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Abstract

Fundamental issues in sustainable development of competitive potato production in Indone-
sia are production and distribution inefficiencies. This study aims to examine the potato pro-
duction competitiveness through competitive and comparative analyses as well as
evaluating the impacts of government policy on potato production. This study employs Pol-
icy Analysis Matrix (PAM) to analyse the cross-section data collected from six regencies in
Indonesia. Potato production in Indonesia was profitable privately and socially. The highest
value of competitive advantage was indicated by PCR value in the dry season in Wonosobo
Regency, Central Java Province. The lowest values were found in Bandung Regency. High-
est comparative advantage was revealed in Tanah Karo Regency, North Sumatra Province,
during the rainy season. Highest comparative advantage was found in Bandung Regency,
West Java Province, in the dry season. However, the social profit was lower than the private
profit indicating the potato farmers dealt with disincentives due to imperfect market. It
implies that increasing domestic potato production will be more profitable rather than import.
The policy makers need to evaluate the recent policies on input and output markets as well
as the supply chain of potato to cope with imperfect markets in order to increase farmers’
income.

1. Introduction

In the era of emerging trade liberalisation, the competition among producers also increases
and it creates new challenges to farmers and business actors. However, it offers new opportuni-
ties from international markets. In the demand side, trade liberalisation provides more prod-
uct choices and price variations. Therefore, it may create serious problems if domestic
products are unable to compete in the global market. Almost all international trade involves
intermediate items, and most studies estimate that Global Value Chains (GVC) account for
half or perhaps two-thirds of all global trade [1, 2].

There is research on how companies’ competitiveness is defined. In this study, competitive-
ness was defined as a company’s long-term ability to create a profit [3]. The majority of
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scholars agree that competitiveness is a relative notion that may be analysed through a com-
parative lens [4]. Other studies show there are two indicators for measuring competitiveness
in agriculture, namely farm net value and farm income [5]. The competitiveness of a product
is determined by product performance in the value chain, not only in the domestic markets,
but also in the global markets [6]. Domestic competitiveness is defined by actors’ capacity to
add value via modernising, bolstering local institutions, and enlisting industrial actors. At the
global level, it is affected by the governance value chain’s input-output structure, geographic
breadth, and management structure connected with the leadership of businesses and industry
organisations. Recent research on the value chain of agricultural goods, on the other hand,
have emphasised the worldwide market, and therefore the value chain is often referred to as
the GVC [7-9]. There is a vibrant growth from agricultural trade at the farm level because the
role of producers in shaping their international competitiveness [10].

As an agricultural producer, Indonesia has those opportunities and challenges, but in the
context of employing Regional Comprehensive Economic Partnership (RCEP), the maximum
value added of agricultural products can be obtained by fully participate in regional and global
value chains [11]. The Indonesia’s horticultural commodities and agricultural processing
industries have opportunities to participate in the value chains at the regional and global level,
especially agricultural products which have high index of forward and backward linkages [12,
13]. Implementing sound value chains in horticultural commodities may stimulate economic
activity in the country and ensure a more equal distribution of wealth among value chain
actors [14]. Other research on GVC shows a link between GVC and competitiveness.
Increased competitiveness in the global value chain can be done by "choosing’ the right partner
in trade [15].

Even though there are high opportunity of horticultural products in global market, the hor-
ticultural goods in Indonesia are still in their infancy or have a low comparative advantage
indicated by the high import of fruits and vegetables [16]. For example, producing potato is
profitable and feasible in Indonesia, but globally it is less competitive. Potato is not a staple
food in Indonesia, but the trade balance is negative particularly for food industries [17]. Indo-
nesian potato productivity is only 17.46 tons/ha or far below the world’s 50 potato-producing
countries which reached 32.85-50.67 tons/ha with the highest cost per unit output in the
world. Primary potato production issues are the prices of fertiliser and pesticide, as well as
labour expenses, while the primary marketing issues are the low product pricing, high trans-
portation costs, perishable items, and markets located distant from the producing area [18,
19]. The development of potato commodities in Indonesia copes with major problems, namely
production, marketing, and lack of supporting policies.

Recently, however, potato export from Indonesia has been increasing along with the
decreasing import [17]. In addition, potato also has backward and forward linkages. Thus,
competitiveness of potato production is still arguable. The high volume of potato import is
assumed for industries because the direct household consumption is only 26.72% from total
consumption [17]. On the other hand, Indonesia’s potato import for industrial purpose also
increases [17]. A more complete and comprehensive study is needed to examine the competi-
tive and comparative advantages of potato production in Indonesia in terms of regional distri-
bution and growing seasons.

Typically, GVC analysis has been related to the competitiveness of products. Competitive-
ness analysis has been viewed from financial (private) and economic (social) perspective [18].
There are several research questions in assessing competitive and comparative advantage, as
well as the impact of government policies on the value chain system: (1) Do the comparative
advantages of agricultural commodities have a competitive advantage in the market? (2) What
advantages do various climates offer in terms of competitiveness and comparative advantage?

PLOS ONE | https://doi.org/10.1371/journal.pone.0263633  February 24, 2022 2/21


https://doi.org/10.1371/journal.pone.0263633

PLOS ONE

Competitiveness of potato in Indonesia

(3) Does the position of competitive and comparative advantages in the existing conditions
have prospects for sustainability? (4) What is the impact of government policies on the perfor-
mance of farming systems? and (5) What are the incentive policy options that can change its
comparative advantage into a competitive advantage in the global market?

In general, this study aims to analyse competitiveness of Indonesia’s potato production.
Specifically, this study aims: (i) to calculate private and social costs and profits of potato pro-
duction in the producing centres; (ii) to evaluate competitive and comparative advantages of
potato production in the producing centres; and (iii) to assess the impacts of government poli-
cies and strategies in order to enhance comparative advantage into competitive advantage.

2. Literature review

Several analyses have been used to measure competitiveness. An alternative method to mea-
sure the competitiveness status of agribusiness sector was Relative Trade Advantage/RTA [20,
21]. While the previous study employed the Dynamic Revealed Comparative Advantage
(DRCA) method [22]. The Index of Revealed Comparative Advantage (RCA) has been fre-
quently utilised to quantify competitive advantage in agricultural commodities [23-25]. How-
ever, there is an asymmetric effect of the RCA index around neutral value and must be
adjusted to be symmetrical value [26, 27]. Consequently, the studies using RCA should adjust
for statistical analysis, such as export, production, patent data, taxation, and international air
fares [28]. Another research using Relative Export Competitiveness indexes (REC) to measure
the comparative advantage of agricultural product [29]. Policy Analysis Matrix (PAM) is
employed to estimate the competitiveness of agricultural commodities from the influence of
policy and competitive advantages on the agricultural commodity system [30-32]. In addition,
the results of the PAM analysis simultaneously produce two main indicators of competitive-
ness measurements. First, Private Cost Ratio (PCR) which is an indicator of competitive
advantage showing the system’s ability to pay domestic resource costs and remain competitive
at private prices. Second, Domestic Resource Cost Ratio (DRCR) measures comparative
advantage as well as the effect of government actions on the agricultural system.

Using various methods, there have been studies focusing on the competitiveness of agricul-
tural products. The previous study concluded that there were five potential markets for agri-
cultural products from Indonesia, namely Malaysia, Thailand, Singapore, the Philippines, and
Vietnam [22]. Furthermore, it was stated that agricultural products which had opportunities
to increase exports were live animals, cereals, tobacco, cocoa, and processing products includ-
ing potato, especially for the Singapore and Malaysia markets. While Vietnam could be said
among the biggest exporters of the world as exporting several crops in huge masses such as
rice, maize and coffee [33]. Study from Van Hoang [34] reveal the ASEAN countries have the
strongest competitiveness in rice, rubber, spices, vegetable fat and oils, wood, fuel wood, fish,
and crustacean, and Indonesia is one of the ASEAN countries who have the strongest competi-
tiveness in that commodity. Particularly, analysis in vegetable commodities, the previous study
by [35] found that some Indonesian vegetables had a comparative advantage, but some others
did not have a comparative advantage compared to the competing countries such as potato
products. To increase the competitiveness of potato products, various subsystems in potato
industry from providing production facilities and supporting technology, production, product
quality control, post-harvest, distribution and marketing, capital and investment, as well as
international trade regulations should be developed holistically and comprehensively.

In period 1999-2017, Indonesian potatoes had a fairly strong competitiveness in Singapore
and Malaysia, but in 1999-2003 the RCA value in Singapore decreased compared to Malaysia
[36]. This indicates a decreasing competitiveness of Indonesian potato in global market. Thus,
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an effort is needed to increase export competitiveness, otherwise, Singapore and Malaysia mar-
ket could be supplied from the competitors, such as China, India and Russia. The key to
increase the competitiveness of an industry or product is efficiency and productivity [37, 38].
Furthermore, the sources of productivity growth are at least determined by changes in technol-
ogy, technical efficiency, and economic scale of business. Another research shows that
increased innovation in agriculture is supported by significant technology transfer to improve
the competitiveness of agricultural companies [39]. The technology planning system is poten-
tial to be used to evaluate the risk factors and provide controlling tasks [40].

Competitive advantage at the firm level is seen as part of the foundation for building a high-
level performance of a company. Competitive advantage is defined as the ability of a company
to improve product quality, reduce production costs, increase volume and market share, and
create profits [41]. At the firm level, competitive advantage is defined as productivity growth
which can be demonstrated by lower manufacturing costs or distinctive products that entice
consumers to pay a premium price [42]. Therefore, a company in a particular area can com-
pete with similar companies elsewhere [43] and is able to explore existing opportunities, neu-
tralise all threats that arise, and is able to reduce both production costs and distribution costs
[44]. Resource factors such as institutional capabilities, financial assets, and group action, and
dynamic capabilities significantly affect the competitive advantage of agricultural companies
in export markets [45]. To measure comparative and competitive advantages, the PAM
approach can be used to analyse potato commodities. The previous study evaluating the potato
competitiveness was conducted in Banjarnegara Regency, Central Java [46]. The results indi-
cated that potato farming was competitive both in terms of competitive advantage
(PCR = 0.852) and comparative advantage (DRCR = 0.981). In addition, the results of the
study from [47] showed that the incomes of potato seed farming and potato farming were
profitable and feasible to the farmers. Another study evaluating the competitiveness of potato
commodities in Bandung Regency, West Java, obtained a comparative advantage with a DRCR
value of 0.36 and a competitive advantage with a PCR value of 0.24 [48]. This means that
potato farming in Bandung Regency had very high comparative and competitive advantages
with the DRCR and PCR indicator values far below one, but in fact Indonesia is a net importer
of potato. However, those studies typically only evaluate partial areas of Indonesia and its
potato production competitiveness is still arguable.

There are several variables associated with potato competitiveness. The previous study con-
ducted by [49] mentioned the effects of production, inflation and exchange rates on Indone-
sian potato exports. The simultaneous variables of production, inflation, and exchange rates
have significant effects on Indonesian potato exports in the 1993-2013 period. Partially, the
potato production variable and the exchange rate have positive and significant effects, while
the inflation variable has no effect on Indonesian potato exports for the said period. The find-
ings underlined by [50] revealing that irrigated land and exchange rate had significant positive
impact on agricultural product export competitiveness. In particular, it was stated that the var-
iable dominantly influence most on Indonesian potato exports in the 1993-2013 period was
potato production [49]. Therefore, it is very important to Indonesia to explore new sources of
growth in potato production by expanding its harvested area and yield. One of the efforts to
increase the yield of potato crop is to improve soil nutrition by reducing chemical fertiliser
application and providing some bioinoculants [51]. Improved potato seed is also one of the
keys to increasing productivity, competitiveness, farmers’ income and potato production [41].
Studies on comparative and competitive advantages of potato production in other countries
showed different results. A study in Baghdad Province showed that Iraq did not have both
comparative and competitive advantages at regional and global levels. The DRCR indicator
was far above 3.5, but had a competitive advantage with the PCR value of less than one, i.e.
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0.41 [52]. These contrasting results were presumably due to government intervention in the
form of subsidies, import tariffs, as well as obstructions in the distribution of potato commod-
ity from abroad resulting in difficult entry to the Iraqi market. The results of the study from
[53] revealed that the increase in potato production in the Wolaita zone, Southern Ethiopia,
was constrained by a number of factors including disease, storage problems, falling prices for
low quality tubers at harvest, and the lack of availability of quality potato tuber seeds. While a
study in the Netherlands using the analysis of variable rate applications (VRA) showed that the
investment would pay off in the practice conditions of potato farmers [54]. In addition, the
application of this method reduced pesticides and nitrogen fertiliser application rates with an
average VRA of about 25%. It indicated the increased production efficiency and more benefits
to the environment. A study on competitive indicators of Egypt in the global market showed
that Egypt ranked tenth with an average potato export quantity of 312.93 thousand tons equal
to 2.58% of the world’s average potato export during the 2010-2013 period [55]. However, in
terms of the instability index during the study period, it was found that there was a very high
volatility in the quantity of potato exports, namely the minimum value of 1.14%, in 2013 and
the highest value of 51.84% in 2014. Moreover, in the biotech side, potatoes in the 21*' century
obtained the following main findings: (a) potato is an intensively managed crop, requiring irri-
gation, fertilisation, and application of pesticides to obtain high yields; (b) traditional breeding
can take 15-20 years; (c) propagation through tissue culture to produce potato seeds is able to
meet the aspects of quantity, quality and continuity of supply; (d) benefits of biotech potatoes
include limited gene flow to conventionally grown crops, opportunities to increase productiv-
ity and nutritional quality significantly, reducing production costs, lowering negative impacts
on the environment, and potentially increasing the marketability of potatoes [56-58]. In addi-
tion, to increase the comparative advantage, the role of technology is essential to deal with pro-
duction issues. Research from [59] showed that communication mediated information and
communication technology (ICT) had a significant effect on cooperative behaviour, disease
control, return on investment and potato farmers’ success rate in Ethiopia. Moreover, it is also
important to policy makers to understand the farming household’s behaviour related to their
management and activities when formulating farming strategies to increase competitive
advantages [60].

3. Methodology
3.1. Research framework

Initially, competitiveness is defined in terms of absolute advantage by Adam Smith in 1776
with "Trade Theory" which suggests the term "welfare" referring to a collection of endowments
[61]. The theory proposes that two countries which have an absolute advantage could increase
their welfare by trading between them. Then, Ricardo raises theory of "The Law of Compara-
tive Advantage" mentioning even when a country lacks an absolute advantage compared to
other countries in producing two types of goods, mutually advantageous trade can continue as
long as there exist price differentials between the trading countries [61]. Moreover, trade
among countries occurs because of differences in resources between the trading countries and
achievement of economies of scale [62]. The abundant different resources could increase
export and import among countries [63]. Thus, international free trade may improve welfare
of countries through efficiency of domestic resources and market access to other countries
[64]. According to Heckscher-Ohlin theory, exports of products are based on the abundance
resources availability, for example, a country with plenty of labour and scare of capital tends to
export labour-intensive products and import capital-intensive products and vice versa [65,
66]. However, since labours migrate easily among countries and high educated labour improve
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competitiveness [67], the abundance of labour force in the future may not be significantly asso-
ciated with the comparative advantages if they do not increase their skills and education of
labours. Competitiveness is also defined as the ability of a sector, industry or firm to compete
successfully in order to achieve sustainable growth within the global environment while earn-
ing at least the opportunity cost of return on resources employed [68]. Therefore, to increase
export of a product, evaluating the competitiveness is necessary in order to take a proper policy
to support the increasing competitiveness of a product.

To measure level of competitiveness of industry or a product in international market is
determined by comparative and competitive advantages [38]. The comparative advantage can
be considered natural factor based on resource abundance, while the competitive advantage is
considered as acquired factor that can be developed or created. Operationally, to analyse com-
parative advantage, competitive advantage, and government policies’ effects on a market sys-
tem in Indonesia, it could employ a Policy Analysis Matrix (PAM) [30, 44, 46]. The
application of this method for evaluating horticultural farming, especially potatoes, has been
widely carried out by [46, 48, 52, 69-71].

3.2. Study areas

This paper analyses the comparative advantage, competitive advantage, and policy impact on
the commodity system of potato production in Indonesia. Research was carried out in six
potato producing regencies. Representing the most producing island, Java consisted of: (a)
Bandung Regency, West Java Province; (b) Wonosobo Regency, Central Java Province; and (c)
Pasuruan Regency, East Java Province. Meanwhile, representing the outside Java Island
included: (a) Tanah Karo Regency, North Sumatra Province; (b) Solok Regency, West Sumatra
Province; and (c) Kerinci Regency, Jambi Province. The research was conducted from January
to December 2020.

3.3. Sampling methods

Research activities was conducted through a survey of potato farmer households and focused
on group discussions (FGD). The number of sample farmers and FGD participants in each
location was 10-15 respondents consisting of farmer leaders, farmer group leaders, adminis-
trators, traders, as well as agricultural extension workers and agricultural officers. The sam-
pling method applied a stratified random sampling based on the wide scale of farming
cultivation and the level of technology adoption. Farming analysis and comparative and com-
petitive advantages were carried out per hectare and according to the growing season (dry sea-
son and rainy season).

3.4. Data analysis

3.4.1. Allocation of tradable inputs and domestic factor components. The production
costs of potato production are separated into the allocation of tradable inputs and domestic
factors. The first category cost is tradable inputs in the global market. The second cost is
domestic factors not traded in the global market. Tradable goods have the following attributes:
(a) commodities or products that are currently exported or imported from global markets; (b)
commodities or products substituted easily with other types of products exported or imported
from the global market; and (c) commodities or products protected by the government [30, 32,
72, 73].

Theoretically and empirically about PAM has been explained by [30-32]. PAM has been
widely applied in several researches [38, 46, 48, 52, 73]. There are two approaches in allocating
farming costs into tradable input costs and domestic factor components with the total and the
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direct approaches. The direct approach assumes that the costs of tradable inputs, both
imported and domestic traded globally, are categorised as tradable inputs components. Some
of the reasons choosing this approach was the increasing of trade liberalisation. Therefore,
additional demand for tradable inputs can be supplied from global markets. The direct
approach of PAM analysis on potato farming has been widely applied [46, 48, 52, 73]. These
studies categorised the output of fresh potatoes to be 100 percent tradable goods, while the
inputs categorised to be 100 percent tradable are potato seeds, chemical fertiliser such as Urea,
ZA, SP-36/TSP, KCI/KNO3, NPXK, pesticides, and plastic mulch. Meanwhile, production
inputs that are taken for granted to be 100 percent as domestic factor costs are solid organic
tertiliser, liquid organic fertiliser, dolomite, raffia rope, stakes, labour, capital rent and interest.

Cost components of tradable inputs and domestic factor cost of transportation-related
operations are based on discussions with representatives of business administration at various
levels. Labour costs in the process of transporting goods are the domestic factor cost, while the
transportation costs representing the rental value of transportation equipment are tradable in
their component parts. Post-harvest handling costs are based on firsthand conversations with
farmers and potato commodity merchants. The allocation of costs for materials is included in
tradable inputs, while labour is allocated as domestic factors. S1 Table in S1 File shows the
findings of cost components allocation into marketable inputs and domestic factors in potato
growing.

3.4.2. Social pricing. Determination of private and social prices is needed to calculate the
analysis of private and social feasibilities of an agricultural commodity farming system. More-
over, each input and output in the farming system is set as private prices and social prices. Pri-
vate prices can be defined as the level of market prices received by producers in selling the
output produced and/or the level of prices paid by producers in procuring the necessary pro-
duction inputs. While social prices are prices formed in economic conditions where the mar-
ket mechanism is perfectly competitive or the economy is in a state of general equilibrium (full
employment) [72, 74]. Empirically, it is difficult for the equilibrium cost to be equal to the
market prices and, thus, it can be approached using an opportunity cost such that social prices
need to be adjusted to government policies and market distortions. The shadow price is deter-
mined by removing distortions caused by government policies, such as subsidies, import tar-
iffs, value added taxes and government policy on the potato commodity system. This study, in
which potato is a traded product, can be approached using border prices. As an illustration,
for exported products, free on-board prices (FOB) are used and imported products use cost,
insurance, and freight (CIF) prices with various adjustments made to the level where competi-
tion occurs between exported and imported goods. For domestic factors, it uses an opportu-
nity cost or the average price in each sample area. The calculation method follows the method
used by [73] by computing and adjusting in accordance with the location and potato farming
studied:

1. The social price of potato seed is approached using the average price of potato seed in each
research location based on argument that most farmers use their own seed or purchased
from local seed breeders. Therefore, the average price of potato seeds needs to be reduced
by value added tax of 10% to obtain the social price of potato seeds.

2. The social prices of solid organic and liquid organic fertilisers have increased in each
research location with various types and various contents. Thus, they are approached using
the actual average prices at the locality level.

3. The social price of Urea fertiliser is based on the FOB price which at the time of the research
was conducted (2019) as much as US$ 0.134/kg, then converted to the dollar exchange rate
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against the Indonesian rupiah, i.e. IDR 1,4141/U$ to IDR 1,895/kg. The next step is to cal-
culate for each research location by considering export taxes, value added taxes, and trans-
fer fees from the port to the farmer level so that the social price of Urea fertiliser is obtained.

4. The social price of SP-36 fertiliser is based on the CIF price of U$ 0.231/kg, then converted
to the dollar exchange rate against the rupiah, which is IDR 1,4141/U$ to IDR 3,267/kg.
The next step is to calculate for each location by taking into account import tariffs, value
added tax, as well as transfer fees from the port to wholesalers and transfer fees from whole-
salers to the farmer level so that the social price of SP-36 fertiliser is obtained.

5. The social price of KCl fertiliser is calculated using the CIF price of US$ 0.308/kg and the
rupiah/dollar exchange rate, which is IDR 14,141/U$ to IDR 4,355/kg. The next step is to
calculate for each research location by considering import tariffs, value added tax, as well as
transfer fees from the port to wholesalers and transfer fees from wholesalers to the farmer
level so that the social price of KCl fertiliser is obtained.

6. The social price of NPK fertiliser is according to the CIF price of U$ 0.401/kg, then con-
verted to the dollar exchange rate against the rupiah, which is IDR 14,141/U$ to IDR 5,671/
kg. The next step is to calculate in each research location by taking into account import tar-
iffs, value added taxes, as well as transfer fees from the port to wholesalers and transfer fees
from wholesalers to the farmer level so that the social price of NPK fertiliser is obtained.

7. For the social price of dolomite, because it is produced in each production areas and is not
traded internationally, it is approached using the study location’s real average price.

8. The social price of pesticides uses the real average price in each of the study locations, then
reduced by import tariff of 10% and value added tax of 10%, such that the social price of
pesticides is obtained.

9. The social price of plastic mulch is approached with the actual average price in each study
location, then reduced by import tariff of 10% and value added tax of 10%, such that the
social price of plastic mulch is obtained.

10. The stake’s shadow price is calculated using the current average price in each study loca-
tion, because it is produced by the farmers themselves and the materials are obtained
locally, it is approached using the study location’s real average price.

11. The shadow price of labour is approached by the actual wage value that applies in each
research location of the potato production areas. The labour market mechanism works
well with the daily wage system and piece rate system that can reflect the opportunity cost
of labour.

12. Land rent values in each study location are used to estimate the social price of land, the
argument is that the land market mechanism in the potato production centre area is run-
ning well, which is indicated by the operation of the land-leasing system and the profit-
sharing system that reflects the opportunity cost of the land.

13. The social price of irrigation is approached by using the actual cost of irrigation that
applies in each research location of potato production areas because the water market
mechanism with a pump system works well with the water pump rental service.

14. The price of the social interest rate uses the real interest rate, which is calculated by sub-
tracting the actual interest rate from the inflation rate that occurs because most potato
farmers have access to BRI and BRI Unit loans, the actual interest rate uses the national
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bank, i.e., BRI for rural loan with interest rate 3.31% per 4 months and inflation rate of
0.55% per month or 2.2% per 4 months such that the social price of capital interest is
1.31% per planting season (4 months).

15. The social cost of the rupiah to dollar exchange rate is carried out using the average actual
exchange rate in 2019 because Indonesia follows the floating exchange rate regime. Thus,
the social price of the rupiah exchange rate against the dollar is IDR 14,141/US$.

16. The price of social output of potato is based on the CIF price of U$ 0.800/kg, then converted
to the dollar exchange rate against the rupiah of IDR. 14,141/U$ such that it becomes IDR
11,050/kg. The next step is to calculate for each location by considering the import tariff of
10%, value added tax of 10% as well as adding transfer costs from the port to wholesalers in
the provincial city, then deducting the transportation costs from wholesalers in the provin-
cial city to the farmer level such that it is obtained the social price of potato output.

The complete and in detailed calculations of the social prices of inputs and outputs in the
potato farming system are presented in S1 File.

3.4.3. PAM matrix construction. The PAM computation stages consist of five steps, i.e.,
(1) determining the complete physical input and output of the analysed commodity farming
system; (2) the cost of a product is broken down into components that may be traded in
domestic elements; (3) calculate the amount of revenue; (4) estimating the social price of
inputs and outputs); and (5) All the calculating and analysing various indicators resulting from
the PAM analysis presented in the analysis tables in this paper (Supporting Information).

The next stage of compiling the PAM matrix is carried out after all data at the farmers’ level
and supply chain actors for potato commodities have been obtained. The PAM matrix is pre-
pared by using the physical input-output structure at the farmers’ level, budgeting costs and
private and social revenues, as well as obtaining transportation cost data from the trading sys-
tem. Based on this calculation, it can be obtained the private as well as the public benefits. The
impact of government policies are applied in both inputs, outputs as well as inputs and outputs
as a whole such that the magnitude are able to be seen.

Several results of PAM analysis provide information on profitability both privately and
socially, comparative and competitive advantages, as well as the impact of government policies
on potato commodity farming systems in terms of inputs, outputs as well as inputs and outputs
as a whole. PAM matrix in each location is presented in Table 1.

4. Results and discussion
4.1. Private and social costs and profit

The most important thing to the farmers as the producers is that the business provides profit
financially (privately). Based on the financial (private) profitability analysis, it was found that
potato farming in dry highland production areas in Indonesia provided moderate to high prof-
its. Meanwhile, the most important thing to the government and the public is that economic
activities carried out by economic actors provide social benefits. The results of the analysis of
social benefits showed that potato farming in Indonesia provides a higher level of profit com-
pared to private profits.

The highest private financial profit (private) potato farming was found in Kerinci Regency,
Jambi Province, in the dry season with a profit rate of IDR 41,532,849/ha/season, but not in
the rainy season. Meanwhile, the lowest profit was found in Tanah Karo Regency, North
Sumatera Regency, which was IDR 18,924,987/ha/season in the dry season but did not happen
in the rainy season.
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Table 1. Policy Analysis Matrix (PAM).

Variables

Private price
Social Price

Policy and divergence impacts

Source: [30]
I=A-E;]=B-F;K=C-G;L=D-H
1. Private Profitability (PP): D = A-(B + C)
2. Social Profitability (SP): H=E-(F + G)
3. Private Cost Ratio: PCR = C/(A-B)

Revenue Cost Profit
Tradable input Domestic factor
C D
F G H
J K L

4. Domestic Resource Cost Ratio: DRCR = G / (E-F)

5. Output Transfer: OT = A-E

6. Nominal Protection Coefficient on Tradable Output: NPCO = A/E

7. Transfer Input: IT = B-F

8. Nominal Protection Coefficient on Tradable Input: NPCI =B/ F

9. Transfer factor: FT = C-G

10. Effective Protection Coefficient: EPC = (A-B) / (E-F)

11. Net Transfer: NT = D-H
12. Profitability Coefficient LPC=D /H
13. Subsidy Ratio to Producer: SRP = L/E.

https://doi.org/10.1371/journal.pone.0263633.t001

Results showed the highest economic (social) benefits of potato farming were found in
Wonosobo Regency, Central Java Province, with economic (social) benefits in the rainy season
reaching IDR 126,646.043/ha/season and profits in the dry season of IDR 92,122,351/ ha/sea-
son. Meanwhile, the lowest economic (social) benefit was found in Tanah Karo Regency,
North Sumatra Province, in the rainy season, i.e., only IDR 65,759,612/ha/season and in the
dry season, i.e., only IDR 566,695/ha/season. In Table 2, complete and detailed description of
the financial (private) and economic (social) profit levels of potato farming in each research
location are presented. The results of the analysis of the PAM matrix indicators are presented
in Supporting Information.

4.2. Competitive and comparative advantages

Results showed that the competitive advantage of potato farming in production areas in the dry
highlands in Indonesia had competitiveness as indicated by the PCR coefficient value <1. The
competitive advantage possessed at a moderate level is reflected in the PCR value between 0.5
<1. Meanwhile, the results of the comparative advantage analysis reflect that potato farming has
a moderate to high level of competitiveness. The high comparative advantage was indicated by
the DRCR coefficient of 0.323-0.499. The PCR coefficient value <1 indicated that it costed one
dollar in private market prices to create one additional worth of potato production, less than one
unit of domestic resource costs was required. The value of DRCR< 1 shows that to produce one
unit of potato output at social prices, the domestic resource costs are less than one unit.

During the dry season, the region of Wonosobo Regency in Central Java Province had the
lowest PCR coefficient value for potato production. It indicated a significant competitive
advantage, but it was not achieved in the rainy season. The lowest DRCR coefficient value
showing the highest comparative advantage was found in Tanah Karo Regency, North Sumatra
Province in the rainy season with a DRCR coefficient value of 0.323. In the meantime, the
greatest PCR and DRCR coefficients were observed. They indicated the lowest
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Table 2. Private and social costs and profits of upland potato farming, 2019-2019/2020.

No Regency/Province Financial profit (IDR) Economic profit (IDR)
1 Bandung, West Java
a. Dry season 30,375,642 73,807,457
b. Rainy season 38,224,092 76,357,729
2 Wonosobo, Central Java
a. Dry season 73,810,641 126,646,043
b. Rainy season 31,150,275 92,122,351
3 Pasuruan, East Java
a. Dry season 35,113,165 71,455,486
b. Rainy season 32,290,608 82,131,673
4 Tanah Karo, North Sumatera
a. Dry season 18,924,987 73,741,736
b. Rainy season 37,650,846 93,394,054
5 Solok, West Sumatera
a. Dry season 40,173,656 90,371,212
b. Rainy season 29,039,502 65,759,612
6 Kerinci, Jambi
a. Dry season 41,532,849 92,301,180
b. Rainy season 23,597,518 66,388,379

Source: Primary data, 2020 (processed).

https://doi.org/10.1371/journal.pone.0263633.1002

competitiveness, i.e., in Bandung Regency in the dry season with a PCR coefficient value of
0.713 and the DRCR coefficient value at the same location was DRCR 0.400. The PCR and
DRCR coefficient values for potato farming by location and growing season are presented in
Table 3.

Table 3. PCR and DRCR coefficient values for dry upland potato farming in the study locations, 2019-2019/2020.

No. Regency/Province PCR DRCR
1 Bandung, West Java
a. Dry season 0.713 0.499
b. Rainy season 0.663 0.483
2 ‘Wonosobo, Central Java
a. Dry season 0.462 0.319
b. Rainy season 0.664 0.382
3 Pasuruan, East Java
a. Dry season 0.597 0.415
b. Rainy season 0.576 0.341
4 Tanah Karo, North Sumatera
a. Dry season 0.705 0.372
b. Rainy season 0.549 0.323
5 Solok, West Sumatera
a. Dry season 0.606 0.385
b. Rainy season 0.576 0.462
6 Kerinci, Jambi
a. Dry season 0.542 0.340
b. Rainy season 0.664 0.401

Source: Primary data, 2020 (processed).

https://doi.org/10.1371/journal.pone.0263633.t003
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4.3. Government policies impacts analysis

Impacts of government policies on the competitive performance of potato farming system can
be both beneficial and harmful to farmers as the producers. There are two measures from the
results of the PAM indicator analysis First, it is absolute measures consisting of output transfer
(OT), input transfer (IT), factor transfer (FT) and net transfer (NT). Second, it is relative mea-
sures consisting of nominal protection coefficient on output (NPCO), nominal protection
coefficient on input (NPCI), effective protection coefficient (EPC), profitability coefficient
(PC) and subsidy ratio to producer (SRP).

4.3.1. Government policy impacts on output. The impact of government policies on
potato output in research locations in Indonesia can be observed from the value of the output
transfer (OT) and the nominal protection coefficient on output (NPCO). Several government
policies potentially affecting potato output are trade policies, subsidies, export taxes, import
tariffs, value added taxes (VAT) and supporting policies, such as irrigation infrastructure,
farming roads, as well as post-harvest and product marketing.

Table 5 shows the findings from the examination of PAM indicators including output
transfer (OT) and net present value (NPCO) for potato farming in Indonesian production
areas. The results of the analysis showed in dry and rainy seasons, the OT value was negative
and NPCO <1. The highest coefficients were found in Bandung Regency, i.e., 0.876 in rainy
season and 0.865 in dry season. Meanwhile, the lowest NPCO coefficients for potato farming
was found in Tanah Karo Regency, i.e., 0.748 in dry season and 0.772 in rainy season. The
impact of government policies on the output of potato farmers in production areas in Indone-
sia was a loss or disincentive to production. It showed that in terms of output, potato farmers
in Indonesia experienced a production disincentive because they accepted lower selling price
than if market mechanism ran perfectly. The low selling price received by potato farmers
could be due to the inefficient market chains. Increased efficiency of the market chain needs to
be done to increase the selling price of potatoes at the farmer level. Increased selling prices will
increase farmers’ profits and incentive for producing potato commodities. The efficient market
chain selection affects potato grower’s profit rate [75]. The magnitude of the OT value and the
NPCO coefficient value of potato farming according to location and growing season are pre-
sented in Table 4.

4.3.2. Government policy impacts on inputs. The impacts of government policy on trad-
able inputs on potato farming in production areas was indicated by the value of input transfer
(IT) and nominal protection coefficient on input (NPCI). Meanwhile, the impact of govern-
ment policies on domestic factors was indicated by the value of the transfer factor (FT).

Government policies affecting tradable inputs and domestic factors may consist of trade
policies (export taxes and import tariffs), input subsidies, interest rate subsidies, regional mini-
mum wages (UMR), and value added taxes (VAT). Meanwhile, other forms of divergence
could be due to market distortions, such as market mechanisms not running competitively
and market failure. Transfer of tradable inputs is the differences of tradable input costs at pri-
vate prices and tradable input costs at social prices. Nominal protection coefficient on input
(NPCI) is an input transfer indicator which is the ratio between tradable input costs calculated
based on private prices and tradable input costs calculated on social prices. Values of IT, NPCI
and FT in potato farming by location and growing season are presented in Table 5.

Results of the input transfer indicator for potato farming in dry highland production were
positive for all seasons. Likewise, the NPCI coefficient values were > 1 in all research locations
in dry and rainy seasons both in Java and Outside Java. Positive value of IT and NPCI value
which is more than 1 indicate that the farmers experience disincentives on tradable input side
because they are required to pay greater costs for production inputs than they might in a fully
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Table 4. Transfer output value and nominal protection coefficient on potato farming output at the research site,

2019-2019/2020.

No Regency/Province Output Transfer/OT Nominal Protection Coefficient on Output
(IDR) (NPCO)
1 | Bandung, West Java
a. Dry season -30,709,200 0.865
b. Rainy season 29,030,628 0.876
2 | Wonosobo, Central Java
a. Dry season -38,376,000 0.844
b. Rainy season -42,612,600 0.800
3 | Pasuruan, East Java
a. Dry season -31,609,500 0.827
b. Rainy season -41,677,650 0.774
4 | Tanah Karo, North
Sumatera
a. Dry season -43,956,000 0.748
b. Rainy season -44,623,800 0.772
5 | Solok, West Sumatera
a. Dry season -34,711,680 0.829
b. Rainy season -24,846,080 0.861
6 | Kerinci, Jambi
a. Dry season -36,888,000 0.822
b. Rainy season -26,175,000 0.854
Source: Primary data, 2020 (processed).
https://doi.org/10.1371/journal.pone.0263633.1004
Table 5. Value of IT, NPCI, and FT of potato farming in dry upland in the research locations, 2019-2019/2020.
No Regency/Province Input Transfer/IT (IDR) Nominal Protection Coefficient on Input/NPCI Factor Transfer (IDR)
1 Bandung, West Java
a. Dry season 10,815,541 1.135 1,907,074
b. Rainy season 5,192,273 1.060 3,910,736
2 Wonosobo, Central Java
a. Dry season 10,512,400 1.174 3,947,002
b. Rainy season 13,745,735 1.215 4,613,741
3 Pasuruan, East Java
a. Dry season 3,411,300 1.056 1,321,522
b. Rainy season 6,829,440 1.115 1,333,974
4 Tanah Karo, North Sumatera
a. Dry season 9,457,665 1.167 1,403,084
b. Rainy season 10,002,898 1.173 1,116,511
5 Solok, West Sumatera
a. Dry season 10,302,175 1.182 5,183,700
b. Rainy season 7,939,999 1.141 3,934,031
6 Kerinci, Jambi
a. Dry season 12,223,200 1.180 1,657,132
b. Rainy season 14,404,084 1.211 2,211,778
Source: Primary data, 2020 (processed).
https://doi.org/10.1371/journal.pone.0263633.t005
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competitive market system. The NPCI with the highest value, i.e., 1.215 in rainy season, was
found in Wonosobo Regency and the lowest value of NPCI, i.e., 1.056 in dry season, was dis-
covered in Pasuruan Regency. In general, on the tradable input side, there are government pol-
icies detrimental to potato farmers because the farmers are forced to pay greater costs for
tradable inputs than they should under competitive market conditions. These findings are
related to study from [76] which shows government subsidies to fertiliser prices have an
impact on increasing planting area and agricultural commodity yields. Market distortion is
potentially due to import tariffs and value added taxes, whereas government subsidy to some
agricultural commodities is abolished. Thus, farmers’ access to subsidised fertilisers is also lim-
ited, especially on dry land. In addition, empirically the price of non-subsidised chemical ferti-
lisers is much higher than those subsidised as well as the highest retail price. Compared to
developed countries such as Denmark and South Korea which still receive abundant subsidies
to be competitive in the global markets [76], this finding is surprising as Indonesia is one of
developing countries which farmers should still receive subsidies from government. Moreover,
input subsidies should be managed carefully to reach the right target. The possible strategy is
empowering the existing cooperatives, not only providing subsided fertiliser but also coordi-
nating various activities from supplying and servicing to increase farming efficiency [77].

The same phenomenon was the factor transfer in where the positive numbers were
obtained in all research locations. The largest transfer factor was that in Solok Regency, West
Sumatra Regency, i.e., IDR 5,183,700/ha/season in the dry season. Meanwhile, the lowest FT
value was found in Tanah Karo Regency, North Sumatra Province, i.e., IDR 1,116,511/ha/sea-
son during the rainy season. The results of this analysis indicate that there are government’s
interventions resulting in market distortions observed by domestic variables detrimental to
potato farmers. The farmers must pay higher domestic factor price than the market price.
Price discrepancies of domestic factor costs between private and social prices were due to capi-
tal interest.

4.3.3. Government policy impacts on inputs and output. Government policy impacts
on the input and output as a whole in potato production areas in Indonesia were shown by the
values of Net Transfer (NT), Effective Protection Coefficient (EPC), Profitability Coefficient
(PC) and Subsidy Ratio to Producer (SRP). The analysis results are depicted in Table 6.

Results of the analysis of the effective protection coefficient (EPC) of potato farming in
research locations were positive with a magnitude > 0. The highest positive EPC value was
found in Bandung Regency in the rainy season at 0.865 and in the dry season at 0.768. Mean-
while, the lowest positive EPC value was found in Tanah Karo Regency with an EPC coefficient
value of 0.545 in the dry season. Policies enacted by governments or distortions in the markets
affecting potato farming in general function as disincentives to growers. In most of the
research locations, potato producers were not adequately protected from government policies,
and they experienced disincentives in production. This is one of the reasons why Indonesia is
still as a net potato importing country regardless its competitiveness. If this condition is not
well anticipated, the volume of imported potatoes will continue to increase as the population
and income grow.

Opverall, net transfer (NT) in Indonesian potato production hubs is negative. Tanah Karo
Regency, North Sumatra, has the highest negative NT value at MH of -60,972,076/ha/season,
while the smallest negative NT value was found in Pasuruan Regency in the dry season of Rp
-36,342,322/ha/season. Government policies or market distortions on tradable inputs and
domestic factors and outputs on the potato farming system as a whole are detrimental to
potato farmers. In this context, the farmers as the potato producers provide large transfers to
consumer groups.
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Table 6. NT, PC, EPC and SRP values of potato farming at the research locations, 2019-2019/2020.

No | Regency/Province Effective Protection Coefficient Net Transfer/NT (IDR) | Profitability Coefficient Ratio Subsidy to Producer
(EPC) (PC) (SRP)
1 | Bandung, West Java
a. Dry season 0.865 -43,431,814 0.412 -0.191
b. Rainy season 0.768 -38,133,637 0.501 -0.163
2 | Wonosobo, Central Java
a. Dry season 0.737 -52,835,402 0.583 -0.214
b. Rainy season 0.622 -60,972,076 0.338 -0.286
3 | Pasuruan, East Java
a. Dry season 0.713 -36,342,322 0.491 -0.199
b. Rainy season 0.611 -49,841,064 0.393 -0.271
4 | Tanah Karo, North
Sumatera
a. Dry season 0.545 -54,816,749 0.257 -0.315
b. Rainy season 0.604 -55,743,208 0.403 -0.285
5 | Solok, West Sumatera
a. Dry season 0.693 -50,197,555 0.445 -0.247
b. Rainy season 0.732 -36,720,110 0.442 -0.205
6 | Kerinci, Jambi
a. Dry season 0.649 -50,768,332 0.450 -0.245
b. Rainy season 0.634 -42,790,862 0.355 -0.239

Source: Primary data, 2020 (processed).

https://doi.org/10.1371/journal.pone.0263633.t006

The results of the profitability coefficient (PC) analysis were mostly positive, but most were
less than 1. In most research locations, the PC coefficient value is positive < 1 or 0.257-0.583,
indicating that potato farmers’ profits were smaller than they should get if the market mecha-
nism worked perfectly. The greatest PC value was discovered during the rainy season in
upland potato growing in Wonosobo Regency, at 0.583. Nonetheless, the PC value with the
lowest was found in upland land in Tanah Karo Regency at 0.257 in Tanah Karo Regency dur-
ing the dry season. Government policies or market distortions that occur in potato farming as
a whole are detrimental to farmers as producers. This means that most potato farmers experi-
ence disincentives because they received lower profits than in perfectly competitive market
mechanism.

Most of the subsidy ratio to producer (SRP) were negative, except in Bandung and Wono-
sobo Regencies in both dry and rainy seasons, and Kerinci Regency in the rainy season. The
negative SRP coefficient values indicate that the potato farmers do not receive subsidies and
are even burdened with taxes. The highest SRP value was found in in Bandung Regency in the
rainy season (0.238), while the lowest PC value was found in Kediri Regency, i.e.-0.285, during
the rainy season. Policy decisions made by the government or market distortion taking place
in potato production are detrimental to farmers as producers. It indicates that, compared to a
competitive market system, most potato producers cope with disincentive to produce
potatoes.

5. Conclusion

The performance of the potato farming system in production areas in Indonesia has both
financial (private) and economic (social) profitability. The highest level of financial profitabil-
ity was received by farmers in Wonosobo Regency in the dry season, Central Java Province,
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which was IDR 73,810,641/ha/season and economically in the same location and season is IDR
126,646,043/ha/season, meanwhile the lowest financial profit was found in Tanah Karo
Regency in the dry season Rp 18,924,987 /ha/season. Overall, the economic benefits received
by potato farmers are greater than the financial benefits. This finding shows that potato farm-
ers in production areas in Indonesia experience a disincentive in increasing potato production
because they get a much lower profit compared to a perfectly competitive market mechanism.
Despite having a comparative advantage, this finding may explain one of the reasons that
Indonesia has become a net importer of potatoes. The important policy implication of this
finding is that government policies should eliminate various market distortions to encourage
market mechanisms to run market properly to increase the comparative advantage into com-
petitive advantage.

Results of the comparative and competitive advantages analyses of potato farming systems
in Indonesia show that it is competitive with a PCR coefficient of 1 and a DRCR coefficient of
1. The largest competitive advantage was discovered in Wonosobo Regency during the dry sea-
son with a PCR value of 0.462 and the lowest PCR was found in Bandung Regency, West Java
Province, during the rainy season was 0.713. It indicates that to produce one unit of added
value at private prices, the cost of using domestic resources is less than one unit. Meanwhile,
from the perspective of comparative advantage the highest was found in Tanah Karo Regency
during the rainy season with a DRCR of 0.323 while the lowest was found in Bandung
Regency, West Java Province, in the dry season with a DRCR value of 0.499. This implies that
to produce one unit of value added at social prices, it requires the use of domestic resource
costs of less than one unit. In other words, to save one unit of scarce foreign exchange, the cost
of using domestic resources is less than one unit. The implication for Indonesia from the per-
spective of efficient use of domestic resources is more profitable to increase domestic potato
production than to import this commodity from the global market. These issues could be car-
ried out through providing quality seed of improved varieties, improving cultivation technol-
ogy by applying balanced fertilisers (organic and inorganic fertilisers), integrated pest and
disease management, enhancing harvest and post-harvest technology, and constructing dry
land agricultural infrastructure in the highlands where potato is generally grown in Indonesia,
especially farming roads and irrigation networks.

The impact of government policies on tradable inputs and factor transfer gave a positive
value, and the NPCI value was >1. This means that the impact of government policies (market
distortion) on tradable inputs and domestic factors is a disincentive to the potato farming sys-
tem because farmers have to pay higher tradable inputs and factor transfer than they should.
More details of depth interview indicate these are caused by input prices (seeds, fertilisers, pes-
ticides, and interest rates) that are more expensive if the market is in perfect competition. This
is potentially because of input of potato seeds, non-subsidised fertilisers, and pesticides, as well
as interest rates. OT values in all study sites were positive and NPCO>1. This means that farm-
ers as producers get a disincentive to increase potato production indicated by lower output
selling price due to non-competitive market mechanism. Simultaneously, government policies
in the field of inputs and outputs in the potato farming system are detrimental to potato farm-
ers in Indonesia because farmers do not get protection, but disincentives. Government should
eliminate market distortions in the input market through improving market structure of pro-
duction inputs by reducing or eliminating import duties on raw materials, encouraging com-
petitive and healthy competition in the input market, as well as attracting investment, both
domestic investment and foreign investment in the horticultural input industry. Meanwhile,
the output market encourages the mechanism of the potato market competitively, improves
potato-based processing industry or product down streaming, as well as expanses market and
segmentations.
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This study suggests that the government should develop an efficient potato farming system
with an integrated agribusiness area approach in order to achieve the highest efficiency. Pro-
viding agricultural production inputs, cultivation technology, post-harvest technology, yield
processing technology, consolidating farmer institutions, strengthening financing institutions,
as well as agricultural product markets, and developing integrated horticultural area manage-
ment institutions could be alternatives to enhancing efficiency. The development of efficient
logistics and distribution systems and smooth market information services is believed to
increase the competitiveness of Indonesian potatoes in the domestic and global markets. To
increase comparative advantage, it is necessary to manage natural resources in an integrated
and sustainable manner, support agricultural infrastructure (farming roads, irrigation infra-
structure) and post-harvest infrastructure and logistics (packing houses, public roads, and cen-
tral warehousing and distribution systems), the use of certified quality potato seed, fertiliser
application according to the recommendation package, the provision of organic fertiliser, agri-
cultural mechanisation specific to dry land, as well as wider market access. In addition, avail-
ability of packing houses, cold storage, and refrigerated transportation modes need to be
developed at the regional level. Policy on increasing the availability of quality potato seeds,
eliminating distortions in the input and output markets, access to credit sources with competi-
tive interest rates, and encouraging the operation of mechanisms for both input and output of
potatoes in a more competitive and equitable manner are necessary. Lastly, policy makers may
pay attention to the importance of increasing market access is not only in the domestic market
but more importantly access to the global market through bilateral, multilateral and inter-
regional trade cooperation.
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