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Abstract.

The plantation’s sub-contribution sector to the country’s gross domestic product
reflects the role oil palm plantations have played in boosting the economy. The goal
of this study is to examine land efficiency and the variables that affect its value in
Indonesian national superior plantations, by the application of the Stochastic Frontier
Analysis (SFA) method. Age, education, financial situation, and geographic location
of the farmer all affect their engagement in agriculture, particularly when it comes
to spreading new techniques. Therefore, policies that are based on input variables
that demonstrate substantial outcomes in boosting the output of rubber plantations in
Indonesia must be implemented by the government through certain institutions.

palm oil, efficiency, Stochastic Frontier Analysis (SFA)

The palm oil industry plays a crucial position in Indonesia’s macroeconomic economy as
the country’s top foreign exchange earner, a source of employment, the engine of the
national economy, the engine of the people’s economic sector, and a source of energy
sovereignty. The oil palm plantation revolution is seen in Indonesia’s rapidly expanding
oil palm estates. Kalimantan and Sumatra are the two main islands in Indonesia where
oil palm plantations are concentrated. Each island is home to around 90% of Indonesia’s

oil palm farms, which together produce 95% of the country’s palm oil (CPO) output.

Due to the diversification of energy supply, palm oil has been used as a raw material
for biofuel in many countries in recent years. This has increased the global demand
for palm oil. In Indonesia, palm oil products make a significant contribution to national
development. The value of palm oil exports reached 23 billion (Reily and Ekarina, 2018;
PASPI Research Team, 2018). 17% of palm oil contributed to agricultural gross domestic
products in 2014 (Ministry of Agriculture, 2015a, b). Based on the 2013 agricultural

census, two million smallholders cultivate oil palm (Badan Pusat Statistik, 2013). GAPKI
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(Indonesian Palm Oil Entrepreneurs Association) has employed 7.8 million workers in all

oil palm plantations (PASPI Research Team, 2018).

Economic development is characterized by the availability of infrastructure, the devel-
opment of enterprises, the increasing level of education, technology and job opportu-
nities so that incomes increase and the community prospers. Economic growth will
determine the economic development of a country. According to (Jhingan, 2010), eco-
nomic development can be measured over the long term by increasing national income

(gross domestic product), rising per capita income, and creating economic prosperity.

The Gross Domestic Product of Indonesia calculating using several approaches. One
is the income approach, calculated using the value added of different economic sectors.
The agricultural sector, as one of the economy’s business sectors, has the potential
to contribute significantly to the growth and development of the national economy
(BPS). Three major businesses dominated the structure of the Indonesian economy by
business sector in 2014. The first is the manufacturing industry with 21.02%, the second
is the agriculture, forestry and fisheries industry with 13.38%, and the third is the large
retail industry. Auto motorcycle repair accounts for 13.38% and is also the largest labour
force in the agricultural sector. According to (Suryamin, 2014) noted that in August 2014,
the agricultural industry absorbed 34 per cent of the total labour force. The agricultural
sector also provides raw materials for the industry and a source of foreign exchange
income from exports. According to the Ministry of Agriculture’s Director General of
Processing and Marketing of Products (PHP), agricultural exports were 2.54 million
tons, or US$2.31 billion, in January 2014. This demonstrates that Indonesia’s economic
foundation is the country’s agricultural industry.

The food crops subsector, the plantation subsector, the horticulture subsector, the
fisheries subsector, the livestock subsector, and the forestry subsector are all part
of Indonesia’s agricultural sector. The Indonesian government expanded its oil palm
plantations to support Indonesia’s economic growth above 5% in 2017-2018. Even the
Indonesian government set a target for palm oil productivity and production of 40 million
tons in 2020.

The table above shows that the plantation subsector in Indonesia dominating by palm
oil commodities, whose land area is 6,088.70 and production is 2892 tons. The palm
oil commodity is a leading plantation subsector that has an important role in economic
development, presenting in the value of GRDP. Plantation development is one of the
supports for economic growth and increased productivity which an increase can follow
in the income of workers in the plantation sector. It can expand people’s purchasing

power and employment opportunities.
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TABLE 1: Indonesia’s Crop Area and Plantation Production, 2021.

No. Commodity Acreage (ha) Production (tons)
1. Rubber 3.421,90 324
2. Coconut 3.343,60 -

3. Palm Oil 6.088,70 2892
4. Coffee 1.235,50 92

5. Cocoa 1.465,90 62

6. The 51,10 98

7. Cashew 476,60 -

8. Shovel 254,20 -

9. Lada 181,40 -

10. Clove 566,60 -

1. Cane Sugar 251,10 86
12. Tobacco 200,00 3

13. Patchouli 17,40 ;

Source: Central Bureau of Statistics, 2022.

Therefore, this study aims to support the role of palm oil in improving the national
economy. It can be seen from the product performance when it reaches optimal con-
ditions. The indicator to measure performance is the technical efficiency of the output
produced with the inputs used. Efficiency in oil palm plantations can be seen from the
maximum output with inputs and the maximum profit obtained by producers. In addition,
it provides options for decision-makers and policymakers for the future of the palm oil
industry in Indonesia. The remainder of the essay is structured as follows: Section 2 of
the palm oil literature review examines its potential effectiveness. Data and technique
estimation are presented in Section 3. Empiric outcomes are the main topic of Section

4. Section 5 concludes with some concluding observations.

A lot of research has been done on the contribution of palm oil. Some use value chain
analysis and system dynamics modelling. (Herry Purnomo et al., 2020). According to
this study, there is a trade-off between environmental protection and economic growth.
According to Jon Horas V. Purba (2017), the palm oil business supports sustainable
development financially by fostering regional growth, earning foreign exchange, and
elevating farmers to middle-class status. The growth of the palm oil sector is inclu-

sive and encourages the growth of other industries. Additionally, the oil sector helps

DOI 10.18502/kss.v9i4.15097 Page 498



E KnE Social Sciences IRCEB

with rural development, income inequality reduction, growth, and equitable economic

development.

Research by Rany Utami et al. (2017) stated that the expansion of oil palm plantations
in Penyabungan Village resulted in farmers converting part or all of their rubber plan-
tations into oil palm plantations. This conversion changed the revenue structure from
rubber to palm oil. This increased the income of farmers. The overall change in farmers’
income was 33.42%. Meanwhile, Pitriani’s research (2019) stated that the contribution
of oil palm plantations to the GRDP of Bungo Regency tends to increase from year to
year, and the factor of land area production is not a real influence on the contribution
of oil palm plantations in Kabupaten Bungo.

According to the Coordinating Ministry for Economic Affairs of the Republic of Indone-
sia (2021), palm oil is one of the products produced on plantations that plays a crucial
strategic role in the country’s economic growth. The palm oil business has directly or
indirectly supported 16 million employment as the largest producer of palm oil in the
world. Production of palm oil and palm kernels was 48.68 million tons in 2018, with 40.57
million tones of crude palm oil (CPO) and 8.11 million tons of palm kernel oil produced
(PKO). Smallholder Plantations, which produced 16.8 million tons (35%) of the total, State
Large Plantations, which produced 2.49 million tons (5%), and Large Private Plantations,
which produced 29.39 million tons (60%) of the total. The primary source of the nation’s
income and foreign money is from exports of plantation goods, which totaled 28.1
billion dollars in 2018 or 393.4 trillion rupiahs. To support the growth of plantations, the
plantation subsector’s contribution to the national economy is anticipated to rise. The
effectiveness of engineering is determined by various aspects. The education and age
of the farmers were two of the elements that Varina et al. looked at as they examined
the impact of several variables on the technical efficiency of oil palm plantations.
The findings indicated that technical efficiency was influenced by age and education.
Research on the technological efficiency of oil palm in the Central African Republic
has an impact on smallholders’ productivity. Age and education play a big role in how

technically proficient farmers in Nahon, Thailand are.

Age has a significant impact on smallholders’ technical efficiency in West Kalimantan,
Indonesia (Ariyanto, et al). In Nigerian oil palm plantations, smallholder farmers’ technical
efficiency is positively impacted by their age (Bankole et al). Age and education have
a favorable impact on how well palm oil is produced (Varina, et al). While the techni-
cal efficiency of Indonesia’s Jambi Province’s oil palm farmers, who have an average
efficiency score of 66%, is influenced by the source of the seed. This demonstrates

the ongoing need to improve productivity. The effectiveness of Ghanaian farmers is
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likewise impacted by age. The technological effectiveness in East Java and Ethiopia is
also impacted by the age of the farmers in Thailand’s palm oil fields. Education has an

impact on technical efficiency.

The findings of the technical efficiency analysis, according to Rivanda et al. (2015),
revealed that the factors of land area, fertilizer, labor, and pesticides each had a favorable
effect on output, whereas the factor of seed quantity had a negative impact. Ningsih,
et al. (2015) found that labor had a negative impact while land area and seeds had
a favorable impact on the technical efficiency determinants of soybean cultivation. In
their study on the effectiveness of applying production variables in People’s Palm Oil
Farming (Elaeis Guineensis Jacq), Aprilyani, et al. (2022) concluded that seeds have
no appreciable impact on the volume of production. The amount of production in oil
palm farming is significantly influenced by the fertilizer variable, but the labor variable
has a less impact. Syuhada et al (2022) in the research on oil palm farming, technical
efficiency analysis: stochastic frontier analysis, fertilizer, pesticide and labor variables

have a significant effect.

The data obtained from a survey of agriculture cultivation households conducted
by the Indonesia Central Board of Statistics (BPS) covering a selected period in 2014.
The data are designed to survey crude palm oil plantations. The data used in this
study includes 13,390 observation, which consist of one output (y) and multiple input
such as mature plants ™1™ fertilizer (7 F7), pesticides (**"), labor ('), land area
("=t il ) The input and output will be represented by a geometric natural logarithm.
Nevertheless, the explanatory variables which denoted as Z in the equation (1a) contains
age (MR sex (K ), completing elementary school (ess), completing junior high

ehe’ el

school (jhs), senior high school ( - collage (cs), seed quality (**% **3%) financing
source (fuwmrafinance) climate (climate) business assistance (FF7 =T HIRTINSETNDRA) g
plant pest organisms (""" ™"). Table 2 provides a data description of all agriculture
cultivation used.

Furthermore, an estimate is needed to answer technical efficiency in palm oil.
Stochastic frontier analysis (SFA) is used to measure firm technical efficiency. A function
that illustrates the highest output possible given a given set of inputs is known as a
production frontier. According to the traditional production function, businesses create
their output at maximum efficiency using a specific number of inputs. Contrarily, the
stochastic production function makes the assumption that a firm is inefficient if its
output falls below a certain level. Since the two components of mistakes are divided, the
stochastic production function’s goal is to estimate both inefficiency and the parameters

of the production function.
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TABLE 2: Variables Description.

Variable Description

y (output) Total number of harvest plant plus by-products, production reduction, and
bonded which calculated based on the value of several thousand rupiahs

p(mature plants) Total number of mature plants

li(land area) The area per hectare of featured plantation

pp (fertilizer) Total amount of fertilizers, such as urea, TSP/SP36, ZA, KCL, NPK, organic
fertilizer (manure/compost), etc.

ps (pesticides) Total amount of solid and fluid pesticides

I (labor) Total number of worker

sex (sex) Dummy, 1= the household farmer are men

age (age) Number of years of the household farmer

ess (elementary Dummy, 1= the household farmer completing elementary school

school)

Jhs (junior high school) Dummy, 1= the household farmer completing junior high school

shs  (senior  high Dummy, 1= the household farmer completing senior high school
school)

cs (college) Dummy, 1= the household farmer completing college or more

seed (seed quality) Dummy, 1= the household farmer used certified seed to their farm

climate (effect Dummy, 1= the household farmer disturb by climate
climate)

finance (financing Dummy, 1= the household farmer is self-financing their farm
source)

assistance (business Dummy, 1=the household farmer has received assistance in a form of a grant,
assistance) free or subsidies in agricultural input

Additionally, the panel data stochastic production function for the inefficiency effect,
i v is specified in a common form as follows:
Vie = Pl Mo — Ve = FLE o Ml 3 — 1] (1q)
i = Tl £ 0y = Tk + 0 (1)
Equation 1 -- Stochastic Production Function

ryr
where ' shows output, LA

represents inputs input that used in the production
process,* * and " T are parameters to be estimated. Subscript ' and ¥ stand for firm '’
and year®". ¥ is the stochastic error term and ** is the technical inefficiency. ** denotes
exogenous variables which influence technical inefficiency. 5o denotes parameters of
the inefficiency effect and to be estimated. ¥ ¥ is an error term of inefficiency function.
The translog production function will be used as a baseline model and contrasted with
other production functions, including Cobb-Douglas and production functions with no
inefficiency effect. When the_input coefficients are equal to zero, the Cobb-Douglass
production function appears.:ﬁ~~ — B = Fo— B =N = B - B - B _U:'. Further-

more, no inefficiency effect function takes place when the coefficients of inefficiency
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functions equal to zero (¥ ~ % T &= T8 T & T & T \where ¥ is variance of inef-
ficiency function. If ¥ =¥ =¥ then a conventional production function with the exoge-

nous variables directly included into the model will be executed.

Additionally, the following equation can be used to get the generalized likelihood

ratio statistic that will be used to choose the best production function:

A= —2[10HL) - WAV - —2[10H) - (AL ()

Equation 2 -- Generalized Likelihood Ratio Statistic

where "Ha!"Iial stands for the log-likelihood statistic of the sub-various production
functions, while "Mt 41, represents the log-likelihood statistic of a translog production
function. When, the value of statistic is around a i distribution with degrees of
freedom equal to the amount of coefficients restricted in the sub-various production
functions, then the null hypothesis (r"“r"“) is not rejected. However, the statistic test for
no inefficiency effect production function is using a mixed Far s distribution. Table 2

presents the statistical summary of all variables discussed above.

Once the correct stochastic production function is adopted, the estimation coefficients
efficiency will be accurate (Sari, 2019). The results of the production function sub-
variable models were compared to the translog model have shown in Table 3. The
data cannot be well represented by the sub-variable model of the production function,
according to the generalized likelihood test. As a result, the results of Model 1’s estima-
tion of a translog stochastic production function will be utilized to interpret the amount
of technical inefficiency.

Table 5 reveals that the translog stochastic model’s estimated coefficients in Model
1 have no economic importance (Sari, 2019). Hence, this study deduces the output
elasticity of each input, such as mature plants, land area, fertilizers, pesticides, and
labor. Model 1's first-order partial derivative is used to calculate the output elasticity.
They will be assessed based on specific values of the variables, which will be derived

using the sample’s average.

The coefficient of gender (#¥ieraamier) in Model 1 (Table 4) is no different with zero,
indicating that the genders of household heads, both female and male, may have no
impact on efficient. The coefficient of age (™ ™*#) in the inefficiency function is statis-
tically significant. The age of the household represents the smallholder’s experience.

The findings indicate that the age of the household has a 1 percent negative impact
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TABLE 3: Descriptive Statistic.

Variables Unit Obs Mean SD Min Max

Production Variables

y (output) In (thousand 13390 -0.451 1164 6.070 12.368
rupiah)

p(mature plants) In (thousand 13390 0.838 0.845 6.030 8.962
rupiah)

llland area) In (hectare) 13390 0.191 0.877 4.330 13.775

pp (fertilizer) In (thousand 13390 -0.861 1.245 5.130 10.426
rupiah)

ps (pesticides) In (thousand 13390 -0.446 1.022 5.030 9.696
rupiah)

I (labor) In (worker) 13390 0.054 0.577 0.940 4.248

Inefficiency Variables

sex (sex) binary dummy 13390 0.924 0.264 0.000 1.000

age (age) number of years 13390 47.013 11.420 17000  99.000

ess (elementary binary dummy 13390 0.402 0.490 0.000 1.000

school)

jhs (junior high school) binary dummy 13390 0.202 0.401 0.000 1.000

shs  (senior  high binary dummy 13390 0.188 0.391 0.000 1.000
school)

cs (college) binary dummy 13390 0.041 0.199 0.000 1.000
seed (seed quality) binary dummy 13390 0.489 0.499 0.000 1.000
climate (effect binary dummy 13390 0.282 0.450 0.000 1.000
climate)

finance (financing binary dummy 13390 0.264 0.440 0.000 1.000
source)

assistance (business binary dummy 13390 0.326 0.468 0.000 1.000
assistance)

opt (plant pest organ- binary dummy 13390 0.092 0.290 0.000 1.000
isms)

Note: Mean = arithmetical average; SD = standard deviation; Min = minimum; Max = maximum;
the estimates production variables are the natural logarithm.

TABLE 4: Rontier Models of Stochastic Production Function Hypothesis Testing.

Model 0 “ Conclusions
Cobb-Douglas 11895.52 30.578 Ho Rejected
No inefficiency 15240.615 24.049 Ho Rejected

Note: Calculation of A from the generalized likelihood ratio statistic. Using critical values of

Mix4 4 at o =1percent. (This critical value is taken from Table 1 of Kodde and Palm (1986))

IRCEB

on inefficiency. This demonstrates that older farmers outperform younger farmers in

terms of efficiency. Furthermore, increased agricultural experience aids in assessing

the importance and complicacies of good agricultural decision-making, including the

effective use of inputs (Dessale, 2019).
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TABLE 5: Stochastic Production Frontier Maximum-Likelihood Estimation.

Variables Parameters Model 1 Model 2

constant 0.799 0.873

0.671 0.881

-0.31 -0.151
0.204 0.243

0.112 -0.024

0.195 0.097

0.154

0.014
-0.036

0.068

0.114
______
-0.056
______
0.028
______
-0.116
______
-0.025
______
lipp i -0.010
______

lips 0.062

Itk -0.061

pppPSs 0.006
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TABLE 5: Continued.

Production Function

(0.066)

gt Bl eoos

(0.044)

assistance = asiaturce 0.015 0.029

0.100 0.120

Sigma-squared 0.550 0.528

Gamma 0.121 0.000

Log likelihood function -14637.561 -14722.464

Note: Model 1 is a translog production function, and Model 2 represent Cobb Douglas
production function. Standard errors are in parentheses and presented significances until
o= 10 percent.

*Significance 1 percent; **Significance at 5 percent, *** Significance at 10 percent
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On the other side, education promotes farmers’ access to and utilization of improved
technical information. Comparing four coefficients of completing elementary school
(ess), junior high school (jhs), senior high school (shs), and collage (sc) have significant
negative sign significant on technical inefficiency. In general, well-educated farmers can
notice, comprehend, and respond to new information more quickly than their colleagues,
and they can embrace enhanced technology like fertilizers, pesticides, and planting

materials at a faster rate (Dessale, 2019; Tothmihaly et al., 2019).

The coefficient of seed quality (seed) dummy is not significant, this indicates that
farmer who use improved or certified seed not impact on inefficiency. This study
incompatible the study berfore, The seed is applied properly, it will get a higher yield of
cocoa yield per hectare (Ali et al., 2019). The negative sign of finance (finance) dummy
in this study is estimated to be significant, the indicates that farmer who have access to

financial institute are less inefficient than farmer who do not have accessed.

The coefficient of climatic conditions (Climate) is negative and significant. This result
indicated that unstable climate will increase the inefficiency. The coefficient business

i damy d ey
assistance (° SRR A ='-=‘-“n‘.-.:l1r-1)

is estimated to be significantly negative. The negative
sign in this study suggesting that household farmers who get grant, subsidies, and
free assistance of palm oil seed, fertilizer, pesticides, and machine are technically more
efficient rather than farmers who are not getting those access. The remaining regressor,
the coefficient of plant pest organisms ('}'“T ';"“T) is estimated to be significantly positive.
The positive sign in this study suggesting that farmers with healthy cocoa crop without
any pest, disease, or weed such as pod borer, black pod, or VSD, and so om are

technically efficient despite farmers with attacked pest crops.

TABLE 6: Output Elasticity in Relation to Each Input.

Commodity Variables Elasticity

Crude Palm Oil Mature Plants Elasticity (..;_ =) 0.189
Land Area Elasticity (""" 0.014
Fertilizer Elasticity ("r;fJ " 0.609
Pesticides Elasticity ("i"":- & 0.081
Labor Elasticity (*~%1 %] 0.081
Total Elasticity (* *! 0.974

Note: Total elasticity is = = =P T #!0 £ 20y + e & mtam = mp + 200 + 2o e =t

As shown in Table 6, the results of output elasticity estimations for each input are
presented. These output elasticity show how much the output change percentage grows
as the input change percentage grows. In terms fertilizer, the average output elasticity

us highest in all commodity. Meanwhile, the output elasticity with respect to land area
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is the lowest in all commodities. This suggests that smallholder farmers frequently use
fertilizers rather than pesticides to bring nitrogen to trees, particularly old trees that
were losing foliage, and to help fight diseases like black pod (Ruf & Bini, 2011).

This study also generates estimates of output efficiency Palm oil plantation in Indone-
sia, as shown in Table 7. The average efficiency is in the value range 0.004 and 0.891
and the mean efficiency is at 0.621. As a result, by implementing good agricultural

practices, it is possible to increase crude palm oil farming productivity in the short term.

TABLE 7: Efficiency Estimation Palm Oil Plantation.

Commodity Efficiency Total Area Range of technical efficiency

Up to 60 61-70 71-80 81-90 >90 1
Crude Palm 0.621 63541258.05(9193 6080 8484 2981 22 0
Oil

Note: Efficiency: the average value of efficiency in each commodities; total area: the
total area in each commodities analyzed by hectare (ha); range of technical efficiency:
the value level achieved by each smallholder characterized on the basis of the score
acquisition

Oil palm can occasionally be harmful to locals’ ability to support their families (L.Potter,
unpublished manuscript). Orth (2007) demonstrates the detrimental effects oil palm
expansion has had in Central Kalimantan. Additionally, oil palm has a detrimental
societal impact on indigenous peoples and rural communities (Telapak 2000, Marti
2008, Sirait 2009, FoE 2010). Oil palm can enhance incomes, but it also impacts
rural land ownership and social relationships, which improves the welfare of the poor
(McCarthy, 2010). Marti (2008) cited instances of plantation firms violating human rights,
particularly during the construction and acquisition of new plantations. Another study
discovered that environmental neglect and agreement violations were the main causes
of disputes between communities and plantation developers (Casson 2002, Colchester
et al. 2006, Sawit Watch 2006, cited in Down to earth 2007, L.Potter, manuscript not
published). In an effort to reduce poverty in rural regions, Syahza (2011) contends that oil
palm plantation development operations have accelerated community economic devel-
opment. According to additional research, the economic impact of oil palm expansion
can expand the range of investment choices and produce steady revenue (Unjan et al.
2013).
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This empirical study finds that extension service to farms significantly potential in farm
level efficiency of national featured plantation. The characteristics of farmer such as age,
education, finance, and climat are also playing a role in farm participation, particularly
in the dissemination of new practices. Results also indicate that gender, seed, business
assistance, and pets organisms less inefficient than farms with pawning or free land

used status.

The elasticity output to input show that, increasing land area will give small impact to
output. The average technical efficiency is appraised to 0.621, connoting that actual out-
put might be raised by around 38 percent without requiring extra resources. According to
the findings, encouraging featured plantation farmer groups to interact and commutation
ideas among old and young farmers, as well as adept and inexperience farmer, can
assist increase featured plantation farm productivity by eliminating technical inefficiency.
More agents for extension trips should be hired to strengthen advisory service work.
To attract new recruits, such as women and young people, increased understanding of

the benefits of featured plantation growing is essential.
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