











Addressing Accessibility Challenges of GIS-based Multiple-Criteria

Decision Analysis for Integrated Land Management: Case study in the

Humber region of Newfoundland and Labrador, Canada

© Randal Greene

Athesis sbmited o the
School ofGraduste Studis
in partal ulfment of the
requiements o the degre of
MastrofScence

Department of Geography

Memoria Universit of Newfoundland

December 2010

Stlob's Newfoundiand and Labrador



Abstract

and EBM. Howe

Case-sudy

management decision problems n preparaton for evaluation.




Acknowledgements

Her suppart and
flltim basi. Brian Eddy Joined he
fedback,

Johw's
\
Wade Bowers, Dean Strickland, feam at the
Tnnovation (CF1 Resources
Canda

research: Wayne Kelly, Department of Natural Resources; Don Dower, Comer Brook Hurmber

Peter Bull,Department of Toursm, Cy

@ “real world”




These include,

Secretarat,Departmentof Tourism, Culure and Recreston, Model Frest of Newfoundiand and

Labrad Tril, Anderson and Brook

Pulp and Paper Department o Labrado

BAE N

Bourdon Projct

Newfoundland.

whose dersandi

both posible and meaningful.

The sl faul

projct. My fellow

feedback, Finall L't mension Bil

and Jack, who aways too th fll when called o.



22 MCDA background. '

Table of Contents
bsi
Listof Tab
ListofFi
\
Chapter | nirod '
L 1
‘ 12
‘ 13
L4 Method
s
16 9
\ 17 Refe
Chaper2 Gl D, i
bt i
20 tnwods i




25
26 GIS-based MCDA Software... 3
27 Conch 3
28 Ref 3
Clapir3

a
Absract “
31 oo o
32 Background 1
33 Approsch. 4
331 4

332

333
i dy |
341 Sudyaren o

a2
343 Du @
44 o
345 Paricipant fdback. 0
38 n
36 8
37 Ref o
Chapier 4 Conclusi 5
“ 5




43

Ree

Appendix A

Appendin
Appendin C -




List of Tables




List of Figures

Fig. 11

Fig. 22, Con o

Fig.23. WP in Firs th

For insance,

Disance (1 pai

Fig. 24, WLC example.

Road Jope and

-1 scale, wit opional scale rersal for critria whers ess s beter. Then they are

maximum of 1




1 s the“Idenify” wins @

Fig. 35, s 3

Fig. 36, Visual qual




Fig. 310, “CAT Sean”




List of Abbreviations and Symbols

AHP - Analytc ierhy Procss
ARG At ety Cenre

CBPPL - Comer Brook Plpand Paper Limied

EBM - Ecoysten-Based Management

FAO Food and Agculurs Organizion

D - Foret Mamagemen: District

GA~ Genetc Algoihs

IS Geogrpic Informasion Systems

Giscences - Georapic nformtion Sciences

LM ntgrted Land Management

MADM - Mulipe-Atribute Decision Making

MCDA - Muliple-CrieriaDecision Anaysis
MCDAS - MalpleCrira Decision Anlysis System
MCDM - Mipe i Decsion Making

MCE - Mliple Crierta Evaluation

MODM - Mulipe Objctve Decision Making
MOLA - Muipe-Objectiv Land Allocaton

NRCan - Natural Resources Cand

WA~ Ontered Weighted Avrsging

PGIS - Panicpsory Geographic Informsion Systems
SA - Simulated Aunesling.

SDSS - Sptal Decson-Suppor Systm

SOflOR - Soft Operaions Rscrch

SOLAP - Spais] On-Line Anlytica Procesing
TOPSIS - Techniue fo Ondr reernce by Syt del Solaton
UCD - User-Ctrd Desin

UNEP - Uritd Natons EnvironmentProrammne
WLC - Weihted Linar Combination



Chapter 1 Introduction

11 Context and problem

for insance, are
concemed with
water supply
W o indusral
09 Hammond, 2009). 1
Bizikova, 2000). I
Natons C¢ o0

Russell, 2008), not inacademic rescarch. With egards 0 achieving LM, ccosystem-bhased

Hisasetof

2008; Hammond, 2009,




her et L 2007; Hearn et a, 2008; Eddy, 2010),

002) MC

2001

2009).Fig. 1.1 ILM, EBM, GIS, and MCD/ This

prject s stuated n the area of overlap of thse fields.

Pt fomation sysems
@is). i M) Ecossten
asd maagement (EBM) s one st o prncples for undertking ILM,
(Carver, 1991 Malezewsi
e
IS or MCT i
bl




Goal and objectives

DA

support ILM and EBM.

challengesidentified.

13 Questions and hypothesis

. D aparicular

Tand-management poblem be guided?

14 Methods

Fig |

i paralll and influnced cach othe through feedback loops.



e -
( Caraoion

Design of Approach
-
" geapn fomatn st (G5
2 s ctrsdocion s MCOA)
geovsuaisaion

e
ot i sy process (S0UAP)

prsentaons (ndhidua and
epors, apers, ouma arices
et

Fig, 1.2 Rescarch methods, thie relaionsips, and estie timelies.

GIS-based MCDA



01 Dy 1, 2008).Fe /

£

A

Humberregion

2010). The rgion has

010y,

For instance, wildlife management gained th attetion of poliy makersinthe 19905 nd 20005

1995; Hearn, 2007). Tourism has grown ntoa year-ound industy encompassing huntin.

fshing, sking,go obiling, hiking, and widlife viewing,
ncreasing
1009; Kell 009

Newfoundiand

. 2006)

(Doucet,pers.comm., 2009 Jennings,pers.comm., 2009; Wood,pes. comim. 2009).



A number ofoher requirments foreffctive land-management dcision support have

een identifid by nterest groups i the region (Doler, pers. comm, 2009; Doucet, pers. o,

2009;Jeings, pers. o, 2

). They nclude: (s) combining qualatve and quantaive

evident from the strateic egional-planning intaive for Co

ok and the Humber Valley

pers. comm, 2009; CHCL Limited e sl 2010),
Key cas-stady acivites included paricipant recrutment dentification of potetial



Fi, 1.4 Approimate tieline for he case sudy component o the research.

e

001

(February 201




c

oerview, and formally provided thie consent tparticiate.

Thesis organisation
DA based
Ge Compass.
proving
MCDA. Chapter
the M
n is
Chapter 3 i
i GIS-based
4
been validaed,
and

appendix E (MCDAS user documentation).




16 Co-authorship statement

e pr
Forest Srvice,

parties,

and

which tock

focdback aftr the meetins. Design reviw, software fcdback,and oher guidance for he case

members

17 References
B, AJ, 200

Model Foret.




Besck, K., Beedl, M., van Benekum, A Cockburn, A, Cunningham, W., Fowler, M., Greaning.

3. Highsaith, ., Hu, A, Jfiie, R, Kerm, 1. Marick,B., Martin, R.C., Mellor, S,

Schwaber, K., Suherand, 1 Thoms, D, 2001, Manifesto for Agile Software
Development. hp:/agilemanifeso.org! (sccessed June, 2010),
Belton, V., Stewart, T., 2002 "

Kluwer Academic Publishers, Boston.
Bizikova, L., 2009, C1

(ILM) Projct, Inenational sttt for Sustainable Developmen, Winnipeg
Carver, 51,1991

.. Geog. k. 5ci. 5 (), 321339

(CBCL Limited, Anderson & Yates Forest Consuants, ABMJ Consuling. D . Knight
Assciates, Meyers Dunsworth Geologica Consuhin, 2010, Comer ook Humber
Valley Regiona Plan: suesand analyss repor.

‘Chaisson, D, 2009, Department of Tourism, Culure and Recreation, Government o
‘Newfoundiand and Labrador, Personal Communications.

Detweiler, M. 200 I 140), 4042

Dodge, M, McDerby, M. Tumer, M, 2008, Geographic Visualization: Concepts,tools and

applicions Wily, Chichester, UK,
Dallr, . 2009, Westem Newfoundiand Model Fore, Personl Communics
Douce, . 2009, Department of Environment and Conservatin, Goverament o Newfoundiand

sissaugs, ON.

and Labrador, Personal Communictions.

Downer, . 2009 Personal
Communications.

Dykes, J. MacEachren, A, Kraak, M., 200 I
Dykes, 1. MacEachren, A, Kraak, MJ. (Eds on. Elsev

Amsterdam, Boston, p. 1-19.




Eastman, LR, 2005, Muli I Longley, P. Goodehild, MF.,

Maguie, D, Rhind, D.W. (Eds., Geographical Wiley, New

ork, Toront, p. 493-502.

Eddy, B.G. 2010, An Ecosy e Humber River Basin: A
Sciene-Policy Itrfce. n: Programme Agenda for Humber River Basin Prsents
HRBP, Comner Brook, Canada.

Uit N 8 00,1

from
Environment Canada, Otava,
F Bi . Brazil, ). K. Lemon, 1. Maye, L., Tompson, L, Beteman, L

ODriscol, L., 1995, Nations

Recovery lan for Newfoundiand Marten, ReportNo. 14,
Recovery of Natonaly Endangered Wil Commitee, Otava.
Hammond. 1., 2009, Maintaining Whe Systems on Eat's Crown: Ecosystem-bscd
i focan Park, BC.

PR ———
| -

sustainabl forest management in Canada: Project overvew. In: MeAfee, B.1. Malouin,

and Programs Branch, Otawa, pp. 38-41.
Hunt 1., 2006, Aile Software Conssucion. Springer, London.

System I 1
Organizaton or
Jennings, ., 2009. Departmentof Environment and Conservaton, Government of Newfoundland

dandization, Geneva.

and Labrador, Personsl Communicaions.



Jocrn, F. Thériault, M, Musy, A, 2001. Using GIS and ouranking mltcriteri analyss for
and-use sutabilty assessment. Int . Geogr. nf Si. 15 2), 153174,
Kappel, C.V.. Martone, RG., Dufy, E. 2006 I Cleveland,

for Science and the Environment, Washington, DC.
Keim, D.A., Panse, C.,Sips, M., 2005 aniques sad

opprtuniies for geovisualzaton. In: Dykes, 1. MacEachven, A, Kraak, M. (Eds).
Exploing Geovisuaization Elsevier, Amsterdam, Boston, pp. 23-52.
Kelly, W., 2009, S o,

Personal Communications.

MIT Pres, Cambridge, MA

Luther, .5, Fournier, R A, Heam, B.1 Pierey, D, Royer, L., Stricklnd, G, 2007, Remote

Proceed

Tools, Montpeler, France.

MacEachren, A, Krask, M., 2001 Geog. .
W32

Geogr. I, S¢i. 20 (1), 03.726,
Rivest, . Bédard, Y., rouls, M., Nadeau, M, Hubert, . Pastor, 1, 2008, SOLAP technology:

exploration and analyss of data. ISPRS J. Phoogramm 60 (1), 17:33.

management plans: Anopinion. For Chron. 4 (3), 369-374
Wood, G., 2009, Rura Secrtaia, Government of Newfoundiand and Labrader, Personal

Communications.



Chapter2 A review of 4 multiple-cr
(MCDA)

Abstract
radeofts Judger
o DAYisa.

It oA
methods,
1othe untrsned. This paper
4 ks offactors for

outa Thereis

adapt MCDA
MCDA

paricpation and advanced visualistion of desision processes

21 Introduction

Rout slection for



instance. a Dk

Fishbein, 2008,
y in elping roups
200, - Iy 20 years,
1991; Malczewsii, 20064).
Jysts,and
many fields.
0 2009, N, W Jankowski
DA
e intgrated with GIS.
4, whi DA methods. We then
MCDA. 2
DA

DA with GIS. The Cc

1o making the fied more sccessble,



22 MCDA background

e iy
Eastman, 2009), Although the
MCDA
" lnsiad,
2002 Roy, 2005). The fed is ofen
DA, butdecision “analysi” or“sding”™
MDA

notably linear programming. These were developed during Workd War I and honed in th csry

1982). Simple and

(Hwang and Yoon, 1981).

indeofts s in Table 2)

evolved simultaneously bt somewhat separately durin the 19605 and 19705 Both schools




dimension epresents he possible values of one criterion) (Dykstr, 1984), The word

“programmin’
the analysis.

» 1968 cited
i Roy and Vanderpoaten, 1996; Vincke, 1992). A key assertion i this approsch s that decison

A tha
MCD)
elative weights,
Table .1 Early sehools of MCDA
American School European (French) School
Assumpions
Goal "

Auwregaion  Valueiiliy funcion, mli-crieria  Outranking
Approsches  and mult-objective optimisaton

D

Sciences st — CAMSADI

hipi
Institute for Operations Research and ~ EURO Working Group

Vanderpooten, 1996).




distributed collaborative environments (Carver, 1999; Malezewski, 1999),and resuled in
Ihin MCDA" iness.

Mt

23 Method selection factors

asubsetofalternatives) (Roy, 1996; Belion and Sicwart, 2002).

MCDA methods include:



1987).Group

2001; Balram and Dragiéevié, 2006; Joein etal

2009,

Decision phase: The phase o phases ofthe decsion processto be suppored. Ther e many.

Aronson, 2001; And L
—
1999,
1095,
Malczewski, 2004,
h 1999: Eastman,
2009,




the cber

hand, may accept only atcmatves tha meet al critera.

Uncerainty Z 2
st 1999a; Jiang,
and Eastman, 2000; Shepard, 2005). Uncerainty may b any ofthe types dentified in the
" 1992; Mitchell, 2002

e
For

(oein et al. 2001; Chakhar and Mousseau, 2008)

Aperience:

Stewar, 2002)

MeDA

comsideration tht reslt in technique biass,

(Malezewski, 1999; Weistrofter
implications.




disagaregation (Jacquet-Lagréze and Siskos, 2001; Siskos, 2005).

24 MCDA methods

s therefore, not
process.
1995; Malczeswi, 19998).
(Malczewski, 1999; 009 b
" dhen

e
capacity ofthe sotwae o algorithm being used



ofth paer that describes e st of mechods.

Note

radeoffs. Like MODM,

o the numberofa



s importan o realise that the methods are ot mutualy excusie, du t the

2005). A mere common

2001; Feick and
Hal, 2004)
241 Non-Compensatory ageregation methods
1969
Jankowski, 1995), 1
2009,
o Di Value on st
Yoon, 1981 where the
isktaking

method, because only one criterion must b met (Eastman, 2009).
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Wtsace creron e 20 b e
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(Carver, 1991; Jankowski, 1995)

Elimination by
for cach eiterion (Malezewski, 19998).

. Do Look

alermativeon every citerion (ankowski, 1995)

242 Weighting methods

Nyerges and Jankowski, 2010):
o Rank sum—each rank value divided by the sum of al ank values
o Rank reciprocal— divided by each rank v,
° por
etween 0 and 1, therehy educing the resuling weight if
. 1) orpoint
allocation fo nstance alocating 100 poiats among al eritera).
Offvlues at which they are considered equally importnt
2001 Eastman, 2009
Fig 23
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243 Compensatory aggregation methods

o types

o Weighted Lincar Combinaton (WLC): Also known a smple aditive weighting,tis

2010,




technique (Eastman, 2009).

possiic i of 1),

o Fumy
derivd from fuzzy linguistc quantifies such as

igh” mediom.” and “low”
(Malezewski, 1999). Fuzzy methods are ofen appiedin combination wih ther
n Jud 200

Boroushaki and Malczewski, 2008).



B weights o

002 Bell et a, 2007

Eastman, 2009).
o Non-Additive methods that use the riginaleriera scores:

Jankowski, 2010) Thi ideal
i hasthe ,
Solution (TOPSIS) (Chen et al, 2001; Liu t sl 2006).
L 1999a; Loto et al, 2004).

space (Jankowski

1999).

244 Outranking aggregation methods

 ELECTRE: A family of ouranking methods (ELECTRE L I I, IV nd TRI) that have

2006), ELECTE 2 "




‘weighted (Belon and Scwar, 2002).

005; Marinon, 2006;

Geldermann and Rentz, 2007).
245 Mathematical programming methods
systems of equations:
. eger

1..2009)
T
models) (Malezewski, 19990).
2003; Bja et a, 2007; Ghosh, 2008)

Janssen tal, 2008).

246 Heuristic methods




ahemative.

with thesimof  close to ptimal “soluion”:

deal point (Eastman et . 1995; Easinan, 2009)

005, Bone and Dragicevic, 2009).

spatia problems.

007
hp g i aw/marsan).
G ” 2004 White
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radiiona question of “what

I the dditonalqueston of “where” (Malezewski, 19994). G

time, and slop.

n

by the

r

wsed

carlier, many MCD

problems,

and ic.,




hough, ity
1999; Josrn tal.,
orMCDA 19905
(Malczewski, 20068, )
or 15based
Journals.
query (“GIS™ AND (mul "o 3
il — .
B " oR bk by yearin Fig 25,

representative of thestady progression ofthe publications i the ield.
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Fig. 1.5 GISbased MCDA srtcecount by ear (o ity sopus com).

i, 2.6 lists the ournals containing thre or more of the 279 articles. They are

One ofthe

fic felds,

Table2

publications n the fiel.
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Table 2.2, Seected GIS-tused MCDA researchers.
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Sieve Caver
Salem Chakar
Suzana DragiéevicSimon Frasr Universty  hlp /soww s cudragisevic.
Romld Eastman Clark University, e sl el academiscatalog el
shiosin?id=61
ot Tankowski Sie
awskibiml
FlorentJoerin Univest® Laval L s ielprse
Tacek Malczewski  Universty of Wesiern  Hipgsography e0 e aculy malczenski]
Ontario
and Industil Research il
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Timolhy Nyerges 5 o
Clas Rimner Ryerson University Tip e ryern s -srnner
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hat implement them. GiS-based MCDA software can be categorised based o the level of

GIS-MCDA coupl .

Packages withoutcustom programming (Makezewski, 1999a).For instance, ESRI's ATeGiS suitc

wic,

2004; Boroushaki and

Malkzewski, 2001 RIS and CommonGs,

g rsseips s om). Only two packages,

provide fullintegration of MCDA (Nyerges and Jankowski, 2010),

WL, AHP, OWA and MOLA, e,

selection of approprat decision techniques (Eastman, 2009). Fig, 2.7 showsa spataly
continuous example o IDRISI's WLC capabilies (Rinner, 20034). CommonGIS
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e et 0 th non-Web IDRIS! packae



couny shading i he o,

IDRISH s the anly GIS package to have full couplng of s MODM method,the MOLA

L 1999
g/ lindo.sony),or using custom programs to tighly coupe the algoritims (Ghosh,

2008 1099;

Malezewsk, 20060, t ca ntroduce biases related 0 the seps prformed by each tol. Fully

MoDM dress i

has asseveral

organisations have developed packaged add-ons tghtly coupled with AreGIS
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creating  black box that s ot rusted.

27 Conclusions

paper DA, and
Ml we
& £ 1999; R
I 17104,
1995) a5 broad
Tobon, 2003;




o 2009). Beyond the

PGIS realm, GIS-based MCDA can ook 10 Web 20 (Hakiay et al., 2008

(Hudson-Smith e . 2009; Poor, 2010), whereby members of the public could suggest novel
alematives in a decision probem.
(GIS and map-based applications have always provided visualappeal. However, he visual

users and hose performing advanced ieractve analysis. GIS-based MCDA could add 0 it

A et al. 2001; Rinner, 2007; Lidouh et al., 2009)
These

which vies with
s i

“Taylorand Caquand, 2006),and Geovisual Analytcs, n extension o Exploratory Data Analysis
rienko et a, 2007
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Appendix A — Case-study focus group questions

decision making?

Did MCE help identiy the conservation hot spots?
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Would this approach work inreaty, outsidethe cas study settng?
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Appendix B~ Case-study participant questionnaire

Land Management Decision Making Case
Study Follow-up Questionnaire

Dlsagres
swonely

i
Somewnat

Neutral |

hgree

Somewhat

stongly

There s equirement for aing fo ny ew verof
mcoss.

[There s rquirement fo an E5 sofeware e for
esch worstation that rns MCDAS,

Generally speakig, Mullpe Crera ecsion Anays
provdesa varety o methodsfor cuting o (when
converting o binar), normaling (when convertng 03

WCDAS was degned t b flextie m upportg

variou decisions and dtasets, bt s nroduces
requr

Froces Weskness

Disaree
swongly

Disagree
Somewnat

Nevtral

Someunst

The homan network hat typically surounds  Ttipe
ctera deckion makin process npractice can be
e

There s substanal subjectiy n the process o

Constains ofdata aalbity and ity Sgafcanty
it he compleeness o heanayss and

126



There s tendencyfo ipat ayers wih rge spatal
it et gl

por
st eptaion o e TG

R o A R
rent iews o recommendations o the same

theprocssor dothav tme o be formed about

[ Tool (McoRs)suengin

i

Disagee

Wewtal

e
e st

S prov o ramework o
e s o s i

WICOAS sy incorportes new dat s 1 becomes
avaae

WCDAS i 3se o s thn 3l eaured Geographic
nformation ystem (i) paca

an effective viulztion technique.

WCDAS'use o colour i maps and chargraps =
ot

Frocess Strangh

Disagree
swongly

Disaree
someunat

Agee
Somewnat

i

mulipe ivers prspectivesand factors.
i oA i g

i gart o o

auaittie
bt S o ot o
devclopmentand mainenance of eter dt




[

dgement that e 1.3 dcion, heeby blancing the
crclsm that i can helpsupport vtual any declon o
outcome

[

2. Wasslfident tme ot o the case study meetings?

3. Were the software ool essy 1 use? ow can they b mproved?

the ctrta valabe to model

.
withinthe harvest plan areas?

agoupsetting?

5. D0 you haveanyathrs comments o feedback?



Appendix C — Coincidence analysis preliminary design

Coincidence Analysis Design
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22 Identify Layers of Interest
Goal Leve: Kite Level

Scenario:

analysisobjectve.

2.3 Prepare Layers of Interest
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3. Asrequired,
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2.6 Hover Colncidence Map
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3.3 Toolbar
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Appendix D ~ MCDAS high-level architecture

ESRI ArCGIS 9.3 ‘Spatial Analyst
ArcObjects  [|"™"] Desktop/Engine |~

Note:shaded boxes indicate custom-developed components.



Appendix E ~ MCDAS user documentation

Multiple Criteria Decision Analysis System

Version 102, Copyrght © Randal Greene, 2010
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