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PHD THESISCHAPTER NINE

DiscuUssiION AND CONCLUSIONS

9.1 INTRODUCTION

This socio-ecological modelling project has takeniaterdisciplinary approach (i.e.
used theory and methods from ecology and socioltgykpresent the interaction of
LUCC and wildfire. Brewer (1999) discussed seveggbortunities an interdisciplinary
approach offers, including the emphases of thecgmbr on the orientation of problem
formulation and the context of research practi€aintowicz and Ravetz (1993) have
suggested the task of scientific quality assurastmrild not stop at product (the model
and its results) but must also consider the pro¢iss modelling), particularly with
regards to the social aspects of the process.hisncbncluding chapter therefore, a
reflexive approach which considers some of the ncorgextual aspects of the research
is taken in order to summarise what has been lddroen the modelling process of this
thesis. This reflexivity has been more commonhia $ocial sciences than the natural
sciences but, as Brown (2004) has suggested, rneosladf physical environmental
processes might also learn from examining the @by which they gain knowledge.
Socio-ecological modelling lies at the interfacéwsen the social and natural sciences
and remains a relatively immature research areasulh, it seems pertinent to reflect
on what has happened in this modelling project @ao fThis chapter presents the
research in chronological order, taking what isnel a ‘narrative approach’.

9.2 NARRATIVE APPROACHESTO REFLECT ON THE M ODELLING PROCESS

A narrative approach is used here in an attempbpen up’ the process of model
construction for better scrutiny, and to allow be#valuation and understanding of the
modelling process and its results. In recent yaamscognition of the historical nature
of many forms of earth and environmental sciencg. (Erodeman 1995) have led to
suggestions that ‘narratives’ would be useful tawisfoster better understanding in

subjects like geology (Gould 1987), environmeniatdry (Cronon 1992) and science
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in general (Allenet al. 2001, Zellmeret al. 2006). In concluding a review on
complexity science, human geography and modelli@fSullivan (2004 p.291)

suggested the possible use of narratives to exatmeenodelling process to reveal the
‘story’ behind the decisions that were made dunraglel construction. The presence of
equifinality highlights the importance of obsendmpendencies in simulation modelling
and the decisions modellers must make regardingadtetion of model boundaries
(model closure — section 7.2.2). Simulation madglis undertaken in situations in
which data on the system being examined are spamdgelogical transformations

(approximations) are required to represent theegysh silico. The justification of

these transformations is made on a variety of §ontluding theoretical knowledge,
empirical generalisations, and experience from rtindesimilar phenomena (Winsberg
2001). Making explicit the implicit decisions anghderstanding made in the

development of a simulation model is important i€ito be adequately evaluated.

The modelling process is not linear from concepgatibn through model execution
and testing to analysis and interpretation of tesuRather, it is an iterative process that
demands movement back and forth through theseusstages, with modification and
refinement, as a continual process (e.g. Figurg. 8.lteration is required as the
modeller(s) learn more about both the system tiveyta represent and the adequacy of
the model structures that have been put in placdotso. ‘Dead-ends’ are often
encountered in the research process, but curragkeatc and publishing conventions
regularly inhibit the full story to be told of whatas learnt from the (iterative)
modelling processes (O'Sullivan 2004). Furthermibigcience, and in particular socio-
ecological simulation modelling, is to move ‘upsing (sections 7.3.2 and 8.2), a more
creative mix of formal and informal methods will bequired to ‘democratise science’
(Wilsdon and Willis 2004) and reveal its inner wiods. A narrative approach to
presentation of the modelling process might helprowe communication about both

what was learnt and how it was learnt.

A narrative in the sense used here is a formalnbuattechnical, representation of the
history of events that “organises all representatiof time into a configured sequence
of completed actions” (Cronon 1992, footnote 5).arfdtives provide meaning and
understanding about events by representing theseteas causal sequences, thereby
ordering and simplifying. Thus, this chapter af#snto discuss not only what
SPASIMv1, its results and the process of constmgctt tell us, but also how this
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knowledge was gained. The success of a storygettam only be evaluated by the
audience — hopefully this narrative will be usefulprovide insight into the messiness
of the research process that this thesis presastadormal and orderly progression.

9.3SPASIMV1 MODELLING NARRATIVE

9.3.1 Resear ch Proposal

The research presented in this thesis was fundeal joint UK Economic and Social
Research  Council/Natural Environment Research  Gbun(ESRC/NERC)
Interdisciplinary Research Studentship and undertakvithin the Department of
Geography at King's College, London (KCL). Theeidisciplinary ESRC/NERC
studentships are designed to encourage “postgedesearch on environmental issues
which are of interest to both Councils and whicfuiee the combined approaches of
both the environmental and social sciences” (ESRGQ7R The application for the
studentship arose from my interest in studying fivédvegetation-dynamics modelling
with Dr George Perry (then at KCL — currently atiwgmsity of Auckland, New
Zealand). | had been supervised by Dr Perry dummg undergraduate degree
dissertation, and we strengthened our relationghipng my Master's studies of
environmental monitoring and management. At theetDr Perry was completing a
manuscript on the role of land abandonment in éineldcape dynamics of SPA 56 with
Dr Raul Romero Calcerrada (then at Universidad deald, Spain — currently at
Universidad Rey Juan Carlos, Spain) that was faiblished as Romero-Calcerrada and
Perry (2004). With data available, a willing cbitmator, and an academically
established research question in the early stagestudy (i.e. the question of the
importance of agricultural land abandonment on fiveddynamics), the application was
made in May 2003. The original research objectstedéed in this research proposal

were to:

(1) develop a spatially explicit model of vegetatiomdsnics that considers both
wildfire and human activity in the Mediterranean;

(i) produce scenarios of future land-use change baseapgert input from local
collaborators, surveys of and discussion with losédkeholders, and
informed judgement based on the literature;

(i)  use the model to explore the implications of thieskependently generated

scenarios for future fire regimes;
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(iv)  use model outputs to assess, in collaboration eithl stakeholders, the
management implications of potential landscape gdsito maintain future
biodiversity and sustainability.

Whilst these objectives bear some resemblanceeattited research aims in chapter
one (section 1.4), the emphasis on model evaluat@ade in chapters seven and eight is
clearly absent. Furthermore, there is a much ggoamphasis on scenarios of land-use
change and their generation with the aid of lotakeholders than was realised here.
Much of this shift was a result of the encouragenoérmy ‘social science supervisor’
Dr David Demeritt, whose research interests liermss-cutting areas of nature-society
expertise and the articulation of environmentaldaolges (particularly scientific and
technical). ¥ ESRC/NERC studentships require a sugmr from each of the
environmental and social sciences — initially, Deo® Wilson was proposed as the
social science supervisor. However, soon after ghecess of the ESRC/NERC
application, Dr Wilson moved from KCL to the Unigdy of Plymouth and Dr

Demeritt replaced him. Other changing ideas afidances are discussed below.

9.3.2 Initial Exploratory Research

In early October 2003, soon after completion of Mfyc thesis (Millington 2003), | set
about a more detailed literature review of Spar@idscape change and wildfire
(chapter two) and some initial statistical modegjland data exploration (chapter three).
These two areas of research took me up to, and @sedp my interim ‘upgrade’ report
in November 2004. The report takes this monikert@sompletion and acceptance
following an oral defence ‘upgrades’ the studeatfrMPhil status to PhD status — thus
it is seen as a formal stage of the PhD reseaimteps in the Department of Geography
at KCL. During this time | also made a trip to SB&with Dr Perry and Dr Romero

Calcerrada to get a better ‘picture’ (i.e. intugtivnderstanding) of the study area.

The initial literature review of the issues faciMdediterranean landscapes, with
particular regard to the potential effects of camperary socio-economic change on
ecological systems, provided the context for thelsiand made the case for the need to
study the questions required to achieve the faséarch aim (section 1.4 — though these
question were refined and finalised during the wdescribed in section 9.3.3). The
literature review suggested that in traditional f8gla pine-oak woodland landscapes (of

which SPA 56 is a prime example) vegetation dynanaie strongly influenced by
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disturbance, predominantly human activity and viiédf(section 2.2). High spatial
heterogeneity in Mediterranean environmental resesire.g. water) and the spatial
nature of wildfire ignition and spread mean thesideration of spatial dynamics is vital
to the study of ecosystems in Mediterranean regi@estion 2.4.4). Furthermore,
lengthy human occupation and the high proportiowitdfire ignition by humans make
humans a direct and important driver of land-ccvsat wildfire dynamics (section 2.3).
Changes in human activity recently have led to ekesing land use for agriculture and
increasing scrub-like covers (as found by Romerw&eda and Perry 2004), with

potential implications for wildfire occurrence aspread.

The literature review and the case made for thearek questions regarding the
interaction of LUCC and wildfire are justified imdir own academic and scientific
right. However, two points can be made regardimg dontext of the framing of this
particular literature review and the research qaest First, the literature review and
research questions highlight the importance of huraetivity as a component of
ecological processes in the landscape, in keepitigtie interdisciplinary remit of the
research funding. Second, the research questams fon the importance of wildfire
rather than any of the other outlined environmeotalsequences of land abandonment.
There are currently many similar ecological questibeing addressed in Mediterranean
environments that focus on problems that are n@icty influenced by humans (e.qg.
Keeley et al. 2006, Pausast al. 2006, Pons and Pausas 2006), and the alternative
environmental questions posed by agricultural lasahdonment could be claimed to be
equally important. The particular issues examimethis thesis were chosen because
the context of the research project made them medsvant in terms of the project
funding and my interest and expertise. There isaientific or academic problem with
this selection process and stressing that the xbofethe selection of research focus
was based on academic rather than political or certiad grounds lends credibility to

the process.

My initial literature review also examined the meds used to model LUCC and
highlighted the reasons to model rather than exanandscape change using other
techniques. Specifically, the large time and spadents involved in landscape study
make empirical experimentation virtually impossiblecause of logistical, political and
financial constraints. The use of empirical regi@s-based models is one approach
which has been used frequently to examine LUCCti(se3.2). However, when
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assessed on a pixel-by-pixel basis the performahtieese models has regularly been
found to be poorer than that of using no modelllai.2. a map at time t1 is often a
better predictor of change at a later time t2 thanodel based on empirical data from
time t1 Pontiuset al. 2004). To examine both this issue and the daaladole for
SPA 56, we (I with the aid of Dr Perry) developedistic regression models using both
socio-economic and biophysical data (section 3.3.3)he predictive inadequacies
detailed by Pontiust al. (2004) were also observed in our models for SPA 56.
Furthermore, issues regarding differing levels afadresolution between these data
types were found to hinder model performance (8e@i3.4). Problems of stationarity
mean that these models are likely to perform poorlyegions where processes of
change are dynamic, for example in human-dominateds where socio-economic (i.e.
institutional) structures are being modified (likeSPA 56 — section 3.3.4). In light of
this empirical modelling exercise, it was suggedtest a simulation model approach
would prove more useful for representing spatidymamic processes of change (such
as land abandonment and wildfire) and improvingeusidnding about these dynamics
(section 3.4).

At the time of the work presented in chapter thsesjeral other aspects of empirical
modelling were explored that are not presentedhan thesis. These omissions are
because the later shift in emphasis toward stakleholalidation and assessment of
models restricted what could be included. For gdaman empirical GIS-model
approach attempted to incorporate aspects of tmpdeal and spatial dynamics of
wildfire regimes into static wildfire risk frameworusing the results of the logistic
regression models presented in chapter three (gibbn 2005). | felt that this
modelling approach had limited success and thatyrmamdic simulation approach
remained the most pertinent, and as an attitudeefisesentative of the operator
dependencies described by Beven (2004). Thussitd3smodel research was somewhat
of a ‘dead end’ (despite being published!), of thpe that shapes the researcher’s
thinking but is never reported as such (O'Sullig@f4). Other research on explanatory
forms of empirical modelling (Millingtoret al. 2007) was not presented in the thesis
because of the later shifting emphasis toward wonk SESM evaluation. This
explanatory empirical modelling was not so muclklead end’, as research that did not
fit with the resulting emphasis of the thesis. igahis process helped to shape my
resolve that a more explicitly process-based mo@al the best way to proceed with the
modelling project. Whilst the regression modelsdoiced (section 3.3) performed as
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well as similar previously applied regression med@.g. Carmeét al. 2001), it was
felt that such a static and deterministic approdichnot reveal much more than was
already known from direct empirical observatiort. was hoped that a more process-
based modelling exercise would provide greater ghtsi into potential future

landscapes.

The intended structure of the integrated Socio-&gioal Simulation Model (SESM) at
this time was a Landscape Fire Succession Modebf)Fmuch the same as the current
version, but with human activity imposed in a tapath fashion by broad scenarios of
socio-economic change. This attitude, emphasisapgesentation of the ecological
processes, was based upon my expertise and isteagising from my physical
geography background. During the ‘upgrade repdefence however, questions
regarding whether the representation of human iaictiva large-scale scenarios was
appropriate and whether an agent-based approadit begoursued. Initially, | was not
keen on this idea of incorporating an agent-baggdoach — | saw problems relating to
data availability (i.e. lack of land-tenure datathat point in time), computational

requirements, and, indeed, my own technical (coerguibgramming) skills.

9.3.3 Modd Conceptualisation and Initial Construction

Following the upgrade report, | started developnurthe LFSM (chapter four). Work
proceeded quickly (relative to development of thBMKLUCC) as | had a good
understanding of the literature on this type of elpdf how | thought the model should
be constructed, and the raster/cellular-automagbeoaph suited my programming skills
well. The literature on LFSM-type modelling (secti4.2) highlighted that the large
spatial and temporal extent of the proposed rebdare 1 km® over decades) and the
limits of data available for model parameterisatioMediterranean-type environments
demand trade-offs between processing power and Inumsheplexity (section 4.2.4).
These tradeoffs have been satisfied most frequentlye past, and were satisfied in the
LFSM here, by using a spatially-explicit landscap@del-type approach utilising
conceptual Plant Functional Types (PFTs). The B#d's that best describe the life-
history strategies adopted by Mediterranean-typgetation to survive in the face of
frequent disturbance are ‘resprouters’ and ‘seédergresenting oak and pine species
respectively — section 4.3.2). The Rule-Based Camiy-Level Modelling (RBCLM)
was used to represent changes in 11 land-use c&®dbrough time via conditional
rules regarding environmental conditions (mainlyishoe and light) and vegetation
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succession-pathways (secondary or regenerationctiose4.4). Land-cover state
transitions were modelled using a time-based apgprdaased on a look-up table
specifying expected directions and times to tramsitfor pixels under given

environmental conditions (section 4.4.1 and Appengdi Wildfire was represented in
the model using a cellular automata approach thxgliogly considered ignition

frequency and location, particularly with regardhtoman activity as a cause (section
4.5). The model considers land-cover flammabiktppe, wind and human activity as

factors influencing wildfire spread.

At this point it should be noted that my superwspanel had changed once again — Dr
Perry had moved to the University of Auckland andsweplaced by Prof John
Wainwright (then at KCL — currently at the Univeysbf Sheffield) whose research
focuses mainly on geomorphic modelling but who diss experience in modelling
human-environment interactions in Mediterraneanirenments. During this time |
successfully applied for an ESRC travel award ®t\vhe School of Geography and
Environmental Science at the University of Auckldadthree months to work with Dr
Perry and Dr David O'Sullivan. In Auckland (MayAugust 2005) | reviewed the
literature on agricultural location theory and agliural decision-making (section 5.2)
which highlighted recent advances in ABM approacfsection 5.3). The highly
spatially heterogeneous and a temporally-dynamiareaof environmental resources
and land-tenure in SPA 56 suggested that land-esesidn-making would be highly
dependent upon individual farmers’ circumstancBse literature review also suggested
very few previous ABMs had explicitly representeateractions between human
decision-making and the biophysical environment] anne seem to consider spatial
land-tenure structure explicitly as a factor inflaasng LUCC (section 5.3). An ABM
approach therefore appeared useful both to ensdexjuate representation of
agricultural decision-making and because it wae\e&happroach that was at the cutting
edge of LUCC modelling. However, the literatursoahighlighted the drawbacks of an
ABM approach (and supported my own concerns), tholy data demands, difficulties

in agent representation and model validation issues

Thus, it had become apparent that an agent-bagedaagh would be required to ensure
a properly integrated and novel SESM. The oppdstin work with Dr O’Sullivan at
this time was patrticularly influential (and enlightng) given his expertise in simulation

— patrticularly agent-based — modelling of geogragifienomena. During my time at
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the University of Auckland | began playing with thietLogo agent-based modelling
environment (Wilensky 1999) and started workingpoototype models of agent-based
decision making for SPA 56 based on an understgntlimad developed via the
literature and my previous visit to the study ar&awrthermore, it was during this time
that we (Drs Perry, O'Sullivan and 1) discussediéssregarding modelling the ‘real
world’, which provided the foundation for much ofscussion presented in chapter

seven.

On return from Auckland | felt that | needed a mseeure empirical base on which to
further develop the ABM/LUCC. Thus, interviews wibcal stakeholders (November
2005) were undertaken to supplement the understgngleaned from the literature
(section 5.4). As a result, two different ‘farmgpes’ were conceptualised to represent
the attitudes toward land-use decision-making iA SP (section 5.4.2). ‘Commercial’
agents were based on the frequently used, bubrigkj perfectly economically rational
decision-making agenHomo economicus (section 4.5.3.1). ‘Traditional’ agents
represented the part-time or ‘hobby’ farmers tlwatinued tending their land regardless
of economic profitability, because it was a parttbéir culture (section 5.5.3.2).
Depending upon their type, agents made decisiossdbapon market conditions, their
own personal attributes (e.g. age) and spatiakridgarding their land tenure (section
5.4.3). The conceptualisation of these farmerétypvas not straight-forward as it was
evident that numerous attitudes toward agricultueee present in SPA 56. However,
upon reflection of the interviews and discussidmssé farmer types offered the most
divergent worldviews whilst also representing thiffedng attitudes of older and

younger generations of farmers.

9.3.4 Model Construction, Testing and Sensitivity Analyses

The majority of 2006 (January — September) was tspeding the agent-based model
structure (developed in NetLogo) in the objectatéel programming language C++,
and testing, running sensitivity analyses on, amegrating the two models (LFSM and
ABM/LUCC) into the current SESM (SPASIMv1). By $hiime, land tenure data (i.e.
maps of land ownership boundaries) of a qualityhhegough to represent individual
agricultural decision-making agents had becomelawal. The opening sentence of
this section does little to describe the many hoofrsde-bugging, wrestling with

understanding what (if anything) the ABM/LUCC mode&hs doing, how best to

undertake model analysis and ‘validation’, and despy about whether the model
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would actually work or be of use for anything oryane. From my experiences
modelling LUCC in SPA 56, this confusion, uncertgiand insecurity seems likely to
be an inherent part of the process of modellingpen, middle-numbered system for

which knowledge about the important (and importasf}grocesses of change is poor.

The testing and sensitivity analysis of the LFSMswaore straight-forward than the
ABM/LUCC, largely because the parameter space wasler and there were less, and
more homogenous, interactions between elementsh®fnodel (i.e. it was less
‘complex’ than the ABM/LUCC). The sensitivity agals showed the fire parameters
to be most sensitive and influential on land-coeemposition and wildfire regime
behaviour (section 4.6). These wildfire-spreadpinlities have been found previously
to be highly sensitive, exhibiting critical thresthdehaviour (e.g. Ratz 1995 — and see
section 6.5.2, McCarthy and Gill 1997, Perry andidgirt 2002). However, ensuring
accurate values were used for these parameterstnvalesome because of the
difficulty of translating data collected for therpeeterisation of models such as the
Rothermel (1972) semi-empirical model for use ilut@ automata (although Berjak
and Hearne 2002 did recently attempt this). Tlausweep of the parameter space to
find parameter values that produced system behawouilar to that empirically
observed (i.e. similar burned areas and frequeneg-alationships) was used to derive
the baseline parameters. This approach relidd bih process knowledge other than
that described in sections 4.4 and 4.5. Furthesmspecification of the soil moisture
class definitions (section 4.4.2.2), ‘random seeppeatsal’ (section 4.4.3.2), and ‘oak
mortality burn frequency’ (section 4.4.3.1) paraenet are examples of observer
dependencies in model construction. Whilst basedhe best available empirical
evidence, insufficient data (for example, unknowaoations of viable seeds in SPA 56
at model initialisation — section 4.4.3.2) and ustinding at the scale at which these
processes are modelled demands decisions be madehs modeller’'s experience and
understanding of the system. These processesrampgerisation also applied to the
state-and-transition look-up table, the values bfclv are based on previous literature
(Barberoet al. 1990) and expert understanding about the systang &udied (i.e.
discussion with Dr. Romero Calcerrada and his aglles). All aspects of these
parameterisations are open to improvement depengmm increased understanding

and data availability at the landscape scales dereil.
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The ‘complex’ nature of the ABM/LUCC (i.e. many nrbomogenous interacting
agents) made testing and sensitivity analysesisfrtiodel very difficult. Testing for
debugging often involved tracking the behaviourimdividual agents through their
spatial decision-making activities during a modsdlicate. At this point | realised that
any analysis would need to be taken at the magstes (i.e. landscape) level as
analysis at the micro (i.e. decision-making adevel would be too demanding in terms
of time, data and computation. Later, | came tdeustand this approach as being
‘generative’ (Brownet al. 2006). | did consider analysis examining indiatagents’
life-histories and decisions, but decided this apph would be uneconomical (trading
off the resources available with the likely knowdedgained). The system-level
sensitivity analysis indicated that market condiiavere the predominant factor driving
decisions and LUCC (section 5.5). Neighbourhoofbtctd between agents were
observed (influencing agent attitudes) and landiwienwas also found to influence
decision-making as the model specified. | didréech any more detailed, rigorous
analysis worthwhile at this point in the modellipgpcess given my uncertainty about
how accurately the model represented the real-wsysiem. Many of the parameters
values used in the ABM/LUCC had been enumeratedobutecessity and common
sense — more colloquially, they felt like ‘fudgectiars’ (i.e. values were used that
ensured ‘realistic’ model behaviour but were nosdsh on proven empirical fact).
Furthermore, representation of the market forcesrdy LUCC, though found to be the
most important, wasn’t explicit or dynamic enoughut ‘it would have to do for now’.
This uncertainty was an important factor leadingtite idea of engaging with local
stakeholders to assess the model.

My experiences during this model development phse led me to appreciate fully
the suggestions of Matthews and Selman (2006 p.2@8&)“at their current level of
development, ABMs are probably more useful as ttmkxplore options for effecting
change in landscapes and rural communities, rétla@ipredicting them, and as such, it
is important that the structure of the models dr&dassumptions incorporated into them
are transparent, and therefore well-documented, alsd that the mechanistic
behaviours assumed for the agents are well groundexttual behaviour patterns”.
This passage serves to summarise my experiencamdedstanding developed through
the model development, the result of which, in tusrthe final section of this thesis (i.e.

chapters seven, eight and nine). What | felt deeeto do was to go to talk with people

11
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that might be able to indicate where and why my ehodas inadequate, but also to

assess whether in this state it could be of any use

Alongside the idea that | might be able to uselltoawledge to evaluate and improve
my model, | had come to think that if models arexplore rather than predict, many of
the established, laboratory-type scientific methtadsestablishing the veracity of the
knowledge produced by models and theories (e.g.htipothetic-deductive method)
become unavailable. In this case, | concludeéyradtives needed to be sought. The
thinking (as presented in chapter seven) procegdsllaws. Socio-ecological systems,
like the one | was trying to study (i.e. LUCC in/&SB6) are ‘open’, middle-numbered
systems. Open systems are those in which masermrdy (and when humans are
considered, information, meaning and value) flowghknto and out of them, placing
them in a state of disequilibrium (section 7.2.1)iddle-numbered systems have many
components whose interactions are heterogeneous themefore cannot be studied
easily using the methods of Cartesian science @algulus) or thermodynamics (e.g.
statistical mechanics). This nature raises thetemiological problems of equifinality
(i.e. there are multiple logical model structurbattare able to reproduce empirically
observed system behaviour — Beven 2002) and thentiait of committing the logical
fallacy of ‘affirming the consequent’ (i.e. rejaugi a model if it does not reproduce the
observed data, or accepting it if it does — Oresitesl. 1994 — section 7.2.2).
Alongside these epistemological problems, througfendance of seminars, wider
reading and talking with other geographers in tepagtment at KCL, | had become
aware of the recent attitudes toward the issuesmdacontemporary society and the

environment (e.g. Beck 1992, Funtowicz and Rave83t- section 7.3).

Thus, | have suggested a shift in emphasis in medétation’ (i.e. evaluation) away
from establishing the truth of the model's struetwta mimetic accuracy and toward
ensuring trust in the model’s results via practeaééquacy (section 7.3.1). These two
criteria (trust and practical adequacy) would befuisalongside the necessity to ensure
a model structure is based on sound logical andidadasis and possesses a realistic
degree of mimetic accuracy. In this way validatilecomes centred on the model
user(s) and uses rather than the model, and ssggesiift away from falsification and
deduction toward more reflexive approaches. Fodet®of socio-ecological systems
these criteria will likely be more useful than dédishing the factual accuracy of a model
structure or its results, but should be consideseddditions to, rather than substitutions

12



James .D.A. Millington http://landscapemodellireg.n

for, the criteria more suited to laboratory-basgdegiments. In turn, these additional
criteria mean recent issues regarding expertige (@llins and Evans 2002), public
engagement (Jacksat al. 2005) and the democratisation of science (Wilsdad
Willis 2004) become relevant (section 7.3.2).

The argument presented in chapter seven arosg paitlof my problems of formally
justifying the simulation model | was developingiedargely to insufficient data. But
further, the sheer complexity (i.e. open, middleabbered nature) of the socio-
ecological system under study left me realisingeghgas no way the model, given the
timeframe and resources available, would ever be #b precisely match observed
patterns and trends. Upon exploring the underlyraplems it was realised that this
was not simply an issue of data and other resouegsather was an epistemological
problem that had been previously explored and @ebatarticularly within the UK
geography literature (e.g. Lane 2001, Brown 200hdet al. 2006). As such, | felt
that with regard to my experiences constructing tandscape-level SESM | might be
able to contribute to the discussion. By this pdihad already been confronted by
much literature from outside my previous undergedaduand graduate training (e.g.
section 5.2) and felt willing to challenge myselfansure a truly interdisciplinary study.
Alongside the epistemological issues, the moreatlgedriented issues of ‘expertise’
and ‘public engagement’ were also evidently relatedThe context of an
interdisciplinary socio-ecological modelling studyovided a good opportunity to test
the possibility and utility of ‘participatory appohes’ in modelling (e.g. Matthews and
Selman 2006). With this in mind preparations fostakeholder model assessment

exercise were made (as presented in chapter eight).

9.3.5 Stakeholder Evaluation and Model Use

By October 2006 SPASIMv1 was in what was deemdaeta useable state, worthy of
the time needed to be examined and evaluated lay $takeholders in the study area.
In November 2006 seven interviews undertaken in S@Avith local stakeholders from
within the study area, each of whom had knowledgecific regions of the study area
due to their occupation. Interviewees coveredrageaof institutional contexts from
private, individual land owners with no governmémiannections, through to the head
of one of the subsections of the Autonomous Comtywfi Madrid’s department of
environment. The semi-structured interviews cosrEd five aspects of the simulation

model: drivers of change, (section 8.3.2) modelultss (section 8.3.3), model
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assumptions (section 8.3.3), model modificationct{ea 8.3.4), and changes in

understanding (section 8.3.5). Using the resultshese interviews the model was
assessed against the four validation criteria éskedl in chapter seven (accuracy of
logical structure, mimetic accuracy, trust and fpcat adequacy — section 8.4.1).
Stakeholders generally accepted the model strucuocke output were representative
decision-making processes and anticipated futuaegd respectively. However, several
shortcomings were highlighted by the stakeholdersost importantly the absence of
consideration of urban change and an inadequates@qtation of market mechanisms
and subsidies. Furthermore, it was suggestedthieaemphasis placed on the spatial
nature of land-use decision making (arising from regding of the literature and

discussion with other ‘experts’) was not justified.

Regarding the potential uses of the model, stakiehslwere somewhat divided in their
opinions. Those with roles in local planning werghusiastic about the potential use of
the model and said they would be willing to workiwit. In contrast, the somewhat
fatalistic outlook of those directly concerned wiégriculture and whose decisions are
based on an individual (single farm) basis led tma@e sceptical response about the
possible uses of the model. Thus, in some quatttersnodel gained a degree of trust
and was deemed practical adequacy, whilst in otiegsvas less evident. However, as
suggested in section 8.4.1, trust and practicad@aey will only really be proven once
people use the model (or more specifically, knogéedyained from it) to make
decisions and/or policy. According to stakeholdemmments, and when compared
against the four model validation criteria, the mlogas not a complete failure but had
clear room for improvement in future model iteraso Much of this improvement will
be based on comments made by the stakeholdersrirepghat their engagement

becomes an integral component of the modellinggs®c

Whilst the stakeholder validation exercise proveeéful, two particular shortcomings
were evident. First, some stakeholders seemingbnd it difficult to make the
distinction between the model and the scenariosasg run for. The format of the
interviews did not allow the degree to which thiasna problem to be established, but
any future contact between simulation models andmodellers will need to consider
this issue. Second, as noted above, several cftéfieholders were fatalistic about the
change they expected to occur over the coming @scadd saw little use of the model
to explore alternative scenarios. This attitude apparent despite accepting the model
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was generally an appropriate representation otaljural decision-making and LUCC
as it is occurring in SPA 56. However, the model grovide a useful platform from
which discussion about potential LUCC was launchied the interviews indicated that
the use of the model as a ‘mediator’ (Morrison &margan 1999) or ‘muse’ will be
useful for generating discussion about future emritental policy- and decision-

making if so required.

Personally, the stakeholder engagement experidatl, during model development
(i.e. chapter five) and later during evaluatior.(ichapter eight), was very useful for
conceptualising and understanding the processeBIGEC. Given that the agents to be
represented in any simulation model of agricultw@tision-making or LUCC will be
actual humans able to impart knowledge about #aions, it seems necessary that all
models of this type engage with local stakeholdd#usng the model development
processes, even if they are not engaged for theeimedaluation phase (and as
advocated will be good research practice in theréuby Moss and Edmonds 2005,
Matthews 2006). Whilst there are drawbacks toapisroach (as highlighted above and
in chapter eight) the benefits of improved systemdanstanding and the potential for
ensuring the development of a practically adequoaddel (if that is required) outweigh
them.

Given the modelling experiences | have gained dutite completion of the research
presented in this thesis | would suggest that atigreABM/LUCC approaches will be
useful in two distinctly contrasting situationsirst, the agent-based approach will be
useful for examination of essential system-levetarstanding of the processes of
LUCC, when used in a ‘metaphor model approach tigec7.2.1 — Perry and
Millington 2007). In this situation, representatiof a specific real-world system or
place will not be the aim — instead the multi-ageydtem itself will be the object of
enquiry. This approach would contribute to thecdpsive modelling at a low level of
representation that Moss and Edmonds (2005) suggkdbe necessary before more
general theory can be developed. Alternativelyexplicit representation of LUCC in
the context of a specific place is intended, thedatier(s) will need to ensure that
iterative engagement with the actors being reptedeis possible from the outset and
throughout the modelling process. This engagemdhbe vital to ensure models are
based on the best available evidence and undenstandSocial enquiry will be as

important as systems enquiry in these modellingepts (e.g. Oxley and Lemon 2003).
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Furthermore, this approach will demand detailecadat parameterisation, time for
development and the services of a skilled and expesd object-oriented programmer
(in contrast to the initial situation in this molileg thesis). With contemporary levels of
widely available computing power as they are, as lesmputationally intensive
modelling approach would be more suited to ‘decisapport’ regarding the
environmental impacts of LUCC (Oxlegt al. 2004). This less intensive approach
might be achieved by taking a systems dynamicsaoagpr (instead of an agent-based
approach) or by vastly simplifying agent represeoia and would allow stakeholders

to ‘use’ and interact with the model (interfacdeast) themselves.

Having established a degree of confidence in SPA&|M was now (i.e. December
2006 — February 2007) used with scenarios of ecanamd demographic change to
simulate interactions between LUCC and wildfireimegs (section 6.3). Results of
simulations not considering human activity, but roenger temporal extents (i.e.
centuries rather than decades), were also examisection 6.4 and 6.5). To
characterise wildfire regimes for comparison betwetects of different scenarios and
parameters, the power-law wildfire frequency-arealisg exponenf was proposed
(section 6.2). Other state variables including meatal burned area, land-cover
composition and various land-cover spatial confajon metrics were used to examine
the results of LUCC-wildfire interactions. Simudat results indicted that mean largest
wildfire and mean total burned area will increasagricultural activity declines and
that changes in land-cover composition are drivenenby human activity than wildfire.
The implication of these results is that wildfiradaenvironmental managers, both
locally to SPA56 and across other regions of theditérranean experiencing
agricultural decline and abandonment, will needctmsider social change in their
wildfire and environmental management plans. Laade configuration varied little
across the scenarios of human activity (section, @l3e to the importance of small-

scale human activity on LUCC.

The investigation of the use @ff(a measure of the ratio of large to medium to Emal
events) stemmed from my previous work (Millingtol®03) that was developed
subsequently and concurrently with the work in thissis (resulting in Malamuet al.
2005, Millington et al. 2006). For scenarios of human activity the polaer-
frequency-area scaling expondghtvas not found to vary significantly in response to

human activity. In contrast, simulations over lengenturies did indicate variationfin
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values as a function of total and maximum land-coffammability probabilities
(section 6.5). These results indicate that thegvdaw scaling exponerft is not the
most useful measure of the wildfire frequency-amdationship over smaller, regional
(i.e. 1 x 16 km?) extents. Future investigation into tRescaling exponent and its

implications should remain at larger spatial andgderal extents.

One of the most novel aspects of SPASIMv], affortbgdthe integration of an
ABM/LUCC with a LFSM, is the attempt to explicithigpresent the impact of human
activity on wildfire ignition frequency and locatiqsection 4.5.2). Whilst it is known
that the majority of fires in Spain are ignited lmyyman activity (Morenat al. 1998),
there is limited data and understanding regardmegreasons people start fires or the
locations in which fires occur. The model was ¢fi@re based on the scant previous
research (e.g. Chuvieco and Salas 1996) and ‘ekpesvledge’, which in this case
meant ‘common sense’ assumptions (such as firdiognfrequency is likely to be
greater nearer areas of greater outdoor humantggtivi he difficulties in establishing
formal justifications for the modelling approaclkea to represent humans as a source
of wildfire ignition highlight the need for more dsiological) research in this area.
However, such research is likely to be contentiand unbiased evidence may be
difficult to come by (e.g. Millington 2006 and assied comments — but see discussion
in section 9.3.9 below). The explicit simulatiohwvaildfire ignition cause allows the
behaviour of wildfire due to these different causede examined. Fires ignited by
human causes were found to burn greater areasrwh sskan would be expected at
random, and lightning fires burned greater areafowdst than would be expected at
random. As other authors have found (e.g. Moudgtoal. 2005) this suggests some
areas will be burned more frequently than others wuhuman activity (this follows
from the model assumptions that human ignition$ &l more frequent where greater
levels of outdoor human activity are present). éff@ct on the wildfire regime was
found due to ‘types’ of people in the landscapet(sa 4.5.2). Further work needs to
examine the human wildfire ignition representatminthe model (especially a more
formal justification of the assumptions) and itdeutial results. Furthermore, whilst
not evaluated in the stakeholder model evaluatinjnteraction and feedback between
land burning and the human response is not welignated currently (section 6.6).
With the model assumptions in mind, and given thmepiecal evidence found
elsewhere, these results suggest wildfire managdiraeed to locate their energies on

areas of increased human activity.
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9.3.6 Self-reflection

This chapter has attempted to do two things. Kréias tried to summarise what this
thesis has told us and reflect on not only what wamt but how it was learnt. Laee

al. (2006 p.251) recently suggested that reflexivitiero leads modellers to question
“our assumptions about what the problems are ttetbaing modelled”. One of the
additional model validation criteria suggested hater seven was that of ‘practical
adequacy’ — ensuring that model structure allowes ékamination of problems the
model user(s) wants to examine. As such, the vimr&hapter eight found that the
model developed here was only partially practicaliiequate and that some of the key
concerns for stakeholders in SPA 56 were not repted by the model, the primary
omission being urban change and the pressuresedrdy growing capital city. Whilst
this might be interpreted as a failure of the mpddien taken as part of an iterative
process of model development this is but anothagestin the ongoing modelling
process, at all points along which both modellet mrodel user can learn. Furthermore,
had stakeholder engagement been even further agmstrand more iterative, this
problem would be diminished. The thesis may erré bet the modelling and learning

should continue in the future.

Second, this chapter has presented the researatesgroas a narrative. The
chronological orderings of events a narrative dedeanas highlighted areas of this
research that did not occur in the order preseimetie main body of the thesis (e.g.
SPASIMv1 results — chapter six). Thus, the nareafiresented here has illustrated the
route to discovery as well as describing what feenldearnt. For example, the causes
of realisation that an agent-based approach wasreeqgto ensure a cutting-edge model
of socio-ecological change and wildfire were diseds and the path leading to
engagement with non-modellers for model evaluati@as mapped. This narrative
approach to ‘open up’ the modelling process mayb®so relevant in an academic
setting where work is read and reviewed by othedetfiers (and who therefore
understand the subtleties and vagaries of the rinogl@rocess), but it will be important
for engaging models with non-modellers. One that may help modellers to construct
and disseminate these narratives to non-modellerthe future (at least in more
developed countries) is that of the weblog. Weblbgve grown in recent years as
informal platforms for dissemination of material media on the World Wide Web.

Generally these user-publishing platforms are ueddiand not subject to any form of

18



James .D.A. Millington http://landscapemodellireg.n

peer reviewbefore publication, and therefore do not match the fornegluirements of
academic or scientific research for publicationugttcomments such as those cited
above — section 9.3.5 — should be treated witha@aut However, given the diary-style,
(reverse) chronological nature of their presentatisuch a platform may provide a
means to by ‘open-up’ the modelling process andtiqudarly, be a useful tool for
generating model narratives. Thought processesrlymly assumptions and the dead
ends of research might be revealed if a rigorogsisokept. This log might just as
easily be a traditional laboratory log book as dhe, but a particular advantage of the
weblog over more traditional research diaries & this freely available on the web and
therefore will be able to aid public engagementpliou understanding and the
democratisation of scientific models and the prscek modelling (as recent policy
research has suggested is required, e.g. WilsddnVdtlis 2004). In this manner
project stakeholders can keep up-to-date with tbeghts and work of the modeller(s)
and the iterative nature of stakeholder engagema&mtbecome even more integrated.
Whether issues will then arise then about some &irfdver engagement’ will remain
to be seen. Regardless of the tool used to reberddrrative of the modelling process,
hopefully the attempt as it has been presentedihdigates some promise for this form

of model dissemination.

9.4 SUMMARY

This thesis aimed to examine the impacts of hunaawd luse/cover change (LUCC)
upon wildfire regimes in a Mediterranean landscapeé to explore and evaluate novel
methods to ‘validate’ simulation models (and preessof modelling) of environmental
change considering human activity. Chapter twoothiced the research context and
highlighted the importance of both human activibhdavildfire in Mediterranean-type
ecosystems. The literature review also showed dtrogoing socio-economic change is
driving agricultural LUCC (predominantly abandonrterwith potential impacts for
wildfire and vegetation dynamics. Chapter threeanexed the alternatives for
modelling LUCC in Mediterranean-type landscapeshsas SPA 56, and presented a
regression-based modelling approach that demoedttae shortcomings of empirical
modelling. These shortcomings included issues sischon-stationarity in the driving
forces of change, reconciliation of different ‘tgpeof data that are aggregated at
different resolutions (i.e. biophysical versus seeconomic data), and the limited

process understanding an empirical approach prsvié&periences from this empirical
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modelling indicated that a simulation modelling eggzh would best serve the first aim

of the thesis.

Chapters four and five presented the structurd@fsimulation model. A time-based,
state-and-transition vegetation-dynamics model wathwildfire cellular automata
component (a Landscape Fire Succession Model) mtagrated with an agent-based
model of agricultural decision-making (an ABM/LUCC) The integrated socio-
ecological simulation model (SESM) produced direatbnsidered the influence of
human activity on wildfire ignition frequency anachtion, demonstrating the problems
that have hindered this approach previously renfia@ poor data and understanding
about the reasons for human ignition) but thatulsejpresentation is possible. Results
from the application of the SESM (chapter six) Higjted that if agricultural change
(i.e. abandonment) continues as it has recentdyyittk of large fires will increase and
greater total area will be burned. The explicpresentation of human influence on
wildfire frequency and ignition is a novel approauid highlights biases in the areas of
land-covers burned according to ignition causeesEtresults also highlighted that scale
is important for determining the appropriate measuo examine output — the wildfire
frequency-area power-law exponghtwas found to be sensitive only to change for
model replicated considering centuries (in the abseof human activity). However,
the experiences of the work presented in these tetspshowed the resource
intensiveness of this agent-based modelling appraathe landscape level (i.e. 1 ¥ 10
km? over decades), requiring that the agent-based apprprovide ‘scenarios’ of

human land-use change.

Chapter seven then discussed the problems of nmglelipen, middle numbered
systems and the associated issues of model ‘viaiidand assessment. The problems
of equifinality (presence of multiple logical sttuces able to reproduce empirical
behaviour) and the consequent logical fallacy médrrectly) accepting a model as valid
if it reproduces observed data, mean that deduciiwh falsification are not useful
methods for model evaluation. As a response, wienulating socio-ecological
systems the model validation criteria of trust anactical adequacy were suggested as
useful additions to the more traditional structumatl mimetic accuracy criteria. The
integrated socio-ecological simulation model depetb here was then evaluated on
these criteria following interviews with local stdtolders (chapter eight). Whilst the
model structure was broadly accepted as adequateasshortcomings were identified,
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including the lack of representation of urban clearapd an emphasis on spatial
configuration in agricultural decision-making. Sehuently, enthusiasm regarding the
potential uses of the model varied according to th&titutional setting of the
stakeholder, being more positive in those withanping remit. The insights provided
by the stakeholder model evaluation suggest thera need to engage with local
stakeholders at all stages throughout the iterathvdelling process. However,
potential problems during this engagement processewobserved, particularly
regarding the conflation between scenarios the meds run for with the actual model
itself.  Finally, this chapter presented reflecioon the modelling process in a
chronological, narrative fashion. The narrativeghighted the vagaries of the
modelling process and demonstrated a reflexiveaampr that this thesis has suggested
would be more informative than falsification andidetion for the evaluation of models

of socio-ecological systems.
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