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Abstract

The spatial policy decision making in Sri Lankaidl paper based, and not supported by any
scientific means. However, land use models have Beaecessful elsewhere in the world as
Spatial Decision Support Systems (SDSS).ETRDNAMICA is the modeling framework
behind some well-known land use models which sexseSDSS. The backbone of the
METRONAMICA framework is a Cellular Automata (CA) model. Thgextive of this study
was to find out how a land use model developedgudieTRONAMICA could enhance the
spatial decision making in Sri Lanka. In order thiave the objective, a land use model was
set up (the RUHUNUPURA model) using the ENMRONAMICA framework, for the
Ruhunupura area of Sri Lanka. The land use claasihn adopted includes eleven land use
classes altogether, out of which only seven areamyo. Four classes are static over the
simulation period. There were three predefined ritlgms available in MTRONAMICA to
calculate the transition potential of cells. Allreb predefined algorithms were unable to
simulate the dynamics of the land use clabena properly Chenais a characteristic
cultivation method followed by the local farmersdais also known as the shifting
cultivation. Therefore, a new algorithm was develby incorporating a time component,
especially to capture the dynamicscbena The RUHUNUPURA model was then manually
calibrated for the period 1985 to 2001. The Fuzappa statistic, visual interpretation, and
wavelet verification were used to assess the mesfltcalibration. The calibration results
reveal that the model can be safely used to stuelyoehaviour of the land use classkaub
and other uncultivated area, homesteads, chenastpand paddy. However, the model
could not handle very well the dynamics of the lars@ clasother crops The calibrated
model was then used to run four scenario. The §iceinario was a validation test for the
model. The model could predict lengthening culimatperiods and shortening fallow cycles
of chena which is a well observed, distinct charactecloénadynamics. The second and the
third scenario were formulated to try out two altgive zoning policies for the modelled
region. The aim of the fourth scenario was to feeewhat might happen if another tsunami
hits the coasts of Sri Lanka. The final task of ghady was to assess the usability of the
RUHUNUPURA model for the user organization, the airtbevelopment Authority (UDA)
of Sri Lanka. The usability assessment was conduitie a period of 3 weeks at the user
organization with 10 participants. An extended vebiip was the protocol for the usability
assessment, which consisted of an introductoryicgessne week of guided training, non-
guided practical exercise, group discussion, anoht@nview with the Director of the UDA’s
GIS centre. During the assessment, two questicemairere used; the first questionnaire
checked participants’ knowledge in land use moudglliconcepts, while the second
guestionnaire estimated the user satisfaction as®isu attitude towards the model. The
second questionnaire was evaluated twice; onckdarbéginning and then at the end of the
assessment to study the change in attitude ofdhéeipants. The average time spent by the
participants to complete the practical exercise @&sninutes. The participants were very
effective in handling the model where the averagmlmer of tasks completed by a participant
was 7 (total number of tasks were 8). The userrozgtion feels that the freedom the model
offers to analyze alternative policies through datians as the most important function of
the model. The larger cell size (500 m) of the nhodas considered as the biggest
disadvantage by the user. Overall, the UDA wasfeati about the RUHUNUPURA model.

Keywords: Spatial Decision Support System, Land use modellular Automata, Chena,
Calibration, Scenario, Usability
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1 Introduction

1.1 Context and background

Models are, by definition, a simplification of someality which involves distilling the
essence of that reality to some lesser represent@éBatty and Torrens, 2001). Dynamic
spatial models are one of the interesting brandieke whole modelling arena, because
these are a group of smart tools that enable usderstand the dynamic behaviour of spatial
objects and processes.

In the last decade, dynamic spatial models haueeggpopularity as a modelling tool for the

simulation of spatially distributed processes (Bda and Demicheli, 2003). Among different

categories of spatial models, land use models pssaegreat degree of importance for
decision makers. There exist various modelling eaghnes for the simulation and exploration
of land use changes, and if done in a spatiallfli@kpintegrated and multi-scale manner,

land use modelling is an important technique fa pinojection of alternative pathways into

the future, for conducting experiments that test understanding of key processes, and for
describing the latter in quantitative terms (Laméiral, 2000; Overmarst al, 2003).

Land use models have been developed all over thiel ey different spatial extents and for
different purposes: Aegional leveldynamic simulation model of land use changes in
Sudano-Sahelian countries of Africa (Stéphenne hanhbin, 2001), the Environment
Explorer model for the Netherlands (Engetdral, 2003) atcountry level SLUETH model
for the Portugueseities of Lisbon and Porto (Silva and Clarke, 2002) ataneples of such
models at different scales.

There are several categories of land use modelgirteal-statistical models, stochastic
models, optimisation models, and dynamic simulatioodels (Lambiret al, 2000). Agent
based modelling and Cellular Automata (CA) basedefimg are two common approaches
used in dynamic simulation models (Batty, 2003).iAereasing trend of using CA approach
for modelling the land use changes has been olselweng the last few years (Barredo and
Demicheli, 2003; Batty, 2003T.he land use change modeEMONAMICA researched in this
study as well is primarily a CA model.

Although a number of land use change models hage teveloped in recent years, only few
of them are useful to support policy decision mgk{iwvan Delden and Engelen, 2005).
METRONAMICA is one of those few, and it has been developed thié aim of exploring the
effects of (alternative) policy options on the diyabf the socio-economic and physical
environment and, with this information at hand, sbmulate and facilitate awareness
building, learning, and discussion prior to theidien making proper (RIKS BV, 2005).

METRONAMICA comprises of an explicitly dynamic land use modeplied to the full
territory of the area modelled. The key charadtierisf the model is that it does not seek to
optimise the separate economic, ecological andakaonensions, rather to maximise the
whole. The benefit of this approach is the stromggrative and interactive nature of the
resulting system, in which highly dynamic, autonam@rocesses play a key role (RIKS BV,
2005).



1.2 Problem statement

Although many different types of models such asrblgjical models (De Silva and
Rushton, 1996; Halét al, 1996), yield predictive models (Amarasingéteal, 2002), etc.
have been applied successfully in Sri Lanka, thare hardly any developments or
applications of land use change models.

There are some examples of models that have bemhinsSri Lanka to support decision

making in practical fields such as farming (lllukpa and Gopalakrishnan, 2004). However,
there is no literature available on the use of lasel models in planning and decision making
in Sri Lanka.

Even though there are no reported applicationsandl luse modelling in Sri Lanka, many
researches have shown the importance of land udelsmfor different purposes elsewhere in
the world. Lau and Kam (2005), who applied celaatomata based land use change model
to the metropolitan Melbourne area, have showmareased accuracy and reliability of land
use forecasting with the use of the attribute amadity effects. Silva and Clarke (2002) too
have shown the capability of another land use m&lgEUTH’ in investigating the impact

of planning and transportation construction in Begtuguese metropolitan areas of Lisbon
and Porto. According to Yuzer (2004), the Land @sdular Automata Model (LUCAM)
which he applied to the settlement of Bursa in €yrlproved drastic reduction of the
calculation time in growth estimation processes.

Applications of METRONAMICA model have also proven the ability of the systersupport
the analysis of a wide range of social, economid anvironmental policies and their
associated temporal and spatial dynamics. Envirohntexplorer, an application of
METRONAMICA in The Netherlands, is widely accepted as an &nalyinstrument for the
design and evaluation of spatial plans as well eohfor communication about such plans
by most users at the provincial and the nationadlge(Engeleret al, 2003).

Two exercises carried out by Van Delden and Engék®05) also show the potential of
METRONAMICA as a Decision Support System (DSS). The aim ofitsteexercise was to find
suitable locations for the expansion of resideratrad business activities in Utrecht Province,
The Netherlands. The second exercise aimed at exglthe impact of different scenario on
land use developments and the state of the envenhim Europe, and was carried out as part
of the EEA-PRELUDE project. The authors conclude METRONAMICA contributed to both
exercises significantly thanks to its high levetompleteness, flexibility and interactivity.

After initial discussions with some local expertgldhe key stakeholder in Sri Lanka, it was
understood that spatial policy decision making @ supported scientifically. Mostly,
personal judgments of experts and suggestions liticns are used in deciding spatial
activities. Therefore, a land use change modelMiexroNAMICA would be very helpful for
policy decision makers to try out different spapalicies before implementing them directly.

The first task of this study was to set up a nepliagtion (model) for Sri Lanka within the
METRONAMICA modelling environment, since there is no up-anthimg model available at
the moment. According to RIKS BV (2005), no prognaimg is required to set up and run a
new METRONAMICA application, but experience with GIS and spatiadsiling are desired.
Furthermore, GIS data and some statistical dataeapeired for successful setting up of a
new model. By considering the time available fas #tudy, the choice has been made to set-
up a new model only for a small area of the Soutlst Lanka. The proposed new land use
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change model would have the highest importancevebbped for this area, because the area
is expected to undergo massive land use changd® iooming years due to policies of the
current government.

After setting up or developing a model, it has o dalibrated and validated before actual
applications can be carried out. Calibration ankidation are seen as major challenges for
application of a model (Straatmahal, 2004). Calibration of a model must aim at obtagni

a best fit of model simulations with historical @aas well as the general landscape structure
or morphology that unrolls from the model dynamideen it is applied for a period that long
surpasses available data (Hagen-Zardteal, 2005). The new BRTRONAMICA application
developed for Sri Lanka would also need to be cati@d. It is important to note that the
historical data validation of the new model habeaomitted mainly due to time limitations of
this study and lack of additional data. Since ttzgamaspect of the study is the exploration of
the usability of the new model and most time shdaddspent on that, classical validation can
not be employed during the time period of this gtudowever, the usability assessment can
be considered as a kindfatce validation(Sargent, 1998)

Land use models can support the exploration ofréutand use changes under different
scenario conditions. Hence, scenario analysis Veitid use models can support land use
planning and policy (Verburegt al, 2004). The calibrated new BVIRONAMICA application
for Sri Lanka was also used for scenario analydswever, not every form of scenario
development commonly proposed by modellers is wUisefuplanners (Couclelis, 2005).
Therefore, the interests of the key stakeholderthid study, local experts’ ideas, and
knowledge of the researcher about the area areintsesively for generating scenario.

After development of any computer system, in tlaisecthe new BTRONAMICA application,
it is vital to discover the usability of the newssym. Hence, the usability of the new
METRONAMICA application developed for Sri Lanka should als@b&uated.

Usability refers to the effectiveness of the intti@ between humans and computer systems
and it can be specified in terms of how well patdnisers can perform and master tasks on
the system (Butler, 1996). The abstract concepisability can be measured in terms of the
usability elements (Wachowicet al, accepted). Although there are over 40 usability
elements proposed in the literature, there is k tdcspecified measures for most of them
(Hunter et al, 2003). Therefore, the usability assessment of ribery METRONAMICA
application is focused on measuring a few, verydrtgnt, usability elements namely,
effectiveness, efficiency, and user satisfactioparh from measuring these usability elements
over an extended workshop at the user organizathmn,possibility of adopting the new
model within the user organization for real pragtis also examined. The details of the
usability assessment are described in Chapterd d.an



1.3 Research objectives and research questions

1.3.1 Research objectives

The overall objective of this research is to findt diow the land use change model
METRONAMICA can enhance the spatial policy decision makingnnLanka. This overall
objective is achieved by carrying out four tasks:

1. setting up a land use change model for the Ruhuaugmea of Sri Lanka within the
METRONAMICA modelling environment (Hereafter, the new land cis@nge model is
referred to as the RUHUNUPURA Model):

2. calibrating the RUHUNUPURANodel:

3. applying the RUHUNUPURAnNodel to assess the impact of different policy sieai
scenario with the aim of exploring the spatial amehporal dynamics of the land use
developments: and

4. assessing the usability of the RUHUNUPUR#odel for the user organization, the
Urban Development Authoriin Sri Lanka.

1.3.2 Research questions
The research questions to be answered while accginmg the four tasks are listed below.
1. Setting up the RUHUNUPURA model within theeMkoNAMICA modelling environment

i. What are the required data to set up the modelwdmch data are available for the
study area?
ii. What are the important land use classes in they stteh?

2. Calibrating the RUHUNUPURA model

i. What is the appropriate method to calibrate the RMHPURA model (manual or
semi-automated)?
ii. What is the level of required accuracy in caliloa#

3. Applying the RUHUNUPURA model to assess the iotpat different policy decision
scenario with the aim of exploring the spatial @achporal dynamics of the land use
developments

i. What are the key policy decisions made by the osganization?
ii. How can a set of policy relevant indicators be dtgwed so as to link the policy
guestions to model inputs, and model output tocgotkelevant information?

4. Assessing the usability of the RUHUNUPUR®del for the user organization, tbeban
Development Authoritn Sri Lanka

I. What does the user see as the main function(sanaages, and disadvantages of
the model?
ii. How efficient, effective, and satisfied are thergga handling the model?

4



1.4 Structure of the thesis report

The text of the report so far has introduced maihly problem, the objective, and the
research questions of this study.

Chapter 2 provides an overview of th&eMoNAamICA framework that has been used to set up
the new land use model, the RUHUNUPURA model. Isitally describes the factors
incorporated in MTRONAMICA to calculate the transition potential of cellsha micro level.

Chapter 3 is a summary of the concepts of usalality the methods employed to assess the
usability. Usability assessment of the RUHUNUPURAd®l is an important aspect of this
study. The idea of the literature review on usapilvas to identify a suitable framework to
carry out the usability assessment in this study.

Chapter 4 illustrates the methodology used in shisly in detail. The main aspects covered
in Chapter 4 are the user organization, study agetting up the RUHUNUPURA model,
calibration of the model, scenario running, ancoilgg assessment.

Chapter 5 analytically describes the results ofddlération, scenario running, and usability
assessment.

Chapter 6 reflects on the research questions Wwéhaid of results obtained in the study. The
conclusions drawn from the results are also stafddthe end of the chapter 6, few
recommendations to further improve the model hds@ laeen discussed.



2 METRONAMICA : A land use modelling framework

METRONAMICA is a CA based framework used to develop land thsage models, without
needing to write a single line of code. In a numlaér past and ongoing projects,
METRONAMICA has proven to be a generic and very flexible modeframework which can
be applied at a variety of spatial and temporaltgmons (RIKS BV, 2005).

The modelled area is represented as a mosaic aicglis typically representing a parcel of
land cover depending on the type of application teddesired spatial detail, anything from
Y, ha to 4 krh Each cell is modelled dynamically and together dells constitute the
changing land use pattern of the global level (RBAG 2005).

A single layer MeTRONAMICA model, which is the one used in this study, regdabe macro-
scale model that drives the CA land use model waitlser-supplied scenario. However, it
preserves the constrained CA characteristic byguaisimple file specifying the number of
cells required to be in each state at each timegé¢whiteet al, 2004).

According to Uljeeet al. (2006) and Van Deldeet al. (2005), all land use classes modelled
in METRONAMICA should be categorized into three types namelgant state, functiorgnd
feature.A vacantland use is a land use for which the macro modekdwt specify the
amount of cells required at each simulation tinegp siThevacantland uses exhibit reduced
dynamics and they have a much reduced represeantateccant land uses are the net
providers of the space. On the other haimhction land uses are fully dynamic in both
regional and local levels of the model. The amairdells under eactunctionland use class
for each state of the modelling period is defingdthie macro model. The number of cells
underfunctionland use classes can grow or shrink, and theitotaf cells can change as a
result of the processes described in the modelndhedynamic land uses are calfedtures
Featuresdo not change as a result of the Micro-scale dyenThey do not expand or
disappear, and do not change locations due to eigamf other land uses or any other
dynamics in the model. Yet, they influence the dyita of theFunctions and thus influence
their location.

At micro level of the model, four elements act tinge in deciding whether a particular cell is
taken up by dunctionor vacantland use class namely; CA transition rules (neiginbood
effect), suitability, zoning, and accessibility [&# et al, 2006). According to Engelegt al.
(2002), cell state transitions depend on transifitentials representing the potential to
change to statk; subject to the cell demand constraint, cells geato the state for which
they have the highest potential. The transitiorepal Py is calculated as follows:

Py = r( ) N S A o e e e e (2.1)

where, for land usk,

r( ) = A random perturbation factor with magnitude coled by the parameter,
Nk = Neighbourhood effect

S = Suitability
A« = Accessibility
Zy = Zoning



Further,
r( ) = 1+[-log(rand)] ...ooeeeveeeeiiiiiiiee e (2.2)

2.1 Neighbourhood effect Ny)

According to Uljeeet al. (2006), for each cell (or location), the modeleases the effect of
its neighbourhood: a circular area with a radiu8 oklls containing the 196 nearest cells, by
means of a set of CA rules. For each land useifumc set of rules determines the degree to
which it is attracted to, or repelled by, the otlienctions and features present in the
neighbourhood. The strength of the interactions &snction of the distance separating the
different functions and features within the neigitmod is articulated in the rules. A
graphical illustration of the CA rules is given kgure 2.1 If the attractiveness is high
enough, the function will try to occupy the locatjaf not, it will look for more attractive
places. New activities and land uses invading ghimurhood over time will thus change its
attractiveness for activities already present ahdrg searching for space.

() (b)
Figure 2.1 CA rules of the ttrRoNAMICAMOdel
(Source: Engelen et al., 2004)

The equation (2.3) shows the calculation of thegmeourhood effect more specifically
(Engelenet al, 2002).

N = xd Wikd L e e (23)

where,
Wikd = weighting parameter expressing the strength efriteraction between a cell with land
usej and a cell with land udeat a distancd in the CA neighbourhood

Ixa = the Kronecker delta functiohg = 1 if the cellx at a distance (the concentric rirthis
in the stateék, otherwisdyy= 0



2.2 Suitability (S)

Van Delden and Engelen (2005) describe the suitabilsed in the MTRONAMICA
environment as the degree to which a cell is fisupport a particular land use function and
the associated economic or residential activitye $hitability stated here means titeysical
suitability and it is a composite measure calcdlaten the basis of physical and
environmental factors characterizing each cell @get al, 2004). For computational
purposes, the values of suitability maps are namadlto values in the range 0 to 1. Separate
suitability maps should be prepared for efgictionandvacantland use class.

2.3 Zoning (Z)

Zoning can be considered as the institutional Bilite. Zoning too, is a composite measure
based on master plans and planning documents kbleaifeom the national or regional
planning authorities including, among others, egmlally valuable and protected areas,
protected culturescapes, buffer areas, etc. Faetlmonsecutive planning periods, to be
determined by the user (example: 2000-2005, 200%.28nd 2015-2030), the map specifies
which cells can and cannot be taken in by a pdaidand use (RIKS BV, 2005). The zoning
or institutional suitability is also characterizegd one map pefunctionandvacantland use
class (Uljeeet al, 2006). For each cell and land usethe model allows to define the zoning
status for three periods (Engelenhal, 2004). Therefore, a zoning map for a particuseud|
use class can contain up to four values; O forsacearently allowed, 1 for areas allowed
starting in zoning period 1, 2 for areas alloweattstg in zoning period 2, and 3 for areas
never allowed.

2.4 Accessibility (A)

The accessibility for each land use function iscalgted in the model relative to the

transportation system consisting of the railwaysd aailway stations, the navigable

waterways, and the road network. It is an expressicthe ease with which an activity can

fulfill its needs for transportation and mobility & particular cell. It accounts for the distance
of the cell to the nearest link or node on eackhefinfrastructure elements, the importance
and quality of that link or node, and the needstfansportation of the particular activity or

land use function (Van Deldest al, 2005).

2.5 Indicators

Indicators are instruments that are able to transfive output of the model to measure and
represent specifiable spatial characteristics @8feal, 2006). An indicator in this context is
a measure to make a particular phenomenon perteefidt is not or at least not immediately
detectable (Whitet al, 2004).

Indicators are processed yearly, simultaneoushh wiite rest of the model, hence are
calculated on the current state or on a selectst giate of the system. Every indicator is
calculated for every spatial entity (cells) of tnedel (Van Delderet al, 2005). A user can
define a set of indicators based on the algoritborsently available in the model or he can
extend or modify a list of existing indicators (Etgnet al, 2004).



According to RIKS BV (2005), there are some 7 bmilgeneric spatial indicator algorithms
namely, access algorithm, cluster algorithm, calgorithm, distance algorithm, disturbance
algorithm, fuzzy kappa algorithm, and KOV (habftaigmentation) algorithm. Together they
constitute important information relative to theriteeof one or the other project, policy or
strategy tried out with the model. Each indicatortself is a more or less elaborate dynamic
sub-model that may require specific ancillary infi@tion. Indicators include among others:
cost of land (economic), built-up area and soillisga(social), open space (social), urban
sprawl (environmental), flooding risk (social), idential density (social), habitat
fragmentation (environmental), land degradationvif@mmental), etc. Indicators calculated
on a yearly basis are available ireMRONAMICA in the form of dynamic maps, time charts
and numeric output.

The indicator algorithms used in the RUHUNUPURA relogre described in detail under the
section 4.5.6



3 Usability

3.1 Introduction

According to ISO 9241 (1994) usability is ‘the extéo which intended users of a product
achieve specified goals in an effective, efficiantd satisfactory manner within a specified
context of use’. Holzinger (2005) defines usabifitjlowing more or less the same line of
thought, and the definition proposed by him is ‘dase of use and acceptability of a system
for a particular class of users carrying out specthsks in a specific environment'.
According to the same author, the ease of use taffii® users’ performance and their
satisfaction, while acceptability affects wheth®s product is used. For Butler (1996), on the
other hand, usability is ‘the effectiveness of thieraction between humans and computer
systems that can be specified in terms of how peléntial users can perform and master
tasks on the system’.

Strong commitment to usability can clearly ben#fg software development lifecycle. For
example, human productivity and performance, saéetg commercial viability, etc. are

among the observable benefits of usable user auesf (Seffalet al, 2006). Further, Jokela

et al. (2003) perceive usability as one type of a quathgracteristic that must come along
with a product.

According to Jokelat al. (2003), the characteristics of the users, taskslta®m organizational
and physical environment define the context in Wwhite system is used. It is important to
understand and identify the details of this coniextrder to guide early design decisions,
and to provide a basis for evaluation. The auttarher identify efficiency, effectiveness,
and satisfaction as the three major attributesetmbasured in a usability assessment.

ISO 9241 (1994) provides definitions to the terrfisativeness, efficiency, and satisfaction.
Accordingly, effectiveness is ‘the accuracy and ptateness with which users achieve
specified goals’, efficiency is ‘the resources enged in relation to the accuracy and
completeness with which users achieve goals’, amisfaction is ‘the freedom from

discomfort, and positive attitude to the use ofgheduct’.

3.2 Methods used in usability assessment

According to Wachowiczet al. (accepted) a significant number of methods havenbe
proposed in the literature for measuring usabibtlyd they usually focus on developing user
testing based on four components namely, identifivaof a usability element (e.g.

satisfaction, efficiency, effectiveness, and faamity), selection of representative users,
selection of representative tasks, and the meadurser performance out carrying on these
tasks.

However, the identification of a core set of fundatal techniques that clearly distinguish
one usability element and its specified measurs(s3 difficult task (Wachowiczt al,
accepted). There are only few clear guidelines abow various definitions of usability
factors, rules, and criteria are related and howsdtect or measure specific aspects of
usability for particular computer applications (faéfet al, 2006).

Holzinger (2005) categorizes the usability evalratmethods into two broad types namely,
inspection methods (without end users) and teshoakst (with end users).
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3.2.1 Usability inspection methods

Usability inspection methods are the techniquesl dise identifying usability problems and
improving the usability of an interface design Hyecking it against established standards
(Holzinger, 2005). Nielsen (1995), on the other dyadefines usability inspection as the
generic name given for a set of cost effective wafygvaluating user interfaces to find
usability problems. He further states that usapitispection methods are fairly informal and
easy to use.

Heuristic evaluation, cognitive walkthroughs, plistic walkthroughs, feature inspection,

consistency inspection, and standards inspect®s@ne of the usability inspection methods
(Nielsen, 1995). Based on the literature by Niel§$#895) and Holzinger (2005), those

usability inspection methods are explained below.

Heuristic evaluation involves having usability siadists to judge whether each dialogue or
other interactive element follows established ugglprinciples. This is the most common
informal usability inspection method.

A cognitive walkthrough is a task-oriented methogl Wwhich the analyst explores the
system’s functionalities mimicking step-by-step rusehaviour for a given task. Cognitive
walkthroughs use a more explicitly detailed procedio simulate a user’s problem solving
process at each step through the dialogue, chedking simulated user’s goals and memory
content can be assumed to lead to the next caoticn. Cognitive walkthoughs emphasize
cognitive issues, such as learnability, by analyzire mental processes required of the users.

In a pluralistic walkthrough, users and develomtep through a scenario, discussing each
dialogue element.

Feature inspection lists sequence of features tasadcomplish typical tasks, checks for long
sequences, cumbersome steps, steps that would matbral for users to try, and steps that
require extensive knowledge/ experience in ordeissess a proposed feature set.

Consistency inspection has designers representudfjpie projects inspect an interface to
see whether it does things in the same way asdhirdesigns.

Standards inspection has an expert on some inted@mndard inspecting the interface for
compliance.

3.2.2 Usability test methods

There are several methods for testing usability,ntost common being thinking aloud, field
observation, and questionnaires (Holzinger, 2006¢ following descriptions of these three
methods are also based on Holzinger (2005).

Thinking aloud requires the end users to continlyoiliink about the system being used, and
to verbalize their thoughts so that the developederstand the misconceptions of the users
about the system. The advantages of thinking almefude revealing why users do
something, providing a close approximation as ter madividuals use the system in practice,
provision of a significant amount of data from @lfasmall number of users, the ability to
collect preference and performance information fimmeously, etc. The disadvantages of
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thinking aloud include a failure to lend itself Wwdb the most types of performance
measurement, the different learning style is ofpenceived as unnatural, distracting, and
strenuous by the users, non analytical learnersergéyn feel inhibited, higher time-
consumption, etc.

Field observation, being the simplest of all me#)advolves visiting one or more users in
their work place. Unobtrusiveness is the key fa siccess of this method. Though taking
down notes is the common approach used in fiel@érwbhson, video recording is also used
rarely.

Questionnaires, which are a more common approachudability testing, are useful for
studying how end users use the system and thdaerped features, but need some experience
to design. Questionnaires are considered an irtdmsthod, since they do not study the
actual user interface; rather it only collects dmenions of the users about the interface. A
simpler form of a questionnaire is the intervievheTadvantages of using questionnaires
include the easy identification of subjective ugeeferences, satisfaction, and possible
anxieties; and the ability to use them for compgilgtatistics (Holzinger, 2005).

3.3 Structured workshops for comprehensive usability asessment

Haklay and Tobon (2003) suggest a structured wagkshethod as a means to evaluate the
usability. The three structured parts in the wodgshre; an introductory plenary session, a
practical session and a focus group discussion.iftneductory session outlines the basic
features of the system (software) that has beerloged for the workshop. During the
practical session, participants are allowed to wavdund a free-standing PC in groups of two
or three for 90 minutes. The users are given sipdeifks during the practical session, and a
moderator or a facilitator helps them out durinig {heriod. The facilitators encourage users
to verbalise their thoughts regarding their inteéoas with the software. Finally, the
facilitators moderate an hour-long focus group wkstmon by an experienced member of the
research team.

Bacic et al. (2006) used an alternative workshop approach, wlasted about 4 hours with
the following protocol: (1) explanation of the poge and structure of the workshop; (2) a
first questionnaire (Q1) to collect general infotioa about the participants, and to measure
their knowledge and views on environmental probleassed by pig manure in the region;
(3) a presentation of spatial information withougadission and interventions; (4) a second
guestionnaire (Q2) to test the effect of the predithformation; (5) open, guided discussion;
(6) a third questionnaire (Q3) to test the effecthe discussion; (7) a fourth questionnaire
(Q4) to evaluate the information provided and mdttogy used; and (8) final remarks and
conclusions. One of the important aspects of tpigr@ach is that the questionnaires were
linked to each other by a sequential number indleases where the participant preferred to
remain anonymous.

3.4 A framework to evaluate the usability
Wachowiczet al. (accepted) propose a framework to evaluate usahili the form of a
hypothesis testing. The proposed usability framévisibased on five abstraction levels in a

hierarchy, and they are usability hypothesis, uggtiypology, usability variables, usability
elements, and usability measures. Usability elemeah be seen as the level at which this
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framework overlaps with most of the other usabiiissessment methods found in literature.
The authors define usability elements, which ams dtnown as usability attributes or
properties, as the measurable components of thigaabgoncept of usability. The final
abstract level is related to the Usability Measufidse usability measures, according to the
authors, are the parameters that are quantifidiideacteristics or features of a usability
element. They can be directly measured or obsefuedg a usability test. For example, the
rate of errors can be used to characterise a ugadlg#ment, such as familiarity and clarity.
However, the lack of specified measures for thebilisa elements proposed in literature
(about 40) has been identified as the major prolidgiine authors.

The framework adopted in the usability assessmetiti® study is a blended version of the
two workshop approaches suggested by Haklay andrim@003) and Baciet al. (2006).
Unlike in Haklay and Tobon’s method, the usabildgsessment followed in this study
consisted of all the important usability assessntectiniques namely, questionnaire survey,
open discussions, practical exercises, and intsrvieurthermore, the usability of the
RUHUNUPURA model is assessed through an extendekisivop method which consists of
four main components; an introductory session,idaggutraining of the model for a week, an
independent practical exercise, an interview witto@ officer of the user organization. A
detailed description of the usability assessmeaptat! in this study is given in Section 4.9.
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4 Methodology

4.1 The user organization

For a model to be successful there has to be ans®is going to use it actively within their
organization. Therefore, the Urban Development Adth (UDA) of Sri Lanka was
approached to fill the role of user.

The UDA is actively involved in land use plannimgalmost all parts of Sri Lanka. Carrying
out integrated planning and physical developmendesfiared urban areas, formulating and
submitting development plans including capital stweent plans, and formulating and
implementing urban land use policy are some of dhtvities undertaken by the UDA
(source:www.uda.l. Hence, the UDA is an ideal user organizationddand use change
model like METRONAMICA. Moreover, the user organization was highly irdeed to
cooperate in this study.

4.2 Selection of the study area

Although the model can be applied to the wholeattesr of Sri Lanka, setting up the model
and calibrating it for such a large area could t#ake which would drag the process beyond
the time limits of this study. Therefore, it wascaessary to focus on a small area of the
country yet preserving the usefulness of the moliéial discussions conducted with the
user organization were very helpful in selecting #tudy area. The selected case area is
shown inFigure 4.1

Figure 4.1 Study area
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The primary cause for selecting this particulamamas the interest of the user organization.
This area had been given very little attentiondaery long period, despite the huge potential
it carries to serve the country’s economy. Howetlez,current government has identified the
area as the focus for immediate development. Asalt; many development projects such as
construction of a new harbour, a new internati@ugdort, and related activities are going on

at the moment in this area. The UDA is also busy weveloping master plans, formulating

policies, and so on for the upcoming developmentsthie area. Therefore, the user

organization finds a land use change model forsi@mtisupport as highly appropriate for

them, especially in relation to the selected arkelwvthey named a&Ruhunupura

The availability of digital data was the secondsmafor selecting the area for modelling. At
least two independent land use data sets are needeskt up and calibrate a new
METRONAMICA application. There are two land use data setdadlaifor this area for the
years 1985 and 2001, whereas for most of the atitears, only the most recent land use data
set is available.

The selected area consists of 10 administrativesidins calledDivisional Secretariat (DS)
divisions Seven out of ten DS divisions preserve the friitory within the modelling area
namely, Ambalanthota, Hambanthota, Lunugamweheraoriygawewa, Sevanagala,
Thanamalwila, and Embilipitiya. The other three,glinakolapellessa, Tissamaharamaya,
and Kataragama are only partly located in the Rupura area. Unavailability of land use
data was the reason to clip out parts of these tb& divisions.

4.3 Data collection

The MEeTRONAMICA framework requires considerable amount of data dosuccessful
development of a new model. For setting up andoting asingle layerMETRONAMICA
model, only spatial data is essential, while sfiaa$data may also be helpful. Land use maps
for the start year and the end year of the calidmgberiod, a digital elevation model (DEM),
a soil quality map, natural hazard maps, actualrepplans and master plans, transportation
network, and a map showing borders of regionsexgaired as spatial data.

The following data sets were collected during theddf visit to Sri Lanka from the
International Water Management Institute (IWMI),l@abo and the UDA:
1. Land use data sets for 1985 and 2001 (shape files)
Road network (shape file)
90 m Digital Elevation Model (DEM) data
Major irrigation canals of Sri Lank (shape file)
Agro-climatic zones of Sri Lanka (shape file)
Major rivers of Sri Lanka (shape file)
Soil types data (shape file)
Administrative divisions of Sri Lanka (shape file)

© © N o bk wDd

Zoning map for the Ruhunupura area (shape file)
10. Nature reserves of the Ruhunupura area (shape file)
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4.4 Primary data preparation

Initially, all the data sets were assigned withirtiterrect projection systems, and they were
later taken into a common projection system byrmegting in ArcGIS Appendix Iprovides
the details of the common projection system assidoeall the data sets.

The polygon shape files were converted into rdatgrs with the cell size, 500 m. The 90 m
DEM was resampled into 500 m.

The data sets were clipped to match the areaefasit for the modelling exercise.

4.5 Setting up the RUHUNUPURA model

The new land use change model called ‘the RUHUNURURbdel’ was set up within the
modelling framework of MTRONAMICA.

In a number of past and ongoing project&ETRONAMICA has proven to be a generic and very
flexible modelling framework which can be appliddaavariety of spatial and temporal scales
resolutions. No programming is required, to setaod run a new application, but experience
with GIS, spatial modelling, and the precise bunltmodel is very instrumental (RIKS BV,
2005).

The RUHUNUPURA model is a so callaihgle layermodel which represents the whole
modelled area as one single region. This new mcdskly resembles thBabyLOVmodel
which was developed for thésionsproject of the European Union, in its settings (Wleit
al., 2004).

The cell space of the RUHUNUPURA model consista aectangular grid of square cells
with the resolution 500m. The grid size is 160 $dwy 212 columns.

A new METRONAMICA application requires many input maps and inforaratduring the
process of setting it up. In the next sub sectitimsse input maps and information required
are described in detail.

4.5.1 Region map

The region mapKigure 4.2 demarcates the boundaries of the modelled anchadelled
areas within a grid space. It is a categorical maphich the modelled area gets the value 1,
and un-modelled area gets the value 0. Out of & tut 33920 cells, the modelled area
consists of 12971 cells. It is important to notattltom any edge of the modelled area to the
outside boundary of the un-modelled area, therd@meells in between. The reason for this is
that the number of cells considered in CA calcalai of METRONAMICA is an 8-cell
neighbourhood. Although the dynamics of un-mode#iezh are not calculated by the model,
it is possible to impose an effect from un-modebeea on the dynamics of modelled area in
CA. A gap of 10 un-modelled cells allows full spaineffect on the modelled area, if the CA
rule states so.
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Figure 4.2 Region map

4.5.2 Land use maps

Available land use data for the year 1985 and 2f¥ttains two different classifications of
land use in Sri Lanka. After a thorough evaluatodriwo land use data sets of 1985 and
2001, and considering the interests of the usearozgtion, a new land use classification was
developedTable 4.).

Table 4.1 Land use classification used in the REHPURA model

Land use ID Land use class Category
0 Shrub and other uncultivated area Vacant
1 Buildup area Function
2 Homestead Function
3 Chena Function
4 Forest Function
5 Paddy Function
6 Other crops Function
7 Inland fresh water Feature
8 Brackish water Feature
9 Unmodelled land Feature
10 Ocean Feature

The first categoryShrub and other uncultivated aremmprises mainly of shrub jungles,
grasslands and bare land&uildup area which is the second land use class, consists of
closely built buildings, which are meant for admstration, commercial activities, or even for
housing.Homesteas are a unique land use category in this area.melstead consists of a
housing unit and a large garden of about 2 ha. |IBextivate a variety of crops in their large
home garden, for example coconut, fruits, fieldosrcetc.
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The land use claghenadeserves a special description since it is a lasdclass with special
characteristics and behaviour. In the process @fiieiag extra land for cultivation in addition
to the home gardens, farmers invade the edgesasbyédorests, or shrub jungles. Initially,
they cut and slash the trees and shrubs in a edlegea, and burn the trunks, branches,
twigs, and leaves in the same place. Thereaftepscare grown non-systematically in mixed
stands. This is non-irrigated, rain-fed agricultude fertilization or pest and disease control
is done. The only thing those farmers do is togmthe crops from wild animals. When the
soil fertility becomes low in the area, farmers giynmove to another location abandoning
the formerchena area. Therefore, thehena cultivation is also referred to as shifting
cultivation.

It is important to note that the unmodelled ares been classified into twieatureland use
classesnmodelled landand Ocean.The reason is that the land and ocean have ditferen
influences on the adjacent land uses. When theycarsidered as two features, this
difference can be addressed by the CA rules ofribeel.

Two land use maps were prepared for the year 18832801 from available land use data.
Figure 4.3andFigure 4.4show those two land use maps. However, for setitmthe model,
only one land use map is required. Therefore,dhd Lise map of 1985 was incorporated into
the model, while the land use map of 2001 was dsedalibration and scenario running
purposes.

Figure 4.3 Land use map 1985
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Figure 4.4 Land use map 2001

Inland fresh watefand use class, which is considereféature,did not match well in extent
and locations in the raw data sets of 1985 and .Z0Dli$ effect was prominent in small water
bodies. Therefordnland fresh watewas matched in two land use maps by GIS operation.
The idea was to avoid noise resulting from misdiesscells ofInland fresh waterduring
calibration. Perfect matchinfgatureland use classes filter out any possible, unwantese

in calibration. Thus, it would lead to a solid lsaéor the establishment of a good set CA
rules.

4.5.3 Suitability maps

For the preparation of suitability maps, the/E®LAY TooL which comes along with
METRONAMICA was used. It allows creating suitability maps laynbining any number of
factor maps. Simple slider movements are used s@rasveights for each factor and its
components. The factors used in creating suitgbitieps, and the classification of each
factor is given inrable 4.2
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Table 4.2 Factors used in the suitability maps

Factor

Component

Slope (%)

0-2
2-8
8—-18
18 -30
30-50
50 -80
>80

Soil type

Alluvial soils with variable texture and drainadlat terrain
Erosional remnants steep rock land and variousdits

Major Tanks

Reddish Brown Earths and Immature Brown Loamsingland hilly
Reddish Brown Earths and Low Humic Gley Soils

Red-Yellow Lotosois; gently undulating terrain

Red-Yellow podzolic soils with prominent A1 or septominent A1
Red-Yellow podzolic soils, steeply dissected, hahyd rolling terrain
Regosols on recent beach and dune sands

Agro-climatic
zone

Semi-arid
Dry
Intermediate

River buffer

0 —-500m
500 — 1000m
Rest

Canal buffer

0 —-1000m
1000 — 2000m
Rest

Divisional
Secretariat (DS)
divisions

Ambalanthota
Angunakolapellessa
Hambanthota
Lunugamwehera
Sooriyawewa
Tissamaharamaya
Sevanagala
Kataragama
Thanamalwila
Embilipitiya
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Canals referred to ifable 4.2are man made irrigation canals providing irrigatiater for
mainly paddy The modelled area contains well managed irrigaichemes, which are an
integral part of the livelihood of the area.

Each factor used in the suitability was prepare@d aategorical map by using ArcGIS and
Idrisi software. Thereafter, all the factor mapsr@vemported into th@®vERLAY TOOL. For
eachfunctionandfeatureland use class, a suitability map was preparedsbigaing weights

to all influencing factors and its components. Auearanging from 0 to 10 can be assigned as
the weight for each factor and its components, iwithe OvERLAY TooL. Not all factors
were considered important in deciding suitability €ach land use class. The factors which
are not important were assigned the weight 0. Ailet description of the factors used in
generating suitability maps for selected land dasses, assigned weights for both the factors
and their components can be found\ppendix Il.

The output of th©VERLAY TOOL is a suitability map which has the values frono @ twith 1
being the highest suitabilityFigure 4.5shows some important suitability maps generated by
theOVERLAY TOOL.

(a) Homestead (b) Paddy
Figure 4.5 Suitability maps

In Figure 4.5 (a) the top left area shows the highest suitabildy iomestead This is
because that particular area belongs to the DSidii Embilipitiya which is preferred by
people over the other DS divisions for living. Betinfrastructure, mild climate, good market
for crops, etc. are some of the reasons for thieenigreference by people. The quality of the
raw data setAgro-climatic zones of Sri Lankaas not that good. This creates abrupt changes
of suitability, and forms unrealistic, sharp boumneswithin the map.

Figure 4.5 (b) which is the suitability map fggaddy shows characteristic dark areas. Those
areas are the buffer zones created around the imagation canals. Obviously, the
immediate surrounding of the main irrigation canislshighly suitable forpaddy due to
abundant water supply for the cultivation. Thesgation canals are specifically designed to
provide water fopaddy
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4.5.4 Zoning maps

Zoning maps were prepared for edehctionandvacantland use class modelled. However,
there was no data available about zoning and mpkstes for the expected calibration period
(1985 to 2001). Therefore, only nature conservaaoeas were considered in preparing
zoning maps. For the land use clasg®@sib and other uncultivated areadforest the entire
region modelled was considered open for use atiare/(map with value 0 only) during the
calibration period. For all the oth&rnctionland use classes, nature conservation areas were
given value 3 (never allowed), and the rest valu@hds leads to only two different zoning
maps Figure 4.9. Zoning maps were prepared using ArcGIS softwa&er scenario
applications, a separate set of zoning maps wasapd (2001 — 2030) in addition to the
simple zoning maps explained above, and the detelgiven under Section 4.8.

(a) forShrub and Forest (Bpr all other function land uses

Figure 4.6 Zoning maps

4.5.5 Accessibility

The study area has only a road network for the sstioity. Neither railway network nor
waterway is available in the area. There were fgpes of roads available in the raw data set.
These were footpaths, tracks, secondary roads, namid roads in ascending order of
importance. However, the road network used in tloeleh contains only the last three road
types. Footpaths are of very minor importance, thiode were neglected in turn. The model
requires the road network to be in the form of &REshape file with a special field called
AccType The field AccTypecontains values 0, 1, and 2 consecutively for nraiads,
secondary roads, and trackggure 47 shows the road network used in the model.
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Figure 4.7 Road Network

Two parameters namelRRelative importancandDistance decapf each road type for each
land use class have to be assigned. These two p@mvere calibrated, and the details are
given under Section 4.7.

Note that the relative importance gets a valuegtwben 0 and 1, whereas the distance decay
gets an integer which actually denotes the numlbecetls after which the importance
becomes half of the initial value.

4.5.6 Indicators

Three indicators were developed for the RUHUNUPURAdel namelyl.andscape identity,
Self sufficiencyandDisturbance of Nature reserves

Landscape identity is a straightforward and simpticator to measure the change in land
use given that almost any change of the kind Vfidc the identity of the original landscape
(van Deldenet al, 2005). Landscape identity is calculated as a y¥ukappa statistic.
However, not only the distance within which change&nd use occur is taken into account,
but also the importance of state transitions aresicered in this indicator calculation. For
example, a cell state transition froforest to buildup can be considered much more
important, compared to a state transition frghrub to chena Table 4.3describes the
weights given to each state transition in the Laags identity indicator.
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Table 4.3 The matrix of cell state transitions usethe Landscape identity indicator

FromTO Shrub Bl;i:g:p Homestead Chena  Forest Paddy E;)rt(?ssr
Shrub 1 0 0.3 0.7 1 0.7 0.7
Buildup area 0 1 0 0 0 0 0
Homestead 0 0.7 1 0 0 0 0
Chena 1 1 1 1 1 0.5 1
Forest 0 0 0 0 1 0 0
Paddy 0 0 0 0 0 1 0.3
Other crops 0 0.7 0.5 0 0 1 1

The radius of the neighbourhood used in calculatiohlandscape identity indicator is 8
cells, and the halving distance 2 cells. Note @hatalue 1 in the above matrix means no
change, where as value 0 means an extreme change.

The self sufficiency indicator aims at finding thkility of paddy, other crops, chena, forest,
andhomestead#self to supporhomesteads Technically, this is £ountindicator used to
calculate figures consisting of the ratio of sumsveights associated with land uses in the
vicinity of each cell (Uljeeet al, 2006). In this indicatorpaddywas assigned the highest
weight, which is 100, sincgaddyis the staple food of Sri Lankan peoplthenaandOther
crops were given the value 50, whileomesteadsnd forest received the values 10 and 5
respectivelyHomesteadsvere also given a weight, because the peopleisnatiea cultivate
field crops such as chillies, cucumber, etc. amahtaltion crops such as coconut in their large
gardens for consumption. Moreover, the villagerpethel on forest for fuel wood, honey,
medicinal plants, etc. Therefore, forest was alserga small weight when calculating the
Self sufficiency indicator.

Disturbance of Nature Reserves indicator simplineges how the human induced activities
could disturb the existing nature reserves in thedelled area. This indicator uses an
underlying map of nature reserves, and calculatesdisturbance those nature reserves
received bybuildup, homestead, chena, paddyndother crops In other words, all the land
use classes having human influence were considetiekat to the nature reserves. The base
map of nature reserve areas is a categorical mémptwd categories, nature reserves and the
rest.
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4.6 Model adaptation

METRONAMICA contains three pre-defined algorithms to calcuth&etransition potentials of
the dynamically modelled cells at micro level. Ttheee forms of the algorithm are slight
deviations from the basic algorithm given in tBgquation 2.1 All the three forms contain
four main factors namely, Neighbourhood effect, égsibility, Suitability, and Zoning, on
which the calculation is based.

Initially, all the three pre-defined algorithms wetried for simulating the dynamics of land
use change in the RUHUNUPURA model. Though almdisthe other parameters were
adjusted, the dynamics ehenacould not be simulated satisfactorily with anytbé pre-
defined algorithms. Ultimately, it was decided tted available algorithms are not capable of
simulating the properthenadynamics.

Chena which is also referred to atash and burrcultivation or shifting cultivation is a very
important land use class present in the modelled. &henacultivation in Sri Lanka has
distinct characteristics.

Forests which are in the vicinity of villages amefprred for thechenacultivation. Farmers
first clear those forest areas, burn the trunksthedoranches in the same place, and start to
cultivate. Chenaareas are therefore, highly fertile at the earBges of the cultivation.
However, as no fertilizer is subsequently addedsthkfertility of chenalands decreases over
time. Hence, farmers are compelled to abandorhkeaafter five or six years of cultivation

to find new locations. Abandonethenaareas are subsequently fallowed allowing the land t
regain the fertility. It is important to note thabandoneahenalands are first occupied by
shrubs and grasses.

Due to the increased pressure on land, farmersrditive to reduce the fallow period or have
to cultivate in the same place for prolonged pevidsiome forty to fifty years ago, farmers
could fallow the abandonethenafor 10 — 12 years, which is a sufficient time pdrfor the
natural regaining of soil fertility. Due to the neased pressure on land, the fallowing period
has shortened drastically, and will continue teshertened. As the other alternative, farmers
tend to cultivate in thehenalands for prolonged periods.

Hence, a new simulation algorithm, which can adklrt®e two requirements afhena
dynamics, was essential. The potential of the direnenalands forchena(itself) should
decrease with the age cfieng and should reach a minimum value after a cefanod (e.g.

6 years). Further, thehurb and other uncultivated ar@ehich are younger than a certain age
should possess a lower potential ¢bena.But, this potential should increase with the age of
shrub,and reach a maximum after a certain period (eygass).

A new user defined algorithm was developed to aidiiee dynamics athena Equation 4.1
shows the user defined algorithm used to calcuklie transition potential in the
RUHUNUPURA model.

IfNy O

P = 10 ) NK SR ZTC ettt e, (4.1 a)
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If N <O
Pe=r( ). Nk (1-SKCAG Zk Te )i e (4.1b)
Where

r( ) = A random perturbation factor with magnitude cold by the parameter,
N« = Neighbourhood effect

S = Suitability
A« = Accessibility
Zx = Zoning

Tc = Timeor Agecoefficient:

If Age Period
Tc =Tinitial,k,L +(Tend,k,.— Tinitiatk,L) Age/Period .

If Age > Periog

Tc = Tend kL

Where,

K is the land use for which the potential is caltada
L is the land use found at the location, contributmthe potential

Generally this coefficient is neutral, thus:

Tinitial = Tenda = Period = 1

There are two exceptions, both related to Chena:

ForK = Chena andl = Chena

Tinitial,Chena, chena = 1
Tend,chena, Chena = 0.2

Perio@hena, chen 6

ForK = Chena andl = Shrub
Tinitial,chena, shrub= 0
Tend,chena, shrub = 1

I:>eri0@hena, Shrub= D
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The additional factor calleAge available for the algorithm development irENRONAMICA
framework was used successfully for the first timéhis study, to capture the true behaviour
of chena.

According to the algorithm used in the RUHUNUPURAdeI, if a cell is occupied by
chena the potential of that cell fathenaland use class (itself) decreases year by yedratin
the age of 6, the potential becomes the loweste®imenais abandoned, those cells are taken
up by the onlyacantland use typeShrub and other uncultivated areén reality abandoned
chenalands are fallowed for few years, i8hrubswhich are younger than a certain age
should not be taken up lmhena This fallow period is incorporated in to the aitfam by
stating thatShrubswhich are younger than 5 years of age have vewvypotential forchena
Note that the age 6 fmhena,and the age 5 fahrubswere found as the best values during
the calibration.

The effect of theAgefactor is graphically illustrated iRigure 4.8andFigure 4.9 Note that
the highest valuBnaxcan reach is 1.

»

I:)Chenal

I:)I'T]&IX

I:)min ___________________________ "

»

0 6 Ag&chena)- Years

Figure 4.8 Change of potential of chena areas teelf with the age of chena
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»

I:)Chenal

I:)I'T]&IX

»

0 5 AgQshrubs)- Years

Figure 4.9 Change of potential of shrub areas floerca with the age of shrubs

4.7 Model calibration

Prime goal of this study is to assess how the RUHBNRA model can improve policy
decision making in Sri Lanka. Therefore, the mogdat only calibrated, and the historical
data validation, which requires additional indepamddata and a long period to accomplish,
was omitted. In fact, there was no additional amtkpendent land use data set available for
the study area to perform a validation. However tsability assessment should be
considered as a form of social validation of thedeip and essentially contains the
characteristics ofFace validationexplained by Sargent (1998).

Calibration of a MTRONAMICA application like the RUHUNUPURA model involves ding
suitable values for the parameteravhich controls the magnitude of the random péstion
factor, andwig, Which is the weighting parameter in CA rul&gation 2.1 and 2)3as well
as the parameters that determine the magnitudecesaibility (Engeleret al, 2002; White
and Engelem.a).

The calibration period of the RUHUNUPURA model i@ year period starting from 1985
untill 2001. The model was calibrated to get as Imesemblance as possible between the
actual land use map of 2001 and the model foredaste for 2001.

The model was calibrated manually in a series epsst Although calibration was done in
steps, the procedure was more like a cycle ratiaar & flow of steps one after the other. It
was always necessary to change parameter valuésgeymack to previous steps. The

extensive knowledge about the area was heavily usecalibration. Next sub-sections

describe the calibration procedure in detail.
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4.7.1 Macro model data

Since the RUHUNUPURA model is a single layer modkee number of cells of each
functionland use for each state modelled (each yearkei®iiy requirement at macro level.
Cell counts for each land use for both 1985 andL20€re obtained from respective land use
maps generated in a previous step. A linear chéegeeen 1985 and 2001 was assumed.
Table 4.4lists the number of cells for eafimctionland use for both years.

Table 4.4 Macro model data

Cell count
Land use
1985 2001

Buildup 2 17
Homestead 1362 2395
Chena 2488 1879
Forest 2909 2873
Paddy 1490 1547
Other crops 95 386

4.7.2 Accessibility parameters

Two important accessibility parameters namdRglative importanceand Distance decay
were calibrated. The best values for those tworpaters were found for each road type in
the road network and for certaianctionland use classes. The accessibility was considered
important only forbuildup, homestead, paddgndother cropsland use classes. For all the
other land use classes, accessibility was sebtamportantby giving value 0 for relative
importance of all road type¥able 4.5shows the values assigned for each parametehédor t
land use classomestead.

Table 4.5 Accessibility parameters for Homesteeu luse class

Road type Relative Importance Distance decay
Main road 0.75 10
Secondary road 0.75 10
Track 0.1 2

4.7.3 Qualitative calibration of the neighbourhood influgsce parameters, yy

According to Engelenet al. (2004), the influence parameters represent attracand
repulsion effects between pairs of land uses. Maeothe absolute magnitude of these
parameters has no intrinsic significance; onlyrthelative values are important.

For the calibration ofvyg or the CA rules of the model, a common understandihthe
geographical area was heavily used. Initially, & afeland use pairs having a prominent
interaction was selected. The rules were craftechéch the observed interactions in the
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system, by using the knowledge available from mnesimodel calibrations. Thereafter, the
model was run until the end of the calibration périand the final land use map generated by
the model (for the year 2001) was compared withatteal land use map of 2001. Visual
observation and two statistics; Kappa and Fuzzyp&dplagen, 2003) were used to check the
similarity between two maps. When the maps did apgroximate enough, the rules were
fine tuned, and the model was run again. When & wealized that the selected set of rules
were not sufficient for a good calibration, newesilwere introduced either with or without
previous rules. This iterative process was continudil a predetermined degree of similarity
was achieved between the model output and therrapl However, the extra care was taken
not to calibrate too many rules. The idea was tfibredae the model sufficiently using a
minimum number of rules as possibklgure 4.10shows the matrix of interactions among
land use classes, and an enlarged version of ategleule in the right side of the same
figure. Note that the cells with a line in the matire the interactions for which rules were
defined in the model, whereas the empty cells ¢denavith the interactions for which the
rules were not defined.

Figure 4.10 The matrix of CA rules

The enlarged rule shown in the right sideFedure 4.10is the interaction betwedouildup
and itself. Atx = 0, note that the value is very high. The implication of the higtvalue is
that the inertia of the buildup land is very highherefore, once an area is occupied by
buildup, it is very hard to replace the area with anothed use class.

Some important rules are shown in thgure 4.11 Those rules closely match with the
observed processes of the system.
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(a) Homestead on buildup (b) Paddy on homestead

(c) Homestead on Chena (d) Forest on Chena
Figure 4.11 Some important CA rules

The rule shown irFigure 4.11 (a)can be interpreted as; ti®mesteadends to become
buildupland in a subsequent time step at a considerabde andouildup areatends to occur
in the proximity of the availabldhomesteadsHowever, the attraction diomesteadon
buildup becomes neutral after a certain distance fronhtimeesteads

The rule onFigure 4.11 (b)shows the effect opaddy on homestead There is a small
tendency for turningpaddy areas intohomesteads However, paddy tends to attract
homesteadso the proximity in greater degrelomesteadsan occur from a considerable
distance away frorpaddyas well.

On the other handyjomesteadareas are less likely to becomigenain a subsequent stage.
This has been indicated by the rule givefrigure 4.11 (chy a high negative value at=x0.
But, homesteadattractchenato the proximity. Therefore, the rule gets a pesivalue atx
=2.

Forest areas in the modelled region are conventtmlchenaat a considerable rate. This
effect is indicated by a positive value in the raleFigure 4.11 (c)atx = 0. Usually, the
outskirt areas of the forests becoalena because the farmers do not like to go deep inside
the forest to cultivate as it is very difficult $afeguard the crop from wild animals and due to
many other reasons. This has been emphasized ralthby assigning a positive valuexat

1
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4.8 Scenario analysis

Four scenario were developed to explore the imipdina of those scenario on the modelled
area. The first scenario is a kind of validatiorreise for the model. The second and third
scenario are policy relevant, while the fourth @enore of a storyline. The starting year for
all the scenario was 2001, and the end year waB.203

4.8.1 Scenariol

The purpose of this scenario is to check whethemtlodel is capable of producing an ever
shortening fallow cycle fochenaas well as the ever increasing cultivation penbdhenain

a particular land parcel, over time. In other wortth® age othenaat abandonment should
be ever increasing, and the agesbiub when it is taken up bghenashould ever be
decreasing. If the model is able to fulfil these trequirements, it is an indication of good
performance of the model.

The growth trends of all function land use claserseptchena were assumed similar to
those used in the calibration. The growth trendlegnawas kept at a constant levélable
4.6 shows the macro model data (cell counts) useklisnstenario.

Table 4.6 Macro model data for scenario 1

Land use Cell count

2001 2030
Buildup 17 51
Homestead 2395 4345
Chena 1879 1879
Forest 2873 2500
Paddy 1547 1447
Other crops 386 977

Zoning maps and suitability maps were also sintdawhat were used in the calibration. No
change was made to accessibility parameters either.

When the model was being run, the land use mapshanaige maps were saved for each year
of the entire simulation period.

4.8.2 Scenario 2 and Scenario 3

These two scenario are policy relevant. The ainhe$e two scenario is to explore the effect
of the zoning plan proposed by the UDA for the niedearea against the simpler zoning

explained under calibration (Section 4.7). Scendrisas been assigned the simpler zoning
with only nature reserves as a constraint, whilenddo 3 has been assigned the more
complex zoning developed by the UDA.

The accessibility parameter and accessibility naam the suitability maps are similar to
those used in Scenario 1. However, the growth sremelre modified to be in line with the
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development that could be brought about by the gge@ massive development plan for the
area.Figure 4.12shows the trend lines used for all function land ciasses.

Growth trends of land use classes

3500

3000 /._/._4

2500 — —e—Buildup
_ —=— Homestead
§ 2000 Chena
o
= 1500 1 Forest
© —x— Paddy
1000 —e— Other crops
O v T
2001 2007 2015 2030

Year

Figure 4.12 The growth trends of land use classeScenario 2 and 3

The government of Sri Lanka is currently implemegtiwo massive projects in the study
area; a new international airport and related ds; and an international harbour and
related activities. Due to these two projects, thédup areawill increase rapidly from the
beginning year of the project, 2007, untill the epfdthe project, roughly around 2015.
Although the momentum of constructing néwildup areacan persist, after the end of the
project the rate of construction is expected tolideca by a small amount. The rate of
expansion ohomestead@reas will definitely have a negative impact bg tihcreasing growth
of buildup in the area. With urbanization, people will nowvéasufficient lands to expand
homesteadsinstead, they will have to move into compact loegisschemes with a much
smaller home garden area.

Chenacultivation is already in the declining phase in Sanka. Farmers prefer intensive
agriculture over thehenacultivation, because of the higher income the faregan generate,
the unavailability of land fochena and the restrictions imposed by the governmemtdar
the forests fochena Forestandpaddyareas are also declining continuou§iher cropsare
preferred ovechenaandpaddy Therefore, other crop area will increase contirsiy

Zoning maps were developed in theEBLAY TOOL using the zoning option available. The
main input for the zoning maps was the zoning pleveloped by the UDA. Land use map of
the year 2001 and the nature reserves map wer@liee two inputs used. The zoning maps
for buildup and homesteadand use classes, which were used in Scenarioe3steown in
Figure 4.13.

33



(a) Build up (b) Homestead
Figure 4.13 Zoning maps used for Scenario 3

Note that the number 0 in the legendrijure 4.13indicates the areas which are currently
occupied by the corresponding land use class; nutibedicates the areas that are currently
not allowed, but will be opened in the time stef2Q07), number 2 indicates the areas that
will be opened in time step 2 (2017), and numbardicates areas that are never allowed for
the particular land use class.

The animations of change of land use and changelmiator maps, the graphs of summary
statistics for each indicator were obtained whilerring two scenatrio.

4.8.3 Scenario 4

This scenario is so called a storyline. Since tbastal belt of the study area was severely
damaged by the Indian Ocean tsunami, it is intergdb explore the likely development of
the area if another tsunami struck. Therefore ai$ @ssumed that another tsunami will hit the
coastal area of the region in 2012, andballdup and homesteadareas within 4 km from
shore will be destroyed. If such a thing happenis, likely that the government will ban any
construction inside the affected area. Hence, # fuether assumed that there will not be any
buildup or homesteadccurring in the affected area subsequently.

Accessibility and suitability maps were similarttise used in Scenario 3. The macro model
data ofbuildup areaandhomesteasl were modified, and the trend lines of those tlasses
are given inFigure 4.14.The trend lines of all the other function land wdasses were
assumed similar to those of the scenario 3.
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Growth trends of land use classes
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Figure 4.14 Growth trends of land use classes t@n@rio 4

Zoning too is different fobuildup andhomesteadand use classes, while the zoning for all
the other land use classes are similar to SceBarlde requirement for this scenario is that
before the tsunami, the zoning fawildup andhomesteadhould work similar to Scenario 2
for the entire area modelled, but after 2012 thielevaf the zoning term fobuildup and
homesteadhould be 0 only in the affected areas. For otnedt use classes, there should not
be any effect on zoning by the impact of the tsunam

This complex requirement was achieved by creatm@aditional map of tsunami hit area,
introducing that map into the model, and modifyiilng model’s algorithm. A categorical
map of 2 categories; 4 km buffer zone from the t@aslue 1) and the rest (value 0) was
created. The new map was given the n&n&he zoning term of the algorithm was modified
as follows.

Znew= L« x TF
WhereTF = Tsunami factor

If {(state = buildup OR state = homestead) AND C AND T > 10}Then
TF=0
ElseTF =1
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4.9 Usability assessment

Usability assessment of the RUHUNUPURA model fa tiser in Sri Lanka is considered a
important aspect of this study. Therefore, a ugglassessment was conducted at the Urban
Development Authority of Sri Lanka with the parpation of a representative group of 10
people. The representatives for the assessmentselereted in consultation with the user, but
with special attention paid for the knowledge thaatigipants should possess about GIS,
modelling, and urban planning. In fact, all thetjggvants were planners by designation.

Out of many usability elements, efficiency, effgetiess, and user satisfaction were selected
to be used in this study. In addition to those elet®, the possibility to uptake the model into
the organization was also examined. The measured tess quantify these elements are
discussed in the next paragraphs.

Note that the 1ISO 9241 (1994) provided definitidies the terms usability, efficiency,
effectiveness, and satisfaction were used in thidys

The framework adopted in the usability assessmettti® study is a blended version of the
two workshop approaches suggested by Haklay andim@@003) and Baciet al. (2006).
Unlike in Haklay and Tobon’s method, this usabibigsessment consists of all the important
usability assessment techniques namely, questiensairvey, open discussions, practical
exercises, and interview. The assessment was ctattuncs steps.

1.An introductory plenary session to introduce themodel to the participants

This introduction consisted of two PowerPoint prgagons and a software
demonstration. The first presentation was aboutctimeepts of land use modelling,
whereas the second presentation focused on the RWHWRA model. Before
delivering any of the presentations, Questionnai&ppendix 1) was filled in by the
user. The first questionnaire aims at finding #wel of knowledge of the users about
land use modelling. Each participant was assignednaber (1 to 10), and they were
asked to indicate the number in all the questiaesahey were evaluating.

In the software demonstration, it was emphasized the scenario were transformed
into simulations of the model, in addition to iltceging the frequently used features of
the model. The outputs of the model (suitabilitypsiamaps of indicators, land use
change maps, etc) and their implications were ééseribed.

After the introductory presentations and the sofendemonstration, Questionnaire 2
(Appendix 1Y was filled in by the users. This questionnaire &Bethe users’
understanding of the RUHUNUPURA model. That waslofeed by an open
discussion. Altogether, three hours were spenth@iintroductory session.

It is important to note that both questionnairegewvtested before using by three
independent persons from Sri Lanka who have s#fitciGIS related knowledge.
Based on their comments, two questions of the Quresire 2 had to be modified
slightly.

2. Individual assistance for the users to get acqu#ed with the model

After the introduction, the users were given thargde to try out the model for a
week. On average, about 1 hour per day was sperthisn During this period,
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individual assistance was provided where necesdaryser manual [on CD] was
made available to guide the participants during gariod.

3. Practical exercise which allows the participants taise the model to formulate and
run a scenario

After a week of guided use of the model, the userse asked to develop and run a
simple scenario in the model, individually. No sappwvas given during this exercise.
A half an hour time slot was given to carry out gxercise. The guidelines given to
formulate the scenario are given Appendix V The users were asked to save their
outputs. The time spent by each user to completeextiercise was recorded, and the
outputs of each user were examined for completea@sk accuracy. After the
exercise, Questionnaire 2 was filled in by the sider the second time. The idea
behind the second time evaluation is to measureclia@ge of attitude of the users
towards the model. This was followed by a grougussion which aimed at finding
the broader views of the users on the usabilityadsssuch as user satisfaction, further
improvements required to the model, pros and cotiseamodel, etc.

4. Interview with the Director of the UDA’s GIS cerire

After all, it was necessary to check if the modah actually be absorbed into the
institute, and if it is possible, under which seatiof the institute the model can be
best used. In order to explore those aspects, sinuatured interview was held with
the Director of the UDA’s GIS centre. The pointghtiighted in the interview were;

Do they like the model?

If not, why?

If yes, what are the added values of the modethfetUDA?

Is it possible to use the model in the UDA?

If not, what are the potential problems in the kptaf the model?
How can/ should they use the model?

Who will use it within the organization?

In what way will they use it?

What are the weaknesses of the model?

In addition to the proper usability assessment ootetl at the UDA, two other seminars on
the RUHUNUPURA model were also held at two recogdiznstitutes in the country
namely, the International Water Management Ingi{i¢vVMI), Colombo, Sri Lanka and the
International Centre for Geoinformatics Applicasoand Training (IGAT), University of
Moratuwa, Sri Lanka. These two seminars were uggabpularize land use modelling in the
country, and to gather the thoughts of the leadesgarch community in the country on the
RUHUNUPURA model.
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5 Results and Discussion

5.1 Calibration results

The calibration period was from 1985 to 2001. Feategorical raster maps were used in the
analysis of the calibration results namely, theialckand use map of 1985 (Map 1), the actual
land use map of 2001 (Map 2), the model generated use map for 2001 (Map 3), and a
reference map for 2001 (Map 4) created using Ran@amstraint Match (RCM) model
available in the software called tMap Comparison Ki{(MCK). Figure 5.1shows those four
maps used in the analysis.

(a) Land use 1985 - actual (Map 1)

(b) Land use 2001-actual (Map 2)  (c) Land26@1-Model (Map 3) (d) Reference map 2001 (Mgp 4
Figure 5.1 Land use maps used for calibration aacyrassessment

Neutral models of land use change provide a referém assess the goodness of fit of a given
land use change model (Hagen-Zanker and Lajoidgetqublished). Random Constraint
Match (RCM) model is one of the two neutral modrlpported by the MCK (Hagen-Zanker
et al, 2006).

RCM model creates a reference map (Map 4) by milyrnadjusting the initial map (Map 1)

in order to achieve the same composition as tlgeetanap (Map 2). It first assesses the Map
1 and Map 2, and identifies how many cells of elarid use class are over represented or
under represented in Map 1 compared to Map 2. Eftere it selects the surplus cells of the
over represented classes in Map 1. Finally, it oanmlgl allocates the under represented
classes on selected cells of Map 1. The resulting (Map 4) is a ‘speckled map’ of small
clusters (Hagen-Zanker and Lajoie, to be publishtdjen-Zankeet al, 2006).

Calibration results were evaluated using three oush Fuzzy kappa statistic, visual

interpretation of maps, and the wavelet verificatiBach method is described in detail under
the next sub-sections.
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5.1.1 FuzzyKappa statistic

Fuzzy kappa statistic is preferred over the ordingappa statistic as the criterion for
optimizing the match between the reality and theleh@utput. Usually, it is impossible to
predict the land use changes at exact locationgrefére, not only the exact location
overlaps between the actual land use and the ngethelrated output should be considered in
verification of models, but also the neighbourhesbduld also be taken in to account. Unlike
in the ordinary Kappa statistic, the Fuzzy Kappatistic credits the exact cell-to-cell
agreement, as well as the near cell-to- cell agee¢ifiHagen-Zankest al, 2005).

The Fuzzy Kappa values for two comparisons, theahdand use of 2001 vs. the predicted
land use for 2001 by the RUHUNUPURA model (goodnafsit) and the actual change of

land use from 1985 to 2001, are given for all Yaeantandfunction land use classes in

Table 5.1.

Table 5.1 Fuzzy Kappa statistic

Fuzzy Kappa value

Land use Map 2vs.Map3  Map 1vs. Map 2
(goodness of fit) (actual change)
Shrub and other uncultivated area 0.42071 0.39089
Buildup area 0.30769 0.24423
Homestead 0.55521 0.51071
Chena 0.32531 0.21216
Forest 0.69726 0.66265
Paddy 0.71287 0.79049
Other crops 0.24666 -0.00552

The Fuzzy Kappa values fdromestead, foresand other cropsare considerably high;
meaning the agreement for these land use class@sdrethe model and the reality is well
acceptable. However, it is important to note that actual changes of these land use classes
are not extreme. This is indicated by higher Fukappa values for the actual change.

The compliance between the actual and the modelubdior buildup areais low, and it is
indicated by the Fuzzy Kappa value of 0.30769. Hewethe number of cells occupied by
buildup areain both maps is very little. Therefore, it is vedifficult to go for a higher
accuracy in calibration. On the other hand, theussmy of calibration for such a land use
class does not mean much.

Chenais the land use class that shows the greatesindgaamong all the land use classes
modelled. The distinct pattern of cultivation witbntinuous crop for few years, subsequent
abandonment for few more year, and re-cultivatiakes the dynamics @henaextremely
complex. The degree of match between the aathahaareas and the modelled areas is
comparatively low, in it is indicated by a Fuzzypfa value of 0.32531. However, the actual
change othenais very high as denoted by far lower value of Fukappa (0.21216). When
the real change is extremely high, obviously theabdity of a model to predict the dynamics
of that kind becomes hampered. Therefore, the aggeebetween the model output and the
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reality for chenais within the acceptable limits. This argumenfugther supported by the
results of the wavelet verification, which is déised in a subsequent section.

The goodness of fit of the model for the land ulsssother cropsis not sufficient (Fuzzy
Kappa = 0.24666). However, the lowest Fuzzy Kapglaesfor the actual change hints that
the change obther cropareas between 1985 and 2001 is massive. It iSralsortant to note
that the number of cells come unaeher cropsin 1985 is only 95, while for 2001 it is 386.
Therefore, the rate of change of other crop areasgtremely high, compared to all other land
use classes, except fouildup area Table 5.2suggests that the new development of other
crop areas is fairly independent from the locatiofighose in 1985. Due to all of these
reasons, it is clear that the model is not capabtaigh to capture the dynamics of other crop
areas.

After all, it is important to note that a very highlibration accuracy was not expected right
from the beginning of this exercise due to two osas Apart from calibration, two other
considerably large components namely, scenarioysisaind usability assessment had to be
carried out within the time frame of this study.eféfore, spending a lengthy time period to
achieve very high calibration accuracy was notildasThe other reason is that a possible
over calibration had to be prevented, becausetartual data validation was not possible due
to lack of independent data.

5.1.2 Visual interpretation

If the land use change predicted by the RUHUNUPU®Adel can be compared with the
observed real change from 1985 to 2001, a cleanngicould be derived about the capability
of the model.Table 5.2illustrates the real land use change from 1982001 against the
predicted change by the model for the same period.

It is obvious from the maps shown in thable 5.2that the model has generated the same
patterns of change as the observed change for tlfidse land use classes exceptdtrer
crops This is true even for the land use classes haiwgFuzzy Kappa value, except for
other crops Although the predicted cluster sizes of othepcapeas appear to be similar to
those of the reality, the predicted locations farse clusters are not so accurate to generate a
higher Fuzzy Kappa value.

The change maps f@addyclearly suggest thggaddyareas are the least dynamic among all
the land use classes. This is the case in rediigeaas well. Thgpaddyareas in Sri Lanka can
not be filled or converted into other land use glasd it is stated by law. On the other hand,
traditional farmers have a spiritual bond withddycultivation. Therefore, they are reluctant
to revert frompaddy to another crop. Due to these reasqueldy areas show reduced
dynamics.
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Table 5.2 The real and the predicted land use chdogthe period 1985 - 2001

Land use Real change (Map 1 vs. Map 2) Predicted ahge (Map 1 vs. Map 3)

Homestead

Chena

Forest

Paddy

Other
crops
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5.1.3 Wavelet verification

Technically, the wavelet transformation transforamsoriginal signal consisting of values

to an accumulation of the same numbenaordinates, each corresponding to one from a
family of wavelets (Hagen-Zanker and Lajoie, topaglished). Briggs and Levine (1997)
discuss the mathematics behind wavelet transfoomati detail. In this exercise, wavelet
transformation is the basis used to derive a sehabs at different scales starting from a
mother image.

Wavelet transformation is one of the multi-scalealgsis methods used in model

verifications. Moreover, wavelet transformation cegparate out an image into different
layers at different scales which are independemhfeach other. This is the advantage the
wavelet transform offers over the other multi-scalealyses, such as moving windows
aggregation (Hagen-Zanker and Lajoie, to be puétish

The simplest form of wavelet transform called Hesar wavelet, which is a discrete wavelet
transform, has been used in this study. The rsadle verification of the model results has
been coupled with a comparison between the RUHUNRRUmodel (Model) and a
reference model (Random Constraint Match - RCM).

Mean Squared Error (MSE) is the statistic usedh@ &nalysis. The analysis was done
separately for each vacant and function land uasescIMSE was obtained for three pairs of
land use maps at 9 scales (aggregate levels).hrbe pairs of comparisons are Map 1 vs.
Map 2 (actual change from 1985 to 2001), Map 2Map 3 (actual land use 2001 and model
prediction), and Map 2 vs. Map 4 (actual land ué812and the reference map - RCM).
Thereafter, MSE for the RUHUNUPURA model and theMR@iodel was normalized, by
dividing MSEs of the former two with MSE of the aat change (from 1985 to 2001). The
aggregate level of 1 x 1 denotes th® aggregationor the highest resolution (single cell
level), 2 x 2 indicates the aggregation of two;etlo on and so forth. Note that the largest
aggregation level 256 x 256 covers the entire mlededrea (120 x 212 cells) mne large
cell. In other words, the entire modelled area is aereid as a map of one cell at 256 x 256
aggregate level.

Relative MSE for the model and the RCM for the laise clas®iomesteadt different scales
is given inFigure 5.2(non cumulative) an&igure 5.3(cumulative).

m Model
m RCM

Relative MSE

Aggregate level

Figure 5.2 Non cumulative Relative MSE for homestdalifferent scales
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Figure 5.3 Cumulative Relative MSE for homesteadifégrent scales

From Figure 5.2 it is clear that the RUHUNUPURA model has a lowgative MSE than
the RCM model fohomesteadat coarse and fine scales, whereas the visa-baygaens at
medium scales. The implication of the incidencehist the model out performs RCM at
coarse and fine scales. Therefore, the RUHUNUPURMehcan provide an added value to
study the dynamics dfomesteadat coarse and fine resolutions.

However, it is important to note that the cumulatrelative MSE of the RUHUNUPURA
model is always lower than that of the RCM. Theeasge of that phenomenon is that the
RUHUNUPURA model can complement for lower accurac medium scales by higher
accuracies at coarse and fine scales.

For the land use claskena cumulative and non cumulative relative MSEs appe®e very
similar to those ohomesteadHowever, forchena relative MSE of the model is drastically
lower than that of the RCM at coarser scakegyre 5.9.

H Model
@ RCM

Relative MSE

o ® ™
FF

Aggregate level

Figure 5.4 Non cumulative Relative MSE for chendiffiérent scales
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For the land use cladsrest the behaviour of the relative MSE ssmilar to chenaand
homesteadBut, the RUHUNUPURA model well out performs th€®R model at very low
and very high resolutions.

For other crops the model poorly performs at all scales, excepteay fine scales. Low
Fuzzy Kappa value, visual interpretation, and #sults of wavelet verification suggest that
the usage of the model to study the behaviowtlér cropsshould be done with extra care.

For paddy the model performs over the RCM only at coarsates Figure 5.5.

1 m Model
0.8 - = RCM

Relative MSE

S R R U T L. Ry JL
6‘3’%@‘\’@?\‘%@\"&-\‘%&%\’

Aggregate level

Figure 5.5 Non cumulative Relative MSE for paddgitierent scales

5.2 Results of the scenario analysis
5.2.1 Scenario 1

Scenario 1 serves as a test for validating the RNHBURA model. If the period of
continuouschena cultivation in a certain land parcel increasesrowme and the fallow
period is shortening ever in the model predictiotiee model can be considered a well
adaptable system. Not only that, it further suppdite new transformation algorithm
developed for the RUHUNUPURA model.

The model was run from 2001 to 2030, and the lss®dmaps and the age maps generated for
each year were saved. Each dynamically modellddgeét an age value depending on the
occupied land use. If the same land use remaitiseisame cell in the next time step of the
model run, the age is increased by 1 year. Ifaind luse of the cell is replaced by some other
land use, age becomes ‘0’ immediately for thatipaler cell. Since the model can save both
land use maps and age maps for each year, the agivadual land use class can be tracked.
Once thechenais replaced byhrub and other uncultivated ared was assumed that the
chenain those cells were abandoned. With the help dkildoftware, the average age of
chenawhen it is abandoned was calculated for each (fegure 5.6.
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Figure 5.6 Average age of chena at abandonment

It is important to note that the age dfenais everywhere the same at the beginning of the
simulation. Therefore, a warm up period of few gesr required until a considerable age
distribution of chenais achieved, before the model can predict incrgasiges at the
abandonment afthena Note in theFigure 5.6that the period from 2001 till about 2013 is the
warm up period. After 2013, the age at the abandorrofchenais increasing continuously.
This is a very important evidence to claim that thedel can simulate the real system to a
greater degree.

The next evidence could be the ability to simuldie ever shortening fallow period of the
abandonedhenaareas. Since the abandoretttnaareas are occupied by shrubs, the age of
shrub and other uncultivated argast before those areas are taken ughmgnafor the next
time, can be considered as equivalent to the fajjewod. The average age sifirub and
other uncultivated areavhen it is taken up bghenais shown inFigure 5.7.
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Figure 5.7 Average age of shrub and other unculéidaarea before taken up by chena

The time period from 2001 to 2013 is again the waprperiod. It is clear frorfigure 5.7
that the average age of shrubs is in a decreasing after 2013. This is a clear indication for
the ability of the model to predict shortening d&ll cycles.

Both the increasing continuous cultivationobfenaand decreasing fallow period do confirm
that the RUHUNUPURA model is a valid land use cleangpdel for the study area.

5.2.2 Scenario 2 and Scenario 3

These two scenario were formulated to evaluatepthssible outcomes of two alternative
policy options for the modelled area. The firstipplcould be to let the system develop on its
own without intervention by means of strict zonmegulations, and it is incorporated in the
scenario 2. The second policy, on the other hamds at directing the development of the
area by means of strict zoning regulations, amglstudies via the scenario 3.

Figure 5.8compares the possible land use maps for 2030dgddio policy options. From
the predicted land use maps for 2030, it is cleat the evolution obuildup areais strongly
related to the distribution diomesteadsif strict zoning regulations are not applied. The
natural tendency is to convert themesteadito buildup area It is also important to note
that the newbuildup areafollows the accessibility network as well, whem thoning is not
strict. It is likely that the new development wotiéke place mainly in the western part of the
map, wherehomesteadsre predominant, if the system is allowed to fiomctwithout too
many regulations.

On the other hand, strict zoning regulation cardithe development to a certain area, which
is the central part of the map, under the govertim@olicy in this case. However, diverting
the development artificially to an area where thtural tendency for such a development is
low can hamper the rising of better and more slétabeas. The predicted land use map for
2030 under the scenario 3 supports that argument.
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(a) Land use 2001 - actual (b) Land use 2030 — without strict zoning

(c) Land use 2030 — with strict zoning
Figure 5.8 Likely land use in 2030 by scenario & 8n

The two indicators, the landscape identity and $edf sufficiency show continuously
decreasing summary statistics during the simulgbemod (2001 to 2030) for both scenario.
However, there is no clear difference for thoseidatbrs between two scenario. The
implication of the similarity between two scenaiio their summary statistics is that the
landscape change and the decline of self suffigidrawve no special influence by the strict
zoning regulationsFigure 5.9 and Figure 5.10comparatively show the trend lines of the
summary statistics for the two indicators.

(a) Landscape identity - Scenario 2 (b) Landscdeetity - Scenario 3
Figure 5.9 Summary statistics of the Landscapetityeindicator
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(a) Self sufficiency - Scenario 2 (b) Self sufficiency - Scenario 3
Figure 5.10 Summary statistics of the Self suffigyandicator

The model can generate maps for each indicator epeh year of the simulation. A
comparison between the indicator maps of the indicself sufficiency at the beginning and
the end of the simulation for two scenario are shawFigure 5.11.

(a) Self sufficiency at 2001 (for both sceoari

(b) Self sufficiency at 2030 - Scenario 2  (c) Self sufficiency at 2030 — Scenario 3
Figure 5.11 Maps of the self sufficiency indicdtmr Scenario 2 and 3

Both scenario suggest that the self sufficiencthehomesteadkcated towards the western
tip of the map can drastically reduce over timeerEfore, it is very likely that these areas in
reality will have to depend on mainly food itemspionted from somewhere else.

While the nature reserves are unlikely to be distdr by adopting the simple zoning
(scenario 2), the complex zoning plan proposedheyUDA (scenario 3) is likely to disturb
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those nature reserves considerably. The compaoktre summary statistic of the indicator
Disturbance of nature reserveégtween two scenario clearly shows the effect efdbmplex
zoning plan proposed by the UDA on the nature vesefigure 5.13. Therefore, the UDA
has to be more careful about the impact of the zmwing policy on nature reserves.

1 0.07

g-: 0.06
0.7 ° 0.05 /\

’ o
06 g 0ot V\
: £
S 003
2

3 002 |
0.01 {

Disturbance

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
T T

(a) Scenario 2 (b) Smem3
Figure 5.12 Summary statistics of the Disturbaniceature reserves indicator

5.2.3 Scenario 4

The model’s ability to explore the likely impactsabonce experienced tsunami on the study
area has been tested under this scenario. Thist@aline scenario which can highlight the
value of the RUHUNUPURA land use model for uncortiwaral applications.

The simulation developed under the scenario 4 shbel studied in comparison with the
scenario 3. Because scenario 4 tries to oversepdssble future of the new development
aimed by the government through strict zoning ratjphs and by massive construction
projects, if the coastal belt of the study arehitdy another tsunamkigure 5.13shows the
projected land use maps for the year 2030 undeasice3 and scenario 4.

(a) Land use 2030 — Scenario 3 (b) Laeew 2030 — Scenario 4
Figure 5.13 The possible effect of a hypothetisahami on land use change

Two things are clearly visible froffigure 5.13.The first aspect is that another tsunami hit on
the coastal belt of the study area can hamperxpected development. Most probably it will
change the focus area of the development. It iardi®mm the maps that thauildup area
tends to occur mainly in the western part of thgicle where it is occupied byomesteads
instead of concentrating on the central part ofrtteg as expected by the government. The
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other aspect is the heavy disturbance to the na¢gerves of the area after the tsunami. Lack
of land for new settlements and for cultivationpplke might have to reach the land belongs
to the nature reserves. The indicattisturbance of nature reservdhistrates the effect of
nature reserves-{gure 5.14.

o
o
=

o
o
N1

o [=]
o o
a >
\‘
|

Disturbance
o
o
S
I
[

=]

o

@
—
Y

=]
o
~

o
o
=

o

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
T

Figure 5.14 Disturbance of nature reserves - Scenér

It is obvious that the aftermath of the disastar ganerate a lot of unsettlement in the area,
leading to higher disturbance of the nature reser3at interestingly, the trend of disturbing
nature reserves gets further increased accorditigetoutputs of the scenario 4. One of the
explanations for this effect is the likely policf/the government to ban any construction in a
4 km width coastal belt (an assumption of the sgeparhe conclusion which can arrive at
by referring to the outputs of this scenario id the government needs to be more innovative
when drafting policies to manage a disaster respansthat it can balance the safety of the
people, protection of nature reserves, and theaegalevelopment.

5.3 Results of the usability assessment

The results of the usability assessment are destiib the following sections under four
titles; results of the questionnaire survey, resaftthe practical exercise, results of the group
discussion, and results of the interview.

5.3.1 Results of the questionnaire survey

Questionnaire 1

Questionnaire 1Appendix Il) explores the participants’ knowledge about thecepts of
land use modelling, as well as the intensity atohlihose concepts are used in their working
environment. Out of 15 questions of QuestionnajreiX (numbers 1, 2, 5, 6, 7, and 8) check
the factual understanding of the participants mdlase modelling, whereas the rest of the
guestions measure the degree of usage of thosemsno day-to-day work. There are some
guestions included to verify if a participant anssveuestions with a good sense of
understanding. For example, answers to questionbatsn9 and 10 should not be
contradictory. Because, there is less sense ofemsyv/Yes'to the statementrou have used

a cellular automata based application at least dn@@uestion number 30 given that the
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participant has answerelo¢ to the statementCellular Automata (CA) is a familiar term to
you (question number)9

Table 5.3illustrates the profile of participants by evalngtthe answers they provided for
Questionnaire 1. Note that the percentage of cbaeswers is calculated based on the six
factual questions. Furthermore, the answers oége¥lsor No for questions were considered
firm, while the answel don’t knowwas considerediot firm. The percentage of correctly
answered factual questions and the number of firamgwered questions are the two
indicators which demonstrate participants’ profile.

Table 5.3 Participants’ profile through Questionrei

No. of correctly % of correctly No. of firmly
Participant ~ answered factual answered factual answered questions
guestions (out of 6) guestions (out of 15)
1 5 83 12
2 4 67 12
3 3 50 10
4 1 17 13
5 3 50 04
6 1 17 01
7 5 83 15
8 3 50 12
9 3 50 15
10 4 67 15
Average 3 50 11

The participants bearing numbers 5 and 6 are obviatliers. The participant number 5 has
answered don’t knowfor 11 questions, and the participant number 6 diasn the same
answer for 14 questions. Therefore, those two @pénts were not considered in subsequent
analyses.

The average of 50 % correctly answered factual tepres might suggest that there is a
considerable lack of knowledge in land use modgllamong the participants. However,
without the two outliers, this average increasesouf/ %..

Almost 50 % of the participants have confirmed tthaty are not familiar with the key terms
used in the presented type of modelling, such #slaeautomata, calibration, validation,

scenario, etc. Furthermore, three of the partidgpdrave given contradictory answers for
cross-checking questions.

Given that the two outliers are removed, the reaing a sample of which the deviation is
minimal. Therefore, the sample size of 8 would beugh for an unbiased analysis.
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In general, the analysis of Questionnaire 1 revidsthe participants must be strengthened
with the additional knowledge on land use modellifigerefore, delivering a presentation on
land use modelling concepts at the beginning otidability assessment is rightly justified.

Questionnaire 2

Questionnaire 2 mainly aims at investigating therusatisfaction of the RUHUNUPURA
model. By evaluating the same questionnaire twatetl{e beginning and at the end of the
usability assessment), the change of attitude ef ubers towards the model was also
measured.

Figure 5.15shows the total number of responses received ly leael of agreement for two
evaluations of the Questionnaire 2, in compariddre level of agreement 1 implies a strong
agreement, while 5 means strong disagreement. fdpogions of the levels of agreement
serve as the overall user agreement of the modst €évaluation was done right after the
introductory presentation and the model demonstativhereas the second evaluation was
conducted after a week of individual usage andhatfmal exercise.

Level of agreement
80 80
1= strongly agree
60 60 2 = agree
3 = nor agree neither disagree
401 40 4 = disagree
20 20 5 = strongly disagree
0 0
1 2 3 4 5 1 2 3 4 5
Level of agreement Level of agreement
(a) First evaluation (b) Second evahrati

Figure 5.15 Overall user agreement for the model

It is interesting to observe that the responsedHerfirst evaluation of Questionnaire 2 lie
mainly in the agreement side. These results impat the presentation and the software
demonstration of the RUHUNUPURA model have beerasgful in giving better insights to
land use modelling. However, a considerable nunolb@esponses were neutral for the first
evaluation. After the users became more familighwhe model, they showed a higher level
of agreement with the model and its functionalitieis is clear by the results of the second
evaluation of Questionnaire 2. Here, the proportbmeutral responses has been. Yet, the
proportion of disagreement has been slightly ineedan the second evaluation, compared to
the first. The reasons for those changes coulddmed by analysing the responses given to
individual questions by the users. In general, hargit could be safely stated that the users’
positive attitude towards the model had been ameglivhen they became more familiar with
the model and its functionalities.

Table 5.4compares the distribution of responses for som¢hefindividual questions in
Questionnaire 2 for the two evaluations.
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Table 5.4 Distribution of responses for the twoleafons of Questionnaire 2

No. Aspect First evaluation Second evaluation
Agreement with the I IZ
1 underlying principles and . I :
assumptions of the model LT e . s T s .
Level of aggreement Level ofaggreement
,  User trustin model I . I I .
outcomes : iIII

1 2 3 4 5 1 2 3 4 5

Level ofaggreement Level ofaggreement

I \
1 2 3 4 5 1 2 3 4 5

Level ofaggreement Level of aggreement

on s o o B

I
onN » o B

3 An easy-to-learn tool.

The model contains all the I

8 8
4 functionalities and . I I .
capabilities needed by the o JJLL
1 2 3 4 5 1 2 3 4 5
u Se r. Level ofaggreement Level ofaggreement
10 10
8 8
g The model can help plan the I . I .
spatial policy decisions. §¢ ; I ||
1 2 3 4 5 1 2 3 4 5
Level ofaggreement Level of aggreement
12 12
g  Themodel canimprove the I . I .
communication. §L N W .
1 2 3 4 5 1 2 3 4 5
Level ofaggreement Level ofaggreement
10 10
8 8
7 Overall satisfaction I ; B0 = I ; I I
’ 1 2 3 4 5 ° 1 2 3 4 5
Level ofaggreement Level ofaggreement

Note that Questionnaire 2 covers 16 aspects, andhtbst important aspects are given in the
Table 5.4.For most of the aspects covered in Questionngithe? shift of user attitude is
positive, for example aspect number 1, 3, 5, andH@wever, the participants have
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increasingly realized that the functionalities aragbabilities of the model are not sufficient,
as explained under the aspect 4. That is a comgasegative result. Furthermore, a few
participants have changed their attitude towardsgieement with the aspectast in the
model outcomegaspect number 23nd ability to improve the communication by the model
(aspect number 6). Overall, the users are satigfigtdthe model.

According to the rest of the responses provide@uestionnaire 2, every participant stated
that they are clear about the way the model wdfksthermore, all the participants believe
that the model has captured the main processdseafell system, and the model can help
them better understand the real world problems.yTére highly satisfied with the user
interface of the model, and the way the informat®mrganized on the model's windows.
Although one user declares that the model can mige any added value to the UDA in the
first evaluation, everyone says otherwise in thmsd evaluation. They increasingly believe
that the RUHUNUPURA model can be adopted by the UDA

The reasons for those contrasting changes wereissied in the group discussion with the
participants, and are described in the subseqeetibss.

5.3.2 Results of the practical exercise

Through this practical exercise, it was expected measure the efficiency and the

effectiveness of the users when handling the mdded. efficiency was measured in terms of
the time spent to complete the exercise, and tleetafeness was measured in terms of the
number of completed tasks during the exercisdle 5.5shows the time spent by each user
to complete the whole exercise.

Table 5.5 The efficiency of the users in handlivegrhodel

Participant Time spent (minutes)

21
19
26
23
23
30
26

10 24
Average 24

O©CoOoO~N>WNPR

The average time spent by the participants to cetaphe exercise was 24 minutes. The
minimum time spent by a participant was 19 minutds|e the maximum was 30 minutes.

There were 8 tasks altogether for the participaatcomplete.Table 5.6illustrates the
number of participants who have completed a pdaictask, and the number of tasks
completed by each user. Note that the value 1enT#ble 5.6means that a participant has
completed the particular task, whereas 0 meanswoithe
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Table 5.6 The effectiveness of the users in hagthi@ model

Participant No.
1 2 3 4 7 8 9 10

No. Task

1 Save new §|mulat|on as a 1 1 1 1 1 1 1 1
package with the correct name

Change Macro model data (trend

2 lines for 6functionland uses) S

5 Editthe zoning map for buildup , o, ¢ ¢ 1 1 1
area

4 Add a new main road to the road 1 1 1 1 1 1 1 1
network

5 Savelogsof land use maps for 1 1 1 1 1 1 1 1
every 5 years

6 Savelogs of Indicator maps for 1 1 0 O 1 0 1 1
every 5 years

7 Save theanimationof land use 1 1 1 1 1 0 1 1

change

8 SaveltheanlmatlonsofInd|cator 1 o 1 0o 1 o0 1 1
maps' change

Tasks completed by participant 8 6 7 6 8 5 8 8

Four participants have been able to complete alltédsks belonging to the given exercise.
The lowest number of tasks completed by a partitipaas 5, while the average number of
tasks completed by a user was 7, which is veryifsignt. Except the tasks number 6 and 8,
which have been completed by only 5 participant$, tlke other tasks have been

accomplished by at least 7 participants. The re&sothe lesser number of participants who
have completed the task number 6 could be the ddektention paid as both task 5 and 6
look similar. Since the task number 7 and 8 alsuk Isimilar, the same reason could be
applied for the lower number of participants havoagnpleted the task 8. It is also important
to note that the task number 5 and 6 should benaglkished in one dialog window of the

model. It is the same for task number 7 and 8.

In general, the participants have shown a very kifgctiveness in carrying out the exercise.
This result goes hand-in-hand with the answer Hrégipants have provided to the statement
‘the model is an easy-to-learn tbol Questionnaire 2. All the participants have esgt with
that statement, and it has been reflected in thdtseof the practical exercise.
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5.3.3 Results of the group discussion

The participants of the usability assessment aclkeuyed the freedom the model provides to
run different scenario for the future as the majdvantage. The fancy features of the model
such as an attractive user interface, easy eddfngaps, animations, etc were also highly
valued by the participants. However, the enthusigsmticipants possessed during the first
group discussion was seen slightly declined duthmg final group discussion. The main
disadvantage of the model, according to the pa#ditis was the large cell size (500 m). Most
of the participants have limited experience at wagkvith rasters. They seemed to have been
slightly bothered with the locational accuracy loé butput maps of the model. It was obvious
that many of the participants still believe thalaad use change model should predict the
future with great accuracy. Generally, the paraais liked the model, and there is a high
possibility that they will use land use models aeaision support tool in the future.

There were interesting suggestions by the parti¢gpdo improve the RUHUNUPURA
model. One of the suggestions was to reduce thaizel of the model at least to 25 m. Some
of the participants were of the opinion that ani@mpto change the cell size of the model
could improve the model drastically. Another instieg suggestion by the participants was
to modify the indicatoDisturbance of nature reserve aréy accounting for not only the
changes within the nature conservations, but altliirwa defined buffer zone outside those
reserves.

5.3.4 Results of the interview held with the Director tife UDA’s GIS centre

The UDA likes the model, not only because it caidguts decision making to a new level
supported by a Spatial Decision Support Systemalsat because it motivates the people to
look more into raster data handling, which is faldcking in their institute according to the
director. He also perceives the ability of the middenake people search for new knowledge
rather than being trapped inside the traditiongbgpabased decision making as another
advantage. The model’s ability to improve the comioation among stakeholders such as
the UDA, environmental agencies, road developmatiaities, politicians, etc. given that
they work together in a project, was also acknoggetlas an added value.

The RUHUNUPURA model can be absorbed into the UDi&ery that the officers
responsible to handle the model are provided witrenknowledge and skills on land use
modelling and its usage in decision making throaghonsiderable programme of formal
education. The limited raster data handling bystiadéf was also considered a major barrier by
the director, for the proper usage of the model.

The RUHUNUPURA model should be based in the souatlegional centre of the UDA
which is mainly responsible for decision making the Ruhunupura area, if the model is
adopted by the UDA. The UDA'’s head office in Colarghall only carry out the knowledge
transfer to the regional staff and the coordinatotivities.

The director identifies the larger cell size (50D as the major weakness of the model. He
prefers it to be reduced at least up to 25 m. Ttheranajor disadvantage mentioned was the
lack of detailed classification of build up areéieTdirector thinks that the land use class
build up area should be further categorized intd slasses residential, commercial,
industrial, and cultural.
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The other two seminars held outside the user axgdon were also found appealing. The
main concern of the researchers at the Interndtidfeter Management Institute was the
possibility to apply the model to the entire coyntor to another country. Another issue
raised by them was the lack of economic indicatorthe model, such as the employment
rate, cost of water used in agriculture, etc. Ttogysuggested to use a buffer zone around the
nature reserves and to study the changes that octhe buffer zone over time. Overall, they
were very much satisfied about model. The staff tbé International Centre for
Geoinformatics Applications and Training (ICGAWgas also highly interested in the model,
because there are ongoing projects on land usellingde their organization. Their main
concern about the model was the accuracy of céliora
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6 Conclusions and Recommendations

6.1 Conclusions

The prime objective of this study was to find owwha land use change model, more
specifically the RUHUNUPURA model developed withine METRONAMICA modelling
framework could enhance the spatial policy decismaking in Sri Lanka. In order to achieve
the main objective, four tasks were identified éodzcomplished. Each task required answers
for specific research questions which ultimatelgdéo achieve the overall objective of the
study. The answers to those research questioredadrerated in the following sections.

Task 1. Setting up the RUHUNUPURA model within tMeTRONAMICA modelling
environment

i) What are the required data to set up the modelwdmch data are available for the study
area?

Setting up a new model within theBvRoNnAMICA modelling framework requires at least
two independent land use data sets (the secondsdaia for calibration) for two years
with a considerable time gap. Other than that egagion data in the form of a DEM,
accessibility network data, input factor maps whiem be used to create suitability maps
and zoning maps/master plans are also requirede Were two independent land use data
sets (year 1985 and 2001) available for the studg.2A DEM of 90 m, the road network
data, and significant amount of data to be usedcffeating suitability maps and zoning
maps were also available. Therefore, the RUHUNUPURAdel could be set up
successfully.

i) What are the important land use classes in they stteh?

The land use classdmiild up area, homesteads, chena, forest, paddg, other crops
were considered the most important land uses irstindy area. Those were listed under
the functionland use classes which show the full dynamics tiwveg. The land use class
shrub and other uncultivated are@eas kept as the onlyacantland use type which shows
reduced dynamics in the modéhland freshwaterand brackish waterwere considered
static over the simulation period of the model, &siéd adeatureland uses in the model.
Altogether, there were eleven land use classdseimodel including thenmodelled land
andoceanas a part of the study area.

Out of all the land use classetienashows a distinct pattern of dynamics over time. All
predefined algorithms given in theEVRONAMICA framework to calculate the transition

potential of cells failed to simulate the dynanuéshena Therefore, a new algorithm was

developed to capture the dynamicsbéna and was found highly successful.

Task 2: Calibrating the RUHUNUPURA model

i) What is the appropriate method to calibrate the RMHPURA model (manual or semi-
automated)?

Although there is an automated calibration procedavailable in the BTRONAMICA
framework, manual calibration was preferred ovat.tifthe reason was that the automated
calibration came up with rules which were diffictidt explain in terms of the observed
processes in the real system. Manual calibratiarthe other hand, enables the developer

58



to define rules which can be explained in termgh&f observed processes of the real
system.

i) What is the level of required accuracy in calilat

By considering the time available to carry out thetire study having four major
components, the time period that could be usedhficalibration was limited. Therefore,
the calibration accuracies were not set to higlelevThe calibration period was from
1985 to 2001. Fuzzy Kappa statistic, visual intetgtion, and wavelet verification were
the methods used to anlyse calibration resultssé@taree methods complement each
other well when it comes to evaluating the calibratresults. The Fuzzy Kappa values
obtained for the comparison between the actual lase®l map of 2001 and the model
predicted map of 2001 were 0.42, 0.31, 0.56, M3A), 0.71, and 0.25 respectively for the
land use classeshrub and other uncultivated area, buildup areamestead, chena,
forest, paddyandother crops It is impossible to achieve a high calibratiomw@acy for
buildup areasince there are only few cells in both maps (1988 2001) belonging to
buildup area.Visual interpretation confirms that the model potidin has been able to
resemble the observed pattern of change from 1888001 for all the other land use
classes, except fdsuildup areaand other crops The wavelet verification of the model
prediction carried out in comparison with the refere modeRandom Constraint Match
also reveals that the RUHUNUPURA model can be gafeed to study the dynamics of
all the land use classes excefiter crops

Task 3: Applying the RUHUNUPURA model to assessntpact of different policy decision
scenario with the aim of exploring the spatial atemmporal dynamics of the land use
developments

i) What are the key policy decisions made by the asganization?

The Urban Development Authority is responsible dafting the zoning plans and master
plans for the entire country. With regard to thedgtarea, they have the task of creating a
new zoning plan for the proposed development ptdjgt¢he government of Sri Lanka for
the study area known as the Ruhunupura area. Therdahe UDA needs to try out few
zoning options for the Ruhunupura area with the ehotherefore, two scenario (scenario
2 and 3) were developed within the RUHUNUPURA motielsee the impact of an
already drafted complex zoning plan for the areaomparison with a simple zoning
where only the nature reserves are strictly cldsedny non-natural land use activity. The
results revealed that the simple zoning might altbeehomesteadareas to be converted
into buildup area whereas the complex zoning proposed by the UD&hmiimit that
transformation significantly. The complex zoninguplporposed by the UDA is highly
likely to disturb the nature reserves.

The results of the fourth scenario, which is mdra storyline, suggested that the expected
localized development (the central part of the Rwipwra area) could be thoroughly
hampered if another tsunami hits the coastal amed.the development could be diverted
to other areas where there are mooenesteadat present. The protected areas might also
be disturbed heavily if such a situation occurspading to the scenario results.

The first scenario ran with the model was not mpolicy relevant. But it serves as a
validation test of the model. The results of thistfscenario reveal that the model predicts
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continuously shortening fallow cycles and continslguengthening cultivation periods of
chena which are the observed distinct characteristiashenain the real system.

How can a set of policy relevant indicators be dtlgwed so as to link the policy questions
to model inputs, and model output to policy reldvaformation?

Three indicators were developed for the model ngmékndscape identity, Self
sufficiency, and Disturbance of nature reserve® [Bhdscape identity tries to capture the
significance of land use transformations amongdeenvacantand functionland use
classes, based on the Fuzzy Kappa calculation s&lesufficiency is an indicator which
estimates the ability gfaddy, chena, other crops, foreahdhomesteadgself to support
homesteadghousing units) mainly for food. It is a simpldicacalculation based on cell
counts within a given neighbourhood. The indicaRisturbance of nature reserves simply
estimates how much the protected nature resereeaffacted by land use activities other
than forest and shrub and other uncultivated aredll the three indicators were found
imperative to explain the outcomes of the scenario.

Task 4: Assessing the usability of the RUHUNUPURAahfor the user organization, the
Urban Development Authority in Sri Lanka

)

What does the user see as the main function(sganaaiges, and disadvantages of the
model?

The main function of the model as seen by the wserthe assistance it could provide to
try out alternative policy scenario through simigas. Therefore, the user organizer
believes thathe support for decision making the main function of the model. The
induction the model provides to look beyond tramfiil paper based policy making and
push for raster data handling are seen as advantadey the user. The larger cell size
(500 m) is the main disadvantage of the model, racg to the user.

How efficient, effective, and satisfied are therssa handling the model?

The average time a participant spent to completedien exercise was 24 minutes.
Although the users’ efficiency in handling the mbidenot so high, still there is a plenty of
potential for them to increase their efficiencyaingh intensive usage of the model. The
average number of tasks accomplished by a pantitibaring the practical exercise was 7,
out of total 8 tasks. Therefore, the participarsts be considered highly effective, and this
goes in line with the fact that all the participagreeing with the statement ‘the model is
an easy-to-learn tool’. Questionnaire survey amsdlte of group discussion reveal that the
users are satisfied about the model in generaliginahey think that there are some areas
to be improved.

60



6.2 Recommendations

Since the major concern of the user is the largirsize of the RUHUNUPURA model
and the model was developed aiming the particidar arganization (the UDA), a smaller
cell size could be tried as an option. Obvioushg talibration of the model becomes
increasingly difficult with the decreasing cell siz Therefore, the time allocated for the
calibration should also be increased.

The quality of some of the data used to createstitability maps was not of high quality.
For example, the agro-climatic map has boundarsgsvden any given two zones as
smooth lines. By using high quality data, the modah definitely be improved. For
example, the agro-climatic zone data could be ogglavith the agro-ecological region
data.

An independent historical data validation, if cadriout, has definite ability to increase the
trust in the model. Since there are no other indéeet land use data sets available at the
moment for the study area, except the two dataussd in this study, an alternative land
use data set could be derived by classifying digatenage such as a Landsat image.

Especially for the land use claslsena the model required warm upperiod to get the
age distribution ofchena before it can predict thehenadynamics properly. If it is
possible to get a map of the ageabfenaat the beginning of the simulation, it could
drastically improve the calibration accuracycbena and could provide better predictions
on chenadynamics. Either using remote sensing techniquegelar surveys, it might be
possible to develop an age magbéna and in tern can improve the model.

The indicatorDisturbance of nature reservesmn be modified to include not only the
nature reserves, but also a buffer zone arounch#éiigre reserves to study the changes
going on in the proximity of the nature reserves.

It would be handy to explore the possibility of @ngorating a few economic indicators
such agost of water used in agriculture, income generdtgdther cropsetc.
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Appendix |

Spatial reference information of the data sets

# 3$
$
% & !
#$% &
"( ‘% & (
$ &
) & (
(&&&
& &
( &
(«
$ & &
* (& (

65



Appendix Il

The factors, components and weights used for suitdibty maps

Not all 6 factors were used in creating suitabilibaps for all land use classes. The
combination of factors was different for differeland use classes. Used factors, their
assigned weights, components of each factor anigness weights are described in this
document separately fdyuildup and homesteadand usefunctions Note that the factors

which are not mentioned under each land use class given the weight 0.

1. Combination of factors for Buildup area

Factor Weight Component Weight
0-2 10
2-8 8
8-18 6
Slope % 10 18 -30 4
30-50 2
50 — 80 0
>80 0
Alluuvial soils with variable texture and drainadiat terrain 4
Erosional remnants steep rock land and variousdiils 0
Major Tanks 0
Reddish Brown Earths and Immature Brown Loamsimgland hilly 2
Soil type 4 Reddish Brown Earths and Low Humic Gley Soils 10
Red-Yellow Lotosois; gently undulating terrain 8
Red-Yellow podzolic soils with prominent A1 or seprtbminent Al 8
Red-Yellow podzolic soils, steeply dissected, hdlhd rolling terrain 2
Regosols on recent beach and dune sands
Semi-arid 6
Climatic zone 3 Dry 9
Intermediate 6
0 —500m 7
River buffer 2 500 — 1000m 10
Rest 10
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2. Combination of factors for Homestead

Factor | Weight Component Weight

0-2 10

2-8 9

8-18 8

Slope 10 18 -30 6
30-50 3

50 - 80 1

>80 0

Alluuvial soils with variable texture and drainadief terrain 6

Erosional remnants steep rock land and variousdiils 0

Major Tanks 0

Reddish Brown Earths and Immature Brown Loamsirmgland hilly 5

Soil type 1 Reddish Brown Earths and Low Humic Gley Soils 10
Red-Yellow Lotosois; gently undulating terrain )

Red-Yellow podzolic soils with prominent A1 or septbminent Al 7

Red-Yellow podzolic soils, steeply dissected, hdhd rolling terrain 9

Regosols on recent beach and dune sands 0

Semi-arid 3

g:grr]‘r;atm 5 Dry 8

Intermediate 10

Ambalanthota 4

Angunakolapellessa 5

Hambanthota 4

Lunugamwehera 3

DS . S-ooriyawewa 4
division Tissamaharamaya 4
Sevanagala 4

Kataragama 1

Thanamalwila 4
Embilipitiya 10

Population data for the year 1985 and 2001 werel uisedeciding the weights for DS
divisions. Embilipitiya DS division has a very higtitractiveness for residential activity
compared to all other DS divisions due to varioasmms, such as good infrasturcture and
intensive agriculture.
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Questionnaire to assess participants’ knowledge abbconcepts of land use modeling

Appendix Il

Number: ......
Statement Yes No | don't know

1 Almost aII_ systems in the world (e.g. a city, fdaresc.) will never come
to an equilibrium state.

2 | Amodel is always a simplification of a complgsiem.

3 Spa_tio-temporal modelling is a frequently heardter your working
environment.

4 Land use modelling is a frequently heard term iaryworking
environment.

5 Do you agree with the fact that land use modelsadiad of spatio
temporal models?

6 | Models should always be able to forecast futltk great accuracy.

7 Simu_lation is the method that enables models tegta different
possible futures.

8 | A simulation is dynamic and open-ended.
Cellular Automata (CA) is a familiar term to you.

10 | You have used a cellular automata based apgplicat least once.

11 | You are familiar with the term ‘calibration’.

12 | You are familiar with the term ‘validation’.

13 | Difference between calibration and validatioolésar to you.

14 | The term ‘scenario’ is frequently used in yourking environment.

15 Evaluating scenario with a model can stimulatewdisons and debates

about possibilities for future.

68




Appendix IV

Questionnaire to assess the usability of the model

Number...........
Strongly Neither agree| Strongly
Statement Agree Disagree .
agree 9 nor disagree 9 Disagree
1 The way the model works is sufficiently clear|to
me.
2 | agree with the underlying principles and
assumptions on which the model is based.
3 | The outcomes of the model are reasonable.
4 The model has captured main processes of the
real system.
The model help to better understand the
5 L
processes/ problems of the real world situatign.
6 | The user interface of the model is attractive.
The organization of information on the model
7 ) .
windows is clear and understandable.
8 | This model is an easy-to-learn tool.
This system has all the functions and
9 y :
capabilities | expect it to have.
10 This model can provide an added valuettoe
UDA'’s normal working procedures.
11 The model can help plan the spatial policy
decisions in some way.
12 | This model will be accepted in the UDA.
13 | I personally like to use the model in the futurg
| think that someone else in the UDA might find
14 .
this model useful.
The model would improve communication
15 T S
amongst people working in different disciplings.
16 | Overall, | am satisfied with the model.
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Appendix V

Guidelines to formulate the new scenario used in thusability assessment

Task 1 — Opening an existing simulation and saitimgth another name

Start the Ruhunupura model
Open the simulation file ‘Ruhunupura_scen3.sim’

Save the simulation as a new package. Name thesinewation file as
‘Usability_yournumbersim’

Task 2 — Editing inputs and parameters of the newlstion
Change the Macro model data based on your own aeashow the future may
evolve; i.e. modify trend lines for 6 function lande classes
Edit the zoning map fdBuildup areawithin the model as below.

- Modify the areas of Udawalawa park where you thiilkbe opened for
buildup in time step 1 (i) and time step 2 ¢f

Add a newMain roadto the road network. Use your own thoughts abloetikely
future developments to decide the place for the road.

Task 3 — Saving outputs of the model

Set the options of the model for saviogs of Land use mapsandIndicator maps
for every 5 years.

Set the options of the model for saviigimationsof land use changeandindicator
change

Task 4 — Run the new simulation
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