Deck 10 — Spatial Modeling

Habitat Suitability, Disaster Planning, Final Projects

Intro to GIS — UMass Amherst — Michael F. Nelson



Overview

Model Thinking

e Decomposition
e Pattern Recognition
e Abstraction: Reducing Complexity

Spatial Modeling

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

Final Projects

e Examples, Ideas, Data Sources
e Overview: Rubrics




Midterm Earn Back

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



Model Thinking



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

7




Pattern Recognition

L
* 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?
=y




Patterns

What are patterns?

Imagine that we want to draw a series of cats.

All cats share common characteristics. Among other things they all
have eyes, tails and fur. They also like to eat fish and make meowing
sounds.

Because we kKnow that all cats have eyes, tails and fur, we can make a
good attempt at drawing a cat, simply by including these commaon
characteristics.

In computational thinking , these characteristics are known as
patterns. Once we Know how to describe one cat we can describe
others, simply by following this pattern. The only things that are
different are the specifics:

= one cat may have green eyes, a long tail and black fur
= another cat may have yellow eyes, a short tail and striped fur
Green

Yellow
Orange

Ginger
Black
Tabhby




ldentifying patterns allows us
to understand common
features and apply common

Power of processes.

Patterns Patterns exist among different
problems and within

individual problems. We need
to look for both.



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.

Abstraction | _ -
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 Specific Cake
Pattern/Concept Details

We need to know that a Flour, eggs, oil, ...
cake recipe has a list specific

ingredients.

We know each ingredient 2.5 cups flour, 6
has a specified quantity. eggs, ...

We know that each cake has = 350 degrees for 35
a specific baking time. minutes



Spatial Modeling 1




Habitat Suitability Modeling

* Habitat modeling (or, more broadly, site selection) attempts to
guantify 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?

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

e 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

e Echoes of Lab 7....
* Boolean = binary

Boolean values
are binary

Boolean AND




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!

Boolean values
are binary

Boolean AND




Habitat Predictors: Binary Classification
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Binary Classification: Habitat Variable
Thresholds

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

L1 1 Good habita
Elevation B 0 Bad habitat
2500 feet
2300 feet
2100 feet
1900 feet
1700 feet
1500 feet
1300 feet
1100 feet
900 feet
700 feet
500 feet




Remember Your Boolean ANDs!

Boolean values
are binary

Boolean AND

0 0

Raster
Multiply




Binary

(yes/no) T

habitat and Aeuc

non-habitat *%

1= Good Steepness

B O = False: Non-Habitat 0 =Bad
[ 11 =True: Habitat

1*1*0=1=Bad



Binary

(yes/no) T

habitat and Aeuc

non-habitat *%

1= Good Steepness

Raster AND

B O = False: Non-Habitat 0 =Bad
[ 11 =True: Habitat

1*1*0=1=Bad
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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

Elevation (reet)

S Iope (Percent)

Elevation (suitaviity Rating)

1 (worst)

Suitabili

s >1800= 1 (worst)

{  1400to0 1800= 3
1250t0 1400= 5
900to 1250= 7

Calibration

....... 1300, feet......
1100 feet

9 (best)

Slope (suitability Rating)

Suitabili
B

Calibration

>40= 1 (worst)
30to 40= 3
20t030= 5
10t020= 7
TTTh>» 010 10= 9 (best)

9 (best)



Raster Add: Ranking Habitats

Elevation Slope Suitability

Raster
Add

K -



Ranked Suitability: Defining Categories

How could we define the boundary between categories?

Elevation (reet) Elevation (suitabiity Rating)
L
Ll
[]
.I
[ ] .
= 1 (worst)
[]
]
| |
[ 11
i [
il [
.: Suitability Calibration
e
OO0 S »  >1800= 1 (worst)
T 1400 to 1800= 3
SRl 1250 to 1400= 5
lll. 900to 1250= 7
T > 010900= 9 (best)
[0 -




How could
we combine
the
suitabilit _
Categorigs Weighted sum of scores?
from

different o

predictors?  Decision tree?

Sum of individual habitat variable scores?

Combining
Pre d | Ctors Eﬁ:’wdvc\’/a’;’fh Expert opinion

predictors

are more _
important? Experiments

Statistics and machine learning.



Basic—> Extended—> Weighted

Hudaas prefer dentle slopes. southerl Hugags prefer gentle slopes, southerly Hugags are 10 times more concerned
dagsp 8 Pes, y aspects, lower elevations, forest cover, about slope, forest and water criteria
aspects and lower elevations but .

near water and far from roads but than aspect, elevation and roads

cannot survive in open water . o\ i
cannot survive in open water criteria ...weighted average




Map Puzzler

L ©Seth Kadish



Map Puzzler
Voronoi Map of the USA

e

State borders are redrawn based on

the locations of the state capitals; the
land at any given point is owned by »
the state with the closest capital city. ' Rt ©Seth Kadish




Modeling Habitat



The Desert Tortoise

Urban Areas Lakas/Rivers Model Score

Kenneth E. Nussear et al., “Modeling Habitat of the Desert Tortoise (2009) USGS Numbered D I I I
Series Open-File Report 2009-1102 https://doi.org/10.3133/0fr20091102.

00 010203040506 070809 10



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?

Surface

Roughness Slope Aspect Elevation

Winter

geth Precipitation

<, Landscape

Summer

<iness -
i Precipitation

bl

Variance of |
Precipitation

Annual Plant Perennial
Potential Plant Cover




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
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Model Includes: s e

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?

ions of desert tortoise

e Observat

occurrence




Applying spatial knowledge from field studies

Slope Elevation




How do we know desert
tortoise habitat?

 Observations of desert tortoise
occurrence
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Quick Recap |

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.

Soils

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.

Land Cover



Spatial Approach to
Defining Habitat:
Envelope Models

In practice, we often have:

e Distribution data:

Occurrence or
Abundance
What is the difference?

Soils

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

Land Cover



Quick Recap

Two options with habitat modeling

Option 1:

e 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)

GBIF | Global Biodiversity Information Facility

Free and open access to iodi

OCCURRENCES SPECIES DATASETS PUBLISHERS RESOURCES

EDDMapS.org — spatial occurrences
of invasive species

EDDii e

Earlr Detection & Distribution Mlppiug E'FEIII'!I'I



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

Bioclimatic Envelope Models



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

e 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

Spring precipitation

>
Winter minimum temperature
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Bioclimatic
Envelope
Models

1. Use occurrence data to
determine climate
variable ranges

Spring precipitation
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Winter minimum temperature



Bioclimatic
Envelope
Models

1. Use occurrence
data to determine
climate variable
ranges

Spring precipitation

>

>

Winter minimum temperature



Bioclimatic
Envelope
Models

1. Use occurrence
data to determine
climate limits.

2. Estimate suitable
climate from
observed
occurrences

Spring precipitation

Suitable Climate
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Spring precipitation

A

How do we do this in GIS?
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Winter minimum temperature



Are climate envelopes rectangular?

>

Spring precipitation

>
Winter minimum temperature



Bioclimatic
Envelope
Models

1. Use occurrence
data to determine
climate variable
ranges

Spring precipitation
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Bioclimatic
Envelope
Models

1. Use occurrence data to
determine climate
variable ranges

Spring precipitation

Suitable Climate?
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Bioclimatic Envelope Models

Correlations or interactions between climate variables along
species distributions

Plants do not wilt in areas with high precipitation.

Intera Ction between tem pe rature Plants wilt in hot temperatures with low

precipitation

d nd preCI pltat|0n 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

e 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
e MAXENT

* Mahalanobis Distance

* GARP

* Biomod

e CLIMEX

 Random Forests

e Support Vector Machines



Bioclimatic envelope models only consider
climatic constraints

Example Climate Variable
United States (Avg ppt)

2

Climate Variable




Niche Concepts

(a) Grinnellian specialization Figure 1 in Devictor et al, 2010

Definition of Grinnellian vs. Eltonian
* Abiotic and biotic factors  specialization. (a) The Grinnellian
specialization of a given species can be

. described by its variance in performance
(]
Fundamental niche across a given range of resources. For a

. given mean performance, the dashed line
. * Niche breadth describes the performance of a generalist

e Nich . species (generalist, G) and the solid line of
IChe conservatism a more specialist species (specialist, S). (b)

(b)  Ettonian specialization : : Eltonian specialization is defined as the
) * Realized niche variance in the species’ impact (instead of

) ) performance) on the environment. For a

* Source, sink habitats given mean impact, the species’ impact
can be distributed through a large part of
the environment (G) or be more restricted

(S).

Species’ performance

Resource

Species’ impact

Environment

Spring 2022 ECO 697DR 70



Species 1 has greater niche breadth

Example Climate Variable

United States (Avg ppt)
o -
™~ -
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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

A Unconstrained priority
conservation areas
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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

Simulated current distribution High 2020s scenario High 2050s scenario

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

Unsuitable
Marginal
Suitable
Highly suitable

Prickly Acacia
Native to Africa & India

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



Final Poster



Scientific papers/reports/presentations have a very
specific organization

Introduction Tells us why the topic is interesting

Methods Tell us what you did

Final Poster
CO ntent 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 Figures to Include

* Why is the topic important? » Study Area Map
 Relevant background. A picture

* Your motivating question or

goal



Final Poster: Methods

Information to Include Figures to Include

* General goal or research * Method steps that are easier to
guestion. represent as a figure.

* General approach * Table of data layers

* Important decisions you made in
your anaysis



Final Poster

Content:
Methods

* Highlight any
important
intermediate steps

NREL Wind Potential at 50 m

Distance to Transmission Lines

MNREL Solar Potential

Ideal Land Cover




Final Poster: Results

Information to Include
* Description of major findings,
such as:
e Statistical or numeric results
* Graphical results
* Charts
* Tables

Figures to Include
* Maps!

* Plot or tables of important
results:
* Histograms
e Scatterplots
* Boxplots

* Maps!



Were there any notable limitations?

Summarize important take-home points.

-inal Poster:
DISCUSSION

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.

e 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



lvory 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.

Methods: @
Criteria used

to define

woodpecker

habitat. How

you did what @
you did

(Figures 2-4)Fig. 2: Buffer

er

. Woodpecker

Results & g{b
Discussion: Z/ “
J1A
Woodpecker ’%}?
habitat. Final map @

or maps, final
analysis (Figures 5-
6). Discuss why
these results are

interesting.




Your Name Here
Department of Environmental

Conservation
Introduction: Methods: Results & Discussion:
Text about why bird How you did what you Final map or maps, final
conservation is did (Figures 2-4) analysis (Figures 5-6).
important and some / . se results are
history on the ivory RN AP OLND
billed woodpecker @

(Figure 1). Define

your question here. Fig. 2: Buffer
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lvory Billed Woodpecker Conservatio

Your Name Here
Department of Environmental

Conservation
Introduction Results & Discussion:
Why your topic is Final map or maps, final analysis (Figure 5). Discuss
important (Figure 1). why these results are interesting
Define your question Legend

MR ERER TN 57| ] 2km radis from dead bird
i Y94 % Deadbird

Roads

[ ] Potential Spray Area

777 wetlands

0 035 1

m._ : m . - : IKilomlelersI
Fig. 1: Woodpecker SN
Methods {77 jL

How you did what you
did (Figure 2)

Fig. " spec '- ad cover




Lion Habitat Suitability Analysis
based on Vegetation Type and Proximity to Water

Global Classroom — Big Cat Research Project

Anna Garvin

Introduction

Lionz arw 2 threatened species: huabitst o
and corflict with humars has led 2o
saulztion desina e the Lot saveeal
decadez In 1950, thers wars an aztimated
HD0UDDD Eanz in the wild By 2003 the

i b
15,500 ard 47000 Bons. Zomething must
om dane sbout the coroervation of theae

ruger National Park [Fig. 1] i oo ofthe
[argest gaee reseces in AFiza Locased in
South Afca. it = horme to arcund 2000
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Introduction

Crane Beach is a
popular recreation and
conservation site in
Ipswich Massachusetts.
Crane Beach includes
over 4 miles of
shoreline, 5 miles of
trails through the dunes
and the North Shore's
largest pitch pine forest.

Fig.1: Crane Beach boardwalk |

This area has been recognized for its successful
shorebird protection program and is a very important
nesting site for piping plovers, a threatened bird species.
In order to continue protecting the birdispecies and cater
towards the recreational needs of the beach, the size and
stability of the shoreline needs to be maintained. This
leads me to ask the question: is the Crane Beach
coastline eroding?

Crane Beach, Ipswich MA

"

{

Methods

To conduct my research | acquired all of the
orthophotos of the Crane Beach area for the years:
1990, 1994, 2001, 2005 and 2008 as well as a
historic coastal topographic map image from 1890
| from MassGIS. To answer my research question |
followed these steps:

-Created a new line shape file for each year and
traced the coastline of that year (taking into
consideration differences in tides).

-Compared the coastline of each
year with that of 1990 by creating
“| new polygon shape files for areas  p«.

where coastline increased and
decreased since 1990.

- Found the area of the polygons

for each year.
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Results & Discussion

In doing my research | found that
the coastline of Crane Beach is
eroding. When comparing the
coastline of each year to that of
1990, there is a visible decrease
in coast starting in 2001 (figure
5). 1994 was the only year that
showed an increase in coastline
and 2008 showed the most B ;
coastline loss. When comparing Coastline of Crane Beach
coastline in 1890 and 1990, a ——1880 Coastiine
decreased is seen overall as well :ggg gg:::::::
(figure 6). This large decrease in 2001 Coastline
coastline from 1990 may be of ~—— 2005 Coastline
concern to conservationalists of —— 2008 Coastline
Crane beach.
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Fig. 4:Coastline for each year on the 2008 orthophoto
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Introduction

n January of 2012 several acquaintances and I took a trip to Detroit,

Michigan. Our goal was to experience firsthand the decay and fall from
grace that Detroit has become so well known for. What we saw was worse
then we could have even expected, entire blocks of burned out and aban-
doned houses, auto factories six blocks long abandoned and gutted, twenty
story hotels from the golden age now standing as skeletons, schools, uni-
wversities, hospitals, zoos, parks, mills, factories and more, all left to wither.
Detroit in the past hundred years has experienced more growth and de-
cline than any other US city, from a population in 1910 of 285,000 to a high

[
L
-

in 1950 of 1.8 million, to an unmatched decline of over 500,000 to 713,000 ) = EE— e
in 2010. This project aims to analyze the relationships between demograph- £ Methﬂds
ic factors and infrastructure factors to look for relationships and discrepan- =
cies that may be detrimental to the social justice and equity of the city. ata was obtained from the City of Detroit Information Tech-
. . nology Services Department, the data primarily contained
Results & Discussion shapefilesthat consisted of police stations, colleges, parks and recre-

he outputs that were obtained from the raster calculations showed the ational sites, condemed buiklings, and census data for education and
hotspots around the city that had varying levels of risk. These various i per blodk A Ti review was conducted on the

hotspots are areas that the resulting demographic factors such as low levels of L-urban equity | to calculate the best methods for clas-

high school graduation, and poverty levels may be a result of the infrastruc-
ture composition of the area. In order to gain a more accurate understanding sification of spatial vulnerability relative to distances from the partic-

of the social equity related to the infrastructure of Detroit, more extensive re- ular variables and data collected. This research permitted the data to
search should be conducted on the spatial influence of positive and negative | to be classified into quantifiable values, which then allowed for raster
factors of a city, crime rates, police station locale effectiveness, public school | caloulation to be employed to search for connections amoung the par-
and higher education proximity influence, and other pressures. ticular infrastructure, demographic, and economic data,
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