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ABSTRACT 

Malaysia is the second largest palm oil production in the world. Malaysian Federal Land Consolidation 
and Rehabilitation (FELCRA) is an important agency to nurture local palm oil industry by involving local 
community. However, in 2017, FELCRA Seberang Perak at the Northern Malaysia reported a decreasing 
of 5% palm oil production as compared to the previous year. FELCRA Seberang Perak has four palm 
planted areas yet the administrators had not fully utilized the areas for optimum production. Thus, the study 
applied goal programming model in order to find the optimal palm planted area at FELCRA Seberang 
Perak. The study has three-fold objectives, which are: 1) to maximize each planted area; 2) to maximize 
the number of palm trees; and 3) to maximize the palm fruit production for each area. The study analyzed 
data using QM for Window version 5.3. The findings show that the optimal planted area for FELCRA 
Seberang Perak is 5,662.80 hectares while the maximum number of palm trees are 845,829 which may 
annually produce 224,120.20 tonnes of palm oil. The result of the study can be applied by FELCRA 
Seberang Perak’s administrators as to increase its palm oil productivity at the most optimum level as well 
as to spur the Malaysian economy in the global commodity market.   
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INTRODUCTION 

Since 2000, Malaysian economy is highly influenced by palm oil production, which has overtaken local 
rubber industry. In 2015, palm oil production has contributed RM 44 billion from country’s Gross Domestic 
Product (MPOB, 2017). Globally, Malaysia is the second largest palm oil production country that produces 
palm oil and actively export palm oil to other countries, including economy giant like China (Banitalebi et 
al., 2016). In March 2019, China has agreed to import 1.62 million tonnes of palm oil which valued RM 
3.6 billion (Zakariah, 2019). However, it is an alarming issue as Malaysian production of palm oil decreased 
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in 2018 which may led to insufficient supply for export. The decreasing figure could be solved by 
optimizing the palm planted areas in the country. 
Malaysian Federal Land Consolidation and Rehabilitation (FELCRA) is an important agency to nurture 
local palm oil industry by involving local community. One of the most affected FELCRA land with 
decreasing production of palm oil was FELCRA Seberang Perak at the Northern Malaysia. In 2017, the 
production of palm oil was decreased to 5% from 178,258 tonnes to 169,769 tonnes (Department of 
FELCRA Seberang Perak, 2017). Even though the shrinking may due to external factors like weather and 
pests, the production number could hike up or maintain by optimizing the planted plantation area of palm 
fruit (Haque & Asami, 2014). The decreasing production might affect the local community’s income as 
well as for FELCRA’s annual revenues. The largest crop planted at FELCRA is the palm trees. FELCRA 
Seberang Perak has four areas of palm plantation. Every area has different optimum number of planted 
trees and FELCRA Seberang Perak’s administrator has to aware about the correct number of trees to be 
planted at each area as to optimize the annual palm oil production.  
Therefore, this study aims to maximize the total palm planted area in FELCRA Seberang Perak by using 
goal programming method. The study has three-fold research objectives: 1) to maximize each planted area; 
2) to maximize the number of palm trees; and 3) to maximize the palm fruit production for each area.  

LITERATURE REVIEW 

Generally, agriculture sector problems involves multiple goals such as maximizing the total profit, 
maximizing crops production, minimize the cost, and minimize labor and others that related in agriculture. 
Normally, the goals are conflicting in nature and it is not possible to maximize or minimize all the goals 
simultaneously (Sharma et al., 2007). Certain goals can be achieved by expenses the other sectors. Mostly, 
the application in agriculture sector corresponds to the problem of determining the optimum crop with 
multiple goals.  So, this study used goal programming model to dealing with multiple or conflicting 
objectives function. 
Hassan et al. (2013) used goal programming method to optimize the land area and productions. In their 
research, they stated two goals which are optimizing the rubber productions and maximizing the land area. 
Hence they are focused on the land area of plantation. The land is set up to 50,000 hectare. There will be 
no decrement in each of the planted area. However, to get the data is a bit difficult, the scope of this research 
is limited to increase the planted area without covering the economic perspective. The weights were 
assigned based on the percentage of rubber production per area in each country. From the result, by 
increasing the land area for rubber plantation, the production of rubber can increase.  
In agriculture sector, farmer is more concerned about the economic issue since agriculture is the one of the 
income contributors to them. It is necessary for all the farmers to do their best to make as much effort as 
possible to increase the production and protect their crops (Dave, 2015). Management of agricultural sector 
faced many problems in order to achieve the goal of production. One of the ways to solve agriculture sector 
problem is by applying the mathematical programming model as Dave (2015) used goal programming 
model in his research. The goal programming model is the best model to apply in various aspects of 
agricultural. He also stated that in the agricultural objectives depend on the labor, cost water, weather 
condition and others. 
Normally the management in agricultural sector and agricultural planning are involved in multiple 
objectives or goal programming model. On a regional or national level, the agricultural decision maker may 
be faced not only with decisions about economic growth, but also about population nutritional requirements, 
strategic planning, environmental and other institutional issues (Vashistha, 2011). One of an objective in 
his research is to maximize the net revenue in agriculture sector. He presents the aspect of the goal 
programming model through the theory and implied it in agriculture sector. Through the farm agricultural 
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planning, the shadow prices were introduced with the concept of standardized dual variable in goal 
programming. 
According to Satkhed, Vatsala, & Ghanashyam (2018), small increase in the yield per acre can easily result 
in huge increase in the overall production efficiency in the particular region in the given time. The 
agriculture planning problem are not able to deal with any single goal of the maximizing the output or the 
profit. Previous studies have discusses applied goal programming model with weighted goals and goal 
programming using ranking goals with priority levels. Therefore, this study was aims to apply goal 
programming approach tested using equal important multiple goals to maximize palm fruit production 
based on the optimization of the area of palm tree planted for FELCRA Seberang Perak.  

METHODOLOGY 

In formulating the Goal Programming model, there are three important characteristics that must be 
considered. First, Goal Programming models are all minimization problems. Second, there is no single 
objective but multiple goals and constraints to be achieved.  Third, deviations variables of goals must be 
minimized to be considered. All three goals are set to be equal important. The step of GP model formulation 
procedure are as follows:  

Step1: Setting goals  

There are three goal to be achieved. The first goal is to maximize the planted areas (hectares) for 
four planted area in FELCRA Seberang Perak by maximize the palm fruit planted for each area. The total 
area is aimed to reach 5662.8 hectare. The target to maximize the planted areas is based on the availability 
of land in FELCRA Seberang Perak where there is only 1812 hectares. Therefore, the target is 20% from 
the availability of the total area of FSP 12 and FSP 13 and target 40% from the availability of the total area 
of FSP 10&11 and FSP 14&15.  
 

The second goal of this study is to maximize the number of palm trees up to 845828 based on the 
increasing number in planted area. Target number of palm trees for FSP 12 and FSP 13 up to 20% increased 
and for FSP 10&11 and FSP 14&15 up to 40% increased from number of palm tree planted in 2017. The 
third goal is to maximize productivity of palm fruit for four planted areas by increasing the production up 
to 20% for FSP 12 and FSP 13 and for FSP 10&11 and FSP 14&15 up to 40% increment. Table 1 
summarized the data set used in this study from the four planted areas in FELCRA Seberang Perak.  
 

Table 1: Planted areas, production of palm fruit and number of palm tree 
 

Area Planted 
area of 

palm tree 
in 2017 

(hectare) 

Target 
planted 

area 

No. of 
palm 
tree 

No. palm 
tree per 

area 

Target no. 
of palm 

tree 

Palm fruit 
Production 

(tonne) 

Palm fruit 
production 

per area 

Target palm 
fruit 

production 

FSP 
10&11 794 1111.6 114210 144 159894 32857 41.38 32857.15 

FSP 12 1044 1252.8 154370 148 185244 33232 31.83 33232.25 
FSP 13 868 1041.6 132765 153 159318 34558 39.81 34558.33 

FSP 
14&15 1612 2256.8 243837 151 341372 69122 42.88 96122.49 

Total 4318 5662.8 645182 596 845828 169769 155.9 196770.22 
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Step 2: Identify constraints requirement   

For planted area constraints is required each planted area to be greater than equal to amount of 
target planted area for each area.  

For number of palm tree for each area constraints is required each planted area to be greater than 
equal to amount of target number of palm tree for each area. 

For palm fruit production constraints is required each planted area to be greater than equal to 
amount of target palm fruit production for each area.  

Step 3: Define deviational variables 

There are two deviational variables which are overachievement of goal ( ) and underachievement 

of goal ( ). For GP model for this study, overachievement  for three goals are not important since this GP 
model is only want to minimize the underachievement  of the objective function.  

Step 4: Formulate objective function 

The objective of GP model is to optimize all goals and constraints. The objective function is 
designed to minimize deviation from three goals. The objective function is defined by Hassan et.al 2013.  

Complete GP model 

With three equal important goals to be achieved and the deviations variable been set up to minimize 
underachievement ( ) of objective functions, the goal programming model is as follows:  
 
Minimize Z = 𝑑"# + 𝑑%# + 𝑑&#        (1) 

 
Goals equation: 
𝑥" + 𝑥% + 𝑥& + 𝑥( + 𝑑"# − 𝑑"* = 5662.8 (total planted area) 

(total number palm tree) 
41.38𝑥" + 31.83𝑥% + 39.81𝑥& + 42.88𝑥( + 𝑑&# − 𝑑&* = 196770.22 (total production palm fruit) 
 
Constraint: 

 
(planted area for each area) 
794𝑥" ≥ 1111.6 
1044𝑥% ≥ 1252.8 
868𝑥& ≥ 1041.6 
1612𝑥( ≥ 2256.8 
 
(Number of palm tree for each area)       
144𝑥" ≥ 159894        
148𝑥% ≥ 185244                 
153𝑥& ≥ 159318        
151𝑥( ≥ 341372 

id
+

id
-

id
-

1 2 3 4 2 2144 148 153 151 845828x x x x d d- ++ + + + - =
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(production for each area) 
41.38𝑥" ≥ 32857.15        
31.83𝑥% ≥ 33232.25                  
39.81𝑥& ≥ 34558.33                  
42.88𝑥( ≥ 69122.49        
                  
𝑥", 𝑥%, 𝑥&, 𝑥(, 𝑑"#, 𝑑"*, 𝑑%#, 𝑑%*, 𝑑&#, 𝑑&* ≥ 0 
 
where 
𝑥" = FSP 10&11 
𝑥% = 𝐹𝑆𝑃 	 12 
𝑥& = 𝐹𝑆𝑃 	 13 
𝑥( = 𝐹𝑆𝑃 	 14&15 
𝑑"# = underachievement of total planted areas 
𝑑"* = overachievement of total planted areas 
𝑑%# = underachievement of total palm trees 
𝑑%* = overachievement of total palm trees 
𝑑&# = underachievement of total palm fruit production 
𝑑&* = overachievement of total palm fruit production 
 

RESULTS AND DISCUSSIONS 

The Goal Programming model formulated is then being solved by QM for Windows 5.3. Table 3 below 
shows the analysis for each goal. The results in QM for window’s shows 0 values for d- which means the 
result is achieved and d+ values is 0 meaning that the target has been fully utilized. Positive deviation (d+) 
for the total planted area and production palm fruit with respective values 1.26 hectare and 27411.61 
production of palm fruit have exceeded the target for each goal. The result from QM for windows shows 0 
value for d+ for number of palm tree plated goal means the target has been fully utilised. 
 

Table 2: Goal Analysis from the Deviation 
 

Goal  Current achievement in 2017 Target in 2018 d+ d- 

Total Planted Area 4318 5662.8 1.26 0 
Number Palm Tree 645182 845828 0 0 
Production Palm Fruit 169769 196770.2 27411.61 0 

 
Table 3 below shows the result of constraint analysis. The result suggested that the planted area can be 
increased at maximum value. The current planted areas in 2017 and the result that has been running in the 
QM Windows software shows that the size of planted area can also be maximized for year 2018. The finding 
shows that the target to increase the planted area up to 20% from the availability of the total area of FSP 12 
and FSP 13 and target 40% from the availability of the total area of FSP 10&11 and FSP 14&15 has been 
achieved based on suggestion from QM Windows. The positive deviation (d+) shows value mean area have 
been exceeded the target by 880526 for FSP 10&11, 1305469 for FSP 12, 902801.6 for FSP 13 and 3642059 
for FSP 14&15.  
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For number of palm tree to be planted constraint, the result’s in QM for Windows shows 0 values for d+ for 
each planted area which mean the target to maximize the number of palm tree to be planted has been fully 
utilised.  It shows that in Table 3, from current achievement for number of palm tree to be planted can be 
increase up to 185244 number of palm tree for FSP12, 159318 number of palm tree for FSP 13 and 341372 
number of palm tree for FSP 14&15. However, underachievement by 0.02 (negative deviation d-) for FSP 
10&11 shows that there is surplus of number of palm tree of 0.02 from target 159894 number of palm tree.  
Table 3 also shows the result for production of palm fruit constraint. The results can be concluded that the 
current production of palm fruit for each planted area can be maximize to target values in 2018. The 
achievement was noted by positive deviation (d+). It shows that increasing the production up to 20% for 
FSP 12 and FSP 13 and for FSP 10&11 and FSP 14&15 up to 40% increment successfully achieved.  
 

Table 3: Constraints Analysis from the Deviation 
 

Constraint  Area Current 
achievement 

in 2017 

Target in 2018 d+ (row i) d- (row i) 

Planted area  FSP 10&11 794 1111.6 880526 0 
FSP 12 1044 1252.8 1305469.0 0 
FSP 13 868 1041.6 902801.6 0 

FSP 14&15 1612 2256.8 3642059.0 0 
Number of palm 
tree per area  

FSP 10&11 114210 159894 0 .02 
FSP 12 154370 185244 0 0 
FSP 13 132765 159318 0 0 

FSP 14&15 243837 341372 0 0 
Production of palm 
fruit per area  

FSP 10&11 32857 32857.15 13090.16 0 
FSP 12 33232 33232.25 6607.73 0 
FSP 13 34558 34558.33 6895.59 0 

FSP 14&15 69122 96122.49 818.12 0 
 

CONCLUSION 

The study has formulated Goal Programming (GP) model to optimize four planted areas in FELCRA 
Seberang Perak. The goals has been developed with seek to minimize the deviation variables. In the study, 
the main objective is to optimize the palm planted area in FELCRA Seberang Perak. There are three 
research objectives which are: 1) to maximize each planted area; 2) to maximize the number of palm trees; 
and 3) to maximize the palm fruit production for each area Based on the result of analysis, the optimal 
planted area for four areas in FELCRA Seberang Perak is 5,662.80 hectares. For the area in FSP 10&11 the 
planted area is 1,121.48 hectares, FSP 12 (1,224.80 hectares), FSP 13 (1,135 hectares), and FSP 14&15 
(2,181.52 hectares). Hence, the number of palm trees that should be planted across four areas at FELCRA 
Seberang Perak is 845,829 trees and the optimum palm fruit production is 224,120.20 tonnes in a year. 
Conclusively, the objectives of the study have been achieved. This model showed that the palm fruit 
production can be increased by increasing the planted area and number of palm trees. The result of the study 
can be applied by FELCRA Seberang Perak’s administrators as to increase its palm oil productivity at the 
most optimum level as well as to spur the Malaysian economy in the global commodity market. Future 
research need consider to include other goals such as minimizing labor force, minimizing the cost and 
maximizing the net profit that related in agriculture sector. The model also can be tested using priority 
levels important. Instead of placing three goals in difference priority levels for this model,  they also would 
be place in the same priority level but with different weight for future study.  
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