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ABSTRAK
Program Upsus adalah program nasional yang dirintis pada tahun 2014 dan mulai diterapkan secara besarbesaran pada tahun 2015. Dalam program ini, padi mendapatkan porsi terbesar dari anggaran pemerintah, dan
diharapkan dapat meningkatkan produksi beras melalui peningkatan luas areal panen dan produktivitas. Target
yang ditetapkan adalah bahwa Indonesia akan mencapai swasembada beras lagi dalam tiga tahun. Setelah itu,
targetnya adalah Indonesia dapat memelihara keberlanjutan swasembada beras, mencapai surplus untuk ekspor
setelah 2017, dan dalam jangka panjang Indonesia akan menjadi lumbung pangan dunia pada tahun 2045. Saat
ini, program tersebut telah dilaksanakan selama lima tahun dan analisis dampak dari penerapan program Upsus
terhadap sisi efisiensi biaya dan daya saing produksi beras Indonesia ini penting untuk dikaji. Makalah ini
bertujuan untuk membahas kerangka teoritis dan konseptual pengaruh program Upsus terhadap peningkatan
efisiensi biaya dan daya saing produksi padi pada tingkat usaha tani. Alat analisis yang dapat digunakan untuk ini
adalah perbandingan antara sebelum dan sesudah implementasi program Upsus yang terdiri dari regresi fungsi
stochastic frontier cost (SFC), policy analysis matrix (PAM), analisis distribusi kepadatan kernel, dan model
regresi berganda pengaruh peningkatan efisiensi biaya terhadap perubahan daya saing. Beberapa rekomendasi
kebijakan yang dihasilkan dari pembahasan makalah ini berguna untuk lebih membantu meningkatkan strategi
implementasi selanjutnya dari program Upsus pada padi.
Kata kunci: daya saing, efisiensi biaya, kerangka analisis, padi, program
ABSTRACT
The Upsus (Special Effort) program is nationwide and massive. This program was initiated in 2014 and started
to be massively implemented in 2015 and prioritized rice in term of government spending and was expected to
increase rice production by enhancing harvested area and yield. It was targeted that Indonesia would achieve rice
self-sufficiency again within three years, aim for sustainability, accomplish a surplus for export after 2017, and the
country will become the world food barn in 2045. This program has been carried out for five years, and an
analysis of the effects of the implementation of this program on the cost efficiency and competitiveness of
Indonesian rice production is urgent. This paper aims to discuss the theoretical and conceptual framework of the
Upsus program's effects on rice farm cost-efficiency and competitiveness. Analysis tools used for this purpose
were before and after implementing the Upsus program such as stochastic frontier cost function regression, policy
analysis matrix (PAM) analysis, kernel density distribution analysis, and multiple regression models. Some policy
recommendations are useful for further improving the next Upsus program implementation strategies on rice
production enhancement.
Keywords: competitiveness, cost efficiency, framework of analysis, rice, Upsus program

INTRODUCTION

The Upsus program is a response to the
instruction of the President of Indonesia of the
2014‒2019 period to achieve sustainable rice,
corn, and soybean self-sufficiency in three

years. In this program, rice got the most
considerable portion of government spending
and was expected to increase rice production by
increasing the harvested area and productivity.
All strategies are meant to increase the planting
activities, harvested areas, and productivity by
providing favorable conditions for paddy growing
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and input use efficiency. These are expected to
increase cost efficiency and farmers’ income.
As incentives are provided to farmers,
sustainable rice self-sufficiency is expected. In
the medium term, rice is expected to be an
export commodity, and in the long term,
Indonesia will be a world food barn in 2045
(MoA 2017). This means that attention to issues
affecting the rice cost efficiency and
competitiveness become very important.
There is still no study about the Upsus
program’s effects on the competitiveness and
cost efficiency of rice production in Indonesia.
Past studies (before implementing the Upsus
program) have mixed results. Several studies
showed that East Java and Central Java
Provinces have no marginal comparative and
competitive advantage (Gonzales et al. 1993;
Antriyandarti 2015). However, the studies of
Agustian et al. (2014) and Antriyandarti (2015)
revealed that West Java Province has both
comparative and competitive advantages.
Nevertheless, based on the study of Gonzales
et al. (1993), West Java does not have
comparative and competitive advantages. It has
lower cost efficiency than East Java and Central
Java, although higher than those of North
Sumatra and South Sulawesi (Antriyandarti
2015). The study of Bordey et al. (2016) found
that Indonesia (West Java) does not have cost
competitiveness
compared
to
Vietnam,
Thailand, and India as rice exporting countries.
Some studies analyzed the socio-economic
effect and performance of the implementation of
the Upsus program on rice. Saptana et al.
(2016) evaluated the implementation of the
Upsus program in Klaten Regency of Central
Java and found that it has shown good
performance in terms of planting area,
productivity,
and
production.
Using
a
participatory research approach in the
Wonosobo Regency of Central Java Province,
Nugroho et al. (2017) reported that farmers'
knowledge about the program assistance
component is still not maximized. Sari and Sjah
(2016)
studied
the
Upsus
program
implementation in East Lombok Regency of
West Nusa Tenggara Province using a
descriptive method analysis. The result reveals
that there was an improvement in the production
of rice. However, there were problems at the
level of both farmers and extensions workers.
Using the Cobb-Douglas production function
method, Wijaya et al. (2016) analyzed rice farm
input allocation's effectiveness under the Upsus
program at the Tabanan Regency of Bali
Province. They found that all inputs significantly
affect the output, but the allocation of inputs has
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not reached the expected efficiency level. Using
structural econometric modeling, Busyra (2017)
concluded that the Upsus program on rice has a
positive effect on the GDP of Tanjung Jabung
Timur Regency of Jambi Province. Using the
ethnographic study approach, Hamyana (2017)
evaluated the Upsus program's implementation
on rice in the Bondowoso Regency of East Java
Province has a positive effect but had little
impact on the marginalized people and
communities. Using a path-method of analysis,
Krisnawati et al. (2018) indicated the direct
positive impact of the program on poverty in the
Eastern Region of Indonesia. The indirect effect
on rural poverty is through rice production and
the GDP of the food crops sub-sector in
Indonesia's western and eastern regions.
However, these studies cannot serve as
bases for answering whether or not the Upsus
program has contributed to making rice
production in Indonesia more competitive and
cost-efficient. This aspect is crucial because
after rice self-sufficiency was achieved again in
2017, the GOI will focus the Upsus program to
maintain sustainable
self-sufficiency and
promote rice export. For this reason,
improvement of the cost efficiency and
competitiveness of rice production is very
important. As a nationwide and massive
program, no study has measured and
investigated the Upsus program's effect on rice
production cost efficiency and competitiveness
in Indonesia comprehensively.
This paper aims to discuss the theoretical
and conceptual framework of the Upsus
program's effects on increasing rice farms' costefficiency. This paper discusses a comparison
between before and after implementing the
Upsus program to determine its effects. This
information can serve as a method for the next
study to improve the next implementation
strategies and program for Indonesia to achieve
sustainable self-sufficiency and rice export.
This paper is organized to explain the Upsus
program on rice, including the components and
implementation performance based on some
studies in the second section after the
introduction.
The third section shows the
theoretical framework for analysis, which
includes mathematical and econometric models
that can be used to analyze the effect of the
implementation of the Upsus program on cost
efficiency
and
competitiveness
of
rice
production.
The next section shows the
direction of the next implementation of the
Upsus program. The final section is concluding
remarks.
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THE UPSUS PROGRAM ON RICE AND ITS
PERFORMANCE OF IMPLEMENTATION
The Upsus Program on Rice
The Upsus program is an integrated
approach with coordination and integration
among the central government institutions down
to the lowest institutions at the local level.
Included are the Bulog, universities, and the
military. The Ministry of Agriculture (MoA) of
Indonesia initiated the Upsus program or
“Special Program” for increasing rice, corn, and
soybean production in 2014. This program
started to be implemented in 16 provinces in
2015 and massively implemented in all or 34
provinces of Indonesia in 2016. This program is
nationwide and massive and is expected to
increase rice production by increasing harvested
area and productivity. It has been targeted that
Indonesia would achieve rice self-sufficiency
again within three years, then aim for
sustainability, be able to achieve a surplus for
export after 2017, and in long-term Indonesia
will be a world food barn in 2045. The Upsus
program is targeted to address some problems
identified as the causes of Indonesia not
meeting the rice consumption needs of the
population (Table 1). There is a need to address
these problems as soon as possible.
The Upsus program on rice has ten
components (Table 2). Out of these, seven are
national in scope and massive. There are some

program components implemented in specific
locations, namely (1) development of new big
and small dams including irrigation networks
and introduction of deep well and pump
irrigation networks; (2) land optimization
program which only covers locations that have
paddy field with cropping index (CI) equal to or
less than 1, temporarily or previously never
cultivated, and peatland and swamp areas; (3)
development of System of Rice Intensification
(SRI) program which only covers the locations
with
favorable
conditions
for
SRI
implementation; and (4) agricultural insurance
which is only for locations identified as pilot
project areas. The Upsus program also links to
other programs to address farmers' problems on
capital,
transportation,
distribution,
and
marketing in all areas, including strengthening
farmers' group institutions and farmers'
participation, specifically developing irrigation
networks and land optimization. Thus, the
Upsus program has complete components and
is defined as a new technology innovation
approach to increase rice planting areas and
productivity. Increasing planting area, having
two components, namely (i) irrigation network
development; and (ii) land optimization and
increasing productivity through the application of
technology, has three components, namely (i)
development of the system of rice intensification
(SRI); (ii) massive implementation of the
integrated crop management (ICM); and (iii)
control of plant pests and diseases and the
effects of climate change.

Table 1. Factors causing rice production and productivity problems in Indonesia
No.

Item

1.
2.
3.

Fifty two percent of irrigation networks have been damaged.
Utilization of superior seeds at the farm level was only about 47% of the total acreage.
Farmers do not use fertilizer correctly according to time of application and they sometimes use it
over the recommended dosage with unbalanced components.
Farmers give lack of attention to the importance of proper crop management and input usage due to
the lack of knowledge and education of farmers.
Technology innovation and dissemination were weak because of the lack of extension staffs and
farmer assistance.
High cost of labor was due to scarcity.
High losses before harvest time were due to the lack of pest control management and climate
change adaptation problems.
High losses at harvest and post-harvest handling problems were due to the lack of mechanization
and technology.
Lack of coordination and integration among stakeholders and weak capability of farmers were due to
inadequate capital, and access to transportation, distribution, and marketing facilities.

4.
5.
6.
7.
8.
9.

Source: MoA (2015)
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Table 2. Components of the Upsus program on rice in Indonesia
No.

Item

1.

Development of irrigation networks

2.

Land optimization

3.

Development of System of Rice
Intensification (SRI)
Implementation of Integrated Crop
Management (ICM)
Provision of seed and assistance
Provision of fertilizer and assistance
Provision of agricultural equipment
and machinery and assistance
Pest control and the impacts of
climate change
Agricultural insurance
Guidance and extension

4.
5.
6.
7.
8.
9.
10.

Note
Develop new big and small dam and new irrigation networks in
some specific areas, rehabilitate primary and secondary
irrigation networks in all existing areas, and introduce the deep
well and pump irrigation system in some specific areas.
Cover locations which have paddy field with cropping index
(CI) ≤ 1 with paddy field rehabilitation in the specific areas,
tertiary irrigation network rehabilitation in all areas, and
introduce deep well and pump irrigation system for the specific
areas
Only in the specific and favorable areas
All locations using Farmers Field School (FFS) and demo
farms were assisted and tested by University and IAARD.
All areas
All areas
All areas
All areas
Specific and pilot project areas
All areas and links to the other programs in order to address
farmers' problems on capital, and access to transportation,
distribution, and marketing which is carried out through farmer
group development capacities.

Source: MoA (2015)

Five other components of the Upsus program
are provided to support the increase in planting
areas and productivity by providing production
facilities and infrastructure and providing farm
support. Providing production facilities and
infrastructures has three components: (i)
providing seed assistance; (ii) providing fertilizer
assistance; and (iii) providing agricultural
machinery assistance; while providing farm
supports has two components: (i) the
development of agricultural insurance; and (ii)
guidance and assistance. In terms of program
outcome, the Upsus program has increasing
planting areas and productivity through
technology application as the main target focus
in its implementation. Provision of production
facilities and infrastructures and farm support is
a supporter of achieving the target of the
increase in planting areas and productivity.
These two aspects are also set as performance
indicators to measure the level of success in
their implementation.
Table 3 showed that as a national and
massive program, the GOI provided significant
support for rice in the Upsus program. Based
on the Directorate General of Food Crops
(DGFC) and Directorate General of Agriculture
Infrastructure and Facilities (DGAIF) of MoA
(2019) data, expenditure support for the Upsus

program on Rice amounted to around IDR 24
trillion in 2016 and increasing to more than IDR
32 trillion in 2018. This amount does not yet
include the fertilizer subsidy, new big dam
development fund, credit interest subsidy, and
transportation access and networks. Almost all
the program components were implemented and
carried out through farmer group development
capacities.
The performance indicators or outcomes of
the Upsus program implementation were
stipulated in the Minister of Agriculture
Regulation No. 03/2015. The performance
indicators or outcomes of the Upsus program
implementation on rice were an increase in rice
cropping intensity (CI) of at least 0.5 and rice
productivity of at least 0.30 tons/ha of dryharvested grain (gabah kering panen/GKP). It is
equal to 0.25 tons/ha of dry grain ready for
milling (gabah kering giling/GKG). GKG is a
standard quality accounted for in the statistical
data. In the five years of implementing the
Upsus program, the Regulation of the Minister of
Agriculture No. 03/2015 was issued in 2015, and
this was the only released guideline during this
period. This guideline was used as a reference
in implementing the Upsus program until 2019.
The problem is for the following years because
there were no performance indicators that have
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Table 3. Number of locations and volume of the Upsus program on rice activities by component
in Indonesia, 2016‒2018
No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Item

Scope

Location
(province)

Unit

32
31

ha
ha

3,141,153.57
1,386,176.20

Average per
year
1,047,051.19
462,058.73

24

ha

365,280.00

91,320.00

31

ha

3,676,504.36

919,126.09

34
34

tons
tons

58,052.70
20,457,614.06

19,350.90
5,114,403.52

34

unit

280,092.00

93,364.00

34

ha

2,924,553.00

974,851.00

26
34

ha
person

2,304,160.11
172,542

768,053.37
57,514

Development of irrigation networks
Land optimization
Development of System of Rice
Intensification (SRI) a
Implementation of Integrated Crop
Management (ICM) b
Provision of seed
Provision of fertilizer
Provision of agricultural equipment
and machinery
Pest control and the impacts of climate
change
Agricultural insurance
Person for guidance and extension

Cumulative

Sources: DGFC (2019, 2017) and DGAIF (2019, 2018)
Note: a Only one-year implementation amounted to 161,705 ha. In 2017‒2018, the program transformed into other
program and terms named Organic Rice Development and Specific Rice Development. The cumulative of each
program in 2017‒2018 is 179,500 ha and 24,075 ha, respectively.
b
Only one-year implementation amounted to 1,524,412.36 ha. In 2017-2018, the program transformed into other
program and terms named “Jajar Legowo (Jarwo) Farming System”, “Jarwo Super Farming System”, Hazton
Farming System”, “Salibu Farming System” and others. Total cumulative of the program in 2016‒2018 is
2,152,092.00 ha.

been set. Hence, the 2015 performance
indicators were used for the next four years.
Performance of the Upsus Program
Implementation
Table 4 shows the target achievement of the
Upsus program on implementation change in
cropping intensity and productivity indicator
performance. Considering the changes from

2015 to 2018, rice CI showed only a slight
increase. It was less than 2. There is still a
possibility of an increase. However, based on
ICASEPS (2019) report, the rice planting area's
extension to increase CI is difficult for some
provinces. In the 2015‒2018 period, CI at the
national level reached 56% of the target, and
this result shows that the Upsus program failed
in achieving the target of CI increase.

Table 4. Target achievement of the Upsus program on implementation change in cropping
intensity and productivity indicator performance in Indonesia, 2016‒2018
Year
2015
2016
2017
2018
2015‒2016
2016‒2017
2017‒2018
2015‒2018
2015‒2016
2016‒2017
2017‒2018
2015‒2018

Indicator performance
Cropping intensity (time per year)
Productivity (tons/ha)
1.65
5.34
1.74
5.24
1.78
5.17
1.93
5.19
Change cropping intensity (times per year)
Change in productivity (tons/ha)
0.09
-0.10
0.04
-0.07
0.15
0.02
0.28
-0.15
Comparison of change to the target (%)
Comparison of change to the target (%)
18.00
-40.00
8.00
-28.00
30.00
8.00
56.00
-60.00

Source: ICASEPS (2019) and recalculated by author based on CADIS (2018, 2019, 2020) data for extension
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Table 5. Summary of problems regarding the six components of the Upsus program
implementation in Indonesia
Component

Problem summary

1. Development of
irrigation networks

(1) Problems in selecting of location and farmers group based on the selection
criteria; (2) project administration reporting problems; (3) tertiary integration
channels built were not integrated with improvements in the secondary or
primary irrigation networks and dams (still in a damaged condition and
sedimentation accident), and other tertiary networks; (4) relatively short
preparation time negatively affected construction, and cost standards set by
the government for tertiary channel repairs do not meet the needs and the
rehabilitation activities carried out by consultants and contractors resulting in
poor quality facilities.

2. Land optimization

(1) Problems in selecting of location and farmers group based on the selection
criteria; (2) project administration reporting problems; (3) socialization activities
and planning for implementation of Design and Investigation Survey (DIS)
activities were not carried out properly; and (4) water sources and land are not
available for facilities construction.

3. Provision of seed

The seed provided did not match the farmers’ preference (the varieties are not
the same as those proposed by farmers, have poor quality, mixed with other
varieties, and deliveries were late). Different prices among the varieties caused
farmers to be less sure about their quality.

4. Provision of
fertilizer

(1) Distributors are often not timely in distributing fertilizers; (2) some
distributor’s warehouse capacity is lacking (3) farmers groups proposed
chemical fertilizers more than they needed but absorbed by farmers less than
distributed and did not enthusiastic in using organic fertilizer; and (4) frequent
revisions to the proposed needs due to changes in the target planting area
have caused the delay in distribution.

5. Provision of
agricultural
equipment and
machinery

(1) Agricultural equipment and machinery distributed far away from farmers
group location; (2) specification did not fit into local agroecosystem and other
local characteristics (availability of warehouse, workshop and spare parts,
skilled operator, and existing providers).

6. Guidance and
extension

The insufficient number and expertise of agricultural extension worker,
agricultural extension worker did not get additional salaries, overloading
workload of implementation and supervisor teams, change in organizational
structure in the regency level, some key institutions are not in the planning or
implementation organization, and difficulties in coordination and integration
among the parties.

Source: ICASEPS (2017, 2019)

Based on the performance indicator of
productivity improvement, where the target is to
increase productivity by 0.25 tons/ha of GKG, it
shows that the target was also not achieved.
The rice productivity in the 2016‒2018 period
was stagnant and tended to decline. When
compared to that of 2015, productivity in 2018
showed a more significant decline. Aside from
not achieving the target increase, productivity
showed a tendency to level off or a continuous
decline at the national level while the Upsus
program was being implemented. Analysis at
the provincial and district levels is expected to
produce different performance. It will be possible
to find provinces and regencies that achieve
targets and those that cannot reach the targets
set. It is important to know the performance of
each province and regency because the target

set should be different according to the
characteristics of each province and regency.
The study of ICASEPS (2017, 2019) showed
problems in the organization/management and
delivery of six Upsus program components. In
organization/management, since the middle of
2016, the implementation of the Upsus program
is more focused on increasing the planting area.
Increased productivity is no longer a focus, and
the attention of it is diminishing. The parties
responsible for implementing Upsus program at
the provincial and regency levels are required to
report the achievement of an increase in the
planting area, which was initially only once a
week to every day. This change causes the
agricultural officers in the field, especially
agricultural extension workers, to be very
inconvenient. The workload of agricultural
extension workers and Babinsa increased.
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Guidance and assistance focused on recording
the increase in a planting area that must be
reported every day. The participation of tertiary
institutions (university) and the students in
providing technical assistance to increase
productivity was stopped at the end of 2016.
Guidance
and
assistance
to
increase
productivity are reduced and more focused on
increasing the rice planting area. The problems
of delivery of six components of the Upsus
program problems are summarized in Table 5.
There are the same problems in ICASEPS
(2019) report compared to ICASEPS (2017)
report, indicating that there was no significant
improvement in implementing the Upsus
program from 2016 to 2018.
Based on DGFC (2017), the SRI
development
component
and the ICM
movement were ended in 2016 and replaced by
other technology packages that were relatively
new introduced and implemented in early 2017
(see note in Table 3). Increasing the rice CI from
twice to three times a year increases the risk of
rice plants' pests and diseases. Statistical data
shows that national rice pests and diseases
increased by 15.77% in 2016, and increased by
16.50% in 2017 compared to 2015. The
increased area of rice plants that are attacked
by pests and diseases, aside from decreasing
productivity, also increases the value of budget
expenditures to deal with its effects. For the
agricultural insurance, the problem is very little
socialization and promotion, lack of farmers'
perception due to less guidance and extension,
and a one-time pilot project considered not
enough. The insured rice planting area did not
have a significant increase in 2015–2018. Like
the six components in Table 5, neither of these
four components showed any improvement in
implementation in 2017 and 2018.
Some studies analyzed the socio-economic
effect of the implementation of the Upsus
program. The implementation of the Upsus
program on rice in Klaten Regency of Central
Java Province has shown good performance.
Still, it has weaknesses in farmer empowerment
and challenges on the technical, economic, and
institutional aspects (Saptana et al. 2016). There
are technical, economic, and institutional
problems in program implementation, program
support and promotion, and less attention to
farmers' empowerment. The policy strategy
should be focused on farmer empowerment to
strengthen the farmers' technical skills and
managerial capability.
During the Upsus program implementation in
Wonosobo Regency of Central Java Province,
there were problems with the extension workers'
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and farmers' knowledge about applying the
components of the Upsus program, especially
regarding the new technical terms of agricultural
innovation (Nugroho et al. 2017).
The
knowledge of farmers about the program
assistance component is still not maximized due
to the short period of implementation and
program target being too high. The provision of
agricultural machinery equipment and seeds is
not enough. Many extension workers and
farmers do not understand the terms of some
new technology and innovation components.
However, the activities of providing subsidized
seed, a balanced fertilizer, and rehabilitation of
tertiary irrigation have been running well. This
study recommended that to improve the Upsus
program, the government should prioritize the
bottom-up planning principle and adequately
provide the needs of all program components.
Also, the new technology system should be fully
understood by the extension workers and
farmers.
The implementation of the Upsus program in
East Lombok Regency of West Nusa Tenggara
Province has succeeded in improving rice
production. However, there was a problem with
the time of preparation, the start of
implementation, and supervisors' motivation
(Sari and Sjah 2016). This study recommended
that supervision is needed at the start of the
planting season, and the supervisors' salary
needs to be increased to improve their
motivation. The Upsus program did not affect
farmers' input allocation, although farm
productivity increased in the Tabanan Regency
of Bali Province (Wijaya et al. 2016). The ratio of
the value of marginal products of seed and
fertilizer inputs compared to seed and fertilizer
prices is greater than 1, and less than 1 for
pesticides. The use of seeds and fertilizers still
needs to be added, while pesticides must be
reduced to achieve a efficiency higher level. The
Upsus program implementation has increased
rice productivity by 0.93 tons/ha, which is higher
than the target of increasing productivity by 0.30
tons/ha.
The Upsus program implementation has a
positive direct effect on rural poverty in the
eastern region of Indonesia and an indirect
effect on food-crops subsector GDP in eastern
and western regions of Indonesia (Krisnawati et
al. 2018). The direct positive impact of the
program on poverty in the eastern region of
Indonesia. The indirect effect on rural poverty is
through rice production and GDP of the food
crops sub-sector in the western and eastern
regions of Indonesia. Busyra (2017) showed that
the factors that affected the rice harvested area
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in East Tanjung Jabung Regency of Jambi
Province were the price of paddy and fertilizer
and the rice harvested area in the previous
period. Rice productivity is affected by rice
harvested area, seeds, fertilizers, machinery,
labor, and rice productivity in the previous
period. The Upsus program on rice can at least
develop farming patterns through the provision
and assistance of machines and equipment, and
agricultural inputs in Bondowoso Regency of
East Java Province (Hamyana 2017).
It has been noted that the Upsus program on
rice has increased production and farm
efficiency, but that impact only occurs at the elite
farmer groups and farmers who are financially
well off. The assistance and provision of
agricultural machinery and equipment and also
funds are provided through farmer groups.
However,
the
management
of
farmer
organizations and internal mechanisms are still
generally weak. As a result, there is a tendency
for leaders, administrators, and members who
are rich, have extensive land, and have an
influence in the community to dominate the use
of the aids of the Upsus program. On the other
hand, seeds, fertilizers, and other simple
agricultural tools are only given to landed
farmers. Those who do not own lands, such as
farm laborers and other agricultural workers who
are marginalized groups in the community, do
not accept and cannot take advantage of this
aid. They lost their jobs because their roles were
replaced by the use of agricultural equipment
and machinery.
As has been explained, various studies have
investigated the socio-economic aspects of the
Upsus program. However, it has not examined
the cost efficiency and competitiveness of
farming in producing rice at the household level
of rice farmers due to the implementation of the
Upsus program. The Upsus program is
expected to increase rice production by
increasing harvested area and productivity.
Therefore, all strategies are meant to increase
the planting activities, harvested areas, and
productivity by providing favorable conditions for
paddy growing and input use efficiency. These
are expected to increase cost efficiency and
farmers’ income. By providing incentives to
farmers, sustainable rice self-sufficiency is
expected. Exports will be possible if domestic
production is more profitable, and rice produced
by Indonesian farmers can compete globally.
Measuring the impact of the Upsus program on
cost efficiency and competitiveness of rice
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farming is very important considering the
sustainability of self-sufficiency and rice exports
to be the ultimate goal of program
implementation.

THEORETICAL FRAMEWORK
After 2017, the GOI has encouraged rice
production by implementing the Upsus program
to achieve sustainable rice self-sufficiency and
rice export. The Upsus program on rice is a full
package of strategies and efforts intended to
increase rice production through increasing
planting area and harvest area or increasing
cropping
index,
and
increasing
yield
(productivity) by improving irrigation and input
use, crop management and technology, and
reducing risk and yield losses in pre-harvest,
harvest, and postharvest activities. The Upsus
program has complete components and is
defined as a new technology innovation
approach to increase rice production by
expanding the harvested area and increasing
rice productivity in Indonesia.
Induced Innovation and Effect of New
Technology on Production
Technological change or innovation can lead
to productivity growth by increasing the
application of relatively cheap inputs. Efforts to
increase productivity can be made by trimming
the use of inputs that are more or less
expensive. Hayami and Ruttan (1971)
demonstrated that depending on the inputs and
product price relations, diverse kinds of
technical change, technologies, and institutions
must efficiently achieve agricultural growth.
They stated that input prices induce
technological change. When the relative factor
prices change, a cost-minimizing producer will
adopt a new technology that saves relatively
more expensive inputs.
Hayami and Ruttan (1971) classified
agricultural innovations into two categories:
mechanical innovation and biological innovation.
They also stated that the dominant factor
leading to labor productivity growth has been
progressing in mechanization. The dominant
factor leading to growth in land productivity has
been progressing in biological technology.
Figure 1 depicts the application of the induced
innovation model in the Upsus program, which
refers to Hayami and Ruttan.
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a.

Mechanical Innovation

b.

IPCt0
Pt1
Pt0

Biological Innovation

IPCt0
It1
Pt1

Rt1

IPCt1

Rt0
Land

It1

IPCt1

Rt1

Fertilizer

It0 = The cost minimizing isoquant before UPSUS Program
It1 = The cost minimizing isoquant after UPSUS Program
Pt0 = Labor and Power price ratio before UPSUS Program
Pt1 = Labor and Power price ratio after UPSUS Program

IPCt0 = Innovation Possibility Curve before UPSUS Program
IPCt1 = Innovation Possibility Curve after UPSUS Program
Rt0 = Fertilizer and Land price ratio before UPSUS Program
Rt1
= Fertilizer and Land price ratio after UPSUS Program

Figure 1. Induced innovation of Upsus program (adapted from Hayami and Ruttan 1971)

Q1
Q=f(T1)
Q0

Q1 = Production level after program
implementation
Q0 = Production level before
program implementation

Q=f(T0)

X0

Input

Figure 2. The effect of the technology on output level (adapted from Kariyasa 2011)
Figure 1.a refers to the mechanical
innovation, representing the switch from
technology before the Upsus program (It0) to the
technology under the Upsus program (It1), which
uses relatively less labor and more machine in
responding to an increase in the relative price of
labor. The mechanization program or application
of mechanical technology in the Upsus program
is labor-saving. The substitution of machinery
and equipment for labor in the relatively labor
scarce rice farming has been made possible
primarily by mechanization progress. Figure 1.b

refers to the use of biological technology and
represents the switch from technology It0 to a
technology It1. Compared to technology It0
(before the Upsus program), the technology of
It1 uses relatively less land and more fertilizer
and land infrastructure as a response to a
decrease in the relative price of fertilizer. The
introduction of a new package of technology in
the Upsus program is land saving. Implementing
a new package of technology for the land-scarce
rice areas has been made possible primarily by
the development of high yielding varieties, which
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required
improved
fertilizer
application,
irrigation, and farm management technique.
The implementation of new package
technology of the Upsus program (irrigation,
equipment and machinery, seeds, fertilizers,
pesticides, and farm management, and
technique) and farmers’ adoption are expected
to have positive impacts on increasing
production. Figure 2 represents the effect of new
technology on the output level. The
implementation of the Upsus program will shift
the production function from Q = f(T0) to Q =
f(T1). At input level X0, the application of the
Upsus-Rice program components as a new
package of technology produces output at Q1,
Q0 is output before application. Thus, Q1 > Q0.
The application of the Upsus program
components as a new package of technology
produces output at Q1 while before application
only produces an output of Q0, in which Q1 > Q0.
Increasing the AVC may happen because of
improved input use, but the AFC and ATC will
decrease. Figure 3 represents the effect of new
technology on the cost structure.
The implementation of the Upsus program
will shift the production from Q0 to Q1. At output
level Q0, the cost structure is given as AFC0,
AVC0, and ATC0. Then the application of the
Upsus program as a new package of technology
produces output at Q1. At this level of output, the
cost structure is shown as AFC1, AVC1, and
ATC1. Increasing the AVC happens because of

Cost/unit

improved input use, but the AFC will decrease
more than increasing in the AVC. Therefore, the
effect of the Upsus program is lowering the ATC
compared to before the Upsus program.
Effect New Technology on Cost Efficiency
Studies to measure the efficiency of rice
farming have been very widely carried out in
Indonesia, some of which are Rachmina and
Maryono (2008), Kusnadi et al. (2011),
Saptana (2012), Tinaprilla et al. (2013),
Murniati et al. (2014), Rivanda et al. (2015),
Rifiana and Ikhsan (2017), Abas et al. (2018),
Kartiasih and Setiawan (2019), and Nainggolan
et al. (2019). Overall, these studies use the
production function model for estimating
stochastic frontier function and focus on the
determinants of efficiency. Studies to measure
the cost efficiency of Indonesian rice farming
by applying a stochastic frontier approach
using a cost function model still are very
limited. As of this writing, only two studies have
been found using the stochastic cost function
(Hidayah et al. 2013; Antriyantarti 2015;
Antriyandarti, 2016). No studies that measure
the impact of the Upsus program in increasing
the cost efficiency of rice farming in Indonesia
have been found.
As in Hidayah et al. (2013) and
Andriyantarti (2015), the measurement of costefficiency can be done by estimating the
stochastic frontier cost function. Using the

MC1

MC0

ATC0

ATC1

ATC0
AVC1

ATC1
AVC0
AVC1
AVC0
AFC0

AFC0

AFC1

AFC1
0

Q0

Q1

MC0 = marginal cost before Upsus program
ATC0 = average total cost before Upsus program
AVC0 = average variable cost before Upsus program
AFC0 = average fixed cost before Upsus program
Q0
= output before Upsus program

Output
MC1 = marginal cost after Upsus program
ATC1 = average total cost after Upsus program
AVC1 = average variable cost after Upsus program
AFC1 = average fixed cost after Upsus program
Q1
= output after Upsus program

Figure 3. Effect of new technology on cost structure (adapted from Zugarramurdi et al. 1995; FAO 2003)
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estimation result, the comparison of the actual
and the frontier function will represent the
farmer’s efficiency. The stochastic frontier cost
function can be developed from the stochastic
production frontier. The stochastic production
frontier was introduced by Aigner et al. (1977)
and further by others such as Kumbhakar et al.
(1991), Battese and Coelli (1992, 1995), Coelli
et al. (1999), Kumbhakar and Lovell (2003),
Greene (2005), and Coelli et al. (2005). As a
starting point to develop stochastic frontier cost
function, from stochastic production frontier
Equation (1) represents the stochastic
production frontier function.
Yi = Xiβ + (Vi - Ui) ………………………. (1)
where Yi is the production of the i-th firm; Xi
refers to input quantities of the i-th firm; and β is
a set of parameters. Equation (2) represents
the transformation of equation (1) into the natural
logarithm function.
LnYi = β0 + βiLnXi + (Vi – Ui) ……….….. (2)
Then equation (3) represents the form of
stochastic cost frontier function. Coelli (1996)
stated that to specify a stochastic frontier cost
function, the error term specification needs to be
changed from (Vi - Ui) to (Vi + Ui).
Ci = C(Yi, Pi, β)+(Vi+Ui) ………………….(3)
where Ci is cost of production of the i-th firm; Pi
refers to input prices and output of the i-th firm;
and β is a set of parameters. Equation (4)
represents the transformation of equation (3)
into the natural logarithm function.
LnCi = LnC(Yi, Pi, β) + (Vi + Ui)……………(4)
From the equations above, the error term
consists of two components, Vi and Ui. The
first component Vi, is the random shock
variable
which
is identically normally
distributed with the value of mean (μi) equal to
0 and the variance is constant; or N(0,σv)2.
The second component Ui represents the
unmeasured variables such as weather,
walkout, epidemic, and other variables which
are undefined in the production or cost
function, and there is no Ui intervention. Ui is a
non-negative variable and assumed normally
distributed which could have distribution pattern
such as exponential, truncated normal and
half-normal. For the frontier cost function, Ui
also defines how far the farms operate above
the frontier. From equation (4), the cost
efficiency can be measured by equation (5).
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C (Yi, Pi, β) exp (Ui)
…………… (5)

CEi =
Ci

where CEi is the possibility of a minimum cost
ratio with a specific level of inefficiency toward
the total actual cost. The rice farming system is
in the full efficiency condition in time i, if CEi =
1, and the CEi will be equal to 1 when the
actual cost is equal to the minimum estimated
cost or Ci = C(Yi, Pi, β)exp(Ui). On the other
hand, when the value of actual cost is bigger
than the value of minimum estimated cost (0≤
CEi<1), the rice farming system is inefficient.
The parameters β0, βi, μi, and the two
variances of Vi and Ui, can be estimated using
the Maximum Likelihood Estimation (MLE)
approach. The value of variances can be used
to measure the value of γ, which is the
contribution of the technical (for stochastic
frontier production function) and cost (for
stochastic frontier cost function) efficiency of
the total residual effect. Therefore, the value of
γ is between zero and one (0 ≤ γ ≥ 1).
The cost efficiency is the possible minimum
cost ratio with specific inefficiency levels
toward actual total cost (Coelli et al. 2005;
Kumbhakar et al. 2000). The cost efficiency
index eU is calculated from the inverse of eU =
q/f(x); q: actual cost, f(x): cost on the frontier
function. Therefore, the cost efficiency is
defined as the percentage achievement of
production cost by best practice. Two models
can be estimated: first is before the Upsus Rice
program, and the second is after the Upsus
program. Thus, the estimated cost-efficiency
indices calculated from the frontier function
before the Upsus program can be compared
with those after the Upsus program.
The research result of Andriyantarti (2015)
shown that that average cost efficiency was
0.4846 for North Sumatra, 0.5881 for West
Java, 0.6557 for Central Java, 0.6142 for East
Java), and 0.4382 for South Sulawesi. These
results indicate that the rice farming system in
Central Java has the highest cost-efficiency.
Another study that also used the same model to
measure the cost efficiency was conducted by
Hidayah et al. (2013) in Buru Regency, Maluku
Province. The study found that average
technical efficiency was 0.86, and 75.83% of the
respondents already operated in this efficiency
level. The average cost efficiency was 0.86, and
80% of respondents already achieved this costefficiency level. With the Integrated Plant and
Resources Management (IPRM) approach in the
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research area, the rice farming system was
found to be efficient and profitable.
In 2016, the Phil-Rice conducted a study on
the competitiveness of Philippine rice in Asia by
comparing the rice cost structure in the
Philippines with those in China, India, Indonesia,
Thailand, and Vietnam. The results show that
producing a kilogram of rice is more expensive
in intensively cultivated and irrigated areas in
importing countries such as the Philippines,
Indonesia, and China than in exporting countries
such as Thailand, Vietnam, and India. This
indicates that exporting countries have an
advantage in cost competitiveness at the farm
level than importing countries (Bordey et al.
2016).
Based on this study, substantial
differences occur in major cost items such as
labor, not because of major differences in prices
but because of varying mechanization levels.
Low-cost countries such as Thailand and
Vietnam are highly mechanized, resulting in low
labor costs compared with those in laborintensive countries such as the Philippines and
Indonesia. Deviations in other cost items also
occur but at a smaller magnitude.
The study of the Phil-Rice suggests the need
to look for solutions to reduce the costs of
producing rice in the Philippines and other highcost rice-producing countries in Asia. There
were two options to reduce the cost: the first, as
shown in Thailand and Vietnam, involves full
mechanization of harvesting and threshing
activities. The second relates to the method of
crop establishment (Bordey et al. 2016). This
suggestion is relevant to rice development in
Indonesia, and in the Upsus program,
specifically on the component of mechanization
and crop management and establishment. The
question is whether the Upsus program has
lowered the unit cost of producing rice and
increased rice competitiveness.
New Technology and Rice Competitiveness
Competitiveness
requires
a
business
environment where successful firms operate
inefficient markets under effective national and
regional
regulations
(ADBI
2014).
Competitiveness is "the ability to face
competition and to be successful when facing
competition" or "the ability to sell products that
meet demand requirements (price, quality, and
quantity), and at the same time, ensure profits
over time that enable the firm to thrive" (Latruffe
2010). Farmers and processors must be able to
produce rice with the same or superior quality at
costs lower than those of international
competitors to be competitive. Competitiveness
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is affected by technological capacity, market
conditions, and existing domestic and trade
policies of participating countries in the world
market and natural endowments (Bordey et al.
2016).
There
are
many
indicators
of
competitiveness that have been developed and
applied by economists. Among them are
Revealed Comparative Advantage (RCA) and
Domestic Resource Cost (DRC) commonly used
for agricultural products. Balassa (1965)
developed the RCA based on the idea that a
country’s actual trade performance will reveal
competitiveness compared with other countries
or regions or the world. However, for the
Indonesian case, the rice trade is not fully
liberalized. Also, according to Balance et al.
(1987), there is a high degree of inconsistency
among RCA indices. He strongly suggested that
empirical work incorporating comparative
advantage measures should rigorously base the
specification of such measures on theoretical
constructs rather than adopting heuristic
measures that have appeared in the literature.
In particular, statistical criteria should not be the
basis for choosing among alternative seemingly
reasonable RCA indices. For this reason, this
paper did not employ RCA as a method for
calculating rice production competitiveness.
Instead, the DRC calculated using the Policy
Analysis Matrix (PAM) framework developed by
Monke and Pearson (1989) was used. The
PAM
content
has
two
accounting
measurements. One is measuring profitability as
the difference between revenues and costs. The
second is measuring the effects of divergences
or distorting policies and market failures as the
difference between observed (the private
values) and the social values that would prevail
if the divergences were removed. The DRC is
the ratio of the cost in domestic resources and
non-traded inputs (valued at their shadow
prices) of producing the commodity domestically
to the net foreign exchange earned or saved by
producing the good domestically (Sadoulet and
de Janvry 1995; Pearson et al. 2005). DRC as
an indicator is used to measure whether a
commodity is more profitable when produced
domestically or imported, and it reflects social
profitability or comparative advantage. DRC < 1
indicates that the commodity is more profitable
when produced domestically. Meanwhile, DRC >
1 indicates that it is less profitable to produce
domestically, and a neutral condition exists if it
is equal to 1.
The other indicator that can be calculated
using the PAM is a Private Cost Ratio (PCR) to
provide a measure of private profitability. PCR
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shows the competitiveness of the rice
production system, given current technologies,
output values, input costs, and policy transfers.
The term private refers to observed revenues
and costs reflecting actual market prices
received or paid by farmers, merchants, or
processors in the rice production system. Thus,
the actual market prices incorporate the
underlying economic costs and valuations plus
the effects of all policies and market failures.
PCR < 1 indicates that the commodity has a
competitive
advantage
when
produced
domestically. Meanwhile, DRC > 1 indicates
that the commodity has a competitive
disadvantage when produced domestically, and
a neutral condition exists if it is equal to 1.
The impact of the Upsus program on
competitiveness was measured from the DRC
and PCR using the data before and after Upsus
program implementation. If, after program
implementation, the DRC and PCR values are
less than before the program, then it has a
positive effect. Otherwise, it has a negative
effect. If the values are similar before and after
the program, then it has no effect.
Several studies on rice have been conducted
before the Upsus program was implemented
and showed that rice production in Indonesia
had a comparative advantage between 0.50 and
more than 1.00. Some of the studies also
showed a decrease in competitiveness in
several study locations. Gonzales et al. (1993),
covering all provinces in Indonesia using
comparative advantages analysis, found that
Indonesian rice has a comparative advantage as
an import substitute but not as an export crop
because of poor quality and a thin world rice
market. Except for Central and East Java, which
have only marginal competitiveness, Indonesia
appears to have no comparative advantage as a
rice exporter considering long-term world prices.
Due to the local currency devaluation in 1986,
increased input and marketing and transport
costs rapidly reduced competitiveness gains.
Relatively slow projected productivity growth
tends to weaken competitiveness. The other
study by Rusastra and Ilham (2009) found that
in 1986‒2001 period, the competitiveness of
paddy (rice) declined because of the
government’s protectionist policy.
Romdhon and Cahyadinata (2004) used the
Policy Analysis Matrix (PAM) analysis with
domestic resource cost (DRC) as an indicator of
competitiveness. They found that the rice
farming systems in North Bengkulu Regency,
Bengkulu Province, were highly competitive in
both the wet and dry seasons. However, they
said that this competitiveness would be reduced
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in the future if Indonesia complies with its AFTA
commitments in 2010 and eliminates protection
on rice. Mantau et al. (2014) found that rice
farming in the Bolaang Mongodow Regency,
Gorontalo Province, has DRCs of 0.61 in 1999
and 0.68 in 2009.
This means that the
competitiveness of rice in this location declined.
Agustian et al. (2014) found that rice farming
in some rice production center provinces is
efficient and has DRCs of about 0.50 to 0.77. In
Sumatra, Lampung, West Sumatra, North
Sumatra, and Nangroe Aceh Darussalam
(NAD), the DRC ratios were 0.50, 0.62, 0.73,
and 0.77, respectively. In Java, East Java and
West Java had DRC ratios of 0.60 and 0.62,
respectively, while South Sulawesi Province had
a DRC ratio of 0.62. This indicates that rice
farming in these regions has a comparative
advantage, and some provinces outside Java
could have a comparative advantage or
competitiveness better than Java. The study of
Antriyandarti (2015) found that the DRCs of rice
farming in North Sumatra, West Java, and South
Sulawesi were less than 1.
In contrast, the DRCs of rice farming in
Central Java and East Java are larger than 1,
indicating that rice farming in these regions does
not have a comparative advantage. In addition,
she noted that even if the cost efficiency of rice
farming in Central Java and East Java increases
to 1, rice sectors in these areas will not achieve
global competitiveness. In line with Antiyandarti
(2015), Saptana (2010) stated in terms of the
comparative and competitive advantages of rice
competitiveness which showed quite alarming
conditions due to the DRC and PCR values of
rice are close to one (0.80‒1.00) and in some
cases show values greater than 1. So far, the
studies carried out only measure competitiveness by the average of the research
respondents. This will provide an incomplete
picture of sectoral competitiveness since results
based on average data may conceal important
variations in competitiveness among heterogeneous producers (von Cramon-Taubadel and
Nivyevskyi 2008; von Cramon-Taubadel and
Nivyevskyi 2010; Nivievskyi et al. 2010).
Following
von
Cramon-Taubadel
and
Nivyevskyi (2008), the probability analysis using
kernel density distribution was used to estimate
the proportion of rice farms and that of total rice
production that was produced competitively. The
effects of an intervention can be captured from
the measurement results before and after the
intervention. If the proportion of rice farms and
the total rice production produced competitively
after program implementation are higher than
before, it means that the intervention has a
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positive effect. Otherwise, it has a negative
effect. It has no effect if the values are the same
before and after the intervention.
Von Cramon-Taubadel and Nivyevskyi
(2008)
characterized
DRCs
into
three
categories, namely, DRCs less than 0 (very
competitive), DRCs between 0 and 1
(competitive), and DRCs greater than 1
(uncompetitive). The proportions of farms and
those of total production on the farms in each
category were estimated. Detailed farm-level
data were used to calculate DRC distributions.
An estimate of the resulting univariate density
function of DRCs across all relevant farms was
calculated using the kernel-based estimate
proposed by Rosenblatt (1956).
The kernel density estimation is a technique
used to estimate the unknown probability
distribution of a random variable, based on a
sample of points taken from that distribution.
The kernel density estimation is a nonparametric way to estimate the probability
density function of a random variable, which
involves smoothing the data but retaining the
overall structure. Each data point of xi, i = 1, ...,
n is replaced by a specified distribution, which is
typically normal, centered on the point x and with
a standard deviation designated by h
(bandwidth). In the kernel density estimation, the
normal distributions are added together, and the
resulting distribution scaled to have a unit area,
and a smooth curve, given by Rosenblatt (1956)
is as follows:
…………………… (6)
where
is the height of the curve at x, a
point on the x-axis (value of data), K(.) is the
standard normal density, n is the number of
samples, and h is the bandwidth (value of
smoothing parameter). The appearance of the
kernel density depends critically on the value of
the smoothing parameter h; selecting an
appropriate bandwidth for a kernel density
estimator is of crucial importance.
Many authors have explored the problem of
selecting the smoothing parameter for kernel
estimation. Rather than using a single
smoothing parameter h, some authors have
considered the possibility of using a bandwidth
h(x) that varies according to the point x at which
it is estimated. Bandwidth will vary depending
upon the location of either the estimate (balloon
estimator) proposed by Loftsgaarden and
Quesenberry (1965) or the samples (pointwise
estimator) proposed by Breiman et al. (1977).
This technique is termed as a variable or

adaptive bandwidth kernel density estimation
approach. The variable bandwidth approach
can be found in Hall (1992), Burkhauser et al.
(1999), Taron et al. (2005), Wu et al. (2007),
and Gine and Sang (2010), while the adaptive
approach can be found in Van Kerm (2003).
Adaptive kernel density estimation is referred to
as akdensity in the STATA program. This study
used the STATA program for data processing.
The adaptive kernel density estimation is given
by Van Kerm (2003):
……………. (7)
Using this method, the DRC and PCR values
can be grouped respectively from those who are
able to reach the highest competitiveness to the
lowest and have no competitiveness. The
difference in the value of the DRC and PCR of
each household between before and after the
Upsus program has two benefits, namely
identifying farmer households that have the
ability to compete and the magnitude of their
changes, and identifying production produced
from rice farmer households that have the ability
to compete and the level of yield quality its
production. The analysis results will provide to
determine what guidance is being done to
improve the competitiveness of individual
farmers.
Cost Efficiency and Competitiveness
Improvement
Starting from the target set that the
implementation of the Upsus program,
Indonesia will be able to export rice. The
competitiveness of rice production has the
meaning of farmers' ability to produce rice that
can be marketed in the international market.
Therefore, the international competitiveness of
rice is the ability of rice farmers to supply rice to
the world market at prices that provide adequate
returns on the resources of inputs used to
produce rice. Thus, the cost-efficiency of rice
farming which measures how close a rice farmer
is to produce the maximum output possible
given its size, the inputs it employs, and the
technology at its disposal. Improving cost
efficiency will lead to increased global
competitiveness.
Global or international competitiveness is a
product of many factors and the interactions
among them. Sudaryanto and Agustian (2003)
stated that the comparative and competitive
advantage of rice farming is greatly influenced
by technical, economic, and social institutional
factors. This statement also showed by
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Rachman et al. (2001, 2004). Some technical
factors that influence are as follows: (a) climate,
which greatly affects the availability and access
of farmers to water resources; (b) irrigation
infrastructure, which affects the availability,
access, and control of water resources; (c)
location accessibility to infrastructure and
economic infrastructure; and (d) the level of
technology adoption such as the use of
balanced fertilizers and labeled seeds that will
affect the level of productivity and quality of
yields. Some very influential economic factors
are input prices, output prices, labor availability,
wage rates, and interest rates. They are closely
related to the mechanism of the input market,
labor market, and capital market in rural areas.
The other factors that can affect the
competitiveness of rice production in Indonesia
are non-land assets value. Irawan et al. (2007)
stated that the contribution of farmer household
income from outside rice farming activities
showed an increase in 2007 compared to 2003.
Rice farm households used this income to
augment their farming capital and finance the
rice farm. Households that have higher non-land
assets tend to adopt a higher level of technology
or innovation. This is also indicated in the 1998–
2003 and 2007‒2010 periods in the research
results by Hadi et al. (2003) and Susilowati et al.
(2010), respectively.
Liese et al. (2014) discussed the factors that
influenced rice competitiveness in ASEAN
countries: Cambodia, Lao PDR, Myanmar,
Thailand, and Vietnam. They state that farming
management and technique and level of
technology adoption and cropping patterns have
influenced rice competitiveness in those
countries. Thailand and Vietnam have higher
direct costs and land rent than in other
countries. However, Thailand and Vietnam are
more advanced in farm technology and
mechanization levels, have lower operational
costs and produce higher rice quality. The total
cost per ton is lowest in Myanmar and Laos,
followed by Vietnam. This advantage in
production cost implies a competitive edge in
international rice markets and coincides with low
farm gate prices in Myanmar and Laos.
However, the low production cost is not an
immediate advantage in the international market
since this is related to return to land and quality
issues. Rice farmers in Thailand and Vietnam
have to pay significant land rents (or respective
opportunity costs when they are on their own
land). In contrast, farmers in Myanmar, Laos,
and Cambodia can use the land almost for free.
In the case of Thailand, USITC (2015) found
that despite low yields and high farm costs,
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Thailand rice exporters competitively supply
high-quality rice to the global market. Thailand
produces a reliable surplus of high-quality rice
each year. Thailand is home to an efficient rice
supply chain, including a modern milling sector,
infrastructure to support exports, and a private
sector able to provide good customer service to
global purchasers. For Vietnam, USITC (2015)
found
that
Vietnam’s
natural
resource
endowments
greatly
enhance
its
competitiveness. Vietnam is competitive in rice
production because of its rich natural resource
endowments, including plentiful water and
natural flooding. Success in adopting better seed
varieties and improved crop management has
helped Vietnam increase yields and improve the
overall quality of its rice.
Besides Thailand and Vietnam, USITC
(2015) study covered the factors that affect rice
competitiveness in other countries, namely, the
USA, China, India, Pakistan, Myanmar,
Cambodia, Indonesia, the Philippines, Brazil,
and Uruguay. Specifically, for Indonesia, USITC
(2015) found that Indonesia's climate gives a
competitive advantage through an extended
growing season. Its competitiveness is also
enhanced by the use of high-yielding varieties,
new investment in modern mills, and the
increased use of fertilizers, pesticides, and
irrigation. However, the growth in yields has
slowed in recent years, and relatively high
production costs, pressure on land and water
resources,
postharvest
losses,
and
unpredictable
weather
patterns
have
undermined the competitiveness of the sector.
Competitiveness has also been limited by
inadequate logistics infrastructure.
The
change
in
international
rice
competitiveness from one period to the next as
a result from the changes in productivity,
production costs, and the implementation of
government policies that encourage increased
productivity, reduction of costs and increased
farm income, which serve as incentives for
farmers to continue producing such as seeds,
fertilizers, fuel, and interest rate subsidy, and
government purchasing or procurement prices.
Changes in productivity affected the rice
competitiveness is stated by Rachman et al.
(2001), Sudaryanto and Agustian (2003), and
Rachman et al. (2004). The changes in rice
production
costs
affected
the
rice
competitiveness is concluded by USITC (2015),
Antriyantarti (2015), Antriyandarti (2016), and
Bordey et al. (2016).
The change in
international rice competitiveness is affected by
the changes in the implementation of
government policies that encourage increased
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productivity, reduction of costs and increased
farm income, which serve as incentives for
farmers to continue producing such as seeds,
fertilizers, fuel, and interest rate subsidy, and
government purchasing or procurement prices is
resulted from the studies of Suryana and
Hermanto (2004), IAARD (2010), Tamba and
Pastini (2012), Suryana et al. (2014), and Abidin
(2015). The DRC as an indicator of international
competitiveness of rice is the ratio of the cost of
domestic resources and non-tradable inputs
(valued at their shadow prices) to the net foreign
exchange earned or saved by producing rice
domestically. Increasing cost efficiency will have
the effect of increasing competitiveness.
Antriyandarti (2015) stated that some other
factors like farm-scale, exchange rate, and
consumer
price
might
also
affect
competitiveness. She proposed using a multiple
regression model to estimate the relationship
between the competitiveness of rice and the
cost efficiency of rice farming as follows:
lnDRCi = a + b1ln CEi + b2ln CPIt + b3ln ERt+
b4ln FSi + ei …………………（8）
where: DRCi = domestic resource cost of
farmer i
CEi = cost efficiency of farmer i
CPIt = consumer price index in year t
ERt = exchange rate of the USD to
IDR in year t
FSi = farm size of farmer i (ha)
ei
= error term
Using this model, Andriyantarti (2015) found
that farm size has a positive effect on
competitiveness, and the competitiveness of rice
is positively influenced by rice farming's cost
efficiency. If the cost efficiency increases by
10%, DRC will decrease by 6.35% in North
Sumatra, 10.50% in West Java, 5.52% in
Central Java, 6.95% in East Java, and 9.47% in
South Sulawesi. Other studies have shown that
changes in international prices of rice and
fertilizer, exchange rate (ER) value of the United
States Dollar (USD) to Indonesian Rupiah (IDR),
and import tariffs also influence the comparative
and competitive advantages of rice production in
Indonesia (Rachman et al. 2004; Tamba and
Pastini 2012; Nurayati 2015; Bowo et al. 2016).
The Consumer Price Index (CPI) and ER value
of the USD to IDR, two variables in equation (8),
import tariff, and international rice and fertilizer
prices have the same value for every farm
household sample and become irrelevant when
using cross-section data. Improvements are
needed to apply the model (8) to determine
whether the improvements in the cost efficiency
of the Upsus program affect the increase in

competitiveness using farm household-level
data. New variables can also be added based
on the reliability and eligibility of data collected
at the farm household level. The addition of
variables must consider the presence of
variables that have been used in the
measurement of DRC and PCR on PAM
analysis as factors influencing rice competitive
and comparative advantages. The other is the
regression variables to estimate the level of cost
efficiency and inefficiency determinants in the
equations (4) and (5). Thus, the results will
provide additional information on understanding
competitiveness and how cost efficiency and
competitiveness are related and applied more
comprehensively.
Based on the studies above, the factors that
might affect the global competitiveness of rice
production in Indonesia are as follows: (1) cost
efficiency (CE) obtained from the estimation of
the stochastic frontier cost function analysis; (2)
farm size (FS) that represents the scale of rice
farming in hectares, including self-owned land
that is cultivated on its own and form tenancy
system; (3) non-land asset value (NLA) in IDR
million and constant prices, representing the
capacity of farmer households in financing
technological change and innovation; (4)
productivity of rice farm (PYF) measured by
labor productivity, since there is FS as one
variable; (5) cropping intensity (CI) in a year,
representing climate favorable conditions,
infrastructures of location, land and irrigation,
and farm management technique; (6) share of
production sold (SY), representing farming
orientation
(commercial/subsistence)
and
access to market and marketing institutions; (7)
ratio of farm price (RFP), that is the farm gate
ratio price to government procurement or
purchasing price (GPP), representing the
government policy in providing output price
incentives; (8) share of farming capital from
outside and loan or credit (SCL), representing
the access of farmer households to capital
sources from outside the household, banks, and
government credit program; (9) the ratio of
mechanical cost per kg to farm gate price
(RMC), representing the ability of farmers to
overcome labor scarcity, save time, and reduce
the rate of loss of yields and government
intervention program on pre and postharvest
mechanization; (10) land rent to farm gate price
(RLC) ratio, representing fixed costs and
opportunity cost of land for other commodities;
and (11) ratio of subsidy value per kg to farm
gate price (RSC), representing the government
policy in providing input price incentives.
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In order to capture the effects of cost
efficiency on the global competitiveness of the
Upsus program, a dummy variable representing
conditions before and after implementing the
Upsus program will be added into the equation.
Then, to evaluate the effect improvement of cost
efficiency on competitiveness as the impact of
the Upsus program, we can propose the model
shows in equation (9) for DRC and equation (10)
for PCR, which is the difference after and before
the Upsus program implementation will be
captured by dummy variable as follows:
LnDRCi = a +b1LnCEi +
b2LnFSi+b3LnNLAi+b4LnRCIi+b5Ln
PYFi+ b6LnSYi + b7LnSCLi+
b8LnRFPi +b9LnRMCi+
b10LnRLCi+b11LnRSCi+b12Di+ei...(9)
LnPCRi = a +b1LnCEi +
b2LnFSi+b3LnNLAi+b4LnRCIi+b5Ln
PYFi+ b6LnSYi + b7LnSCLi+
b8LnRFPi +b9LnRMCi+
b10LnRLCi+b11LnRSCi+b12Di+ei (10)
where:
DRCi = domestic resources cost ratio value of
farm household i
PCRi = private cost ratio value of farm
household i
CEi = cost efficiency value of farm household i
FSi = farm size of household i (ha)
NLAi = non-land assets value of farm
household i (Rp million in constant
price)
RCIi = rice cropping intensity in a year of farm
household i
PYFi = ratio production to total labor of farm
household i (kg/person)
SYi = share of production sold of farm
household i
RFPi = ratio of government purchase price to
farm gate price of farm house hold i
SCLi = share of cost from outside or loan of
farm household i
RMCi = ratio of mechanical cost per kg to farm
gate price of farm household i
RLRi = ratio of land rent per kg cost to farm
gate price of farm house hold i
RSCi = ratio of subsidy value per kg to farm
gate price of farm house hold i
Di
= dummy program (after Upsus program =
1, before Upsus program = 0)
ei
= error term
The analysis results of equation models (9)
and (10) will show the difference in the influence
of the model variables on comparative and
competitive advantages. Considering the
ultimate goal of the Upsus program is to
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increase surpluses for the sustainability of rice
self-sufficiency and exports, it will be beneficial
for decision-making in coaching rice farmers in
the subsequent implementation of the Upsus
program. Of course, the variables in equations
(9) and (10) can be added or subtracted as long
as it is relevant to the components of the Upsus
program and other factors associated with it, the
use of econometric modeling, and the
availability of data at the household level of rice
farmers.

AN IMPLEMENTATION DIRECTION OF THE
UPSUS PROGRAM
The Upsus program is all over the country
and involves all the wetland paddy field areas.
With an increase in cropping index and yield
(productivity), national rice production will
increase.
Since irrigation and agricultural
equipment and machinery are already
developed and provided, farmers' knowledge
and skills in farm management and technology
will increase. If sustained, national rice
production will increase and possibly generate
surplus production for export. However, there
were problems, as reported by ICASEPS
(2017). Since the middle of 2016, the Upsus
program implementation has been more focused
on increasing the planting area; thus, increasing
productivity is no longer a focus. The attention of
it is diminishing. The first is monitoring and
evaluation of the implementation of Upsus
program activities continues to be conducted
every month, recording and reporting of
additional planting must be reported every day,
as a basis for monthly target revision. The
second is the addition of the planting area target
revised every month and impacted the amount
of seed and fertilizer procurement.
Recording and reporting additional planting
areas every day provides positive benefits for
the province and the Ministry of Agriculture to
monitor the progress in achieving the planting
area target and estimated harvest area that can
be achieved every month. Nevertheless, this
also raises operational problems because (1)
the evaluation of planted area added is done
monthly by comparing the achievements of the
same month in the previous year, and (2) based
on the results of the monthly evaluation, the
MoA then sets changes in the target size of the
area added to the province for the following
months (ICASEPS 2017). To support the
change, the MoA also prepares reserve funds
for the procurement of agricultural equipment
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and machinery. The reserve fund is prepared to
purchase agricultural equipment and machinery
at any time if needed to increase the planting
area so that the additional planting area target
can be achieved (DGAIF 2018). However,
operational constraints in the implementation of
activities that occur at this time, compared to the
same month in the previous year, are not used
as the main consideration for decision making.
These include the availability of areas for
increasing planting area, the level of attainment
of cropping intensity, and the presence of
differences in rainfall.
A team of agricultural equipment and
machinery brigades was formed under the
Regency Agriculture Office and Military Regency
Command Headquarters (MoA 2015). Each
brigade team is provided with at least four units
of tractor, rice trans-planter, and combine
harvester. This team was formed with the aim of
providing and managing agricultural equipment
and machinery to assist farmer groups who
need additional agricultural equipment and
machinery in the context of acceleration of
tillage and rice planting. Farmer groups can
borrow equipment and agricultural machinery
and must be returned after using it. Farmer
groups must provide mobilization funds because
the government does not allocate funds for this.
In addition to the mobilization fund, the farmer
group must incur fuel, operator costs, and care
and maintenance costs for the agricultural
equipment and machinery. However, according
to ICASEPS (2017), the following problems
occur. (1) There are already many groups or
businesses renting out agricultural equipment
and machinery. This has caused social conflict
due to existing agricultural equipment and
machinery service providers in several regions.
On the other side, it has shifted the use of
agricultural and rural labor in areas that do not
yet exist, and there are quite a lot of agricultural
workers available. (2) Agricultural equipment
and machinery received are too large and do not
fit into the local agroecosystem. (3) The
recipient farmer groups with no storage
warehouse might result in engine theft. (4) Lack
of capacity and capability of farmer groups in
financial and management. (5) In common,
there are no workshops and spare-parts
providers that are relatively close for the
damaged machine and no skilled personnel to
operate the machine and equipment (ICASEPS
2017). Agricultural equipment and machinery
deliveries were placed at the Agriculture Service
Office and the MDC Headquarters and not used
by farmers.
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The addition of planting area targets at the
provincial level also has an impact on changing
targets at the regency level. Many regencies
objected to the addition of these targets and
impacted the amount of seed and fertilizer
procurement. Besides, the revision must be
made because the amount that must be added
follows the increase in the planting area to
achieve. This change or revision has an impact
on delays in procurement and distribution to
farmers. Particularly for seeds other than
revisions causing delays, the additional amount
of sudden procurement affects the distributed
seeds quality, causing it not entirely high.
Besides, the varieties do not meet the farmers'
needs. Production of quality and certified seeds
requires certain processes and standard
operating procedures that are difficult to do in a
short time. If there is a revision, the changes
cannot be made suddenly monthly, but annually
because the Upsus program components are
related to one another. It is not easy for the
implementing organization and operational
management to make adjustments.
Referring to the Regulation of the Minister of
Agriculture No. 50/2012 on Guidelines for the
Development of Agricultural Areas (MoA 2012),
the increase in rice production can be divided
into three areas: (1) areas for opening new
agricultural paddy fields and undeveloped areas;
(2) developing and moderately developed areas;
and (3) developed areas. The faithful
development plan of the area and its
implementation are prepared in a minimum of
five years with stages, targets to be achieved,
and components of the program package for
farmers tailored to each area's needs. A
comprehensive evaluation to increase the
effectiveness
of
the
Upsus
program
implementation is critical to carry out as a basis
for planning the implementation of the program
in the following years. ICASEPS (2019) reported
variations among provinces of five rice
producing centers and five non-producing
centers evaluated in achieving the target set.
This indicates that the target setting and
implementation focus of the given program must
be
adjusted
to
the
agroecosystem
characteristics, socio-economy, potential, and
rice farming development levels in each region.
Consequently, the planning and implementation
of the Upsus program must be adapted to the
characteristics of each development region,
could not be revised every month, and focuses
on increasing rice productivity in every possible
way could not be diminished.
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In the Upsus program approach, the
government provides a complete technological
package (irrigation, equipment and machinery,
seeds, fertilizers, pesticides and agricultural
management, improved
techniques) and
farmers' guidance through extension agents and
program implementation assistants. Farmers
can learn how to use new production
technologies and how much inputs should be
used to achieve optimal results. They can adopt
better farm management techniques to improve
their technical skills and allocate inputs properly,
bringing about higher yield and a more efficient
cost structure.
ICASEPS (2017) study identified that (1)
there is around 3 million ha of damaged
irrigation, which could potentially result in a rice
production loss of around 4.5 million tons; (2)
delivery of fertilizers to the farmer often
experiences a delay of about 1‒2 weeks and
potentially causes loss of rice production of
around 3.0 million tons; (3) the number of
agricultural extension workers is decreasing,
which can lead to loss of rice production of 3.0
million tons; (4) the use of seeds whose quality
is not good and certified causes loss of rice
productivity potential of 1.0 ton/ha, meaning that
potentially from 6.0 million hectares of paddy
fields can lose potential rice production of about
6.0 million tons; and (5) limited supply and use
of machinery can cause pre-harvest and harvest
losses of around 3.5 million tons. This study
indicated that the target achievement of the
Upsus program would not be achieved if the
performance of all components of the Upsus
program and the management and organization
of the program implementation is inadequate
and ineffective.
Even though the damaged irrigation network
has been successfully repaired and rice farmers
have received assistance in the form of
equipment and agricultural machinery, the
Upsus
program
implementation
remains
inadequate and ineffective if other components
were problematic. Rice farmers cannot adopt
better farm management to improve their
technical skills, nor can they allocate inputs
ultimately and adequately cannot achieve higher
yields and more efficient cost structures. The
next implementation of the Upsus program must
consider
the
level of adequacy and
effectiveness of all program components in each
rice farmer receiving the program assistance
package. The adequacy of provision refers to
how adequate each component of the Upsus
program is provided. The effectiveness refers to
how effective the program is increasing yield
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and reducing cost or making rice farming
competitive.

CONCLUDING REMARK
At the national level, the Upsus program
implementation did not succeed in achieving the
target of rice cropping intensity, and productivity
increases. Rice productivity was tending to
levelling off or continuously declining at the
national level, while the Upsus program was
implemented. Due to the management and
organization's problems and delivery provisions
of all components of the Upsus program
implementation, there was no significant
improvement in 2016 to 2018. The Upsus
program implementation has encouraged an
increase in rice harvested area but did not
encourage rice productivity growth.
Analysis at the provincial and district levels is
expected to produce different performances. In
the next implementation of the Upsus program,
the target set should be different according to
the characteristics of each province and
regency. As a consequence, the planning and
implementation of the Upsus program must be
adapted to the characteristics of each
development region, could not be revised in
every month, and focuses on increasing rice
productivity in every possible way (through
improvement in the application of rice farming
technology package, and reducing the level of
yield loss during harvest and post-harvest
handling) could not be diminished.
The next implementation of the Upsus
program must consider the level of adequacy
and effectiveness of all program components in
each rice farmer receiving the program
assistance package. Adequacy refers to how
adequate each component of the Upsus
program is provided. Effectiveness refers to
how effective the program is in increasing yield
and reducing cost or making rice farming more
competitive. The level of adequacy and
effectiveness of the Upsus program requires
reliable management and organization at both
the central and regional levels, which are able to
manage the implementation of each component
of the Upsus program at their best. The Upsus
program implementation remains inadequate
and ineffective if management and organization
implementation and some Upsus program
components were problematic.
Measuring the Upsus program's impact on
cost efficiency and competitiveness of rice
farming is very important considering the
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sustainability of self-sufficiency and rice exports
to be the ultimate program implementation goal.
The competitiveness of rice production will be
affected by higher yield and a more efficient cost
structure. Increasing yield and lowering costs
will increase competitiveness. Thus, rice
production becomes more competitive after the
Upsus program is implemented than before.
The application of the stochastic cost frontier
function model will obtain the cost-efficient
distribution of each rice farmer from the highest
to the lowest level. The application of the kernel
density distribution model to the competitiveness
analysis results with DCR and PCR indicators
for each rice farmer will obtain the distribution of
rice farmers who can reach the highest to lowest
competitiveness level. Referring to these, in the
next Upsus program implementation, rice
farmers who are at the highest level of cost
efficiency and competitiveness can be used as a
model for fostering rice farmers who are at a
lower
level
of
cost
efficiency
and
competitiveness. The use of the stochastic cost
function frontier analysis model will produce a
determinant cost efficiency and the influence of
the variables in it. Likewise, the use of PAM
analysis will produce a determinant of the
comparative and competitive advantage of rice
production. At the same time, the use of the link
between cost efficiency and competitiveness
provides
additional
information
on
understanding competitiveness and how cost
efficiency and other factors can affect
competitiveness more comprehensively.
The
followings
are
some
policy
recommendations to help further improve the
next implementation strategies of the Upsus
program on rice. (1) Serious consideration of the
problems encountered and other factors that
contributed to difficulties in the Upsus program
implementation. (2) Maintain the area of rice
planting and more focus on higher productivity
target through every possible way adapted and
adjusted to the characteristics of each
development region (agroecosystem, socioeconomy, potential, and level of development of
rice farming of province, regency, and subdistrict). (3) Conduct study to measure cost
efficiency and competitiveness levels of farm
households and use the farming system
application of farms with the highest range of
cost efficiency and competitiveness as models
for less cost-efficient and competitiveness
farms, followed by determining what guidance
should be done to improve the competitiveness
of individual farmers. (4) Conduct a specific,
comprehensive, and detailed evaluation to
increase the adequacy and effectiveness of the
Upsus program's implementation and develop
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systematic
and
detailed
planning
implementation for better results.

and
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