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Abstract  The identification and development of
leading regional commodities play a crucial role in
enhancing local economies, especially in regions with
distinct cultural and ethnic characteristics. This study aims
to compute potential leading agricultural commodities and
to examine association of seventh indicators, i.e. land
suitability, commodity availability, access to commodity
source locations, commodity development programs,
market potential, potential for increasing added value
(processed products), and availability of input products.
Exponential comparison method was applied during field
research using 194 farmers for FGD and personal interview.
Data were analyzed using descriptive and inferential Chi-
square test. The findings reveal that commodities of
agriculture products including forest and wild animals
identified are 31 products. From crops/horticultures, 17
(54.84%) commodities identified, followed by forest
products 5 (16.12%), there are wild animal 4 (12.90%)
commodities, and livestock products 4 (12.90%)
commodities. MPE analysis showed cassava has top rank
developing suitability (570,413), followed by banana and
maize, i.e. 547, 849. In the third rank, there are i.e. sweet
potato (MPE=491,593), and cacao (398,855). Chi-square
indicates a strong association (p<0.01) between indicators
with agricultural-based commodities development in
Waropen Atas district. From Cartesian chart, three
commodities focused on maintaining (1 quadrant), in the
2" quadrant 10 commodities focused on priority to
improve, in the 3 quadrant 13 commodities became less
priority, and only 4 commodities in the 4™ quadrant found

focused on potential for efficiency. Commaodities that need
priority to improve shall be focused in development.
Strategies needed for further development are by
increasing accessibility to resource locations, strengthening
development programs that support each commodity, and
ensuring the availability of input products. With this
strategy, commodities in this region can further be
developed and in general provide added economic value to
farmers.
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1. Introduction

Agriculture remains a cornerstone of socio-economic
development in many rural and remote regions [1-4],
including Mamberamo Raya, Papua. The region's vast land
resources and unique agro-ecological conditions present
significant opportunities for agricultural development.
However, realizing this potential requires a holistic
assessment of several critical factors, including land
suitability [5-7], commodity availability [8],[9], and
market potential [10]. These factors influence not only
agricultural productivity but also the viability of value
chains and the economic benefits derived from agricultural
activities [11],[12]. According to the Master Plan, the
national development corridors of Indonesia, Papua, West
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Papua, Maluku, and Northern Maluku are grouped into
corridor VI which focuses on the food and energy sectors
[13]. The Acceleration and Expansion of Indonesia's
Economic Development (MP3EI) 2011-2025 [14] are to
increase the sustainable growth of the Indonesian economy
by establishing the main strategy of encouraging added
value to the leading economic sectors, infrastructure and
energy development.

Regional economic potential needs to be developed
optimally into superior regional products that are
competitive so as to improve the welfare of the community
in accordance with regional conditions and peculiarities
[15],[16]. Development in Mamberamo Raya Regency
should be developed more intensively by prioritizing the
use of local resources, especially the leading economic
sector, which has the potential to have a positive impact on
improving the welfare of the community [17]. The legal
basis for the development of superior commodities is the
regulation of the Minister of Home Affairs of the Republic
of Indonesia Number 9 of 2014 concerning Guidelines for
the Development of Regional Superior Products [6-9]
which explains that the regional economic potential needs
to be optimally developed into competitive regional
superior products so as to improve the welfare of the
community according to regional conditions and
peculiarities [18], [19].

Increasing the competitiveness of a region must be
supported by all potential regional economic resources in
order to support development financing and economic
independence [20-22]. For this reason, regional policies
are needed that are able to provide stimulants and
encourage the exploration of regional economic potentials
into real forms. Only with this real regional economic
potential, the regions will be able to build core
competencies while optimizing the abundance of resources
(resources endowment) that have as a basis for driving the
wheels of regional development [23-25]. However, in
developing regional economic potentials, it is often the case
that the existing potentials have not been optimally
exploited.

Land suitability is foundational to crop selection and
productivity, as it determines the ecological and
environmental compatibility of crops in specific areas [26—
28]. Meanwhile, the availability of commodities and access
to source locations play a pivotal role in ensuring efficient
production and distribution [17],[29]. Moreover, the
implementation of commodity development programs
enhances farmers' skills and access to resources, while
market potential and the ability to increase the value of
processed products drive economic competitiveness and
sustainability [29-31]. Lastly, the availability of input
products such as seeds, fertilizers, and equipment is
essential for ensuring efficient and sustainable agricultural
practices [32-35]. This study aims to evaluate these
interconnected parameters to identify and cluster the
leading agricultural commodities in Mamberamo Raya,
providing strategic insights into regional agricultural

planning.

Mamberamo Raya, located in Papua, Indonesia,
possesses vast untapped agricultural potential due to its
fertile lands and diverse agro-ecological zones. However,
the region faces numerous challenges that hinder optimal
agricultural productivity and development. Addressing
these challenges requires an integrated assessment of key
parameters that influence the agricultural sector. Land
suitability assessment is a critical step in determining the
most appropriate crops for a given area. Factors such as soil
quality, topography, water availability, and climatic
conditions must align with the physiological needs of the
crops [36]. In Mamberamo Raya, variations in agro-
ecological zones necessitate a tailored approach to crop
selection to maximize productivity. Identifying the
availability and production patterns of existing
commodities is essential for prioritizing high-potential
crops. Commodities such as sago, cocoa, and nutmeg have
been identified as key contributors to the region’s
agricultural economy [37-40]. Understanding their current
production levels and challenges is critical for informed
decision-making. Efficient transportation and logistics are
vital for connecting production sites to markets. Poor
infrastructure in Mamberamo Raya limits farmers' ability
to distribute their products effectively, thereby reducing
their market competitiveness [41]. Government and private
sector initiatives play an important role in advancing
agricultural development. Programs that provide training,
subsidies, and technological support have been shown to
enhance farmers' productivity and resource management
[42-45]. Market analysis is necessary to identify local,
national, and international opportunities for agricultural
products. High market demand for certain commodities can
guide the prioritization of crops for development. For
instance, processed nutmeg and cocoa products have
significant export potential [46]. Agro-processing and
value addition can significantly enhance the profitability of
agricultural commodities. Converting raw products into
processed goods reduces post-harvest losses, increases
shelf life, and creates new market opportunities [47],[48].
The accessibility of seeds, fertilizers, machinery, and other
agricultural inputs is a fundamental requirement for
sustainable agricultural practices. Limited access to these
inputs can severely constrain farmers’ productivity and the
scalability of agricultural operations [49-51].

Exponential comparison method is seldom applied by
scholars to portrait superior agricultures products. Scholars
applied other methods reported by Pangestu et al. [52] by
recording 26 six crops, excluding forest products, wild
animals, and livestock. Several scholars also reported
certain commaodities such as livestock only using location
quotient [53], which is similar to Abdurahman et al. [54],
while Kasmin et al. [9] by using LQ inventoried 10
commodities of agriculture products. Lack of
comprehensive studies found reported all sectors of
agriculture-related commaodities. These scholars applied
few parameters to measure superior commodities.
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Therefore, in this study, exponential comparison method
(MPE) was applied. The MPE is one of the methods that is
lagging behind applied by scholars. However, when
applying MPE, judgement shall be clear and precisely
determined. While previous studies have explored the
potential of individual commodities in Papua, there is
limited research that employs clustering techniques to
identify and categorize leading agricultural commodities in
Mamberamo Raya [55],[56]. Additionally, existing studies
often lack integration of agro-ecological, economic, and
market-based parameters, which are critical for a holistic
assessment of agricultural potential. In Papua Province, not
many districts/cities have succeeded in designing and
implementing cluster-based regional superior commodity
development [17,18]. In this regard, there are several key
objectives or aims statements, i.e. to analyze priority
commodities based on clusters of agriculture commodities
by using MPE (3) and to synthesize an association between
commaodities along with indicators and criteria as explained
above.

2. Materials and Methods

2.1. Time and Place

The field research was done in 2023 using few sampled
villages in district of Waropen Atas, Mamberamo Raya
Regency. This research area covers five villages, i.e.
Barapasi, Bensor, Nadufuai, Rawiwa, and Sipisi, districts
of Waropen Atas, Mamberamo Raya Regency (Table 1).
These chosen villages were done by assuming that each
village has superior agriculture products. In addition, the
distribution of all commaodities is homogenic in all villages
so that each village (sub-districts) will know its respective
superior agriculture products.

Table 1. Samples of villages, farmers, and location of the villages in
Waropen Atas District.

No.  Village No. of No. of Location
Farmers  Samples
1. Barapasi 64 55 -2.20700,137,00151
2. Bensor 33 30 -2.19911,137,17425
3. Nadofoai 35 32 -2.34900,136,95993
4, Rawiwa 44 40 -2.227344,136,945066
5. Sipisi 41 37 -2.290146, 137,002617
Total 217 194

Source: Data processed

2.2. Method of Collecting Data

Data collection methods in this study were obtained

through primary and secondary surveys [57]. Primary
survey was obtained from field studies, structural and semi-
structural interviews guided by a questionnaire that had
been prepared, and the results of focus group discussions
or Focus Group Discussion (FGD) [20,21] on the sampled
farmers, businesses, and the relevant key informants.
Secondary data consisted of institutional and literature
surveys [58]. Secondary data survey includes regional
administrative data, demographic data, and agricultural and
industrial production data relevant to this activity.

2.3. Sampling Techniques

The data collected came from respondents and key
informants. Respondents and key informants who were the
target of this study were chosen representing crop farmers,
fishermen, and the head of tribal group. From Table 1.,
85%-91% farmers at each village were chosen. A sample
of respondent was chosen by applying the formulae of

Slovin [59] as presented as follows; n = T where n=
required sample size, N=Total population, e=Margin of
error (5%=0.05).

2.4. Variables and Data

Indicators of this field research were compiled based on
criteria provided in Table 2. Indicators values were based
on measured criteria and then marked as scores. Few
criteria were collected based on governmental documents
and several criteria were measured based on field research
and observation. Soil and climate parameters were
measured during field data collection. These parameters
were used as standardization using by researchers in
Indonesia and issued officially by the central government
of Indonesia, particularly Ministry of Agriculture [60]. All
criteria were then listed to field questionnaire as a guideline
applied by field enumerators.

In the next stage, based on the weighted score of each
commodity, an analysis was employed to determine the 5
(five) villages’ priority commodities representing the
district's leading commodities with the highest value. To
rank the top 5 MPE commodities (Kornita and Zamaya
2022; Perlatti et al. 2014), the following formula is used,
ie.

~ 9%min

ai}
—_\n fex( = )
Si=Xj=ga;j X e ¥max

Imin” |
where Si= score final of the i alternatives, aj= alternative
values of the I on j criterion, amin = minimum values from
all alternative on j criterion, amax= maximum values of
whole j criterion, k=constant determining effect scale of
different values (often used k=1).
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Table 2. Seventh indicators and criteria applied to compute featured agricultural commodities

Indicators

Criteria

a Land suitability

B Commodity availability

y Access to commodity source locations

& Commodity development programs

& Market potential

6 Potential for increasing added value (processed products)

¢ Availability of input products

N o g W D P ow Do e DN R

Ll D o o R L T R B

> Lo

Climate

Water availability

Drainage conditions

Root media (texture, coarse material, soil depth)
Peat (thickness and maturity)

Nutrient retention (KPK, Kb, pH, C-org)

Available nutrients (N, P, K)

Tocosis (salinity)

Sulfuric material (depth)

Erosion Hazard (Slope)

Rock Outcrop

Cultivated by most households

Is a local/traditional commodity

Auvailable throughout the year

Sufficient needs household

Market-oriented

Close distance

Easy to reach

Transportation facilities available

Training has been conducted

There is assistance

There is input production support from other parties
There is production capital grant support

There is a local leader and community leader support
There is a willingness of the community to develop commaodities
There are farmer/fishermen groups

There is continuity of demand

There are regular consumers

Term Wide market size

A large number of consumers

Competitive prices.

Ease of marketing

Possibility of developing variants of highly processed products
Auvailable local commodity processing business units
Simple (appropriate) and applicable production technology.
Promising prices

Can be obtained locally

Auvailable throughout the year

Affordable prices

More than one choice of input production variants

Source: Original by Authors
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2.5. Data Analysis

We applied Chi-square Test based on Jonckheere-
Terpstra test. This test can be used to determine if there are
significant  associations between categories in a
contingency table. In this case, we would test if there’s a
relationship between each crop, forest, wildlife, and
livestock commodities and the scores across the factors
listed. Post hoc test was applied using Mann-Whitney U
test. This value ranges from 0 (no association) to 1 (perfect
association).

Data analysis using Cartesian graphs (often referred to
as Quadrant Analysis or Importance-Performance Analysis)
involves mapping data into four quadrants on the X and Y
axes [21,22]. Select two main variables to be analyzed, for
example strategic (importance of factors) as the Y axis, and
development (factor performance) as the X axis. The
average of the X and Y variables will be the midpoint on
the graph and serve as a boundary to divide the graph into
four quadrants. The formula is as follow.

Average X = Z

Xi and Average Y= 22
n n

where the four quadrants on a Cartesian graph consist of
quadrant | for “Maintain”, Quadrant Il then for “Priority to
improve”, Quadrant Il is then “Less Priority”, and lastly
Quadrant IV is then for “potential for efficiency”.

3. Results

3.1. Commodities Weighting

As much as 31 commodities of agriculture products
including forest and wild animals were identified (Table 3),
commodities such as bananas, sweet potatoes, cassava, taro,
edible hibiscus, yellow pumpkin and coconut received high
scores (23) with 2" place. The high score is mainly
supported by land suitability (5) and potential for
increasing added value (3-5). The pinang (battle nut) got
the highest score with a total score of 25, ranking first
because it got the maximum score on main indicators such
as land suitability, commodity availability and market
potential [61],[62]. Commaodities such as corn, long beans,
mangoes and durian are ranked 4th with a score of 19,
showing good potential, but limited access or development
programs. Rambutan has the lowest score, namely 13 (71"
place) due to low commaodity availability and lack of input
support and development programs.

Forest product commaodities such as sago, agarwood, red
fruit are ranked third with a score of 21, indicating good
land suitability and market potential, but with limitations in
location access and development programs. Damar/Agathis
and Masohi had a score of 19, indicating similar challenges
in access to resource locations and development programs.

Wildlife commodities such as crocodiles and wild boars
received a score of 21 (third place), indicating good market
potential and land suitability, but facing challenges in site
access and program development. Cassowaries and tree
kangaroos have a score of 19, also facing limited location
access and limited program development. Livestock
commodities such as chickens are ranked second with a
score of 23, standing out in terms of land suitability,
commodity availability and market potential. Commaodities
such as pork and ducks are in third place with a score of 21,
indicating good market potential but still need support in
program development. Commadities such as cattle have a
score of 19, indicating good land suitability but limited
availability of inputs and development programs [63].

All commodities have a maximum score (5), which
indicates good land suitability and supports the
development of each commodity. Most commodities have
a score of 3 or 5, indicating adequate availability, although
some commodities such as Rambutan and Mango have
lower availability. Some commodities such as cassava, taro
and areca nut have better access, while other commaodities
face problems in location access. Almost all commodities
have a low score (1), indicating the lack of development
programs dedicated to supporting these commodities.
Several commodities, especially those from the forest and
wildlife products group, show high market potential, which
can be exploited to increase economic value [64].
Commodities such as bananas, sweet potatoes and yellow
pumpkin have the potential to increase their added value
quite high (score 3). Awvailability of inputs for most
commodities is limited (score 1), which can be an obstacle
in efforts to increase productivity.

3.2. Priority Measured by MPE

The Figure 1 shows the results of analysis using the
Exponential Comparison Method (MPE) for various
agricultural commodities. MPE is used to identify the
potential or economic value of various commodities by
assigning a weight or value to each commaodity based on
certain factors [24,25]. Cassava has the highest score,
namely 570,413. This shows that cassava has more
significant economic advantages compared to other
commodities. This advantage can be caused by
productivity, market demand, or other factors that make it
more profitable [65]. Banana and corn have the same value,
namely 547,849. With this high value, these two
commodities have almost equal economic potential,
indicating a high level of attractiveness in terms of
investment or further development [66]. Sweet potato has
a value 0f 491,593, slightly lower than cassava, banana, and
maize.
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Table 3. Commodity weighting based on indicators

Indicators

Commodities Sum Rank

a B Y ) € (4] 7]
Crops/Plants
Banana 5 5 3 1 1 3 5 23 2
Sweet potato 5 3 3 1 3 3 5 23 2
Cassava 5 5 5 1 3 3 1 23 2
Taro 5 5 5 1 3 3 23 2
Maize 5 5 3 1 1 3 1 19 4
Long nuts 5 3 1 1 5 3 1 19 4
Edible hibiscus 5 5 5 1 3 3 1 23 2
Kangkung 5 3 3 1 3 1 1 17 5
Spinach 5 5 3 1 1 1 1 17 5
Cucumber 5 3 3 1 1 1 1 15 6
Labu Kuning 5 3 5 1 5 3 1 23 2
Cacao 5 3 5 1 3 3 1 21 3
Battle nut (Pinang) 5 5 5 1 5 3 1 25 1
Coconut 5 5 3 1 5 3 1 23 2
Rambutan 5 1 3 1 1 1 1 13 7
Mango 5 1 5 1 3 3 1 19 4
Durian 5 1 3 1 3 3 1 17 5
Forest products
Sago 5 3 3 1 5 3 1 21 3
Agar wood 5 3 3 1 5 3 1 21 3
Red fruit 5 3 3 1 5 3 1 21 3
Damar/Agathis 5 3 1 1 5 3 1 19 4
Masohi 5 3 1 1 5 3 1 19 4
Wild animal
Crocodile 5 3 3 1 5 3 1 21 3
Wild pigs 5 3 3 1 5 3 1 21 3
Cassowary 5 3 1 1 5 3 1 19 4
Tree kangaroo 5 3 1 1 5 3 1 19 4
Livestock
Chicken 5 5 3 1 5 3 1 23 2
Pigs 5 3 3 1 5 3 1 21 3
Duck 5 3 3 1 5 3 1 21 3
Cattle 5 1 3 1 5 3 1 19 4

Source: Data processed

Notation: @ = Land suitability, § = Commaodity availability, y = Access to commodity source locations, § = Commodity development

programs, € = Market potential, & = Potential for increasing added value (processed products), ¢ = Availability of input products.
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Cassava 570,413
Banana 547,849
Maize 547,849
Sweetpotato 491,593
Kangkung 490,865
Red fruit 471,911
Masoi 471,669
Rambutan 468,997
Agarwood 413,469
Cacao 398,855
0 100,000 200,000 300,000 400,000 500,000 600,000

Source: Data processed

Figure 1.

Even though it is in fourth position, sweet potato still has
strong economic potential, making it an attractive
commodity to develop. Kale is just below sweet potato with
a value of 490,865, which also shows good economic
potential and can be considered as one of the prospective
commodities. Red fruit and masoi have values of 471,911
and 471,669 respectively. With almost the same value,
these two commodities have good economic potential but
not as high as the commodities above. Rambutan has a
value of 468,997, slightly lower than red fruit and Masoi.
However, rambutan still has promising economic potential
in this MPE analysis. Agarwood with a value of 413,469 is
ranked at the bottom, indicating more limited economic
potential compared to other commodities in this analysis.
Cocoa occupies the lowest position with a value of 398,855,
which shows that cocoa has the lowest economic potential
among the commodities analysed using MPE. This MPE
analysis shows that cassava, banana and maize have the
highest economic value, followed by sweet potato and kale.
These commaodities can be made a priority in developing
the agricultural sector to maximize economic profits.
Meanwhile, commodities with lower values, such as
agarwood and cacao, may require additional strategies or
other approaches to increasing their economic value.

3.3. Association of Indicators and Commodities

The results of the Chi-square non-parametric statistical
analysis (Table 4) show a value of 101.971, with a
probability p-value: 0.000. The p-value (0.000) is
indicating that there is a statistically significant association
between the categories (Crops/Plants, forest products, wild
animals, and livestock) and the scores across the indicators.
It suggests a very strong association between the
commodity categories and their indicator scores, indicating

Results of Computed MPE from priority commodities

minimal relationship strength. This suggests that the
different scores for each indicator are likely strongly
influenced by the type of commodity group.

Land Suitability (a) is the highest mean rank among the
groups. Chi-Square = 101.971, p-value = 0.000, indicates a
very strong significant association. Land suitability is a
critical factor in commodity development [7],[67],[68].
Commodity Availability (B) has a lower mean rank than
land suitability but is still notable. Access to Commaodity
Source Locations (y) is moderately important. Commodity
Development Programs (8) is relatively low, suggesting
that these programs may not be as impactful or well-
received. Market Potential (€) is relevant but less so than
land suitability and commodity availability. Potential for
Increasing Added Value (0) indicates that potential for
value addition is a significant factor in the context of the
analysis. Availability of Input Products (¢) has the largest
sample size but the lowest mean rank, suggesting less
perceived importance.

3.4. Commodities-Based Developing Planning

This Cartesian graph (Figure 2) divides commodities
into four quadrants based on the categories "Dominant

Commodities” and  "Subdominant ~ Commodities”.
Quadrant 1 (1% Quadrant) displays commodities that are
included in the dominant commodities category.

Commodities included in this quadrant, such as sago,
masohi, wild boar, chicken, cattle, and others, are dominant
commodities or have high important values. Quadrant 2
(2" Quadrant) is subdominant commodities, which means
that this commodity has a less dominant value compared to
commodities in the first quadrant. Examples are cassava,
corn, rambutan, and taro. These commodities remain
important but may have less values or quantity than the
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dominant commodity. Quadrant 3 (3 Quadrant) also
displays dominant commodities but most likely in a
different context, perhaps related to certain locations or
conditions. Examples of commodities here include banana,
sweet potato, edible hibiscus, spinach, summer squash, and
cocoa. This commaodity is considered dominant but may be
in a different region or situation than the first quadrant.
Quadrant 4 (4™ Quadrant) contains subdominant
commodities which include commodities with less
dominant or more limited values compared to commodities

Clustering Regional Potential of Leading Agriculture Commodities in Mamberamo Raya, Papua

in the first and third quadrants. Examples in this quadrant
include red fruit (Pandanus conoides Lamk.), crocodile,
pig, and cuck, which may be less significant than the
dominant commodities. This graph provides a visual
depiction of the level of commodity dominance in different
categories in each quadrant. The first and third quadrants
contain commodities that are considered dominant, while
the second and fourth quadrants contain commodities that
are subdominant.

Table 4. Association of indicators with commodities
Groups N Mean Rank Chi-Square  df Asymp.Sig. (p-value)
a. Land suitability 30 178.00%**
B Commodity availability 27 125.28***
y Access to commodity source locations 28 114.80***
i *hk
6 Commodity development programs 27 49.24 101.971 6 0.000
& Market potential 28 94.09***
0 Potential for increasing added value (processed 27 125, 07***
products)
¢ Availability of input products 43 66.91***
Total 210
Source: Data processed
2nd Quadrant 1st Quadrant
[
Rambutan
Dominant Commodities
Chicken
Sag Wild Boar
Cassava
Masohi Cow
o o o [} 000 o
Corn Yy [ ] Tree Kangaron
Damar/Agathis Cassowary
Agarwood
O
Cucumber
Taro
o ['] o000 Mango o Crocodie o
Banana Swamp cabbage
‘ . . . . Red Fruit o .
Edible hibiscus --0Nabeans Cocoa Fig
Spinach Duck
W eel polalo ummer uasl .
Sueetpotat # saussh Coconut Subdominant Commodities
Dominant Commodities o
4th drant
3rd Quadrant Y Quadran

Source: Data processed

Figure 2. Cartesian graph indicates grouping commodities into four dimensional objectives
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4. Discussion

Commaodities with the highest rank include commodities
such as areca palm (25), banana, sweet potato, cassava, taro,
edible hibiscus, and yellow pumpkin which received high
rankings with scores between 23-25. This shows that this
commodity has strong performance on most of the
indicators considered, making it a top priority for
development [69],[70]. Mid-Rank Commodities consisting
of sago, agarwood, red fruit, and some wildlife products
such as crocodile and wild pigs have a score of 21,
indicating that although important, they may be less
superior in some indicators than the highest scoring
commodities. Low ranking commodities, namely
commodities such as rambutan (score 13) occupy the
lowest position, which may indicate low economic
potential or limitations in availability and access indicators.
The results of this weighting show that commaodities that
meet more criteria will receive higher priority for
development. This approach is relevant in supporting
sustainable agriculture and local economies, especially in
the context of rural and forest areas [38],[49],[71-73].

The MPE method helps to determine the relative
importance of each commodity based on the previously
mentioned indicators. High priority commodities, namely
commodities at the top of the MPE graph, show high
potential and relevance in the context of this region. For
example, commodities with high scores in the MPE also
rank high in the weighting table, such as Areca Palm and
Yellow Pumpkin. This indicates that this commodity has
the potential to support food security [30-32], the economy
and the sustainability of the local ecosystem [32,33]. The
correspondence between the scores in Table 2 and the MPE
results strengthens the validity of this approach. This shows
that MPE can be an effective tool for determining
commodity development priorities. MPE charts also help
visualize how some commodities may be better suited to be
managed or developed in the long term [74],[75],
depending on their comparative value in MPE.

Results of Chi-square analysis which measures the
relationship between indicators and commodities are
obtained. This analysis aims to determine how strongly
each indicator contributes to commodity priorities.
Indicators with strong relationships such as land suitability
[76],[77] and commaodity availability [19] have the highest
mean rank values [29],[30]. This shows that there is a
strong relationship between this indicator and commodity
rankings. This means that land suitability and commodity
availability play an important role in determining
commodity priorities in the region [7], [33-35]. Indicators
with low linkages such as commodity development
programs have a lower mean rank. This suggests that
commodity development programs may have lower
relevance to commodity rankings, and may be considered
less important in the context of current commodity
priorities [78]. This analysis is important because it shows
that some indicators are more relevant than others in the

context of commodity prioritization [79]. Key indicators
such as land suitability and commodity availability need to
receive primary attention in developing resource
management policies [80].

Cartesian diagrams are used to group commodities into
four objective dimensions based on the indicators being
evaluated [12],[61],[81]. This grouping helps in identifying
commodity development priorities in the area. The high
priority group is a commaodity that is in the quadrant with
the highest value in this diagram, namely a commodity that
meets most of the important indicators and has great
potential for development [82],[35-37]. For example, areca,
palm and banana which are in this quadrant have high
scores in almost all the indicators evaluated. The additional
development group is in the quadrant with lower values
perhaps indicating relevant commodities but having
limitations in some indicators. Commodities in this
quadrant may require special management strategies or
additional support in terms of infrastructure or
development programs [69],[79],[81]. This diagram helps
policy makers and resource managers to make data-based
decisions regarding development priorities. This is also
relevant in the context of spatial planning, where high
priority commodities can be developed on more suitable
and easily accessible land, while other commaodities can be
managed in the context of conservation or additional
support [60].

Commodities such as areca palm, banana and yellow
pumpkin have high priority values for development in this
region. Land suitability and commodity availability are the
main indicators that influence commaodity rankings [83],
which are supported by the results of Chi-square and MPE
analysis. The use of methods such as MPE and grouping in
Cartesian diagrams provides comprehensive insights into
commodity priorities [61,62],[66],[84]. This indicator-
based approach can help governments or related
organizations in developing efficient and sustainable
natural resource management and development strategies
in rural and forest areas. Further studies could be conducted
to strengthen this method and evaluate its impact on long-
term economic and ecological sustainability.

5. Conclusions

Commodities of agriculture products including forest
and wild animals identified are 31 products. From
crops/horticultures 17 (54.84%) commaodities identified,
followed by forest products 5 (16.12%), there are wild
animal 4 (12.90%) commodities, and livestock products 4
(12.90%) commodities. According to MPE analysis,
commaodity of cassava has top rank developing suitability,
i.e. 570,413, followed by banana and maize, i.e. 547, 849.
In the third rank, there are i.e. sweet potato (MPE=491,593),
and cacao (398,855). Commodities such as areca nut,
banana, sweet potato, cassava, edible hibiscus, yellow
pumpkin, and coconut have good development potential
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due to land suitability value, commaodity availability,
market potential, and potential for increasing added value.
However, the main weaknesses in the development of most
commodities are limited access to resources, minimal
commodity development programs, and low availability of
input products. The Chi-square indicates that there is a
strong association between indicators (including criterion)
with agricultural-based commodities development in
Waropen Atas district. Land suitability is the most
significant factor influencing commodity development,
with strong evidence supporting its importance. Other
factors, such as commodity availability and potential for
increasing added value, also show relevance. From

cartesian

graph, three commodities focusing on

maintaining (1% quadrant), in the 2" quadrant 10
commodities focused on priority to improve, in the 3™
quadrant 13 commodities became less priority, and only 4
commodities in the 4™ quadrant focused on potential for
efficiency.

Strategies that need to be considered are increasing
accessibility  to

resource locations, strengthening

development programs that support each commodity, and
ensuring the availability of input products. With this
strategy, commodities in this region can develop further
and in general provide added economic value to farmers.
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