slope and textural character­
istics (as these soil variables were considered most important in 
deciding on crop-land suitability), Appendix 1 shows the slope and 
texture of each soil type that is encountered in Malaysia. 

Thus in the ~odel, each combination of crop-slope-texture comprised a 
cropping activity and each slope-texture combination represented a land 
resource constraint , 

6.2.3 Activities 

Cropping Activities 

These activities are included in each period to allocate land of differ­
ent characteristics (i .e. different soil types), to the various perenni­
al crops considered in this study at various times. The soils are clas­
sified according to their slope and textural characteristics and are 
specified in units of hectares. The soil slopes used in classification 
was Flat CF), Sloping (Sl) and Steep (Stl; while the soil textures used 
were sand CS), Sandy-Clay (SC), Clay (C) and Peat (P)-. -

4, 
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Labour, Capital & Fertilizer Use Activities 

Labour activities are included in the model for each year of the 
ning horizon, their purpose being to allow the annual hiring of 
at the existing wage rate specified in M$ / Man-Year. 

plan­
labour 

Similarly, Capital activities specified in dollar units are included in 
order to meet capital good expenditures. 

Fertilizer use activities are also included as distinct from capital 
costs because fertilizer requirements vary by soil types (defined in 
this study only on the basis of slope and textural characteristics). 
However, the nutritional status of each s oil t ype can be indirectly 
modelled in through the adjustment of the fertilizer input coefficient 
as fertilizer usage is inversely proportional to the soil nutrient 
status. Th~s these activities allow the purchase of fertilizers at 
existing prices specified in MS/ ton. 

Crop Selling Activities 

Crop selling activities a.re included in each period to permit all crop 
produced to be sold at expected market prices. 

Financial Activities 

a. Taxation Transfer Activities 

Taxation transfer activities are included for each year, allowing the 
computation of progressi ve taxation payments to be closely approximated 
with various marginal tax rates (specific to the various income levels). 

For example, if a marg i nal tax rate of 35 'l. i s applicable, the approxi­
mate taxation transfer activity would t ak e every$ 1 (upto a certain 
limit ) from ass essable income at the end of each year, and deliver $ 

0.65 (1-l x0.35) into the periods after-tax ca sh balance account. 

b. Tax-Deductions / Tax-Loss Transfer Activities 

Since all tax-deductible expenditures (including depreciation and inter­
est on borrowings) must be subtracted from pretax cash receipts before 
taxation is calculated, the tax-deductions transfer activities remove 
from pretax cash receipts (in the Closing Cash Balance row) in any one 
year, a sum of cash equal to variable production and fixed expenditures, 
plus interest on borrowings. The tax loss transfer activities move all 
tax deductible expenses that are not coverable by annual income to the 
tax-deduction row of the following year for consideration as a tax 
deductible item. 
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c. Borrowing Activities 

The Borrowing acti vities allow cash to be bought at an interest rate of 
5 % for planting investment purposes . In the model, borrowings are 
specified as repayable each year, but borrowings can again be made in 
the subsequent year, so effectively, long term borrowings are allowed . 
Specification in this manner enables annual interest to be computed. 

d. Saving Activities 

The Savings acti vities represent investment activities which allow 
surplus cash to earn interest at 5 X. Hence the programme can every year 
either save money at a 5 X annual rate of return, or reinvest money in 
the holding at a rate of return greater than 5 X. 

e. Consumption Acti vities 

This acti vity allows the firms fixed and variable consumption require­
ments to be met by removing a fi xed amount of cash ($10,000), as well 
as an additional percentage (1%) of periodic cash transfers (specified 
as the MPC> from the after-tax Cash Balance account. 

f. Annual (tax-free) Cash Flow / Transfer & Final Assets Activities 

These activities r epresent the annual Cash Flow s ituation as well as the 
fin a l asset position of the firm at the end of the planning horizon 
respecti vely. 

6.3 THE FORMULATED MATRIX 

The general structure of the f ormulated matri >: i s illustrated in 
Table 6.2. 

[The detailed specification of the matrix that is used in the analysis 
is presented in Appendi x 4.J 
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Chapter 7 

RESULTS & ANALYSIS 

This chapter is concerned with the presentation and interpretation of 
the computed solutions of the formulated model as presented in Ch 6. 
The GULP Linear Programming routine which employs the Simplex Algorithm 
was used to solve the problem. [See Appendi x 5 for a listing of the 
computed r esults]. 

The basic issues that were examined are: given available resources (and 
those which can be made available), how should perennial crop production 
in a hypothetical plantation be organized (with respect to fertilizer, 
labour and capital requirement>; and what planting pattern should re­
ceive priority (with respect to the allocation of the various land t ypes 
to the various crops at various times) , given that 100 Ha of each of the 
ten soil types considered are available for planting. These issues have 
been tackled with respect to the decision makers objective to maximize 
annual cash flows and final year asset values, the results being pre­
sented and interpreted below. 

7.1 RESULTS 

7.11 The Optimal Plan 

The optimum plan generated by the Crop-Land All ocation Model is present­
ed here. A di scount rate of 5 'l. was used to transform all annual cash 
flows into present value terms (as the cost of agricultural capital is 
genera ll y about 5 'l. in Ma l aysia) , The model thus uses this agricultural 
lending rate as a proxy for the discount rate as we l l as the prevailing 
lending and borrowing rates. An institutionally determined wage rate and 
fertilizer / capital cost figure was also used . 

The specified objective of maximizing the present value of final year 
cash and asset values (and therefore, also the annual cash flows) re­
sulted in a plan that uses up the S 1 million start-up capital to pay 
for planting investment and operational costs in the first two years, in 
cocoa and oil palm, and part of the rubber planting programme in the 
third and final year of the model. Borrowings were only necessary in the 
final year at the maximum allowable ($ 500 ,000) to finance rubber plant­
ing investments in that year on all remaining hectarages that entered 
the plan. 
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In the plan, 232.5 Ha of cocoa is planted (on sloping soils) 
with 46.33 Ha of oil palm (on flat peat) in the first year. 

In the second year, 300 Ha of oil palm is planted on the flat 
soils together with an additional 53.66 Ha on flat peat. On the 
soils, 67.5 Ha of cocoa is also planted. 

And in the third year, the remaining 300 Ha of steep soils were 
with rubber. 

together 

mineral 
sloping 

planted 

Thus, of the total 1000 Ha available for planting in the plantation, 
Rubber and Cocoa takes up 300 Ha each (on the steep and sloping soils 
respectively), while Oil Palm takes up the remaining 400 Ha on the flat 
soils. [The specific allocation of crop by soil terrain and texture, and 
their year of allocation, is detailed below. 

Crop-Land Allocation !Ha) in the Opti1ua Plan 

Crop - Year Tot.Area 
Soil Type 2 3 !Ha) 
------ ====== ======= ------- ====== ----- ------
Rubber 
St s 100 

SC 100 
C 100 
p 

----- ------- ======== 
>Total: 0 0 300 --> 300 

Oil Palm 
F s 100 

SC 100 
C 100 
p 46.33 53.67 

------- -------- ======== 
>Total: 46.33 353.67 0 -- ) 400 

Cocoa 
51 s 100 

SC 100 
C 32.5 67.5 
p 

======== ======= ====== 
>Total: 232.5 67.5 0 -- ) 300 

Total Ha Planted: 1000 
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The Total Costs (Expenses) that are incurred in meeting fixed costs (of 
$100,000) and variable operational costs (planting, fertilizing, labour 
and capital costs etc) in each year for crops grown on the v~rious soil 
types are the sum of the Tax Deduction and Tax Loss activities. These 
turn out to be$ 196,222, $ 497,800 and$ 849,708 for the first, second 
and third year respectively. (The third year total cost figure of $ 

849,708 includes the 5'l. interest on borrowings of$ 500,000 i.e. $ 

25,000). Note: The total cost figures also include the Tax Loss of the 
previous year that is carried over to the following year for considera­
tion as a tax deductible expense. (Ta:< Loss in Year 1,2 and 3 are $ 

156,003.48, $ 462,502.32 and$ 849,708 respectively>. 

The following tables show the amount of labour, fertilizer and capital 
used and the costs that are incurred in the optimal plan: 

Crop 

Rubber 
Oil Pale 
Cocoa 

> Total: 

Labour Usage Activities (11an-Years) 

0.73 
4.65 

Year 
2 

6.05 
4.84 

3 

5.01 
3.92 
3.57 

5.38 10.89 12.50 
Labour Cost: $ 16,140 32,670 37,500 

Wage Rate= @ $ 3000 / ~an-Year or$ 10 / l'lan-Day 

Crop 
- ·--------

Rubber 
Oil Pali 
Cocoa 

> Total: 

Fertilizer Usage Activities (tons) 

Year 
2 3 

------ ----- --------- ---- -----

30.58 
153.45 

184.03 

264 
198 

462 

42 
264 
198 

504 
Fertilizer Cost: $ 551209 138,600 1511200 

Fertilizer price=@ $300 I ton 
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Tot.Labour 
(Man-Year) 
----------

5.01 
10.70 
13.06 

20.n 
86,310 

Tot.Fert 
(tons) 

=== 

42.00 
558.58 
549.45 

1150.03 
345,009 
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Capital Usage Activities ($) 

Year Tot. Cap 
Crop 2 3 ($) 

======== ======== ======== ======== ---------

Rubber 21000 21000.00 
Oil Palm 2779.92 24000 24000 50779.92 
Cocoa 22087.5 28500 28500 79087.50 

-------- -------- -------- ---------
\ Total: $ 24867.42 52500 73500 150867.40 I 

Thus the cumulative expenses (total cost) that is incurred over the 
three year plan can be broken down as: 

Breakdown of Cash Expenditures ($) 

Cost Type 

Total Variable 
Cast: 

Fi :-:ed Cost: 

Ta:-: Loss <t-1 l 

Int on Bm-r 

Total Cost: 
(c umulative ) 

1 
======== 

96,222 

100,000 

0 

0 

196,222 
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Year 
'") ' ..:.. ·-· -------- ======== --------

223,660 262,200 

100,000 100,000 

156,033 462,504 

0 25,000 
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Since all the three perennial crops have an immaturity period of three 
years or more, no income is obtained in the three years modeled except 
in the case of oil palm areas that are planted in the first year (on 
peat), which begin yielding in the latter part of Year 3. The oil palm 
yield in Year 3 is however very small resulting in an income of only $ 
23 1 998.94 from crop sales from the 46.33 Ha of oil palm pl anted on flat 
peat in Year 1. 

Crop Production / Selling Activities 

Crop 
Year 
2 3 

===== -------- ----- . ------

Rubber (kg) 
Oil Palm (tons) 185.32 
Cocoa (kg) 

Tot. Crop 
Sold 

-----------------

(I 

185.32 
0 

Coaaodity Prices: Rubber 
(Year 1-.3) Oi I Pala , 

Cocoa 

H$ 2.25 I kg dry rubber (RSS 1) 
W$ 129.50 I FFB ton 
W$ 1.79 I kg dry bean 

However, cash in the Opening Cash Balance accounts that is not used to 
cover fi xed and operational costs in each of the first two years ($ 
803,777.60 in Year 1 and$ 345 ,909 .60 in Year 2) provided income as 
interest (@ 5X) when saved . Interes t of$ 40 ,186 .88 and$ 17,295.49 is 
realized in Year 1 and 2 respectively , and together with the income 
generated from oil palm areas yielding in Year 3 (i.e. $23,998.94), are 
the only cash income realizable in each of the three years in the crop 
allocation planning horizon . (All income figures are the sum of the 
Taxinc1, Tax lnc2, Taxlnc3 and TaxDedct activities) . 

The annual Closing Cash balance account is the sum of all cash income 
and cost activities allocated to the various tax brackets (i.e. the 
Taxincl, Taxinc2, Tax inc3, TaxDedct and Taxloss activities), plus sav­
ings withdrawn, less borrowings repaid, and consumption requirements 
met. This is the amount that is transferred to the Opening Cash Balance 
account of the subsequent year as an annual cash flow (Cash Surplus or 
Cash Deficit). 

Off the initial start- up capital of$ 1 million, available for invest­
ment, $ 825,709.40 is still available at the end of Year 1 for meeting 
fixed and operational expenses in Year 2. And at the end of Year 2, $ 

349,708.00 is available for investment in Year 3. The Closing Cash 
Balance account at the end of Year 3 is,however negative i.e. a cash 
deficit balance of$ 489,120 exists, thus inducing borrowings in that 
final year of the land allocation horizon. 
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Together with the Terminal Asset values of all planted areas at the end 
of Year 3 CS 24 1 351 1 303.60), the final year (Year 31 cash balance of $ 

-489, 120. 00 results in a total va lue of plantings at the end of Year 3 
of $ 23,862,184.60 in Year 3 dollars, or S 20,282,856.06 in present 
va lue terms that was specified in the objective function. 

Cash Activities in the OptilWI Plan 

Year 
Activity 2 3 

-----·--- -------- ------- ---- . ·------------- --------- ------
Start-Up 1,000,000 

+ OpCashBal 0 825,709.40 349,708.00 
+ Borr 0 0 500,000.00 
- Save ao3,m.6o 345,909.60 
- Taxloss 156,033.50 462,504.30 849,708.00 
= TaxDedct 40,188.88 17,295.49 0 

+ Taxlnc1 0 0 12,000 _(pretaxl 
+ Taxlnc2 0 0 12,000 (pretax) 
+ Taxlnc3 0 0 0 (pretaxl 
= Cashlnc 0 0 20,880.00 (after-tax l 

+ Save ao3,m.6o 345,909.60 0 
- Borr 0 0 soo,000.00 
- Cons11p 18,257 .09 13,497.08 10,000.00 

= ClCashBal 825,709.40 349,708.00 -489,120.00 Cash Transfer 

Terminal (Asset) Value: 24,351,303.60 

Tot. Value (Asset+ Cash): 23,862,184.60 
- in Present Value terms: 2012821BS6.06 ObjFn Value 

OpCashBal is the ClCashBal of the previous year (i.e. the Cash Transfer). 

Tot. Cost is TaxDed plus Taxloss (and includes the interest on borrowings 
plus Fixed and Variable Costs). 

All the Taxlnc figures are in pretax terms (and includes interest on savings 
plus incoee froa crop sales). 

The Cashlnc figures are in after-tax teras. 

Refer also to Appendix 5 (GULP solution output of the OptiJ11Um Plan). 
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7.12 Shadow Prices (Dual Values) 

The Shadow Price (or Cost) indicates thJ~~mount by· which the objective 
function value will increase (or decrease) by increasing an activity or 
resource availability by one unit, i.e. it reflects the opportunity or 
marginal cost associated with increasing an activity by an additional 
one unit as well as the marginal value product assoc iated with increas­
ing a resource by one unit. 

The programming model increases the level of an activity or utilizes 
additional resources only as long as their marginal contribution to the 
objective function is at least as great as their marginal cost. In the 
optimal solution these two measur es will be equalized for activities at 
levels greater than zero. 

The shadow cost of the cropping activities indicate the amount the 
objective function value would be decreased by increasing its level by 1 
Ha. Similarly, the shadow cost of the cash activities (ex borrowings or 
savings) show the effect of increasing its level by$ 1. 

The shadow costs of all cropping and cash activities that comprise the 
optimal plan are presented in Table 7.1 a, together with their objective 
function ranges. 

The shadow price of the borrowing limit constraint in the third year 
indicates that for every additional dollar above the$ 500,000 allowable 
for borrowing, the objective function value would increase by$ 1.24 (in 
present value terms) from the$ 20,282,856.06 in the optimum plan. Dr if 
the start-up capital in the first years Opening Cash Balance account 
were increased by an additional $ 1, the objective function value would 
have increased by $ 2.57. Similar l y, if cash injections were made into 
the Opening Cash Balance of the second and third year, the objective 
funct ion value would have i ncreased by$ 2 .30 and$ 2.15 respectively. 
Thus as the shadow prices of these financial variables indicate that the 
money available for investment is tight, their in vestigation through 
sensitivity anal yses is warranted. 

The shadow price of the land utilization constraint indicates that the 
value of a hectare of flat land is between$ 17,299 - 18,245, while that 
of a hectare of sloping land is between$ 20,179 - 23,513, and that of a 
hectare of steep land i s between$ 14,987 - 15,021 (see Table 7.1 cl. 
These land values reflect the extra income derivable from a hectare of a 
particular soil type when planted to the crop that gives the highest 
return (in present value terms) on that soil type. 

The shadoN prices of all resource that are available f or plantation 
investment are presented in Table 7.1 b and 7.1 C together Nith the 
resource ranges I limits for which the optimal plan (not the objective 
function value) is stable. 
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TABLE 7.1 a 
CROPPING & CASH ACTIVITIES 

-------------------------------------------------------------------
<-- Obj Fn Range --> 

Name Level Shadow Cost Lower Upper 
--------- - --------- ---------- --------- -----------
YEAR 1 
RUF s z 0 9385.38 -INF 9385.38 
RUF SC z 0 11046.28 -INF 11046.28 
RUF C z 0 12463.23 -INF 12463.23 
RUF p z 0 19543.73 -INF 19543. 73 
RU SL S z 0 8813.05 -INF 8813.05 
RU SL SC z 0 13297.65 -INF 13297.65 
RU SL C z 0 13283.20 -INF 13283.20 
RU SL P z 0 1298.97 -INF 1298.97 
RU ST S D 0 0 -61.20 66.27 
RU ST SC z 0 61.20 -INF 61.20 
RU ST C z 0 136.00 -INF 136.00 
RU ST P z 0 1298.97 -INF 1298.97 
OP F s z 0 47.37 -INF 47.40 
OP FS C z 0 96.53 -INF 96.53 
OP F C z 0 114.22 -INF 114.22 
OP F p A 46.33 0 -38.93 0,70 
OP SL S z 0 9385.53 -INF 9385.53 
OP SL SC z 0 11493.37 -INF 11493.37 
OP SL C z 0 9102.16 -INF 9102.16 
OP SL P z 0 3292.13 -INF 3292.13 
DP ST S 7 0 7833.35 -INF 7833.35 L 

OP ST SC z 0 6590.49 -INF 6590.49 
OP ST C z 0 5347.63 -INF 5347.63 
OP ST P z 0 3292.13 -INF 3292.13 
CO F s z 0 1441. 88 -INF 1441.88 
CO F SC z 0 3632.33 -INF 3632.33 
CO F C z 0 3059.43 -INF 3059.43 
CO F p z 0 22067.13 -INF 22067 .13 
CO SL S A 100 0 -184.45 INF 
CO SL SC A 100 0 -75.65 INF 
CO SL C A 32.5 0 -0.81 45.18 
CO SL P z 0 3822.37 -INF 3822.37 
CO ST S z 0 6019.45 -INF 6019.45 
CO ST SC z 0 4259.95 -INF 4259,95 
CO ST C z 0 5114.20 -INF 5114.20 
CO ST P z 0 3822.37 -INF 3822.37 
SellRu A 0 0 -13.23 INF 
Sell DP A 0 0 -761. 74 INF 
SellCo A 0 0 -10.53 INF 
RuFert z 0 473.32 -INF 473.32 
OPFert A 30.58 0 -58.98 1.06 
[oFert A !::- J .. :)5" 0 -1 · l.3 6 £ . '( !, 

RuLab z 0 18528.74 -INF 18528.74 
OPLab A 0,73 0 -2463.86 44.18 
CoLab A 4.65 0 -40.50 2258,97 
RuCap D 0 0 -2.76 0.95 
OPCap A 2n9.92 0 -0.65 0.01 
CoCap A 22087.52 0 -0.01 0.48 

c:-..,. 
,_} .. ;, 
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Malle Level Shadow Cost Lower lllj Upper Obj 
---------- - ----------- ------------ ----------- -----------

Tax Inc 1 z 0 3.60 -INF 3.60 
Tax Inc 2 z 0 4.20 -INF 4.20 
Ta:dnc 3 z 0 4.40 -INF 4.40 
TaxDct A 40188.88 0 -3.72 0.31 
TaxLoss A 156033.48 0 -0.51 0.54 
TotCost A 196222.36 0 -0.54 0.31 
Borr z 0 0.01 -INF 0.01 
Save A 803777.64 0 -0.56 0.02 
Consmp A 18257.09 0 -54.33 2.29 
CshSur A 825709.42 0 -0.54 0.02 
CshDef z 0 0.02 -INF 0.02 

YEAR 2 

RUF s z 0 9317.38 -INF 9317.38 
RUF SC z 0 10978.28 -INF 10978.28 
RUF C z 0 12395.23 -INF 12395.23 
RUF p z 0 18965.73 -INF 18965.73 
RU SL S z 0 8745.05 -INF 8745.05 
RU SL SC z 0 13229.65 -INF 13229.65 
RU SL C z 0 13215.20 -INF 13215.20 
RU SL P z 0 720.97 -INF 720.97 
RU ST S z (I 0 -INF 0 
RU ST SC z 0 0 -INF 0 
RU ST C D 0 0 -94.58 54.56 
RU ST P z 0 720.97 -INF 720.97 
OP F s A 100 0 -47.40 INF 
OP F SC A 100 0 -96.53 INF 
OP F C A 100 0 -114.22 ItF 
OP F p A . 53.67 0 -0.70 38.93 
OP SL S z 0 8490.37 -INF 8490.37 
OP SL SC z 0 10634.07 -INF 10634.07 
OP SL C z 0 8278.72 -INF 8278.72 
OP SL P z 0 1475.24 -INF 1475.24 
OP ST S z 0 6902.32 -INF 6902.32 
OP ST SC z 0 5695.32 -INF 5695.32 
OP ST C z 0 4488.32 -INF 4488.32 
IF ST P z 0 1475.24 -INF 1475.24 
CO F s z 0 2476.33 -INF 2476.33 
CO F SC z 0 2958.28 -INF 2958.28 
CO F C z 0 3243.88 -INF 3243.88 
CO F p z 0 19956.58 -INF 19956.58 
CO SL S z 0 184.45 -INF 184.45 
CO SL SC z 0 75.65 -INF 75.65 
CO SL C A 67.5 0 -45.18 0.81 
CO SL P z 0 1711.82 -INF 1711.82 
CO ST S z 0 5353.90 -INF 5353. 90 
CO ST SC z 0 1894.40 -INF 1894.40 
CO ST C z 0 3598.65 -INF 3598.65 
CO ST P z 0 1711.82 -INF 1711.82 
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Na&e Level Shadow Cost Lower Obj Upper Obj 
--------- - ---------- --------- --------- -----------

Sell Ru A 0 0 -, .'::f-1 I Nf 

Sell OP A 0 0 -444.39 INF 
Sell Co A 0 0 -6.14 INF 
Ru Fe>-+ D 0 0 ... ~q<r, 1't 3gq,39 

OPFert A 264 0 -942.77 1080.96 
CoFert A 198 0 -1086.43 1080.96 
Rulab z 0 3266.82 -INF 3266.82 
OPLab A 6.05 0 -120.35 6711. 90 
CoLab A 4.84 0 -9035.87 162.02 
RuCap A 0 0 -1.80 0.78 
OpCap A 24000 0 -10.37 3.60 
CoCap A 28500 0 -7.55 3.60 
Tax Inc: 1 z 0 1.30 -INF 1.30 
Tax Inc: 2 z 0 1.86 -INF 1.86 
Tax Inc: 3 z 0 2.05 -INF 2.05 
TaxDc:t A 17295.48 0 -1.34 0.18 
TaxLoss A 462504.32 0 -0.21 0.94 
TotCost A 479799.80 0 -0.22 0.18 
Borr z 0 0.01 -INF 0.01 
Save A 345909.62 0 -4.51 0.01 
Consmp A 13497.08 0 -433.59 2.14 
CshSur A 349708.02 0 -4.34 0.02 
CshDef z 0 0.02 -INF 0.02 

YEAR 3 

RUF s z 0 9317.38 -INF 9317.38 
RUF SC z 0 10974.03 -INF 10974.03 
RU F C z 0 12930.73 -INF 12930.73 
RUF p z 0 18455.73 -INF 18455.73 
RU SL S z 0 8745.05 -INF 8745.05 
RU SL SC z 0 13229.65 -INF 13229.65 
RU SL C z 0 13215.20 -INF 13215.20 
RU SL P z 0 210.97 -INF 210.97 
RU ST S A 100 0 -66.27 61.20 
RU ST SC A 100 0 -61.20 . INF 
RU ST C A 100 0 -54.56 94.58 
RU ST P z 0 210.97 -INF 210.97 
OP F s z 0 622.23 -INF 622.23 
OP F SC z 0 622.23 -INF 622.23 
OP F C z 0 622.23 -INF 622.23 
OP F p z 0 622.23 -INF 622.23 
OP SL S z 0 8262.60 -INF 8262.60 
OP SL SC z 0 10406.30 -INF 10406.30 
OP SL C z 0 8050.95 -INF 8050.95 
OP SL P z 0 397.47 -INF 397.47 
OP ST S z 0 6674.55 -INF 6674.55 
OP ST SC z 0 5467.55 -INF 5467.55 
OP ST C z 0 4260.55 -INF 4260.55 
OP ST P z 0 397.47 -INF 397.47 
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Naae Level Shadow Cost Lower !llj Upper Obj 
------- - ------ -------- ---------- -----------

CO F s z 0 1795.13 -INF 1795.13 
CO F SC z 0 'n.77.93 -INF 2277.93 
CO F C z 0 2554.18 -INF 2554.18 
CO F p z 0 18704.18 -INF 18704.18 
CO SL S z 0 717.04 - INF 717.04 
CO SL SC z 0 922.74 -INF 922.74 
CO SL C z 0 824.14 -INF 824.14 
CO SL P z 0 459.41 -INF 459.41 
CO ST S z 0 3846.50 -INF 3846.50 
CO ST SC z 0 387.00 -INF 387.00 
CO ST C z 0 2091. 25 -INF 2091. 25 
CO ST P z 0 459.41 -INF 459.41 
Sell Ru A 0 0 -1.25 INF 
Sell OP A 185.33 0 -9.73 0.17 
Sell Co A 0 0 -0.99 Itf" 
RuFert A 42 0 -2764.27 390.44 
OPFert A 264 0 -2184.67 390.44 
CoFert A 198 0 -12198.40 390.44 
Rulab A 5.01 0 -10911.17 3904.37 
OPL.ab A 3.92 0 -410.59 3904.37 
CoLab A 3.57 0 -11294.83 202.52 
RuCap A 21000 0 -5.53 1.30 
OPCap A 24000 0 -24. 03 1.30 
CoCap A 28500 0 -84. 75 1. 30 
Ta,~ Inc 1 A 12000 0 -0.30 INF 
Taxlnc 2 A 12000 0 -0.08 INF 
Taxlnc 3 z 0 0 -INF 0.00 
TaxDct z 0 0.55 - INF 0.55 
TaxLoss A 849708.02 0 -0.56 0.35 
TotCost A 849708.02 0 -3.35 0.35 
Borr A 500000 0 -1.24 INF 
Save z 0 1.27 -INF 1.27 
Consap A 10000 0 -INF 0.85 
CshSur z 0 0.01 -INF 0.86 
CshDef A 489120 0 -0.85 -0.84 

1 Ter11Val A 24351303.60 0 0.85 0.97 
------·-----·-----------------------------------
KEY: 

Cropping Activities !in Hal are denoted as CxSTy t where, C= Crop 
<Ru-Rubber, OP-Oil Pala or Co-Cocoa); and ST= Soil Type !ex F S = 
Flat Sand, Sl SC= Sloping Sandy Clay and St C = Steep Clay!, [ 't ' 
refers to the tiae period (year) to which the activity is dated]. 

Note that yield data was included in the IOdel only for F P i.e. Flat Peat 
soils on Nhich only oil pal • can be grown. Thus crops on 51 P and St P 
are redundant and no soil resource was specified for the~ within the IOdel. 
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TABLE 7,1 b 

CAPITAL RESOl.OCE UTILIZATION 
--------------------------------------------------------------------------

Na.le Slack Shadow Price Lower Lia Li1it l.4lper Lia 
-------- - ------------ ----------- --------- -------- -------
CAPITAL R£S0LRCES 

YEAR 1 

OpCashBal E 0 2.57 970,289.70 1,000,000 1,061,705.56 
Tax Inc E 0 5.88 -11,601.58 0 24,095.42 
Ta>:Ded E 0 -6.17 77,051.98 100,000 111,049.12 
Exp E 0 -2.57 -61,705.56 0 29,710.30 
Taxlim 1 L 12,000 0 0 12,000 INF 
Ta,xLim 2 L l.?,000 0 0 12,000 INF 
Borrlim L 500,000 0 0 500,000 INF 
ClCashBal E 0 2.28 -34,073.17 0 70,766.85 
Consmp G 0 -2.28 -8,374.70 10,000 44,073.17 
Ru Fert L 0 1,379.55 -0 0 0 
Cf Fert L 0 1,852.87 -36.83 0 30.58 
Co Fert L 0 1,852.87 -36.83 0 76.49 
Ru Lab L 0 0 -0 0 Hf 
OP Lab L 0 18,528.74 -1.20 0 0,73 
Co Lab L 0 18,528.74 -3 0 5.65 
Ru Cap L 0 6.18 -11 ,049.12 0 0 
OP Cap L 0 6.18 -11,049.12 0 2,779.92 
Co Cap L 0 6.18 -11 ,049.12 0 22,948.02 
Ru Yield G 0 -13.23 -10,709.07 0 0 
OP Yield G 0 -761. 74 -186.07 0 0 
Co Yield G 0 -10,53 -13,461. 13 0 0 

YEAR 2 

!FCashBal E 0 2.30 -33,735,82 0 70,066.19 
Taxlnc E 0 3.43 -18,469,69 0 38,362.11 
TaxDed E 0 -3.60 63,464.66 100,000 117,591.22 
Exp E 0 -2.30 -70,0b6, 19 0 33;735.82 
TaxLim 1 L 12,000 0 0 12,000 INF 
Taxlim 2 L 12,000 0 0 12,000 INF 
BorrLim L 500,000 0 0 500,000 lr'f 
ClCashBal E 0 2. 13 -37,126.26 0 77,107.84 
Consmp G 0 -2.13 -3,542.10 10,000 47,126.26 
Ru Fert L 0 1,080.96 -58.64 0 0 
OP Fert L 0 1,080, 96 -58.64 0 121. 78 
Co Fert L 0 1,080.96 -58.64 0 121.78 
Ru Lab L 0 7,542.76 -0 0 1.67 
OP Lab L 0 10,809.58 -2,40 0 6.05 
Co Lab L 0 10,809.58 -2,67 0 4.71 
Ru Cap L 0 3.60 -17,591.22 0 0 
Cf Cap L 0 3.60 -17,591.22 0 24,000.00 
Co Cap L 0 3,60 -17,591.22 0 28,500.00 
Ru Yield 6 0 -7.72 -17,049,83 0 0 
Cf Yield 6 0 -444.39 -296.23 0 0 
Co Yield 6 0 -6. 14 -21,431,35 0 0 
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Naae Slack Shad<* Price Lower Lia Li1it ~per LiOI 
-------- - ------------ ------------ ---------- ---------- ---------

YEAA 3 

OpCashBal E 0 2.15 -36,758.68 0 76 ,344.39 
Tax Inc E 0 0.55 -19,538.08 0 24,000.00 
TaxDed E 0 -1.30 23,655.61 100,000 136,758.68 
Exp E 0 -2.15 -76,344.39 0 36,758.68 
Taxlim 1 L 0 0.30 0 12,000 31 ,538.08 
Taxlim 2 L 0 0.08 0 12,000 31,538.08 
Borrli11 L 0 1.24 461,306.65 500,000 580,362.52 
ClCashBal E 0 0.85 - Itf' 0 489 I 120, 00 
Consmp 6 0 -0.85 -0 10,000 INF 
TERl1 VAL E 0 0,85 -24,351,303,60 0 It-F 
Ru Fert L 0 390.44 -122.53 0 42.00 
OP Fert L 0 390.44 -122.53 0 254.48 
Co Fed L 0 390.44 -122.53 0 198.00 
Ru Lab L 0 3,904.37 -12,25 0 5.01 
IF Lab L 0 3,904.37 -12.25 0 3.92 
Co Lab L 0 3,904.37 -12.25 0 3.53 
Ru Cap L 0 1.30 -36,758.68 0 21,000.00 
(J> Cap L 0 1.30 -36,758.68 0 24,000.00 
Co Cap L 0 1.30 -36,758.68 0 28,500.00 
Ru Yield 6 0 -1.25 -10,666.67 0 0 
(P Yield 6 0 -71. 72 -195. 33 0 150,87 
Co Yield 6 0 -0.99 -13,407.82 0 0 

-----------------------------------------------------------------------

Note: The Upper and Lower Limits/ Range determine the range over which the 
V1'1P / MC of each resource is relevant. 
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TABLE 7.1 c 

LAND RESOLRCE UTILIZATION 
----------------------------------------------------------

Shadow Price 
Resource Units Quantity Quantity IJ'1P / l1C Range 

Available Used (+) (-) Lower Upper 
--- ----- --- ---- ---- ---

LAND REsatmS Land Value (Hal 
($) 

F s Ha 100 100 17,298.72 17.57 139.69 
SC Ha 100 100 17,808.72 17.57 139.69 
C Ha 100 100 18,074.77 17.57 139.69 
p Ha 100 100 18,244.77 46. 33 139.69 

SI S Ha 100 100 20,179.08 65.40 116.66 
SC Ha 100 100 23,512.78 65.40 116.66 
C Ha 100 100 22,347.43 65.40 134.71 
p Ha 0 0 0 0 INF 

St S Ha 100 100 15,021.03 0 326.77 
SC Ha 100 100 15,004.34 0 326.77 
C Ha 100 100 14,987.03 0 326.77 
p Ha 0 0 0 0 INF 

Total: Ha 1000 1000 
-----------------------------------------------------------------
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7.2 SENSITIVITY ANALYSIS 

The shadow costs of the cropping activities in particular are 
tive in that it tells us the amount by which the objective 
values would have to be increased (through the increase in the 
(Asset) Value or the final year cash balance) for that cropping 
to enter the plan in that year. 

For instance, in Year 1, for each crop that could possibly be 
to flat sandy soils, the rubber shadoN cost is highest at $ 
folloNed by cocoa at$ 1441.88 and oil palm at$ 47.39. 

informa­
function 
Terminal 
activity 

allocated 
9,385.38, 

Thus as oil palm has the loNest shadoN or opportunity cost for alloca­
tion to flat sandy soils in the first year (as against rubber or cocoa), 
oil palm Nould be planted on this soil type in preference to the other 
tNo crops in the second year. In Year 2, oil palm is in fact allocated 
to flat sandy soils. 

The reason why all available hectarages are not planted in Year 1 is 
that additional income from interest f~om saving the unused portion of 
the start-up capital can also be used for meeting operational expenses 
in the following year. The exact timing of crop-land allocation would 
therefore depend on the benefits (marginal val~e product) of obtaining 
an additional proportion of unused start-up capital (or Closing Cash 
Balance) as opposed to the cost of delaying planting by one year (mar­
ginal cost). This in turn is a function of various factors - the amount 
of start-up capital available for investment, the savings, borrowings, 
discount rates; the wage rate, the cost of cropping operations, crop 
yields and commodity prices and/ or of final year asset values. 

In planning, it is important to know not only the most profitable combi­
nation of activity levels, but also the stability of the optimal plan in 
relation to data input assumptions and how it would vary in response to 
a change in resource base or product and input prices (or the specifica­
tion of the objective function). 

As varying these parameters (i.e. through conducting parametric analy­
sis) could lead to different optimal planting patterns, in this section, 
the sensitivity of the optimum plan outlined earlier to various factors 
of major significance is examined. 
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a. Sensitivity of the Optimal Planting pattern to the amount of Start-Up 
Capital (supplied to the Opening Cash Balance of Year !.l._. 

By conducting a number of optimization runs in which the start-up capi­
tal was varied from$ 359,618 - 1,859499 1 the sensitivity of the optimal 
planting programme and the associated objective function (or profitabil­
ity) values as tabled below were obtained. 

Crop Hectarages Planted (by year) given different levels of Start-llp Capital 
-----------------------------------------------------------------------------------------
Start-llp Qbj Fn Area Planted by Year (Ha) Total 
Capital Value Year 1 Year 2 Year 3 Area 

(SUK) ---------------- Planted 
$ $ (PV) Rul OP1 Col Ru2 OP2 Co2 Ru3 (P3 Co3 (Ha) 

--- --------- ------- -------- -------- -------- ------- ------- ------ -------- ------ -------

359,618 17,332,523 400 400 200 1000 
375,048 18,175,061 300 400 300 1000 
433,455 18,410,073 100 300 400 200 1000 
491,861 18,642,769 200 300 400 100 1000 
542,035 18,834,093 100 200 300 300 100 1000 
592,208 19,025,413 200 200 300 200 100 1000 
642,382 19,216,737 300 200 300 100 100 1000 
692,555 19,408,457 400 200 300 100 1000 
750,962 19,611,602 400 300 300 1000 
842,378 19,865,265 100 400 200 300 1000 
860,626 19,915,772 23.17 100 376.83 200 300 1000 
952,042 20,158,556 23.17 200 376.83 100 300 1000 
970,289 20,206,408 46.33 200 353.67 100 300 !OOO 

Bl1 1,000,000 20,282,856 46.33 232.5 353.67 67.5 300 1000 
1,061,706 20,441,629 46.33 300 353.67 300 1000 
1,103,980 20,550,365 100 300 300 300 1000 
1,182,749 20,748,267 200 300 200 300 1000 
1,261,518 20,941,247 300 300 100 300 1000 
1,340,286 21,132,446 400 300 300 1000 
1,366,452 21,194,317 400 300 100 200 1000 
1,392,617 21,256,186 400 300 200 100 1000 
1,418,782 21,318,053 400 300 300 1000 
1,459,230 21,386,192 100 400 300 200 1000 
1,499,678 21,448,210 200 400 300 100 1000 
1,540,126 21,502,749 300 400 300 1000 
.1,859,449 21,821,121 300 400 300 1000 

-------------------------------------------------------------------

t«JTE: - Bl'1 = Base 11odel optimal plan (for which the detailed plan was presented earlier). 

- Where Rubber entered the optimal plan, the crop was allocated primarily to steep soils. 
Similarly, where Oil Palm and Cocoa entered the optiaal plan, they were primarily allocated 
to flat and sloping soils respectively. 
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Examination of the table indicates that when the Start-Up Capital, SUK 
is insufficient to plant crops on the total available hectarage of 1000 
Ha in the first year (i.e. when the start-up capital is less than $ 

1,540,126), cocoa plantings are given priority over oil palm which is 
planted later. In turn, oil palm planting takes priority over rubber 
plantings. (An exception to this generalization occurs where oil palm is 
planted on peat (flat soils) as oil palm yields are very high if the 
water table in peat is optimally controlled. As a result, oil palm 
allocation to peat takes priority over some cocoa allocations). Thus as 
investment capital becomes more scarce, the crops which have a lower 
priority may be planted later in time. 

However, if cash resources are so tight that the start-up capital is 
less than$ 359,618, land normally allocated to cocoa is reduced. This 
occurs because cocoa plantings require a higher amount of capital during 
its immaturity period of 4 years (since the crop requires that shade 
trees be planted, intensive pest management be practiced, and usually 
high corrective fertilizer applications be made, vis-a-vis rubber and 
oil palm). 

Cocoa planting receives the highest priority in the base model case 
simply because their yields and therefore net returns are highest, 
(followed by oil palm and rubber). Although its initial maintenance 
costs during immaturity is significantly higher than that of rubber and 
oil palm, its yields can be very high and uniform over its lifetime. In 
addition, the species matures relatively early at four years of age. 
(Oil Palm matures at three years while rubber matures in five years). 

Oil Palm plantings, having the advantage of the shortest 
period and showing peak yields early in its rotation (at 
sixth to the tenth year), comes into the plan next. 

immaturit y 
between the 

Rubber plantings which have the distinct disadvantage of having the 
longest immaturity . period and a high labour requirement during their 
maturity years (for tapping/ harvesting), comes into the plan last. 

It should be noted however that although the optimal plans generated 
favour cocoa plantings over rubber and oil palm (because of its high and 
uniform yield profile), its yields can be very significantly reduced 
(for a few years in some cases) by pest infestations that are more 
likely in unfavourable climatic localities. Together with the extra 
expenses that can be incurred in such cases (through higher pesticide 
use and other pest management measures implemented), cocoa cultivation 
may not be as profitable as it might appear. In practice, plantation 
managers do limit the hectarage planted to cocoa should their estates be 
endoNed with a significant amount of soils suitable for cocoa cultiva­
tion) to some percentage of their total plantation hectarage. Thus when 
applying this model in a non-hypothetical situation, a risk constraint 
restricting the maximum cocoa area plantable might need to be included 
in the formulated model to reflect the decision makers risk averseness. 
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b. Sensitivity of the Optimal Planting pattern to Savings and Borrowing 
Interest Rates 

The sensitivity of the optimal plan to changes in the savings and bor­
rowing rates (which were both specified at 5 1/. in the base model), are 
presented below. 

Sensitivity of Crop Hectarages Planted (by year) to Saving and Borrowing Interest Rates 

- Int. Rates-
Save Borr 
Rate Rate 
I l 

Obj Fn 
Value 

$ !PVl 

Year 1 

Rul OPl Col 

Area Planted by Year (Ha) 
Year 2 

Ru2 OP2 Co2 Ru3 

Year 3 

OP3 Co3 

Total 
Area 

Planted 
!Hal 

3 5 20,160,085 
20,222,942 
20,282,856 
20,276,348 
20,269,841 

23.2 
46.33 
46.33 
46.33 
46.33 

193.75 
203.5 
232.5 
228 
223.67 

376.8 
353.67 
353.67 
353.67 
353.67 

106.25 
96.5 
67.5 
72 
76.33 

300 
300 
300 
300 
300 

4 5 
5 Bt1 5 
5 6 
5 7 

4 
3 

6 20,216,185 45.2 200 
7 20,145,536 23.2 184.5 

354.8 
376.8 

100 300 
115.5 300 

NOTE: - BM = Base Model optimal plan (for which the detailed plan was presented earlier). 

- Where Rubber entered the optimal plan, the crop was allocated to steep soils. 
Similarly, Mhere Oil Palm and Cocoa entered the optimal plan, they were allocated 
to flat and sloping soils respectively. 

The plans generated from optimization runs in which the savings and 
borrowing rates were varied between 51. - 31. and 51/. - 7'l. respectively, 
show that the effect of the savings rate is of greater (although small) 
significance than the borrowing rate when the start-up capital is $ 1 
million. 

If the savings rate were reduced form 5'l. to 4'l., the objective function 
value decreases by $59,914. On the other hand, if the borrowing rate 
were increased by the same magnitude from 5'l. to 6'l. 1 the objective func­
tion value decreases by only$ 6 1 508 (or about one tenth of the reduc­
tion caused by reducing the savings rate). 

The effect of changes in the saving and borrowing interest rates on the 
planting programme (for the scenarios tested), show up in the timing and 
extent of planting cocoa and ta a lesser extent, oil palm. The rubber 
planting programme was not affected. 

63 

1000 
1000 
1000 
1000 
1000 

1000 
1000 



%'l.'l.'l.'l.%'l.%%'l.%%'l.'l.%'l.%% 7. RESULTS & ANALYSIS Page - 64 'l.%%%'l.%%'l.%'l.'l.%%'l.%%'l.%'l.% 

As the savings rate is reduced from 5% to 4% and/or the borrowing rate 
is increased from 5'l. to 6'l., the cocoa hectarage that is planted in the 
first year (in the base model case), drops. If this change · is made 
separately, the cocoa area planted in the first year drops to a greater 
extent from reducing the savings rate (from 232.5 Ha to 203.5 Hal than 
from increasing the borrowing rate (from 232.5 Ha to 228 Ha). If howev­
er, this change is made simultaneously, the cocoa hectarage that is 
planted in the first year drops from 232.5 Ha to 200 Ha. 

Plantings of oil palm that would normally be carried out in the 
year in the base model case (46.33 Ha), are reduced only if the 
rate is reduced to a greater extent (down to 3'l.l, together with 
decreases in the cocoa hectarage planted in the first year. 

first 
savings 
further 

In all cases, the reduction in crop areas planted in the first year by 
the unfavourable changes to the savings and borrowings rates are made up 
by increased plantings in those crop(s) in the following year. 

c. Sensitivity of the Optimal Planting pattern to Product (Commodity) 
Prices 

A sensitivity analysis of the optimal plan to commodity prices is only 
meaningful if optimization runs are made to indicate the stability of 
the base model plan to changes in price expectations with respect to a 
single commodity. 

The fact that the large variation in prices observed for all three 
commodities considered in this study are not cross-correlated, makes it 
difficult to derive deterministic optimal plans. 

In the authors opinion, the price projections used to run the base model 
(as forecasted by the FAD) reflect quite well the current (and therefore 
expected) world market conditions of the commodities concerned. If 
planting decisions are to be made on the basis of expectations based on 
current market conditions, then the base model should be able to serve 
this purpose adequately. 

However here, a commodity price sensitivity analysis is conducted in 
order to obtain some idea of the direction and extent of crop hectarage 
changes that should be made to the base model plan if price expectations 
are more optimistic or pessimistic than that assumed in the base model. 

Optimistic (high) and Pessimistic (low) commodity prices are taken (for 
the whole 25 years of the crops rotation) as the highest and the lowest 
prices of each commodity in the last three years (1988 - 1990). Thus the 
commodity prices used in the analysis are: 
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Low High 

Rubber (M$/kg) 2.00 3.00 
Oil Palm (M$/ton) 100.00 200.00 
Cocoa (M$/kg) 1. 50 3.00 

If the decision makers price expectations are different from that as­
sumed in the base model, the following tabl~ should provide some indica­
tion on the direction, if not the exact extent, of changes that should 
be made to the base model plan. 

Sensitivity of Crop Hectarages Planted (by year) to CCNC>dity Prices 

COMOdity 
Prices 

ll>j Fn 
Value Year 1 

Area Planted by Year (Ha) 

Year 2 Year 3 

($) $ (PV) Rut IP1 Col Ru2 CP2 Co2 Ru3 (P3 Co3 

Low Ru 20,282,856 46.33 232.50 353.67 67.50 300 
Low CF 18,416,149 400 54 246 100 200 
Low Co 17,549,352 400 300 84 216 

Bl1 20,282,856 46.33 232.50 353.67 67.50 300 
High Ru 23,974,083 100 46.33 154.50 300 353.67 45.50 
High IF 24,234,204 301.50 98.50 300 200 100 
High Co . 23,453,418 327 100 73 100 400 

NOTE: - Bl'1 = Base 11odel optiaal plan (for which the detailed plan was presented earlier). 

The plans generated indicate that significant changes in crop hectarages 
planted and profitability (from the base model plan) can result from 
changes in commodity price expectations for a single commodity over a 
long time frame. This therefore makes the base model plan quite unstable 
in the face of sustained wide differences in price expectations in a 
single commodity. (Note however that there was no effect of low rubber 
prices on the base model plan). 

With the exception of the plan generated in the low cocoa price scenario 
(which resulted in no cocoa being planted at all), all other scenarios 
tested resulted in a plan which involved the planting of all three crops 
to some extent. 
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d. Sensitivity of the Optimal Planting pattern to Labour wage rates 

The sensitivity of the optimal plan to changes in the wage rate i s 
presented here. 

The wage rate used in the base model case was representati ve of the 
current Malaysian labour market situation and was taken at$ 10 / Man­
Day (or $ 3000 I Man-Year). An optimization run was also made for a 
higher wage rate of$ 15 / Man-Day (or$ 4365 / Man-~earl which reflects 
movements of agricultural labour to the faster growing non-agricultural 
sectors in the Malaysian economy, thus pushing up agricultural wage 
rates. 

An optimization run was also made for a lower wage rate of$ 5 / Man-Day 
(or $ 1455 / Man-Year) which reflects the Indonesian labour market. It 
would then be possible to judge the magnitude in comparative advantage 
ar1s1ng from lower labour costs that Indonesia enjoys over Malaysia in 
the production of these perennial crops. 

In the following table, the plans generated from optimization runs where 
the wage rate was varied, is presented. 

Cropping Plan (Hal under various Wage Rates (1'1$ / Nan-Day) 

YEAR l 
Rubber 
Oil Palm 
Cocoa 

YEAR 2 
Rubber 
Oi 1 Palm 
Cocoa 

YEAR 3 
Rubber 
Oil Palm 
Cocoa 

TOTAL CROP HA -----
Rubber 
Oil Pal111 
Cocoa 

> Total Ha: 

(I 'sial 
$ 5 

23.2 
251. 6 

300 
376.8 
48.4 

300 
400 
300 

---·------
1000 

<------ (M'sial ------> 
$ 10 $ 15 

46. 33 
232.5 179.2 

353.67 400 
67.5 120.8 

300 100 

200 

300 100 
400 400 
300 SOO 

------- ---------
1000 1000 

---------------------------------------------------
lllj Fn Value: $ 25,067,066 20,282,856 15,856,595 
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As the above table illustrates, the optimum plan obtained under the 
various wage rate scenarios reflect the shift away from Rubber plantings 
in favour of Cocoa as wage rates rise above$ 10 / Man-Day. This shift 
from rubber culti vat ion occurs because harvesting latex is very labour 
intensive. 

Thus where the Malaysian wage rate is$ 10 / Man-Day (the current situa­
tion and the base model scenario), 300 Ha each of cocoa and rubber would 
be planted with 400 Ha of oil palm (cocoa plantings recei ving the high­
est, and rubber the lowest priority ) . 

However , as labour shortages in Malaysia get more acute (and wage rates 
rise to$ 15 / Man-Day) 1 cocoa begins to be pl an t ed on soils that are 
normally allocated to rubber at labour rates of less than$ 10 / Man-Day 
i.e. cocoa plantings are also made on steep soils even though their 
yields on such soils are not as high as on sloping soils. 

In the case of Indonesia, where wage rates are t yp ically less than$ 5 / 
Man-Day, the optimal planting programme is very similar to that of 
Malaysia where the wage rates are$ 10 / Man-Day (the only difference 
being that slightly more areas are planted to cocoa and rubber earlier 
in the three year crop allocation horizon). 

e. The Optimal Planting when~ Rubber and Oil Palm plantings are 
permissible 

As it is often not possible to plant cocoa at all due to the high acidi­
ty of most 'old, weathered' tropical soils, it is often the case that 
planting options are restricted to rubber and oil palm only. (Cocoa can 
generally only be planted on the 'newer' volcanic soils or entisols>. 

Thus here, the optimal plan generated from the base model modified so as 
to not allow cocoa to be allocated is presented. It would therefore be 
possible to identify to what crop (rubber or oil palm), the soils that 
would have otherwise have been planted to cocoa, a~e allocated to. 

The table below presents, for comparison purposes, the optimal plan 
generated from the base model (which allows cocoa to be planted) to that 
generated by a modified version which does not permit cocoa plantings. 

As the result of the respective plans show, the sloping soils that are 
normally allocated to cocoa, would have been planted to oil palm should 
for agronomic reasons, it not be possible to plant cocoa to such soils. 
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Rubber 

St s 
SC 
C 

Oil Palm ---

F s 
SC 
C 
p 

SI s 
SC 
C 

Cocoa 

Sl s 
SC 
C 
p 

TOTAL CROP HA 

Rubber 
Oil Palm 
Cocoa 

> Total Ha: 

Cllj Fn Value: $ 

Cropping Plan !Ha) 

Cocoa planting 
allowed 

100 
100 
100 

100 
100 
100 
100 

100 
100 
100 

300 
400 
300 

--------
1000 

20,282,856 

Cocoa planting 
not allowed 

100 
100 
100 

100 
100 
100 
100 

100 
100 
100 

300 
700 

-----
!OOO 

17,549,352 

Sensitivity analyses to changes in factors such as the fertilizer cost, 
the marginal propensity to consume and the taxation rates could also 
have been carried out. But as the value of these parameters are not 
likely to change to the extent of having a major effect on the optimal 
plan, they were not conducted. 
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Chapter 8 

DISCUSSION 

8.1 AN ASSESSMENT OF THE MODEL'S ACHIEVEMENTS 

Model Validation 

In the construction of a programming model with a large number of equa­
tions and variables (which in this study numbered 76 constraints, bounds 
and reconciliation rows and 178 activities), tests should be carried out 
to validate the model as a tool for normative analysis for decision 
making purposes, 

Since land is one of the most basic inputs to agricultural production in 
this study, the land rental (valuation) test provides a good indication 
of the models accuracy in valuing agricultural production and its asso­
ciated inputs. In turn, this means that it is a test of the accuracy of 
the models structure for transforming inputs into outputs. 

The test consists of comparing the land rental (value) figure that is 
generated by the model, with actual market values. 

The land value figure generated by the model is the shadow price on the 
land constraints. Thus for the model developed in this study, land 
valuation figures are generated for each soil type whose resources have 
been specified. These turned out to range between$ 14,987 - $ 23,512 
per hectare for the various soil types. 

Since these generated land values are broadly comparable with 
agricultural land prices in the Malaysian market (approx$ 17,000 
the model can be considered reasonably accurate in transforming 
into outputs efficiently. 

current 
/ Hal , 
inputs 

Note: The market price of land was ta ken to be$ 17,000 per hectare as 
this was the land value at which a large plantati on recently changed 
hands in Malaysia. (Source: Dunlop Sdn. Bhd. Annual Report 1989). 

Thus, the results obtained from the perennial cropping investment model 
developed in this study do provide an indication to a rational planta­
tion manager on how he should carry out his planting programme to meet 
his objectives. 

It should however be realized that planting investment plans generated 
in this manner are subject to major alterations depending on various 
exogenous factors. The effect of changes in the amount of start-up 
capital available to the decision maker for planting investment pur­
poses, of saving and borrowing rates, and of wage rates e>:pected over 
the planning horizon have been shown to be significant. 
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The ·model also proved to be very sensitive to commodity prices and so 
indicates the importance of "getting the price right.'' Wrong prices lead 
to wrong planting plans which are difficult and costly to change, espe­
cially where perennial crops are concerned. 

Other factors that have not been examined in detail in this study, such 
as the fertilizer and capital costs expected over the land allocation 
horizon would also be likely to affect the optimal plan to some extent. 

Therefore, it is imperative that the decision maker consider the current 
market situation (Chpt 5) with respect to obtaining some idea of what 
future prices of the commodities concerned are likely to be, as well as 
to the supply and cost of the more important inputs in future years. 

As such, the models continued success as a decision making tool is to a 
large extent dependent on making modifications to r~flect technological 
changes, altered price expectations etc. 

Modifications to the model can also be made to reflect past experiences. 
Say that in the locality of the plantation, cocoa trees have proved to 
be very susceptible to pest damage, perhaps because the micro-climate is 
favourable to a particular pest. The decision maker may then wish to 
place a limit on the cocoa hectarage that enters the plan as a risk 
aversion measure, even though it might be the most profitable crop to 
plant 08 the soil type that the plantation is endowed with. Additional 
constraint(s) can then be included in the model to limit the total cocoa 
hectarage either to some specific hectarage or to a percentage of the 
total plantable area. 
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8.2 AN ASSESSMENT OF THE MODEL'S LIMITATIONS 

a. Limitations of the Model Data 

The accuracy with which future prices and market conditions (not only 
for the commodities concerned, but also for the labour and capital 
inputs required for the production process), plays an important role in 
determining the usefulness of the plan. 

As already discussed, resource pull effects on labour and capital inputs 
by other sectors of the economy make it difficult to predict wage rates 
and capital costs in future years with any degree of certainty. 

In addition, the problem of formulating market condition expectations 
for the perennial crops produce is aggravated by the international and 
intertemporal context of the problem. The justification for assuming 
that current prices (or even World Bank forecasted prices, that were . 
used in this study) will prevail in the future with minor adjustment for 
cyclical variations involves the assumption of a competitive price that 
will clear the market. This assumption clearly does not take interna­
tional trade, quota agreement and tariff structures into consideration, 
nor does it take into account the unpredictable nature of world markets 
into which commodities must be sold. This is particularly true for 
Rubber and Oil Palm whose produce have substitutes. 

Hence, when evaluating the optimal plan generated by a model, it may 
prove critical to modify it by taking the decision maker's subjective 
expectation of the global commodity market and resource (factor input) 
market into consideration. It is for this reason that the current market 
situation for the commodities and the resources (particularly labour) 
was reviewed in an earlier chapter (Chpt. 5). 

Likewise, it may also prove important to study the effect of year-to­
year yield variability arising from agro-climatic variation in the 
production process. For this reason too, crop production characteristics 
were examined earlier (Chpt. 4). 

b. Data Limitations of the Model 

Data used to formulate input-output coefficients for the various crop­
ping activities in this hypothetical model are only realistic for the 
soil types specified and climatic conditions assumed. They reflect to a 
large extent the author's experience as a field agronomist with the 
crops concerned in Malaysia and Indonesia. 

Data on fixed and operational cost was obtained from a 1988 
published by the Malaysian Estate Owners Association as well as 
other sources. Commodity Price data was obtained from the World 
annual commodity review report for 1989. 
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Being a hypothetical model designed for wide applicability, capital 
availability and fixed and variable consumption requirements were some­
what arbitrarily specified in the model to some 'realistic' figure. 

The various types of land resources available was similarly arbitraril y 
set at 100 Ha for each soil type so as to be able to look at the per­
centage of each soil resource that enters the optimal plan and the crops 
they are to be planted with. 

72 



'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.t.'l. 9. CONCLUSION Page - 73 'l.'l.'l..'1/.'l.'l.'1/.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l. 

Chapter 9 

CONCLUSION 

The model constructed in this study to allocate land to rubber, oil palm 
and cocoa has shown to be capable of generating profit maximizing plant­
ing plans for plantation managers by answering the crop-land allocation 
question of "what crops and on which soil type to plant." 

The results obtained provide detailed planting plans with respect to 
the amount of a particular soil type that should be allocated to a crop 
and the year in which the planting(s) should be carried out. In addi­
tion, the amount of labour, fertilizer and capital required in any of 
the three years within the horizon is generated, as is the amount of 
crop produced and sold. Also, annual income and expenses are automati­
cally allocated to the various tax-brackets in such a manner as to 
minimize cash lost through taxation to provide a picture of the cash 
flow situation. 

By making multiple optimization runs, the sensitivity of the optimal 
plan to changes in the various parameters can also be examined. This 
ability makes this a flexible tool to study resource allocation deci­
sions of the type described. The ability to quickly vary parameters and 
to obtain solutions enables the analyst to determine within a short 
time, the boundaries of the solution set for the particular problem 
analysed. It is not necessarily the optimal solution that is of greatest 
importance, but rather the ability of delineating the boundaries within 
which the decision maker can make rational decisions. 

Possible Uses of the Model 

Although inter-temporal programming requires the collection and formula­
tion of a considerable amount of data into a model framework, once a 
model has been constructed, much technical data (such as input-output 
coefficients) would have been collected and may be drawn upon when 
programming similar holdings in the future (provided that such input­
output data is modified in response to any technological advances, input 
or output price changes etc.). 

It is important however, that the person (re)formulating or modifying 
the programming model has a sound knowledge of agronomic techniques in 
the geographical locality of the study. 
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It has been the authors intention in carrying out this study to develop 
a very broad and widely applicable mathematical framework for making 
land-use decisions with respect to the three perennial crops of economic 
importance in Malaysia and Indonesia. The model was therefore designed 
for a hypothetical plantation consisting of diverse soil/terrain types, 
so that it can be easily used (with minimal modifications) to complement 
soil survey studies in arri ving at an optimal land-use plan for other 
holdings involved in similar cropping activities. 

In addition, with some modifications, the model could also be used fo r : 

studying the optimal investment strategy when the three perennial 
crops considered are integrated with other cropping (including annual 
cropping) and forestry activities. Since the cultivation of fruit trees 
and plantation fores tr y is increasing in popularity in Malaysia, they 
would be prime candidates for inclusion into an expanded model. 

- studying the effect of the use of improved latex harvesting technolog y 
(introduced in 1989/90) on Rubber trees on the optimal land allocation 
plan. A study of this nature is expected to pr ovide interesting results 
as the technology has increased rubber yields in commercial trials by up 
to three to five times current yields 1 

- carrying out an analysis of the stability of the optimal plans in the 
face of expected changes in commodity and input resource market condi­
tions. Alternatively, Supply and Demand functions could be econometri­
cally estimated f or i nclusion into the model so that commodity and / or 
factor input prices can be forecasted endogenously. 

- stud ying the effects of renting land on the organization of perennial 
crop production. 

A further possible use of the model developed in this study could be to 
formulate Regionall y Aggreg ated Linear Programming Models for a particu­
lar commodity or group of commodit i es. For e xample, the aggregate 
( ' normati ve ' ) supp ly function for some crop(s) in a specified region can 
be determined, indicating th e quantities of the crop Cs ) which would or 
should be supplied at their various prices. 

All the above applications of the developed model in th e pl anning / 
analytical process are however subject to the fallacy of composition 
that is characteristic to linear production functions and the simplify­
ing assumptions made. Linear programming is a powerful decision making 
tool, but by no means perfect, especially when used in an intertemporal 
context. 

******************************** 
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APPENDIX l 

SO IL CLASSIFI CAT ION TABLE 

----------------------------------------------------------------------------------------------------------------------------------------------------
Geology o~ P•r•nt 

t1•t•ri •l 

IGNEOUS ROCK 

Gr.anit:e 
Gr•nodiorit• 

Bas.al 4: 
Andesit• 
Rhyolites & Volc•nic 
Oacit• 

METAMORPHIC ROCK 

Schist 

SEDIMENTARY ROCK 

- Argill.ace:ous 

Sh•l• 
Sh•l• 
Sh•l• 
Sh•l• 
Sh•l• 
Sh•l• (l•teritic) 
Sh•l• (lat•ritic) 
Qu•rtzite / .Sh•l• 

- Arenaceous 

5andst:one 
Quartzite & Sandstone 

ALLUVIAL 

- Older RlluviuHs 

- Sub-Recent AlluviuHs 

- R•cent AlluviuHs 

- Marine AlluviuNs 

ORGANIC 

P••t 
Muck 

Soil Series 

Reng.a" 
.Jerang.au 

l<u•nt:.an 
S•g.a.,...at 
Kul•i 
'r'ong P•n9 

S•r•"b•n 

Pr•n9 
Munchon9 
Ouri•n 
B•tu Rn•" 
G•j•h M•ti 
T•vy 
n .. 1 .. cc ... 
Bungor 

S•rd•ng 
Ked.ah 

H .. riN•u 
Ulu Tir ...... 
T•"poi 

Kl•u 
Holyrood 
Sogo"•n .. 
Siti•w•n 

59. Buloh 

Bri.ah 
Sel•ngor 
Lin•u 

Phys:i ogr•ph•~ 
Terr.ain 

(i• Sl opa ) 

SL 
ST 

ST 
ST 
ST 
ST 

ST 

ST 
SL 
ST 
SL 
FL 
ST 
FL 
ST 

ST 
ST 

SL 
SL 
SL 

ST 
SL 
FL 
FL 

FL 

FL 
FL 
FL 

FL 
FL 

Colour 

BY - \'B 
B YR 

RB 
YR - Fa 
VB - B 

f', - Yls 

RY - YR 

VR 
YB - B 
B - Yls 
y - G 
B 
Vis - B 
BY - R 
YB - B 

B BY 
B 

YB - BV 
\'B 
la:Y - YR 

YB - BY 
YB 
G - Uh 
y 

f•Htur~ 

s 
s 

C 
C 
C 
C 

SC 

C 
C 
C 
C 
C 
SC 
SC 
SC 

s 
SC 

SC 
5 
s 

SC 
SC 
C 
C 

Structure 

SBI: 
SBK 

SBK 
SBK 
ABK 

SBK / ABK 

SBt: 

SBK 
SBK 
ABK 
ABK 
SBK 
SBt; 
SBK 
SBI< 

SBK 
SBK 

SBK 
SBK 
SBK 

SBK 
SBK 
ABK 
ABK 

B - YB - Y 5 SBK 

B - BG 
GB 
B 

f', 

Bl 

C SBK 
C ABK 
C / p,.,.t SBK 

Bl Poe.a.t: 
M•.J ck 

Consistency 

fri•ble 
Fri.able - FirH 

v. Fri.abl• 
v. Fri.able 
firH 
fri•ble 

Fri•ble - Fir" 

V. fri•bl• 
Fri•bl• - firH 
firN - V.firN 
FirN - V.FirH 
V. fri•ble 
fri•bl• 
V. fri .. ble 
fri•ble - FirH 

Fri•ble 
Fri•ble - FirN 

Fri .abl • 
fri•bl• 
Fri .abl • 

FirH 
Fir" 
FirH 

Fri.able - FirH 
V. fri•ble 
FirH 
firN 

Loose 

fri•bl• 
Fri abl • 
Fri .abl • 

V.Fri•bl• 

F rN 
Fr" 
Fr" 

Intern .. l Orain•g• 
Typ• 

u.11 Dr.ained 

Nutrient 
St:atus: 

v. poor 
Med. to Rapid v.v. poor 

Med. t:o R•pid v. poor 
Med. to Rapid poor 
Mod. Uell Dr-.ained 
u.11 Or•i n'.'!d 

Mod. u.11 Drained 

Uel l Or•i ned 
Mod. Uell Or.ained 
Mod. ~ell Dr•ined 
!"perfectly Or.ained 
Uel l Or.ai ned 
Mod. Uell Dr•ined 
L.lel 1 Or.ai nE!d 
Uel l Or•i ned 

N.argin.al 

EHces:s:ively Or.ained infertile 
U•ll Or.ained 

Mod. Uell Or.ained 
Mod. U•ll Dr•in•d 
Mod. Uell Or.ained 

Mod. Uell Or.ained 
EHcessively Dr•ined 
lNperfectly Or .. ined 
lNperfectly Or.ained 

EHces:s:ively Or.ained 

Poorly Or .. ined 
lNperfectly Or.ained 
Poorly Or.ained 

V. Poorly Or.ained 
V. Poorly Or .. ined 

"· fertile 
v. fertil• 



KEY: 

Terr.ain 

FL 
SL 
sr 

Fl .. t 
Sloping 
st .... p 

feHtur• 

s 
SC 
C 

s .. ndy 
s .. ndy-Cl .. y 
Cl ,.y•y 

Col o ur 

'r' - 'r'•l l OM 
R = R .. d 
B • BroMn 
G • Grey 
Bl - Bl .. ck 
~h - ~hit• 
'r'B • 'r'el 1 owi sh BroMn 

Structure 

SBK • Sub-Angular Blocky 
ABK • Angul .. r Blocky 

Not .. : 

Th• input-output c oe•fici•nts of th• v .. rious cropping .. ctiviti•s 
us•d in th• Hodel M•s b .. sed on the soil typ•'s slope .. nd teHtur .. l 
ch .. r .. cteristics (as these soil vari .. bles M•re considered Host 
iHport .. nt in d• c iding on crop-land suit .. bility). 

Thus in the ~o dQl, •~eh coHbin~tion o~ crop-slope-teHture coHprised 
a cropping activity. 



APPENDIX 2 

FIB..D EXPENSES, CCl'KIDITY PRICES 

AND 

CROP-LAND YIELD PROFILES 

1. FIELD EXPENSES CM$/Ha) 

A. Il'111ATURE AREA 

Field Maintainance 

<All Crops) 

1 

400 

- Age -
2 3 

240 150 

4 

100 

Note: Year 1 costs include clearing, land preparation and 
planting. All costs include weeding, pest and disease con­
trol, fertilization as well as road and drain maintainance. 

B. MATURE AREA 

RUBBER 

ITEM 

Weeding 
Pest & Disease 
Manuring 
Tapping & Collection 
Transport 
Roads Sc Bridges 
Processing (@ $ 0.20 / kg) 

> TOTAL: 

1 

Cost/ Ha CM$) 

38.11 
32.27 

150.79 
1,461.05 

85.22 
2.65 

300.00 

2,070.09 



OIL PALM 

ITEM 

Weeding 
Pest & Disease 
Manuring 
Harvesting & Collection 
Transport 
Roads & Bridges 
Drains & Watergates 
Processing (@ $ 25 / ton) 

> TOTAL: 

COCOA 

Cost/ Ha (M$) 

120.00 
30.71 

370.81 
294.02 
296.67 

28.30 
22.68 

550.00 

1,713.19 

·------------------------------------------------------
ITEM 

Weeding 
Pest & Disease 
Manuring 
Shade Upkeep 
Pruning & Sanitation 
Harvesting & Collection 
Transport 
Roads & Bridges 
Processing 

> TOTAL: 

NOTE: 

Cost/ Ha (M$) 

48.50 
113.47 
526.09 

28.98 
80.16 

458.78 
0.00 

34.69 
235.17 

1,525.84 

Only Field & Processing Costs are included here. 

The above figures were obtained from the management of a 
large and well managed plantation company in Malaysia in­
volved in the cultivation of all three perennial crops. 
Comparison of these figures with that of other plantations 
indicate it to be a reasonably good representative of the 
costs involved in cultivating these crops commercially in 
Malaysia. However, some minor adjustments were still re­
quired to get more rea"li sti c figures as shown by the Malay­
sian Estate Owners Association (MEDA) survey (1988). 
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2. PRICE PROJECTIONS 

The Prices used in the study were those observed upto 1989, 
and as projected by the FAD for 1990 upto 2000. 

-------------------------------------------------------------
YEAR > 1988 1989 1990 1995 2000 

------- ------- ------- ------- -------

Rubber 
- M$ I kg -

-Dry Rubber 1. 93 1.45 r, '1C" 
,,;_ • ..:.....J 

,., '"lC:-
.:. • .:...J '") '")C:-

L•L...J 

Oil Palm 
- 1'1:$ I ton -

-FFB 200.00 150.00 129.50 167.45 158.95 

-Palm oil 1000.00 750.00 647.40 837.20 769.60 
-Kernel oil 650.00 487.50 449.80 533.00 465.40 

Cocoa 
- M$ I kg -

-Dry Bean 2.35 2.93 1. 79 1.98 1.94 
-------------------------------------------------------------

Source: World Bank - Revision of Commodity Price Forecasts 
and Quarterly Review of Commodity Markets. 
(Sept 1989). 

3. CROP YIELD PROFILES 

The Yield profiles of the three perennial crops for the various land­
crop classes is graphed below. 
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Rubber Yields 
(Stand/Ha • 40.0) 

Yield (kg dry rubber / Ha) 
2500~----------------------, 

2000 

1500 

1000 

600 

o--------.._..._..__.___.__.__ _ _.__.__..__.____.____.____..__.___._~__.___.____.___...____, 
1 2 3 4 6 6 7 8 9 10 11 12 13 14 16 16 17 18 19 20 21 22 23 24 26 

Tree Age 
-+- Steep (S, SC, 0) -*"- Sloping (S, SC, C) -e- Flat (S, SC, C) 

Source: ARAB. 

Oil Palm Yields 
(Stand/Ha • 143) 

Yield (FFB tons / Ha) 
35.-------------------------, 

30 

25 

20 

15 

10 
6 1-----++.#---·----·--·--·---·--··------------............ _ .... _ ... __ ...... _ .. __ ·-·---·-.. ·-··-··-.. ·---·---.. -.... -.. -·-·--.. ··--·---·-·-· .... ·--

o--'----'~---_.._~~~~~~-_.__.__,__~..__...___.____..___, 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

Palm Age 

- Flat (P) -t- Flat (S, SC, C) 

_._ Sloping (S, SC, C) -&- Steep (S, SC, C) 

Source: ARAB. 



Cocoa Yields 
(Stand/Ha • 1000) 

Yield (kg dry bean / Ha) 
2000.---------------------~ 

1500 

1000 

500 

0 llt--i-.ilt--'-_.___.__.___.___.__.....__.___.__.__.___.__.___.___.__...__.____.__.__.___.___, 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

Tree Age 
- Sloping (S, SO, 0) -+- Steep (S, SO, 0) -a- Flat (S, SO, 0) 

Source: ARAB. 



A..it:.bh.a C.uh• 
Ag f:cona f"'r-oj•ct. Ev•lu•t:ion 

Asset Value Comout3tions 
OIL rALn 
o.c 10 •90 

-Fin--=i.t k•t.ur-n• 4'r-oM OIL rALl1 P'i• l d• ­

C••h FlOM (or- 2 ~ v •• ,.. •• 

ENOOGENOUS VARIABLES ((or- S.n•it:ivit:-.i An•l-.i•i•>: 

ft'ROOUCTION f'INAHCE CR,. .cosr / DEPR. / TA>< 
(T.bl• l1or-t:9~> 

£quit:"- 0 ln(lft•t:•- 0 . 0"'1 
Tot:Lo•n• 0 No" lntft.te- 0 . 0 !'l 
lnt:R..t•- 0.15 lt••l lnt,t._.t:e• 0 .0096 l!'l 

R,-••<H•>• Af"'lnui-t:y• 0 
2!'l ~ •• ,.. • • Arw,,.Oepr• 0 

lnco"• T-lt•t:•• 0.3!'l 

RESULTS 

Tot:t,,t:- 0 Net:C..ahFl~w• 27680.28 
Tot:P',-inc- 0 CRf't:erT•H) 

IM - 1 . 137719 
NPII - 17~0.1 

All - 21516.51 

SPREADSHEET: ..... 1'1'11 Oil Oil Oil Oil 
P'•lMRg• v •• ,. Equit:" Vi•ld Tot:P'r'"od EMt:r•ct: Tot:Prod P'ric• Rov 

1991• 1 t:ona/H.a to"" R•t:• .,...,. S/t:on • 

rIELO DETAILS 

Fld: High Yi eld S o il Type : n i n•,.•l 
H•: 1 Te ... t ur-e: SC 

T•r-r-•in: f"l•t: 

P lt:Vr-: R f" c .... :, : 2200 
Cur-Yr: RO ( d..y•): 100 
Cur-A9•: 

K•r,,,• l Kernel Kern•l ..::.,. .... 1 
EHt:,.-• c t Tot.Prod Pr-ic• Rov TOTAL TOTAL 

R•t:• ton• S /t:.on • REV EHP 

No.of ft'er-ioda/Vr • 

Int ft'ri ft<: ·o ... t.t:.nd T .H .. bl. f.H CashFloM ,.., R .. ort:. 
l"rinc . IncoMe A.ft:.•r-T•H 0.05 - ------- ------- -------- ------- -------- -------- -------- -------- -------- -------- -------- -------- ------- -------- -------- -------- -------- -------- -------- -----

0 
I 
2 
3 
1 
5 
6 
7 
8 
9 

10 
11 
12 
13 
11 
15 
16 
17 
18 
19 
20 
21 
22 
23 
21 
25 

Tot:•l•: 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 . 
0 
0 

1 . 5 
15 
22 
27 
28 
27 

211.!I 
26 

25.5 
2:> 

241 .. !5 
21 

23.!I 
23 
23 
23 
22 
22 
21 
20 
20 
20 
20 

!112.5 

0 
0 

1.5 
15 
22 
27 
28 
27 

26.5 
26 

2!1.!I 
25 

21.!I 
21 

23.5 
23 
23 
23 
22 
22 
21 
20 
20 
20 
20 

!512.5 

0.19!'l!5 0 6417.41 0 O. O!'l!'l 
0.1955 0 617.1 0 0 . 055 
0.19!5:S 0.8797!5 750 659.812!'l O. O!'l !'l 
0.1955 2.9325 7!10 2199.37 5 0.0 5 5 
0.19!15 1.301 750 3225. 75 0.055 
0.1955 5.2765 637.2 1119.16 O. O!i!i 
0.1955 5.171 837.2 1582.833 0.055 
0.19!'l!'l 5.2765 837.2 .... 419 . 16 O. O!'l5 
0.1955 !1.16075 837.2 41337.32'1 0.05 5 
0.1955 5.083 837.2 1~5.168 0.05 5 
0.1955 1.96525 769.6 3836.6 .. 8 0 . 05!'l 
0.19:55 41.807:S 769.6 3761."'12 O. O!'l5 
0 .. 195:S 1. 7&975 769.6 3686 . 192 0. 0 55 
0.1955 1.1192 769.6 3610.963 0 . 0:>5 
0.19155 1.59125 769.6 3535. 735 0.055 
0.1955 1.1965 7119.6 3160.506 0 . 055 
0.1955 1.1965 769.6 3160 . 506 0.0 5 5 
0.1955 1.1965 7 69.6 3160.506 0.055 
0.1955 ..... 301 769 . 6 3310.05 0 .. 055 
0.19155 1 . 301 769.6 3310 . 05 0 . 0 55 
o. 1955 1.1055 769.6 3159.593 0 .055 
0.1955 3.91 769 . 6 3009 . 136 0.055 
0.1955 3.91 769.6 3009.136 0.055 
0.1955 3.91 769.6 3009.136 0 . 05~ 
0.1955 3 . 91 769.6 3009. 136 0.05'!1 

100. 1937 78727 . 61 

0 0 0 
0 ........ 9.8 0 0 100 0 0 0 -100 - 1 ... 0 -260 0 -2 ... 7.619 
0 41419 .. 6 0 0 210 0 0 0 -2"'0 - 84 -156 0 -1"'11."'197 

0.2"'175 ....... 9 . 0 111. 5 255 658 . 638 150 0 0 0 !108.638 17 8.02 33 330.6117 0 285.597"'1 
0.62 5 +-19. 8 371.065 219!5.416 150 0 0 0 20"15.416 71:S.911 1329.!'}419 1266.237 1093.82 3 

1 .2 1 41"'19 . 8 !54141. 2!'}8 3 220.008 1713 0 0 0 1507.008 !127.1528 979.!5552 688.1851 767.507 1 
1 . ... 8 5 5 3 3 791.:SO!i ... :53:5 . 665 1713 0 0 0 282 2 . 66!5 987. 932 8 183 41. 732 15841 .. 911 1369. 105 

1 . 5"1 533 820.82 "'1703.6!'l3 1713 0 0 0 299 0 . 6!'l3 10"'16 .72 8 19 ... 3 . 9241 l!'l99 .. 271 1381 .. 511 
1 . "'1 8 !'l 53 3 791 .. !50!5 ... !'l3!'l.66:S 17 13 0 0 0 2822.66'5 987.932 8 183 ... 732 1"'137.!;61 12 .. 1.819 

1 . "'l!'l75 533 776.84175 ...... 51.67 1 1713 0 0 0 2738.671 958.535 1780.136 1328.365 1117.192 
1.13 533 762 . 19 1367. 678 1713 0 0 0 265"'1.678 929 .. 1372 172!5.5 .. 1226.309 1059.332 

1 . ... 0 2 !'} ~!'l .... 652.723!5 3851 . 872 1713 0 0 0 2 138.872 7 .... 8.6052 1390.267 9"'10.9872 812.860 2 
1 . 37:5 ~!5 .... 639 . 92:5 3776. 3 ... !'l 1713 0 0 0 2063.3"'15 722 .. 1707 13 .. 1.17 .. 86 ... !'l32 9 7"'16.816 

1.317 5 .. 6 !'l . .. 627.126!5 3700.818 1713 0 0 0 1987.818 695.7363 1292.082 793.2261 665.2185 
1.32 ... 65 .. 41 611.32 8 3625.291 1713 0 0 0 1912.291 669.3019 12 .. 2.989 726.7!'l01 627. 79"'1 

1.2925 ""6!5.41 601 .. 529!5 35 ... 9 .. 76"'1 1713 0 0 0 1836.76 ... 6412.6675 1193.897 66'11.806 ... !5741.28"'18 
1.265 ""65 . 41 !188.731 3171. 237 1713 0 0 0 1761.237 616.1331 1111.801 607.1112 !521 . 118 
1. 265 165.1 588.731 3171.237 1713 0 0 0 1761.237 616.1331 1111.801 578.201 199.1713 
1. 2 6!'l .. 6 5 . .. 588.731 3 .... 7 .... 237 1713 0 0 0 1761.237 616 .... 331 1141 ... 80""1 550.670 ...... 75.6898 

1 . 21 ... 65.41 563 .. 13 .. 3323 . 18"'1 1713 0 0 0 1610. 18'1 !563.!'l6 ... 3 10"'16.619 4179."'16841 .. 1 ... 1828 
1. 2 1 ""65 . .... 563. 13 .. 3323. 18 .... 1713 0 0 0 1610.18 ... 563.56"'13 10 .. 6 . 619 ... 56 . 6365 39"'1 .... 596 

1.15!'l ""65 ... 537.53 7 3172.13 1713 0 0 0 l"'l!'l9.13 510.695"'1 9""8 ... 3 ... '1 39 ... 09411 3 .. 0 .... 333 
1.1 '"'6!5 ... 511.9 ... 3021.07 6 1713 0 0 0 1308.076 ... 57.8266 8!')0.2419 .. 336 .... 726 290.6576 
1. 1 "'16!'l."'1 !511.9 .. 302 1.076 1713 0 0 0 13 08.076 ~!57.8266 8!50.2 .. 9"'1 320 ..... ~01 276.8168 
1 . 1 ~'!1.41 !511.941 3021 . 076 1713 0 0 0 1308.076 .. !')7.8266 8!'l0.2"'19~ 305. 190!'} 263.63'!1 
1.1 ~'!l."'1 !511.9 ... 302 1.076 1713 0 0 0 1308.076 41!'l7.82 66 ~0.2-19-'1 290.6'!176 2'!11.081 

-------- --------
28.187!'l 13'!582 .93 36913 0 0 ... ~8'!5.0"'I 1 .... 90-"'I. 76 27680.28 176"10 .... 6906.139 241!'l"'6 . '!l"'I 



A .. itabha Guh~ 
Ag Econs Project Evaluation 
COCOA 
Dec 10 '90 

-------------------------------------------------------------------------------------------------------------------------------------------------------
-Financial Returns fro" COCOA Fields-

C•sh Flow for 25 Ve•rs. 

ENOOGEHOUS VARIABLES (for Sensitivity Analysis): 

PROOUCTION FINANCE CAP.COST I DEPR. I fAH FIELD DETAILS 
(fable Mortgage) 

Equity• 0 InflR.ate• 0.0"'1 Fld: High 'l'ield Soilfypez Mineral 
TotLo.an• 0 No" IntR.at:•• 0.0!5 Ha: 1 TeHture: SC 
IntRate• 0.1!5 Re•l I ntR.a.te• 0. 00961!5 Tef*r.ain: Sl 

Are.a(H.a)• l Annuity• 0 Stand/Ha: 6"'12 
2!5 .,, •• ,.. •• Ann.Oepr• 0 Plt'l'r: RF c.,.,): 2100 

CurVr: RD(days): 100 
Inco"• T.aHR.at:e• 0.3!5 CurAge: 

RESULTS: 

Totlnt• 0 NetCashFlow• 39!56"'1.85 
TotPrinc• 0 CAfterTaHJ 

IRR - 0.60!5603 
HPV - 21561 

AV - 32159.8 

SPREADSHEET: No.of Periods/Yr• 1 

TreeAge v ...... Equity Prod/Ha TotProd Price Rev EHp Int Prine Outstand faHable Ta .. CashFlow PV ANort 
C'l'iel dJ Prine. IncoNe AfterTaH 0.05 -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- ------- -------- -------- -------- --------· 0 0 0 0 0 0 

1 0 0 0 1.79 0 "'100 0 0 0 -"'100 -1"10 -260 0 -260 
2 0 0 0 1.79 0 2<10 0 0 0 -2"'10 ·-8"1 -156 0 -1!56 
3 0 0 0 1.79 0 1!50 0 0 0 -1!50 -!52.!I -97.!5 0 -97.!5 ... 0 600 600 1. 79 107"'1 1!50 0 0 0 92"'1 323.'4 600.6 !572 600.6 
5 0 900 900 1.79 1611 1!52!5 0 0 0 86 30.1 !1!5.9 50.7029!5 !5!5.9 
6 0 1200 1200 1.98 2376 1!52!5 0 0 0 8!51 297.8!5 !5!53.1!5 "'177.8318 !526.809!5 
7 0 1!500 1!500 1.98 2970 1!52!5 0 0 0 1"'1"'1!5 !50!5.7!1 939.2!5 772.7233 8!51.927"'1 
8 0 1600 1600 1.98 3168 1!52!5 0 0 0 16"'13 !57!1.05 1067.9!5 836.7668 922.!53!5"'1 
9 0 17!50 17!10 1.98 3"'165 1!52!5 0 0 0 19"10 679 1261 9"'10.9776 1037."'128 

10 0 1750 17!50 1.98 3'165 1!52!5 0 0 0 19"10 679 1261 896.1692 988.026!5 
11 0 17!50 17!50 2.9"'1 !51"'1!5 1!52!5 0 0 0 3620 1267 23!53 1592.603 17!5!5.8"'1!5 
12 0 1750 17!50 2.9"'1 !51"'1!5 1!52!5 0 0 0 3620 1267 23!53 1!516.76!5 1672.233 
13 0 17!50 17!50 2.9"'1 !51"'1!5 1!52!5 0 0 0 3620 1267 23!53 1"'1"'1"'1.!538 1!592.603 
1"'1 0 17!50 17!50 2.9"'1 !51"'1!5 1!52!5 0 0 0 3620 1267 23!53 137!5.7!5 1!516.76!5 
1!5 0 17!10 1750 2.9"'1 51"'1!5 1!52!5 0 0 0 3620 1267 23!53 1310.238 1"'1"'1"'1.!538 
16 0 1750 17!50 2.9"'1 51"'1!5 1525 0 0 0 3620 1267 23!53 12"17.8"'16 137!5.75 
17 0 1750 17!50 2.9"'1 !51"'1!5 1!52!5 0 0 0 3620 1267 2353 1188."'12!5 1310.238 
18 0 17!50 17!50 2.9"'1 !51"'1!5 1!52!5 0 0 0 3620 1267 23!53 1131.833 12"'17.8"'16 
19 0 17!50 1750 2.9"'1 !51"'1!5 1!52!5 0 0 0 3620 1267 23!53 1077.936 1188."12!5 
20 0 1750 17!50 2.9"1 !51<15 152!5 0 0 0 3620 1267 23!53 1026.606 1131.833 
21 0 1750 17!50 2.9"'1 !51"'1!5 1!52!5 0 0 0 3620 1267 2353 977.7201 1077.936 
22 0 1700 1700 2.9"'1 "'1998 1!52!5 0 0 0 3"'173 121!5.!5!5 22!57."1!5 893.3"'196 98"'1.918 
23 0 16!50 16!50 2.9"'1 "'18!51 1!52!5 0 0 0 3326 116'1.1 2161.9 81"'1.797'1 898.31"'11 
2"'1 0 1600 1600 2.9'1 "'170"'1 1!52!5 0 0 0 3179 1112.6!5 2066.3!5 7"'11.700!5 817.72"'19 
2!5 0 15!50 1!5!50 2.9"'1 "'1!5!57 1!52!5 0 0 0 3032 1061.2 1970.8 ,673.7177 7"'12.7738 

-------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- --------
Totals: 3!50!50 3!50!50 9383"'1 3296!5 0 0 60869 2130"'1.15 39!56"'1.8!5 21!561 10!598.81 321!59.8 



AMit .. bh .. Guh,. 
Ag Econs Proj•ct: Ev.alu 4:ion 
RUBBER 
Dec 10 '90 

------------------------ --------------------------------------------------------------------------------------------------------------------------------
-Fin•nci •l Returns <ro" RUBBER Fi•ld•-

Cash Flow <or 25 Years. 

ENDOGENOUS VARI ABLES (fo ,. Sensi ti vi t1:1 An .. l ysi s) : 

PRODUCTION FINANCE CAP.COST/ OEPR. / TA~ FIELD OErAILS 
<T ,.bl • Mor-tg .. g•) 

Equit1:1• 0 lnflR,.t•• 0.0"1 Fld: High 't'i•ld SoilTyp•: Mineral 
TotLo.an• 0 N°" Int:Rate• 0.0:5 H.a: l T•Htu..-•: S 
Int.R•t:•• 0.1!5 R•.al lntR.at•• 0.00961:5 Terrain: St: 

Area(H.a)• l Rnnuit.y• 0 st .. nd/H..: "100 
2!5 y••rs. Ann.Depr• 0 Plt't'r-: RF ( ...... ): 2200 

CurVr: RD (d.ays) 100 
lnco"• T.aMR•t:•• 0.3:5 Cur-Ag•: 

T.apSys: Mor".al 
RESULTS: P.anel: 

To~nt• 0 Ne+.:C.ashFloM• 2 .. 1417.~ 
Tot:f'rinc• 0 CAfter-T.aHl 

IRR - 0."1"1"1726 
NPV - 13976.77 

AssetV 4 AV - 19270.0:5 

SPREADSHEET: Mo.o~ Periods/Yr• 1 

Tr-eeAg• v ...... Equi i>,i Pr-od/H.a TotP,-od Price R•v EHp Int Prine Outst.and T.aH,.bl• T.aH C.ashFlow PV A,..or-f: 
C't'ieldl kg Prine. Inco"• Aft • .-T .. H 0.0!5 -------- -------- =------ -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- --------0 0 0 0 0 0 

1 0 0 0 2.2:5 0 "100 0 0 0 -"100 -1"10 -260 0 -2"17.619 
2 0 0 0 2.2!5 0 2"10 0 0 0 -2"10 -6"1 -1!56 0 -1"11."197 
3 0 0 0 2.2!5 0 1!50 0 0 0 -1:50 -!52.:5 -97.:5 0 -6"1.22"12 
... 0 0 0 2.2!5 0 100 0 0 0 -100 -3!5 -6!5 -61.90"16 -:53."17!57 
:5 0 0 0 2.2!5 0 100 0 0 0 -100 -3:5 -6!5 -!56.9569 -!50.9292 
6 0 1300 1300 2.2!5 266!5 2070 0 0 0 !59:5 206.2:5 366.7:5 33"1.0692 268.:5986 
7 0 1500 1:500 2.2!5 307:5 2070 0 0 0 100:5 3:51. 7:5 6!53.2!5 !537."130"1 "16"1.2:526 
6 0 1600 1600 2.2!5 3690 2070 0 0 0 1620 !567 10!53 62!5.0!53 712.7116 
9 0 2000 2000 2.25 "1100 2070 0 D 0 2030 710.!5 1319.!5 96"1.6312 6!50.!561!5 

10 0 2100 2100 2.2!5 "130!5 2070 D 0 0 223:5 762.2:5 1"1:52.7!5 1032."1"12 691.6625 
11 0 2200 2200 2.2!5 "1!510 2070 0 0 0 2"1"10 6!5"1 1!566 1073."167 927.3013 
12 0 2300 2300 2.2:5 "171!5 2070 0 0 0 26"1!5 92:5. 7:5 1719.25 1106.2"1"1 9!57.3"127 
13 0 2300 2300 2.2!5 "171!5 2070 D 0 0 261!5 92!5. 7!5 1719. 2!5 10!5!5."17 911.7!5!5 
1"1 0 2300 2300 2.2:5 "1715 2070 0 0 0 26"1:5 92:5.7:5 1719.2!5 1005.21 666.3361 
1!5 0 2300 2300 2.2!5 "1715 2070 0 0 0 26"1!5 92:5.7:5 1719.2:5 9!57.3"127 826.9666 
16 0 2300 2300 2.2:5 "171!5 2070 0 0 0 26"1!5 92!5.7::i 1719.2!5 911.75!5 767.6082 
17 0 2300 2300 2.2:5 "171:5 2070 0 0 0 26"1:5 92!5.7!5 1719.2!5 668.3381 7!50.1031 
16 0 2200 2200 2.2!5 "1!510 2070 0 0 0 2"1"10 8!5"1 1!566 762.8931 6!59.01!58 
19 0 2100 2100 2.2!5 "130:5 2070 0 0 0 223:5 762.2!5 l"l:52.7!5 66:5.:521!5 :57"1.902!5 
20 0 2000 2000 2.2!5 "1100 2070 0 0 0 2030 710.!5 1319.!5 !57:5.693!5 "197.30!57 
21 0 1800 1800 2.2:5 3690 2070 0 0 0 1620 !567 10!53 "137.:5"132 377.9663 
22 0 1!500 1:500 2.2:5 307!5 2070 0 D 0 100!5 3!51. 7!5 6!53.2!5 2!58.!5132 223.313"1 
23 0 1!500 1!500 2.2!5 307!5 2070 0 0 0 100:5 3!51. 7:5 6!53.2!5 2"16.203 212.679"1 
2"1 0 1:500 1:500 2.2:5 307:5 2070 0 0 0 100!5 3:51. 7:5 6!53.2!5 23"1."1791 202.!5!519 
2!5 0 1:500 1:500 2.2!5 307!5 2070 0 0 0 100:5 3:51. 7:5 6!53.2:5 223.313"1 192.906:5 

-------- -------- -------- ·------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- --------
Tot.al•: 36600 36600 79:5"10 "12390 0 0 371!50 13002.!5 2"11"17 .!5 13976.77 !5293.282 19270.0!5 



APPENDIX 3 

PLANTATION LABOUR AND CAPITAL REQUIREMENTS 

1. PLANTATION LABOUR REQUIREMENTS 

A. Immature (Rubber, Oil Palm & Cocoa) 

ITEM 

Nursery 

Clearing & Land Prep. 
Roads & Drains 
Lining & Staking 
Holing & Planting 

Field Maintainence 
Weed Control 
Pest & Disease 
Fertilizer 
Pruning & Shaping 

for Cocoa fields only: 
Shade Planting 
Shade Maintainence 

- Total: 
Rubber: 
Oil Palm: 
Cocoa: 

- Total: 

Rubber: 
Oil Palm: 
Cocoa: 

Rubber: 
Oil Palm: 
Cocoa: 

- AGE -
1 2 3 

(Man-Days/ Ha/ Year) 

0.5 

1.6 
1.0 
1.2 
0.6 

0.4 

0.2 
0 .9 

0.3 

0. 1 

2.0 
0.7 
0.2 
0. 1 

0 .4 

0.2 

0.05 

1.0 
0.6 
0.2 
0.4 

0.3 

(Man Days per Hal 
4.8 3.4 2.6 
4.6 
5.9 

2.9 
4.4 

'") < ~- ._, 

3.2 

(Man Year per Ha) 

4 

0.2 

0.3 
0.7 
0.2 
0.6 

0. 1 

2.0 
1.8 
2.4 

0.0165 
0.0158 
0.0200 

0.0117 
0.0100 
0.0150 

0.0092 0.0069 
0.0083 0.0062 
0.0110 0.0083 

60 
63 
50 

(Ha/ worker/ year) 

1 

85 
100 
67 

108 
125 
90 

145 
162 
120 



Cost/Ha - M$ 

- (M'sia) 
Rubber: 
Oil Palm: 
Cocoa: 

- (I 'sia) 
Rubber: 
Oil Palm: 
Cocoa: 

48 
46 
59 

24 
~~ ~·-' 
30 

34 
29 
44 

17 
15 
22 

26 ,.,":! ..:,.._, 

32 

13 
11 
16 

B. Mature (Rubber, Oil Palm & Cocoa) 

- Age 5 to 30 -

Rubber Oil Palm 

(Man-Days/ Ha/ Year) 

Field Maintainence 

Harvesting 

Pruning 

35 

80 / 60 

- Total <Man Days per Ha): 110 

- Total (Man Year per Ha): 0.38 

(Ha/ worker / year): 2.65 

Cost/Ha - M$ (M'sia) 1100 
(I'sia) 550 

Man-Day Wage Rates 

Malaysia: M$ 10 
Indonesia: M$ 5 IRp 3250) 

Man-Days per Year= 291 

49 

22 - 33 

4.4 

81 

0.28 

3.60 

810 
405 

20 
18 
24 

10 
9 

12 

Cocoa 

49 -

28 

4.0 

62 -

69 

82 

0.25 

4.70-3.55 

720-1230 
360-410 

NOTE: Field Maintainence includes Weeding, Pest & Disease 
Fertilization, and Road & Drain maintainence costs. Holing and 
includes starter fertilizer application. 

2 

control, 
Planting 



2. PLANTATION CAPITAL REQUIREMENTS 

ITEM 

Immatur-e 

Fer-tilizer­
Her-bicides 
Pesticides 

Matur-e 

Fer-tilizer­
Her-bicides 
Pesticides 

(M$ /Ha/ year-) 

Rubber 

50 
50 
10 

85 

30-60 

Oil Palm 

200 
50 

300 

Cocoa 

200 
50 

30-60 

300 

120 

AVERAGE CROP FERTILIZER REQUIREMENTS 

Immatur-e 

Matur-e 

Rubber 

0.14 

0.25 

(tons/Ha) 

Oil Palm 

0.66 

0.99 

Cocoa 

0.66 

0.99 

NOTE: Aver-age Fer-tilizer- Cost= M$ 300 / ton. 

Sources: 

Rubber: Rubber ONners Manual, Rubber Research Institute of Malaysia (1985). 
Oil Pali: Hartley, C.W.S. The Oil Pali. Second Edition Longman (1977). 
Cocoa: Wood, G.A.R. and Lass, R.A. Cocoa. Fourth Edition Longman (1985). 

3 



MATFn X 

CROP - LAND ALLOCATION MODEL 

GULP 4.2 (Cl Copyright 1988 Optimal Software 

Problem: TLP R=5% 
Page 1 

ll RHS ii RUFS1 
>ObjFn-11AX N 
OpCashBall E 1000000.0 
Taxlncl E 
Ta>: Dedl E 100000 .00 
E:<pl E 
Ta>:Li m11 L 12000. 00 
Taxlim12 L 12000.00 
Borrlim1 L 500000.00 
ClCashBal1 E 
Consmpl G 10000.00 
RuFertl L 0.14 
OPFertl L 
CoFert1 L 
Rulabl L 0.02 
OPlabl L 
Colabl L 
RuCap1 L 70.00 
OPCap 1 L 
CoCapl L 
RuYieldl G 
OPYieldl G 
CoYieldl 6 
OPCashBal2 E 
Taxlnc2 E 
Ta:·:Ded2 E 100000.00 
Exp2 E 
Ta:<Li 1121 L 12000.00 
Taxlim22 L 12000.00 
Borrlim2 L 500000.00 
ClCashBal2 E 
Consmp2 G 10000.00 
RuFert2 L 0.14 
OPFert2 L 
CoFert2 L 
Rulab2 L 0.01 
OPLab2 L 
Colab2 L 
RuCap2 L 70.00 
OPCap2 L 
CoCap2 L 

RUFSCl RUFC1 RUFPl RUSLS1 

0.14 0.14 0.14 0.14 

0.02 0.02 0.02 0. 02 

70.00 70. 00 70.00 70.00 

0. 14 0.14 0.14 0.14 

0.01 0.01 0.01 0.01 

70.00 70.00 70.00 70,00 

l 

ID: CL.nivl 



RuYield2 G 
OPYield2 G 
CoYield2 G 
OpCashBal 3 E 
Taxlnc3 E 
TaxDed3 E 100000.00 
Exp3 E 
TaxLim31 L 12000.00 
TaxL1m32 L 12000.00 
Borrlim3 L 500000.00 
ClCashBal3 E 
Consmp3 G 10000.00 
TERM VAL E -10838 .00 -9484. 00 -8130. 00 -14900.00 
RuFert3 L 0.14 0.14 0. 14 0. 14 0. 14 
OPFert3 L 
CoFert3 L 
RuLab3 L 0.01 0.01 0.01 0.01 0.01 
OPLab3 L 
Colab3 L 
RuCap3 L 70.00 70.00 70.00 70.00 70 .00 
OPCap3 L 
CoCap3 L 
RuYield3 G 
OPYield3 G 
CoYield3 6 
F S L 100.00 1.00 
F SC L 100.00 1. 00 
F C L 100.00 1. 00 
F p L 100. 00 1.00 
SL S L 100.00 1.00 
SL SC L 100. 00 
SL C L 100.00 
SL P L 
ST S L 100.00 
ST SC L 100.00 
ST C L 100.00 
ST P L 

2 



Page 2 

RUSLSCI RUSLCI RUSLPI RUSTS! RUSTSC! RUSTCI 
)ObjFn-MAX N 
OpCashBall E 
Ta..'{ Inc! E 
Ta..'{Dedl E 
Exp! E 
Ta:<Li ml! L 
Ta..'{Li11112 L 
Borrliml L 
ClCashBall E 
Consmpl G 
RuFertl L 0.14 0. 14 0.14 0.14 0.14 0.14 
OPFertl L 
CoFert1 L 
Rulabl L 0.02 0.02 0.02 0.02 0.02 0.02 
OPlabl L 
Colabl L 
RuCapl L 70.00 70.00 70 .00 70 .00 70 .00 70.00 
OPCapl L 
CoCapl L 
RuYieldl G 
OPYieldl G 
CoYieldl G 
OPCashBaI2 E 
Tax Inc2 E 
TaxDed2 E 
Exp2 E 
Taxlim21 L 
Ta;: lim22 L 
Borrlim2 L 
ClCashBal2 E 
Consmp2 G 
RuFert2 L 0.14 0.14 0. 14 0.14 0. 14 0.14 
OPFert2 L 
CoFert2 L 
Rulab2 L 0,01 0,01 0.01 0.01 0.01 0.01 
0Plab2 L 
Colab2 L 
RuCap2 L 70.00 70.00 70.00 70.00 70.00 70 .00 
OPCap2 L 
CoCap2 L 



RuYield2 G 
OPYield2 G 
CoYield2 G 
OpCashBal3 E 
Taxlnc3 E 
TaxDed3 E 
E>:p3 E 
Ta>:Lim31 L 
Ta:,:Lim32 L 
Borrlim3 L 
C1Cash8al3 E 
Consmp3 6 
TERM VAL E -13546.00 -12192.00 -19200.00 - 19108.0(1 -19000.00 
RuFert3 L 0.14 0. 14 0. 14 0.14 0. 14 0. 14 
OPFert3 L 
CoFert3 L 
Rulab3 L 0.01 0.01 0.01 0.01 0.01 0.01 
0Plab3 L 
CoLab3 L 
RuCap3 L 70.00 70.00 70.00 70.00 70.00 70.00 
OPCap3 L 
CoCap3 L 
RuYield3 G 
OPYield3 G 
CoYield3 G 
F S L 
F SC L 
F C L 
F p L 
SL S L 
SL SC L 1.00 
SL C L 1.00 
SL P L 1. 00 
ST S L 1.00 
ST SC L 1.00 
ST C L 1.00 
ST P L 
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Page 3 

RUSTP! OPFS1 OPFSCl OPFC1 OPFPl OPSLS1 
>DbjFn-MAX 11 
OpCashBall E 
Tax Incl E 
TaxDedl E 
Exp! E 
Ta>:Liml 1 L 
Ta>:Lim12 L 
Borrliml L 
ClCashBall E 
Consmpl G 
RuFertl L o. 14 
OPFertl L 0.66 0.66 0.66 0.66 0.66 
CoFertl L 
Rulabl L 0.02 
OPLabl L 0.02 0.02 0.02 0.02 0.02 
Colabl L 
RuCapl L 70.00 
OPCapl L 60.00 60.00 60.00 60.00 60.00 
CoCapl L 
RuYieldl G 
OPYieldl G 
CoYieldl G 
OPCashBal2 E 
Tax Inc2 E 
Ta:-: Ded2 E 
E:< p2 E 
Ta:{lim21 L 
Ta;-:Lim22 L 
Borrlim2 L 
ClCashBal2 E 
Consmp2 G 
RuFert2 L 0.14 
OPFert2 L 0.66 0.66 0.66 0.66 0.66 
CoFert2 L 
Rulab2 L 0.01 
OPl..ab2 L 0.01 0.01 0.01 0.01 0.01 
Colab2 L 
RuCap2 L 70.00 
OPCap2 [_ 60.00 60.00 60, (U) 60,l)) 60.00 
CoCap2 L 

5 



RuYield2 G 
OPYield2 G 
CoYield2 G 
OpCashBal3 E 
Taxinc3 E 
Ta:-: Ded3 E 
E}: p3 E 
Ta:-:Lim31 L 
Ta>:Lim32 L 
Borrlim3 L 
ClCashBal3 E 
Consmp3 G 
TERM VAL E -24000.00 -24500.00 -24750.00 -25000 .00 -16487.00 
RuFert3 L 0.14 
OPFert3 L 0.66 0.66 0.66 0.66 0.66 
CoFert3 L 
RuLab3 L 0.01 
OPLab3 L 0.01 0. 01 0.01 0. 01 0.01 
CoLab3 L 
RuCap3 L 70.00 
OPCap3 L 60. 00 60.00 60 .00 60.00 60 .00 
CoCap3 L 
RuYield3 G 
OPYield3 G 2.00 2.50 3.00 4.00 1.00 
CoYi eld3 G 
F S L 1. 00 
F SC L 1.00 
F C L 1.00 
F p L 1.00 
SL S L ! . 00 
SL SC L 
SL C L 
SL P L 
ST S L 
ST SC L 
ST C L 
ST P L 1.00 

6 



Page 4 

OPSLSCl OPSLCl OPSLPl OPSTS1 OPSTSC1 OPSTC1 
)ObjFn-MAX N 
OpCashBall E 
Tadnct E 
Ta,'{Ded1 E 
Exp! E 
Taxliml 1 L 
Ta,'{Lim12 L 
Borrliml L 
ClCashBall E 
Consmpl G 
RuFert l L 
OPFertl L 0.66 0.66 0.66 0.66 0.66 0.66 · 
CoFertl L 
Rulabl L 
0Plab1 L 0.02 0.02 0.02 0.02 0.02 0.02 
Colab l L 
RuCapt L 
OPCapl L 60.00 60.00 60.00 60. 00 60.00 60.00 
CoCapl L 
RuYield l G 
OPYiel dl G 
CoYieldl G 
OF'CashBal2 E 
Ta,'{ Inc2 E 
TaxDed2 E 
Exp2 E 
T a,'{Li 1121 L 
Taxli1122 L 
Borrlim2' L 
ClCashBal2 E 
Consmp2 G 
RuFert2 L 
OPFert2 L 0.66 0.66 0.66 0.66 0.66 0.66 
CoFert2 L 
Rulab2 L 
0Plab2 L 0.01 0.01 0.01 0.01 0,01 0.01 
Col..ab2 L 
RuCap2 L 
OPCap2 L 60.00 60.00 60.00 60.00 60 .00 60.00 
CoCap2 L 

7 



RuYield2 G 
OPYield2 G 
CoYield2 6 
OpCashBal3 E 
Taxlnc3 E 
Ta:·:Ded3 E 
Exp3 E 
Ta:<Lim31 L 
Taxlim32 L 
BorrLim3 L 
ClCashBal3 E 
Consmp3 G 
TERM VAL E -17887.00 -19287.00 -12287.00 -13687.00 -15087.00 
RuFert3 L 
OPFert3 L 0.66 0.66 0.66 0.66 0.66 0.66 
CoFert3 L 
RuLab3 L 
OPLab3 L 0.01 0.01 0.01 0.01 0.01 0.01 
Colab3 L 
RuCap3 L 
OPCap3 L 60.00 60.00 60 .00 60.00 60.00 60.00 
CoCap3 L 
RuYield3 6 
OPYield3 6 1.50 2.00 0.50 1. 00 1. 50 
CoYield3 G 
F S L 
F SC L 
F C L 
F p L 
SL S L 
SL SC L 1.00 
SL C L 1. 00 
SL P L 1.00 
ST S L 1. 00 
ST SC L 1.00 
ST C L 1. 00 
ST P L 
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Page 5 

OPSTPl COFS1 COFSCl COFCl COFPl COSLS1 
>ObjFn-MAX N 
OpCashBal1 E 
Taxlnc 1 E 
TaxDed1 E 
Exp! E 
Taxlim11 L 
Ta,~Li11112 L 
Borrlim1 L 
ClCashBall E 
Cons111pl 6 
RuFertl L 
OPFertl L 0.66 
CoFertl L 0.66 0.66 0.66 0.66 0. 66 
Rulabl L 
OPlabl L 0.02 
Colabl L 0.02 0.02 0.02 0.02 0.02 
RuCapl L 
OPCapl L 60.00 
CoCapl L 95. 00 95. 00 95. 00 95.00 95.00 
RuYieldl 6 
OPYieldl 6 
CoYieldl 6 
OPCashBal2 E 
Tax Inc2 E 
Ta:{ Ded2 E 
Exp2 E 
Ta,~Li11121 L 
Taxlim22 L 
Borrli1112 L 
ClCashBal2 E 
Consmp2 6 
RuFert2 L 
OPFert2 L 0.66 
CoFert2 L 0.66 0.66 0.66 0.66 0.66 
Rulab2 L 
0Plab2 L 0.01 
Colab2 L 0.01 0.01 0. 01 0. 01 0. 01. 
RuCap2 L 
OPCap2 L 60, 00 
CoCap2 L 95.00 95.00 95. 00 95.00 95. 00 

9 



RuYield2 G 
OPYield2 G 
CoYield2 G 
OpCashBal3 E 
Ta:-:Inc3 E 
Ta>:Ded3 E 
E:: p3 E 
fa:Li rn31 L 
Ta::Lirn32 L 
Borrlim3 L 
ClCashBal3 E 
Consrnp3 G 
TERM VAL E -23152.00 -211 75.00 -22162. 00 -28237.00 
RuFert3 L 
OPFert3 L 0.66 
CoFert3 L 0.66 0.66 0.66 0.66 0.66 
Rulab3 L 
OF'Lab3 L 0.01 
Colab3 L 0.01 0.01 0. 01 0.01 0.01 
RuCap3 L 
OPCap3 L 60.00 
CoCap3 L 95.00 95.00 95.00 95.00 95, (H) 

RuYield3 G 
OPYield3 G 
CoYield3 G 
F S L 1.00 
F SC L 1.00 
F C L 1. 00 
F p L 1. 00 
SL S L 1. 00 
SL SC L 
St.: C L 
SL F' L 
ST S L 
ST SC L 
ST C L 
ST P L 1.00 
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Page 6 

C0SLSC1 COSLCl C0SLP1 COSTS1 C0STSC1 COSTCl 
>ObjFn-MAX N 
OpCashBal1 E 
Ta:dnc1 E 
TaxDedl E 
E:-: pl E 
Ta:·:Lim11 L 
Taxlim12 L 
Borrliml L 
ClCashBall E 
Consmpl G 
RuFertl L 
OPFertl L 
CoFertl L 0.66 0.66 0.66 0.66 0.66 0.66 
Rulab l L 
OPLab1 L 
Colabl L 0.02 0.02 0.02 0.02 0.02 0. (12 
RuCap l L 
OPCapl L 
CoCapl L 95. 00 95. 00 95 .00 95. 00 95. 00 95. 00 
RuYield 1 G 
OPYieldl G 
CoYieldl G 
OPCashBal2 E 
Ta>:l nc2 E 
Ta:-:Ded2 E 
E::p2 E 
Ta>: Lim21 L 
Ta>: Lim22 L 
Borrli m2 L 
ClCashBal2 E 
Consmp2 G 
RuFert2 L 
OPFert2 L 
CoFert2 L 0.66 0.66 0.66 0.66 0.66 0.66 
Rulab2 L 
0Plab2 L 
Colab2 L 0.01 0.01 0. 01 0.01 0.01 0.01 
RuCap2 L 

· OPCap2 L 
CoCap2 L 95.00 95.00 95. 00 95.00 95.00 95. 00 

l 1. 



RuYield2 G 
OPYield2 6 
CoYield2 6 
OpCashBal3 E 
Tax Inc3 E 
Tax0ed3 E 
Exp3 E 
Ta:-: Li iD31 L 
Ta>: Lim32 L 
BorrLim3 L 
ClCashBal3 E 
Consmp3 G 
TERM VAL E -32159.00 -30788.00 -15087.00 -17137.00 - 16112.00 
RuFert3 L 
OPFert3 L 
CoFert3 L 0.66 0.66 0.66 0.66 0.66 0.66 
RuLab3 L 
OPLab3 L 
CoLab3 L 0.01 0.01 0.01 0.01 0.01 0.01 
RuCap3 L 
OPCap3 L 
CoCap3 L 95.00 95. 00 95. 00 95. 00 95.00 95 .00 
RuYield3 G 
OPYield3 G 
CoYield3 G 
F S L 
F SC L 
F C L 
F p L 
SL S L 
SL SC L 1.00 
SL C L 1. 00 
SL P L 1. 00 
ST S L !. O!) 

ST SC L 1.00 
ST C L 1.00 
ST P L 

12 



Page 7 

C0STP1 Sell Ru! SellOP! Sell Col RuFertl OPFertl 
>ObjFn-MAX N 
OpCashBall E 
Ta:dncl E -2.25 -129.50 -1.79 
Ta::Dedl E -300.00 -300. 00 
Exp! E 
Taxlim11 L 
Taxlim12 L 
Borrlim1 L 
C!CashBal1 E 
Consmp1 G 
RuFert1 L -1. 00 
OF'Fert! L -1.00 
CoFert 1 L 0.66 
F:ulab I L 
OPLabl L 
Colabl L 0.02 
RuCapl L 
OPCap I L 
CoCapl L 95.00 
RuYield1 G -1.00 
OPYield1 G -1.00 
CoYield1 G -1. 00 
OPCashBal 2 E 
Tax Inc2 E 
TaxDed2 E 
E>:p2 E 
Ta:-:Lim21 L 
Ta}:Lim22 L 
Borrlim2 L 
C!CashBal2 E 
Consmp2 G 
RuFert2 L 
OPFert2 L 
CoFert2 L 0.66 
Rulab2 L 
0Plab2 L 
Colab2 L 0.01 
RuCap2 L 
OPCap2 L 
CoCap2 L 95.00 

13 



RuYield2 G 
OPYield2 G 
CoYield2 G 
OpCashBal3 E 
Tax Inc3 E 
Tax0ed3 E 
Exp3 E 
Taxlim31 L 
Taxlim32 L 
Borrlim3 L 
ClCashBal3 E 
Consmp3 G 
TERM VAL E 
RuFert3 L 
OPFert3 L 
CoFert3 L 0.66 
Rulab3 L 
OPLab3 L 
CoLab3 L 0.01 
RuCap3 L 
OPCap3 L 
CoCap3 L 95,00 
RuYield3 G 
OPYield3 G 
CoYield3 G 
F S L 
F SC L 
F C L 
F p l 
SL S L 
SL SC L 
SL C L 
SL P L 
ST S L 
ST SC L 
ST C L 
ST P L 1.00 
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Page 8 

CoFertl Rulabl OPLabl Colabl RuCapl OPCapl 
)QbjFn-MAX N 
OpCashBall E 
Ta:< Inc 1 E 
TaxDedl E -300.00 -3000.00 -3000.00 -3000. 00 -1.00 -1. 00 
Exp! E 
Taxlimt 1 L 
Taxli1112 L 
Borrliml L 
ClCashBall E 
Consmpl G 
RuFertl L 
OPFertl L 
CoFertl L -1.00 
Rulabl L -1. 00 
OPLabl L -1. (l(i 

Colabl L -1.00 
RuCapl L -1. 00 
OPCapl L -1. 00 
CoCapl L 
RuYieldl G 
OPYieldl G 
CoYieldl 6 
OPCashBal2 E 
Taxlnc2 E 
TaxDed2 E 
Exp2 E 
T a,~Li m21 L 
Taxli m22 L 
Borrlim2 L 
C1Cash8al2 E 
Consmp2 G 
RuFert2 L 
OPFert2 L 
CoFert2 L 
Rulab2 L 
OPLab2 L 
Colab2 L 
RuCap2 · L 
OPCap2 L 
CoCap2 L 

15 



RuYield2 6 
OPYield2 6 
CoYield2 6 
OpCashBal3 E 
Tadnc3 E 
Ta:<Ded3 E 
E:<p3 E 
TaxLim31 L 
Ta>:Li m32 L 
Borrlim3 L 
ClCashBal3 E 
Consmp3 6 
TERM VAL E 
RuFert3 L 
OPFert3 L 
CoFert3 L 
Rulab3 L 
OPLab3 L 
CoLab3 L 
RuCap3 L 
DPCap3 L 
CoCap3 L 
RuYield3 6 
OPYield3 6 
CoYield3 6 
F S L 
F SC L 
F £ L 
F p L 
SL S L 
SL SC L 
SL C L 
SL P L 
ST S L 
ST SC L 
ST C L 
ST P L 

16 



Page 9 

CoCapl Ta:dncl 1 Taxlnc12 Taxinc13 Ta>:Dctl Ta:<Lossl 
>ObjFn-MAX N 
OpCashBall E 
Tax Inc! E 1.00 1.00 1.00 1.00 
TaxDed1 E -1.00 1.00 1.00 
Expl E -1.00 -1.00 
Taxli11111 L 1. 00 • 
Ta.~Li m12 L 1.00 
Borrlii111 L 
ClCashBall E -1. 00 - 0.74 -0.65 -1. 00 
Consmpl G 
RuFert1 L 
OPFert1 L 
CoFertl L 
Rulabl L 
OPL.abl L 
Colabl L 
RuCapl L 
OPCapl L 
CoCap 1 L -1.00 
RuYieldl G 
OPYieldl G 
CoYieldl G 
OF'CashBal2 E 
Ta>: Inc2 E 
TaxDed2 E -1.00 
Exp2 E 
Taxlim21 L 
Ta.~Lim22 L 
Borrli112 L 
Cl Cash Bal 2 E 
Consmp2 G 
RuFert2 L 
OPFert2 L 
CoFert2 L 
Rulab2 L 
0Plab2 L 
Colab2 L 
RuCap2 L 
OPCap2 L 
CoCap2 L 
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RuYield2 G 
OPYield2 G 
CoYield2 G 
OpCashBal3 E 
Ta:{ Inc3 E 
TaxDed3 E 
Exp3 E 
Tax Li m31 L 
TaxlifD32 L 
B0rrL1in3 L 
ClCashBal3 E 
Consmp3 G 
TERM VAL E 
RuFert3 L 
OPFert3 L 
CoFert3 L 
RuLab3 L 
OPL.ab3 L 
Colab3 L 
RuCap3 L 
OPCap3 L 
CoCap3 L 
RuYield3 G 
OPYield3 G 
CoYield3 G 
F S L 
F SC L 
F C L 
F F' L 
SL S L 
SL SC L 
SL C L 
SL P L 
ST S L 
ST SC L 
ST C L 
ST P L 
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Page 10 

TotCostt Borr! Savel Cons11p! CshS'.!r ! CshDef! 
)ObjFn-MAX N 
OpCashBall E 1.00 -1.00 1. 00 
Ta:dnc! E -0.05 
TaxDed! E -0 .05 
Exp! E 1.00 
Taxli11111 L 
Ta>:li1112 L 
Borrli 111 L 1.00 
ClCashBal! E 1.00 -1.00 1.00 1.00 -1. 00 
Consmp! 6 1.00 -0.01 
RuFertl L 
OPFertt L 
CoFertl L 
Rulab! L 
OPLabl L 
Colab! L 
RuCapl L 
OPCapl L 
CoCap! L 
RuYield! G 
OPYield1 G 
CoYieldl G 
OPCashBal2 E -1. 00 1.00 
Tal: Inc2 E 
Ta}:0ed2 E 
Exp2 E 
Taxlim21 L 
Taxli1122 L 
Borrlim2 L 
ClCashBal2 E 
Cons111p2 G 
RuFert2 L 
OPFert2 L 
CoFert2 L 
Rulab2 L 
OPLab2 L 
Colab2 L 
RuCap2 L 
OPCap2 L 
CoCap2 L 
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Ru Yi eld2 G 
OPYield2 G 
CoYield2 G 
OpCashBal3 E 
Taxlnc3 E 
TaxDed3 E 
E:{p3 E 
Ta,'{ Li11131 L 
Ta,'{ Lim32 L 
Borrlim3 L 
C!CashBal3 E 
Consmp3 G 
TERM VAL E 
RuFert3 L 
OPFert3 L 
CoFert3 L 
RuLab3 L 
OPLab3 L 
Colab3 L 
RuCap3 L 
OPCap3 L 
CoCap3 L 
RuYield3 6 
OPYield3 6 
CoYield3 G 
F S L 
F SC L 
F C L 
F p L 
SL S L 
SL SC L 
SL C L 
SL P L 
ST S L 
ST SC L 
ST C L 
ST P L 
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Page 11 

RUFS2 RUFSC2 RUFC2 RUFP2 RUSLS2 RUSLSC2 
>Ob jFn-MAX N 
OpCashBall E 
Tax lncl E 
Ta:<Dedl E 
Expl E 
Taxliillll L 
Ta:<Li m12 L 
Borrliml L 
ClCashBall E 
Consmpl 6 
RuFertl L 
OPFertl L 
CoFertl L 
Rulabl L 
OPLabl L 
Colabl L 
RuCapl L 
OPCapl L 
CoCapl L 
RuYieldl 6 
OPYieldl 6 
CoYieldl 6 
OPCashBal2 E 
Taxlnc2 E 
Ta>:Ded2 E 
Exp2 E 
Ta.'< Lim21 L 
Ta.xli m22 L 
Borrli,TI2 L 
ClCashBal2 E 
Consmp2 6 
RuFert2 L 0.14 0.14 o. 14 0.14 0. 14 o. 14 
OPFert2 L 
CoFert2 L 
Rulab2 L 0.02 0.02 0.02 0.02 0.02 0.02 
0Plab2 L 
Colab2 L 
RuCap2 L 70.00 70.00 70.00 70.00 70.00 70.00 
OPCap2 L 
CoCap2 L 

2:l 



RuYield2 G 
OPYield2 6 
CoYield2 G 
OpCashBal3 E 
Taxlnc3 E 
Ta:-:Ded3 E 
E:-:p3 E 
Ta>:Lim31 L 
Taxli1132 L 
Borrlim3 L 
ClCashBal3 E 
Consmp3 G 
TERM VAL E -10238.00 -8884.00 -7530.00 -14300.00 -12946. 00 
RuFert3 L 0.14 0.14 0.14 0. 14 0. 14 0.14 
OPFert3 L 
CoFert3 L 
RuLab3 L 0.01 0. 01 0.01 0.01 0.01 0. 01 
OPLab3 L 
CoLab3 L 
RuCap3 L 70.00 70.00 71).00 70.00 70. 00 70.00 
OPCap3 L 
CoCap3 L 
RuYield3 G 
OPYield3 G 
CoYield3 G 
F S L 1.00 
F SC L 1.00 
F C L 1.00 
F p L 1.00 
SL S L 1.00 
SL SC L 1. 00 
SL C L 
SL P L 
ST S L 
ST SC L 
ST C L 
ST P L 
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Page 12 

RUSLC2 RUSLP2 RUSTS2 RUSTSC2 RUSTC2 RUSTP2 
>Ob jFn-MAX N 
OpCashBall E 
Ta.x lncl E 
TaxDedl E 
Exp! E 
Taxli11111 L 
Taxlim12 L 
Borrlirnl L 
ClCashBall E 
Consmpl G 
RuFertl L 
OF'Fert1 L 
CoFertl L 
Rulabl L 
OPl..abl L 
Colabl L 
RuCapl L 
OPCapl L 
CoCapl L 
RuYieldl G 
OPYieldl G 
CoYieldl G 
OPCashBal2 E 
Ta:< Inc2 E 
Ta>:Ded2 E 
Exp2 E 
Ta.~Lim21 L 
Taxli1122 L 
Borrl im2 L 
ClCashBal2 E 
Consmp2 6 
RuFert2 L 0.14 o. 14 0. 14 0.14 0. 14 0.14 
OPFert2 L 
CoFert2 L 
Rulab2 L 0.02 0.02 0.02 0.02 0.02 0.02 
OPl..ab2 L 
Colab2 L 
RuCap2 L 70.00 70.00 70.00 70. 00 70 .00 70.00 
OPCap2 L 
CoCap2 L 



RuYield2 G 
OPYield2 G 
CoYield2 G 
OpCashBal3 E 
Taxlnc3 E 
Ta:{Ded3 E 
E:-:p3 E 
Ta:<Li11131 L 
Taxlim32 L 
Borrlim3 L 
ClCashBal3 E 
Consmp3 G 
TERM VAL E -11592.00 -18520.00 -1 8500.00 -18480.00 
RuFert3 L 0.14 0.14 0.14 0. 14 0.14 0.14 
OPFert3 L 
CoFert3 L 
RuLab3 L 0.01 0.01 0.01 0.01 0.01 0.01 
0Plab3 L 
CoLab3 L 
RuCap3 L 70.00 70.00 70.00 70.00 70.00 70.00 
OPCap3 L 
CoCap3 L 
RuYield3 G 
OPYield3 G 
CoYield3 G 
F S L 
F SC L 
F C L 
F p L 
SL S L 
SL SC L 
SL C L 1.00 
SL P L 1.00 
ST S L 1.00 
ST SC L 1. 00 
ST C L 1.00 
ST P L 1. 00 



Page 13 

DF'FS2 DPFSC2 OF'FC2 DPFP2 OPSLS2 OPSLSC2 
)ObjFn-MAX N 
OpCashBall E 
Tax Incl E 
TaxDedl E 
Exp l E 
Taxlimll L 
Ta>:Li1112 L 
Borrliml L 
ClCashBall E 
Consmpl G 
RuFertl L 
OPFertl L 
CoFert 1 L 
Rulabl L 
OPLabl L 
Colabl L 
RuCapl L 
OPCapl L 
CoCapl L 
RuYieldl G 
DPYieldl G 
CoYieldl G 
OPCashBal2 E 
Ta;< Inc2 E 
TaxDed2 E 
Exp2 E 
Ta>:Li11121 L 
Taxli1122 L 
Borrlim2 L 
ClCashBal2 E 
Consmp2 G 
RuFert2 L 
DPFert2 L 0.66 0.66 0.66 0.66 0.66 0.66 
CoFert2 L 
Rulab2 L 
0Plab2 L 0.02 0.02 0.02 0.02 0.02 0.02 
Colab2 L 
RuCap2 L 
OPCap2 L 60.00 60.00 60.00 60.00 60.00 60.00 
CoCap2 L 



RuYield2 G 
OPYield2 G 
CoYield2 G 
OpCashBal3 E 
Taxinc3 E 
TaxDed3 E 
E:{p3 E 
Ta,~Lim31 L 
Ta:-:Lim32 L 
Borrlim3 L 
ClCashBal3 E 
Consmp3 G 
TERM VAL E -22087.00 -22687.00 -23000.00 -23200.00 -15487.00 -16887.00 
RuFert3 L 
OPFert3 L 0.66 0.66 0.66 0.66 0.66 0.66 
CoFert3 L 
Rulab3 L 
OPLab3 L 0.01 0.01 0.01 0.01 0.01 0.01 
CoLab3 L 
RuCap3 L 
OPCap3 L 60.00 60 .00 60. (Ii) 60.00 60.00 60.00 
CoCap3 L 
RuYield3 G 
OPYield3 G 
CoYield3 G 
F S L 1. 00 
F SC L 1. 00 
F C L 1. 00 
F p L 1. (H) 

SL S L 1.00 
SL SC L 1.00 
SL C L 
SL P L 
ST S L 
ST SC L 
ST C L 
ST P L 

26 



Page 14 

OPSLC2 OPSLP2 OPSTS2 OPSTSC2 OPSTC2 OPSTF'2 
>ObjFn-MAX N 
OpCashBall E 
Taxlncl E 
TaxDedl E 
Expl E 
Taxliml 1 L 
Taxlim12 L 
Borrliml L 
ClCashBall E 
Consmpl 6 
RuFertl L 
OPFertl L 
CoFertl L 
Rulabl L 
OPLabl L 
Colabl L 
RuCapl L 
OPCapl L 
CoCapl L 
RuYieldl 6 
OPYieldl 6 
CoYieldl 6 
OPCashBal2 E 
Tax Inc2 E 
fa·:Ded2 E 
Exp2 E 
Taxlim21 L 
Taxlim22 L 
Borrlim2 L 
ClCashBzj2 E 
Consmp2 6 
RuFert2 L 
OPFert2 L 0.66 0.66 0.66 0.66 0.66 0.66 
CoFert2 L 
Rulab2 L 
OPLab2 L 0.02 0.02 0.02 0.02 0.02 0.02 
Colab2 L 
RuCap2 L 
OPCap2 L 60.00 60.00 60.00 60.00 60.00 60.00 
CoCap2 L 

27 



RuYield2 G 
OPYield2 G 
CoYield2 G 
OpCashBal3 E 
Tadnc3 E 
TaxDed3 E 
E:{p3 E 
Ta.~Lim31 L 
Taxlim32 L 
Borrlim3 L 
ClCashBal3 E 
Consmp3 G 
TERM VAL E -18287.00 -1 1287.00 -12687.00 -14087.00 
RuFert3 L 
OPFert3 L 0.66 0. 66 0.66 0.66 0.66 0.66 
CoFert3 L 
Rulab3 L 
0Plab3 L 0,01 0.01 0. 01 0.01 0.01 0.01 
Colab3 L 
RuCap3 L 
OPCap3 L 60.00 60.00 60.00 60.00 60 .00 60.00 
CoCap3 L 
RuYield3 G 
OPYield3 G 
CoYield3 G 
F S L 
F SC L 
F C L 
F p L 
SL S L 
SL SC L 
SL C L 1.00 
SL P L 1.00 
ST S L 1. 00 
ST SC L 1. (K) 

ST C L 1. 00 
ST P L 1.00 

28 
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COFS2 COFSC2 COFC2 COFP2 COSLS2 COSLSC2 
)ObjFn-MAX N 
OpCashBall E 
Taxlncl E 
TaxDedl E 
E,:pl E 
Taxlimll L 
Taxlim12 L 
Borrli1111 L 
ClCashBall E 
Consmpl G 
RuFertl L 
OPFertl L 
CoFertl L 
Rulabl L 
OPLabl L 
Colab l L 
RuCapl L 
OPCapl L 
CoCapl L 
RuYieldl G 
OPYieldl G 
CoYieldl G 
OPCashBal2 E 
Taxlnc2 E 
TaxDed2 E 
Exp2 E 
Taxlim21 L 
Taxlim22 L 
Bcnlim2 L 
ClCashBal2 E 
Consmp2 G 
RuFert2 L 
OPFert2 L 
CoFert2 L O.bb 0.66 O.bb 0. 66 0.66 0.66 
Rulab2 L 
OPL.ab2 L 
Colab2 L 0.02 0.02 0.02 0.02 0.02 0.02 
RuCap2 L 
OPCap2 L 
CoCap2 L 95.00 95.00 95.00 95. (hj 95 .00 95.00 

29 



RuYi eld2 G 
OPYi eld2 G 
Co Yi eld2 G 
OpCashBal3 E 
Taxlnc3 E 
TaxDed3 E 
Exp3 E 
Ta;:Lim31 L 
Ta.~Lim32 L 
Borrlim3 L 
ClCashBal3 E 
Consmp3 G 
TERM VAL E -19452.00 -19485.00 -19462. 00 -25537. 00 -29587.00 
RuFert3 L 
OPFert3 L 
CoFert3 L 0.66 0.66 0.66 0.66 0.66 0.66 
RuLab3 L 
0Plab3 L 
Colab3 L 0.01 0.01 0.01 0.01 0.01 0.01 
RuCap3 L 
OPCap3 L 
CoCap3 L 95.00 95.00 95.00 95.00 95.00 95.00 
RuYield3 G 
OPYield3 G 
CoYield3 G 
F S L 1.00 
F SC L 1. 00 
F C L 1. 00 
F p L 1.00 
SL S L 1. 00 
SL SC L 1. 00 
SL C L 
SL P L 
ST S L 
ST SC L 
ST C L 
ST P L 

30 



Page 16 

C0SLC2 C0SLP2 COSTS2 C0STSC2 C0STC2 C0STF'2 
>Ob jFn-MAX N 
OpCashBall E 
Tc3}:Incl E 
TaxDedl E 
Exp! E 
Ta,'{Liml 1 L 
Taxlim12 L 
Borrliml L 
ClCashBall E 
Consmpl G 
RuFertl L 
OPFertl L 
CoFertl L 
Rulabl L 
OPLabl L 
Colabl L 
RuCapl L 
OPCapl L 
CoCapl L 
RuYieldl G 
OPYieldl G 
CoYieldl G 
OPCashBal2 E 
Ta:i Inc2 E 
Ta>: Ded2 E 
Exp2 E 
Taxlim21 L 
Taxli1122 L 
Borrlim2 L 
ClCashBal2 E 
Consmp2 G 
RuFert2 L 
OPFert2 L 
CoFert2 L 0.66 0.66 0.66 0.66 0.66 0.66 
Rulab2 L 
0Plab2 L 
Colab2 L 0.02 0.02 0.02 0. 02 0.02 0.02 
RuCap2 L 
OPCap2 L 
CoCap2 L 95.00 95.00 95.00 95.00 95.00 95 .00 

31 



RuYield2 G 
OPYield2 G 
CoYield2 G 
OpCashBal3 E 
Ta.~ Inc3 E 
TaxDed3 E 
E:<p3 E 
TaxLi m31 L 
Taxlim32 L 
Borrlim3 L 
ClCashBal3 E 
Consmp3 G 
TERM VAL E -28305.00 -13387. 00 -17437. 00 -15412. 00 
RuFert3 L 
OPFert3 L 
CoFert3 L 0.66 0.66 0.66 0.66 0.66 0.66 
RuLab3 L 
OPLab3 L 
CoLab3 L 0.01 0.01 0.01 0.01 0. 01 0.01 
RuCap3 L 
OPCap3 L 
CoCap3 L 95.00 95.00 95.00 95. 00 95.00 95.00 
RuYield3 G 
OPYield3 G 
CoYield3 G 
F S L 
F SC L 
F C L 
F p L 
SL S L 
SL SC L 
SL C L 1.00 
SL P L 1.00 
ST S L 1. 00 
ST SC L 1.00 
ST C L 1. 00 
ST P L 1.00 



Page 17 

Sel 1F:u2 SellOF'2 Sell Co2 RuFe;·t2 OF'Fert2 CoFert2 
>ObjFn-MAX N 
OpCashBal 1 E 
Ta:dncl E 
Ta:-:Dedl E 
Exp! E 
Ta:<Limll L 
Ta:<Lim12 L 
Borrliml L 
Cl Cash Bal 1 E 
Consmpl G 
RuFertl L 
OPFert 1 L 
CoFertl L 
Rulabl I 

L 

OPLabl L 
Colabl L 
RuCapl L 
OPCapl L 
CoCapl L 
RuYieldl G 
OPYieldl G 
CoYi eldl G 
OPCashBal2 E 
Ta>:Inc2 E -2.25 -129.50 -1. 79 
Ta:-:Ded2 E -300.00 -300 . 00 -300. 00 
E:< p2 E 
fa-: Lim21 L 
Taxlim22 L 
Borrlim2 L 
ClCashBal2 E 
Consmp2 G 
RuFert2 L -1. 00 
OPFert2 L -1.00 
CoFert2 L -1.00 
Rulab2 L 
OPLab2 L 
Colab2 L 
RuCap2 L 
OPCap2 L 
CoCap2 L 



RuYield2 G -1.00 
OPYield2 G -1.00 
CoYield2 G - 1.00 
OpCashBal3 E 
Ta>:Inc3 E 
Ta:-:Ded3 E 
E:-: p3 E 
Ta:-:Lim31 L 
Ta::Li m32 L 
BorrLim3 L 
ClCashBal3 E 
Consmp3 G 
TERM VAL E 
RuFert3 L 
OF'Fert3 L 
CoFert3 L 
Rulab3 L 
OPLab3 L 
CoLab3 L 
RuCap3 L 
OPCap3 L 
CoCap3 L 
RuYield3 G 
OPYield3 G 
CoYield3 G 
F S L 
F SC L 
F C L 
F F' L 
SL S L 
SL SC L 
SL C L 
SL P L 
ST S L 
ST SC L 
ST C L 
ST P L 
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>ObjFn-MAX N 
OpCashBall E 
Taxincl E 
TaxDedl E 
Exp! E 
TaJ<Limll L 
Ta:{Lim12 L 
BorrJ..iml L 
ClCashBall E 
Consmpl G 
RuFertl L 
OPFertl L 
CoFertl L 
Rulabl L 
OPLabl L 
Colabl L 
RuCapl L 
OPCapl L 
CoCapl L 
RuYieldl G 
OPYieldl G 
CoYieldl G 
OPCashBal2 E 
Taxinc2 E 
TaxDed2 E 
Exp2 E 
Taxlifl21 L 
Taxlim22 L 
Borrlim2 L 
ClCashBal2 E 
Consmp2 G 
RuFert2 L 
OPFert2 L 
CoFert2 L 
Rulab2 L 
OPl..ab2 L 
Colab2 L 
RuCap2 L 
OPCap2 L 
CoCap2 L 

Rulab2 OPLab2 Colab2 

-3000.00 -3000.00 -3000.00 

-1.00 
-1. 00 

-1. 00 

RuCap2 

-1.00 

-1.00 

OpCap2 

-1.00 

-1.00 

-;r.:=· 
._;, ,.J 

CoCap2 

-1. 00 

-1.00 



RuYield2 6 
OPYield2 G 
CoYield2 G 
OpCashBal3 E 
Taxlnc3 E 
Ta.~Ded3 E 
Exp3 E 
Ta:-:Lim31 L 
Taxlira32 L 
Borrlim3 L 
C1Cash8al3 E 
Consmp3 G 
TERM Vri.. E 
RuFert3 L 
OPFert3 L 
CoFert3 L 
RuLab3 L 
OF1..ab3 L 
CoLab3 L 
RuCap3 L 
OPCap3 L 
CoCap3 L 
RuYield3 G 
OPYield3 G 
CoYield3 G 
F S L 
F SC L 
F C L 
F p L 
SL S L 
SL SC L 
SL C L 
SL P L 
ST S L 
ST SC L 
ST C L 
ST P L 

-~- L 
·- ' '-' 
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>ObjFn-MAX N 
OpCashBall E 
Ta>:Incl E 
TaxDedl E 
Exp! E 
Ta,~Limll L 
Taxlim12 L 
Borrliml L 
CICashBall E 
Consmpl G 
RuFertl L 
OPFert! L 
CoFertl L 
Rulabl L 
OPLabl L 
Colabl L 
RuCapl L 
OPCapl L 
CoCapl L 
RuYieldl G 
OPYieldl G 
CoYield l G 
OF'CashBal2 E 
Ta:dnc2 E 
Ta:-: Ded2 E 
E::p2 E 
Ta:: Lim21 L 
Taxlim22 I 

I-

Borrlim2 L 
C!CashBal2 E 
Cpnsmp2 G 
RuFert2 L 
OPFert2 L 
CoFert2 L 
Rulab2 L 
OPLab2 L 
Colab2 L 
RuCap2 L 
OPCap2 L 
CoCap2 L 

Ta:dnc21 Taxinc22 Tadnc23 Ta>:Dct2 Ta :-: Loss2 TotCost2 

1. 00 
1. 00 1. 00 1. (Ii) 1. 00 

1.00 1.00 
- 1.00 - 1. 00 1.00 

1. i)i) 
1. 00 

-1.00 -0. 74 -0.65 -1. 00 



RuYield2 G 
OPYield2 G 
CoYield2 G 
OpCashBal3 E 
Taxlnc3 E 
T_a>:Ded3 E -1. 00 
E:< p3 E 
Ta:< Lim31 L 
Taxlim32 L 
Borrlim3 L 
ClCashBal3 E 
Consmp3 G 
TERM VAL E 
RuFert3 L 
OPFert3 L 
CoFert3 L 
RuLab3 L 
OPLab3 L 
Colab3 L 
RuCap3 L 
OPCap3 L 
CoCap3 L 
RuYi el d3 G 
OPYield3 G 
CoYield3 G 
F S L 
F SC L 
F C L 
F p L 
SL S L 
SL SC L 
SL C L 
SL P L 
ST S L 
ST SC L 
ST C L 
ST P L 



Page 20 

Borr2 Save2 Cor.smp2 CshSur2 CshDef2 RUFS3 
>ObjFn-MAX N 
OpCashBall E 
Tadncl E 
TaxDed1 E 
Expl E 
Taxlim11 L 
Taxlim12 L 
Borrliml L 
ClCashBall E 
Consmpl G 
RuFertl L 
OPFertl L 
CoFertl L 
Rulabl L 
OPLabl L 
Colabl L 
RuCapl L 
OPCapl L 
CoCap l L 
RuYieldl G 
OPYieldl G 
CoYieldl G 
OPCashBal2 E -1.00 1.00 
Tadnc2 E -0.05 
Ta>:Ded2 E -0.05 
Exp2 E 
Ta>: Lim21 L 
Taxlim22 L 
Borrlim2 L 1. 00 
ClCashBal2 E 1.00 -1. 00 1.00 1. 00 -1. 00 
Consmp2 G 1.00 -0.01 
RuFert2 L 
OPFert2 L 
CoFert2 L 
Rulab2 L 
0Plab2 L 
Colab2 L 
RuCap2 L 
OPCap2 L 
CoCap2 L 

::w 



RuYield2 G 
OPYield2 G 
CoYield2 G 
OpCashBal3 E -1.00 1.00 
Tax Inc3 E 
Ta:-:Ded3 E 
Exp3 E 
Ta:<Lim31 L 
Ta:-:Lim32 L 
Borrlim3 L 
ClCashBal3 E 
Consmp3 G 
TERM VAL E -9638. 00 
RuFert3 L 0.14 
OPFert3 L 
CoFert3 L 
Rulab3 L 0.02 
OPLab3 L 
Colab3 L 
RuCap3 L 70.00 
OPCap3 L 
CoCap3 L 
RuYield3 G 
OPYield3 G 
CoYield3 G 
F S L 1. 00 
F SC L 
F C L 
F p L 
SL S L 
SL SC L 
SL C L 
SL P L 
ST S L 
ST SC L 
ST C L 
ST P I ... 

40 



Page 21 

)ObjFn-MAX N 
OpCashBal1 E 
Ta:dnc1 E 
Tax0ed1 E 
E>: p1 E 
Ta:i lim11 L 
Taxli11112 L 
Borrliml L 
ClCashBall E 
Consmpl G 
RuFertl I 

L. 

OPFertl L 
CoFert 1 L 
Rulabl L 
OPLabl L 
Colab 1 L 
RuCap 1 L 
OPCapl L 
CoCapl L 
RuYieldl G 
OPYi el dl G 
CoYieldl G 
OPCashBal2 E 
Taxinc2 E 
Tax0ed2 E 
Exp2 E 
Ta>: Lim21 L 
Ta.'<Lim22 L 
Borrlim2 L 
ClCashBal2 E 
Cons111p2 G 
RuFert2 L 
OPFert2 L 
CoFert2 L 
Rulab2 L 
OPLab2 L 
Colab2 L 
RuCap2 L 
OPCap2 L 
CoCap2 L 

~UFSC3 RUFC3 RUFF'3 RUSLS3 RUSLSC3 RUSLC3 

4:1. 



RuYield2 G 
OPYield2 G 
CoYield2 G 
OpCashBal3 E 
Tax Inc3 E 
Ta:-:Ded3 E 
E:-:p.:; E 
Ta::Lim31 L 
Ta:-: Lim32 L 
BorrLim3 L 
ClCashBal3 E 
Consmp3 G 
TERM VAL E -8289.00 -6300. 00 - 13700 .00 -12346.00 -10992 .00 
RuFert3 L 0.14 0.14 0. i4 0.14 o. 14 0.14 
OPFert3 L 
CoFert3 L 
RuLab3 L 0.02 0.02 0.02 0.02 0.02 0;02 
OPLab3 L 
CoLab3 L 
RuCap3 L 70.00 70.00 70.00 70. 00 70.00 70.00 
OPCap3 L 
CoCap3 L 
RuYield3 G 
OPYield3 G 
CoYield3 G 
F S L 
F SC L 1.00 
F C L 1.00 
F p L 1. 00 
SL S L 1.00 
SL SC L 1.00 
SL C L 1.00 
SL P L 
ST S L 
ST SC L 
ST C L 
ST P L 



Page 22 

>ObjFn-MAX N 
OpCashBall E 
Ta:-:lncl E 
Ta>: Dedl E 
E:: pl E 
Ta>:Limll L 
Taxlim12 L 
Borrliml L 
ClCashBall E 
Consmpl G 
RuFertl L 
OPFertl L 
CoFertl ' L 

Rulabl L 
OPLabl L 
Colabl L 
RuCapl L 
OPCap 1 L 
CoCapl L 
RuYieldl G 
OPYield l G 
CoYi el dl G 
OPCashBal2 E 
Tadnc2 E 
Ta::Ded2 E 
E:< p2 E 
Ta:-:Lim21 L 
Ta>: Lim22 L 
Borrlim2 L 
ClCashBal2 E 
Consmp2 G 
RuFert2 L 
DPFert2 L 
CoFert2 L 
Rulab2 L 
0Plab2 L 
Colab2 L 
RuCap2 L 
OPCap2 L 
CoCap2 L 

RUSLP3 RUSTS3 RUSTSC3 RUSTC3 RUSTP3 OF'FS3 

43 



RuYield2 G 
OPYield2 G 
CoYield2 G 
OpCashBal3 E 
Tax Inc3 E 
Ta>:Ded3 E 
E:<p3 E 
Ta>:Lim31 L 
Ta>:Lim32 L 
BorrLim3 L 
ClCashBal3 E 
Consmp3 G 
TERM VAL E -17920. 00 -17900.00 - 17880.00 -20087.00 
RuFert3 L 0.14 0.14 0.14 0.14 0.14 
OPFert3 L 0.66 
CoFert3 L 
RuLab3 L 0.02 0.02 0. 02 0.02 1) . 02 
OPLab3 L 1).02 
CoLab3 L 
RuCap3 L 70.00 70. 00 70.00 70. 00 70 .00 
OPCap3 L 60 .00 
CoCap3 L 
RuYield3 G 
OPYield3 G 
CoYield3 G 
F S L 1. 00 
F SC L 
F C L 
F F' L 
SL S L 
SL SC L 
SL C L 
SL P L 1. 00 
ST S L 1. 00 
ST SC L 1. 00 
ST C L 1. (ii) 
ST P L 1. 00 



Page 23 

)ObjFn-MAX N 
OpCashBall E 
Ta:dncl E 
TaxDedl E 
E>:pl E 
Taxlimll L 
Ta.~Lim12 L 
Borrliml L 
ClCashBall E 
Consmpl G 
RuFertl L 
DPFertl L 
CoFertl L 
Rulabl L 
DPLabl L 
Colabl I 

L. 

RuCap! L 
OPCap 1 L 
CoCapl L 
RuYieldl G 
OPYieldl G 
CoYieldl G 
OPCashBal2 E 
Ta>:Inc2 E 
Ta>:Ded2 E 
E:-: p2 E 
Ta:-:Lim21 L 
Taxlim22 L 
Borrlim2 L 
ClCashBal2 E 
C011smp2 G 
RuFert2 L 
DPFert2 L 
CoFert2 L 
Rulab2 L 
OPLab2 L 
Colab2 L 
RuCap2 L 
OPCap2 L 
CoCap2 L 

OPFSC3 OPFC3 OPFP3 DF'SLS3 OF'SLSC3 OF'SLC3 



RuYield2 G 
OPYield2 G . 
CoYield2 G 
OpCashBal3 E 
Taxlnc3 E 
TaxDed3 E 
E:<p3 E 
Taxlim31 L 
Ta:<Lim32 L 
Borrlim3 L 
ClCashBal3 E 
Consmp3 6 
TERM VAL E -20687. 00 -21000. 00 -21200.00 -14487.00 -15887. 00 -17287.00 
RuFert3 L 
OPFert3 L 0.66 0.66 0.66 0.66 0.66 0.66 
CoFert3 L 
Rulab3 L 
OPLab3 L 0.02 0.02 0.02 0.02 0.02 0.02 
Colab3 L 
RuCap3 L 
OPCap3 L 60.00 60.00 60.00 60,00 60.00 60.00 
CoCap3 L 
RuYield3 6 
OF'Yield3 G 
CoYield3 G 
F S L 
F SC L 1. 00 
F C L 1.00 
F p L 1. 00 
SL S L 1.00 
SL SC L 1.00 
SL C L 1. 00 
SL P L 
ST S L 
ST SC L 
ST C L 
ST P L 

46 
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OPSLP3 OPSTS3 OPSTSC3 OPSTC3 OPSTF'3 COFS3 
>ObjFn-MAX N 
OpCashBall E 
Tadncl E 
Ta:-:Dedl E 
E:{pl E 
Ta:-:Liml 1 L 
Ta:-:Lim12 L 
Borrliml L 
ClCashBall E 
Consmpl G 
RuFertl L 
OPFertl L 
CoFertl L 
Rulabl L 
DPLab 1 L 
Colabl L 
RuCapl L 
OPCapl L 
CoCapl L 
RuYieldl G 
OPYieldl G 
CoYieldl G 
OPCashBal2 E 
Ta:-: Inc2 E 
Ta:-: Ded2 E 
E:<p2 E 
Ta:-:Lini21 L 
Ta;<Li m22 L 
Borrli m2 L 
ClCashBal2 E 
Consmp2 G 
RuFert2 L 
OPFert2 L 
CoFert2 L 
Rulab2 L 
DPLab2 L 
Colab2 L 
RuCap2 L 
OPCap2 L 
CoCap2 L 

4 7 



RuYield2 G 
OPYield2 G 
CoYield2 G 
OpCashBal3 E 
Ta:-: Inc3 E 
TaxDed3 E 
Exp3 E 
Ta>:Lim31 L 
Ta:-:Lim32 L 
Borrli m3 L 
ClCashBal3 E 
Consmp3 G 
TERM VAL E -10287 .00 - i1687. 00 - 13087.00 - 18780.00 
RuFert3 L 
OPFer-t3 L 0.66 0.66 O.bb 0.66 0.66 
CoFert3 L 0.66 
RuLab3 L 
OPLab3 L 0.02 0.02 0. 02 0.02 0.02 
CoLab3 L 0.02 
RuCap3 L 
OPCap3 L 60.00 60.00 60. 00 60.00 60.00 
CoCap3 L 95.00 
RuYield3 G 
OPYield3 G 
CoYield3 G 
F S L 1.00 
F SC L 
F C L 
F p L 
SL S L 
SL SC L 
SL C L 
SL P L 1. 00 
ST S L 1. 00 
ST SC L 1. (i!) 
ST C L 1. 00 
ST P L 1.00 

.43 
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CDFSC3 COFC3 COFF'3 COSLS~. C0SLSC3 C0SLC3 
>ObjFn-MAX N 
OpCashBall E 
Ta.':Incl E 
Ta;.:Dedl E 
Expl E 
Taxlim11 L 
fa:Lim12 L 
Borrliml L 
ClCashBall E 
Consmpl G 
RuFertl L 
OPFertl L 
CoFert1 L 
Rulab1 L 
OPLabl L 
Colabl L 
RuCapl L 
OPCapl L 
CoCapl L 
RuYieldl G 
OPYieldl G 
CoYield1 G 
OPCashBal2 E 
Tax Inc2 E 
Ta:-:Ded2 E 
E:< p2 E 
Ta:-:Lim21 L 
Ta;.:Lim22 L 
Borrlim2 L 
ClCashBal2 E 
Cons11p2 G 
RuFert2 L 
OPFert2 L 
CoFert2 L 
Rulab2 L 
0Plab2 L 
Colab2 L 
RuCap2 L 
OPCap2 L 
CoCap2 L 

,1- 9 



RuYield2 G 
OF'Yi eld2 I~ 

iJ 

CoYield2 G 
DpCashBal3 E 
Tax Inc3 E 
Ta:-: Ded3 E 
E:: p3 E 
Ta:-: Lim31 L 
Ta::Lim32 L 
Borrli m3 L 
ClCashBal3 E 
Consmp3 G 
TERM VAL E -18812.00 -18800 .00 -23437. 00 -27117.00 -25862. 00 
RuFert3 L 
OF'Fert3 I 

c. 

CoFert3 L 0.66 0.66 0.66 0.66 0. 66 0.66 
RuLab3 L 
OPLab3 L 
CoLab3 L 0.02 0.02 0.02 0.02 0.02 0.02 
RuCap3 L 
OPCap3 L 
CoCap3 L 95.00 95. 00 95 .00 95. 00 95.00 95.00 
RuYield3 G 
OPYield3 G 
CoYield3 G 
F S L 
F SC L 1. 00 
F C L 1.00 
F p L 1. 00 
SL S L 1.00 
SL SC L 1.00 
SL C L 1.00. 
SL F' L 
ST S L 
ST SC L 
ST C L 
ST P L 
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40SLP3 COSTS3 C0STSC3 C0STC3 COSTP3 Se11Ru3 
>ObjFn-MAX N 
OpCashBall E 
Taxlncl E 
Tai: Ded1 E 
Exp l E 
Ta:{limll L 
Ta:·:Lim12 L 
Borrliml L 
ClCashBall E 
Consmpl G 
RuFertl L 
OPFertl L 
CoFertl L 
Rulabl L 
OPLab1 L 
Colabl L 
RuCapl L 
OPCapl L 
CoCapl L 
RuYieldl G 
OPYieldl G 
CoYieldl G 
OPCashBal2 E 
Ta:dnc2 E 
TaxDed2 E 
Exp2 E 
Ta>: Lim21 L 
Ta>: Li m22 L 
Borrlim2 L 
ClCashBal2 E 
Consmp2 G 
RuFert2 L 
OPFert2 L 
CoFert2 L 
Rulab2 L 
0Plab2 L 
Colab2 L 
RuCap2 . L 
OPCap2 L 
CoCap2 L 

;:'j l 



RuYield2 G 
OPYield2 G 
CoYield2 G 
OpCashBal3 E 
Ta:dnc3 E 'j ')C' 

-L.,~.J 

Ta:<Ded3 E 
Exp3 E· 
Ta:-:Lim31 L 
Ta:-: Lim32 L 
Borrlim3 L 
ClCashBal3 E 
Consmp3 G 
TERt1 VAL E -13687.00 -17737. 00 -15712. 00 
RuFert3 L 
OPFert3 L 
CoFert3 L 0.66 0.66 0.66 0.66 0.66 
RuLab3 L 
OPLab3 L 
CoLab3 L 0.02 0.02 0.02 0. 02 0.02 
RuCap3 L 
OPCap3 L 
CoCap3 L 95.00 95.00 95.00 95.00 95.00 
RuYield3 G -1.00 
OPYield3 G 
CoYield3 G 
F S L 
F SC L 
F C L 
F p L 
SL S L 
SL SC L 
SL C L 
SL P L 1.00 
ST S L 1. 00 
ST SC L 1.00 
ST C L 1. i)(l 
ST P L l , i\l 
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SellOP3 Sel 1Co3 Ru~ert3 QF'Fe~t3 CoFert3 F:uLab3 
. >ObjFn-MAX N 

DpCashBall E 
Ta::Incl E 
Ta:< Dedl E 
E>: pl E 
Ta::Liml 1 L 
Taxlim12 L 
Borrliml L 
ClCashBall E 
Consmpl G 
RuFertl L 
DPFertl L 
CoFertl L 
Rulabl L 
OPLabl L 
Colabl L 
RuCapl L 
OPCapl L 
CoCapl L 
RuYieldl G 
OPYieldl G 
CoYieldl G 
OPCashBal2 E 
Ta>:Inc2 E 
Ta:<Ded2 E 
Exp2 E 
Taxlim21 L 
Ta>:Lim22 L 
Borrlim2 L 
ClCashBal2 E 
Consmp2 G 
RuFert2 L 
DPFert2 L 
CoFert2 L 
Rulab2 L 
OPLab2 L 
CoLab2 L 
RuCap2 L 
OPCap2 L 
CoCap2 L 

5::~: 



RuYield2 G 
OPYield2 G 
CoYield2 G 
OpCashBal3 E 
Ta:dnc3 E -129.50 - 1. 79 
Ta::Ded3 E -300 .00 -300. 00 -300.00 -3000.00 
E::p3 E 
Ta}:Lim31 L 
Ta::Lim32 L 
Borrlim3 L 
ClCashBal3 E 
Consmp3 G 
TERM VAL . E 
RuFert3 L -1. 00 
OPFert3 L -1. (ij) 

CoFert3 L - 1.00 
RuLab3 L -1.00 

OPLab3 L 
CoLab3 L 
RuCap3 L 
OPCap3 L 
CoCap3 L 
RuYield3 G 
OPYield3 G -1. 00 
CoYield3 G -1. 00 
F S L 
F SC L 
F C L 
F p L 
SL S L 
SL SC L 
SL C L 
SL P L 
ST S L 
ST SC L 
.ST C L 
ST P L 
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• 

OPLab3 Colab3 RuCap3 OPCap3 CoC2.p3 Taxlnc31 
)ObjFn-MAX N 
OpCashBall E 
Taxlncl E 
Ta::Dedl E 
Expl E 
Taxlimll L 
Taxli11112 L 
Borrliml L 
ClCashBall E 
Consmpl G 
RuFertl L 
OPFertl L 
CoFertl L 
Rulabl L 
OPLabl L 
Colabl L 
RuCapl L 
OPCapl L 
CoCapl L 
RuYieldl G 
OPYieldl G 
CoYieldl G 
OPCashBal2 E 
Ta:dnc2 E 
Tax0ed2 E 
Exp2 E 
Taxlim21 L 
Taxlim22 L 
Borrlim2 L 
ClCashBal2 E 
Consmp2 G 
RuFert2 L 
OPFert2 L 
CoFert2 L 
Rulab2 L 
0Pl.ab2 L 
Colab2 L 
RuCap2 L 
OPCap2 L 
CoCap2 L 

1:::· c:· 
.. _J.._I 



RuYield2 G 
OPYield2 G 
CoYield2 G 
OpCashBal3 E 
Ta>:Inc3 E 1. 00 
TaxDed3 E -3(H)i) , 00 -3000. 00 -1. 00 -1.00 -1. 00 

E:<p3 E 
Ta:-:Lim31 L 1.00 

Ta:<Li11132 L 
Borrlim3 L 
ClCashBal3 E -1. 00 
Consmp3 G 
TERM VAL E 
RuFert3 L 
OPFert3 L 
CoFert3 L 
RuLab3 L 
OF'Lab3 L -1.00 
CoLab3 L -1. 00 
RuCap3 L -1. 00 
OPCap3 L -1.00 

CoCap3 L -1.00 
RuYield3 G 
OPYield3 G 
CoYield3 G 
F S L 
F SC L 
F C L 
F p L 
SL S L 
SL SC L 
SL C L 
SL P L 
ST S L 
ST SC L 
ST C L 
ST P L 

... , 
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Ta>:Inc32 Ta::lnc33 TaxDct3 Ta:-: Loss3 TotCost3 Borr3 
>ObjFn-l'IAX N 
OpCashBall E 
Taxlncl E 
TaxDedl E 
E:-: pl E 
Taxlim11 L 
Taxlim12 L 
Borrliml L 
ClCashBal 1 E 
Consmpl G 
RuFertl L 
OPFertl L 
CoFertl L 
Rulab 1 L 
OPLabl L 
Colabl L 
RuCapl L 
OPCapl L 
CoCapl L 
RuYieldl G 
OPYieldl G 
CoYieldl G 
OPCashBal2 E 
Tax Inc2 E 
Ta>:Ded2 E 
Exp2 E 
Ta>: Lim21 L 
Taxlim22 L 
Borrlim2 L 
ClCashBal2 E 
Cons111p2 6 
RuFert2 L 
OPFert2 L 
CoFert2 L 
Rulab2 L 
0Plab2 L 
Colab2 L 
RuCap2 L 
OPCap2 L 
CoCap2 L 

~~5 ~7 



RuYield2 G 
OPYield2 G 
CoYield2 G 
OpCashBal3 E 1. 00 -1. (1(1 

Ta:dnc3 E 1.00 1.00 1. 00 
Ta>:Ded3 E 1. 00 1. 00 -0.05 
E:-: p3 E - 1. 00 -1. 00 1. (H) 

Ta,~Lim31 L 
TaxLim32 L 1. 00 

Borrlim3 L 1.00 

ClCashBal3 E -0.74 -0.65 - 1.00 1.00 

Consmp3 G 
TERM VAL E -1. (M) 

RuFert3 L 
OPFert3 L 
CoFert3 L 
RuLab3 L 
OPLab3 L 
CoLab3 L 
RuCap3 L 
OPCap3 L 
CoCap3 L 
RuYield3 G 
OPYield3 G 
CoYield3 G 
F S L 
F SC L 
F C L 
F p L 
SL S L 
SL SC L 
SL C L 
SL P L 
ST S L 
ST SC L 
ST C L 
ST P L 
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Save3 Consmp3 CshSur3 CshDef3 TermVal 
>ObjFn-MAX N 0.85 -0.85 0.85 
OpCashBall E 
Ta:dncl E 
Ta:(Dedl E 
Expl E 
Ta::Liml 1 L 
Ta}:Lim12 L 
Borrliml L 
ClCashBall E 
Consmpl G 
RuFertl L 
OPFertl L 
CoFertl L 
Rulabl L 
OPLabl L 
Colabl L 
RuCapl L 
OF'Cap l L 
CoCapl L 
RuYieldl G 
OPYieldl G 
CoYi eldl G 
OPCashBal2 E 
Ta:( lnc2 E 
Ta,~Ded2 E 
Exp2 E 
T a::Li m21 L 
Ta,,:Lim22 L 
Borrlim2 L 
ClCashBal2 E 
Consmp2 G 
RuFert2 L 
OPFert2 L 
CoFert2 L 
Rulab2 L 
OPLab2 L 
Colab2 L 
RuCap2 L 
OPCap2 L 
CoCap2 L 

~-=,;9 



RuYield2 G 
OPYield2 G 
CoYield2 G 
OpCashBal3 E 
Ta:dnc3 E 
Ta;:Ded3 E 
E:-:p3 E 
Ta:-: Lim31 L 
Ta:-: Lim32 L 
Borrlim3 L 
ClCashBal3 E 
Consmp3 G 
TERM VAL E 
RuFert3 L 
OPFert3 L 
CoFert3 L 
Rulab3 L 
0Plab3 L 
Colab3 L 
RuCap3 L 
OPCap3 L 
CoCap3 L 
RuYield3 G 
OPYield3 G 
CoYield3 G 
F S L 
F SC L 
F C L 
F p L 
SL S L 
SL SC L 
SL C L 
SL P L 
ST S L 
ST SC L 
ST C L 
ST P L 

~: 

1. 00 
-0. 05 

-1. (!i) 

Crops: Ru= Rubber 
OP= Oil Pal m 
Co= Cocoa 

Soils: Slope 
-------

F s = Flat 
Sl SC= Sloping 
St C = Steep 
F p = Flat 

1.00 
1. 00 

Texture 

1.00 
-0.01 

-----------
Sandy 
Sandy Clay 
Clay 
Peat 

-1. 00 

1.0(! 



CROP - LAND ALLOCATION MODEL 

GULP 4.2 (Cl Copyright 1988 Optirn ~J Software 

u~:,F:!r·· : A .. C·3uh d 

Optimal Solution 

F'rob l eim narne T!. .. F· i:;.: :::::'.::_;·x, 

Proh 1 (~m d :i. r- ec t :i. on 1v1r:·,x 
Objective Functi.un vE,.l u.e :: ()~.? F: :;~ f.3 ~S(> " ()t.> :!. ()() () 
1·,~umber· ot: :i. t er- at i. c::,1-: ,,,, 1 ()~j 

Activities 
-----------

No Name Level Shadow Cost Lower Obj Objective Upper Obj 
-- ---------- - ------------ ------------ ----------- ----------- -----------

1 RUFS1 z 0.0000 9385.3812 -INFI~ITY 0.0000 938B.3812 
2 RUFSCl z 0.0000 11046.2812 - INFINITY 0.0000 11046.2812 
3 RUFCl z 0.0000 12463.2312 - INFI NITY 0.0000 12463.2312 
4 RUFPl z 0.0000 19543.7312 -INFI NITY 0.0000 19543.7312 
5 RUSLS1 z 0.0000 8813.0463 -INFINITY 0.0000 8813~0463 
6 RUSLSC1 z 0.0000 13297.6463 -INFI NITY 0.0000 13297.M63 
7 RUSLCl z 0.0000 13283.1.-:;t,3 - INFI NITY 0.0000 13283.1963 
8 RUSLPl z 0.0({'0 1293.9662 -I NFINITY 0.0000 1298.9662 
9 RUSTS1 D 0.0000 0.0000 -61.2000 0.0000 66.2650 

10 RUSTSC1 7 0.0000 61.2000 - INFINITY 0.0000 61.2000 L 

11 RUSTCl z 0.0000 136.0000 -INFINITY 0.0000 136.0000 
12 RUSTPl z 0.0000 1298.9662 - INFINITY 0.0000 1298.9662 
13 OPFSl z 0.0000 47.3965 - INFINITY 0.0000 47.3965 
14 OPFSCl z 0.0000 96.5349 - INFINITY 0.0000 96.5349 
15 OPFCl z 0.0000 114.2233 - INFINITY 0.0000 114.2233 
16 OPFPl A 46.3320 0.0000 -38.9290 0.0000 0.6980 
17 DPSLS1 z 0.0000 9385.5349 - INFI NITY 0,0000 9385 .5349 
18 OPSLSCl z 0.0000 11493.3732 - INFINITY 0.0000 11493. 3732 
19 OPSLCl z 0.0000 9102. 1616 - INFINITY 0.0000 ·1102.1616 
20 OPSLPl z 0.0000 3292. 1280 -INFINITY 0.0000 3292.1280 
21 OPSTS1 z 0.0000 7833.3502 - INFINITY 0.0000 7833.3502 
22 DPSTSCl z 0.0000 6590.4886 - INFINITY 0.0000 6590.4886 
23 OPSTCl z 0.0000 5347.6269 - INFI NITY 0.0000 5347.6269 
24 OPSTPl z 0.0000 3292.1280 - INFINITY 0.0000 3292.1280 

I. 



No Name Level Shadow Cost Lower Obj Objective Upper Obj 
-- ---------- - ------------ ------------ ----------- ----------- -----------

25 COFS1 7 0:0000 1441. 8849 - INFINITY O.GOOO 1441. 8849 " 
26 COFSC! 0.0000 3632.3349 - INFINITY 0.0000 3632.3349 
27 COFC! z 0.0000 3059.4349 -INFI ~!ITY 0.0000 3059.4349 
28 COFPl z 0.0000 22067.1349 -INFI NITY 0.0000 22067.1349 
'?1 COSLS1 A 100.0000 0.0000 -184.4500 0.0000 INFINITY 
30 COSLSC1 A 100.0000 0.0000 -75. 65(H) 0.0000 INFINITY 
31 COSLC1 A 32.5002 0.0000 -0.81 01 0.0000 45.1793 
32 COSLP1 z 0.0000 3822.3699 -INFINITY 0.0000 3822.3699 
33 COSTS! z 0.0000 6019.4537 -INFINITY 0.0000 6019.4537 
34 COSTSC1 z 0.0000 4259.9537 -INFINITY 0.0000 4259.9537 
35 COSTCl z 0,0000 5114.2037 -INFI NITY 0.0000 5114.2037 
:!.6 COSTPl z 0.0000 3822. 3699 -INFINITY 0.0000 3822.3699 
TI SellRul A 0.0000 0.0000 -13.2348 0.0000 INFINITY 
38 SellOF'l A 0.0000 0.0000 -761. 7372 0.0000 INFINITY 
39 Sel1Co1 A 0.0000 0.0000 -10.5290 0.0000 INFINITY 
40 RuFertl z 0.0000 473.3212 -INFINITY 0.0000 473.3212 
41 OPFertl A 30.5792 0.0000 -58.9833 0.0000 1.0576 
42 CoFertl A 153.4501 0.0000 -1.2274 0.0000 68.4535 
43 Rulabl z 0.0000 18528.7427 -I NFINITY 0.0000 18528.7427 
44 0Plab1 A 0.7320 0.0000 -2463. 86(14 0.0000 44.1 776 
45 Colabl A 4.6500 0.0000 -40. 5038 0.0000 2258.9669 
46 RuCapl D 0.0000 0.0000 -2.7591 0.0000 0.9466 
47 OF'Capl A 2779.9228 0. (H)OO -0.6488 0. i)(H)O 0.01 16 
48 CoCapl A 22087.5151 0,0000 -0. (H)85 0.0000 0.4756 
49 Ta:dncll z 0.0000 3.6032 - I~FINITY (•. !)()!)i) .3. 6032 
50 Ta:dnc12 z 0.0000 4, 1'157 - INFI NITY 0.0000 4. 1957 
51 Ta>:Inc13 7 0.0000 4.4008 - INFINITY 0.0000 4.4008 L 

52 Ta::Dctl A 40188.8819 0.0000 -3.7246 0.0000 0.3088 
5.3 Taxloss! A 156033.4811 0.0000 -0.5143 0.0000 0.5379 
54 TotCostl A 196222.3629 0.0000 -0.5400 0.0000 0.3094 
55 Borrl 7 0.0000 0.0147 -I NFINITY 0.0000 0.0147 L 

56 Savel A 803777. 6371 0.0000 -0.5648 0.0000 0.-0154 
57 Consmpl A 18257.0942 0.0000 -54.3280 0.0000 2.2936 
58 CshSur1 A 825709.4247 0.0000 -0.5433 0.0000 0.0229 
59 CshDefl z 0.0000 0.0228 - INFINITY 0.0000 0.0228 
60 RUFS2 z 0.0000 9317.3812 -INFINITY 0.0000 9317.3812 
61 RUFSC2 z 0.0000 10978.2812 -I NFINITY 0.0000 10978.2812 
62 RUFC2 z 0.0000 12395.2312 -I NF INITY 0.0000 12395.2312 
63 RUFP2 z 0.0000 18965.7312 - INFINITY 0.0000 18965.7312 
64 RUSLS2 z 0.0000 8745.0463 -INFINITY 0.0000 8745.0463 
65 RUSLSC2 z 0.0000 13229.6463 -INFINITY 0.0000 13229.6463 
66 RUSLC2 z 0.0000 13215.1963 -INFINITY 0.0000 13215.1963 
67 RUSLP2 z 0.0000 720,%62 -INFINITY 0.0000 720.9662 
68 RUSTS2 z 0.0000 0.0000 - INFINITY 0.0000 0.0000 
69 RUSTSC2 z 0.0000 0.0000 - INFINITY 0.0000 0.0000 
70 RUSTC2 D 0.0000 0.0000 -94.5833 0.0000 54.5558 
71 RUSTP2 z 0.0000 720. 9662 -INFINITY 0.0000 720.9662 
72 OPFS2 A 100.0000 0.0000 -47.3965 0.0000 INFINITY 
73 OPFSC2 A 100.0000 0.0000 -96.5349 0.0000 INFINITY 
74 OPFC2 A 100.0000 0.0000 -114.2233 0.0000 INFINITY 
75 OPFP2 A 53.6680 0.0000 -0.6980 0.0000 38.9290 

,.._., 
. .:_ 



No Name Level Shadow Cost Lower Obj Objective Upper Obj 
-- ---------- - ------------ ----------- ----------- ----------·- -----------

76 OPSLS2 z 0.0000 8490.3651 -I NF INITY 0.0000 8490.3651 
77 DPSLSC2 z 0.0000 10634.0651 -I NF INITY 0.0000 10634.0651 
78 OPSLC2 I 0.0000 8278.7151 -INFINITY 0.0000 8278:7151 
79 OPSLP2 7 0.0000 1475.2350 -INFINITY o. (X)OO 1475.2350 j. 

80 OPSTS2 z 0.0000 6902.3188 - INFINITY 0.000:) 6902.3188 
81 OPSTSC2 z 0.0000 5695.3188 - INFINITY 0.0000 5695.3188 
82 OPSTC2 z 0.0000 4488.3~88 -INFINITY 0.0000 4488.3188 
83 OPSTP2 0.0000 1475. 235(' - INFINITY 0.0000 1475.2350 
84 COFS2 z 0.0000 2476. 334~· -I NFINITY 0.0000 2476.3349 
85 COFSC2 z 0.000(1 2958 . 2849 -r ;~iFr~:TY 0, l})(H) 2~·53 , 2849 
86 COFC2 7 0.0000 3243.8849 -I NFINITY 0.0000 3243.8849 j. 

87 COFP2 7 0.0000 19956.5849 - INFINITY 0.0000 19956.5849 j. 

88 COSLS2 z 0.0000 184.4500 - INFI NITY 0.0000 184.4500 
89 C0SLSC2 z 0.0000 75.6500 - INFINiiY 0.0000 75.6500 
90 C0SLC2 A 67.4998 0.0000 -45.1793 0.0000 0.8101 
91 C0SLP2 z 0.0000 1711. 8199 -INFINITY 0.0000 1711. 8199 
92 COSTS2 z 0.0000 5353.9037 -I NFINITY 0.0000 5353.9037 
93 COSTSC2 z 0.0000 1894.4037 -I NFINITY 0.0000 1894.4037 
94 COSTC2 z 0. 0000 3598.6537 -I NFI:'::TY 0.00('0 3598.6537 
95 C0STF'2 z 0.0000 1711.8199 - INFI NITY 0.0000 1711.8199 
96 Sel1Ru2 A 0.0000 0.0000 -7.7211 0.0000 INFINITY 
97 Sel 10P2 A 0.0000 0.0000 -444 .3939 0.0000 INFINITY 
98 Sel1Co2 A 0.0000 0.0000 -6. 1426 0.0000 INFINITY 
99 RuFert2 D 0.0000 0.0000 -899.7441 0.0000 389.6845 

100 OPFert2 A 264.0000 0.0000 -942.7728 o. :)000 1080.9581 
101 CoFert2 A 198.0000 0.0000 -1086. 4311 0.0000 1080.9581 
102 RuLab2 z 0.0000 3266.8162 - INF INITY 0.0000 3266.8162 
103 OPLab2 A 6.0513 0.0000 -120.3459 0.0000 6711. 8955 
104 CoLab2 A 4.8375 0.0000 -9035.8676 0.0000 162.0153 
105 RuCap2 A 0.0000 0.0000 -1. 7995 0. (H)(l:) 0. 7794 
106 OpCap2 A 24000.0000 0.0000 - 10. 3705 0. C,!)00 3.6032 
107 CoCap2 A 28500.0000 0, 1)(1(}:) -7.5478 0.0000 '!. 6i)~/ 

108 Ta:-: Inc21 z 0.0000 i .3015 - I~~ rr-~ITY ·:) • r),.)0,) 1 .3015 
109 Ta;dnc22 z 0.000(! t QCC ~ J.1u.J..J ._, - INF!ilITY (i , '.)({E) 1.:3553 
110 Ta;-:Inc23 z 0.0000 2. ~)470 -I~Fr:n:Y ·";( ;:"1( 1 2.0470 
111 fa:Dct2 A 17295.4812 0.0000 -1.3444 O. GOOO ,.) . 1800 
112 Ta:i loss2 A 462504.3199 0. 000·) -0.2133 C.0000 i) a 9395 
113 TotCost2 A 479799. 8011 0.0000 -0.2197 (. 0000 0.1771 
114 Borr2 z 0.0000 0,0086 - INFINITY 0.0000 0.0086 
115 Save2 A J45909.6236 0.0000 -4.5076 0.0000 0. (!1)90 
116 Consmp2 A 13497.0802 0.0000 -433.5'102 0.0000 2.1373 
117 CshSur2 A 349708.0245 0.0000 -4.3359 0.0000 (\ 0214 
118 CshDef2 7 0.0000 0.0213 -I:flNITY O; 00({1 0.0213 j. 

119 RUFS3 7 0.0000 9317.3812 - INFINITY 0.0000 9317.3812 j. 

120 RUFSC3 z 0.0000 10974.0312 -INFINITY 0 , (i!)()i) 1,)974.0312 
121 RUFC3 , 0.0000 12930.7312 -INFINITY 0 . i)(H)O 12'i30. 7312 L 

122 RUFP3 z 0.0000 18455. 7312 -INFINITY 0.0000 18455.7312 
123 RUSLS3 z 0.0000 8745.0463 -INFINITY 0.0000 8745.0463 
124 RUSLSC3 z 0.0000 13229.6463 -INFI NITY 0.0000 13229.6463 
125 RUSLC3 z 0.0000 13215.1963 -INFINITY 0.0000 13215.1963 
126 RUSLP3 z 0.0000 210.9662 -INFINITY 0.0000 210.9662 



No Name Level Shadow Cost Lower Obj Objective Upper Obj 
-- ---------- - ------------ ------------ ----------- ----------- -----------

127 RUSTS3 A 100.0000 0.0000 -66.2650 0.0000 61.2000 
128 RUSTSC3 A 100.0000 0.0000 -61.2000 (i , 0000 INFINITY 
129 RUSTC3 A 100. 0000 0.0000 -54.5558 0. 00({1 94. 5833 
130 RUSTP3 z 0.0000 210. 9662 - INFINITY 0. O(H)C, 210. 9662 
131 OPFS3 z 0.0000 622.2300 -I NFINITY 0.0000 622.2300 
132 OPFSC3 z 0.0000 622.2300 - I.~rnmY 0.0000 622.2300 
1"'.,. ._\J OPFC3 I 0.0000 622.2300 - INFiNITY (!, 0000 622.2300 
134 OPFP3 z 0.0000 622.2300 - INFINITY 0.00(!!) 622 .2300 
135 OPSLS3 z 0.0000 8262.5951 -I NFI NITY 0.0000 :3262. 5951 
136 OPSLSC3 I 0.0000 10406.2951 - INFI NITY 01:0000 1040&.2951 
137 OPSLC3 I 0.0000 8050,9451 - l;-.JFINITY 0.0000 8050.9451 
138 OPSLP3 z 0. 0000 397.4651 - I:iFINITY (!20000 397,4651 
139 OPSTS3 z 0.0000 6674 .5488 -I NFINITY 0.0000 6674 .5488 
140 OPSTSC3 I 0.0000 5467.st,gs - INFI ~,~I TY 0.0000 5467.5488 
141 OPSTC3 I 0.0000 4260. 5488 - INFI NITY 0.0000 4260.5488 
142 OPSTP3 z 0.0000 397.4651 - INFI NITY 0~0000 397 .4651 
143 COFS3 z 0.0000 1795. 1294 - INFINITY 0.0000 1795. 1294 
144 COFSC3 I 0.0000 2277.9294 - INFI NITY 0.0000 2277.9294 
145 COFC3 I 0.0000 2554. 1794 - INFINITY 0.0000 2554.1794 
146 COFP3 z 0.0000 18704. 1794 -INFINITY 0.0000 18704.1794 
147 COSLS3 z 0.0000 717. 0445 -I NFI NITY 0.0000 717.0445 
148 C0SLSC3 7 0.0000 922.7445 -INFINITY 0.0000 922.7445 L 

149 C0SLC3 7 0.0000 824.1445 - INFINITf 0.0000 824 .1445 L 

150 COSLP3 I 0. 0000 459.4144 - INFINITY 0.0000 459.4144 
151 COSTS3 0.0000 3846.4982 - INFINITY 0.0000 3846.4982 
152 COSTSC3 7 0.0000 386.9982 -INFIN~TY 0.0000 386.9982 L 

153 C0STC3 z 0.0000 2091 .2482 - INFH\ITY 0.0000 2091. 2482 
154 C0STP3 0.0000 459.4144 - INFI~!IT'r 0. 000!) 459.4144 
155 Sel1Ru3 A 0.0000 0.0000 - 1. 2462 0.0000 INFINITY 
156 Sell0P3 A 185.3282 (l,(li)i)(i -9, 7322 0.0000 Cr.1745 
157 Se11Co3 A 0.0000 0.0000 -0. 9914 0.0000 INFIN ITY 
158 RuFert3 A 42.0000 0.0000 -2764.2728 0.0000 390. 4372 
159 OPFert3 A 264.0000 0.000(! -2184.6741 0, (H)OO 390.4372 
160 CoFert3 ' 198.0000 0.0000 - i219E:. 40!7 0. 0(11)) 390, 4372 N 

161 RuLab3 A 5.0100 0. !)000 -1 !m1. 1661 0 .(((1•.:'. 39'.::•4 ~ 3718 
162 OPLab3 A 3.9212 0.0000 -410.5919 0. C•)O;:; 3904, 3718 
163 CoLab3 A 3.5700 0.0000 -11294.2345 0. CO(!~) 20:2. 5191 
164 RuCap3 A 21000 .0000 0.0000 -5,5285 O,t)OOO 1. 3015 
165 OPCap3 A 24000 .0000 0.0000 -24.0314 0.0000 1. 3015 
166 CoCap3 A 28500.0000 0.0000 -84.7468 0,0000 1.3015 
167 Tax Inc31 A 12000.0000 0.0000 -0.2962 0.0000 INFINITY 
168 Taxinc32 A 12000.0000 0.0000 -0.0752 t) , 0000 INFINITY 
169 Taxinc33 z 0.0000 0.0013 - INFINITY 0.0000 0.0013 
170 TaxDct3 I 0.0000 0.5538 -INFINITY 0.0000 0.5538 
171 Ta>: Loss3 A 849708.0246 0.0000 -0.5560 0.0000 0.3547 
172 TotCost3 A 849708, 0246 0.0000 -3. 3507 0.0000 0.3547 
173 Borr3 A 500000 .0000 0.0000 -1. 2364 0.0000 INFINITY 
174 Save3 z 0.0000 1.2738 - INFINITY 0.0000 1.2738 
175 Consmp3 A 10000.0000 0.0000 - INFINITY 0.0000 0.8500 
176 CshSur3 I 0,0000 0.0085 - INFI NITY 0.8500 0.8585 
177 CshDef3 A 489120.0000 0.0000 -0.852: -0.8500 -0.8416 
178 TermVal A 24351303.601 0.0000 0.8479 0.8500 0.9653 
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Constraints 
-----------

No Ncme Slack Shadow Price Lower Lim Limit Upper Li m 
-- --------- - ----------- ------------ ----------- ----------- -----------

1 OpCashBal 1 E 0.0000 2.5731 970289.6986 1000000.000 1061705.564 
2 Taxincl E 0.0000 5.8821 -1 1601 .5808 0.0000 24095.4168 
3 Ta>:Dedl E 0.0000 -6.1762 77051.9840 lO(X>00.0000 111049. 1246 
4 Exp! C 

'- 0.0000 -2.5731 -61705.5646 0.0000 29710.3014 
5 Ta:{Liml 1 I 

I... 12000.0000 0.0000 0.0000 12000.0000 INFINITY 
6 TaxLim12 L 12000.0000 0.0000 0.0000 12000.0000 INFINITY 
7 Borrli ml L 500000.0000 ().i)0()() 0.0000 500000.0000 INFINITY 
8 Cl Cash Bal 1 E 0.0000 2.2789 -34073.1734 0.0000 70766.8487 
9 Consmpl G 0.0000 -2.2789 -8374. 7035 10000.0000 44073.1734 

10 RuFertl L 0.0000 1379.5530 -0.00('0 (1,(l()(h) 0.0000 
11 OPFertl L 0.0000 1852.8743 -36.E.304 0.0000 30.,5792 
12 CoFertl L 0.0000 1852.9743 -36.8304 (i . 0000 76.4934 
13 RuLabl L 0.0000 0.0000 -0.0000 (>.0000 INF INITY 
14 OPlabl L 0.0000 18528.7427 -1.2:)00 0.00(11) 0.7320 
15 CoLabl L 0.0000 18528.7427 -3. 00(:(: 0. GO(h) 5.6465 
16 RuCapl L 0.0000 6.1762 -110f9 c12~~ 0.0000 0.0000 
17 OPCapl L 0.00,)0 6.1762 -11~49.:24S ().0000 2779.9228 
19 CoCapl L 0. 01)00 6. i762 -1!049.!246 0.0000 22948.0160 
19 RuYieldl G 0.0000 - 13.234S -10709.074! O.Ctt)OO 0.0000 
20 OPYield1 G 0.0000 -76!.7372 -186.0650 0.0000 0.0000 
21 CoYi eld1 G 0.0000 -10. 5290 -134,~1.1267 0.0000 0.0000 
22 OPCashBal2 E 0.0000 2.3017 -33735.8153 0.0000 70066.1868 
23 Ta:dnc2 E 0.0000 3.4316 - 18469.6919 0.0000 38362.1089 
24 TaxDed2 E 0.0000 -3.6032 63464.6583 100000. 0000 117591. 2176 
25 Exp2 E 0.0000 -2.3017 -70066.1868 0.0000 33735.8153 
26 Taxlim21 L 12000.0000 0.0000 0.0000 !2000.0000 INFINITY 
27 Taxlim22 L 12000.000(1 0. 0000 0.0000 12!X>O. 0000 INFINITY 
28 BorrLim2 L 500000.0000 0.0000 0.0000 5!)('000.000(\ INF:NITY 
'l1 C!CashBal2 E 0.0000 2. 1302 -37126.2647 0.0000 77107. 8386 
30 Consmp2 G 0.0000 -2. 1302 -3542 . 1022 10000.0000 47126.2647 
31 RuFert2 I 

L 0.0000 1080.9581 -58.6374 0.0000 0.0000 
32 OPFert2 L 0.0000 1080.9581 -59.6374 0.0000 121.7845 
33 CoFert2 L 0.0000 1080.9581 -58.6374 0.0000 121. 7845 
34 RuLab2 L 0.0000 7542.7647 -0.0000 0.0000 1.6700 
35 OPLab2 L 0.0000 10809.5809 -2.4000 0.0000 6.0513 
36 CoLab2 L 0.0000 10809.5809 -2.6667 0.0000 4.7071 
37 RuCap2 L 0.0000 3.6032 -17591. 2176 0.0000 0.0000 
38 OPCap2 L 0.0000 3. 6032 - 17591.2176 0.0000 24000.0000 
39 CoCap2 L 0.0000 3.6032 -17591.2176 0.0000 28500.0000 
40 RuYield2 G 0.0000 -7.7211 -17049.9261 0.0000 0.0000 
41 OPYield2 G 0.0000 -444. 3939 -296.2325 cuooo 0.0000 
42 CoYield2 G 0.0000 -6. 1426 -21431 .3457 (i. ()!)(ii) 0.0000 
43 OpCashBal3 E 0.0000 2.1515 -36758.6779 (· .0000 76344.3946 
44 Ta:<Inc3 E 0.0000 (l. 5538 - 19533. 081'1 () , 0000 24000.0000 
45 TaxDed3 E 0.0000 -1.3015 23655. 6054 1 i)()(1,:,(1 . OOM i 36 758. 6 779 
46 Exp3 E 0.0000 -2.1515 -76344.3946 (: , 0000 36758.6779 
47 Taxlim31 L 0.0000 0.2962 0.0000 12000.0000 31538.0819 
48 Taxlim32 I 

L. 0.0000 0.0752 0. 00(11; 12000. :)()i)(j 31538. 0819 

r.::-
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No Name 

49 Borr Li m3 L 
50 ClCashBal3 E 
51 Consmp3 G 
52 TERM VAL E 
53 RuFert3 
54 OF'Fert3 
55 CoFert3 
56 RuLab3 
57 OPLab3 
58 CoLab3 
59 RuCap3 
60 OF'Cap3 
61 CoCap3 
62 RuYi eld3 
63 OF'Yield3 
64 CoYield3 
65 F S 
66 F SC 
67 F C 
68 F P 
t..,.r·, Cl C 
\..:7 ._.L ..J 

70 SL SC 
71 SL C 
72 SL F' 
73 ST S 
74 ST SC 
75 ST C 
76 ST P 

L 
L 
L 
L 

L 
L 
L 
G 
G 
G 
L 
I 
\... 

L 
I 
I.. 

L 
L 
L 
L 
L 
L 

Slack Shadow Price Lower Lim Limit Upper Lim 

0,0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0. 0000 
0.0000 

1. 2364 461306. 6548 5001)(li). 0000 58')362. 5207 
0, 8500 - INFI NITY 0. 0000 48'i120. 0000 

-0. 8500 -0. 0000 10000. 0000 INFINITY 
0. 8500 -24~,51303. 6 0. 0000 INFIN ITY 

390. 4372 - 122. 5289 
390. 4372 -122. 5289 
390.4372 -122.5289 

3904.3718 -12.2529 
3904 .3718 -12.2529 
3904.3718 -12.2529 

1.3015 -36758. 67?".'/ 
1.3015 -3,6758.6779 
1.3015 -36758.6779 

- 1.2462 - 1%66 •. S667 
-71.7233 - 185. 3282 
-0.9914 - 134:)7,8212 

17298.7150 17.5693 
17808.7150 17.5693 
18074. 7650 17.56".13 
18244.7650 46,3320 

0.0000 20179. ,)8(;1 
0.0000 2.3512, 7B01 
0.0000 22347 , 4301 
0.0000 0.0000 
0. 0000 15021. 0338 
0.0000 15004.0338 
0.0000 14987.0338 
0.0000 0. 0000 

65 . 4-:)22 
65 . 4023 
65. 4028 
-0. 1:: :::: : 
- 0. 000(! 

0.0000 
0.0000 

- 0. 00U) 

l .. 
\.,J 

0. 00('0 
0.0000 
0, (H)(H) 

0,0000 

42.0000 
254 .4813 
198.0000 

5. 0100 
3.9212 

0. (;:)OO 21 OOO . 0000 
0. '}\:O 24000. 0000 
o,cooo 28500 .0000 

o. cooo 150.8732 
0,0000 0.0000 

: }:·. (!(i(H) 139. 6891 

l~) .0000 139.6891 
:).:,:0000 139. 6891 
\ :; . OOC(; 11S. t.581 

~)0 . ~0C0 116 .6581 
l i)) < (;:)(:C, 134 I 17 41 

,:: , 0!)00 INFINITY 

1':\.C,/U:' 326 .7654 
100.0000 326.7654 

C. 0000 INFINITY 
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