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Malang, Kediri, and Mojokerto Regencies. A structured questionnaire
was used to collect data on inputs and outputs. A meta-frontier data
envelopment analysis (meta-DEA) approach was used to measure the
technical efficiency of sugarcane farming in each research area. The
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sugarcane farmers in Malang regency have lower managerial skills for
decision-making and a lower level of production technology compared
to the other two regions. Based on the findings of this study, the
government should improve technological innovation to mitigate the
technology gap that was found in our research location.
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1. INTRODUCTION

In the last decades, agricultural intensification has boosted productivity to meet the increasing global demand for
agricultural products. However, this effort has not yet generated maximum results (Dong et al., 2016). Many
agricultural production activities in developing countries are inefficient due to managerial incompetence, low levels of
technological innovation, and lack of government support (Ullah, Silalertruksa, Pongpat, & Gheewala, 2019).
Therefore, special efforts need to be made to increase the agricultural sector’s contribution to the national economy.

In Indonesia, sugarcane is a strategic commodity for the national economy. It has high forward and backward
linkages and plays an essential role in the value chain. Lin and Chen (2015) asserted that an essential role of
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sugarcane is as a raw material for granulated sugar, which Indonesian customers purchase for direct consumption or
the food and beverage industry. Additionally, the industry absorbs labour through sugar factories and sugarcane
farming in rural areas. The 2019 industry labour data shows that 74% of workers in the industry, 995 thousand
workers, were sugarcane farmers, and the remaining 26% worked in the sugar production process (Ngadi & Nagata,
2022).

According to the Food and Agriculture Organization of the United Nations (FAO) (2018), between 2014 and
2018, the average sugarcane production in Indonesia experienced a slowdown of 5.14%, with an average production
of 23.6 million tons and an average harvested area of 442 thousand hectares. Likewise, the growth rate of the
sugarcane harvested area declined by 2.39% annually. This decline between 2014 and 2018 was caused by a 6.91%
decrease in the number of smallholder plantations (Widyasari, Putra, Ranomahera, & Puspitasari, 2022). Sugarcane
productivity fluctuates every year, with an average annual productivity of 53.45 tons per hectare. The highest
productivity was recorded in 2015, with 55.61 tons per hectare. In line with the declining growth rate in production
and harvested area, the average productivity growth rate also slowed by 2.76%.

Indonesia must intensify its sugarcane production to meet the demands of a growing population that is earning
increasingly higher incomes. The Organization for Economic Co-operation and Development (OECD) (2020)
reported that the average sugar consumption in Indonesia between 2016 and 2020 was 7 million tons, while the
average sugar production was only 2.2 million tons. Since domestic production could not meet domestic demand,
imports made up the deficit of 4.7 million tons. An alternative would be to achieve production efficiency in sugar
factories and sugarcane farming, especially in sugarcane production centres.

East Java Province is one of Indonesia’s production centres. Based on data collected by Artikanur, Widiatmaka,
Setiawan, and Marimin (2022), the regencies with the largest harvested area, production, and productivity are Kediri,
Malang, and Mojokerto. However, these areas have different productivity and production levels due to differences in
the availability of natural resources (resource endowment) and technological infrastructure. This disparity can be
influenced by capabilities, cultural characteristics, facilities and infrastructure, and climate. O’Donnell, Rao, and
Battese (2008) asserted that gaps could include the use of different sets of technologies, the availability of human and
financial resources (e.g., the type of machine, workforce size and quality, and access to foreign exchange), natural
resources (e.g., soil quality, climate, energy), and other physical, social, and economic environments where production
takes place. Previous research by Francis, Samuel, and Samuel (2020) found that sugarcane farming in developing
countries had not yet reached optimum efficiency, presumably due to the ratoon farming system practised by most
farmers and the use of local seeds. Carrer, de Souza Filho, Vinholis, and Mozambani (2022) argued that sugarcane
farming could still be optimised to achieve full efficiency, especially in countries with high agricultural potential. In
Indonesia, research on sugarcane farming has also found technical inefficiencies. For example, Yusuf, Jamhari, and
Irham (2020) revealed that sugarcane farming in East Java, whether employing the plant cane or the ratoon cane
system, was still technically inefficient. Widyawati (2020) showed that sugarcane farming with the plant cane system
was more technically efficient than the ratoon cane system. Meanwhile, Ambetsa, Samuel, and Samuel (2020) and Ali
and Jan (2017) discovered that fertilisers, seeds, and labour were the factors that most affected the production and
technical efficiency of sugarcane farming.

Extensive research has been conducted on sugarcane farming efficiency, covering different developing countries;
however, these studies have only measured the technical efficiency of sugarcane farming (Carrer et al., 2022; Francis
et al., 2020), compared efficiency levels based on cultivation techniques (Widyawati, 2020), and identified the factors
affecting technical efficiency levels (Ali & Jan, 2017; Ambetsa et al., 2020). To date, little research on sugarcane
farming has simultaneously examined technical efficiency levels and gaps in technological inefficiency (GTI) and
managerial inefficiency (GMI), especially in Indonesia. Therefore, this study analysed the differences in technical
efficiency levels and the gaps in technological and managerial inefficiency in sugarcane farming in three locations in
East Java Province using meta-frontier data envelopment analysis (meta-DEA).

2. RESEARCH METHODS
2.1. Research Data

The sample of farmers in this study was recruited using multi-stage sampling from the selected sugarcane
production centres in East Java Province, which contributed 80% of the national sugarcane production. The selected
production centres in East Java were Kediri, Malang, and Mojokerto Regencies, based on their high production
quantity, harvested land areas, and productivity levels. One district was selected from each regency. Then, four
central villages were selected from each district. The number of farmers recruited as the sample of this study was
148. The primary data were collected using a survey during the 2019/2020 sugarcane planting season.

2.2. Data Analysis

The efficiency analysis in this research was limited to technical efficiency. In the meta-DEA method, the
efficiency measurement does not calculate the average value but the relative efficiency of using production inputs.
The input variables were land area, sugarcane seeds, N fertiliser, P fertiliser, K fertiliser, S fertiliser, pesticides, and
labour. Meanwhile, the study’s output variable was sugarcane production. The DEA efficiency approach is non-
parametric. Ramanathan (2003) stated that in the DEA model, multiple inputs and outputs are aggregated linearly
using weighting. The input used by a farmer is thus the linear sum of the weights of all the inputs used and can be
formulated as in Equations 1, 2, and 3.
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The model was estimated using the Data Envelopment Analysis Program (DEAP) version 2.1. The meta-frontier
function obtained from the DEA approach was carried out using Equation 4.

Maxe, 2, Pir

Subject to
—Pybyy + Bigdir = 0
;e — Ajdiy = 0;
Aig =0 4)
Where:

bi¢ is vector M X 1 sum of outputs from the ith decision—making unit (DMU) in period t, ajis vector N X 1 sum of
inputs from the i UKE in period t, Bi; is vector M X L sum of outputs from total UKE (L = the total number of
UKE), Aj is vector N X L sum of inputs from the total UKE, 4;; is a weighting vector, and @;; is a scalar.

This study used the DEA approach, with meta-frontier analysis carried out for three research sites. All three had
different characteristics, which were identified using the meta-frontier analysis. If we assume that the input vector is
X and the output is y, then the set of technologies that the producer has in their production is expressed as Equation
5:

T={X,y):X=0,y =0} (5)
Related to the set of meta-technology, namely the use of inputs and the results (outputs), the representation of
the output set in meta-frontier technology is expressed as Equation 6:
P(X) = {y:(X,y) €T} (6)

The transformation of production inputs into outputs in the set of technologies will result in the highest
production frontier or limit. If there are factors that affect production, including differences in location
characteristics, the achievement of production efficiency in the meta-frontier analysis by region will be different. The
lower the efficiency of a group compared to other groups, the lower the efficiency value will be in the meta-frontier.
The following equation relates to the distance between the meta frontier and the achievement of producers
(sugarcane farmers) in this study.

D(X,y) = infg {6 > 0; (X) € P(X)} ()

The production distance in Equation 7 (D(X,y)) states that the input set used by the producer will produce
maximum output in the observation ((X,y);) and can be considered technically efficient in the meta-frontier if and
only if D(X,y) = 1. This means that, when there is no distance, the ratio of the output achievement to the frontier is
the same (D (X, y) is equal to 1).

If K indicates the region, then the technology set in that particular region is as in Equation 8.

TK ={(X,y): X =0,y = 0} (8

Meanwhile, the technology and related outputs and the production distance per area in question are as in
Equations 9 and 10, respectively.

PEX) = {y:(X,y) e T¥} (9
DX(X,y) = infy {0 > 0; (X) € PX(X)} (10)

Suppose group technical efficiency (GTE) and technical meta efficiency (TME) denote the technical efficiency of
the meta frontier, and (meta-TE) denotes technical efficiency in each region (group frontier) or region-TE (Figure 1).
In that case, the results of the analysis in the group frontier and meta-frontier will produce a technology gap ratio

(TGR) or meta-technology ratio (MTR), respectively. Each is represented in Equation 11.

0< MTR =2£ <1 (11)
GEE

If the MTR is close to 1, the technological heterogeneity is lower, and the frontier group will be closer to the meta
frontier and vice versa (Chiu, Liou, Wu, & FFang, 2012).

The MTR also provides information about the differences in DMU technology in various groups in the meta
frontier. This also means that factors outside of the technical aspects of input and output impact inefficiency. For
instance, site-specific characteristics are considered factors that influence inefficiency. Chiu et al. (2012) promoted the
method of decomposing DMU inefficiency in meta-frontier analysis. This decomposition of inefficiency in the meta
frontier leads to a distinction between managerial inefficiency (GMI) and technological gap inefficiency (T'GI). These
are formulated as in Equation 12 and 13, respectively:

TGI = GEE (1-MTR) (12)
GMI = (1-GEE) (13)
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Figure 1. Meta-frontier and group frontier.
Note: * = Final point of 7 curve.
Source: O’Donnell et al. (2008).

TGI provides information related to the level of inefficiency of DMU in its group and efficiency in its meta-
frontier. The closer the DMU is to the meta-frontier, the smaller the TGI value. The farther the efficiency of the
DMU in the group from the efficiency of the group environmental efficiency (GEE) if higher than the meta-frontier
environmental efficiency (MEE), the more inefficient the DMU is.

GMI is a decomposition of managerial-related inefficiency. This is an inefficiency in a specific group frontier,
which indicates the ability to achieve lower input productivity than it should be able to achieve in that group. This is
caused by a lack of managerial skills or failure in production at the DMU.

Finally, the last measure, the aggregation of managerial failure and technology gap, is referred to as
environmental inefficiency (managerial and technology inefficiency = MTT). It is formulated as follows:

MTI = TGI+GMI (14)
Where MTTI is environmental inefficiency, TGI is technology inefficiency, and GMI is managerial inefficiency.

3. RESULTS AND DISCUSSION
3.1. Descriptive Statistics

This section discusses the descriptive statistics of the variables used in this study, including the measurements,
mean values and standard deviations. Table 1 shows that the average sugarcane yield produced by farmers was 940
kg per season, with an average total area of 1.06 ha. The inputs used included fertilisers, pesticides, and labour. The
four types of fertilisers used by sugarcane farmers were N fertiliser with an average value of 261.6 kg per season, P
fertiliser with an average value of 89.9 kg per season, K fertiliser with an average of 89.7 kg per season, and S
fertiliser with an average of 131 kg per season. Meanwhile, farmers' average use of pesticides was 10.19 kg per
season, and the average labour was 555.49 working days per season.

Table 1. Descriptive statistics.

Variable Measurement Mean Std. dev.
Production Sugarcane production in quintals per season 940.007 755.858
Area Total harvested area in hectares 1.066 0.851
N fertiliser Total N fertiliser input in kg 261.626 189.067
P fertiliser Total P fertiliser input in kg 89.983 68.964
K fertiliser Total K fertiliser input in kg 89.780 69.075
S fertiliser Total S fertiliser input in kg 131.253 97.841
Pesticide Total pesticide input in litres 10.194 9.449
Labour Labour in working days 555.497 867.749

3.2. Analysis of Technical Efficiency and Technological, Managerial, and Environmental Gaps Between Sugarcane Production
Areas

The technical efficiency in the research areas varies because each location has different input capabilities to
produce different outputs. If each research location is analysed separately, the value of technical efficiency cannot be
compared regionally because each region has different technologies (Syafrial, Rahman, & Retnoningsih, 2021) and
environments, specifically, resources and climatic conditions (Rahman et al., 2022b; Rahman, Huang, Toiba, & Efani,
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2022a). The efficiency value does not capture the different technical efficiency levels between regions caused by
differences in the production inputs' environment (resources and technology). Therefore, a meta-analysis is needed to
compare technical efficiency between regions. Table 2 shows the distribution of the technical efficiency comparison
between the research locations against the meta at various efficiency levels. Table 8 shows the average value of
regional/group technical efficiency (GTE), technical meta efficiency (TME), and the technology gap ratio (TGR) in
the three research locations.

Table 2. Distribution of comparative technical efficiency between research sites.

TE Kediri Malang Mojokerto
value

Number (%) Number (%) Number (%)
1,000 7 38.88 6 38.8 5 27.77
0.836-0.999 11 61.11 1 5.55 6 33.38
0.677-0.835 18 39.18 12 26.08 16 34.78
0.518-0.676 10 20 20 40 20 40
0.359-0.517 2 12.5 11 68.75 3 18.75
Average 0.783 0.654 0.720
Standard deviation 0.151 0.170 0.155

Efficiency patterns among sugarcane production centres were analysed using meta-DEA. The results of the
analysis involving 148 respondent farmers showed that the average value of the meta-technical efficiency in the three
regions was 0.719. This shows that, on average, farmers could reduce their inputs by up to 28.1% without
compromising the output. Dlamini, Rugambisa, Masuku, and Belete (2010) also stated that the sugarcane farmers
they observed tended to use inputs excessively. Based on the meta-technical efficiency value, 18 individuals or 11.8%
of sugarcane farmers were fully efficient, seven (38.88%) from Kediri Regency, six (83.83%) from Malang Regency,
and five (27.77%) from Mojokerto Regency. Fully efficient farmers could become peers or trailblazers for other
farmers who have not achieved full efficiency. Most of the sugarcane farmers with low technical efficiency scored
between 0.359 to 0.999, which indicates a potential to reduce production inputs by up to 43.1%.

Table 3. Averages and standard deviations of meta-technical efficiency, region technical efficiency, and
the technology gap ratio.

Location TE region | TE meta TGR
Average Kediri 0.860 0.783 0.954
Malang 0.767 0.654 0.848
Mojokerto 0.814 0.720 0.886
Std. dev. Kediri 0.152 0.151 0.043‘
Malang 0.152 0.170 0.086
Mojokerto 0.153 0.155 0.089

The data presented in Table 3 indicate the average value of meta-technical efficiency (meta-TE) in the three
research locations. Kediri Regency shows the highest technical efficiency compared to the other two regions, while
Malang Regency shows the lowest technical efficiency. On average, Kediri farmers' technical efficiency is lower than
the regional or regional-group level.

This is because the meta-technical efficiency analysis used data from all samples across the regions. Farmers with
the best technical efficiency at the meta-level could be peers for other farmers, while efficiency at the group level only
shows the best technical efficiency at the group level.

The average technical efficiency of sugarcane farmers in Kediri Regency in terms of meta (MEE) is higher than
in the other two regions, at 0.783, with an average regional technical efficiency (GEE) of 0.860. This shows that in
the meta between the three research locations, there is still a 21.77% potential to achieve optimal production, and
inter-regionally this potential is 14%. The decomposition of the meta-TE in Kediri Regency is indicated by the TGR
value, which is the ratio between MEE and GEE. It has an average of 0.945 with a standard deviation of 0.051. With
a TGR value close to 1, Kediri Regency has the lowest TGR and meta compared to the other two regions (meta
4.6%).

Sugarcane farming carried out by farmers in Mojokerto Regency shows an EEC value of 0.720 and an MEE of
0.814. This shows that in the meta between the three research locations, there is still potential to achieve optimal
production by reducing inputs by 28% and inter-regionally by 18.6%. The average TGR value of sugarcane farming
in Mojokerto Regency is 0.886, with a standard deviation of 0.092.

This shows that there is still an inefficiency in sugarcane farming technology as its meta is 0.114 or 11.4%.
Meanwhile, the average achievement of meta-technical efficiency of sugarcane farming in Malang Regency was lower
than in Kediri and Mojokerto Regencies, at 0.654. The average TGR value of sugarcane farming in Malang Regency
against its meta was 0.844, with a standard deviation of 0.051, indicating an inefficiency of sugarcane farming
technology of 0.156 or 15.6%.
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Table 41. The values of technology gap inefficiency (TGI), gap managerial inefficiency (GMI), and managerial and technology
inefficiency (MTT) in the three research locations.

TGI GMI MTI
Regency
Average Std. dev. Average Std. dev. Average Std. dev.
Kediri 0.038 0.037 0.179 0.152 0.217 0.151
Malang 0.113 0.073 0.233 0.152 0.346 0.170
Mojokerto 0.093 0.082 0.186 0.152 0.280 0.154
Total 0.082 0.075 0.200 0.153 0.282 0.166

Further meta-DEA analysis was conducted to examine the environmental inefficiency of each region (Table 4).
This was accomplished by decomposing the group technology gap to its meta (TGI) and the managerial gap between
regions to its meta (GMI). As such, environmental inefficiency is also referred to as managerial and technology gap
inefticiency (MTT). TGI is meta-technical inefficiency stemming from the use of resource technology, while GMI is a
meta-technical inefficiency stemming from managerial skills.

The analysis results show that the average technical inefficiency of sugarcane farming between regions is
primarily due to managerial skills, which is indicated by the average GMI value of 0.200, which is greater than the
average TGI value of 0.082. Ullah et al. (2019) stated that a higher GMI value indicates regional performance
variability. This suggests that farmers do not manage resources efficiently and/or they do not benefit from the
services offered by sugar factories and the government.

Malang Regency’s average TGI value against its meta is higher (0.113) than those of Kediri Regency (0.038) and
Mojokerto Regency (0.093). This indicates that the average sugarcane production efficiency in Malang Regency is
the lowest compared to the other two regions. A possible explanation is that most Malang Regency sugarcane
farmers do not regularly replace sugarcane plants every three to four years for rejuvenation. Unlike farmers in Kediri
and Mojokerto, they are also more open to the development of new varieties, so their technological gap is smaller. In
sugarcane cultivation, especially with the ratoon system in the third cycle onwards, sugarcane productivity will
decrease because the soil starts to harden, the tillers” diameter becomes smaller, and the sugarcane plants are more
prone to dying (Balittas, 2015). Also, most sugarcane farmers in Kediri and Mojokerto regencies used agricultural
mechanisation in their farming activities, such as ploughs, tillage at first planting, and root breaking in ratoon
cultivation. They did so to reduce labour costs and improve time efficiency.

The managerial gap value (GMI) in Malang Regency is also the highest at 0.233. Sugarcane farmers in Malang
Regency have lower managerial and decision-making skills regarding input allocation and the rejuvenation of
sugarcane plants that are more than four years old. On average, the sugarcane farmers in Malang Regency have the
lowest level of formal education. Also, as they have more experience in sugarcane farming compared to the farmers in
the other two regencies, they prefer to use familiar technologies that they have used for a long time rather than
adopting new technologies with more potential.

4. CONCLUSION

Based on the results of the meta-DEA analysis, the average technical efficiency in the three regions in East Java
against its meta (MEE) is 0.719. Kediri Regency shows the highest value at 0.783, Mojokerto Regency scored 0.720,
and Malang Regency 0.654. In terms of the average GEE value in each region, Kediri Regency also had the highest
value at 0.860, followed by Mojokerto Regency at 0.814 and Malang Regency at 0.767. The TGR value in Kediri
Regency was the highest at 0.954, meaning that it had the lowest gap, followed by Mojokerto Regency.

The decomposition results from the meta-DEA analysis show that, on average, the meta-technical inefficiency
originates from managerial gaps, as indicated by the fact that the average value of GMI was greater than that of TGI.
The managerial gap in this study refers to decision-making on cultivation systems, input allocation, sale systems, and
the adoption of the latest technological innovations, such as new varieties and the selection of fertilisers according to
land needs. This gap must be minimised to achieve technical efficiency. The largest managerial gap (GMI) was in
Malang Regency at 0.233. This shows that the managerial skills of sugarcane farmers in Malang Regency are
relatively lower than in the other two regions.

Concerning the three research areas' technical efficiency, as measured using meta-DEA, the average meta-
technical efficiency in Malang Regency was the lowest, meaning that production was low. Therefore, farmers need to
familiarise themselves with alternative production technologies to minimise production costs and input prices
without compromising productivity.

The results of the decomposition of technical efficiency using meta-DEA show that the technology gap between
production areas is not too high. However, the technological gap between regions can be corrected if farmers
practising ratoon system cultivation rejuvenate their plants to improve plant and soil quality for the upcoming
planting season. Rejuvenation of plant quality can be done by rotating the sugarcane plantations with seasonal crops
that suit the existing land conditions and using organic matter to regenerate the organic content in the soil.

The managerial gap is the primary source of meta-technical inefficiency between regions. Farmers need to
receive continuous professional development, support, and training from sugar factories, as well as the government
and related agencies. Most sugarcane farmers lack innovation, initiative, and motivation to achieve high levels of
productivity and yield. Incentives could motivate farmers to reduce managerial failure.
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