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Seaweed had proven to become a fisheries commodity to provide a significant multiplier
economic effect for coastal community in Southeast Maluku District during 2005-2013.
However, the declining on the productivity of seaweed has given a direct impact on welfare of
farmers and coastal communities in this region during the recent years, due to asymmetric
information on seaweed farming associated with prices, latest technology and all pre and post
production activities. Thus, forming a dedicated information centre for seaweed farming in the
region has become a necessity. As small island regions, in Southeast Maluku district, farmers
and all stakeholder have to deal with cliché problems such as insufficient infrastructure, lack of
transportation, farmers locations that spread across the islands. This paper focused on the
selection of suitable location for the information centre for seaweed farming in Southeast Maluku
district, Indonesia. Analytical hierarchy process (AHP), in classical and fuzzy forms, was an
approach used on this study for suitability analysis. Moreover, GIS for spatial analysis in addition
to AHP was used to compare the best results for the location of information centre for seaweed
farmers. The results show that fuzzy AHP could provide more suitability location compared with
conventional AHP. Most of suitability locations were located in three sub-districts regions and
also most of them were located in Kei Kecil Island and Kei Besar Islands due to the geographical
characteristics of the region. The sensitivity analysis was conducted to measure the sensitivity of
the results when the weight of each criterion was changed. The outcome of this study was to
serve its purpose as an input and comparison study for a recent local government of Southeast
Maluku' policy on developing seaweed farming in this region.

© 2018 by the authors; licensee Growing Science, Canada.

1. Introduction

The role of information for the success of any kind of business such as small business is significantly
high (Vaughan, 1999), despite the change of information technology has shifted the behaviour of people
(Lyu & Hwang, 2014), but the condition still cannot be applied to all regions in the world. In small
islands region especially in Indonesia, access of internet and the knowledge of using search engine is
not as much as the people who live in urban and big cities, which can affect the productivity of coastal
community’ daily activities includes fisheries. As evidence in Southeast Maluku District, where
seaweed farmers struggled to maintain their productivity in recent years due to asymmetric information
related to seaweed farming supply chain (Teniwut, et al., 2017a). Therefore, it is crucial to improve the
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information flow among seaweed farmer in the region. In general, seaweed farming offers favourable
features in terms of easiness to conduct and also economic multiplier impact on marginal coastal
community, compared with other fisheries activities; namely fishing, crabs and grouper cultivation
(Hurtado-Ponce ef al., 1996). Since seaweed has proven to contribute the higher multiplier boost for
local economic, local government of Southeast Maluku district which has decided to make seaweed as
one of region’ top commodity, in 2017, local government has decided to put seaweed in their Regional
Medium-Term Development Plan for 2017-2022.

As archipelagic region which consists of many small islands, Southeast Maluku has a great advantage
in particular in environmental support to meet all the requirements for seaweed cultivation. As small
islands are surrounded by sea, this makes the region to be broadly coastal zone, which contains
vegetation, energy, minerals and biology as the major source for many sea creatures includes seaweed
(Chunye & Delu, 2017). In addition to its natural support, the potential impact welfare of coastal
community makes seaweed cultivation becomes an obvious choice to be major sources of income.
During the span of 7-8 years, the contribution of seaweed for the development of local economy had
greatly presented but since 2013 the number of farming have declined gradually because of pest and
diseases, price instability, lack of the availability of seaweed’ seeds and access to technology (Teniwut
& Kabalmay, 2015). Thus, it is necessary to form an information centre for seaweed cultivation that
will act as a hub to connect farmers to information on the latest technology and knowledge, information
on the market condition related to demand and selling price also helping farmer to deal with technical
problem on seaweed farming. The information centre can provide services also support the needs of
the user on their related activities (Essex et al., 1998). Because of the geographical conditions, which
consist of small islands added with the lack of sufficient infrastructures, road accessibility and
transportation on this region, it is relatively hard to select the exact and accurate location for the
information centre.

To date, GIS-based suitability analysis has been commonly used for site selection, where this approach,
in general, is an analysis on layers that contains spatial data to evaluate and select particular area based
on its suitability criteria classified according to certain measures and processes (Malczewski, 2006b;
Malczewski & Rinner, 2015). The applications of GIS-based suitability analysis for site selection have
widely applied for marine and fisheries field and also in other fields, likes in site selection for marine
fish cage (Pérez et al., 2003); sustainability aquaculture management area (Longdill et al., 2008);
mangrove oyster raft culture (Buitrago et al., 2005); selfish aquaculture (Silva et al., 2011); offshore
marine fish farm (Dapueto et al., 2015); artificial reefs (Mousavi et al., 2015); industrial area (Rikalovic
etal., 2014); industrial wastewater discharge in coastal regions (Li et al., 2017); wind farms (Villacreses
et al., 2017). Although as it has found on previous studies, there was a limited number of studies on
marine and fisheries sector especially in selecting specific areas of inland. Furthermore, the
combination of GIS and multiple criteria decision making (MCDM) can bring greater advantage on the
strengthening of the result on suitability analysis, GIS can provide support on solving spatial problem
(Malczewski, 2006a) and combine with tools in MCDM namely analytical hierarchy process (AHP)
can provide organized construct on selecting the effective solution based on different criteria (Marimin,
2005). In addition, to overcome the uncertainty on AHP, fuzzy logic has been used by researcher along
with AHP method known as fuzzy AHP (FAHP) (Sun, 2010). The implementation of GIS-based
MCDM especially with AHP or FAHP widely has been applied by researchers (Mosadeghi et al., 2015;
Pourghasemi et al., 2012; Zhang et al., 2015). Despite the number of researchers to use MCDM along
with spatial analysis, there was only smaller number of studies to use, at least, more than one MCDM
tools, for instance, AHP and FAHP, or ANP and VIKOR, etc. There also combination of GIS and
MCDM to rank the best criteria which are either explicit or implicit characteristics (Malczewski,
2006a). In this study criteria used for suitability analysis for information centre on seaweed cultivation
are used in GIS application to select the efficient alternative for site location, (Feizizadeh & Blaschke,
2013). In this study, we conside different criteria for information centre for seaweed cultivation namely;
slope, road access, village distance, number of seaweed farmers in each sub-district in GIS application.
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AHP and fuzzy AHP are used to rank the weight of each criterion on suitability location for information
centre for seaweed cultivation. In this study, we also consider uncertainty for different criteria.

This paper focuses on conducting spatial analysis with AHP and fuzzy AHP (FAHP) approaches on
selecting the most suitable location for information centre for seaweed cultivation in Southeast Maluku
district, Indonesia. The combination of GIS with AHP and FAHP can provide powerful and better
results for information centre for seaweed cultivation site selection. Furthermore, the composition of
the rest of this paper is as follows, section 2 includes material and method. Section 3 provides the results
of this study, discusses the restriction model, suitability model and final parcel selection for suitability.
In Section 4 we discuss of the results and continue with section 5, where conclusion and future
implication are discussed.

2. Material and Method
2.1. Study Location

Indonesia is considered as the largest archipelago country in the world, with over 18,100 islands and
estimated over 60% of its people live in small islands region (CTI-CFF, 2009). The study location is
part of Kei Islands, located in Southeast of Maluku Province in the eastern part of Indonesia. Southeast
Maluku geographically is located in 5° to 6,5° south latitude and 131° to 133,5° east longitude, this
region consists of two largest islands (larger island and smaller island) added with 25 small islands
spread along the area (Fig. 1). The centre of local government and economy activity is located in smaller
islands, thus, the infrastructure and road access are significantly better than larger islands. This region
covers more than + 7.856,70 km? where almost half of this region is water at + 3.180,70 km? and land
area is £ 4.676,00 km?. This region is located in average + 100m to 115m below sea level, as reported
in 2016, the population of Southeast Maluku district was 98.684, where the population density of
Southeast Maluku district in 2016 reached 95.64 people/km? (Statistic Indonesia, 2017). There are 11
sub-districts in this region, six sub-districts is located on smaller Kei island (Kei Kecil) and five sub-
districts on larger Kei island (Kei Besar) to cover a total of 191 villages. Southeast Maluku has several
famous marine tourism destination location in the country namely pasir panjang and ngurmunwatwahan
beaches in Ngilngof Village and Ohoidertutu Village, sandbar in Warbal Village and coral reefs views.
Most of the community in this regions rely on fisheries and marine sector such as fishing and
mariculture (pearl, grouper and seaweed), some of the community members also rely on agriculture
sector for major source of income. As overall fisheries sector gives the largest contribution on district
regional growth domestic product (GDP). In 2016, the number of fishermen were 5.620 compared with
the number of mariculture farmers at 4.652 (Statistic Indonesia, 2017). The productivity of mariculture
largely was contributed by seaweed cultivation at 6.455,70 ton in 2017 contributed to IDR
38.734.202.000,- in 2017 (Marine and Fisheries Office of Southeast Maluku District, 2017).
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Fig. 1. Study Location
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2.2 Method

The framework of this study is illustrated in Fig 2, which is in two parts.
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One part uses ESRI ArcGIS 10.4 to process the data related to spatial analysis, and for the processing
of the other part of the study, which is based on the implementation of MCDM, Microsoft Excel was
used to calculate the weights for all criteria both for AHP and fuzzy AHP. By combining these two
approaches, we obtain the suitability parcel location and also sensitivity analysis.

2.2.1. Evaluation criteria

Calculate
Weight
Criterion

Criterion Restricted | Suitability

Hierarchy

Processing Area Rating Schematic

Fig. 2. Study Framework

For the decision-making process, the use of multi-criteria decision making becomes a common thing
in order to select the best alternative that coexistence in many types of criteria (Al Garni & Awasthi,
2017). There are two stages in this study for the evaluation of each criterion for selecting the final parcel
for information center for seaweed cultivation locations. The first stage: identification and selection of
the possible criteria; namely distance from the road, distance from each village, slope and number of
seaweed farmers from each sub-district which are accomplished using MCDM technique. When we
choose criteria in this study, we based our model from two conditions, first was the characteristics of
the study area and input from the previous studies, where researchers always include slope as one the
mandatory criteria for suitability analysis (Sener et al., 2010; Van Haaren & Fthenakis, 2011; Vasiljevic¢
et al., 2012), distance from certain location and road access (Rikalovic et al., 2014; Hadipour et al.,
2015; Ahmadisharaf et al., 2016; Bunruamkaew and Murayam, 2011; Azizi et al., 2014) and density of
population (Vlachopoulou et al., 2001; Longdill, et al., 2008) and in this study this is the number of
seaweed farmers in each sub-district. In second stage we calculate the weights of different criteria to
obtain the final ranking of all criteria. For prioritizing each criterion this study uses three categories of
experts. First; practitioners, in this case, they are farmers and distributors of seaweed in the region.
Second: academician, where in this study, researcher and lecturer with expertise in information and
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communication also marketing communication are considered. Third: bureaucrats and this was the head
of marine culture division on Marine and fisheries office of Southeast Maluku District. These experts
were asked to give their perceptions on ranking the importance of criteria based on their experiences
and areas of expertise. For the ranking, AHP is used where intermediate values are ‘‘Perfect,”
““Absolute,” ‘““Very good,” ‘‘Fairly good,” *‘Good,” ‘‘Preferable,” ‘“Not Bad,” ‘“Weak advantage” and
““Equal”, in adjustment to fuzzy AHP, the following fuzzy numbers in this study are used (Gumus,
2009) presented in Table 1.

Table 1
Fuzzy membership numbers
Linguistic Term Scale of Fuzzy Number Linguistic Term Scale of Fuzzy Number
Perfect (8,9, 10) Preferable 3,4,5)
Absolute (7,8,9) Not Bad (2,3,4)
Very Good 6,7,8) Weak Advantage (1,2,3)
Fairly Good 5,6,7) Equal (1,1, 1)
Good 4,5,6)

Furthermore, to carry the fuzzy AHP analysis we used the approach by Sun (2010), where there are
two steps in fuzzy AHP analysis. Step 1: Pairwise comparison matrix on all criteria by asking which
criteria is more important as shown below matrix A:

1 a12 Az -+ lip
A az; anz 1/‘112 1 o Q2
anz

1/a1n 1/“2n -1

(1)

an1

a..—{9_1'8_1'7_1'6_1'5_1'4_ ,374,274,1741,2,3,45,6,7,89 i #
j - 1 l:]

Step 2: To define fuzzy geometric mean and fuzzy weights of each criterion, we use geometric mean
(Hsieh et al., 2004)

1/n
f=(0n® . @y ® .. Q ) (2)
W= ® . OF® .. Q™
where, a;, is fuzzy comparison value of criterion i to criterion n, thus, 7; is geometric mean of fuzzy
comparison criterion i to each criterion, W; is the fuzzy weight of the ith criterion, indicated by TFN,
w; = (Lwy, Mw,,Uw;). Also, Lw, is lower value, Mw; is middle value and Uw;represents upper
value of fuzzy weight of the ith criterion. The consistency on matrix we used is the standard consistency
ratio (CR) as follows,
CI 3
CR = 3)
RI . . . . .. . .

where RI is random index and CI is consistency index. In addition to determining CI, we used the
following equation:

4)
where 4,4, 1s the maximum value of eigenvector; # is the number of criteria. Value of CR is acceptable
when CR below 0.1 (Saaty, 1980).

2.2.2. Define and rank suitability criteria

For the determination of suitability for each criterion, literature study is combined with a preliminary
field study to obtain a comprehensive information about the recent conditions of this region. For
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distance from each village criteria, as previous studies showed that the location of information center
should be near with each village, but we have to also consider the social-economic conditions in this
region where the potential conflict between villages tends to be destructive as Teniwut et al., (2017b)
and Yamazaki, et al. (2018) stated, conflict in coastal community either intra or inter villages in this
region was a possibility. Therefore, for the distance from the village, 5 Km from each village is
considered as the highest suitability and below 1 km was considered as the least suitability. We obtained
data for distance from village from board of research of Southeast Maluku district. For other criteria,
namely slope, the higher ground represents the least suitability and we obtained the slope from USGS.
Distance from the street, the nearest is the highest suitability, data were obtained from the board of
research of Southeast Maluku district. For the number of seaweed farmers in each sub-districts, the
more farmer in each sub-district, the higher suitability and the necessary data were obtained from
Marine and Fisheries Office of Southeast Maluku District. Five suitability ranking was used in this
study, where 1 represented the least suitability and 5 was the most suitability (Fig 3). In this study,
suitability index was used based on linear combination model (Zhang et al., 2015), with an addition of
multiplication of sum of restrictions in the model, which can be seen as follows,

n m
i=1 j=1 (5)

where n is the number of criteria, W;C; is the weight of each criterion which is based on AHP. In the
study, we used four criteria (Fig 3) and fuzzy AHP calculation and r; represents the restrictions, where
in this study we used six restrictions (Fig 3).
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Fig. 3. Hierarchy decision criteria and restriction for information centre for seaweed cultivation
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The expanded equations of Eq. (5) are as follows,

m
S = (WiCs. W,.Cp. W,.C,p. Wi C) ﬂr,
j=1

n
S = Z WiCi(rpub.rrd.rAg.rct.rm.riv)

i=1
2.2.3. Restriction Area

(6)

(7)

In selecting the location for information center for seaweed cultivation in Southeast Maluku district,
there is an area that has been occupied with other activities such as agricultural farming, public places
and housing, therefore, those areas have to be excluded from the information center for seaweed
cultivation location. In addition, areas also may be restricted by other issues; namely coast area, road,
rivers, etc. In particular for inside village areas were added to the restricted location in regard to the
sociology factor of an indigenous community in Southeast Maluku District. Indigenous practice that
might have impacted the information center is the practice of “Sasi”. In addition to the risk of conflict
among community most of the time followed by the practice of Sasi which is temporal prohibited to
enter certain location area that belong to particular family or village because of cursing, slander,
arguing, fighting, harassing (Thorburn, 2000), thus it is necessary to exclude village area for
information center for seaweed cultivation. Although Sasi rarely to last more than two months unless
Sasi for prohibiting on harvesting crops, marine resources which increase the time more than half a
year. As a result of restriction, Fig. 4 shows the selection of the information centre for seaweed,
cultivation location, where black areas are restriction areas and green areas are the available locations.
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3. Result

3.1. AHP and Fuzzy AHP Spatial Analysis Comparison

The outcome of calculating the weight for each criterion is based on both AHP and fuzzy AHP
represented in Table 2 and Fig 5. The consistency ratios for both AHP and fuzzy AHP are also below
threshold of 10%, where CR for AHP and FAHP were 0.07 and 0.09 respectively, therefore the
adjustment matrix were consistent. Fig 5 shows the classification of each criterion, where Euclidean
distance was used to classify the range of suitability for distance from road and distance from villages.
Where on all illustrated criteria, blue colour represents the higher rank of each criterion and light yellow
represents the least suitability grade. In Table 2, we can see the weight ratio of each criterion for the
site selection information centre for seaweed farming for AHP and Fuzzy AHP. As we can see both
AHP and Fuzzy AHP place the number of seaweed farmer in each sub-districts as the most important
criterion of 0.59 for AHP and 0.63 Fuzzy AHP, respectively followed by distance from road of 0.26
for AHP and 0.24 for AHP fuzzy; Distance from Villages of 0.10 for AHP and 0.09 for fuzzy AHP and
slope of 0.06 for AHP and fuzzy AHP, respectively.

Final results for suitability model based on AHP and FAHP with no restriction are shown in Fig 6.
Suitability location is based on AHP spatial analysis reveals that 12.4% of total observed locations are
the most suitable area accounted for 10.184 Ha spread mostly in three sub-districts. When comparing
the suitability location with spatial analysis based on fuzzy AHP, 12.3% of the observed area is the
most suitability location for information centre for seaweed cultivation accounted for 11.716 Ha.
Furthermore, the final suitability location parcels with restriction area to consider is showed in Fig 7.
The result stated that for AHP based spatial analysis, 3.890 Ha area is considered as the most suitable
for the location information centre for seaweed cultivation, whereas for fuzzy AHP based spatial
analysis, 4.592 Ha area is the most suitable area for information centre for seaweed cultivation in this
region.

Table 2
Grading and Evaluation Criterion Suitability

Weight Weight Fuzzy

Criterion Classification Grade AHP AHP
Slope Very High 3.50 m - 26.65 m
High 26.65 m - 49.81 m
Moderate 49.81 m- 135.85m 0.06 0.06
Low 135.85 m—293.85 m
Very Low 293.85 m—741.56 m
Distance from road Very High 0-466 m
High 466 m-1.3 Km
Moderate 1.3 Km-24Km 0.26 0.24
Low 24 Km-3.7Km
Very Low 3.7Km -5 Km
Distance from villages Very High 3.8 Km -5 Km
High 2.7 Km — 3.8 Km
Moderate 2 Km-2.7 Km 0.10 0.09
Low 1 Km-2 Km
Very Low 0-1Km
Number of seaweed farmers in Very High >1195
each sub-districts High 806-1195
Moderate 136-805 0.59 0.64
Low 1-135
Very Low 0

*CR for AHP = 0.07 **CR for FAHP = 0.09 ***All CR <0.1
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3.2. Sensitivity Analysis

The purpose of the sensitivity analysis in this study was to examine the reliability of suitability locations
based on the change of weights of each criterion (Crosetto et al., 2000). In this study there were three
approaches to analyse the sensitivity of suitability results based on the change of each criteria. First
approach was to give all criteria equal weights (Tegou et al., 2010) and the second approach was to set
the highest criteria on both AHP and FAHP with the half of the weight and the other criterion share the
rest of the weights equally and the third approach was based on using weights of £20% of each criteria
(Chen et al., 2010) (Fig 8). The outcome of the sensitivity analysis shows when the weights for all
criterion are equal the suitability location are mostly in medium suitability as high as 3 and when the
number of seaweed farmers in each sub-district is half of the weight and other criteria share the rest of
weight equally there are suitability level as high 4 and as for the weight £20% of each criteria, there
were some changes on the number of locations with rank 5. The outcome has indicated that the change
of criterion weights in this study sensitively affect the suitability location in the region especially for
the most suitable locations.
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4. Discussion

The application of MCDM in suitability analysis especially for the use of AHP and GIS-based
suitability analysis has widely used. Nonetheless, there is a criticism for the use of conventional AHPs
in dealing with uncertainty conditions, so the addition of more complex MCDM techniques such as
fuzzy logic to conventional AHP becomes necessary (Ardente et al., 2004). Thus, in this study, we have
conducted a survey for site selection of information centre for seaweed farming by using conventional
AHP and fuzzy AHP methods. Based on the results of suitability analysis with AHP and fuzzy AHP
the results have revealed that there were more suitability locations obtained with Fuzzy AHP than
traditional AHP. This is due to the contribution of more complex and diverse expert perceptions to each
of the criteria calculated with the fuzzy number, which can provide better judgment from experts’
judgment which cannot be considered in a conventional AHP (Chen et al., 2011; Ayalew et al., 2005).

The result of suitability analysis identifies 57 suitable locations with AHP and 60 suitable locations
with AHP fuzzy for location information centre for seaweed farming. These locations are spread out in
five sub-districts namely West Kei Kecil, Hoat Sorbay, Manyeuw, Kei Kecil and West-side of Southern
Kei Besar, although most of these were located in three sub-districts namely West Kei Kecil, Hoat
Sorbay, Manyeuw and all of these sub-districts were located in Kei Kecil Island due to the high number
of seaweed farmers in these areas. In particular, for the Kei Besar Island area, there are only suitable
locations in a sub-district which is West-side of Southern Kei Besar. In addition to the number of
seaweed farmers in other sub-districts in Kei Besar Island, other factors may cause a minimum number
of suitable locations because of the geographical conditions of the region. In the Kei Besar Island, areas
are characterized to be more plateau region with mountain and hills which limited the access of
transportation, thus the suitability locations for information centre for seaweed farming became very
limited. On the other hand in Kei Kecil Island region, aside from more seaweed farmers, the road access
contributed to the more suitable location available in this region. Suitable locations that have been
obtained in this study have been verified, however, due to many suitable locations, it can adopt an
approach as a consideration to select the appropriate point for the information centre for seaweed
farming location. The location can be based on two largest islands in the region, where each island will
have one information centre. Therefore, there are at least two locations for information centre for
seaweed farming; one in each Kei Kecil Island and Kei Besar Island but due to more seaweed farmers
in Kei Kecil Island, in addition to one Information Center, local government can add one information
centre so can cover all farmers in Kei Kecil Island.
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has half of the weight and other criteria share rest of weight equally; (c) +20% of weight for AHP; (d)
+20% of weight for fuzzy AHP
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The results of this study are expected to serve as a guide for stakeholders, especially the marine and
fisheries departments of Southeast Maluku District to overcome the declining of seaweed productivity
in this region. In addition, as a comparison to policies that have been done by the local government of
Southeast Maluku related to the determination of the location development centre in this region, where
local government has chosen to select Arso village located in Hoat Sorbay sub-district, but based on
our result, the density of seaweed farmer are spread along the region and that makes local government
of this region to address this issue by looking into at least two development points. By doing that, the
development of seaweed farming in the region becomes less costly and the flow of information becomes
widely access. Further research related to the results of this study may be undertaken, in which the
research in selecting the most appropriate location for the location of the information centre for seaweed
farming can be done where more multi-criteria decision making (MCDM) portfolio can be applied.
Moreover, the addition of more criteria on the future study can also enrich the result, because based on
sensitivity analysis on this study, the suitability location can shift from most suitable location with the
highest rank of 5 to suitable location with moderate suitable with rank around 3-4.

5. Conclusion

This study has shown the effectiveness of spatial analysis especially in the region with many small
islands and communities living in the coastal areas by facing some constraints influencing significantly
on the daily activities. Suitability analysis with MCDM approach has provided a powerful result for
obtaining suitable locations for information centre for seaweed farming by overcoming geographical
and infrastructural constraints. Suitability analysis has allowed us to identify the best location
accordingly that has an impact on site selection for information centre for seaweed farming while at the
same time it could also eliminate restricted areas. The combination of AHP and fuzzy AHP has
provided better judgment of each criterion in order to have a better weight of each criterion.

The model can be used by local government to identify location when all the criteria change due to
development of the economy, infrastructure and all relevant data. The result of this study identified 57-
60 suitable locations spread in two largest islands in this region, most of the suitable location was
correctly identified. The limitation of this study related to map of villages border, wherein the region
up to now has been unable to obtain because there is still disagreement. Therefore, by applying this
model with the addition of the number of criteria such as a border of each village and land own by
indigenous rules call “petuanan” we can provide better results. The outcome of the study can become
an input for local government on developing seaweed agroindustry in the region, especially on their
policy on providing an aid either on supply side which is related to latest technology, better knowledge
on conducting seaweed farming, which includes dealing with pest and diseases. For demand side also,
which is related to provide the market information such as prices and buyers. By doing so, the local
government of Southeast Maluku may target to make seaweed as region top commodity in 5 years can
be within range.
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