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GIS IN ECOLOGY:
MORE RASTER ANALYSES

Introduction

In this short course you'll learn more of the functionality in ESRI's ArcGIS software. You may
recall that Spatial Analyst tools work on local functions (single cells), focal functions (cells within
a neighborhood), zonal functions (cells within zones), global functions (all cells within the
raster), and application functions (combined layers of cells to perform a specific application).
You'll focus on various application functions, such as viewshed, hydrology modeling,
interpolation, and (least) cost path. Consult the ArcGIS Desktop Help for more thorough
information.

More Raster Application Functions
The following is a brief summary on the application functions you will perform:

Viewshed

Viewshed identifies the observation points that can be seen
from each cell in the input raster. Each cell in the output raster
receives a value that indicates how many observer points can
be seen from each location. If you have only one observer
point, each cell that can see that observer point is given a
value of 1. All cells that cannot see the observer point are
given a value of 0. Parameters can be set in the attribute table
to control the field of view, the height of the observer and target
cells, and the view radius.

Hydrology Modeling

Some of the hydrology modeling methods includes flow directions, flow accumulation, creating
watersheds and stream networks. Filling sinks creates a depressionless DEM and is often a
prerequisite for the other tools to function properly.

Interpolation

Interpolation predicts values for cells in a raster from a limited s .
number of sample data points. It can be used to predict unknown + T % z
values for most geographic point data: elevation, rainfall, e Pale o
chemical concentrations, noise levels, and so on. There are T AN W
several ways to create raster surfaces from point data. The . -

interpolation methods in Spatial Analyst are:
e Inverse Distance Weighted
e Spline
e Kriging
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Each interpolation method makes assumptions about how to determine the estimated values.
Depending on the phenomenon you are modeling and the distribution of sample points, different
interpolators produce better models of the actual surface. Regardless of the interpolator, the
more input points and the more even their distribution, the more reliable the results.

Cost Path

Also called the Shortest Path and Least Cost Path analysis, the
Cost Path function determines the path from a source point to
destination(s). Once you have performed the Cost Weighted
Distance function, creating distance and direction rasters, you
can then compute the least-cost (or shortest) path from chosen
destination(s) to your source point.

Data Sources

The data used in this short course are for NTS map sheet 083C (Brazeau), have a scale of
1:250,000, a projection/datum of UTM NAD83 Zone 11, and map units in meters. Source:
NRCan and CanSIS (NTDB, CLI, and CDED) digital data from GeoGratis
http://geogratis.cqdi.gc.ca and GeoBase http://www.geobase.ca. The following table provides
further metadata for each geographic layer in the course dataset in the \\bio _print\Courses\GIS-
1004 _MRA folder:

Name Description Feature Data Model
locations.dbf  sampling locations (for interpolation) Point Table
rivers streams and rivers Line Vector
roads roads Line Vector
crossing locations of animal road crossings Point Vector
destination end point telemetry location (for cost path) Point Vector
source starting point telemetry location (for cost path) Point Vector
boundary boundary of study area Polygon Vector
habitat forest/ungulate habitat Polygon Vector
dem digital elevation model — 30 m cell size Raster Grid Raster
Tasks

Viewshed, hydrology modeling, interpolation, and least accumulated cost path.
Raster Recap

Starting the map document

1. Copy the “4_MRA” folder from \\bio_print\Courses\GIS-100 to C:\WorkSpace

2. Start ArcMap by choosing START >>> PROGRAMS >>> ARCMAP

3. Start using ArcMap with a new empty map

Enable the Spatial Analyst extension and show the toolbar.

4. Choose TOOLS >>> EXTENSIONS and click in the check box beside Spatial Analyst
to enable the extension and click CLOSE

5. Choose TOOLS >>> CUSTOMIZE and make sure there is a check beside the Spatial
Analyst toolbar and click CLOSE

6. Click and drag the toolbar so it is positioned where you want

7. Add ALL the data from the \4_MRA\Brazeau.gdb

8. Symbolize each layer appropriately
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Setting the spatial analysis options

You need to specify the working directory, extent, and cell size defaults you wish to use for
your spatial analyses to control the area of analysis and output.

9. CREATE FILE GDB named \4_MRA\Work.gdb

10. SHOW ArcToolbox and right-click its name to choose ENVIRONMENTS

11. Under the GENERAL settings:

e Set the Working directory to Work.gdb

e Set the Extent “Same as layer dem”

e Set the Snap Raster to “dem”
12. Under the RASTER settings:

e Setthe CELL SIZE “Same as layer dem”
13. Click OK

Converting features to raster

14. In ArcToolbox, choose CONVERSION TOOLS
>>> TO RASTER >>> FEATURES TO
RASTER

15. Select the following:

¢ Input features: habitat

e Field: “LANDCOVER”

e Output cell size: 100

e OQutput raster: landcover
16. Click OK

#° Feature to Raster g@
Input features
| habitat | ﬂ
Field
| LANDCOVER |
Cukput rasker
| CiiworkSpaceld_MRAVWork, gdbylandoover g

Qutput cell size {optional)
| 100 =

(914 | Cancel | Environments. .. | ShowHeIp>>|

17. REPEAT the conversion on habitat using the “WINTER” field and save as winter
18. SAVE the map document (e.g. \4_MRA\Brazeau_yyyymmadd.mxd) with relative paths

Viewshed — Determining Visibility

The viewshed function works with point data (or
nodes associated with line coverages) and allows you
to identify the cells in an input raster that can “see” an
observation point or a number of points. In this
example, you wish to determine the cells in the
landscape that are visible from the locations of
observed wildlife crossings. By determining the area
of visibility you can get an estimate of landcover seen
by the large mammals that utilize the area. The
available data are a DEM, landcover, and crossing
points. The following instructions show how to apply
viewshed and then intersect with landcover to answer

# Viewshed

B=%]
Input rasker
|dem ﬂ g
Input point or polyline observer Features
= &
Cukput rasker

| CiworkSpaceld_MRAWork, gdblviewshed =

Z factor {optional)

| crossing

1

I ilze earth curvature comections [optionalf

Refractivity coefficient {optional)

oK | Cancel | Environments...| Show Help == |

the question: How much forest is visible from the road crossings?
1. In ArcToolbox, choose SPATIAL ANALYST TOOLS >>> SURFACE >>> VIEWSHED

2. Specify the following:
e Inputraster: dem
e Input observer features: crossing
e OQutput raster: viewshed

3. Click OK
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The new layer classifies the output raster as Visible (all values 1 or greater) or Not Visible
(cells with a value of zero). You may add specially named fields to the attribute table of the
observation layer to set a number of visibility parameters. For example, a distance of 2000
may be added to the “RADIUS2” field to limit the areas outside a 2 km search distance.

Optional
viewshed
parameters Defines Default Value
SPOT an absolute height for the observer (for example Bilinear interpolation
3,000 meters for an airplane) estimated elevation
OFFSETA adds an offset height to the observation point 1
adds an offset height to all non-observer cells
OFFSETB when they are being analyzed for visibility 0
set the beginning and ending horizontal angles
';ileUTHl (in degrees from 0 to 360, with 0 being due 0 and 360
AZIMUTH2 north) to limit the analysis, which proceeds (entire input raster)
clockwise from AZIMUTH1 to AZIMUTH2
VERTLand i posiive angles are above the 20107 VERTL
VERT2 . Y: P g . -90 for VERT2.
horizon and negative values are below it
RADIUSL limits the visible distance outside the search 1
distance from each observation point
limits the visible distance inside the search -
RADIUS2 distance from each observation point Infinity

In the table of contents, right click on crossing
Choose OPEN ATTRIBUTE TABLE

Add a field called RADIUS2
Keep defaults for Short Integer data type and click OK

4
5.
6. Click OPTIONS >>> ADD FIELD
7
8
9

Right click on the “RADIUS2” heading
. Choose CALCULATE VALUES...
. Enter “2000” and click OK
. REPEAT the Viewshed calculation at step 2 above but save as viewshed?2
. CHALLENGE: Use the SELECT FEATURES tool to highlight a section of the roads layer

and run the VIEWSHED tool using the roads as the observer, save as viewshedr (don’t
do all roads during the short course because this takes a loooong time to process)

14.

CLEAR SELECTED FEATURES when done

i Raster Calculator

Lapers:

viewshed
winiter

girgcover I:l jﬂﬂ jﬂﬂ Abs
j jﬂﬂ jﬂﬂ Ceil
I N N
| o | D]

Aithmetic Trigonometric

Int Sin ASin

Float Cos ACos

Floar | IsMull Tan | &Tan

Logarithms Powers

([viewshed] = 0) * [Iandcover]|

About Building Exprezsions |

Exp Log

Sqrt ‘

Exp2 ‘ Logz ‘ Sqr ‘

Expl0 FPow

LoglO ‘

Evaluate | Cancel | <4

Now to calculate the amount
of secure habitat available,
you must intersect the areas
that are visible with the
landcover raster. Visible cells
that contain forest will have
more hiding cover available
than other land cover
classes.

15. Choose SPATIAL
ANALYST (toolbar)
>>> RASTER
CALCULATOR
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16. Enter the expression: ([viewshed] > 0) * [landcover]

17. Click OK

18. Right click the Calculation and choose DATA >>> MAKE PERMANENT

19. Save to and change the layer name to Work.gdb\landview

20. OPEN ATTRIBUTE TABLE to examine it

Because the cell size is 100 m, each cell has an area of 1 hectare (10,000 square meters);

therefore, the “COUNT” field indicates the total area of each landcover class in ha. Cells in

the viewshed having the value for Forest (1) will probably provide more secure habitat than
open classes. NOTE: The Raster Calculator is a handy alternative to the Map Algebra tools
located in ArcToolbox.

Hydrology Modeling — Creating Watersheds from a DEM

These instructions enable you to create watersheds of specified area using a (hopefully, a good
guality) Digital Elevation Model (DEM). In this example, you wish to delineate topographic
boundaries based on drainage basins that drain to the crossing point features (these points are
actually where roads and rivers intersect).
1. Turn off all layers except dem and boundary
The following four steps are performed in sequence to model watersheds from the DEM
using the Hydrology toolset:
o Fill the sinks in the DEM to create a depressionless surface
e Calculate the direction of flow for each cell
e Calculate the flow accumulation
e Calculate the watersheds based on pour points

Filling the sinks
2. In ArcToolbox, choose SPATIAL ANALYST TOOLS >>> HYDROLOGY >>> FILL

3. Select dem as the input surface 2 Fill M=%
4. Specify an output file \Work.gdb\fill S
5. Keep Fill Limit at the default to fill all [dem - 3|
6. C“Ck OK Output surface raster
| C:iworkspace\s_MRAWork. odbifil ﬂ

The resulting grid is essentially a smoothed-over
DEM in which extreme topographic differences

are filled in. This is required so the direction and
accumulation algorithms don’t get stuck in a hole o] comel | Enviomerts...| stowksp>> |
with nowhere to go.

Z limit: {optional)

" Flow Direction =Jod| Calculating flow direction

i?iﬁ“t strface raster = ﬂ 7. Choose SPATIAL ANALYST TOOLS >>>

T T—— HYDROLOGY >>> FLOW DIRECTION

[ C\workspaces_MRAYWork.adbifiowdi] = 8. Select fill as the input surface

I Force all edge cells to flaw outward [optional] 9 SpeC|fy an Outpu'[ f||e \WOI‘kgdb\flOWdlr

Output drap raster {optianal) 10. Optionally, set the other parameters

| = 11. Click OK
This results in a grid in which each cell is assigned a

oK cancel | Envionmerts... | showrep>> ||| COde indicating the direction of flow based on its

neighboring cells. See below.
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980 1020 | 1050 4 8 8
890 970 1000 4 8 8
820 950 990 16 16 16
<= <=
. . . Coding for
Input: [fill Output: [direction : .
P Lfill] P [ ] Direction Raster
Calculating watersheds
16. Choose SPATIAL ANALYST TOOLS >>> 2 Watershed M=)
HYDROLOGY 2> WATERSH ED Input Flow direction raster
17. Specify the following: [flowdr 5 3|
e Input flow direction raster: flowdir I“D“tfastw Ut Gl L) 3 =
e Input pour point data: crossing o e o Ccntons) =
e Pour point field: Id e Hl
e Output raster \Work.gdb\watersheds |c:fwmkspacem_mmm.gdmwatersheds 3|

e Click OK

This example yields 10 watershed basins that

drain to the crossing locations. Now convert the

raster to polygons.

oK | Cancel | Environments...| Show Help > |

18. Choose CONVERSION TOOLS >>> FROM RASTER >>> RASTER TO POLYGON
19. Select the following:

#* Raster to Polygon E]@
Input raster
|watersheds j =
Field {optional)
| vaLLE [=]
CQutput polygon Features
| CiiworkSpaceld_MRAYVWork. gdbiwatersheds 10 =
Iv Simplify palygons [optional]
OF | Cancel | Environments. .. | Show Help == |

Input raster watersheds grid layer as the
input raster

Use Value as the Field and Polygon as
the Output Geometry Type

Optionally, choose to simplify polygons
Specify a hew output shapefile
\Work.gdb\watersheds10

Click OK

Converting to vector features enables editing of the watershed layer, such as moving

boundaries or arbitrarily dividing larger watersheds into smaller ones. You may use the layer

in vector overlay and other geoprocessing, or as in the next task, as an analysis mask.

20. Select watershed # 8 — interactively with the identify and selection tools or choose
SELECTION >>> SELECT BY ATTRIBUTES >>> "GRIDCODE" = 8

21. Choose DATA >>> EXPORT DATA and save the selected features as W8

Interpolation — Calculating a Continuous Snow Depth Surface

Interpolation is used to create a continuous surface of some phenomena that varies
geographically. In this example, you wish to model snow depths within watershed #8 where you
had collected snow depth samples. You need this snow depth layer to use in predicting wolf

movement in the next section.
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The available data are the DEM, a table of GPS locations with snow depth measures in
centimeters, and the W8 polygon. You will test the Spline interpolation method to develop a
continuous snow depth surface. The ArcGIS Desktop Help and Using ArcGIS Spatial Analyst
manual have very valuable details on all available interpolation methods!

Setting a mask

Specify a raster MASK to restrict the area of
analysis and output to within the selected

watershed.

1. In ArcToolbox’s ENVIRONMENT SETTINGS:
e Set the GENERAL Settings >>> Extent to

“Same as W8’

e Set the RASTER Analysis Settings >>>

Mask to W8
2. Click OK

Adding XY data

&P Environment Settings

# Raster Analysis Settings
Cell Size

3

|As Specified Below

el

Mask.

100

[ws

¥ Raster Storage Settings

[o]4 Cancel

= |

| Show Help == |

Add in the tabular point data to be used for the interpolation.
3. Choose TOOLS >>> ADD XY DATA

Browse for the locations.dbf file and click ADD

Select the appropriate X and Y fields

Click OK

Choose DATA >>> EXPORT DATA
. Click to ‘Use the same Coordinate System as the data frame’
0. Save as \Work.gdb\depths

4
5
6.
7. Right click on locations Events
8
9
1

Interpolating with the spline method
11. Choose SPATIAL ANALYST TOOLS >>> INTERPOLATION >>> SPLINE
12. Select the following parameters:

¢ Input points: depths
e Zvalue field: DEPTH
e OQutput raster: spline_r_01_12
o Keep all else at their defaults and click OK

#* Spline

=]

Input point Features

| depths

Z walue field

< @

| DEPTH
Qutpuk raster

[ |

|C:'l,WorkSpace'l,‘l_MRA'l,Work.gdb'l,spline r 01_12

Output cell size {optional)

=

| 100
Spline bype (optional)

2

| REGLILARIZED
‘Weight {optional)

|

Mumber of points {optional)

0.1

[o]4 | Cancel

Environments...

1z

Show Help == |

13. Examine the output raster
Interpolate a new surface using different parameters.
14. Choose SPATIAL ANALYST TOOLS >>>

INTERPOLATION >>> SPLINE
15. Select the following parameters:

Input points: depths

Z value field: DEPTH
Ouput raster: snowdepth
Spline type: Tension
Weight: 10

Number of points: 5

Click OK

Which is the more realistic output? Why?
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Cost Path — Determining the Least Cost Movement Path

Cost surface and cost path analyses are used here to estimate the movement of a wolf through
winter ungulate habitat between two telemetry points. Cost weighted distance mapping finds the
least accumulative cost from each cell to the nearest, ‘cheapest’ source. In this example, cost is
based on time or preference of travel through ungulate winter habitat from one telemetry point to
the next. By weighting several environmental variables — slope, snow depth, and quality winter
ungulate range — you can then apply the cost path (a.k.a. shortest path) function between the
start and end points to estimate where the wolf likely traveled. The available data are source
and destination points, DEM, snow depth, and habitat layers. The following instructions analyze
the data to answer: Where might the wolf have traveled through the landscape between
telemetry points? Your assumptions are that the wolf prefers lower slopes and shallower snow
depths for efficient travel, and higher winter ungulate habitat class to increase chances of
finding prey.

2 Slope -/=td| Calculating the slope surface

Input raster - 1. Turn off all layers except: source,

Ld;:unaster = @ destination, dem, winter, and snowdepth

|C:'l,WorkSpace'l,‘%_MRA'l,Work.gdb'l,slope g 2 M0d|fy the dI’aWing Order

rg;g;;;eawement Eesenl] 5 3. Choose SPATIAL ANALYST >>> SURFACE

7 Factor (optional) ANALYSIS >>> SLOPE

! ! 4. Select dem as input; enter slope as output
ok | canel | Envhoments...| showtep >> | 5. Leave all else at their defaults and click OK

Standardizing the rasters

The raster layers are in different measurement systems (slope is in degrees, snowdepth is in
centimeters, and winter is in categories) so they cannot be compared relative to the others.
Each layer must be reclassified to a common scale. In this example you will reclassify each
layer into a scale of 1 to 9, where 1 indicates low cost and 9 indicates higher cost for

movement. Classification
6- Choose SPATIAL Classification Classification Stakistics
ANALYST TOOLS >>> Method:  [Natural Breaks (Jenks) 2 Count: 53223
I¥imirau: 1]
RECLASS >>> Classes: |9 ] Maximum: £9.051136
RECLASSIFY bataxchsin Mean: T e
7 Select s I o) pe as the Exclusion ... | Sampling ... | Standlard Deviation: 12.2I64DD?
|nPUt Columns: 100 < I~ Show Std. Dev. I~ Show Mean
8. C“Ck the CLASSIFY - o - @ o o o — w Break values ﬂ
button and set 9 wor 5 B 5B B o2 08 3 : 7013011
ST I = = 2 : 13.216828
Natural Breaks T I T ] I B 18.351184
24,545539
classes 1500+ 29,340163
9. Click OK P
10. Enter slope9c for the 1000 Ga.051106
output raster and click
OK A00+
The resulting raster has < 5
eight classes where 1 0 : : !
means Iower Slopes and 9 0 17262796 34526503 51.7883849 BE9.051186
r Cancel
represents steeper slopes.
Now apply the reclassification process to the snow depth layer.
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11. Choose SPATIAL ANALYST TOOLS >>>

# Reclassify

=% RECLASS >>> RECLASSIFY

Input raster

12. Select snowdepth as the input

| slope

Reclass field

EN 13. Click the CLASSIFY button and set 9

| Walue
Reclassification

|| Odvalues | Newvalues __JiS
| 0-65.74328 1 |
| B74328-12407635 2 b |
| 12.407635 - 17 802259 3
| 17802259 - 22.927151 4
| 22927151 - 27 782313 5
| 277E2m3- 32637474 &
| 32637474 - 37 762367 7
| 37762367 - 43696453 &

H Equal Intervals classes (NOTE: in the
right-most box, click on the last break
value and type 700)

14. Click OK

15. Type snow9c for the output and click OK

[
Add Entry The winter layer requires a different
o]

| e reclassification technique since you are dealing
b

with categorical

Load... Save... Reverse New Yalues | Precision. .. | data ASS|gn ( Attributes of winter E]@
Okt rasker lower cost values | oeJecTio * | waLug| count| winTER | habas |
|C:'l,WorkSpace'l,4_MRA'l,Work.gdb'l,slopegc g tO the h|gher % ; ; 32?3? ?W -19
[ Change miszing values bo Maolaka [optional] quahty winter j 2 2 1:232: i"" é

. . 5 5| 196420 |3 5

Ok | Cancel | Environments. .. | Show Help = | habltat and vice j 5 6117532 |5 7

7 7125355 |30 3

R . R versf’:l. . j 2 2| 02275 |6 2

16. EDIT the winter attribute table by adding an integer field j EINCIRTI T a

named hab9c and typing in values 1-9 to rank the habitat

17. Open the RECLASSIFY tool
18. Select winter as the input
19. Select “hab9c” as the Reclass field

20. Type hab9c for the output raster and click OK

\% o So&e

#* Weighted Sum

Input rasters

Raster Field ‘Weight
= habsc VALLE 0.6
£ slopedc VALLUE 0.1
L7 SOWAC WALLE 0.3

<]
Cutput rasker

| CiiworkSpacei4_MRAYWork. gdblcostwa13

Ok | Cancel Environments,

=1

2

| Show Help == |

Record:ﬂj’—Zjﬂ Show: ﬂ

Calculating the cost raster

You may simply add the three layers together, but
you know that some geographic factors are more
important than others. For example, when traveling
through the landscape, a hungry wolf may be more
interested in staying near prey than avoiding snow
and steep slopes. Give each dataset a percent
influence that makes the most biological sense when
adding the rasters together.
21. Choose SPATIAL ANALYST >>> OVERLAY
>>> WEIGHTED SUM
22. Click the drop-down list to select each Input
raster and type the weighting value:
Raster Weight
hab9c 0.6
slope9c 0.1
snow9c 0.3
23. For the output raster name type costw613
24. Click OK
The darker shaded cells indicate the lower costs of
movement. TIP: Use the numeric weightings in the
filename as a reminder of the values you used (and set

up the rasters alphabetically)!

ccn@ualberta.ca
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Calculating the cost weighted distance and direction

25. Choose SPATIAL ANALYST >>> DISTANCE 2 Cost Distance M=%
>>> COST DISTANCE Input raster or Feature source data

26. Select source as the Input source data [source - &

27. Select costw613 as the Input cost raster Input cost raster .

28. Type costdis613 as the Output distance raster Ltptwfd”t o ==

29. Type costdir613 as the Output backlink raster [ CitwarkSpacel#_WRAWerk odblcastds6 13 &

30 CIle OK Maximum distance {optional)

Each cell in the direction raster is assigned a code m':acwmkraster oo

that identifies which one of its neighboring cells is [ Cotworkspacels_Ratwork.adb|costdre13 =3

on the least-cost path back to the nearest source.
The direction coding is similar to what is used in the
watershed hydrology modeling extension above where each cell is assigned a value
representing the direction of the nearest, cheapest cell on the route of the least costly path
to the nearest source. Both the cost-weighted distance and direction rasters are required for
the final step of calculating the least-cost (shortest) path between source and destination

[o]4 | Cancel | Environments...l Show Help = |

locations.
#* Cost Path g@ .

Input raster or feature destination data Cal C u I at I n g th e C O St p at h

[destination = @ 31. Choose SPATIAL ANALYST TOOLS >>>

Dfdstlnatlon field {optional) j DISTANCE >SS COST PATH

e distance raster = 32. Select the following inputs/parameters:

L:Eztt clsoiisl;acldink raster LI ﬂ i Path to d eStI n atl on

[ costdis 13 -l 3 e Cost distance raster: costdis613

Cukput rasker H H . H

|c:warksDacem_memk.g e 3| e Cost direction rast_er. costdir613

Path type (optional) e Path type: Best Single

| BEST_STnGLE =~ . OUtpUt: p ath

OF Cancel Enironments, .. | Show Help == | 33 C“Ck OK Optiona”y’

convert the path
RASTER TO
POLYLINE

The solid line path on the left is the result of the above instructions. It was based on
weighting the inputs to get the cost raster. The dashed line path on the right was calculated
from a cost raster that was created by simply adding the inputs together. The point to
understand from this is that it is important to spend time considering how to combine or
weight the rasters that make up the cost raster. How you combine or weight your rasters
depends on your application and the results you wish to achieve. Be wary of biasing the
inputs in a non-biologically meaningful way!
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