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Overview

• Decomposition
• Pattern Recognition
• Abstraction: Reducing Complexity

Model Thinking

• Habitat Classification: Binary, Ranked, Continuous
• Tortoise Habitat Modeling
• Disaster Modeling

Spatial Modeling

• Examples, Ideas, Data Sources
• Overview: Rubrics

Final Projects



Midterm Earn Back

• Questions are posted on Moodle!
• You can earn back to 100%
• Submit responses by end of course



Model Thinking
“All models are wrong; some models are useful.”



Decomposition



Decomposition

ArcGIS is not the same as GIS!!!

• I can’t stress this enough.
• Remember the separation of concepts from implementation.
• If you know the concepts, you can implement them anywhere.
• If you only know one implementation, you miss the bigger picture and 

you become irrelevant when software changes.



Decomposition and Model Thinking

• Involves breaking down a complex problem or system into smaller 
parts that are more manageable and easier to understand.

• A natural problem-solving activity.
• Model thinking perspective: ask yourself what are components of 

your system of problem.
• What parts are likely to be important?
• What parts might you be able to ignore or simplify?
• What are the unknowns (known or unknown unknowns)?
• What are sources of randomness



Pattern Recognition



Pattern Recognition

• Involves finding the similarities or patterns 
among small, decomposed problems that 
can help us solve more complex problems 
more efficiently.

• Humans are (too) good at spotting certain 
kinds of patterns.

• How often do you recognize faces where they 
aren’t?



Patterns



Power of 
Patterns

Identifying patterns allows us 
to understand common 
features and apply common 
processes.

Patterns exist among different 
problems and within 
individual problems. We need 
to look for both.



Abstraction



Abstraction

The process of filtering out – 
ignoring - the characteristics of 
patterns that we don't need in order 
to concentrate on those that we do. 

It is also the filtering out of specific 
details. From this we create a 
representation (idea) of what we are 
trying to solve.



Reducing 
Complexity

Abstraction gathers the general 
characteristics we need and filters 
out the details and characteristics 
that we do not need.

Abstraction lets us overcome 
issues with specifics by outlining 
general processes.



Abstraction: A Tasty Example

Cake Recipe Abstraction

General Cake 
Pattern/Concept

Specific Cake 
Details

We need to know that a 
cake recipe has a list specific 
ingredients.

Flour, eggs, oil, …

We know each ingredient 
has a specified quantity.

2.5 cups flour, 6 
eggs, …

We know that each cake has 
a specific baking time.

350 degrees for 35 
minutes



Spatial Modeling 1
Suitability Analysis and Habitat Modeling



Habitat Suitability Modeling

• Habitat modeling (or, more broadly, site selection) attempts to 
quantify where something is or should be.

• What information do we need?
• Expert knowledge?
• Physiological tolerances?
• Occurrence/abundance?
• Spatial data: biotic and abiotic environment?



Habitat Suitability Modeling: How to Model?

• Categories or ranks?
• Binary: uitable/non-suitable or habitat/non-habitat
• Ranked: bad/good/better
• Continuous: habitat score
• Deterministic models – no measure of uncertainty

• Statistical methods: Species Distribution Models/Environmental Niche 
Models?

• Linear models
• Machine Learning
• Presence vs absence vs abundance
• Deterministic + stochastic models – includes uncertainty



Why Binary Rasters Are Awesome

• Echoes of Lab 7….
• Boolean = binary
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Why Binary Rasters Are Awesome

• They make binary classifications with multiple layers easy!
• They are conceptually simpler than multi-valued rasters!
• They help keep your workflow simple and logical!
• They are very easy to work with in Raster Calculator!
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Habitat Predictors: Binary Classification



Binary Classification: Habitat Variable 
Thresholds

How could we define the boundary between habitat and non-habitat?



Remember Your Boolean ANDs!
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Binary 
(yes/no): 
habitat and 
non-habitat

0 = False: Non-Habitat
1 = True: Habitat



Binary 
(yes/no): 
habitat and 
non-habitat

0 = False: Non-Habitat
1 = True: Habitat

Raster AND



Ranked 
Suitability

0 = Bad Habitat
1 = Marginal
3 = Better
4 = Best



Ranked 
Suitability

0 = Bad Habitat
1 = Marginal
3 = Better
4 = Best

Raster add



Ranked Suitability: Habitat Predictors

How should we decide the 
thresholds or cutoffs of the 
ranks?



Ranked Suitability: Habitat Predictors

Some possible ranking 
methods:
• Quantiles
• Ranges
• Expert knowledge
• Physiological tolerances



Raster Add: Ranking Habitats
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Ranked Suitability: Defining Categories

How could we define the boundary between categories?



Combining 
Predictors

How could 
we combine 
the 
suitability 
categories 
from 
different 
predictors?

Sum of individual habitat variable scores?

Weighted sum of scores?

Decision tree?

How do we 
know which 
predictors 
are more 
important?

Expert opinion

Experiments

Statistics and machine learning.



Basic→ Extended→ Weighted



Map Puzzler



Map Puzzler



Modeling Habitat
The super cute desert tortoise



The Desert Tortoise

Kenneth E. Nussear et al., “Modeling Habitat of the Desert Tortoise (2009) USGS Numbered 
Series Open-File Report 2009-1102 https://doi.org/10.3133/ofr20091102.

https://doi.org/10.3133/ofr20091102


How do we know desert tortoise habitat?

Think like a 
tortoise, of 
course!



What matters to a desert tortoise?



How do we know desert tortoise habitat?

Field studies of desert tortoise



Desert Tortoise 
Habitat Model 
Includes:
Annual forb cover

• Evidence that tortoises eat annual 
flowering plants based on field studies



Desert Tortoise Habitat 
Model Includes:
Annual forb cover

Soils must be sufficient strength

• Necessary soil bulk density for tortoise 
burrows based on field studies



Applying spatial knowledge 
from field studies

Satellite NDVI: Vegetaion Soil Bulk Density from STATSGO



How do we know desert 
tortoise habitat?

• Observations of desert tortoise 
occurrence



How do we know desert 
tortoise habitat?

• Observations of desert tortoise 
occurrence



Applying spatial knowledge from field studies

Slope Elevation



How do we know desert 
tortoise habitat?

• Observations of desert tortoise 
occurrence

• Terrain



Quick Recap I

Options with habitat modeling
Option 1:
• Define “suitability” based on prior knowledge or expert opinion

If you choose this option, you must 
provide justification for your choices!
• Who did you consult?
• What is the citation?



Spatial Approach to 
Defining Habitat: 
Envelope Models
The habitat envelope 
encloses the region of 
parameter space in which the 
organism can persist, or in 
which the organism is found.
The habitat envelope is like 
the niche concept in ecology.
Climate space: The 
combinations of climate 
factors in which an organism 
is found or can persist.



Spatial Approach to 
Defining Habitat: 
Envelope Models
In practice, we often have:
• Distribution data:

• Occurrence or
• Abundance
• What is the difference?

• Poorly known physiological 
limitations of the target 
species (this is typical)



Quick Recap

Two options with habitat modeling
Option 1:
• Define “suitability” based on prior knowledge or expert opinion
Option 2:
• Define suitable habitat based on spatial (and statistical) relationships.

If you choose this option, you need data!



Where do distribution data come from?

GBIF.org – digitized museum records (many are spatial)

EDDMapS.org – spatial occurrences
of invasive species

Researchers

http://www.gbif.org/
http://www.eddmaps.org/


Bioclimatic Envelope Models
What’s in a climate?



What’s in a climate?

Perhaps the most obvious components are temperature and 
precipitation, but how should we measure them?
• Mean annual temperature
• Mean winter low temperature
• Mean daily high temperature during growing/active season
• Mean monthly precipitation
• Mean monthly precipitation during dry season
• Inter-annual variability
• Others?



Bioclimatic Envelope Models aim to identify suitable climate 
conditions for a species (the climate envelope)

Average spring precipitation
Skipperling butterfly occurrences



Bioclimatic 
Envelope 
Models



How do I 
describe the 
climate at a 
point?



How do I 
describe the 
climate at a 
point?



How do I describe the climate at a point?



Bioclimatic 
Envelope 
Models
1. Use occurrence data to 

determine climate 
variable ranges



Bioclimatic 
Envelope 
Models
1. Use occurrence 

data to determine 
climate variable 
ranges



Bioclimatic 
Envelope 
Models
1. Use occurrence 

data to determine 
climate limits.

2. Estimate suitable 
climate from 
observed 
occurrences



How do we do this in GIS?



Are climate envelopes rectangular?



Bioclimatic 
Envelope 
Models
1. Use occurrence 

data to determine 
climate variable 
ranges



Bioclimatic 
Envelope 
Models
1. Use occurrence data to 

determine climate 
variable ranges



Bioclimatic Envelope Models

Correlations or interactions between climate variables along 
species distributions

Interaction between temperature 
and precipitation

Plants do not wilt in areas with high precipitation.
Plants wilt in hot temperatures with low 
precipitation
Plants do not wilt in hot temperatures with high 
precipitation.

Correlation between elevation 
and temperature

High elevation areas tend to be colder



Bioclimatic Envelope 
Models

• Standard GIS approaches can’t 
account for statistical 
correlations and interactions 
among climate predictors.

• There are advanced statistical, 
simulation, and machine 
learning approaches that can.

• Species Distribution Models
• MAXENT
• Mahalanobis Distance
• GARP
• Biomod
• CLIMEX
• Random Forests
• Support Vector Machines



Bioclimatic envelope models only consider 
climatic constraints

United States
Example Climate Variable 
(Avg ppt)



Niche Concepts

Spring 2022 ECO 697DR 70

• Abiotic and biotic factors
• Fundamental niche
• Niche breadth
• Niche conservatism
• Realized niche
• Source, sink habitats

Figure 1 in Devictor et al, 2010

Definition of Grinnellian vs. Eltonian 
specialization. (a) The Grinnellian 
specialization of a given species can be 
described by its variance in performance 
across a given range of resources. For a 
given mean performance, the dashed line 
describes the performance of a generalist 
species (generalist, G) and the solid line of 
a more specialist species (specialist, S). (b) 
Eltonian specialization is defined as the 
variance in the species’ impact (instead of 
performance) on the environment. For a 
given mean impact, the species’ impact 
can be distributed through a large part of 
the environment (G) or be more restricted 
(S).



Species 1 has greater niche breadth

United States
Example Climate Variable 
(Avg ppt)



Take home points

• Habitat modeling is designed to help us better understand 
and predict species distribution

• Models can be built on ancillary/expert knowledge, educated 
guesses, or spatial relationships (or a combination of all 
three)



Habitat Model Examples



Habitat Modeling: Reserve Planning

Kremen et al., 2008 Aligning Conservation Priorities Across Taxa in Madagascar with High-Resolution Planning Tools



Risk from Climate Change: Bioclmatic 
Modeling and Spatial Simulation

Pearson & Dawson, 2003, Predicting the impacts of climate change on the distribution of species: are bioclimate 
envelope models useful?



Bioclimatic Envelope Modeling:
Invasion risk from non-native species

Kriticos et al., 2003, SPAnDX: a process-based population dynamics model to explore management and climate change impacts on an invasive alien plant, Acacia nilotica

Prickly Acacia
Native to Africa & India



Final Poster



Final Poster 
Content

Scientific papers/reports/presentations have a very 
specific organization

Introduction  Tells us why the topic is interesting

Methods  Tell us what you did

Results  Tell us what you found

Discussion  Tells us why what you found is 
interesting

Consider this organization for your final poster



Final Poster: Introduction

Information to Include

• Why is the topic important?

• Relevant background.

• Your motivating question or 

goal

Figures to Include

• Study Area Map

• A picture



Final Poster: Methods

Information to Include
• General goal or research 

question.
• General approach
• Important decisions you made in 

your anaysis

Figures to Include
• Method steps that are easier to 

represent as a figure.
• Table of data layers



Final Poster 
Content: 
Methods

• Highlight any 
important 
intermediate steps



Final Poster: Results

Information to Include
• Description of major findings, 

such as:
• Statistical or numeric results
• Graphical results
• Charts
• Tables

Figures to Include
• Maps!
• Plot or tables of important 

results:
• Histograms
• Scatterplots
• Boxplots

• Maps!



Final Poster: 
Discussion

Were there any notable limitations?

Summarize important take-home points.

What are the big-picture conclusions?

What are the next steps?



Final Poster: Level of Detail

Be efficient with text
• You have limited real estate on 

your poster!
• Keep text simple, use bullet 

points whenever possible.
• Summarize your analyses, you 

don’t need to reproduce every 
detail.

• Extensive text is for the journal 
article version of your poster!

Graphics should be the main feature
• Your graphics should tell the 

main story.
• Plot or tables of important 

results:
• Histograms
• Scatterplots
• Boxplots

• Maps will be the most important 
feature for most posters.



Some Example Poster Ideas



Ivory Billed Woodpecker Conservation
Your Name Here

Department of Environmental 
Conservation

Introduction:
Text about why bird 
conservation is 
important and some 
history on the ivory 
billed woodpecker 
(Figure 1).  Define 
your question here.

Fig. 1: Woodpecker

Methods:
Criteria used 
to define 
woodpecker 
habitat.  How 
you did what 
you did 
(Figures 2-4).Fig. 2: Buffer Fig. 3: Aspect Fig. 4: Land Cover

Results & 
Discussion:
Woodpecker 
habitat.  Final map 
or maps, final 
analysis (Figures 5-
6).  Discuss why 
these results are 
interesting.

Fig. 6: Graph result

Fig. 5: Map result



Ivory Billed Woodpecker Conservation
Your Name Here

Department of Environmental 
Conservation

Introduction:
Text about why bird 
conservation is 
important and some 
history on the ivory 
billed woodpecker 
(Figure 1).  Define 
your question here.

Fig. 1: Woodpecker

Methods:
How you did what you 
did (Figures 2-4)

Fig. 2: Buffer

Fig. 3: Aspect

Fig. 4: Land Cover

Results & Discussion:
Final map or maps, final 
analysis (Figures 5-6).  
Discuss why these results are 
interesting

Fig. 6: Graph result

Fig. 5: Map result



Ivory Billed Woodpecker Conservation
Your Name Here

Department of Environmental 
Conservation

Introduction
Why your topic is 
important (Figure 1).  
Define your question 
here.

Fig. 1: Woodpecker
Methods
How you did what you 
did (Figure 2)

Fig. 2: Aspect & Land cover

Results & Discussion:
Final map or maps, final analysis (Figure 5).  Discuss 
why these results are interesting

Fig. 3: Final awesome map
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