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Rationale for presentationRationale for presentation

üüHow do you model ? How do you model ? 

üüHow do you integrate models from  different How do you integrate models from  different 

disciplines ?disciplines ?

üüHow do you test complex models ?How do you test complex models ?
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What is modelling ?What is modelling ?

üüSimplification of reality that encapsulates key Simplification of reality that encapsulates key 

components of systemscomponents of systems

üü It needs to capture key components in order to It needs to capture key components in order to 

predict how a system will behavepredict how a system will behave

üüModels and modelling are what differentiate Models and modelling are what differentiate 

science from natural history and anecdotescience from natural history and anecdote
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Model SchematicModel Schematic
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Expanding on the model bitéExpanding on the model bité

ProcessesProcesses

Time domain Time domain 

(units)(units)

Space domainSpace domain

(units)(units)

O

inputsinputs

outputsoutputs

externalitiesexternalities

However, this is too simplistic, there However, this is too simplistic, there 

are other constraintsééare other constraintséé
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Conflict of Conflict of spatiospatio--temporal scalestemporal scales

üüProblem: ecological, hydrological and Problem: ecological, hydrological and 
economic models operating at different economic models operating at different 
spatial and temporal spatial and temporal scalesscales

üüHydrological models Hydrological models -- small to whole small to whole 
catchment scale, dynamiccatchment scale, dynamic

üüEcological models Ecological models -- landscape scale, landscape scale, 
longlong --term changesterm changes

üüEconomic Economic -- short term, short term, farmfarm --basedbased
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Land use change and EcologyLand use change and Ecology

Mortality, 

reproduction, 

migration in 

populations

10-2  - 102  

years 

10-4  - 106  ha

Prevalence 

or

abundance

of  species or

communitiesHabitat 

suitability

Land

management



TESS Project Meeting & Modelling Workshop, 6 -8 October 2010, Tallinn, Estonia

Land use change and hydrology
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Land use change and economicsLand use change and economics
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Conflicting domains?? é furthermoreéConflicting domains?? é furthermoreé
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Entities             Process/system         Analysis/prediction

Large Large 

numbernumber

small small 

numbernumber

Behaviour of gases   Statistical (averages)

Environmental and ecological systems ?

Movement of planets       Newtonian maths

Modelling constraints:        

numbers of entities



TESS Project Meeting & Modelling Workshop, 6 -8 October 2010, Tallinn, Estonia

Environmental systems and Environmental systems and 

complexitycomplexity

üüHierarchiesHierarchies of interacting subof interacting sub--systems systems 

comprising:comprising:

üüEnvironmental driversEnvironmental drivers

üüHuman driversHuman drivers

üüEcological driversEcological drivers

All operating at different spatial and All operating at different spatial and 

temporal scalestemporal scales
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So, how do you model these So, how do you model these 

systems ?systems ?

You start with a model of how to model !You start with a model of how to model !
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Doing it for real with the Doing it for real with the 

óframeworkôóframeworkô

üüAn example problem: An example problem: 

Predicting impacts of land use and other species Predicting impacts of land use and other species 

on animal populationson animal populations
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Definition of Problem
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Grey squirrel introduced to UK 1876; Grey squirrel introduced to UK 1876; 

considered forest pest and threat to considered forest pest and threat to 

native red native red squirrel, a broadleaf squirrel, a broadleaf specialistspecialist

Large conifer forests in the North considered 

possible sanctuaries in early 1990s
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Bounding in time, space and Bounding in time, space and 

subsub--systemssystems

üüMost difficult part of the modelling processMost difficult part of the modelling process

üüNeed to select scales appropriate for  Need to select scales appropriate for  

processes consideredprocesses considered

üüThe model has a scale at least one level lower The model has a scale at least one level lower 

than the scale of the response (the response than the scale of the response (the response 

then óemergesô from model)then óemergesô from model)
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Bounding in spaceBounding in space

üühow do animals use space and at what time how do animals use space and at what time 

scale ?scale ?
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Defining landscapeDefining landscape --animal animal 

interactionsinteractions
RiparianRiparian NonNon--riparianriparian

Within Within 

habitathabitat

Across Across 

habitatshabitats



TESS Project Meeting & Modelling Workshop, 6 -8 October 2010, Tallinn, Estonia

Modelling individuals in Modelling individuals in 

landscapeslandscapes

üüas populations of individuals within blocks of as populations of individuals within blocks of 

habitathabitat

üüas individual ranges within blocks of habitatas individual ranges within blocks of habitat

üüas individuals creating ranges across habitatsas individuals creating ranges across habitats
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üüSo, what equations (=modelling So, what equations (=modelling 

approach) should we use ?approach) should we use ?
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Selecting the modelling approachSelecting the modelling approach

üüThere are as many techniques as modellersThere are as many techniques as modellers

üüNeed to consider:Need to consider:

type of state variables and       type of state variables and       

are these discrete, continuous or categorical are these discrete, continuous or categorical 

responses ?responses ?

are they dynamic or static ?are they dynamic or static ?

is system stochastic or deterministic ?is system stochastic or deterministic ?

üüThe model selected determines the data The model selected determines the data 

requirements and the óequationsôrequirements and the óequationsô
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What they doWhat they do

üüBroadly divided into:Broadly divided into:

a)  descriptive/statica)  descriptive/static

b)  dynamicb)  dynamic
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Goals of descriptive modelsGoals of descriptive models

üüGenerating hypotheses from observed Generating hypotheses from observed 

phenomenaphenomena

üüTesting hypotheses concerning observed Testing hypotheses concerning observed 

phenomena phenomena 

üüSurvey of complex observed systemsSurvey of complex observed systems

üüSimplification of observed systems Simplification of observed systems 

üüCommonest are statisticalCommonest are statistical
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Static: statistical models

All based on quantifying variation in terms of :

RESPONSE  = PREDICTOR(S) + ERROR

Collectively these are Generalised Linear Models
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Modelling with GLMsModelling with GLMs

üü identify suitable response and predictor identify suitable response and predictor 

variablesvariables

üü identify suitable distribution for the error identify suitable distribution for the error 

component of the modelcomponent of the model

üüassess whether this model is appropriate assess whether this model is appropriate 
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Land use variables and beetlesLand use variables and beetles

üüUse recording Biological Recording information Use recording Biological Recording information 

as responseas response

üüLand use and land cover as predictorsLand use and land cover as predictors

üüBinomial error modelBinomial error model

üüPredict over whole of UKPredict over whole of UK
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Land Use GLMsLand Use GLMs

üüThey assume steady state conditionsThey assume steady state conditions

üüThey assume you include all of the covariates They assume you include all of the covariates 

of interest of interest 

üüWhilst you can include time (Whilst you can include time (egeg harmonic harmonic 

regression) biological systems are adaptable, regression) biological systems are adaptable, 

so covariates may changeso covariates may change
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They can be extended to They can be extended to 

Bayesian approacheséBayesian approachesé

üüThese can integrate ónon formalô knowledge These can integrate ónon formalô knowledge 

into a quantitative frameworkinto a quantitative framework

üüHere we link agricultural management to Here we link agricultural management to 

ecosystem service provisionecosystem service provision
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E.g. linking agricultural management to E.g. linking agricultural management to 

ecosystem service provisionecosystem service provision
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Dynamic modelsDynamic models

üüsimulate changes through time in discrete simulate changes through time in discrete 

time (difference equations) or continuous time (difference equations) or continuous 

time (differential equations)time (differential equations)

üüE.g. epidemiological and population modelsE.g. epidemiological and population models
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Our modelling example:Our modelling example:

üüNeeds to be dynamic ~ we are dealing with Needs to be dynamic ~ we are dealing with 

human induced changes and a dynamic human induced changes and a dynamic 

environmentenvironment

üüNeeds to consider spatial and temporal Needs to consider spatial and temporal 

heterogeneityheterogeneity
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Differential versus DifferenceDifferential versus Difference

üüDifferential: models processes as ratesDifferential: models processes as rates

üüDifference: models processes as discrete Difference: models processes as discrete 

eventsevents
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Plot of the solution of the Kermack ï McKendrick model

using data for measles

A realisationrealisation of the model for measles
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Difference modelsDifference models

üüDiscrete event, more tractable computationallyDiscrete event, more tractable computationally

üüCope with spatial and temporal heterogeneity Cope with spatial and temporal heterogeneity 

((egeg landscape and landscape and landuselanduse))

üüCope with Cope with stochasticitystochasticity in system componentsin system components



TESS Project Meeting & Modelling Workshop, 6 -8 October 2010, Tallinn, Estonia

Conceptual model of a spatially explicit Conceptual model of a spatially explicit 

simulation model for analysis of interactions simulation model for analysis of interactions 

between red and grey squirrelsbetween red and grey squirrels
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Grey              Grey with parapox              Red with parapox

Observed grey squirrel expansion and Observed grey squirrel expansion and 

incidence of incidence of parapoxvirusparapoxvirus in Cumbria in Cumbria 
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Red Red with parapox Grey  Grey with parapox

Simulation of incidence of Simulation of incidence of parapoxvirusparapoxvirus in red in red 

and grey squirrel populations in Cumbria   and grey squirrel populations in Cumbria   


