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What is a model ?
A simplified representation of a complex phenomenon
• focus only on the object of interest
•ignoring the (irrelevant) details, making suitable abstractions
of reality.
What characteristics are essential?
Depends on the aims of the model and on the definition of the
problem.
Ideally, the model has to be realistic enough in order to provide
a good representation of the real system but more simple than
the real system in order to be handled more easily.
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What is Spatial Modeling
Spatial modeling is an analytical process
conducted in conjunction with a geographical
information system (GIS) in order to describe
basic processes and properties for a given set of
spatial features

Why do we use models?
•to explore real or hypothetical scenarios, especially in cases
where experiments are not easy to conduct for ethical or
logistical reasons;
•to interpolate or extrapolate understanding across scales
where direct empirical work may be difficult or impossible;
•to provide a framework for comparison across systems,
providing the equivalent of experimental design and control;
•to make predictions about specific scenarios.
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What are we modeling?
• Range
– Total extent occupied by a given taxon; “limits within which a species
can be found” (Morrison and Hall 2002).
– Considers only geographic space.

• Distribution (fundamental niche)
– Spatial pattern of environments suitable for occupation by a given taxon;
“spread or scatter of a species within its range” (Morrison and Hall
2002).
– Considers geographic space and environmental components.

• Habitat (realized niche)
– Combination of resources and conditions that promote occupancy,
survival, and reproduction by individuals of a given taxon (Morrison et
al. 1992).
– Considers geographic space, environmental components and species
responses.

Range
Distribution
Habitat
Observations

Two Broad Approaches
1. Deductive: conclusions are developed from
combination of premises
– spatial expressions of qualitative data
– overlays of predictor variables
– E.g., GIS-based multi-criteria evaluations
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2. Inductive: conclusions are developed as an
extrapolation from available data
– quantitative and often statistical
– what most folks consider “modeling”
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Tools and results along the continuum
• Range
– Largely Deductive; using expert opinion based on coarse
datasets.

• Distribution
– Deductive or Inductive; using statistical algorithms,
GIS modeling on refined datasets.

• Habitat
– Deductive or inductive; using local knowledge based on
specific research data.

• Observations
– Actual data from field sampling.

Distribution model approaches
• A variety of approaches:
–
–
–
–
–
–
–
–
–
–

similarity metrics (e.g., DOMAIN)
envelope models (e.g., BIOCLIM, ANUCLIM)
Maximum Entropy (e.g., MaxEnt)
rule-based (e.g., GARP)
splines (e.g., MARS)
classification trees (e.g., CART)
ordination (e.g., CCA, DA, Biomapper)
classical statistics (e.g., GLM, GAM, logistic regression)
neural networks
others …

WhyWhere

DOMAIN

BIOMOD
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Predictions to support adaptation: improving species-level
assessments for conservation prioritisation
Climate and habitat models

Population
model

(Keith et al. 2009 Biology Letters)
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The SD modeling process
Occurrence data
Geographic position

Environmental data

Algorithm

Temperature
Precipitation
Topography
NDVI

Predictive distribution
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Niche-based modelling (SDM)

Why model species ranges?
We need to know where species occur and why they occur
where they do:
We want to predict where a particular species occurs.
We want to know more about organism-environment
relationships

Used in response to
increasing rates of habitat, and species loss,
incomplete (spatial and temporal) distribution info for a
large number of taxa,
existing distribution data collected in an ad hoc fashion.
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Niche-based modelling –
assumptions

Assumptions:








Environmental factors drive species distribution
Species are in equilibrium with their environment
Limiting variables – are they really limiting?
Coincidence with climate or climate shift
Evidence for species dying/not reproducing due to climate
Collinearity of variables
Static vs dynamic approaches: data snapshot or time series
response?

How direct/indirect variables may affect a plant species
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Data sets required
Environmental Variables
Eg. Temp, rainfall, soil pH, texture, solar radiation
Derived Variables
Eg. Growing degree days (e.g. base 5°C), Water Balance,
Favourable soil moisture days
Species distribution datasets
Eg. Museum data, atlas, survey data, collection of new
data

Specifics: Niche-based modelling
Species
Distribution

Model Calibration

Environmental Variables

Yes

Independent
evaluation
dataset

No
70/30% Random
Calibration/Evaluation
Sample

Independent
evaluation
dataset

Model Evaluation
Final Model used to project current
and future distributions
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Environmental Variables

Frequency

Species Distribution

Models and their selection - BioClimatic Envelope

Value classes

IF
Tann =[23,29] °C AND Tmin06=[5,12] °C AND
Rann=[609,1420] AND Soils=[1,4,5,8]
THEN SP=PRESENT

Ecological Niche Modelling
Genetic Algorithm for Rule-set
Prediction
• GARP is a species distribution or ecological niche
modeling algorithm
• GARP is used to predict whether an area of study is
suitable habitat for the species in question
• GARP works in an iterative process of rule
selection, evaluation, testing, and incorporation or
rejection
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Ecological Niche Modelling
Elevation

Methodology and Data

Aspect
Slope

Human

Biogeoclimatic

GARP

Animal

January Temp

Environmental
July Temp
Precipitation

Determine
significant
variables

Resulting
models

Soil

Forecasting distribution shifts under climate change

Modeling algorithm
(e.g. Maxent,
GARP)

present day

future
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Predicted distribution shifts under climate change
Upslope range contraction

Present day

2050s projection

Pole-ward range expansion

Present day

2050s projection

‘Bioclimate envelope’ predictions for Twinflower (left) and White-beaked sedge
(right)
(Pearson et al. 2002 Ecological
Modelling)

Algorithm

MaxE
nt

Phillips et al. 2006

Binary maps
Logistic threshold:
10 percentile
training presence

Selection of variables:
Jackniffe
Percent
contribution
10 bioclims:
current & future
(2050)
Global human influence
dataset, roads, rails
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BIO1 = Annual Mean Temperature
BIO2 = Mean Diurnal Range (Mean of monthly (max temp - min temp))
BIO3 = Isothermality (BIO2/BIO7) (* 100)
BIO4 = Temperature Seasonality (standard deviation *100)
BIO5 = Max Temperature of Warmest Month
BIO6 = Min Temperature of Coldest Month
BIO7 = Temperature Annual Range (BIO5-BIO6)
BIO8 = Mean Temperature of Wettest Quarter
BIO9 = Mean Temperature of Driest Quarter
BIO10 = Mean Temperature of Warmest Quarter
BIO11 = Mean Temperature of Coldest Quarter
BIO12 = Annual Precipitation
BIO13 = Precipitation of Wettest Month
BIO14 = Precipitation of Driest Month
BIO15 = Precipitation Seasonality (Coefficient of Variation)
BIO16 = Precipitation of Wettest Quarter
BIO17 = Precipitation of Driest Quarter
BIO18 = Precipitation of Warmest Quarter
BIO19 = Precipitation of Coldest Quarter

Species distribution records in
Southeast China

Influence Index : human population pressure, land use and, and
coastlines, roads, railroads, navigable rivers.

Roads and rails from China
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Ageratum
conyzoides

Plantago
major

Solanum
aculeatissimum

Bidens pilosa

Taraxacum
cf. officinale

Conyza
canadenis

Ageratina
adenophora

Projection for the current and future
distribution of alien invasive species in SE
China

Richness in
current
distribution
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Richness in future
distribution

Forest Fragmentation - GIS Model
Let Pf be the proportion of forested pixels in the window and Pff
(strictly) as the proportion of all adjacent (cardinal directions only)
pixel pairs that include at least one forest pixel, for which both
pixels are forested. Pff (roughly) estimates the conditional
probability that a given pixel of forest, its neighbor is also forest.
Based on the values model identifies six fragmentation categories as

1.
2.
3.
4.
5.
6.

Interior (Pf =1.0)
Patch (Pf < 0.4)
Transitional (0.4 < Pf < 0.6)
Edge (Pf > 0.6 and Pf-Pff >0)
Perforated (Pf > 0.6 and Pf-Pff < 0)
Undetermined (Pf > 0.6 and Pf = Pff).
Black boxes indicate forested pixels and white for non-forest
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The application of fragmentation model for the entire forest data
(5x5 window) irrespective of forest types showed 82 % of forest is
still in intact condition and remaining fragmented classes occupy
less percent of the area, indicating the initialization of fragmentation
process.
E n t ir e f o r e s t

F o res t A rea
(% )

F o r e s t F r a g m e n t a t io n
90

E v erg re en

75

S em i ev erg ree n
M o is t d e c id u o u s

60
45
30
15
0
I n t e r io r

P atch

T r a n s it i o n a l

E dge

P erfo rated

F r a g m e n t a t io n c a t e g o r ie s

15

Published: Rama Chandra Prasad.P.,
A. N. Sringeswara , Ch. Sudhakar
Reddy, Nidhi Nagabhatla, K.S.Rajan, A.
Giriraj, M.S.R.Murthy, S.H.Raza and
C.B.S.Dutt. 2009. Assessment of Forest
Fragmentation and Species Diversity in
North Andaman Islands (India) – A
Geospatial Approach. International
Journal of Ecology and Development,
14:33-46

Simulated map showing the changing forest scenario with
increasing anthropogenic impacts
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