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GIS PROJECT DESIGN Il

NATIONAL
CONSERVATION

DATA ANALYSIS AND MODEL BUILDING ngmgf

=iiees| .S, Fish & Wildlife Service
“ National Conservation Training Center
/ Shepherdstown, West Virginia

Instructors

Eric Kelchlin (HQ) — Geospatial Course Leader
National Conservation Training Center, WV

Mark Richardson (HQ) — Geospatial Course Leader
National Conservation Training Center, WV

Gabriel DeAlessio (R3) - Biologist/GIS Specialist
Regional Office, MN

Daryl Van Dyke (R8) — GIS Analyst
Klamath Strategic Habitat Conservation Team
Arcata Fish & Wildlife Office, CA
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USFWS - NCTC

Instructors

Sean Fields (R6) — Biologist/GIS Specialist
Benton Lake NWR, MT

Amy Keister (R4) — Geographer
South Atlantic Landscape Conservation Cooperative
Raleigh, NC

Mike Strager, Ph.D. — Assist Professor of Spatial Analysis
West Virginia University
Morgantown, WV

Course Objectives

Learn how to analyze data in ArcGIS using hands-
on, real-world examples.

Learn how to create dynamic models using
Modelbuilder to process and analyze data.

Provide time to work on your own GIS project and
provide consultants to keep you on track.

11/30/2012
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USFWS - NCTC

Agenda |

7-8am Open Lab
Overview
Review
R
GSter Suitability Wi Watershed Consult. Project
Data. Modeling Analysis R Work
Analysis esource

Selection
Raster . .
: Project Consultations
SharePoint

Model Builder

Project Consultations < q <

7 -9 pm Project Consultations

s

Materials
Campus Map ArcGIS 10
o
- Agend_a o R
_8 Exercises g GME
g & [OpenJump HORAE
=} Q
Z W

DATA- D:\CSP7300
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USFWS - NCTC

Training Challenges

Wide range of skill levels
* Encourage you to help others

» Extra time? Please explore hardware/software
functionality on your own

Instructors always learn in every class

Introductions

Name... Location... Position

What’s your project about?

11/30/2012
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Rasters &
Spatial Analyst

USFWS -
GIS Project Design Il

Intro to the
Raster Data
Format
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A rasteris ...

o A matrix of rows and columns of cells who’s values
represent some set of information

o ArcGIS - Any cell-
based dataset that
represents
geographic features

.‘|Vhe|g|.lt

[—

width

o Thematic (discrete)

o Land-use
o Vegetation type

o Continuous Raster Individual cells Single cell
o Temperature ;fo 30

o Precipitation

Types of raster

o Satellite
Imagery

o Digital Aerial
Photographs

o GIS

generated

data

o Landcover

o DEM






Supported raster
formats

Uses of raster data

55 supported
formats listed in 10

Base maps

o ASCII Grid
o Bil, bip, bsqg
o ERDAS Imagine .img
o ESRI Grid
o ENVI .hdr
o MrSID .sid
o .tif, .jpg, .Jp2, .gif,
.png, .bmp

Raster vs. Vector

e~

REAL WORLD

12 3 456 7 8910

H [ ]

: g :

C 0w wm N s WM

RASTER GRID VECTOR

11/30/2012





To raster or not to raster?

Raster Model Vector Model
Advantages Advantages
Simple data structure More compact data structure — smaller file

size

Overlay operations are easier & more More efficient encoding of topology
efficient
High spatial variability efficiently Better graphic representation of features
represented

Primary concern is locational relationship of
the feature, not the features themselves

Disadvantages Disadvantages

Less compact - large file size More complex data structure

Topological relationships more difficult to Overlay operation more difficult

represent

Graphics less aesthetically pleasing Representation of high spatial variability
inefficient

Vector to raster conversion

RASTERIZED RIVER VECTORIZED

IT
]

11/30/2012
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Vector to raster conversion

Cell Center Assignment
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Vector to raster conversion

Maximum Area Assignment
Maximum Combined Area Assignment
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Y NS ‘- oM
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Vector to raster conversion

73 m? 72 m? 80 m?
71 m? 1 m cell 2 m cell 4 m cell
polygon 16 x 16 cells 8 x 8 cells 4 x 4 cells
TTTTTT 1T
] | []

« Smaller cell size + Larger cell size
« Higher resolution i
* Hig

» Slower processing r processing
« Larger file size

Intro to Spatial
Analyst

Eg%}33}}WW“\\W
el :‘N pli

e

il

.
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ArcGlIS Spatial Analyst ...

o provides a broad range of powerful spatial
modeling and analysis capabilities.
o You can:
o create, query, map, and analyze cell-based raster
data;
o perform integrated raster/vector analysis;
o derive new information from existing data,;
o query information across multiple data layers;

o fully integrate cell-based raster data with
traditional vector data sources.

ArcGIS Spatial Analyst ...
i smEan o

g L Corridor

----- Cost Allocation

----- Cost Back Link

----- Cost Distance

..... #., Cost Path

----- Euclidean Allocation

----- '% Euclidean Direction

----- Euclidean Distance

----- '% Path Distance

----- Path Distance Allocation
----- Path Distance Back Link

.

& Muttivariate o Today we are only looking
g i at a subset of tools

& Raster Creation o Won’t cover 3D tools

- & Reclass o Won’t cover surface tools

% Solar Radiation
-8 Surface
% Zonal

o Even leaving out those, we
will only skim the surface






Intro to a few
tools using White
River Data

Raster Operations

o Local

o Cell by cell basis (per
cell)

o Focal
o Neighborhood basis
o Zonal

o Zone basis (same
input values)

o Global

o Entire raster basis
o Application Specific
o Specific to a dicipline

11/30/2012





Raster Operations

o Local

o Cell by cell basis (per
cell)

-

Raster Operations

o Local

o Cell by cell basis (per
cell)

o Focal
o Neighborhood basis

11/30/2012





Raster Operations

o Local

o Cell by cell basis (per
cell)

o Focal
o Neighborhood basis
o Zonal

o Zone basis (same
input values)

Raster Operations

o Local

o Cell by cell basis (per
cell)

o Focal
o Neighborhood basis ﬁ
o Zonal
o Zone basis (same
input values) A
o Global
o Entire raster basis

11/30/2012
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Raster Operations

o Local

o Cell by cell basis (per
cell)

o Focal
o Neighborhood basis
o Zonal

o Zone basis (same
input values)

o Global
o Entire raster basis
o Application Specific
o Specific to a discipline

Demonstration &

11






MODEL BUILDER

A SMARTER WAY TO PROCESS DATA

WHAT IS MODEL BUILDER? I

Graphic design tool developed by ESRI for authoring and
automating geoprocessing work flows.

» Single process
 Multiple process strung together

Models can be used to

* Organize tools into an automated sequence or
process

 Chain together tools, using the output of one tool as
the input to another tool

» Build repeatable workflows se

» Document your methodolo ®:ofe:

« Export you¥ script 4 eE—<3
T i

11/30/2012





WHY BUILD MODELS?

Automate geoprocessing workflow

* Analysis
Data management

Data conversion, etc "
Re-run same model with different parameters or inputs

Record & document methodology
How to create specific geodatabase schema

Process steps metadata record
Graphical documentation of your work

Transparent!

Share geoprocessing knowledge
« Easily communicates what is being done

 Provides standardize process

Create custom tools Pt
« Aggregate common operations into one tool

WHY BUILD MODELS?

Minor Changes = No Big Deal!

e %o =o
@ ) e
- S ———
_ Eose o= | S
< == eme | |
= “f%_—é, ® == |
= = & = == \
oy Liese| emem =e=
S = | -—E‘-—% -;_w:ﬁjg
=S=S | 3232 e=s=
o= | ® @ =
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b A *|| ArcToolbox window - tree view interface
- & Analysis Taols =

I%E:;%f;‘?ﬁn“il;?s * Toolboxes - a collection of toolsets
& Cowerage Tools — and tOOIS

= a Data Management Toals q‘-—f
+ @ Data Comparison

# & Databuse * Toolsets - a collection of tools

# 5 Disconnected Editing

I%E‘éﬁn’:ﬁfmi“m/ — « Tools - perform a specific

= Feature Class =

5 et IEORIGEESSIG S
Calculate Default Spatial Gri

G e rmors Tools must be contained in a toolbox
# Integrate
f’ Update Annotation Features

+ {5 Features
+ 5 Fields

i Jileiias Cannot edit ESRI toolboxes, must create
% Suleiasi new toolboxes to add models
# @ Jaing
w0, B 1 meare and Tahla s b7
< >

Favortes | Index | Seach | Resuls

MODELS ARE TOOLS

Models are stored as tools in toolboxes

» Toolboxes may be stored in a folder as a .tbx file or
in a geodatabase

» Toolboxes may be easily shared by distributing the
.tbx or geodatabase

« All tools in Toolbox may be used in model building

NCTC_Toolsthx ),5
el






MODEL BUILDER INTERFACE

+: —
PR —
(P E=mE=n ===
E § Model Edit | Insert | View Windows Help

. Add Dats or Tool...

@& %

=

AR BRI kSR

Create Variable...
Create Label
Madel Only Tools 3

Calculate Value

Iteraters 4 Collect Values

Get Field Value

Merge Branch
Parse Path
Select Data

PV

Stap

CREATE NEW MODEL - 3 WAYS

Directly in ArcToolbox

« ArcMap/ArcCatalog
» Select/Create Toolbox
» Select New > Model

Using ArcMap Standard Toolbar

» Click button

» Edit model, save later

WY IR G s

Create Toolbox in ArcCatalog goo = "8 e

vovry EEEFEEREEE
Eﬁfguiauu

:E‘*E

T
i
i
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MODEL BUILDER INTERFACE

+7 Medel 1

Model Edit Insert View Windows Help

IR

[ - ]

& B2 ERIE I @ Mk S b

47 Model1 (E=8

Model Edit Inset View Windows Help

S 3B x9S BEFIIAQN kS P

=
S

Geoprocessing
Teool

EDITING A MODEL

Right click on model e
Select “Edit...”

 This opens the ModelBuilder

gl & xinie] ¢ ol eloiala) vl b

A

window i
« Places in edit mode I o

- @ Conversion Tecls
& ) Coverage Tocls

5 @ Data Management Tools

: D :g;wwr:-;‘:u:\mt Tools
e
=
Double clicking on the model or .
selecting “Open...” from the context S
menu does not place the model in s
edit mode. It opens the model as a o
tool. e

11/30/2012





CREATING THE PROCESS

« Drag input datasets to ModelBuilder screen from

ArcCatalog, ArcMap, or ArcGlobe (or use Add Data tool)

+ Drag tools to screen from ArcToolbox or ArcCatalog

» Variables can be added using the context menu

« Connect inputs (variables) and tools with arrows

« Set up process options and settings

* Run model

MODEL STATES

Not ready to run G\D_ e _(@

Ready to run

Already run

During Processing

11/30/2012





MODEL PROPERTIES

Model Properties can be [EEEEEE

Model Edit WView Window Help

set for Model and ol 8| (=l & =k alolals) k(2]

ArcMap interaction

Add to Display
Intermediate
Model Parameter
* Properties

‘WiHabitat
@

Open...
Model Parameter
Managed

v Add To Display

Create Label
Viw Messages...

Hu

BaCopy

¥ Dekete
Rename. .
Switch ta picture symbol
Display properties...

THREE WAYS TO RUN A MODEL
Run all processes regardless of Mool |E® _reen_Vew Windows  Hob ;

state (Run Entire Model)

Run the ready-to-run processes

e S

|
e

select RUN)

Run ?
Make Variable vl
Create Label {I}
View Messages. .. b
Refuge NWI O & oax ;‘y))
P N e )

| P4 Run LA RS

1 Run Entire Model

' Valdate Entire Model

2

4

5
Save ))
W%\M,MJ

‘Ftodelr|Ed't Insert  View ‘Windows Help

| R T Y

Run Entire Model

AYal S A AN

' Validate Entire Model

Run a single process (Right click and

11/30/2012





MODEL DOCUMENTATION

Calculate NWR Wetland Acreage

|

Title Calculate NWR Wetland Acreage

Synitax.
# Relugs_Boundary

Dralog Explanation

B I U A X E

12w

Th Nscnal Wikdite Rafuge boundary Sesturs

"
Credits

Sean Fields, HAPET Office, Great Falls, MT

12s2011

SAVING MODELS FOR FUTURE USE

Add model output to display in ArcMap

Models are saved in custom toolbox within current MXD or
MyToolboxes folder (default)

Your custom toolbox is also saved in your ArcMap settings,

can be reused

Save model documentation
Save model to script

Python, JScript, VBScript

11/30/2012





ADVANCED TOPICS

Iterations
* Conditional Looping
* Feedback
* Lists/Series
e Count
Variables/Parameters

¢ |n-line variable substitution

Merge Branch
Scripting
Conditional Processing

Interactive Inputs

QUESTIONS

11/30/2012





EXERCISE OBJECTIVES

Use ModelBuilder to create a model to perform
processes

Create new toolbox and create model
Load data and tools into model, create outputs
Use Reclassify, Focal Statistics, and Combine Tools

Copy and modify pieces of model to increase

efficiency

11/30/2012
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Suitability Modeling

Suitability Modeling Outline

e Criteria and model development
o Boolean overlay
o Process models
o Index overlay — MCA (Eastman et al. 1995)
o Fuzzy logic
e Exercise A

e Weighting methods
o Point or rating
e Ranking
o Pairwise comparison
e Exercise B

GIS use HH

¢ An information database
o Coordinating and accessing geographic data
e As an analytical tool

» Specifying logical and mathematical relationships
among map layers

e As a decision support tool

o For deciding how to act upon the analyses
produced

(Eastman, et al. 1995) *






As a decision support tool

e Can help us make decisions about multiple
and conflicting objectives

e Borrows from the decision science or
operations research literature

e Raster based and vector information
processing

Steps of map integration eset
e Step 1 * .

e Step2 [ DataProcessing |

e Step 3 l_

Most
commonly
used
Integration
models






Integration is based on a grid model

All the steps can be documented

Becrestion  Schaok

Caeulane Slope Find Distance Find Distanes
3 ﬂ
I
Rochusifc  Reclamity  Reclwsify  Rochsify

~N N /7

Waght and Combin: Dstasets

- Data Prep Madel =T
Model £t Yiew Window
LR ILU TR IR i






Boolean Operators

BOOLEAN OPERATORS

o> Qp €

A AND B

A OR B A NOT B

Raster cell values

e Cell values represent geographic features
e Types of cell values:

0 1 0
0 1 0
0 1] 1
Binary (0,1) Integers Floating point
Presence/absence Coded values Values with
or whole numbers decimal places
Vector data
Land use, Slope, aspect
converted to .
elevation
raster

The Raster Calculator

e Use with Analysis mask, analysis extent to “clip”

rasters

Use to base new raster on existing raster
e Convert m to ft

Can also be used to find cells List of Use these, ——
meeting query expressions: Isto buttons--
raster o | ]
‘[Slope] > 10% layers
el

*([Elevation] > 500) and ([Elevation] < 1000) Exsriesrs};on
*Note raster layer names in square brackets window
llike this] R — S| 1 e






NODATA cells

e Special cell value
e Used to indicate:
« No value at location
« No data at location (missing)
« Data outside study boundary
e NODATA is not zero!
e Can affect calculations in Spatial Analyst

2 2 (e 20| 10 | 0 40 | 20 | mown

3 4 nodata 10 0 10 30 0 nodata

Practice #1 - Transform

ND [9.10] 0 9|0
ND
1.34 | 6.76 | 4.93 e 16| 4
int[ingrid] =
400 o | ND 410 |ND
3 (8|0 of1]o0
3|7 [ingrid] >=5 = 0 |no| 1
4 5 0 ol 1 0
3|2 0 111 0
1147 [ingrid] >1 & = ol 1] o0
ingrid] <=6
ND | o 0 [ 9 ] ND | O 0
ND = no data "

Practice #2 - Overlay

N g |0 3/1]0 1|0
ND
1027 a 1/0] 2 1101
n -
4 0 ND d 2| 0 | N 10 |nND

ND = no data






Practice #2 — Overlay ANSWERS et
o0
N[ g | o 3(1]0 1po
ND
1 2 7 a 1 0 2 1 0 1
n =
4 0 ND d 2|0 | N 110 | ND
ND = no data ’

Limitations with boolean operators

e In a binary map only 2 situations are
possible,
» each location is either satisfactory or not.

Notes

* Integration by Boolean operators is a very
extreme form of decision making.

» For example if logical AND (the intersection
operator), is applied to combine the criteria a
location must meet every criterion for it to be
included in the final decision set.

e If even a single criterion fails to be met, the
location will be excluded in the final binary
result map.

e “Risk adverse”, “Conservative”






Process Models

T
- e}
=
H & Mgl S+ Erosion)
[tmdvm | —— 35— Etm T
H
:
Razzdull [ndex Mg =+ R o

Example 1 of a process model

Model for snow melt in densely forested areas
MELT = (0.19T + .17D)

Where M is the melt rate in cm/day
T is temperature in Celsius
D is dewpoint temperature

We could clearly produce a snow melt rate map (M).
To do so would require multiplying the temperature raster by 0.19, the
dewpoint raster by 0.17 and adding the two results.

* Dunne, T., and Leopold, L.B., (1978) Water in Environmental Planning,
(W.H. Freeman and Co.: San Francisco) »

Example 2 of process model

veme—{_ ey 13
¢ Slope Length
— Kb ————— [p—
¢ Multiply Soil Erosion
=
Famfall Index Map —* R factor

By preparing the data as recommended and integrating them in a GIS,
simulation or predictive map(s) representing the phenomena can be
generated. Such methodologies and processes are usually
recommended by researchers.

¥

—* C factor

Reclass|f






Index overlay

Multiple criteria in decision making et

» Usually several criteria will need to be
evaluated all together in order to meet a
specific objective.

n

Zu; X,

Z= i=l

S
=1

Suitability models ecet

e An interpretation of data with respect to its
suitability for an activity

e Typically used to locate something (no
definable units to compare)

e Results in a numeric measure of suitability

e Used when the problem is complex or
important

e Suitability scores can be subjective or
quantitative






Compared to boolean overlay...

e Index Overlay model has more flexibility and
ability for priority indication on spatial units of
factormaps (ranking).

e Index overlay method is a simple and
commonly used method for GIS layer
integration to generate suitability, potential ,
risk maps,...etc.

Building suitability models, steps

1. Define the problem or goal
. Decide on evaluation criteria
. Normalize and create utility scales

. Calculate a ranking model result
. Evaluate result

o o A w N

Options for reclassifying

Reclassification (converting
continuous variables to
ordinal scale)

If all factors are numerical
and normally distributed,
calculating normal zscore
Reclassification to fuzzy
membership values
Applying “normalizing”
calculations such as:

using minimum and maximum






- " " - .
Using minimum and maximum to rescale 3o

(R~ Ry)

x, = ——®8 _=«sandardized _range
(R~ Roa)

where R = raw score

Fuzzy logic
-."“

Premise -

e We rarely have perfect information
e We rarely have error free data
e Leads to uncertainty in decision making rules

10





Uncertainty in using GIS for suitability E::'
modeling H

e Which parameters, attributes or thresholds
should we use in our index overlays?
e What is a gentle slope?

o Ifless than 5% is gentle, what about 5.001%
slope? lIs it not gentle?

o No distinct or sharp boundaries — it is fuzzy!
i A

Fuzziness

e Refers to vagueness and uncertainty, in
particular to the vagueness related to human
language and thinking
o “the set of tall people”

o “all people living close to my home”
o “all areas that are suitable for corn”

e Provides a way to obtain conclusions from
vague, ambiguous or imprecise information. It
imitates the human reasoning process of
working with non precise data.

Crisp sets versus fuzzy sets

Crisp sets Fuzzy sets
Characteristic function Membership function
Xa: X -> {0,1} UA: X -> [0, 1]
where where
1iffXeA U,(X) is the membership
Xa(X) = { value of x in A
0iffX¢A

11





Example of crisp sets versus fuzzy

sets

e Height of three adults: A is 178cm, B is

166¢cm, and C is 181cm

Crisp set

short under 170cm

average 170 to 180cm

tall over 180cm
short ave

Characteristic Function

1| short ave tall
0 & 4
1
tall 170 180
0

height

Example of crisp sets versus fuzzy

sets

e Height of same three adults: Ais 178cm, B is
166cm, and Cis 181cmM  ,short ave  tan

1 S

Membership Function .75|
5

25) B A
0 T height
170 180
short ave tall
A 0 4 6 ‘
B .8 2 0 ‘
c 0 3 7 ‘

Steps of map integration with fuzzy
logic

12





Choice of membership function

e The grade of membership should be 1 at the
center of the set

e The membership function should “fall off” in
an appropriate way from the center through
the boundary

e The point with membership grade .5
(crossover point) is at the boundary of the
crisp set short ave tall

Choice of membership function

e The membership function depends on the
application

e EX: moderate elevation may be defined much
differently in West Virginia versus moderate
elevation in Colorado

e There are linear and sinusoidal membership
functions, | will focus on linear in the example

which follows ; Ave height

B/ \ac
0 —
1 o
170 180

Petty, J. T., Fulton, J. B., Merovich, G. T, Jr., Strager, M. P,, Stiles, J., and Ziemkiewicz, P. F. 2010.

Landscape indicators and thresholds of ecological impairment in an intensively mined
Appalachian watershed. Journal of the North American Benthological Society.

08037 <0.0001

BREEEEEEEEE]

y= 0 0022 )
R2=0811:p <0001
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Mining Thresholds - Northern Coalfields

Bayesian Change Point Analysis

Kittanning
e oo "
1 e, "1+
. et b
a4 *Le
i . e =
P -5
- f% | i £ l.. é
E I % % o 3]
E & . g B Srd,! .8
F5 0. feent pa® 3 |% . -
§ |V, 5 Bedes o, o g
24 . w = - o =2
= * ) : e ©
4 B ! .
F J
il o l ! .\4..11;.1.
Freopot | Mg e T

5% mining — consistent loss of HQ conditions (coldwater relevance)
20% mining — consistent change to “impaired” conditions.
30% mining — total carnage

Example

e We want to find an ideal location for building
a ski resort based on the following criteria:
o Steeply sloped terrain
» North facing hillside
o Higher elevation
o Near water

Fuzzy concepts ece

e An average slope of the terrain should be 30
to 50 percent (to have green, blue, black
terrain)

e Aspect if favorable when the terrain is
oriented toward the North

e Elevation is preferred from 600 meters and
up

e It is favorable to have access to water within
800 meters

14





Slope membership function

“Slope is favorable between 30 and 50 percent”

Bad slope = 0 20 <xorx>60
(x—20)/20 20 <=x <40
(60 - x) / 60 40< x<=60

1 40

510 15 20 25 30 35 40 45 50 55 60 65 70

Aspect membership function

“Aspect is favorable when the terrain is oriented towards e
north ie (0 to 22, 337 to 360 degrees aspect)

Favorable Aspect = 1 X <= 22 or x >= 337
(67 -x) /67 22 <x<=67
(x-292) /45 292 < x < 337
0 67 <x <292

ShwhooN®o=

0 22 4567 90 135 157 180 202 225 247
N E s

270 292 315 337 360

N

Elevation membership function

“Elevation is favorable over 600m”

0 x <300
(x-300)/600 300 <=x <=900
1 x>900

15





Water membership function

“It is favorable to have access to water within 800 meters”

Preferred distance =1 x <400
(1200 - x) / 800 400 <= x <= 1200

0 x> 1200

AhvwhuoNoo =

400 800 1200

Calculation within ArcGis spatial
analyst

For elevation example, use the con function which is an if than else statement

Calculation

Con( dition, true expression, false expression)

O fusgmgmct

LI I L N |l =

Conl'demutn" < 300, 0, Cond"demutm® > 500, 2, ('demutm” - 300) / 600,01}

Cutput raster

| o empietey-fuzzy

0 x <300

(x -300)/600 300 <= x <= 900

1 x>900

IEIE

16





Results in a suitability map 34

e Areas more suitable have a higher modeled
grid value result

e Weights can easily be changed to test the
spatial sensitivity of preferences

Comparison of boolean (map overlay), §§§‘
suitability modeling (index overlay) and ¢

fuzzy logic model

e Map overlay = method has most errors due to
boolean operator

e Suitability model = most subjective due to
utility scales and weight allocation method,
however weights don’t have to be
incorporated

Cont’ HH

e Fuzzy number method = least subjective and
often the best method due to the ability to
incorporate scale, accuracy errors in a
“gentler” comparison method

e Overall you must determine what is most
important to you in the study and choose a
method that fits time, money, expertise

17
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G S L

22y Mambacship (Spatial Analyiz)

S r—

ring Vakenn

Fuzzy logic summary eset

+ Flexibility of assigning fuzzy memberships
+ Choice of combination operators
+ Mimic decision by expert

- Problem of missing data

- Confusion between fuzzy membership and
uncertainty

Preference Weighting for
Suitability Studies

18





Outline H4

e Weighting techniques
o Point allocation
e Ranking methods
o Pairwise comparison
e Class exercise
e Lab: Criteria weighting for suitability models
and spatial sensitivity

Building suitability models, steps et

1. Define the problem or goal
. Decide on evaluation criteria
. Normalize and create utility scales

. Calculate a ranking model result
. Evaluate result

o o A w N

Defining weights for criteria et

e Purpose: to express the importance of each
criterion relative to other criteria

Lomims  Ehvwin  Nerwis  Srtesh

Int(("fuzzy aspect” * “fuzzy visibility" * “fuzzy power dist" * "fuzzy airport dist" *
“fuzzy elev") * 100)

19





Weighting methods et

e Differin:
e Accuracy
o Ease of use
e Understanding of decision makers
o Theoretical foundation

Weighting

e A value assigned to an evaluation criterion
that indicates its importance relative (not
absolute) to other criteria under consideration
(Malczewski, 1999)

e Weights are normalized to be within a range
of 0to 1

Methods to create weights for criteria eset
A. Rating methods
o Point allocation
B. Ranking methods
e Rank sum
e Rank reciprocal
e Rank exponent
C. Pairwise comparison
o AHP

20





A. Rating methods

LR XXl

e Require the decision maker to estimate
weights on the basis of a predetermined
scale

ie. 0to 100

0 = the criterion should not be considered

100 = the criterion is the only one that should be
considered

Point allocation

e Weights are estimated by the decision maker on a
predetermined scale, for example 0 to 100.

e In this approach, the more points a criterion receives, the
greater its relative importance.

e The total of all criterion weights must sum to 100. This
method is easy to normalize.

iteri Weight
(a:rr;tena that Elev change 10
important Wetlands 25
for ranking Roads 5
watersheds Row crops 40
Mining 20
Total 100

Point allocation method

+ unlimited number of judgments
+ very easy to use
+ applicable to GIS applications

- No underlying theoretical foundation
- Not very precise
- Difficult with more than 6 to 8 criteria
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B. Ranking methods

e The easiest method for decision makers

because they only need to come up with a
straight rank

e Most important criterion= 1, next = 2, next =
3, and so on

e Once straight rank is done, the analyst has
methods to derive weights

Rank sum, reciprocal, exponent

__Ranking methods 1o assi

g werehts. after Malezewsk: (1999

Straight 1 = most important criterion

rank is first 5 = least important of the five criterion
step

Rank sum, reciprocal, exponent

__Ranking methods to assign weights, after ha
Rank
Sum

Weight Mormalized | Weighs
Grren | Swaight [ ]
rank

Eley change | 4

Mining 2 4
Reads 5 1
Wetlands 1 5
Fow cropt ] 3
13 1.009 33 1.000
Straight n = total number of criteria
rank is first r; = the straight rank

step
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Ranking methods et

+ a good first step in working with decision
makers toward consensus

+ spreadsheet calculation
+ applicable to GIS applications

- Becomes difficult to straight rank many
criteria

- No underlying theoretical foundation
- Not very precise, just approximations

C. Pairwise comparison et

e Used by NRCS, USFS, Park Service in land

management
e Developed by psychoanalysts

Background on pairwise comparison seet
e A well-developed method of ordering
attributes or characteristics of a given set of
items (Saaty, 1972) — AHP analytical hierarchy process

e Every response the individual makes is
reduced to a simple choice between two
items.

e The result of these paired choices is a set of
items, rank-ordered in terms of which items
are chosen more often.
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Other notes

e Using the method of paired comparisons can
be helpful for ranking items that are too
numerous or too similar to mentally rank
order.

e This technique is objective, simple, and also
ensures that every participant in a workgroup
or public meeting has a voice in how things
get prioritized.

Pairwise comparison

Tntensity | Definition

Equal importance

Equal to moderate importance
Moderate importance

Moderate to strong importance
Strong importance

Strong to very strong importance
Wery strong importance

P S e S S

Wery to extremely sirong importance

Extreme importance

Pairwise comparison

Tntensity | Definition

Equal

Equal importance
Somewhat Ecual to moderate importance
prefer £ Moderate importance
Moderate to strong importance
Prefer

Strong importance
Strong to very strong importance

Verv strong importance

Very to extremely strong importance
Estreme importance

Strongly
prefer

=0 1 Y






Example of pc sheet

Parme,

For ench paired choice beiow, 3 in & ihich cri

o enkinyg wntnesheds Tor polldion poarntnd

[or equal)

/J{j; // / / -ﬁ,f
crbers Kf cé‘ / é" J.
riervetion change O 00 O wetisrnte
wrtiands O 0 00 0 0 O waengn
il b O 0 O 0 3 0 O oo
e crops 0.0 00 0 0 0 migae

LR XXl

Pairwise comparison limitation

e Number of full pairwise comparisons add up quickly!

N = number of criteria
Comparisons = (N(N—=1))/2

For 10 criteria or judgments.....
comparisons = (10(10-1))/2
=45

To limit full comparisons...

e Assume transitivity of preference (an

abbreviated pairwise test)

If A'is preferred to B and
B is preferred to C
then we assume
A'is preferred to C
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Ex of abbreviated pc sheet

[Hame

|Far each painea choice Descw, B In e CIcie [ NAICabe WK of Nese crierns
|yvou feel e mare impontant (or equal) for s8ng winatams

Degres of wisibilty Elavation

Elevabion p Westeny tacing siopes
\Westerly facing sopes O 0 O Datance amay from wrparts

Distance away om aipons Distande near powes

Abbreviated pairwise test does not allow for tests
of consistency since it assumes consistency!
(ie.ifA>B and B > C then A > C)

Ex of full pc test

Fof sach pared choge ©
¥Ou fees are mare Emport

Degree of viudty aton

Degree of vty y facing siopes

sty Detarce vy from srperts

Degree ot vscary 00000 00 Dstaweanearpose
Eievation 0 0000 0 O wesenytang siopes
Erevston 0000000 osuuweswsy romsrpots
|Esevaten 0D 0000 O oumtawenan pow
[Westeoymgzcges 0 O 0010 O O Dstance ey tom arports

Weestery tacing skpes O 000000 ouwmenear power
Datarce away bomapors 0 O 010 O O O nwsaesce near power

Step 1. create a comparison matrix

For our windfarm suitability model, assume
we use three criteria

visibility (vis)
elevation (elev)
aspect (asp)

Criterion |Vis Elev Asp
Vis

Elev
Asp
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Step 2.
e Get comparisons using selected intensities

1 = equal preference
3 = prefer
6 = strongly prefer

For finding suitable windfarm locations we find that:
Vis is preferred over elev

Vis is strongly preferred over asp
Elev is preferred over asp

Step 3.a .
e After making the diagonal values = 1, Fill in upper ¢
right corner of the matrix

1 = equal preference
3 = prefer
6 = strongly prefer
For finding suitable windfarm locations we find that:
Vis is preferred over elev
Vis is strongly preferred over asp
Elev is preferred over asp

e Fill in matrix with reciprocal values

Criterion Vis Elev Asp

Vis 1 3 6
Elev 1/3 1 3
Asp 1/6 1/3 1

Criterion Vis Elev Asp
—| Vis 1 3 6
.| Elev 1 3
—[Asp 1

Step 3.b
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Step 4.a

e Sum columns

Criterion Vis Elev Asp
Vis 1 3 6
Elev 1/3 1 3
Asp 1/6 1/3 1
1.50 4.33 10.00
Step 4.b

o Normalize the matrix

Criterion | Vis Elev Asp
Vis 1 3 6
Elev 13 1 3
Asp 1/6 1/3 1
1.50 4.33 10.00
Criterion | Vis Elev Asp
Vis .666 .692 .600
Elev 222 .230 .300
Asp A1 .076 100
®
Step 4.c

e Find the average of the rows, this will be the
weights for the criteria

Criterion | Vis Elev Asp
Vis .666 .692 .600 (.666+.692+.600) / 3 = 0.653 Visibility
Elev 222 .230 .300 (.222+.230+.300) / 3 = 0.251 Elevation
Asp A1 .076 100 (.111+.076+.100) / 3 = 0.096 Aspect
—
Sum

to1






Step 5.

e Check for consistency in comparisons by first
computing a consistency vector

creron |'vis | Elev | Asp
Vis 1 3 6 | 0653 Visivilty |Vis | (0.653)(1) +(0.251)(3) +(0.096)(6)= 1.982
Elev | 333 | 1 3 | 0.251Elevation | Elev | (0.653)(.333) + (0.251)(1)  +(0.096)(3) = 0.756
Asp 166 | 333 1 0.096 Aspect Asp | (0.653)(.166) + (0.251)(.333) + (0.096)(1) = 0.2878
~ — 1
Original Weights -
tri from 4.c Vis | 1.982/0.653 = 3.035
matrix . Elev | 0.756/0251 = 3.011
from 3.b Asp | 0.287/0.096 = 2.989
-
New consistency
vector ®
Step 6.a

e Now that we have the consistency vector, we
need to compute two more terms, lambda (A)
and the consistency index (Cl)

A = the average of the consistency
vector from step 5.

=(3.305 +3.011 +2.989) / 3
=3.101

Step 6.b

e Compute the consistency index which
provides a measure from consistency

Cl=(A=N)/(N-1)
N = number of criteria

Cl=3.101-3/31
=0.050
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o
L3
Step 7. :
H
o With the consistency it
index (CI) we can now 1 0w
use the random index 2 000
s
(RI) table to compute . 0%
the consistency ratio 5 1.12
6 1.24
(CR) 7
8 1.41
CR=CI/RI e
10 1.49
1" 1.51
=0.050/0.58 12 148
13 1.56
=0.086 - =
15 1.59
Saaty (1999) .
p-186

Step 8.

e Interpretation of the
consistency ration (CR)

If CR < 0.100 then
there is consistency in responses

In our example, since the CR is

0.086 which is < 0.100 then we can
use the weights from step 4c.!

0.653 Visibility
0.251 Elevation
0.096 Aspect "

Step 9.

e Integrate into GIS with the index overlay or
fuzzy logic grids

® Raster Calculator rzg
Layers

- [l e ! el o |
AmDnEED
| e ] o] ] ]
2| e Il [al[(n]]e=]

[vis] * [0.653) = [whov] * (0.251) = [asp] * [0.096)
s B s | Carel = |
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Pairwise comparison eces

+ good theoretical foundation for further statistical test
(Mann-Whitney)

+ easy for decision makers to understand
+ applicable to GIS applications

- Becomes difficult to straight rank many criteria

- Must check for consistency or assume transitivity of
preferences

- Time consuming computations
- Path dependency issue

Summary eset
Which method to use depends on the trade-offs
one is willing to make between
o Ease of use
e Accuracy

o Degree of understanding on the part of the
decision maker

o Theoretical foundation
o Availability of computer software

FYI: Software for weighting ecet

e Criterion Decision Plus

e Expert Choice

e Logical Decisions

e Pairwise comparison program by NRCS
e AHP Arcscripts toolbar for ArcGIS
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Other options for weights 4444

e Use modeled output from logistic regression
or principal component analysis

e Past studies or published literature
e Interview experts, survey results
e Habitat suitability indices (HSIs) for wildlife

studies T A L

B Bt Mew Fgvortes Jook Hep
SBack v =+ - D[ A Dsearch WFavorites FMeda P

A ({80t fwwow.rrw s g bt st sntro. htm
Habitat Suitabilit;
Models Series

Thie

et s 157 Hahatat f1
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Modeling Approaches for Landscape
Conservation in Region 6

ARCGIS MODELBUILDER APPLICATIONS

Different Model Types I
High
Long-Term Population Performance
= Demographic Performance
o
Q

Density

Presence Presence/Absence

Lo High
s Usefulness b

Niemuth et al. 2008

11/30/2012





Model Development

High p
Develop Empirical Models From New Data
2
2 Develop Empirical Models From Existing Data
Apply Existing Empirical Models
Develop Conceptual Models
Low I-;igh

Completion Time

Conceptual Models: Mallard Breeding Pairs

PAIRS = f(WETLAND FREQUENCY * PERENNIAL COVER)

« Perennial nesting cover - Northwest Region GAP Landcover classes

Northwestern Great Plains Mixedgrass Prairie

Northwestern Great Plains Shrubland

Great Plains Sagebrush Steppe

Northern Rocky Mountain Lower Montane, Foothill and Valley Plateau Grassland
Western Great Plains Sand Prairie

Pasture/Hay

Introduced Upland Vegetation - Annual and Biennial Forbland

Introduced Upland Vegetation - Perennial Grassland and Forbland

Recently Burned Shrubland

Recently Burned Grassland

« Wetland frequency —Wetland Basins derived from NWI

11/30/2012





I Conceptual Models: Mallard Breeding Pairs I

Percent Grass
0-10

10-40

I 40-50

M 0-100

‘wetland Frequency
1-3
4-10
_ M1z
rl T e

Management Decision Matrix

&

g

5
Applications: T
PFW Strategic Plan 3
NAWCA Grants T
Bowdoin CCP

Low

- Ringleman et al. 2005

40
Percent Grass

Lew

11/30/2012
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Conceptual Models I

* PROs
Low monetary cost
Relatively low time investment
Potentially very useful
Generally precursors to empirical models

« CONs
Difficult to assess biological outcomes
Can be difficult to validate

« OTHER EXAMPLES IN REGION 6
MT PFW Grizzly Bear Mortality
PIF Grassland Bird Conservation Areas (GBCA)
Blackfoot Breeding Trumpeter Swan

I Empirical Models: Mallard Breeding Pair Density I

_\ ‘ Duck Breeding Pairs per mile?

0-5
W5 -10

10-20
20 -30
30 -40

40 - 50
M =50

_—,
Co
8
B
| o
g
"
Ly
H
z
3
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I Empirical vs. Conceptual Models I

Ii)uck Breeding Pairs per mile?
J 0-%
-5 -0
| 0-20
- 3030
.0 -40
-0-50
-

ModelBuilder Exercise I

A Decision Support Tool for Breeding Mallard Management

Management Decision Matrix

Lew ——— Wetland Frequency ——Hi*

ik

40
Percent Grass

e
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ModelBuilder Exercise I

Modd Edt lnset View Windows Hep
B8 hERx 0 B BEMNEAD RS VP

ModelBuilder Exercise I

Objectives:

« Use ModelBuilder to build a conceptual
model

« Calculate fields using logic with VB script

« Create decision support map guiding
conservation actions
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Surface Hydrological Modeling and
Applications

Overview

» Background

e Important datasets
« Concepts

« Analysis tools

Why Watershed Analysis with GIS?

e Watershed analysis is a spatial issue
* Used to analyze regional stressors

R~






Regional stressors

1. Stream
sedimentation Ranking of Stressors
2. Habitat loss W Foor|
3. Forest ; !
fragmentation
4. Acid mine
drainage
5. Acid rain
6. Flooding

7. Invasive and non-
native species

Impacts of human activities

Mining

Agriculture Stream alterations

Watershed based frameworks

* Integrative approach
« Legislative roots in the 1972 Clean Water Act

Goal to clean up and protect US water bodies from point and
nonpoint sources

Designated uses — evaluated as part of the Clean Water Act






Watershed cataloging units

USGS Regions (2 digit)

Watershed cataloging units
U J‘

USGS Sub-regions (4 digit)

Watershed cataloging units

USGS Sub-basins (8 digit)






Statewide example

USGS 8-Digit sub-basins in WV

NRCS 10 and 12 watersheds in WV
(5" and 6™ level)

n=342
n=745

Watersheds allow us to examine issues
. reams not meeting designated uses

Cold water fishery
Warm water fishery

Safe for water contact
recreation

Public water use
Agricultural use

Industrial water use






Protect water resources

» High quality streams

Tier 2.5 - Reproducing
trout streams

Issues

¢ More local watersheds needed

* One to one relationship between land cover
runoff and receiving stream segment

¢ Track runoff from land to stream

"B Outler

Tier 2.5 - Reproducing
trout streams

Impaired streams

Watershed boundaries






Previous method

» Delineate watershed boundaries using the
topography to guide us

5 T 2 2 A






subwatersheds

GIS and water resources

¢ Geographic information systems (GIS) is a
valuable tool in water resources management

GIS in watershed management:
Elevation surface is key
Delineate watersheds
Track flow from a point
Find intermittent stream paths
Calculate drainage areas

GIS use in the hydro cycle






Hydrology

» Water balance equation

R =P-ET-F-IG-S
where: P = Precipitation
R = Runoff
ET = Evapotranspiration
F = Infiltration
IG = Groundwater
S = Depression Storage

* Inter-relationships between components
 Variation of components with time

consideration of soil condition, cover, antecedent
conditions, land practices

Surface hydrology

» Determine where the water came from and
where it is going

» Describe the behavior of water as it moves over
the surface of the earth

« Analysis starts with the creation of a
hydrologically correct surface (no sinks or peaks
interrupting drainage direction)

« Include the entire drainage .__ =

Surface hydrology

¢ Rainfall - runoff
relationships

* Runoff - above curve

« Losses - below_curve Runoff
interception
depression storage
evapotranspiration
infiltration Time

Runoff

Time






Runoff curve from gauge

Discharge, cubic leet per second
Most recent instantaneous valuee: 80 09-01-2011 13:00 EDT

S LIS ENCMTN KIVER MESK GRENT COCRPON, Y

fm

e

1

.om

§
e [ - e A g s sep
E) m o o E = a1 01
FOTRE TR TR TR TR TR TR T}

——x Provizisnal Dats Subject ts Bevizlm ——

Hedian dally stalistic (67 ynars} — Blssharpe

Source: http://waterdata.usgs.gov/nwis

Time Water Data for USGS 03076500 YOUGHIDGHENY RIVER AT FRIENDSVILLE, MD - ... [ ﬁrﬂ

1
|
1
|
r
1
i
i

« Attempts to explain the hydrological cycle (best
suited for surface runoff)

« Tools are available in GIS to measure, quantify
and display surface runoff

» Watershed based (must consider the entire
drainage to effectively model interactions)

» Begins with an elevation surface






Elevation surface

-

m 2,001 - 2,100
- 2,100 - 2,200
= 2,201 - 2,300
- 2,301 - 2,400
- 2,401 - 2,500






National 1 seamless DEMs

To combine dems
Mosaic CER

—_—— R

ol |

+ [

5] coms | i | it

If you have a *.dem file

&

» Depressions in the DEM where water gets trapped

« A sink prohibits calculating future flow direction grid
values.

* A sink occurs when all neighboring cells are higher than
the processing cell.

* Sometimes they are natural features!

Prafil & sigw of & sink
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Flow directio

Created from an elevation surface
Direction values are assigned

Flow direction grids are used in many hydro
GIS functions

32| 64 | 128
i

16 1
¥

8 |4 | 2

Flow direction

eated rrom an elevatio uria
Direction values are assigned
Flow direction grids are used in the other flow functions

[T
B
2

ELEVATION

Flow accumulation

Created from a flow direction grid
Accumulates all uphill water into each cell

Cells with high flow accumulation area are areas
of concentrated flow
Output cells with a flow accumulation of 0 may

be used to identify ridges or watershed
boundaries.

12





Flow accumulatio

* The accumulated flow is based upon the number of cells
flowing into each cell in the output grid. The current
processing cell is not considered in this accumulation.

n|:anas ﬂo|u‘uu L]
8|8 B |44 8 o 1 (1 BEae
v lzla e o s|7 s|alo
Sl s | = o |ola = o
2 (2 14|44 o0 |0 w?n
EEEEREY B o2 & |7 @
FLOW_DIR FLOW_ACC

flow accumulation : /\v\d o id
Value N K\ {_,.é:.__,_
i i

I High : 187019

Low : 0

Summary of spatial technigques and tools
available within a GIS

Elevation grid
Fill sinks

Any sinks? _______, Yes \
\ R Flow direction

Flow accumulation

Allows for additional landscape based analysis
— _

N

Stream delineations ~ Stream order

Watersheds Riparian areas

13





Automated watershed delineations

* Requires a flow direction grid and flow
accumulation grid which are derived from

elevation
32 64) 128
t

RRORBOOR 3

GIS data needed for hydro work

Flow
direction

Elevation

.| Flow
“u| accumulation

hed delineation

14





Mapped
streams
from the
1:24,000
topomap

Mapped
streams
from the
1:24,000
topomap

Intermittent,
debris slides,
accumulators,
path of easiest
descent exist

15





Find intermittent stream paths

16





Calculate drainage area

Flow accumulation grid = tells us the
number of cells of a certain area that
flow to a point

Drainage
area?

Calculate drainage area

Flow accumulation grid = tells us the
number of cells of a certain area that

flow to a point

Lo T -
Flow Accurmulation]
+ 280721

Calculate drainage area

So, if there are 280,721 cells that flow to that
location...

and each cell is 3m by 3m in size (9sq meters)
Then

The total drainage area is (280,721) * (9) =
2,526,489 sq meters

Or
2,526,489 sq meters * 0.00024718 = 624 acres

17





Summary points

* Watersheds are the key unit of analysis for
examining water quality issues

e Scale issues require us to delineate smaller
watersheds for local issues

e GIS can aid in watershed management by
Using elevation grids
Delineate watersheds
Track flow from a point
Find intermittent stream paths
Calculate drainage areas

Limitations

« Static snapshot of data
¢ Older Elevation grids
« Only modeling surface interactions

In ArcToolbox

18





Stream order

« Assigns a numeric order to stream segments

+ Classifies streams based on the number of tributaries

+ Requires a flow direction grid and that streams be represented as rasters
* Uses either Shreve or Strahler ordering methods

Shreve ordering Strahler ordering

Stream order calculation

Stream Order

[ o

= M strahler ) N ~
ml (A
m?2
m3
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Flow length

» Created from a flow
direction grid
* Calculates flow length

Upstream: from each cell
to the top of the drainage ~—
divide

Downstream: for each cell
to a sink or outlet

Flowlength down to outlet

= M flowdown
Value
@ High : 17005.9

i low: 0

20





Stream link

« Assigns unique values to sections of the raster linear network
« All cells in a stream segment are assigned the same value
« Attribute information can be related to each unique segment or link

1 Stream linking

Stream link syntax

O i o e |

Zonal statistics

* As an example, if stream =
. o datanet [rtmwerazs =] &
segments are unique (by P =
using the stream link P e | 77
command) you could now 7 e Nt et
find the min, max, mean, T T —
elevation for each stream Ao e
« Or for delineated watersheds 2EE= e “f'
that had a unique code, you e

could do the same






Applications

Overview

* Stream flow estimation

e Terrain analysis
concave/convexity, moisture index, riparian buffers

» Stream order and stream flow length
* Finding potentially affected streams

Stream flow modeling

* Why try to estimate it?
Important for water quality modeling
Permitting discharge sites
Biological importance
Recreation

Flood forecasting






Literature based approaches

» Stream flow is a function of many different
variables which differ across the country

» GIS is often used to compute these variables

» Variables are compared to recorded stream
flow from gauges

* Linear, log linear, multivariate statistical
approaches are used to interpret
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Using drainage area to estimate stream flow

» More of a “back of the envelope” approach

» Uses ratio between drainage area and gauged
flow to estimate flow

* Assumes stream flow is the same per unit area
as a nearby gauge

 Best for sites near gauged locations (ratio .3 to
1.5) and on the same watershed

Flow accumulation for drainage area and flow estimation

» The values from the flow accumulation grid can
be used to estimate drainage area

» The ratio of stream flow at a known gauge
location with drainage area can be used to
estimate flow upstream

Flow accumulation interpretation

# of cells * cell size? = drainage area in
meters squared

Example:
If you have 5000 for an FAC value and a 20m
Cell size, then your drainage area would be:
5000 * 400 = 2,000,000 meters squared

To convert meters squared to acres, multiply by 0.00024718
Or for the example above 494 acres

To convert meters squared to square miles, multiply by 0.000,000,3861
Or for the example above 0.772 square miles
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Steps for ratio method

1. Find USGS gauge location downstream and in
the same watershed

2. Summarize the recorded flow from gauge
(USGS web site)

3. Find the FAC values at gauge and location of
interest

4. Apply ratio of flow to drainage area at gauge to
all upstream drainage areas in the FAC grid

USGS gauge data (http://waterdata.usgs.gov/

[T ooy —————

Example

+ Big Creek gauge at mouth of the watershed has a drainage area of 187,003
FAC units and an average May flow of 56 cfs

+ Using the ratio method below, we can find stream flow for the entire
watershed's streams for May by dividing the FAC grid by 3339 to create a
stream flow grid in cfs

USGS gauge FAC value FAC values upstream
Flow value in cfs Computed flow in cfs
187,003 / 56 = FAC values upstream / computed
flow in cfs
Or
FAC values upstream / 3339 = computed flow in cfs
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ssumpti / limitatio

« lack of interception, evapotranspiration,
baseflow from groundwater

« distribution of rainfall

« limited to natural systems (no dams or
impoundments)

Watershed characteristics affecting runoff

Watershed configuration
size
shape
orientation
stream network

Topography
Geology
soils, infiltration and erosion characteristics

Surface culture
agricultural practices
residential land use practices

Structures
hydrologic modification

Watershed characteristics affecting runoff

» Watershed shape
For a given area, watershed width affects the overland flow pattern
Effects can be seen in terms of the time of concentration of flow
The larger the width the longer the time of concentration
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-Water Transform Coefficients

Water quality

Sediment yield

Land-Water Transform Water
Connection Coefficient T
Water yield Runoff coefficient, C Land

Flood runoff SCS Curve Number, CN

Groundwater Recharge rate (mm/yr)

Expected Mean Concentration
(mg/)

Erosion rate (tons/ha-yr)

Terrain analysis - moisture index

» Simply a function of two factors:
How much water is flowing into the area
How fast the water can flow out

Ln [(catchment area + 1) / (slope + 1)]

* NOTE: this is a relative moisture index, so the resulting
numbers do not have units
Higher more positive numbers are wetter
Lower more negative numbers are drier

Calculating a moisture index

» Compute a flow accumulation grid
» Compute a slope grid
* Input into the raster calculator:
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E&deadg

ainix]

Curvature

Curvature

 Areas of convex profile curvature = areas of
erosion

 Areas of concave profile curvature = areas of
deposition

Concave surface

Convex surface Negative profile

Positive profile curvature

curvature Slope decreasing

Slope increasing

Deposition

Erosion

28





ArcMap Curvature tool

Output profile curve raster
dataset.

i.
i
|
This is the curvature of the _— ‘

surface in the direction of
slope.

This is the curvature of the
surface perpendicular to Y il i S Vi
the slope direction.

Curvature result

Riparian areas

» Riparian areas are next to streams, springs,
rivers, ponds and lakes. Physical characteristics
that influence riparian areas vary considerably
and include

slope, aspect, topography, soil,
type of streambed material, water quality, elevation,
size, and adjacent plant community
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#——Upland—e Riparian

Green Line Green Line
Water

Line

wa— Lipland —=

Why analyze riparian areas?

* When properly functioning with plenty of
vegetation, it provides
reduced erosion
improved water quality
floodplain development
trapping of woody debris
flood water retention and ground-water recharge

habitat for fish
Clean, cool waters, stable channels, sustained water supply,
bank overhangs for shelter, plants and animals for food, little
or no silt to improve reproduction

increased use for wildlife

Riparian area delineation

» Most riparian areas are defined by uniform
buffer widths in GIS

« An alternative is to use the slope away from the
stream as a-delineation criteria
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Variations in riparian areas

31





Riparian area delineation — cost weighted method

= =
o T R T |

NOTE: be sure raster streams are 1 for streams and
nodata for background

Cost weighted method steps

1. Set Processing extent in Geoprocessing-> Environment
Settings-> Processing Extent

2. Start with a shapefile or raster grid of streams (1 for cells
and nodata for background) to find riparian area

3. From an elevation grid, calculate the slope in either
percent or degrees and use it as the “cost raster”

4. Leave the maximum distance blank and do not check
creation of other grids

Cost weighted method steps

4. Query a cell value with the identify tool to use as the
distance to define the riparian area (first slope break is one
option)
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Cost weighted method steps

5. Use the raster calculator to query the cost
surface for this value, you may then convert to
shapefile or define contours for the cost surface
(defined riparian area), or find areas of natural
cover : =

Determine the land cover in the riparian area

» Use a land use/cover grid to first select all
forested, grassland or natural cover

alfl x|

Values:
1,2,3,11,13,14,15up
are healthy riparian
cover classes

Reclass to show
problem areas

5 S

Identifying potentially affected streams

« Overland flow non point source pollution is the number one water
quality problem in the majority of US waters (EPA, 2010)

« Almost 20% of the streams are impaired and not meeting designated
uses

« Sources include mine drainage, leaking or overflowing sewage
systems, illegal homeowner discharges, runoff from agriculture and
urban areas






Identifying potentially affected strea

» Source of potential pollution can be mapped as
points (discharge seeps), lines (mining
headwalls), or polygons (nonpoint source
pollution)

» The source is used as the weight grid in the flow
accumulation function

« A network streamgrid shows the stream and the
location where the potential pollution would
enter the stream

To find potentially affected streams

e Inputs
A flow direction grid

A raster or grid representation of the streams (derived
from fac)

Mapped pollution sources converted to grids and
reclassified to 1000
» Modeling process

Use the mapped pollution sources as a weight grid in
the flow accumulation command

What we are \
trying to show — ]
which streams
and where in the
streams runoff
enters
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Potentially affected streams interpretation

Can be used to direct water quality sampling
efforts

Very useful for large river systems and
watersheds

Can be used as a water quality prediction model
Limitations: does not include any landscape
alterations after DEM was created (diversion
ditches, etc), detail of sources and resolution of
DEM

l____n = =
Modeled Tatal su's&emeu s0lids (mpil)
Zero orno |
0.001 - 86 352
BB352 - 172,704
W 172 704 - 259 056
258 056 - 345 403

Summary notes

Best to perform hydro analysis at the watershed
level not county

Many of these global operations are very
computer intensive, limit the size of the study
area as much as possible
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Modeling Approaches for Landscape
Conservation in Region 6

ARCGIS MODELBUILDER APPLICATIONS

Model Development I

High

Develop Empirical Models From New Data

Cost

Develop Empirical Models From Existing Data

Apply Existing Empirical Models

Develop Conceptual Models
Draw-FocusAreasomaMap—

- ——
Low

Completion Time o
Niemuth et al. 2008
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Empirical Models from Existing Data I

Regression models for count data using Breeding Bird Survey data.

BBS routes density varies by state
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I BRWCA Breeding Bird Survey Routes I

I WY
- Project Area

} - 4.8 million acres

33 total routes.
/ t

ID - Used 32 routes

UT |
é\ ‘} = BBS stops were created by
f_ /S - Route observers (3)
S 7 - BBS web site (1)
L - Derived from routes (29)
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Sage Thrasher (Oreoscoptes montanus)

Southern Rockies

BBS TREND — 1966-2009 Survey-wide Abundance

‘s
005-1
E ' >1-3
=3 -10
4 \ M = 10-30
y , M > 30-100

M Above 100

Survey-wide Trend

Q,, »
X047 |

W,

I Less than -1.5
O0-1.5t0-0.25

O -0.25t0 +0.25
O +0.25t0 +1.5
M Greater than 1.5

Analysis Approach

» Competing Model Analysis
- Compare candidate set of models using AICc

» Validate Best Model
- Goodness of Fit
- Predictive ability
- Spatial Autocorrelation

* Apply best model to landcover data in BRWCA

* Provide BRWCA planning team with priority maps and
data layers

(Burnham and Anderson 2002)
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Potential Model Covariates I
COVARIATE DESCRIPTION
STOP proxy for time of day
NORTH UTM northing meters
EAST UTM easting meters
ELEVATION DEM meters
SLOPE percent
GRASS proportion in landscape
HAY proportion in landscape
CROP proportion in landscape
FOREST proportion in landscape
SHRUB proportion in landscape
WATER proportion in landscape
URBAN proportion in landscape
PATCHES number in landscape
PONDS number in landscape (NHD)
PRECIP PRISM 30 year monthly May mean (mm)
ROUGHNESS surface area ratio (1-4)
I BBS Stop Level Analyses I

= B
.r’“ 3 BV by

B e ¢
L

Evaluate Landscape Composition at Multiple Scales (meters):
200 400 800 1200 1600 2400 3200
Niemuth et al. (2002)






SATH Model Selection

Used all BBS routes ran in year 2000

- Corresponds with landcover imagery dates

* Run competing full models for landscape measurement

(400m, 800m, 1200m, 1600m, 2400m, 3200m)
- 1200m best model (A > 3 AlCc)

» Poisson vs Negative Binomial Distributions
- Mean: 0.24 Variance: 0.41
- Negative Binomial (A > 21 AICc)
- Likelihood Ratio Test: P < 0.001

Tested need for zero-inflated models
Observed  Poisson  Negative Binomial
867 843 865

SATH Competing Models Analysis

BBS Data Year: 2000

Model Type: Negative Binomial Regression ‘ 1

Landscape around each BBS stop : 1200 meter radius

MODEL LL K AlCc deltaAlCc weight

NORTH + EAST + ELEV + URBAN1200 + GRASS1200 + WATER1200 + CROP1200 +
FOREST1200 + SHRUB1200 + PATCH1200 + ROUGH1200

-492.52 13 |1011.40 0.00 0.905
NORTH + EAST + ELEV + SLOPE + URBAN1200 + GRASS1200 + SHRUB1200 +
FOREST1200 + HAY1200 + PATCH1200 + PRECIP1200 + ROUGH1200

-494.05 14 |1016.51 5.11 0.070
FULL

-490.98 18 |1018.65 7.25 0.024
NORTH + EAST + ELEV + SLOPE + URBAN1200 + GRASS1200 + WATER1200 +
SHRUB1200 + FOREST1200 + HAY1200 -502.16 12 |1028.62 17.22 0.000
NORTH + EAST + PATCH1200 + PONDS1200 + PRECIP1200 + ROUGH1200 -540.49 8 1097.11 85.71 0.000
NULL -609.62 2 |1223.25 211.85 0.000
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BRWCA Sage Thrasher Model

SATH = EXP(By + B1(NORTH) + B,(EAST) — B3(ELEV) — B,(URBAN) +
B=(GRASS) + B4(WATER) + B,(CROP) + Bg(FOREST) +

Bo(SHUB) + B1o(PATCH) — B11(ROUGH))

Coefficients:

Estimate

{Intercept) 4.
NORTH 2§
EAST 1
ELEV -3.
URBAN1200 -5
GRASS51200 2
WATER1200 3.
CROP1200 4.
FOREST1200 3.
SHRUB1200 6.
PATCH1200 3.
ROUGH1200 -2.

Signif. codes:

699e+00
197e-06
295e-05
411e-03
357e+00
558e+00
133e+00
200e+00
897e+00
306e+00
350e-03
521e+01

EREE T

std.

8.
.101le-06
.176e-06
61%e-04
.192e+00
.592e+00
.386e+00
.375e+00
.396e+00
.250e+00
.38Be-03
.844e+00

W =] (=

[uey

0.

OV = e

312e+00

001 Ye&s

Error z value

0.565

2.902
4,076
-4.477
-1.678
. 607
.260
.054
+ 192
.044
.413
.684

WNORNWR P

0.01 **f 0,05 YW 0.1

Pr(>|z])
0.57182
0.00370 *%*

4,57e=-05 **%*

7.58e=-06 ***
0.09332 .
0.10797
0.02380 *
0.00226 &%
0.00524 *=*
4.56e=07 ***
0.01584 *
0.00023 **%*

Sage Thrasher Model Validation

Model Goodness of Fit:

- Chi-squared

test

How well does the model predict? 2 tests

Year Method

2001 Observed vs Predicted
2000 10-fold cross validation

What does this mean?
- Large errors in predictions did not occur.

- Average difference between predicted and observed

SATH was 0.19 in 2001

Spatial Autocorrelation

RMSE
0.51
0.34

MAE
0.19
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Sage Thrasher Density in the BRWCA

NB Regression Model
using BBS data from
2000

Sage Thrashers per 1.75 mi2

Oo
1
=2
a3
04
s
¢

Citations

Burnham, K. P., & Anderson, D. R. (2002). Model selection and multi-model inference: a practical
information-theoretic approach. Springer.

Niemuth, N. D., Estey, M. E., & Loesch, C. R. (2002). Developing spatially explicit habitat models for grassland
bird conservation planning in the Prairie Pothole Region of North Dakota. In Bird conservation
implementation and integration in the Americas: Proceedings of the Third International
Partners in Flight conference (pp. 469-477).

11/30/2012





11/30/2012

I ModelBuilder Exercise: Data Prep I

Model Edt Insert View Windows Hep

| K?’::"“_’:\ r. B : B
@ - el
- -
S =
® = - _
ModelBuilder Exercise: Data Prep I

Objectives:

» Use iterators in ModelBuilder

» Use nested/sub models in ModelBuilder

* Apply in-line variable substitution in
ModelBuilder
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I ModelBuilder Exercise: SATH Abundance I

o e

1 EOn[nEE O/
| R Sk =
e D] -
[ HERE.

Expl 5426 + (0000003155 * Drwca_utmy’) + (000001299 = brwea_utmy} - (0.00341 *
Tveca_dem] - (5361 urban12007) + (2,584 * “rass12007) +(3.155 7 “waler 12007 + (4.233 %

Cutpust raster
C:lpropcts\CR FI01VER_Exerase\brwcs_project.gdbibrwca_sath_2000 @

oo ][ canca | | [ showbse >

ModelBuilder Exercise: SATH Abundance I

Objectives:

+ Use ModelBuilder to create resource variables
for data analysis in R

+ Use fixed-effects regression approach in R to
estimate relative abundance

« Create raster predictive map from estimated
generalized linear model coefficients
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USFWS - NCTC

MODELING RESOURCE
SELECTION

CREATING A PREDICTIVE MAP

U.S. Fish & Wildlife Service
“ National Conservation Training Center
J Shepherdstown, West Virginia

NATIONAL
CONSERVATION
TRAINING
CENTER

Learn How To...

Use ArcGIS to extract resource variables for data

analysis in R

Use a mixed-effects logistic regression in R to
create resource selection functions (RSF)

Create a predictive map from the estimated

resource selection functions
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USFWS - NCTC

Resource Selection Function (RSF)

A statistical model (i.e., an equation) that
estimates the relative probability of use

RSF = EXP(B,X; + B)Xp.... B,X,)

Used to predict species distribution, abundance
and resource preference

Study Site

Pendleton

{

A
Portland

La Grande .
STARKEY /

EXPERIMENTAL

v | FOREST & RANGE
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USFWS - NCTC

Mule Deer Vector Datasets

« 7 Deer (Aug-Oct, 2008)
« 38,235 GPS Collar locations

+ 8 Habitat Types

Mule Deer Raster Datasets |

Distance to Elevation Slope
Roads
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USFWS - NCTC

Step 1 - Extract Values to Points

What was Used What was Available

Step 2 - Compile Dataset for R

Table @
E-B- R
Eric_Data.csv x
OBJECTID roads elevation slope Hab_type | Used | RADIO -
25316 20 T240.5 | 36.4002 | WD o[ 7
20224 | 1018 1296.7 | 36.6723 | PPOL 0| @
26444 | 2206 1335.5 | 36,9185 | MESL 0| et
%% | s 7173.3 | 36.9323 | MESL 0| _res
26445 1845 3038 | 40.7118 | PPOL D
322101129 13045 | 40.9043 | PPOL D
7671|474 71636 | 41,2807 | MESL D=3
3522|1550 12336 | 417374 | MESL 0| 78
71055 | 1824 T306.6 | 419417 | MESL =
18383 | 1124 12918 | 423483 | PPOL 0|
45063 | 5% 7166 | 42,6264 | MESL R
45064 | 598 T166 | 42,6268 | MESL 1] 63
T3] S8 T174.4| 43298 | MESL 0| 178
17955 | 1321 13315 | 427815 | PPOL 0| e
R T268.2 | 44.1544 | WD DD
5036 | 1482 T267 | 44.4206 | MESS DD
5061|598 TI716 | 451302 | MESL D
45062 5% TI716 | 451302 | MESL D
TIz18 | 1321 330 | 471792 | PPOL T e [
107761400 T270.9 | 47,4628 | WESS o] 16| -
T 0 v+ [E/S | ©outof 76345 Selected)
Eric_Data.csv
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USFWS - NCTC

Step 3 - Run and Evaluate the Model

Random effects:
Groups Name Variance 5td.Dev.
RADIC (Intercept) 0.05811 0.2431
Number of obs: 76356, groups: RADIO, 7

Fixed effects:
Estimate Std. Error z value Pr(>|z|)

(Intercept) -2.029e+00 1.952e-01 -10.39 <« Ze-1f **#%
Hab_typeMESIL 7.185e-01 1.99%e-02 35.95 <« Ze-1f **#%
Hab_typeMESIS 6.469e-01 3.326e-02 19.45 <« Ze-16 **#%
Hab_typeMM -1.383e+00 1.754e-01 -7.89 3.10e-15 #**#%
Hab_typePICOL -6.220e-02 4.877e-02 -1.28 0.202

Hab_typePICOS -5.547e+00 7.087e-01 -7.83 4.9Be-15 #**#
Hab_typePIPOL 9.041e-01 2.413e-02 37.48 <« Ze-16 **#%
Hab_typePIPOS -2.375e+00 4.614e-01 -5.15 2.85e-07 **#%
elevation 1.521e-03 1.20%e-04 12.58 <« Ze-16 **#%
alope 1.350e-02 1.341e-03 10.07 <« Z2e-16 **#%
roads -1.421e-03 1.959e-05 -72.53 <« Ze-1f **#%

Signif. codes: 0 ‘*%#%f (0.001 ‘**f 0.01 **" 0.05 *." 0.1 * " 1

Step 5 - Create Predictive Values

Create a Point Grid & Extract Values to Points

Use the RSF to Calculate Predicted Values in Excel

ENd
hd Jfe | =+EXP(B2*-0.00421+C2*0.001521+D2*0.035+F2*0.7185+G2*0.6469+H2*-1.383+12*-0.0622+)2*-5.547+K2*0.9041+12*-2.375)
B z D E F G H 1 J K L M
roads elevation slope Hab_type  MESIL MESIS MM PICOL PICOS PIPOL PIPOS  Predicted
30 1471.60000000000 1.21532000000 PICOL 0 0 0 1 0 o 0] 8. 377
42 1471.20000000000 0.79117100000 MESIL 1 a 1} 0 0 o o 17 377
60 1471.10000000000 0.54540500000 MESIL 1 0 o 0 0 ] ] 15 377
60 1471.20000000000 0.50629100000 MESIL 1 0 1] 0 0 o o 15 377
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USFWS - NCTC

Step 5 - Create Predictive Map

=y ez |

Value
I High: 46,8678

Low : 1.00022e-005

Convert Points to Raster using
Predicted Values for the Cell
Values

Recommended Reading

Bryan, F.J. Manly, et al. 2010. Resource
selection by animals: statistical design and
analysis for field studies. Second edition.

Also, see the PDF’s in the Publications folder
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