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Last week:
Spatial Projections
Questions?
Next week- read:
Chapter 10: Updating GIS Databases

Chapter 12: Synthesis of Techniques
Applied to Advanced Topics

This week’s topics

Mid-term
Chapter 13: Raster GIS database analysis

Chapter 9: Joining and Linking Spatial and
Nonspatial databases
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Chapter 13
Raster GIS Database Analysis

Michael G. Wing & Pete Bettinger
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Chapter 13 Objectives

How landscape contour GIS databases are created from
a DEM;

How landscape shaded relief GIS databases are created
from a DEM;

How slope GIS databases are created from a DEM,;
How to calculate slope gradients for a linear landscape
feature, such as a road, trail, or stream;

How to conduct a viewshed analysis for a portion of a
landscape; and

How to create a watershed boundary based on digital
elevation data.

Digital Elevation Models (DEMSs)

An elevation value for each raster cell

Applications

Watershed delineation

Viewshed analysis

Gradient analysis

Landscape topography or relief
USGS makes these available for the entire
country at 10 and 30 m resolution

Chapter 13 focuses on DEM applications
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Raster
data
format:
cells with
values

Figure 13.1. Raster
grid cells from a
digital elevation
model (DEM).

|

Figure 13.2. Elevation categories for the Brown Tract
using a 10 m DEM.
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“No Data” values

Why?
The raster structure requires that all databases be
stored as a set of grid cells that form a square or
rectangular shape
When landscape features don’t match this regular
shape, a null or No Data value can be assigned to a
raster cell to indicate that no information (outside of
location) is available for that cell
No Data values can be set to a transparent
shade so that these grid cells do not prevent
other landscape features from being viewed in a
GIS
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Elevation contour intervals

DEMs can be used to create elevation
contours
Lines that indicate constant elevation values
Used to create a sense of topography on
maps
Usually a vector data structure
User will need to select an interval and a
starting elevation
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Figure 13.3. A

general process for '
the development of ooy
a contour line GIS ;
database from a

DEM. e

elevation
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Figure 13.4. A contour line GIS database for the Brown
Tract displayed on top of the Brown Tract 10 m DEM.
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Shaded relief maps

Intended to simulate the sun-lit and shaded
areas of a landscape, given that the sun is
positioned at a particular location in the sky
Within GIS, the brightness or shading will be a
gray tone

Bright features indicate features that face the
sun

Shaded relief mapping is useful for illustrating
topography and provides a three-dimensional
perspective of the landscape

GIS and Forest Engineering Applications

Figure 13.5.
A general

process for |

the e

development represents the

of a shaded I

relief GIS -~

database et Figure 13.6. Shaded

froma DEM. | nws relief map of the

! Brown Tract using a

Shaded relie 10 m DEM, an
R azimuth of 210°, and

an altitude of 45°.
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Slope maps

Slope, or gradient, describes the rate of
elevation change of a landscape
Flow of people, water, or vehicles over a
landscape
Since DEMSs contain both horizontal
(coordinate) and vertical (elevation)
information, they can be used to create
slope maps
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Slope value calculation

Computed differently depending on the
GIS package

Many GIS packages take the elevation
values of each cell and the 8 neighboring
cells when calculating a slope

Other neighborhood patterns and searches
are possible

Figure 13.7. Slope class computations
within a raster GIS environment.
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Figure 13.8.
Brown Tract
slope class
GIS database
created from a
10 m DEM.

Slope in degrees of Brown Tract DEM
[Jo-2s [MMecs-7s HEis2-218
[J2a-35 EM79-91

[J39-52 Il o2-108

[s3-65 M 109-131




Slope values

Degrees or percent?
Degrees splits each angle into a fraction of a
circle (0-360)
Percent is the rise length / run length
Percent = tan (degrees) * 100

Make sure you know which one of these you
are reporting!
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Tree height =
tan (30°) 50 feet
or 28.9 feet

30°

tﬁ 50 feet

Angle (degrees) = 30°
Angle (percent) = (28.9 feet / 50 feet) * 100 =%

tan (30°) 100 = 57.7, providing a quick conversiam
degrees to percent slope

Figure 13.9. A simple example of the conversion process from
degrees to percent slope.

Interaction of raster and vector
databases

Some GIS packages can simultaneously
analyze raster and vector databases
This ability should increase in
sophistication in the future
Two examples:
Slope characteristics of land management
units

Examination of the slope class characteristics
of streams

O
Slope characteristics of land
management units

Task: define slope characteristics in support of a
thinning operation

Slope characteristics will help define what type
of ground-based equipment (skidder, harvester,
or forwarder) might be appropriate or whether a
cable-based logging system is necessary to
avoid highly sloped areas

Crews could occupy the management units with
clinometers or other surveying equipment

Or a DEM could be used

Process: Slope characteristics of
land management units

Land management units (polygon) are
draped on a DEM (raster)
DEM cell values within each polygon are
aggregated to give DEM values for all
polygons
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Figure 13.10. A
general process

for the (?ai::.) oIS dtagase
development of e
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Table 13.1. Output of percent slope values for
management units.

Stand | Count | Area | Min | Max Range | Mean Std Sum
1 319 | 343603 |0.11| 1544| 1533 5.31 3.81| 1692.78
2| 2186 (2354595 |0.34 | 2355| 23.21 9.41 3.76 | 20564.20
3 770 | 829386 | 0.44 22.46 22.02 10.22 4.15| 7866.61
4 2884 | 3106428 | 0.28 23.01 22.73 9.54 3.66 | 27521.07
5 533 | 574107 | 1.71 19.80 18.09 8.34 3.14 | 4446.68
6 1195 | 1287164 | 0.44 23.72 23.28 8.51 4.2410168.51
7 338 | 364068 |0.20| 1515| 14.95 6.20 3.52 | 2096.76
8| 2494 (2686349 |0.15| 26.11| 25.95| 13.65 4.27 | 34040.15
9 337 | 362991320 2541| 2221| 15.03 3.91| 5066.74
10| 2395|2579714|1.55| 24.25| 22.70| 1152 3.90 | 27591.07

Count = number of 10 m grid cells Range = (max value - min value)
Area = square feet Mean = average slope

Min = minimum value in the database  Std = standard deviation of slope
Max = maximum value in the database Sum = sum of the slope for all units
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O
Examination of the slope class
characteristics of streams

Task: determine slope characteristics for watershed
streams

Understand implications of large rainfall

Support for fish populations
Crews could occupy the streams with clinometers or
other surveying equipment
Or a DEM could be used
One twist: the slope values surrounding the streams are
not of interest

Solution: create a stream elevation database from the stream
vector layer

Streams / Streams
GIS databas DEM /GIS databast
(raster) /

F|gure 13 11 (velclov) (vector)
A genel’a| Conversion|
to raster
process for database
the
Streams Overlay
development 61 databacg s
of slope class
H H Sels
information Stream elew e
)
for each (raster) ey
stream on a s
landscape. Summarize
slope
conditions
Slope

class
report
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Other DEM-based analyses

Viewshed analysis

What is visible by others on a landscape?
Watershed delineation

Where are the drainage boundaries?
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Viewshed analysis

May be an important tool for land managers
interested in being a good neighbor
Consider limiting some operations to places of low
relative visibility
May also be an important tool for structure
locations
Fire lookout towers
Wind turbines
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Visibility process

Viewpoints
(observers)
are often
point
locations
Operator can

set limits Figure 13.12. Line of sight from a viewing site
B to the surrounding landscape.
(distance,

angle, height)




.
Brown Tract application

What is visible
from the second
floor of homes
surrounding the
Brown Tract?

Observer height:
55ft+10ft=
15.5 ft

Viewshed

ﬁerformed using
omes, DEM, and

tree height layers

] Brown ract ocation
Homes
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Homes /  Stands
GIS databast / (YDEEI':U /G\S datal
(vector) (vector)

Create
observer
height
attribute

Conversion
to raster
database

Homes Stands
GIS databas O‘/el"ay GIS databasg
(vector) analysis (raster)
Tree height
GIS databasg
(raster)
Viewshed
analysis
Figure 13.14. A general process
for the development of a Viewshed
. . GIS databasg
viewshed analysis for the Brown (raster)

Tract based on a set of
viewshed sites (nearby homes).

Viewshed
results

Figure 13.17. Areas within and

H Homes
surroundmg the Brown Tract Brown act location
that are visible from the Vishbilty from homes

[_] Not Visible
nearby homes. I Visible
Il No Data
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Watershed delineation

A watershed is an area that shares a
common drainage point
Where water would leave a landscape area
according to slope conditions
Watershed delineation was once done
almost exclusively with the aid of hard-
copy topographic maps
Contour line shape provided topographic
clues
Not much fun

Contour line clues

S O <
2o—te ) ST

a b c

Figure 13.18. Watershed boundary location and stream flow
patterns derived from contour interval shapes:

a) watershed boundary parallels contour saddles,

b) split peaks as indicated by a closed contour homes, and

c) water flows from the bottom of contour funnels through the
top.

Watershed
delineation
example

Determine the
watershed area
for a portion of
the stream
network in the
Brown Tract

Figure 13.19. Portion (in dark bold) of the stream network
within the Brown Tract for which a watershed area is to
be created.
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n
Streams DEM
Watershed op s (o
. . l l
delineation
;"j;’:s Flow direction
p ro C e S S of interest database
! !
Stream section // Flow direction
GIS database // GIS database
(vector) / (raster) /
!
Conversion
to raster
database
Figure 13.20. A gqnera! Stream section s
process for the delineation of (raster) analysis
a watershed area for a portion
of the stream network in the Watershed — /
GIS database //
Brown Tract. (aseen) /

Watershed
results

Figure 13.21. The
watershed (in gray) for a
portion of the Brown
Tract stream network.

The Geodatabase

The newest spatial database
format from ESRI

ESRI Data Formats

Arcinfo Coverage (1980s)

Interchange file, eQ0 file, cover

The original vector data format

Used for both vector and raster structures
ESRI shapefiles

Created for ArcView (1990s)

Could only handle vectors
Geodatabase

Designed for ArcGIS (2001)

Vector, Raster, and other structures

Personal (MS Access) and RDMS (Oracle, SQL Server, Informix,
DB2)

The future

The Geodatabase

A container for many structures
CAD
Raster
Shapefiles
Coverages
Non-spatial attribute tables

Designed to centralize the storage of all
data for a GIS

Geodatabase Storage: 3 types

File geodatabase (most recent)

1TB limit

All databases in a folder (with a .gdb extension)
Personal geodatabase

Microsoft Access (.mdb extension)

2GB limit (Rasters stored separately)
Enterprise geodatabase

Stored in a RDBMS, requires ArcSDE

Virtually not limited in size
All use same ArcGIS tools
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Geodatabase Elements

Tables
Rasters
Raster Catalogs

Collections of rasters
Feature Datasets

Feature classes that share a common spatial reference
Feature Classes

Collections of lines, points, or polygons
Geometric Networks

Line an point features along a linear network
Toolboxes

Geoprocessing tools
Topologies

Definitions of spatial relationships
Rules

Definitions of acceptable spatial relationships

Feature Datasets

Containers for feature classes of the same spatial
reference

Behave like folders in ArcCatalog

Points, lines, polygons and other features can be stored
within a feature dataset
Benton County

Roads

Streams

Urban growth boundaries

Census Data

DOQs

Survey Benchmarks

Rasters in the Geodatabase

Many formats are supported
TIFF, MrSID, GIS, and Arclnfo Cover
representation of rasters (GRIDs)
Stored as
Raster Datasets
Individual rasters

Raster Catalogs
Collections of rasters

Geodatabase Topology

Topology: spatial relationships between
features
Defines valid spatial relationships for features

Adjacency, coincidence (containment), and
connectivity

Geometric Networks

Spatial relationships between lines and
points

User for directed flow within networks
(routes and flows)

May have connectivity rules and weights

Toolboxes, toolsets, and tools

Toolbox

Container for tools and toolsets
Analysis tools (buffer, clip, intersect)

Toolsets

Tools that are grouped for specific
applications

Tools
Individual tools




GIS and Forest Engineering Applications

Creating Geodatabases

ArcCatalog

The centralized data management utility
Importing data

Tables, coverages, and shapefiles
CASE tools

Computer Aided Software Engineering

Microsoft Visio or Rational Rose
Geoprocessing tools in ArcGIS

Geodatabase Exchange

File and personal geodatabase
Exchange the parent folder or .gdb/.mdb
Rasters will involve additional files/folders

All geodatabase versions
Use XML

Extensible Markup Language

Can export and import entire geodatabase
contents

A safer method that ensures all parts of a
geodatabase are received or transferred

ArcToolbox
Command line
ModelBuilder
Scripts
Geographic
. Information
Systems
Applications in Natural Resource Management
Chapter 9
Associating Spatial and Non-spatial
Databases

Michael G. Wing & Pete Bettinger

Chapter 9 Objectives

How two or more databases can be temporarily
combined without creating a new database,
modifying a database table, or modifying
landscape features;

What types of GIS processes are available when
there is a need to associate data from different
sources;

How non-spatial data can be associated with
spatial databases, and how data from one
spatial database can be associated with data of
another spatial database; and

What it means to relate (link) two tables, and

how this process is different than joining
databases.

Join and relate processes

Processes in chapters 6-8 introduced
operations (e.g erase, clip, buffer, combine)
that led to the creation of a new and
permanent database

Join and relate brings spatial and nonspatial
databases together in a temporary manner
that doesn't alter the original structures of the
databases involved
The goal of both join and relate is to illustrate
the data from two databases from the
perspective of a single database

Data from two sources is being brought together

Join and relate definitions

The join and relate processes both require
that a common attribute be present in both
databases, or in the case of a spatial join, that
a spatial relationship is identifiable between
spatial features

When two databases are joined, the visual
affect is as if the databases are physically
joined (they appear as one datagase)

When two databases are related, no physical
link appears to exist yet records selected in
one of the databases (either through attribute
or spatial queries) will also selected in the
linked database
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Join and relate definitions Joining non-spatial data to spatial

The source database represents the database Why?
that will be associated with another database
(the data that will be joined)

"Stand", "HSI1", "HSI2", "HSI3"
1,0.256, 0.312,0.325

Bring data in from 20458, 0.495. 0.516

another application or igggg ggg: 83;3
The destination or target database is the data process I EEE
location where a source database will be Field data
associated (the data that will have something - .
added) Statistical modeling
T o ) results
The join item or join field is the common attribute Chanaes in attribute
between databases that will guide record or valueg
spatial entity matching
[ | [ |
Database Source Table structure
H H H H Plot, Installation date
Joining non-spatial data to spatial o i Fiqure 9.1 Performing a
plot number and _—3‘ 1999 g : L. . g .
T . instalation date 4,1998 one-to-one join using a file
Several possibilities exist o200 of installation
One-to-one Destination dates as the source table,
Assumes that there is a direct match between all GIS Database mor Tvegemon e @nd the Daniel Pickett
records in both databases oo T DF permanent plots GIS
One-to-many plots L. § VSE database as the target
Each record in source database may match with more Lt table.
than one record in the destination database L = oF
Many-to-one = ot . T i T
wo or more records in the source database may matc ‘ ioTa
up with a single record in the destination database el R i
Can also have many-to-many ot 1 =
GIS database with— 4 DF 1
the temporary 5 WH 2
L‘Z‘l'in '[6 DF 1999
[ |
Database Table structure . Database Table structure
Source Flgure 94 SlreamDTuyr?Jee, Buffer
e Plot, intallation date Performing a one- e “Perennial - large”, 100
plot number and [T 2, 1997 Figure 9.2. to-many join using a steamypeand - Perenmial - smalf, 7
installation date 3,1999 . . buffer distance Intermittent”, 50
4 1098 Performing a file of buffer ‘Ephemeral’, 25
5,2000 one-to-one distances as the Destination
Destination iain wi source table, and Sweam} _Tvpe
’ 1 P lial - lar
g;;:;’s:gse Plot_|Vegetation Typ jon with one streams GIS GIS Database 2 ot |
[ N —3 record database as the e
plots ——s oF missing from target table. 5| intermitent
EEE—— 4 DF 6 Ephemeral
L wh the source 7] nemiten:
6 L S e e e e e e e e e
"""""""""""""" table. Joined database
Joined database Stream Type Buffer
Resulting Plot | Vegetation Typginstallation dalk Resulting 1 Perennial - largef 100
database: 1 DF 1998 database: 2 Intermittent 50
The original 2 WH 1097 The orginal 3| Perennial - smal 75
éﬁémdanent plot |3 DF 1999 &S database with | 4| Perennial - large] 100
atabase with 4 DF 1998 the temporary 5 Intermittent 50
the temporary 5 WH 2000 field “Buffer” 6 Ephemeral 25
29"" JInstallation g DF 7 Intermittent 50
ate’

10
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[ |
Database Table structure Database Table structure
Figure 9.5 Performing Source Source
. Comma-delimited ~ Stream Type, Buffer i i Comma-delimited ~ Stream Type, Buffer
a many—to-one join text file containing “Perennial - large”, 100 Flgure 9.6 Performlng a textfile containing “Perennial - large”, 100
. - stream type and “Perennial - small’, 75 -to- ioi stream type and “Perennial - small’, 75
using a file of buffer buffer distance “Intermittent”, 50 many-: to many join buffer distance “Intermittent”, 50
. “Ephemeral’, 25 i i “Ephemeral’, 25
distances as the “Ephemeral’, 35— using a file of buffer “Perennial - large”, 12!
source table, and a Destnaion distances as the source oestnaton
streams GIS database Steam | Type table and a streams Stream Type
1| Perennial - large 1| Perennial-largel
as the target GIS Database 2 Intermittent GIS database as the GIS Database 2> Intermitent
table. o emant 3| Perennial-small target table. et 3| Perennial - smai
plots 4| Perennial - large plots. 4| Perennial - large]
5 Intermittent 5 Intermittent
6 Ephemeral 6 Ephemeral
7 Intermittent 7 Intermittent
Joined database Joined database
Stream Type Buffer Stream Type Buffer
Restlting 1| perennial -large 100 Resulting 1| Perennial-large] 100
database: 2 Intermittent 50 database: 2 Intermittent 50
;"‘:a"':?'“a' 3| Perennial- small 75 ;’;;‘ﬁg‘"a‘ 3| Perennial- smal 75
GIS database with |__4__| Perennial - large 100 IS database with |4 | Perennial-large 100
the temporary 5 Intermittent 50 the temporary 5 Intermittent 50
field “Buffer” 6 Ephemeral 25 field “Bufer” 6 Ephemeral 25
7 Intermittent 50 7 Intermittent 50
[ |

Joining two GIS databases
spatially

With spatial joins, the objective is to use the
spatial locations of database features to guide
database associations

This is a powerful GIS capability that typically
goes unused

In some packages (ArcMap), a new layer is
created from a spatial join

Join process in ArcMap

In the table of contents,
right-click the target table

Select ‘joins and relates’,
then select the join option.

Identify the join item from
the target table in option 1.

Choose the source table for
option 2.

Identify the join item from

the source table in option 3.

Perform the join process
(press OK).

Some limitations for the type of features (point,
line, or polygon) that can be spatially joined

Can't perform a nearest feature operation on two
polygon databases

See table 9.2 for a full description of possibilities

Spatial join possibilities

Finding the nearest feature
Finding what'’s inside a polygon
Finding what intersects a feature

Nearest feature

Sometimes called nearest neighbor
Euclidean distance is used

A distance calculation is usually added to the
destination (output) database

Typically, the destination database must have
point or linear features while the source table
can be points, lines, or polygons

Can identify the nearest road (line) or forest
stand (polygon) to each house (point) in a
database

11
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Finding what's inside a polygon

Sometimes called a point-in-polygon or
line-in-polygon process

Typically, a polygon source table and a
point or line target table is required

The result will be the identification of the
polygon within each point or line resides;
the attributes of the polygon should also
be included in the destination or output file

Figure 9.8.
Associating owl
nest locations with

the forest stands T bz
within i 5
which they are :
located. fé E

Stand #25

Stand #29

Figure 9.9.

Database Table structure

Spatially joining Source

the Daniel
Pickett stands
GIS database
with the owl
GIS database.

GIS database
representing
timber stands

Destination

bl
S

int | Adults [Fledgling§ Firstsight Lastsight]
2 | 1 [199506141998072%
0 [199806241998072:

GIS Database [
epresernting. |
owl locations ‘

NS
-

Joined database
Resulting database:
the owl points database with the
appropriate stand conditions
that surround each point

Point | Adults [Fledgling§ Firstsight| Lastsight| Stand| veg_type[Basal_arehAge [ Mbf |
1 | 2 | 1 [1995061419980723 25 | A | 260 | 70 |37.7|
2 | 1 | o [1998062419980721 29 | A | 200 |50 |211]

Spatial join process in ArcMap

In the table of contents, right-click
the target table and select joins.
Make sure the first option in the
dialog box that opens is set to ‘Join
data from another layer based on
spatial location’ (the default setting
is ‘Join attributes from a table’).
Select the source layer (use
ArcCatalog to add spatial reference
information if necessary).

The Join Data dialog box will
update to show you the types of
feature classes that you are joining
(example: Polygons to Points).
Use the radio or option button to
select the spatial association of
interest

Specify an output location and
name for the resulting joined

Relating (linking) databases

Relating allows you to view databases as
separate physical entities yet still enjoy the
benefits of associating two databases: a
record selected in one database will also
be selected in the linked database

This may help you by reducing the visual

size and dimensions of associated
databases that result from joins

database.

Database Table structure
Figure 9.9. et
Relatmg a GIS database Road Type

representing a 1 Paved
roads GIS e S
database with segments 3 Rock
a culverts GIS
database.

Linked Table #2

602 [+

602 [«

GIS Database Culvert Type Road
representing 1 Aluminum 544
culvert locations 2 Steel 544
3 Cedar 544
4 Polyethylene
5 Polyethylene
6 Polyethylene | 714
7 Aluminum 714




Relate process in ArcMap

In the table of contents, right-
click the target layer and
select Joins and Relates,
then select Relates.

Select the relate field in the
target table.

Choose the source table.
Select the relate field in the
source table.

Enter a name for the relate
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Joining and relating

GIS operators need to make sure that they are using the
right order of operations and correct join field to reach
their objectives

Although these examples were limited in database size, many

join or relate processes may involve considerably larger

databases

More difficult to visually check results

Sometimes limitations are present

Can't join databases that already have joins to other databases
Can usually reverse join or relate process

Remove all joins

Remove all relates
May have to export layer to get a permanent database of
joined information

13



