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Abstract—Cocoa production in Malaysia faced several
problems and challenges that lead to low productity. The
low productivity is evidenced from the continuous dop in
cocoa production since 2001 despite efforts from gerning
bodies to boost output. This study investigates thiissue by
looking into the production efficiency among smallholder
cocoa farmers in Malaysia. The technical efficienes of
cocoa farmers in Malaysia are estimated using data
envelopment analysis. The study relies upon primandata
gathered during the 2013 production season. Data ar
collected from a set of structured questionnaire amhinistered
on 323 smallholder cocoa farmers throughout Malaysi.
Results of the analysis reveal that the mean effemcy score
is 0.576. This indicates that many cocoa farmers iWalaysia
are technically inefficient and this resulted intothe low
productivity in the Malaysian raw cocoa beans indusy in
recent years. This inefficiency is largely due to qor
management and usage of inputs in the cocoa produmn.

Keywords— Cocoa, technical efficiency, data envelopment
analysis

1. Introduction

The first cocoa project in Malaysia was started at
Jerangau, covering 403 hectares of land in 1953
(Malaysian Cocoa Board). Cocoa trading commercially
Malaysia started since 1960s and it is currentiykea
fourth after palm oil, rubber and forestry produttghe
agricultural sector. Malaysia was the fourth latgascoa
producing country in the world after Ivory Coasthaba
and Brazil in 1990. However, in 2010, it was rankell

in the world. The decline of Malaysia's position as
major exporter of cocoa in the world was due to the
reduction in the local production of cocoa beans.
According to Malaysian Cocoa Board (MCB hereatfter),
small scale farmers prefer to grow oil palm andberb
trees instead of cocoa. The preference for oil paird
rubber trees is attributed to the simplicity in fantation
process.
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Malaysia’'s raw cocoa beans production registered a
continuous decline since the mid 90’s. Based onelTap
domestic raw cocoa beans production achieved &k e
1990 at 247,000 metric tons. A significant drop in
production occurred since 1995, when output dropped
from 131,475 tons in 1995 to 70,262 tons in 2000. |
2014, only 2,665 tons were produced. In the cocoa
grinding sector however, production increased from
103,540 tons in 1995 to 139,443 tons in 2000 arg428
tons in 2014. The continued growth in the cocoading
sector however presents opportunities for farmers t
increase raw cocoa beans output.

Nonetheless, the recent data on raw cocoa beans
output in Malaysia indicate that this industry whics
mostly operated by small-scale farmers is plaguéti w
inefficiencies. Thus the fluctuations of cocoa autp
despite efforts from governing bodies such as Mzaay
Cocoa Board and Ministry of Agriculture justifiebet
need to investigate this concern further. Thereftines
study addresses this issue by estimating the teghni
efficiency of Malaysian smallholder cocoa farmers i

Raw Grinded beans

Year beans(tonnes) (tonnes)

(upstream) (downstream)
198( 36,50( 6,00(
1985 108,000 27,000
1990 247,000 70,000
199t 131,47! 103,54(
200c 70,26 139,44:
2005 27,964 258,647
2010 15,654 302,366
2014 2,665 244,423

order to determine the sources of their technical

inefficiencies.

Table 1lndicates Malaysia Cocoa Beans Production
Source:http://www.koko.gov.my/lkmbm/industry/stétis
p_cocoabean.cfm

Note that section 2 of this paper reviews the agst
literatures on cocoa production, section 3 preséms
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empirical model and data, section 4 discusses the
empirical results and section 5 is the conclusion.

2. Literature Reviews

The study on efficiency was spearheaded by Fat@) [
through his paper, entitled "Measurement of Prdudect
Efficiency" with the main aim of estimating the
efficiency of the agricultural sector in the Unit8thtes in
comparison to other countries. This paper consgtue
became a guide to various researches as welliaientfy
measurement method. In his paper, Farrel classified
efficiency into two components of technical compet
also known as pure technical efficiency and allveat
efficiency or cost efficiency.

Measurement of efficiency adopted by FarreD][1
gradually evolved from a simple scale case to aptem
scale, with two inputs and one output, to solwe itiore
general case with various types of inputs. Théeeain
the 1990s, studies focused on differences in melbgg
in producing different results. It is crucial totaahat a
big number of studies on efficiencies used a coatimn
of non-parametric approach (Data Envelopment Amglys
DEA) and the parametric approach. The studies ths¢d
DEA approach included [14], [18], [19], [20] and2]2
while studies which used parametric approach irexdud
(2], [3], [4], [9], [10], [13], [15] and [16].

Although the parametric approach has been lwide
utilized in most studies of efficiency, the non+araetric
approach such as the DEA is more applied in the
production sector particularly in the agricultusgctor
such as the study by [1], [10], [15] and severdieot
researchers. It should be noted that most studfes o
production efficiency among smallholder cocoa faisne
were mostly carried out by cocoa-producing coustrie
such as Nigeria and Ghana, like studies by [3][2B8dand
[5], [3] and [8] respectively. In Malaysia, theeelack of
research that investigates the efficiencies of krokler
cocoa farmers. The only study was done by [18]L980
and he only covered two states in the Peninsuldayda,
namely Selangor and Perak.

A study carried out by [17], involved 240 oac
farmers at Ondo, Nigeria found out that farmersenery
efficient in using resources in cocoa productidfurther
still, [2] in his study pointed out that the studfthe level
of efficiency performed in one sector can assidicgo
makers in regulating and improving cocoa produciion
Nigeria. Cocoa production according to him will deto
increased farmer’s revenue which will ultimatelyphthe
development process of the country.

Another study on the efficiency of smallholdgrcoa
farmers was carried out by [5] in four countries;-
Cameroon, Ghana, Nigeria and Cote d'lvoire. Thislyst
involved 3,746 active cocoa farmers. The study fbaat

that there was a big potential of cocoa farmerorie
country to compete with another. This indicates the
necessary role efficiency plays for the farmersadbieve
productivity potential.

3. Data and Method

This study used a cross-section of data for thelyrison
year of 2013. This data was collected through as<r
sectional survey of cocoa farmers in the West aast E
Malaysia involving 323 smallholder cocoa farmerings
simple cluster random sampling. Information were
gathered through a face-to-face structured intervie
guestionnaire designed for collecting informatiom o
output, inputs, prices of variables, and some irgar
socio economic variables about the farmers.

3.1. Analytical Techniques

The study used Data Envelopment Analysis methodNDE
hereafter) in order to estimate the productionceficy
for smallholder cocoa farmers in Malaysia, whichais
non-parametric approach introduced by Charnes[§]RC
hereafter) based on the model of production efiicye
that was spearheaded by Farell [8].This is dudn¢ofaict
that DEA construct a piecewise linear productiorface
using linear programs and computes; an efficieraores
for each decision making unit (DMU) along the lines
suggested by Farell [10] besides being very védesatid
capable of accommodating multiple inputs and owstput
Besides that, DEA does not require any parametric
specification and thus it is not susceptible tocgfmation
error, even though, the DEA approach is sensitive t
outliers that might exaggerate the actual fronbiecause

it does not take into account of the possible erfice of
measurement error and other noise in the data.

3.2. DEA Models

This study is based on the BCC Model (BCC herepfter
introduced by [4] as indicated below.

max®
subject to
n
z)lx Xij < Xio
j=1
i=1,2,3,....... m;
n
zﬂ-yyrj = q)yro
j=1
r=1,2,3,....... S
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/11' >0
i=1,2,3,... 00
1)

where;
@ is the efficiency score
¥, is the output produced by farmegr
x;is the input used by farmer
A, is the weight for the output
M is the weight for the input
%=1 is the constrain

In case® = 1, then the cocoa farmer is said to be efficient
and if @ <1, then the farmer is said not to be efficierd an
his output is below the maximum. This shows tha th
farmer has to increase his output to the curreptitinin
this study, the outputs and inputs for small colzmeners
are;

y = number of dry cocoa beans produced in a yedr (kg

x; = the age of matured cocoa trees that have started
giving out produce

X, = number of workers on the farm

Xz = quantity of fertilizers used on the farm

X4 = quantity of pesticide used on the farm

xs = number of cocoa trees planted

From the point of view of micro-economics theorg,th
main objective of entrepreneur is to operate atntoest
productive scale size or optimal, namely the corista
returns of scale (CRS) to reduce costs and maximize
revenue. In the short term, businesses can operate
state of increasing returns to scale (IRS) or desing
returns to scale (DRS). However, in the long rume t
entrepreneurs would have to operate at CRS hbyiggo
larger or reducing the size in order to surviuethe
market. This process may involve adjustments to
operating strategy, whether in terms of increasorg
decreasing the size scale.

According to [7], scale efficient score can defined
as the ratio of CRS efficiency score divided by the
Variable Return to Scale (VRS) efficiency score FCC
BCC) or the ratio of technical efficiency (TE) tarne
technical efficiency (PTE). Increasing returns tcale
(IRS) or decreasing returns to scale (DRS) can be
identified by the expression on the BCC model outpu
equation (1) as follows:

i.  If(¥%; 4 < 1) the impending incompetence
scale will happen due to increasing returns to
scale

i.  Conversely, i{¥}_, 4j > 1), reflects the
inefficiency caused by decreasing returns to
scale, and if

ii. (X7=; 4j = 1) the constant returns of
scale is achieved.

Specifically, the BCC model explains techhica
efficiency from VRS perspective. This model assumes
input and output changes disproportionately. Accaylg,
efficiency scale score for the firhcan be measured using

TEjcrs
PTE;vrs

efficiency scale scores, T&s is technical efficiency
under CRS and PTEks is pure technical efficiency score
under VRS. If score SE = 1 this shows the efficieof
scale and if score SE <1 shows the inefficiencgaafle.
Inefficiency of scale can be attributed to the &=se of
either increasing or decreasing returns to scale.

This paper employs BCC maximizing output
orientation model using the DEA method. Table 2
provides a list of inputs and outputs employechin DEA
method:

the following formula ; SE; = where SE is the

Table 2Summary of definitions of inputs and outputs in
the DEA analysis

Variable | Measurement Description of variable
unit

Outpu
Dry cocoa | Kilogram (kg) = Quantity of dry cocoa
beans beans produced
Input
Tree Years Age of tree
Labour No. of people | Quantity of labour
Fertilizer Kilogram Quantity of fertilizer used
Pesticides | Litter Quantity of pesticide used

Cocoa tree  No. of trees | Quantity of cocoa trees

planted

4. Result and discussion

This section discusses the findings of technictitiehcy
derived from equation (1). Estimation for DEA isred
out using DEAP program version 2.1.

Table 3. Summary Statistics of Input and Output of
Cocoa Production

Production variables Number @ percentage
Cocoa
Output:
<500 kg 156 48.2
) 501-1000 kg 72 22.:
Dried 100+1500 50 15.E
cocoa kg
beans >1501 k¢ 45 14
Input:
<20litters 262 81.4
Pesticide  21.40litters 49 15.2
41-60 litters 11 3.4
<200 kg 52 16.1
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201-400 k¢ 79 245
401-600 k¢ 75 23.2
Fertilizers  601-800 k¢ 25 7.7
801-1000 k¢ 43 13.2
>1001 k¢ 49 15.2
< 5year: 131 40.€
The age of ' 5.10 years 121 37.5
the cocoa ' 11.15 years 31 9.6
tree > 16 years 40 12.3
< 500tree 10€ 32.¢
501-1000 139 43.0
Number of  rees
cocoatrees 1001-1500 18 5.6
planted trees
15012000 38 11.€
trees
>2001trees 22 6.8
One persao 15E 48.C
Labor 2-3person 14¢ 46.1
More than 19 5.8
3persons
Number of farmers 323 100.0

Source: Survey, 2013

The summary of statistics in Table 3 shows the
descriptive statistics of inputs and outputs usedhie
production of cocoa. Output variable indicatesritbenber
of cocoa beans, which are measured by weight in
kilograms produced by smallholders in the periocioé
year (January to December 2013). According to the
descriptive information in the table, more thanpé8cent
(156 farmers) smallholders produced up to 500 kdots
of cocoa beans per year and 22.3 per cent or afut
farmers produced 501-1000 kilograms of cocoa bpans
year. Meanwhile around 50 and 45 smallholder @beo
each produce over 1000 kilograms and 1500 kilograins
cocoa beans per year.

As for the for the input variables, a totalfiel inputs
have been identified, namely pesticides, fertiszeocoa
tree age, number of cocoa trees that have stanténgg
out produce and number of workers. Pesticide was
measured in terms of liters for a period of onarye
According to the statistics, it can be concludeat tthe
use of pesticides by cocoa farmers was up to 6@slia
year. However, 81 per cent or about 263 of theny onl
used around 20 liters and below. It is intersetmgote
that farmers who use more than 40 to 60 litees albout
11 people or 3.4 per cent compared to 15.2 per oamn
used more than 20-40 liters of pesticides per year.

In addition, the use of pesticide also showsying
values. Based on the statistics, the highest amtnaiu
fertilizer used by 43 cocoa smallholders in oneary
ranged between 2001-400 kilogram followed by 401 to
600 kilograms, meanwhile the minimum mmount of
fertilizer used ranged between 801-1000 kg per.year

The age of cocoa tree also showed that therityaof
131 or 40.6 per cent cocoa farmers had cocoas tref

less than 5 years old. Nevertheless, a total dffaémers
had very productive cocoatrees ranging betweem Bt
years. At this age, cocoa plants produce moreattan
less than 5 years of age. However, a small nurober
farmers between 31 and 40 farmers each had dreEs
aged between 11 to 15 years old and more than d6.ye
Typically, cocoa trees aged over 10 years willeha
declining production compared to the younger oriegs
crucial to note that a total of 106 farmers hapeto 500
while 139 farmers have between 501 to 1000, 1/8das
have between 1001 to 1500, 38 farmers have between
1501 to 2000 and 22 farmers have more than 2001
matured productive cocoa trees.

Another variable input used by cocoa smatiapl is
labor. From the point of view of numbers , it wasitfid
out that a total of 155 farmers were assisted bg o
worker and 149 farmers had two to three worketsgs T
represents a small percentage of 5.9 a total darfi@ers
whowere being assisted by more than three worHléis.
difference in the use of labor may be due to sévera
factors such as the size of the area of land ety and
may be because farmers do other other jobs ohizer t
cocoa farming.

Table 4. Mean Technical Efficiency Score of
Smallholder Cocoarfers

CRS VRS
TE PTE SE
Minimum 0.067 0.106 0.148
Score
Standarc 0.23( 0.25¢ 0.18:
Deviation
Mean Score 0.447 0.576 0.804
Efficiency Score =1
No. of 8 38 17
farmers (2.5%) (11.8%) (5.3%)
Efficiency score<1
No. of 315 285 306
farmers (97.5%) (88.2%) (94.7%)
323 323 323
Total
samples
Note:
TE : Technical Efficiency
PTE : Pure Technical Efficiency
SE : Scale Efficiency

Table 4 shows the statistics of the resufitchnical
efficiency for cocoa smallholders in Malaysia. Ei@ncy
scores ranged from 0 to 1. It shows efficiency infler
smallholder cocoa farmers in Malaysia for the piitun
year 2013. More than 85 percent of cocoa smalllslae
Malaysia have efficiency score less than one fath bo
technical efficiency measures under CRS and VRS. It
reveals that majority of cocoa farmers do not poedat
the optimum level of output under the existing teabgy
and inputs combinatiorThe number of efficient farmers
measured under CRS is lower than that of VRS.
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Specifically, under CRS, 8 out of 323 smallholdeere
classified as efficient while under VRS, a totaBB8fsmall
farmers were efficiently classified. Differences istx
because the technical efficiency index of cocoanéas
estimated under CRS is based upon the assumptain th
farmers will maximize output from the currently dable
resources. However, this assumption is not relefant
cocoa farmers who do not operate at its optimunellev
because they are yet to fully utilize the availaiglgources
efficiently.

From the analysis, the average score ofieffay for
farmers measured using CRS was 0.447 (or 44.7%3. Th
indicates that the smallholders can expand thepuiwp
to 55.3 percent using the same combination of spé&bor
efficiency measured under VRS, the index can be
observed from two aspects; Pure Technical Effigienc
(PTE) and Scale Efficiency (SE). Results show that
inefficiency due to PTE is higher than SE. Thidbésed
on the mean SE efficiency score of 0.827 whichighér
than the mean PTE score of 0.576. The PTE score val
indicated that cocoa smallholders can expand théjut
up to 42.4 percent at the level of existing techggland
inputs.

4.1.  Scale Efficiency Scores of Cocoa Farmers
Table 5. Scale Efficiency of Cocoa Farmers
Scale Efficiency Number of farmers
IRS 30C
CRS 18
DRS 5
No. of farmers 323

Table 5 shows the analysis of SE for all 323 cocoa
farmers in the study. These scores may be decompose
into three types of returns; increasing return tale
(IRS), decreasing return to scale (DRS) and cohstan
return to scale (KRS). For IRS, the percentage ghaf
cocoa beans (output) is greater than the percectagege
in the input. In DRS, the percentage change in wduitp
smaller than the percentage change in input. Bin@RS
shows the percentage change in cocoa input is ¢t
percentage change in output.

The analysis of the scale returns show thaiagority
of 92.8 per cent cocoa smallholders (300 farmens) i
Malaysia are on a scale of increasing returns. IRt
was found to be the best option for improving the
productivity of cocoa which may lead to reductionthe
average cost of production. This has an implicafian
smallholders operating on IRS of being able ofrmdpce
output that will meet the market demands at a loveest
compared with cocoa farmers from other countries.

5. Conclusion

Technical efficiency is an important determinant of
competitiveness especially for smallholder cocoanéas

in Malaysia. This paper re-examine this matter thas
scrutinized by [16] in 1990. The results of thisdst show
that most of the cocoa farmers in Malaysia arereeiily
inefficient due to poor management and usage aft&p
Based on the findings, the Malaysian Cocoa Boaadiish
organize refresher courses to engage the farmeis wi
activities and programs that could help them imprtieir
technical efficiency. This was due to the low efficy
scores obtained from the DEA analysis which shothat
smallholder cocoa farmers need to be efficienthiéyt
wish to remain competitive in the industry. For sthi
objective to be achieved cocoa farmers must benglyo
committed to achieve this objective however, teiguires
their strong commitment as well as other agencies
involved. Relevant policies too should be pursudictv
will directly have a positive bearing on the effiocy of
the cocoa farmers.
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