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ALY  Rationale for presentation

Transactional Environmental Support System

i How do you model ?

it How do you integrate models from different
disciplines ?

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

i Simplification of reality that encapsulates key
components of systems

i It needs to capture key components in order to
predict how a system will behave

i Models and modelling are what differentiate
science from natural history and anecdote
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Modelling In land use:
decision-makers and researchers

decision -maker = researcher

Formalisation
decision-maker of Problem

researcher

Policy making Decision
and e Variables A MOD E Outputs

Implementation
A Uncontrollable
variables

A
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Model Schematic

Primary
Processes

Time domain
(units)

Space domain
(units)

Spatio-temporal scales of
three main components In
relation to land use?

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



CASSSYExpandi ng on t

Processes

Time domain
(units) outputs

Space domain
(units)

externalities

However, this is too simplistic, there
are other constraints
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EISSNY Conflict of spatio-temporal scales

Transactional Environmental Support System

i Problem: ecological, hydrological and
economic models operating at different
spatial and temporal scales

i Hydrological models - small to whole
catchment scale, dynamic

i Ecological models - landscape scale,
long -term changes

u Economic - shortterm, farm-based
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/

(RIS [ and use change and Ecology

Transactional Environmental Support System

Mortality,
Land reproduction,
management migration in Prevalence
populations or
abundance
102 -10° of species o
Habitat years communities

suitability

104 -10°% ha
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TE S L and use change and hydrology

Transactional Environmental Support System

Land Water flow,
management evaporation

10°-102
SO”, years
climate

vegetation 104 -10° ha
topograph
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PHILSSSY Land use change and economics

ansactional Environmental Support System

Land Cash flow
managemen

101 years

Soll, 10-1-106 ha
Climate,

Land
capabilit

Confli cting domail ns??
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Modelling constraints:
numbers of entities

Entities Process/system Analysis/prediction
Large Behaviour of gases Statistical (averages)
number

Environmental and ecological systems ?

small

number Movement of planets Newtonian maths
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. TESS Environmental systems and
complexit

i Hierarchies of interacting sub-systems
comprising:

i Environmental drivers

i Human drivers

i Ecological drivers

All operating at different spatial and
temporal scales
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So, how do you model these
systems ?

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

i An example problem:

Predicting impacts of land use and other species
on animal populations
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Definition of Problem

= W



Grey squirrel introduced to UK 1876;
considered forest pest and threat to
native red squirrel, a broadleaf specialist
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Definition of Problem

—

Bounding in time,

space and sub -systems

A 4

Selection of
complexity

-Space o sub jSystems

A




TESS Bounding in time, space and
- Sub-systems

Transactional Environmental Support System

i Most difficult part of the modelling process

i Need to select scales appropriate for
processes considered

i The model has a scale at least one level lower
than the scale of the response (the response
t hen O0emergeso from mo
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Bounding in space

i how do animals use space and at what time
scale ?
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Decreasing spatial scale
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Modelling individuals In
landscapes

i as populations of individuals within blocks of
habitat

i as individual ranges within blocks of habitat

i as individuals creating ranges across habitats
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i S0, what equations (=modelling
approach) should we use ?
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TESS Selecting the modelling approach

( There are as many techniques as modellers

it Need to consider:
type of state variables and

are these discrete, continuous or categorical
responses ?

are they dynamic or static ?
IS system stochastic or deterministic ?

0 The model selected determines the data
requirements and t he

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



What they do

i Broadly divided into:

a) descriptive/static

b) dynamic
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IS5 Goals of descriptive models

AN
Transactional Environmental Support System

i Generating hypotheses from observed
phenomena

i Testing hypotheses concerning observed
phenomena

i Survey of complex observed systems
i Simplification of observed systems

0 Commonest are statistical
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Static: statistical models

All based on guantifying variation in terms of :

RESPONSE = PREDICTOR(S) + ERROR

Collectively these are Generalised Linear Models
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Modelling with GLMs

i Identify suitable response and predictor
variables

i Identify suitable distribution for the error
component of the model

i assess whether this model is appropriate
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TESS Land use variables and beetles

AN
Transactional Environmental Su upport System

i Use recording Biological Recording information
as response

i Land use and land cover as predictors
i Binomial error model

i Predict over whole of UK
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Carabus nemorali

Acupalpus dubius




Land Use GLMSs

i They assume steady state conditions

i They assume you include all of the covariates
of interest

i Whilst you can include time (eg harmonic

regression) biological systems are adaptable,
SO covariates may change
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They can be extended to
esi an appr

i These can I ntegrate Or
Into a quantitative framework

i Here we link agricultural management to
ecosystem service provision
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E.g. linking agricultural management to
ecosystem service provision
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Dynamic models

i simulate changes through time Iin discrete
time (difference equations) or continuous
time (differential equations)

i E.g. epidemiological and population models
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,;&”"TESS Our modelling example:

i Needs to be dynamic ~ we are dealing with
human induced changes and a dynamic
environment

i Needs to consider spatial and temporal
heterogeneity
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LSS Differential versus Difference

AN
Transactional Environmental Support System

i Differential: models processes as rates

i Difference: models processes as discrete
events

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



birth rate r

Susceptible

Modelling process
S
bl
Infected
H oy,
S death
b+b
Infectious
|
b
g
* Anceptual
Immune :
R diagram of the

Ost andar d-o
McKendrick model
for disease



Plot of the solution of th& e r maMcKendrick model
using data for measles
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Difference models

i Discrete event, more tractable computationally

i Cope with spatial and temporal heterogeneity
(eg landscape and landuse)

i Cope with stochasticity in system components
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Conceptual model of a spatially explicit
simulation model for analysis of interactions
between red and grey squirrels

Next Run (t = t+1)
habitat input

Red squirrel disease rey squirrel
population and

population dynamics

competition within habitat blocks

Map Output



GRASS 4.5 - kaonitar; =1
Observed grey squirrel expansion and
Incidence of parapoxvirus in Cumbria

Grey with parapox Red with parapox




| GRASS 4.3 - Manitor: =1

Simulation of incidence of parapoxvirus in red
and grey squirrel populations in Cumbria

Grey Grey with parapox




