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A LINEAR GOAL PROGRAMMING MODEL FOR 

FARM PLANNING OF SEMI-SUBSISTENCE 

FARMS 

KANG BONG-SOON* 

I. Introduction

Traditional single-objective approaches for farm planning assume that 

farmers aim to maximize total gross margin or profit from t):ie resources 
at their command. However, even if the maximization of total gross mar

gin or profit may be regarded as an important objective of farming, it 

is by no means the only one, nor is it necessarily the most pr,:ssing. This 

is particularly the case on semi0subsistence farms where there are many 

other objectives present, both financial and non-financial, arising largely 

from the economical, social and traditional characteristics of the farming 

society. 

Farm business considerations of semi-subsistence farms are strongly 
connected with family considerations because a disastrous error in farm

ing tends to be disastrous to the participating family as well. This may 
be expressed more directly as a desire for stable, rather than maximum, 

total profit or for the assurance that total gross margin is unlikely to fall 

below some specified level. And farmers do not generally like to borrow 

money from others unless it is absolutely necessary for farming. More

over, most semi-subsistence farmers are overworked during the peak sea

sons due to the low level of mechanization and the high degree of sea

sonality in the demand for labor and, consequently they may desire to 

curtail their labor in this period. Under such multiple criteria for farm

ing, the farm planning problem cannot be satisfactorily handled with 

conventional single-objective models if the multiple criteria conflict with 

each other. 

Even though many approaches for dealing with the multiple objec

tive problems have been developed and applied to various fields [I 9], 

most of them are difficult in their general application to farm planning 
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because of computational difficulties and additional information require
ments which can not be easily met. Among those, an approach which 
manages to overcome the difficulties is Linear Goal Programming (LGP) 
suggested by Charnes and Cooper [8] and developed by Ijiri [22], Lee 
[25] and Ignizio [20]. In LGP models·, multiple objective� are explicitly
incorporated within an LP framework based on lexicographic ordering, 
where the decision maker is assumed not to be prepared to allow trade-offs 
between attributes (i.e., pre-emptive priorities are assumed). But the pre
emptive priority assumption seems too restrictive. 

This study mainly aims to develop a LGP model so as to reflect the 
farming concerns of farmers more realistically and thus to be generally 
applied to farm planning of semi-subsistence farms. But in constructing 
the model special emphasis was placed on deriving a simpler method that 
may be applied to farm planning handily and efficiently 

11. Model Construction

1. General Linear Goal Programming Model 

Faced with a multiple objective decision making problem, traditional 
single objective approaches give priority to one of the objectives at the 
expense of others which, due to the limitations of the methods, are essen
tially ignored. In contrast, multiple objective approaches attempt to in
clude all pertinent objectives. However, not all objectives may be opti
mized. As a result, aspired levels of achievements or goals may be esta
blished for each of these objectives. It may not be possible to satisfy even 
the specified goals within the given constraints, but it is highly unlikely 
that all of these objective goals are truly absolute. Consequently, for the 
nonabsolute goals, one may have to be satisfied with ,he solution that comes 
as. close as possible to the satisfaction of all of these goals. That is, with 
the solution that minimizes the deviation from the specified goals rather 
than satisfies them absolutely. In essence, a goal programming approach 
is based on this point. 

Even though the notation used by those involved in goal programming 
is by no means standardized, the general LGP model can be mathemati
cally formulated as follows: 

Find x = (x 1 , x2, • • • • • •  ,xn) so as to minimize
(2 - 1) II= {P1 r1 (cj-, rj+), P2r2(cj-, cj+), .... ,Pqrq

(cj-, +cj)} 

subject to 

i:,gkjxj 
+ d; - d;; = Gk, k = I, 2, .. . ,;:.

j�I 

n 

I; b1ixj + d1- - d/ � B1, i = I, 2, .. .  ,m 
i=I -

x."d-. d+ 
> 0 
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where f = n dimensional decision variable vector 
� = q dimensional deviation function vector whose dimension represents 

the nwnber of pre-emptive priority levels among the objectives1 

Pq = Pre-emptive priority associated with r
q(r!-, f!+)

r
q
(r!, f!+) = linear function of the goal deviation variables, i.e., achieve

ment function of the goal with qth ranked priority. 
gki = the coefficient of the jth decision variable for the kth goal con

straint 
b

ii 
= the technical requirement of the jth decision variable for ith re� 

source or constraint 
Gk = the predetermined goal of the kth goal constraint 
B1 = the ith absolute constraint level 
d;; and d{ = goal deviation variables which denote, respectively, under

and overachievement of the kth goal 
d;- and d/ = absolute constraint deviation variables which denote, res

spectively, under- and overutilization of the ith absolute con
straint 

Under such formulation, given any type of goal, the nonachievemcnt 
of that goal is minimized by minimizing specific deviation variables. That 
is, we will desire to select x so as to: 

(a) minimize d"!;, if the goal constraint is denoted as

E gk1X1 � Gk
1-1 

(b) mi�imize d;, if the· goal constraint 1s denoted as

f:gkJxi � Gk
j=I 

( C) minimize d;: + d!;' if the goal constraint is denoted as 

i: gkixi = Gk 
j=I 

Then the deviation variables at each priority level are included in 
the achievement function rq(4-, q+) and ordered in the achievement vector
� according to their respective priority. 

2. Absolute Constraints 

In general, absolute constraints comprise production capac1t1e5, insti
tutional, structural and functional absolute limitatations or restrictions 
as well as other assumptions. The absolute constraints comprising all 
items above can be expressed in the mathematical form below: 

n 

{2-2) I; b11xi + d; -d/ = B1; i = I, 2, . .. ,m. 
•j�l 

1 Notice that the notation P,r
9
(4-, 4+) should not be interpreted as either the product 

of P
0 

and r0(4-, 4+) or a function of r
9
(4-, 4+). 
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These constraints can be replaced, if necessary, by the appropriate 
formulations according to the constraint types.2 

3. Goal Achievement Functions

A. Expected Total Gross Margin

The gross margin of an enterprise is its enterprise output less the variable
costs attributable to it. To be regarded as variable costs in the gross mar
gin sense, costs must satisfy two criteria: they must be specific to a single
enterprise and vary approximately in proportion to the size of the
enterprise. For crop production, the proportional specific variable costs
consist primarily of seed, fertilizer, sprays, part of the fuel and repair
costs, contract work and casual labor hired specially for that enterprise.
For livestock production, concentrate feed, veterinary and medicine
expenses, seed and fertilizer for grass, and some minor miscellaneous
expenses are regarded as variable costs [2], [7].

Gross margins can probably be calculated without great difficulty. 
However, we are still faced with a problem: which gross margin data 
over time should be used in a static model for farm planning? While the 
model concerned is static, we live in a dynamic world: techniques and 
prices change constantly. In addition, some uncertain factors may cause 
variation in gross margin from year to year. Therefore, it is undesirable 
to use the data based on the previous one-year experiences, because they 
do not properly reflect the variation in gross margin due to the weather 
and market conditions [6]. And to use the average gross margin data 
based on an excessively long period is insufficient because they do not 
properly reflect the rapid development of techniques Hence we assume 
that it is adequate to use the average data based on recent five-year 
experiences. 3 During periods of serious inflation, however, they must 

2 Each equation of the absolute constraints can be replaced, according to the constraint 
type, by one of the following formulations: 

i; b,;x; ;::::: B,, if d,- should be zero 
j=1 

i; b,;x; � B,, if d,+ si1ould be zero 
J=I 

i; b,.x
1 

= B,, if both d,- and d,+ should be zero 
}=1 J 

Such transformation forms are of course unusual in LGP. But they can reduce the 
dimension of matrix used and consequently the required time and cost involved in 
solving tlie problem, if the problem is solved using an iterative algorithm. 

3 Taking a shorter period can generally reflect the trend (or level) of technical devel
opment better while selecting a longer period can reflect the variations in gross mar
gins better. Therefore, it may be appropriate to take a five-year period because 
the length of period can reflect both of them to a certain extent. 
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pe adjusted in constant prices.4 

Now let us turn to setting the goal of total gross margin. Since the 
pesire to maximize expected total gross margin is generally inexhausti
ble, the goal will be infinite. But the goal can be set by choosing an ar
bitrarily high level which is hardly attainable. 

With the enterprise gross margins and the arbitrarily established goal, 

the goal achievement function for expected total gross margin can be 
formulated as follows: 

(2-3) 

where d
y
: and d/ denote, respectively, under- and overachievement of ex

pected total gross margin goal, g
Yi 

represents the sample mean gross mar
gin per unit of thejth enterprise, and C

Y 
is the goal of total gross margin. 

The goal achievement function is here represented by one variable, d
y
-• 

B. Survival
An assumption on risk or uncertainty makes an important distinction

between the two objectives of maximizing expected total gross margin
and of ensuring survival: while the former assumes that the problem is

free from risk or uncertainty, the latter assumes that the problem is close
ly linked with it. Without risk or uncertainty, the two objectives may n()
longer be in conflict.

Actually the problem surrounding risk or uncertainty is as compli
cated and difficult to deal with as that dealing with multiple objectives. 
Numerous techniques and decision models to embody this.problem have 
been developed and applied to whole farm planning. Among them, most 
of the quadratic risk programming approaches are based on Markowitz's 
portfolio selection technique [27] [28]. Freund [11] made the first appli
cation of active stochastic programming to farm management. Wolfe 
[34] developed a somewhat different approach to make use of a para

metric programming procedure. But, compared with linear programming,
quadratic programming algorithms make heavy computational demands.

Hence a number of attempts have been made to develop linear programm
ing models that take account of the stochastic nature of enterprise gross

• The gross margin of thejth enterprise for farm planning in year I is calculated with 
the following equation: 

where g
yJ

.t-k denotes the gross margin observed for thejth enterprise in year (t - k) 
and PJ.,-k represents the prices received by farmers in year (t-k) for the products of 
thejth enterprise (P, .. ,-, = 1). And g

y
/ is the sample mean gross margin per unit 

of the jth enterprise. 
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margins in whole farm planning. Mclnerney [29] [30] and Hazell [ 1 3] 
among ot'.1ers attempted to incorporate game theory decision criteria into 
a programming formulation; Boussard and Petit [5] and Boussard [ 4) 
suggested an approach to use constraints on maximum admissible loss 
known as the focus-loss approach or maximum admissible loss approach; 
and Hazell developed a technique leading to a linear programming prob
lem which incorporates the mean absolute deviation in place of variance 
as the measure of risk [9], [14], [1 5]. This is generally referred to as MO
TAD-minimization of total absolute deviations. 

However, all of these approaches seem to bear in mind a single objec:. 

tive function which combines both objectives of total gross margin or pro
fit maximization and of risk minimization. To apply these approaches to 
the LGP model, it is desirable to modify them appropriately. Among 
the linear programming approaches mentioned above, the MOT AD 
approach seems to pe more appropriate for a decision analysis view of 
the whole farm planning problem [l] [31]. It also readily permits the 
incorporation of assessed probabilities of occurrence of alternative states 
of nature. 

Given an appropriate sample of enterprise gross margins from prior 
years, an unbiased estimate of the mean absolute deviation of expected 
fotal gross margin [17] is given by 

(2-4) 

where w shows the sample size, gy
Jh denotes the gross margin observed for 

the jth enterprise in year h, and gy1 is the sample mean gross margin per 
unit of the ith enterprise. An equivalent, but computationally tidier 
approach posited by Hazell [14] is to work with the mean absolute 
value of negative deviations about the mean, estimated as 

w 

(2-5) . D = A/2 = 1/w "J.:,y;;
h~I 

where y;; shows the absolute value of the negative total gross margin de
viation in year h around the expected return based on sample mean gross 
margins and is defined by 

(2-6) y;; = I min {i: (gyJh -
gYJ x1, O} I

J=I 

Following Hazell, the programming problem can be formulated as 
the minimization of the sum of the negative deviation variables, subject 
to the usual technical constraints and to a parametric constraint on ex
pected total gross margin; i.e., 

w 

(2-i) min wD = "J.:,y;;
h-1 
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s.t. i: (gyih - gy1) x1 + y; 2:: 0, h = 1, 2, . .  ,w
J=I 

i: gy1
x

1 
= }., ). = 0 to unbound 

j=J 

where ), denotes a parametric constant on expected total gross margin. 5 

This original MOT AD model can be alternatively formulated 
as the maximization of expected total gross margin with a parametric 
constraint on the sum of the negative deviations [l]. That is, 

n 

'(2-8) max I; gy1
x

1 
j=I 

s. t. t (gyjh - g
yJ X1 + y; > 0, h = I, . . . ' w

J=I 

w 

I;y; ::;; /J, fJ = 0 to unbounded 
h=I 

where /J represents a parametric constant on the sum of the negative de
viations. 6 

Another slightly modified but equivalent form of MOT AD sets 
the parametric term into the objective function; i.e., 

(2-9) max :f: gy1
x

1 
- y ±y; 

j=I h�J 

s.t. i: (gyJh - gy1) x1 + y; 2:: 0, h = l, 
j=J 

where y dentoes a risk aversion parameter. 

.. w 

In the last type of models, expected total gross margin with a certain 
level of probability is maximized. So this type of model seems to be more 
in agreement with our desire to incorporate the survival objective-ensur
ing the family's survival with a certain level of probability-into the LGP 
model under consideration for farm planning of semi-subsistence farms. 

But the risk aversion parameter y in the formulation (2-9) is not clear 
in representing the degree of risk aversion. Therefore, we must transform 
the parameter into another appropriate form in order for its concept 
to be clear. For this purpose, it is desirable to extend this model to the 

s The objective function is also subject to the usual technical and non-negative con
straints. In the formulation, however, the description of the constraints was omitted 
for simplicitiy's sake. This condition holds for models (2---8) and (2-9) as well. 

6 We may say that the LOTAD (Limitation On Total Absolute Deviation) model 
proposed by LOW [26] belongs to this type ofMOTAD models. The only difference 
between the two models lies in that the LOTAD model establishes as the maximum 
admissible loss the following form instead of p in the parametric constraint of the 
formulation (2-8) : 

:E 'iy1x, - <.o,-, 
where Zo represents a parametric constant. 
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case where the sample of gross margin observations is regarded as a set 
of states of nature, each of which is assigned a probability of occurrence, 

Ph, h = l , ... ,w with i:,(ph) = 1.7 Then, 
h-1 

(2-10) 

And as shown by Hazell [14), justification for the use of-A as a mea
sure of risk is based on the fact that an unbiased estimate of the popula
tion variance is given by A2 { ,rw/2 ( w - l)} when the population is nor� 
mally or approximately normally distributed [3), [16), [24). Then the 
stochastic term in the objective function of the formulation (2-9) can be 
transformed into a weighted sample standard deviation of expected total 
gross margin as follows: 

(2-11) y i:y; = <ps
y 

= ,fiQA = 2tj>QD 
h-1 

= 2<jJ!Ji:,fhy;; . . . . . . •  ,

8 

h-1 

w 

- 2,1,n. -1 � - 9 
- y,�&W .L., Yh • • • • • • • 

h�I 

where Sy denotes the sample standard deviation of expected total gross 
margin, 10 tf> is the parametric weight of risk, and Q represents a constant 
which converts the sum of sample deviations to the sample standard de
viation, defined as {nw/2 (w - l)} 111•• In this transformation, the risk 
parameter in the formulation (2-9) was exchanged for a new parameter 
if> and a constant, 2.Qw- 1; consequently, the objective function of the 
formulation (2-9) can be replaced by the following equation [12]: 

.(2-12) max :t gyjxj - 2tj>.Qw-1 'E y; 
j-1 h=I 

Such transformations better clarify what the risk parameter means, 
for while a certain value of the parameter y in the formulation (2-9) can� 
not offer us a concrete meaning, the new parameter (> in the formulation 
(2-12) can. That is, the latter corresponds with the admissible proba
bility to risk or uncertainty :when the population is normally or approxi
mately normally distributed. In other words, under the assumption of 
normal distribution of population, the level of if> can be derived by making 

7 If a sample of enterprise gross margin from prior years is used, all of pk will have the
same value 1/w. 

8 From the foumulation (2-10). 
9 See footnote 7. 

10 The sample standard deviation of expected total gross margin, s,, is different from 
that of the total gross margin observed in prior years. Rather, it varies with expected 

total gross margins considered in the process of solving the problem. 
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use of the tables for the t-distribution found in most statistics textbooks11 

if the admissible probability to risk or uncertainty is determined. 12 

The next step for formulating the survival achievement function is 
t.0 set the goal level of survival. The level depends primarily on the average
living standard of the society and the number of family members. The
tradition, customs and habits of society also tend to affect the level. Food,
clothing, fuel, light, and housing costs among others are generally regarded
as inevitable living expenditures. In the society of semi-subsistence far
mers, a contribution to celebrations or a donation to the ritual of mourn
ing tends also to be considered inevitable. Education is usually regarded
as a luxury consumer good, but the farmers tend to regard it as a neces
sary good. To them, their children's education may be as important as
food, clothing, fuel, light and housing. Consequently, all items mentioned
above are correctly included in the survival goal. Hence, the recent real
living expenditure data about the above-mentioned items may be used to
set the survival goal. 13 

With the established goal, G,, and the formulations (2-9) and (2-12), 
the survival goal achievement function can be now formulated. That is, 

(2-13) min r,(,J_-, rJ.+) = d; 

s.t. I: g;,h - 2�Qw-1 I:y;; + d,- - d,+ = G,
j=I h=I 

I: (g;,;h - gih) xi 
+ y;; � 0, h = 1, . . . , w

j=I 

where d,- and d; denote, respectively, under-and overachievement of the 
survival goal. 

C. Financial Self-Support

Semi-subsistence farmers do not in general like to borrow money from 
others unless it is absolutely necessary. Hence, it is natural for financial 
self-support to be regarded as one of the important objectives in farm 
planning for semi-subsistence farms. 

Types of credit available to the farms can be broadly classified into 

11 For a sample as small as 10, the sample standard deviation sY will not be an accurate 
estimate of that of population u

y
; consequently, a serious error may be introduced in 

the value of z in replacing u Y by its sample estimates sY . See HOEL [ 18]. Hence, for 
a small sample, it is desirable to use Student's t-distribution rather than the standard 
normal distribution. 

12 The admissible probabilities to risk or uncertainty mean the subjective limits which 
individual farmers are willing to permit. Therefore, they should be determined by 
individual farmers. Suppose, they are 5%, 10%, 20% and so on. Then the correspond
ing values of the parameter ,p will be, respectively, 2.132, 1.533, 1.190, .941 and so on, 
when the sample is as small as 5. 

13 In this context of survival, the survival costs already set in the absolute constraints 
should be deducted from total survival costs. 
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two categories: production credit from the public sector including agri
cutural· cooperatives and general credit from the private sector including 
private banks. The public production credit is mainly made to encourage 
or stimulate production of specific goods, and is consequently closely 
linked with specific enterprises. Interest rates tend to be relatively low. 
On the other hand, private credit is not directly linked with any specific 
production activities, and interest rates are relatively high. 

In order to incorporate these different types of credit into one achieve
ment function, we need to devise a commensurable unit. For our purpose 
of formulating the achievement function of financial self-support, interest 
rates are a proper commensurable unit of the different types of credit. 
Thus, the objective of financial self-support is replaced by the objective of 
no interest payments. The achievement function can be mathematically 
formulated as follows: 

(2-14) 

s.t. I: g,1x1 + d,- __: d: = G,
j=I 

where g,
1 

denotes the interest rate of credit j, and d; and d; are respec
tively under-and overachievement variables for the total interest payment 
goal or the financial self-support goal. G, indicates the total interest pay
ment goal whose value is generally zero. 

D. Leisure
How much famrers desire to reduce their labor demand may differ from
farm to farm, but we can assume that the desired labor supply is zero.
The goal achievement function of leisure during the peak seasons can
then be formulated as follows:

(2-15) min r (d.:.. d+) = d + 
I _ , _ I 

s.t. I; g/ix1 + d1- - dt = G1 
j=I 

where giJ denotes the. required labor of enterprise j during peak seasons 
and d1 and dt represent respectively under- and overachievement of the 
goal of total labor supply, G1• 

4. Achievement Function Vector

With the survey results and the achievement functions (2-3), (2-13), (2-14) 
and (2-15), the achievement function vector can be formulated as follows: 

(2-16) a..:.... {P,r1 (d-, d+), P2r2(d-, d+), .. .  , P4r4(4-, <J+) 
= (P 1d;, P2dy

- P3d;, P4dt) 
However, the value trade-off assumption of goal programming may 

be too strict. It is very sensitive to the ordinal ranking and the goal vector 
set for the objectives given by the decision maker. That is, the model 
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assumes implicitly a value trade-off such that in minimizing r
q+i (4-, 4+),

the value preference for r
9 

over r
q
+I is zero if r

q 
::=;; r: and infinity if r

9 
>

r:, where r: is the minimum value obtained for r 
9 

when ( q-1) previous
achievement functions have already been minimized.

In fact, farmers i:nay attempt to substitute a certain percentage of the
achievable level of the higher ranked objective with greater achievement
of the lower ranked objective. That is, farmers may be willing to increase
expected total gross margin by sacrifying a certain percentage of the
achievable level of the Survival goal, to substitute a certain level of loss
of the achievable expected total gross ·margin with some decreas� in the
involved indebtedness, and to replace some sacrifice of the achievable
degree of financial self-support with curtailed work during the peak
seasons.

This problem may be dealt with by making use of the method which
Waltz proposed (or reducing the sensitivity of lexicographic utility or
derings [32]. The method will be later described in dealing with the al�
gorithm of the LG P model.

5. The Farm Planning Model for Semni-Subsistence Farms

Now, we can formulate the comprehensive farm planning model for
semi-subsistence farms with the goal achievement function vector (2-16),
the absolute constraints (2-2), the goal constraints (2-3), (2-12), (2�14)
and (2-15), and the non-negative and zero constraints as follows:
(2-17) Find x = (x1 , x2 , • • • •  , xn) so as to minimize

g = (P1ds-, P2dy
-, P

3d,+, P4dt) subject to

f gyiXi - 2</>Qw-l f;y;; + d; - d; = Gs 
j=l h�l 

n 

I: gyjxj + d
y
- - d; = Cy 

j= 1 

_± g,jx
1 
+ d,- - d,+ = G,

j=l 

± g1i
x

i + d,- - d,+ = G1 

j= 1 

± (gyih - gYJ xi + y;; � 0, h = I, 2, ... ,w
j=-=-1 

± b1i
xi � B;, i = 1, 2, ... ,m

i=-1 

�. 4-, 4+ � O
d-,;, dt = 0

That is, an LGP model was developed for the farm planning of semi
subsistence farms. In the model, a goal achievement vector is minimized
subject to the various constraints such as goal, absolute, stochastic, non
negative and zero constraints.
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Ill. Solution Algorithm 

The algorithms available for solving general linear goal programming 
models can be classified into two types. One is the iterative ( or sequential) 
algorithm using standard simplex computer codes [IO]. The other is the 
multiphase (or modified) simplex algorithm [20] [25] which is in essence 
simply a multiphase extension of the two-phase simplex algorithm [33]. 
In the former algorithm, the accomplishment level of the goal deviation 
variables as obtained for the higher priority level has to be included as a 
new rigid constaint for each lower level priority model. But an outstanding 
advantage of the algorithm lies in its use of a commercial simplex package 
already available. On the other hand, the multiphase algorithm generally 
requires fewer pivots and eliminates the need for the construction of new 
constraints at each sequence [21]. 

In the application of this model, the iterative algorithm is desired. 
The algorithm, in addition to making use of the commercial simplex packa
ges, has another important advantage in that the method proposed by 
Waltz can be easily used to reduce the sensitivity of the predetermined 
goal vector and the ordinal ranking given by the decision maker. Accor
ding to Waltz's method, after the first objective is optimized, the second 
objective is opitmized subject to keeping the first objective within a cer
tain percentage (a1) of its optimum. The third objective is then optimized 
keeping the first two within a certain percentage (a2) of the optimum 
values found in the previous steps, and so on. 

The iterative algorithm combined with the method proposed by 
Waltz is portrayed in Figure 3-1. That is, 
Step 1: Set q = 1 and proceed to step 2. 
Step 2: Minimize the achievement function, r

q
(tj-, cf+), subject to the 

related goal constraint and the other constraints. 
Step 3: Examine the feasibility of the constraint set. If it is feasible, pro

ceed to step 4. If not, the matrix must be adjusted. Go to step 8. 
Step 4: Check if there is any other lower ranked achievement function. 

If it exists, the solution is intermediate. Proceed to step 5. If not, 
the solution becomes global. Go to step 8. 

Step 5: Calculate the achievable goal ( G:) with the solution and reduce 
the sensitivity of the predetermined goals and ordinal ranking 
by relaxing the achievable goal as much as a

q
. Proceed to step 6. 

Step 6: Replace the achievement function and the relevant goal constraint 
according to the explicit form of the achievement function with 
an equation including the relaxed goal ( c:*) as follows: 

i: gkjxj - dt = c:*, if r
q
(4-, 4+) ·= d-;;-

j= I 

i: gkixi + dk- = G:*, if r q(4-, 4 +) = d-;;-
J= I 
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FIGURE I FLOW DIAGRAM FOR THE ITERATIVE LGP ALGORITHM COMBINED WITH 

\VALTZ'S METHOD 
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·� gkixi = G:*, ifr9
(q-, ,j+) = dk + d{

1-1 

Add it to the absolute constraint set already established so as to 
become a new rigid constraint for the lower ranked achievement 
functions. Proceed to step 7. 

Step 7: Set q = q + 1 and turn to step 2. 
Step 8: Stop. 

IV. Comparison of Farm Planning Results between LPG and Other

Planning Methods

1. Data
In order to compare the farm planning results by the LGP model derived
here with those by other methods, a village in a Korean hilly region was
purposely selected as the sample. The sample village, Osan, located in the
north-western part of Kyeongsangnam-do, Korea, consists of 60 house
holds, of which 58 households do farming. These 58 farms were selected
as sample farms, and a survey was conducted during the period from July
to September 1980. And some secondary data were also added.

2. Some Assumptions 

A. The Risk Aversion Parameter ( ¢)
The MOTAD model developed for formulating the LGP model m
cludes a risk aversion parameter (rp) as well. The parameter reflects the
decision maker's personal evaluation of potential consequences of risk (i.e.,
it corresponds with the admissible probability of risk). In other words,
if the admissible probability to risk or uncertainty is determined by the
farmer, the level of the risk avers.ion parameter can be derived by making
use of the tables for the I-distribution found in most statistics textbooks
under the assumption of a normal distribution of the population. The
admissible probability is defined as the subjective limit to which the
farmer is willing to submit. Therefore, the value will change with his
personal evaluation of the potential consequences of risk.

Since the levels of subjective probability pursued by individual far
mers are different according to their personal evaluations of potential 
consequences ofrisk, they should be determined by inquiring of individual 
farmers. In the application of the LGP model, however, it will be assumed 
that all farmers accept the same admissible probabilities of 10% to risk 
(i.e., the same subjective probabilities of 90%). Consequently, the risk 
aversion parameter will be assumed to be I.533 for all sample farrils. 

I 
B. The Trade-Off Parameters (a

9
) 

In the LGP model, multiple objectives are incorporated within an LP
framework based on lexicographic utility orderings. Hmvever, the solution
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is generally very sensi_tive to the goal vector and the ordinal ranking of the 
objectives given by the decision maker. To reduce.this sensitivity, Waltz's 
method is incorporated in the model. The rationale qf this method is that 
farmers may attempt to substitute greater achievemetjt of the lower ranked 
objective for a certain percentage of t,he achievable; level of the higher 
ranked objective. 

The levels of trade-off parameters (aq) are, however, determined 
by the individual farmers according to their personal evaluations of the 
consequences of each objective and the attainable levels of the goals. 
Therefore, they cannot be determined a priori. That �s, whenever each 
iteration is terminated, the level of the related trade-of f parameter should 
be determined by presenting the farmer the results of the iteration and 
inquiring his preferences. ·Nevertheless, this analysis was predicated on 
the assumption that the levels of preference are ide�tically 5 % in every 
iteration and for every farm. 

3. Comparison of ExpE?cted Farm Planning Results ·

In order to show the differences between LGP and other planning me
thods, it is worthwhile to compare the expected farm planning results by 
the various methods. The methods to_ be compared witp LGP are limited 
to a few simple methods: "by rule of thumb," the· cc;mventional single
objective LP model, 14 and a MOTAD model incorporating farmer's risk 
aversion behavior. 15 The comparisons are shown in T�ble 1. 

The planning method, ''by .rule of thumb," denoted as alternative B 
in Table 1, implies what hitherto has been .practj<;:ed· by most Korean 
small farmers. Therefore, the numbers in the rows ofthe alternative B

indicate historical data rather than farm planning results. Comparing LGP

with the planning method, "by rule of thumb", the resulting goal achieve
ment levels of financial self-support and labor supply are very similar. 
But the achievable levels of survival and expected total gross margin in 
LGP are shown to be higher than those for '�by rule ofthumb". This im
plies that reallocating. resources- currently used o_n the farms or under
taking a different combination of enterprises will allow a considerable 
increase in the achievable levels of survival and expected total gross mar
gin. 16 A distinct difference between the two farm plans appears in the head 
of cattle to be raised. That is, the farm plan by LGP shows that, as long 
as the present technical possibilities and factor and product-cost relation-

,. The LP model is incorporated in the goal achievement function of expected total 
gross margin in the LGP model. 

15 The MOTAD model compared here is that used in constructing the survival goal 
achievement function of the LPG model. 

16 This does not necessarily imply that the LPG model is irrelevant for farm planning 
for small farms. Rather, the differences will reflect deficiency in the farmers' measures. 
That is, they may overestimate the instability of special crop enterprise gross margins 
or the necessity for working cattle as draft power. 



TABLE 1 COMPARISON OF FARM PLANS BETWEEN LPG AND OTHER PLANNING METHODS 

Achievement Level of Each Objective 

Planning Methods Survival 

(000 won) 

ALPG1 > 1683.4 
B l3y Ruic of Thumb2> 1541.1 
C Simple LP3> 1545.7 
D MOTAD•> 1832.3 

Notes: I) Linear goal programming model 

Total 

Gross 
Margin 
(000 won) 

2013.2 
1677.9 
2130.9 
1979.4 

Payment Required 

of 

Interest Labor 
(000 won) (hour) 

42.8 1224.4 

42.0 1223.5 

136.2 1326.7 

137.5 1542.3 

Number of Cattle 

Per Farm 

Working Beef 

Cattle Cattle 
(head) (head) 

.o3 .19 

.58 

.04 .58 

.76 

2) Planning method "by rule of thumb" denotes what has been practiced on most Korean farms
3) Conventional LP model where expected total gross margin i s  maximized

Total 

Working Beef 

Cattle Cattle 
(head) (head) 

1.96 10.92 
33.68 
2.52 33.74 

43.94 

4) MOTAD model where the stochastic nature of individual enterprise gross margins is incorporated, i.e., a farm planning model
under risk or uncertainty.

0 
NI 
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ships remain constant, the number of working cattle currently raised on 
the farms will be reduced absolutely and some will be replaced by beef 
cattle. 

Compared with LGP, the conventional single objective LP model 
maximizing expected total gross margin shows that the farms may po
ssess substantial potential for increasing the expected total gross margin. It 
indicates, in particular, a considerable increase in beef production. How
ever, the other objectives will not be fulfilled to the extent they are in 
the LGP model. Farmers may have to be ready to endure more anxiety 
about their survival, more credit, and more hard work during peak sea
sons. Considering the characteristics of Korean small farms, however, 
this is highly unlikely. 

Alternative D is a MOTAD model for farm planning under uncer
tainty. According to this model, the goal for survival will be better achieved 
than that by the LGP model while expected total gross margin will be 
slightly reduced. And the farmers will have to borrow more money and 
work more diligently. The two models also show different results in the 
number and sorts of cattle to be raised on the farms. The MOT AD model 
shows that a greater number of cattle will be raised on the farms, but they 
will be working cattle exclusively. This model is generally regarded as too 
pessimistic. 

The model that can best reflect the real world will be judged as the 
best one among them. However, from a theoretical point of view we can 
come to the conclusion that the LGP .J?Odel is superior to the single
objective planning models insofar as the underlying assumptions are 
reasonable, for the single-objective models must be regarded as subsets 
of an LGP model. 

V. Implications of the LGP Model

The LGP model developed here is still far from a panacea for the short
comings of the traditional single-objective LP approaches. This model 
requires more inforJ:D.ation from the decision maker than that required 
in a single objective decision making model. The additional information 
must be accurate because the sensitivities are large. Despite these tedious 
requirements, the model seems to have several interesting and important 
implications. 

First, the model can reflect the farmer's interests better in farm plann
ing because it incorporates the farmer's multiple objectives explicitly in 
whole farm planning instead of implicit assumptions about these interests. 

Second, the model can be solved despite its comprehensiveness by a 
relatively simple algorithm (i.e., by using a commercial simplex LP pac
kage already widely available). 

Third, the model provides the farmer with important information 
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which can help him decide the trade-off parameters more easily and real
istically. 

Finanlly, the model and methods developed here can be applied to a 
wide field of actual and proposed decision making. That is, even though this 
model was developed particularly for farm planning of semi-subsistence 
farms, the model and the solving methods may be easily applied to other 
multi-objective decision making with slight modifications. 
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