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Abstract

Marine environment is characterised to be complex due to its dynamic nature, participation of multiple
stakeholders with diversified worldviews. It exhibits fuzziness and therefore, possesses Multi-Criteria
Decision-Making (MCDM) problems. In this context, Marine Geospatial Data Infrastructure (MGDI) and
MGDI decisions are also subjected to these characteristics; thus, making the quest of an MCDM
evaluation inevitable. In this paper, MGDI criteria adjudged by domain experts through Delphi process,
and reviewed from available policy documents were evaluated and ranked in fuzzy environment. The
evaluation was achieved through scoring, Analytic Hierarchy Process (AHP), and Fuzzy Analytic
Hierarchy Process (FAHP) approaches. Initial findings from the Delphi process revealed a critically
extreme seven point criteria for MGDI and MGDI decisions; their rankings were achieved through AHP
and FAHP. The uniqueness in the methods demonstrated in the paper is quite apparent since no previous
studies had evaluated such MGDI criteria in a fuzzy environment, as portrayed in the result obtained;
which showed that the FAHP model out-performed the Scoring and AHP methods. There were also four
equally important criteria that have the same order of ranking. Moreover, these rankings were not readily
observed in the other methods; thus showing the inherent decision makers’ subjectivities. Data and
Information criterion was ranked to be the most outstanding, while social criterion was ranked as the least.
This would therefore, help in the holistic consideration of MGDI decisions by policy makers and other
stakeholders for marine spatial planning and activities.
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1.0 INTRODUCTION

T he marine environment is life supporting (NOAA, 2010) with endowed and abundant
natural and man-made resources, hence necessitating sustainable management and
access to geospatial data for decision-making (Feeney, 2003; Mansourian et al., 2006;
Scott, 2010). Marine Geospatial Data Infrastructure (MGDI) is a sub-set of the Spatial
Data Infrastructure (SDIs) initiatives. Both concepts exist at different levels of
governance, participations, and interactions: from the corporate, local, state/provincial,
national and regional (multi-national), to global level. MGDIs promote marine economic
activities and development for better ocean governance and its environmental
sustainability, better management of ocean resources, risk avoidance and management
of marine disasters. All these benefits aim to satisfy the geospatial data requirements for
marine community within marine environment and Marine Delineation Zones (MDZs).

Examples of global MGDIs are: Oceans 21 (Celliers et al., 2006; Green et al., 2004)
projects, and UN Global Oceans Observing System (GOOS) for marine environment;
while those at the regions include: Europe’s INSPIRE (INfrastructure for SPatial
InfoRmation) (Longhorn, 2006; Pepper, 2009); and EMODNet (European Marine
Observation and Data Network) projects; as well as TRANSMAP (Transboundary
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Networks of Marine Protected Areas) for East Africa; Coastal SDI for Canada (Ng'ang'a
et al., 2004; Pepper, 2009), and USA Coastal SDI initiative. Australia marine Cadastre
(Rajabifard, Binns, and Williamson, 2005; Vaez, 2007); and Germany (MDI-DE) (Ruh
and Bill, 2012; Ruh, Korduan, and Bill, 2012) are examples at the national level.

MGDI therefore, is concerned about seamless geospatial solutions revolving around
diversified marine activities involving stakeholders of varied world views in the face of
complex and dynamic marine environment (Lamacchia and Bartlett, 2003). Moreover,
these complexities are also characterised with Multi-Conceptual Dynamics (MCD)
resulting from multi-participant, multi-agency, multi-attribute, multi-objective, and multi-
criteria concepts. In addition, most available publications are on SDI with dearth of
MGDI for marine Geospatial Decision Supports (GDS) capabilities, MGDI decisions and
assessment procedures. For complex system like the marine environment, coupled with
MCDs, posits this environment to exhibit multiple criteria decision-making (MCDM)
problems that warrant careful evaluation of MGDI criteria at all levels, with attendant
marine activities for efficient and improved MGDI decisions.

Consequently, the fuzziness of marine environment based on these complexities are in
tandem with previous and related researches on ocean policies and governance. For
instance, multi-agency involvements were evident at national ocean policies (Othman,
Bruce, and Hamid, 2011; Saharuddin, 2001), ocean governance (Ng'ang'a et al., 2004),
fragmented and uncoordinated multiplicity of agencies (Bruton, 2007; De Kleijn et al.,
2014; Othman, Bruce, and Hamid, 2011; Saharuddin, 2001; Wescott, 2000), attendant
conflicts of interest and lack of political support (Bruton, 2007). Furthermore, MCDM
problems and analyses due to these complexities and MCDs are evaluated in various
forms in literature. One of these ways is the multi-criteria evaluation (MCE) and could be
assessed by different MCE models. These include: Analytic Hierarchy Process (AHP)
(Feizizadeh, Jankowski, and Blaschke, 2014; Saaty, 2006; Sabri and Yakuup, 2008),
Analytic Network Process (ANP) (Blair et al., 2010; Chang, Cheng, and Chen, 2007)
and technique for Order Preference by Similarity to an Ideal Solution (TOPSIS) (Tian et
al., 2013) method. Despite these models having their peculiar features, they are usually
embedded with fuzzy extensions of AHP, ANP, TOPSIS or integration of one model with
another for the evaluation, and ranking of their findings.

AHP is used to address complexities in Multi-Criteria Decision Analysis (MCDA)
problems wherein the criteria, sub-criteria and the parameters of such decision
problems are determined and structured into hierarchies as depicted in Figure 1.
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Figure 1. A three level hierarchy in detail (Saaty and Vargas, 2006)

The goal is represented in the first layer, next by the main criteria in second layer. This
is followed by the layers for the sub-criteria, sub-sub-criteria (depending on the nature of
the problem being addressed) and the parameters (or alternatives) representing the last
layer. This structure is based on the AHP founded by Thomas L. Saaty, anchored on a
fundamental 1-9 scale (Saaty, 1990a). It is a simple, flexible and quantitative method to
overcome difficulties in complex decision domains particularly with respect to systems of
conflicting world views. It involves calculations on the priorities of factors by forming
their pairwise comparison matrices in order to select the best alternatives among them
(Saaty and Vargas, 2006; Vahidnia, Alesheikh, and Alimohammadi, 2009).

On the other hand, FAHP method is formulated to address decision problems that are
embedded with fuzziness and complexities (Mikhailov and Tsvenetinove, 2004). These
are also peculiar to the marine environment, and in relation to decision makers’
uncertainties, subjectivity, and imprecisions as well as in translating their crisp judgment
numbers to exact values (Amiri, 2010; Feizizadeh, Jankowski, and Blaschke, 2014;
Tian et al., 2013; Torfi, Farahani, and Rezapour, 2010).

Based on the foregoing, this paper aims at evaluating and ranking of performance
criteria for MGDI and MGDI decision using AHP model to evaluate their weights in a
fuzzy environment due to stakeholders’ subjectivity.

20 METHODOLOGY

2.1 Model Formulation
The mathematical formulation for both AHP and FAHP models are presented below.

2.1.1 Analytical Hierarchy Process (AHP) Model

Previous researches (Kaya and Kahraman, 2014; Lee, Chen, and Chang, 2008;
Vahidnia, Alesheikh, and Alimohammadi, 2009) highlighted the steps involved in AHP
model, but in this study, the following steps (Hamid-Mosaku, Mahmud, and Mohd,
2016; Saaty, 1990b; Torfi, Farahani, and Rezapour, 2010) are adopted:

Step 1: Unstructured complex problem is structured into hierarchies centered on the
identified criteria, sub-criteria, sub-sub-criteria, and alternatives, based Figure
1.
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Step 2: Formulate the pairwise comparisons matrices (D) of decision attributes; it
consists of elements {x;;} of the criteria using Eqg. 1; wherein, the degrees of

preference of the ith criterion over the jth criterion or vice versa are being
compared, so that the relative priorities of all the elements are obtained.

Comparison matrix

Ci G G o Gy
Ci [X11 X12 X13 *° Xin
D= C, |X21 X2 X3 " Xop (1)
Cs r31 X3z X33z v x3nj
Cn Xn1 Xn2 Xn3z U Xpn

These priorities are obtained from experts’ judgment based on the Saaty Fundamental
scale that ranged between 1 and 9, (see Table 1). Such judgment could be from a
single decision maker/expert and/or group of experts. Consequently, preferences for
group decision makers’ judgment (x;,) are calculated by averaging their respective
judgment. According to Saaty and Vargas (2006), there are two ways of computing this
average: Arithmetic Mean (AM) (see Eq. 2) or Geometric Mean (see Eq. 3), (Saaty,
1990b)

- ?: Xij
7, = == (2)
%= (%) i=1,2..m, (3)

Therefore, the average pairwise comparison matric (D) is given by Eq. 4.
Comparison matrix

G G C3 Cn
Cy [¥11 X2 X3 Xin|
D= C; X1 x22 X3 o Xon| (4)
C3 |x31 X3 X33 X3p
Cn Xn1 Xn2 Xn3 0 Xpn

Table 1. Fundamental Scale of Absolute Numbers (Saaty and Vargas, 2006)

Intensity of Definition Explanation

Importance

1 Equal Importance Two activities contribute equally to the objective

2 Weak or slight

3 Moderate importance Experience and judgment slightly favor one activity
over another

4 Moderate plus

5 Strong importance Experience and judgment strongly favor one
activity over another

6 Strong plus

7 Very strong or demonstrated An activity is favored very strongly over another; its

importance dominance demonstrated in practice
8 Very, very strong
9 Extreme importance The evidence favoring one activity over another is

of the highest possible order of affirmation
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Step 3: The Normalised Comparison matrix (R) is computed based on Egs. 5 and 6.

x,:j

i, = (5)
Yo
and
Comparison matrix
C, G G3 R
Ci, fi1 T2 Tz = Tin
R = G, [7”21 T2 T2z 7"2n] (6)
Cs rm T3z T3z =+ T3
Cn TWi Th2 T3 " Tan

Steps 4and 5:  Compute the Consistency Index (CI) represented as (i) using Eq. 7.
}\max_
po=—mas 7)

n—-1

where Amax represents the principal eigenvalue of the matrix D having an order of n.
The consistency is achieved if this equality (a;;a;, = ay, Vi,j, k) conditions are true.
The validity of the survey is established by computing the Consistency Ratio (CR),
which must not be more than 0.10 (Saaty and Kearns, 1985; Torfi, Farahani, and
Rezapour, 2010). This is related to Cl according to Eq. 8, the random index (RI) denotes
the consistency index (Table 2) of a randomly generated reciprocal matrix (Onut and
Soner, 2008).

CI
CR = E (8)

Table 2: Example of generated RI values (Saaty and Kearns, 1985)
n 1-2 3 4 5 6 7 8 9 10

R.I. 0 0.58 0.90 1.12 1.24 1.32 141 1.45 1.49

The cumulative weights are thereafter used to compute the final ranking of all the
criteria and alternatives.

2.1.2 Fuzzy Analytical Hierarchy Process (FAHP) Model

There are numerous fuzzy extensions of AHP methods and applications that are all
based on the concept of fuzzy logic (Zadeh, 1965) pioneered by Zadeh. Some of the
basic fuzzy sets mathematics is presented in the following sub-sections.

2121 Interval arithmetic

Given two closed interval sets as: C = [c;, ¢y, ¢3] and D = [d,,d,,d3] then some of the
fuzzy arithmetic are expressed in Egs. 9 - 13, as adapted from (Hamid-Mosaku,
Mahmud, and Mohd, 2017; Oniit and Soner, 2008; Torfi, Farahani, and Rezapour,
2010; Yang and Hung, 2007).

I. Fuzzy Addition denoted by either, @ or C(+)D:

C(+)D = [c1,¢3,c3](H)[dy,dy, d3] = [c1 + ¢z, 3 +dy, d3 + d3] 9)
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il. Subtraction denoted by © or C(—)D:
C(=)D = [y, ¢35, ¢c3]()Mdy, dg, d3] = [c1 — dy, ¢ —dy, c3 — d3] (10)
iii. Multiplication denoted by either & or (-)):
C()D = [cq,¢q,¢c3]()[dy,d5, d3] = (c1d4, c2d5, c3d3), (12)
provided ¢; =0, d; =0
iv.  Fuzzydivision/: 2 = (c;/ds, c;/dy, c5/dy), ¢ 20, di 20 (12)

V. Defuzzification of fuzzy numbers C[cy,c,, c3] is given by Singh and Benyoucef
(2011) as written in Eq. 13.

x = Cl”ﬁ}& (13)

2122 Triangular fuzzy number (TFN)

The triangular fuzzy number (TFN) is a distinctive fuzzy number (Bector and Chandra,
2005) whose membership function could be expressed by three real numbers (c,m,d)
as illustrated in Figure 2 and expressed by Eqg. 14 (Balogun et al., 2017; Bector and

Chandra, 2005; Torfi, Farahani, and Rezapour, 2010; Vahidnia, Alesheikh, and
Alimohammadi, 2009):

Figure 2: Triangular membership function (Adapted from Bector and Chandra, 2005)
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( 0 ifx<c,
I:,CL_CC» if x€lc,m], i.e. c<x<m
ko) = "
’ LZ_;I’ ifxe[md] ie m<x<d
0, if x >d,
2.1.2.3 Fuzzy membership function

The Fuzzy Membership Function (FMF) and linguistic variables are used by the experts
occasionally in expressing their judgment over the crisp equivalent (Torfi, Farahani, and
Rezapour, 2010). They are usually spaced at an equally ranked interval of either 0.25 or
0.30 (Hamid-Mosaku, 2014; Torfi, Farahani, and Rezapour, 2010; Yang and Hung,
2007). In this study, eight level linguistic values were implemented and illustrated in
Figure 3. These linguistic variables, their sub-criteria grade and the equivalent fuzzy
numbers are shown in Table 3.

VL L M FH H VH VVH EH

0 0.15 0.30 0.45 0.60 0.75 0.90 1.00
Figure 3: Fuzzy Triangular Membership Function with eight Linguistic values

Table 3: Conversion of eight Triangular FMF to corresponding TFN (Hamid-
Mosaku, 2014)

Linguistic Variables Sub-criteria grade Triangular Fuzzy Numbers

Very high (VH)
Very very high (VVH)
Extremely High (EH)

(0.60, 0.75, 0.90)
(0.75, 0.90, 1.00)
(0.90, 1.00, 1.00)

Very low (VL) 1 (0.00, 0.00, 0.15)
Low (L) 2 (0.00, 0.15, 0.30)
Medium (M) 3 (0.15, 0.30, 0.45)
Fairly High (FH) 4 (0.30, 0.45, 0.60)
High (H) 5 (0.45, 0.60, 0.75)

6

7

8

2.2 Study Area

Malaysia is situated in Southeast Asia and shares boundary with the Asia Pacific. It has
maritime areas ratified based on the UN Convention on the Law of the Sea and separated by
over 644 km by the South China Sea. Consequently, Malaysia’s continental shelf extent is
373,500 km?, and her Exclusive Economic Zone (EEZ) is 475,600 km? with a Territorial Water of
148,307 km2. The maritime extent is over 623,907 km?, total coastline length is 4490 kmz?, with
an estimated total land area of 332,800 km2 (Saharuddin, 2001). Figure 4 shows the location of
Malaysia with respect to other neighbouring maritime jurisdictions.
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Figure 4: Malaysia amidst neighbouring countries

2.3  Analytical Hierarchy Process (AHP) Procedure

The outcome of the reviewed literature and deductions from policy documentations that
were further justified through experts’ evaluation using Delphi model resulted in a
seven-point criteria as shown in Table 4, from an initial eleven factors. Thereafter,
instrument (questionnaire) based on both scoring and AHP hierarchical structure was
designed, validated, and was later used to formulate the pairwise comparisons matrix
(D)for data collection, involving different expert groups for further evaluation.

Table 4: Seven-point criteria for MGDI (Hamid-Mosaku, 2014)

s/n Final criteria
i. Economic
ii. Social
iii. Environmental
iv. Resources and Management
V. Data and Information
Vi Technology
Vii. People

2.4  Fuzzy Analytical Hierarchy Process (FAHP) Procedure

Sequential to the steps for AHP earlier established, the additional steps in FAHP are as
follows (Torfi, Farahani, and Rezapour, 2010; Yang and Hung, 2007):

Step 6: By using the concept of triangular fuzzy numbers (FTN), it transforms the real
elements of relative matrix (from Egs. 5 and 6) into an eight level linguistic
variables (based on Figure 1, Table 3 and Figure 2 through Eq. 14.

Step 7: Formulate fuzzy positive reciprocal matrices from Step 6.
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Step 8: Thereafter, compute fuzzy weights using these reciprocal matrices using Eqs.
9to 12.

Step 9: Using Eq. 13, the fuzzy weights were defuzzified to their equivalent crisp
weights and are later normalized for ranking.

2.5 Empirical Applications of the Models
The models being populated in this study are empirically applied to MGDI
implementation.

2.5.1 AHP Empirical Application

Table 5 presents the mean pairwise decision matrix (D) obtained from three experts
judgment by geometric mean method (Eq. 3). This is based on the concept expressed in
Figure 1 and Step 2 of sub-section 2.1.1. The peculiarities of the AHP decision matrix
(D) are as presented in Egs. 15 and 16.

Xij = Xjj = 1 (15)

Table 5: Mean experts group AHP pairwise comparison matrix

Intelligent Economic  Social Environ  Resources and Data and Technology People
MGDI Criteria mental Management Information

Economic 1 3.5569 2.2904 1.0771 0.6409 0.9655 1.5536
Social 0.2811 1 0.5504 0.3017 0.1789 0.2714 0.4371
Environmental  0.4366 1.8169 1 0.63 0.3274 0.4932 0.7937
Resources and 0.9284 3.3146 15873 1 0.5952 0.8963 1.4425
Management

Data and 1.5603 5.5897 3.0544 1.6801 1 1.5081 2.4268
Information

Technology 1.0357 3.6846 2.0276  1.1157 0.6631 1 1.6091
People 0.6437 2.2878 1.2599  0.6932 0.4121 0.6215 1

2.5.2 FAHP Empirical Application

The transformed normalised decision serves as the input values for the FAHP model,
the fuzzy weights are thereafter computed using Egs. 9 to 12, and their corresponding
defuzzified values were also computed by using Eq. 13.

3.0 RESULTS AND DISCUSSION

3.1 Analytical Hierarchy Process (AHP)

The AHP result for the AHP application is presented in Table 6, with both the
Normalised Decision Matrix and Priorities obtained from the above matrix (D). Also, the
CR value obtained (0.0007) could be seen to be less than the threshold value of 0.10 for
AHP model. Thus, the weights obtained are therefore consistent and accepted for
further evaluation.
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Table 6: Group Normalised Decision Matrix and Priorities from AHP model
Intelligent Economic  Social Environ  Resources and Data and Technology People Priority
MGDI Criteria mental Management Information
Economic 0.1699 0.1674 0.1946 0.1658 0.1679 0.1677 0.1677 0.1716
Social 0.0478 0.0471 0.0468 0.0464 0.0469 0.0472 0.0472  0.047
Environmental  0.0742 0.0855 0.085 0.097 0.0858 0.0857 0.0857 0.0855
Resources and  0.1577 0.156 0.1349 0.1539 0.1559 0.1557 0.1557 0.1528
Management
Data and Info 0.2651 0.263 0.2595 0.2586 0.2619 0.262 0.262 0.2617
Technology 0.176 0.1734 0.1723 0.1717 0.1737 0.1737 0.1737 0.1735
People 0.1094 0.1077 0.107 0.1067 0.1079 0.108 0.108 0.1078

C.R. Test result: 0.00066

3.2  Fuzzy Analytical Hierarchy Process (FAHP) Evaluation
The various FAHP results obtained from the empirical applications is presented in Table
7. Finally, in Table 8, the criteria rankings were compared with their respective methods.

3.3 Discussion

Three datasets were collected based on three methods (scoring, AHP and FAHP
models) in order to observe their variability and suitability for MGDI and MGDI
decisions. As earlier established, the computed C.R. value of 0.007 being less than 0.1
indicates acceptability of both the survey and the experts’ judgment. Moreover, the
ranking comparisons indicate a general trend among these methods, but it could be
observed that the values for the Sscoring method are generally lower than those from
the AHP except for the ‘People criterion’ and ‘Resources and Management criterion’.
The AHP ranking was distinguishable, since there were no tallies in their values; the first
four values were higher than same from the FAHP values. However, the last three
values from the FAHP were higher than their corresponding values under AHP model.

Likewise, unlike what were obtained in the other two methods (i.e. scoring and AHP),
the following criteria: Economic, Technology, Resources and Management, and People
were ranked with the same value (14.4 %) under FAHP; next, is the Environmental
criterion at (13.4 %), and was followed by the least ranked, that is the Social criterion
with a rank value of 6.9 %, while Data and Information, with a value of 21.9 % is the
most highly ranked criterion. Hence, these four criteria are equally important for MGDI
consideration, and such MGDI decisions would be important to stakeholders.
Furthermore, the perceived stakeholders’ subjectivities and judgment were manifested
through these results, since they were not easily detectable through the other two
methods. This assertion reveals the usefulness of this study in supporting cases of
stakeholders’ subjectivity as reported in literature, which fuzzy integration can be used
to resolved the uncertainties (Amiri, 2010; Singh and Benyoucef, 2011; Torfi, Farahani,
and Rezapour, 2010).

Consequently, the comparisons also revealed some outstanding results: while
Environmental criterion was ranked sixth, the least ranked is the Social criterion,
whereas ‘Data and Information’ criterion is generally the most highly ranked criterion.
Parts of the implication of these results are that environmental factor was not
significantly ranked, which negate the expectation of such factor in marine environment
and other hydrographic studies. In addition, social factor reflects its least significance,
as compared to the expectation accorded to issues relating to marine geospatial data
and information, with respect to MGDI and MGDI decisions, as revealed in Table 8.
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40 CONCLUSION

In this paper, the complexities of the marine environment posit it to be subjective in the
face of multi-dynamics concepts, thus exhibiting multi-criteria decision problems.
Consequently, the marine environment was investigated with respect to MGDI and
MGDI decisions based on these perceived subjectivities by the FAHP model. To
achieve this, Delphi and AHP methods were used in the design of the questionnaire
used for this investigation. The priorities were obtained by three methods: Scoring, AHP,
and FAHP models, and were later assessed and compared. This is one of the emerging
manuscript wherein this integrated approach is been implemented, particularly with
respect to MGDI and MGDI decision. From the results, the weights from these methods
were equally ranked. Meanwhile, the least ranked criterion is the ‘Social’ factor, while
‘Environmental’ factor was unexpectedly ranked sixth, and the most highly ranked is
‘Data and Information’ criterion.

Furthermore, the results also revealed the importance of the FAHP model in dealing
with stakeholders’ subjectivities and uncertainties, predominantly when their judgment
were expressed by the crisp values. Though, the values from the other two methods are
higher than those from the FAHP, the FAHP values could aid better decisions since the
inherent variability were manifested in the FAHP results; four out of the criteria were
ranked equally, which were not manifested in the other two methods. Consequently, this
study posits the usefulness and practical applications of the evaluated criteria and their
suitability for MGDI and MGDI decision with respect to real-world marine geospatial
planning by different stakeholders and policy makers.



JER 22(1) 23-37

A. I. Hamid-Mosaku, M.R Mahmud,M. S. Mohd, A. L. Balogun and K. A. Raheem

34

l R ERDS ) ERDE Iy [E130g
o £EL LS L DU L T oy L BLLILICuBA L T o] [EJUSILILON AL
4 il BjooEd g0l BjooEd ) gidoeg

aw=beweyy wawzbeweyy esweieuey
z il pUE SEROSEM ECl pUE SER0SEM =l PUE B8 UNTEEY
Z il ABogouuna ) Tl QILIDWDD T ol LG
z FE DELIDWODT g1 Abopouea] olh Afkopounyae |
b EIE MORELMTIN pWE EE] i<l MDRELAIL PWE ELE]] oof UOGQELULIGIU] FUE EZE(]

Bunyuey Bumguey abesany o Bumguen sbesany o Bupquey =heszay o

dHvd fq Buryuey e 0o ju=baaw

dHY Aq Buryuey

Euau |0od jusbmae  Buucag fg Buyuey  euaun |0og ju=baian

dHV4 pue dHY ‘Buuoas woiy euaiud wiew yosburyues ayl jo suosuedwos -g ajge |

z LD TEOOT BT enelnn eneln enelo enElon enElnT foenD eneln ejdoad
z LD TEOOT TN N enelnn eneln enelo eneln enEloT goenD enelo £Bojoue |
(= 41]

1 [kal [==p= ZorlL BT TO0 tosln sroenele sroenele srotoele srotn el SPOTOED sPOT0SlT o pUEREQ
1 Lns B LEpy

z LD TEOOT FLLTDD EoTIoD EnEDD EnEloD EOEIDD goEot sowob E0ELIDT  puE esdunDesy
] LD Thix) LT £0E0D g0 g0 £0E0D gosot goso® =IO AT TR
) EB00 BLO5T SEDD 00D 00D 00D EL0TD 00D S0 00D [EE0E
z LD TEOOT P S0 e n D [ TN O coeln S0 eLn D o018 1 I I N ) E0ElDD W3]

(5 depsh fuoud

Bu PEQITZNS] [z deps} Auoug [ degg) vogELLGjy s be e ELISILED IS4
BLEL PEENELLIOH PEITE ] () Boug dzzng sjdoeg  fbojouume] DUE EIE]]  [DUE E5UNOSSY [EILSLIN0MALT [EE0E MW 1105 By

[sufiam) senuoug

[ pue o dees) TuEpyUDE

s)Insal Ajuold PasiEWIou ay} PUE AUold pajizznjad Aauold PauizZnd XUIE Uoisiiaq pazieuloN dHY




JER 22(1) 23-37 A. I. Hamid-Mosaku, M.R Mahmud,M. S. Mohd, A. L. Balogun and K. A. Raheem 35

ACKNOWLEDGEMENT

The authors wish to acknowledge the International Doctorate Fellowship (IDF) award by
the Universiti Teknologi Malaysia (UTM), Malaysia and Ministry of Higher Education
(MOHE), Malaysia for sponsoring aspects of this research. Also, the corresponding
author gratefully acknowledges the University of Lagos, Lagos, Nigeria, and Surveyors’
Council of Nigeria (SURCON). Lastly, utmost gratitude goes to the anonymous experts,
respondents, colleagues, and anonymous reviewers for their assistance.

REFERENCES

Amiri, M. P. (2010). Project selection for oil-fields development by using the AHP and
fuzzy TOPSIS methods. Expert Systems with Applications, 37(9), 6218-6224.

Balogun, A.-L., Matori, A.-N., Hamid-Mosaku, A. I., Umar Lawal, D., and Ahmed
Chandio, I. (2017). Fuzzy MCDM-based GIS model for subsea oil pipeline route
optimization: An integrated approach. Marine Georesources & Geotechnology,
35(7), 961-969.

Bector, C. R., and Chandra, S. (2005). Fuzzy Mathematical Programming and Fuzzy
Matrix Games (Vol. 169). Berlin Heidelberg: Springer-Verlag.

Blair, A. R., Mandelker, G. N., Saaty, T. L., and Whitaker, R. (2010). Forecasting the
resurgence of the U.S. economy in 2010: An expert judgment approach. Socio-
Economic Planning Sciences, 44(3), 114-121.

Bruton, M. J. (2007). MALAYSIA The Planning of a Nation: PERSADA (Persatuan
Pegawai Perancang Bandar dan Desa) MALAYSIA.

Celliers, L., Longhorn, R. A., Lance, K., and Odido, M. (2006). Coastal Spatial Data
Infrasturcture (CSDI): African requirements and Responses. Geospatial World.
From https://www.geospatialworld.net/article/coastal-spatial-data-infrastructure-
csdi-african-requirements-and-responses/. Accessed: 10/30/16.

Chang, J.-R., Cheng, C.-H., and Chen, L.-S. (2007). A fuzzy-based military officer
performance appraisal system. Appl. Soft Comput., 7(3), 936-945.

De Kleijn, M., van Manen, N., Kolen, J., and Scholten, H. (2014). Towards a user-
centric SDI framework for historical and heritage European landscape research.
International Journal of Spatial Data Infrastructures Research, 9, 1-35.

Feeney, M. (2003). SDIs and Decision Support, Chapter 12. In Williamson, I.,
Rajabifard, A. and Feeney, M. (Ed.), Developing Spatial Data Infrastructures -
From Concept to Reality: CRC Press, Florida, USA.

Feizizadeh, B., Jankowski, P., and Blaschke, T. (2014). A GIS based spatially-explicit
sensitivity and uncertainty analysis approach for multi-criteria decision analysis.
Computers & Geosciences, 64(0), 81-95.

Green, D., Longhorn, R., Bartlett, D., and Roccatagliata, E. (2004). Oceans 21: GIS for
Coastal Management and Coastal Education — Framework Science Plan.
http://lwww.iccops.it/oceans21/documents/Oceans_21 Framework Science_Plan
_Finale.pdf. Accessed: 5/21/10.

Hamid-Mosaku, A. . (2014). Intelligent Geospatial Decision Support System for
Malaysian Marine Geospatial Data Infrastructure. (PhD Research), Universiti
Teknologi Malaysia, UTM, Johor Bahru, Johor, Malaysia. Accessed:

Hamid-Mosaku, A. |., Mahmud, M. R., and Mohd, M. S. (2017). An application of fuzzy
inference system to marine fish landings for west coast of Malaysia. Int. J.
Information and Decision Sciences, 9(4), 369-386.

Hamid-Mosaku, I. A., Mahmud, M. R., and Mohd, M. S. (2016). An evaluation of marine
geospatial data infrastructure (MGDI) By delphi-analytic hierarchy process (AHP)
approach. JURNAL TEKNOLOGI, 78(6-12), 57-68.



36  A.I. Hamid-Mosaku, M.R Mahmud,M. S. Mohd, A. L. Balogun and K. A. Raheem JER 22(1) 23-37

Kaya, I., and Kahraman, C. (2014). A comparison of fuzzy multicriteria decision making
methods for intelligent building assessment. Journal of Civil Engineering and
Management, 20(1), 59-69.

Lamacchia, M. R., and Bartlett, D. (2003). Potential of GIS in coastal boundaries
detection and pitfalls in representing the coast as a boundary. Paper presented at
the CoastGIS 2003: Integrating Information on Coastal Management, Genova,
Italy, October 16-18, 2003. From
http://www.gisig.it/coastgis/papers/lamacchia.htm. Accessed: 12/12/08.

Lee, A. H. I, Chen, W.-C., and Chang, C.-J. (2008). A fuzzy AHP and BSC approach
for evaluating performance of IT department in the manufacturing industry in
Taiwan. Expert Systems with Applications, 34(1), 96-107.

Longhorn, R. (2006). Coastal/Marine Spatial Data Infrastructure — Benefits and
Responsibilities of Stakeholders. Paper presented at the LITTORAL 2006, 8th
International Conference "Coastal Innovation and Initiatives" and Workshop,
Gdansk, Poland, September 18-20, 2006. From http://www.littoral2006.gda.pl/.
Accessed: 8/31/10.

Mansourian, A., Rajabifard, A., Valadan Zoej, M. J., and Williamson, I. (2006). Using
SDI and web-based system to facilitate disaster management. Computers &
Geosciences, 32(3), 303-315.

Mikhailov, L., and Tsvenetinove, P. (2004). Evaluation of services a fuzzy analytical
hierarchy process. Applied Soft Computing, 5(1), 23-33.

Ng'ang'a, S., Sutherland, M., Cockburn, S., and Nichols, S. (2004). Toward a 3D
marine cadastre in support of good ocean governance: a review of the technical
framework requirements. Computers, Environment and Urban Systems, 28(5),
443-470.

NOAA. (2010). National Oceanic and Atmospheric Administration: Ocean. From
http://www.noaa.gov/ocean.html. Accessed: 3/10/10.

Oniit, S., and Soner, S. (2008). Transshipment site selection using the AHP and
TOPSIS approaches under fuzzy environment. Waste Management, 28(9), 1552-
1559.

Othman, M. R., Bruce, G. J., and Hamid, S. A. (2011). The strength of Malaysian
maritime cluster: The development of maritime policy. Ocean & Coastal
Management, 54(8), 557-568.

Pepper, J. (2009). SDI-The Hydrographic Dimension. IHO MSDI Working Group. Paper
presented at the Hydrographic Society Symposium, United Kingdom, October
2009. Accessed: 11/11/12.

Rajabifard, A., Binns, A., and Williamson, I. (2005). Administering the Marine
Environment — The Spatial Dimension. Journal of Spatial Science, 50(2), 69-78.

Ruh, C., and Bill, R. (2012). Concepts, models and implementation of the marine
spatial data infrastructure in Germany (MDI-DE). Paper presented at the ISPRS
Annals of the Photogrammetry, Remote Sensing and Spatial Information
Sciences, XXII ISPRS Congress, Melbourne, Australia, 25 August - 01
September 2012. Accessed: 11/4/14.

Ruh, C., Korduan, P., and BIll, R. (2012). A framework for the evaluation of marine
spatial data infrastructures to assist the development of the marine spatial data
infrastructure in Germany (MDI-DE) - Accompanied by international case-studies.
Paper presented at the GSDI World Conference 2012: Global Geospatial
Conference on Spatially Enabling Government, Industry and Citizens, Québec,
Canada, 14-17 May 2012. Accessed: 11/4/14.

Saaty, T. L. (1990a). How to make a decision: The analytic hierarchy process. European
Journal of Operational Research, 48(1), 9-26.



JER 22(1) 23-37 A. I. Hamid-Mosaku, M.R Mahmud,M. S. Mohd, A. L. Balogun and K. A. Raheem 37

Saaty, T. L. (1990b). Multicriteria Decision Making: The Analytic Hierarchy Process (Vol.
1): RWS Publications, 4922 Ellsworth Avenue, Pittsburgh, PA 15213.

Saaty, T. L. (2006). Fundamentals of Decision Making; the Analytic Hierarchy Process.
Pittsburgh, PA: RW S3 Publications, 4922 Ellsworth Avenue, Pittsburgh, PA
15213.

Saaty, T. L., and Kearns, K. P. (1985). Analytical Planning: The Organization of
Systems. Oxford: Pergamon Press.

Saaty, T. L., and Vargas, L. G. (2006). Decision Making with the Analytic Network
Process: Economic, Political, Social and Technological Applications with
Benefits, Opportunities, Costs and Risks. New York, USA: Springer Science
+Business Media, LLC, 233 Spring Street, NY 10013.

Sabri, S., and Yakuup, A. (2008). Multi-Criteria Decision Making for Urban Sprawl,
using Analytic Network Process and GIS, case of Iskandar Malaysia Region.
Paper presented at the Map Asia 2008, Kuala Lumpur, Malaysia, August 18-21,
2008. Accessed:

Saharuddin, A. H. (2001). National ocean policy—new opportunities for Malaysian
ocean development. Marine Policy, 25(6), 427-436.

Scott, G. (2010). The GSDI vision is location, innovation and collaboration Paper
presented at the GSDI 12 Proceedings by GSDI Association, Realising Spatially
Enabled Societies, Singapore, 19-22 October 2010. From
http://lwww.geospatialworld.net/index.php?option=com_content&view=article&id=
18776%3Athe-gsdi-vision-is-location-innovation-and-collaboration-
&catid=75&Itemid=28&Itemid=1. Accessed: 7/12/12.

Singh, R. K., and Benyoucef, L. (2011). A fuzzy TOPSIS based approach for e-
sourcing. Engineering Applications of Artificial Intelligence, 24(3), 437-448.

Tian, J., Yu, D., Yu, B., and Ma, S. (2013). A fuzzy TOPSIS model via chi-square test
for information source selection. Knowledge-Based Systems, 37(0), 515-527.

Torfi, F., Farahani, R. Z., and Rezapour, S. (2010). Fuzzy AHP to determine the relative
weights of evaluation criteria and Fuzzy TOPSIS to rank the alternatives. Applied
Soft Computing, 10(2), 520-528.

Vaez, S., Rajabifard, A., Binns, A., and Williamson, I. (2007). Seamless SDI Model to
Facilitate Spatially Enabled Land Sea Interface. Paper presented at the
Proceedings of SSC 2007, The National Biennial Conference of the Spatial
Sciences Institute, Hobart, Australia, May 14-18, 2007. Accessed: 5/23/11.

Vahidnia, M. H., Alesheikh, A. A., and Alimohammadi, A. (2009). Hospital site selection
using fuzzy AHP and its derivatives. Journal of Environmental Management,
90(10), 3048-3056.

Wescott, G. (2000). The development and initial implementation of Australia's
‘integrated and comprehensive’ Oceans Policy. Ocean & Coastal Management,
43(10-11), 853-878.

Yang, T., and Hung, C.-C. (2007). Multiple-attribute decision making methods for plant
layout design problem. Robotics and Computer-Integrated Manufacturing, 23(1),
126-137.

Zadeh, L. (1965). Fuzzy sets. Information and Control, 8(3): 338 - 355.



