
Welcome to NR402 – GIS Applications in Natural Resources. This course 
consists of 9 lessons, including Power point presentations, demonstrations, 
readings, and hands on GIS lab exercises. Following the last lesson you will 
complete a final project where you have the opportunity to apply what you 
have learned to complete a GIS project using data of your own choice (or data 
we have used in the class).
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The major goals of this course is that you gain understanding in how GIS can 
be used in natural resource applications and that you become comfortable 
using GIS applied to your own natural resource management or research 
questions.
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50% of your grade will be based on the 5 GIS lab exercises that you will 
complete and turn in during the course of the class. 20% of the grade is bases 
on two multiple choice tests and 30% of the grade is based on completing a 
final project.
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Find out more about ArcGIS, ESRI and GIS analysis on the ESRI web page 
(http://www.esri.com). The ‘Knowledge base’ on the ESRI web page lets you 
find the information you need by searching ESRI's database of known bugs, 
"how-to" documents, white papers, system requirements, and common error 
messages for all of our software. The Knowledge base is an invaluable tool for 
any ArcGIS user!
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ArcGIS is designed as a ArcGIS is designed as a 
scalable system that can be 
customized from an individual 
desktop to a globally desktop to a globally 
distributed network of people.
In this course we will be using the Desktop GIS.
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ArcGIS is composed of three applications: ArcCatalog, ArcToolbox, and 
ArcMap.
ArcGIS also comes in three versions: ArcViw, ArcEditor, and ArcInfo. All 
three versions of the software are composed of the same basic interface that 
contains the three applications ArcMap, ArcCatalog, and ArcToolbox. The 
difference is the capability of the program version, where ArcInfo has full 
capability, ArcEditor has reduced capability in ArcToolbox, and the p y p y
capabilities are even further reduced in ArcView. 
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Spatial data is a geographic record that has map coordinates. The objects can 
be represented by points, lines, polygons or raster pixels.
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In geographic information systems there are two different strategies for 
representing the world: Vector and Raster.
Vector data is a coordinate based structure where objects are represented by a 
list of X and Y coordinates. There are three representations of vector data: 
Points, lines, and polygons.
The image to the left shows a GIS layer of the incorporated places in Idaho. 
Each point represents a place Each point is located at a known locationEach point represents a place. Each point is located at a known location 
(coordinate pair). 
The middle image shows the counties of Idaho represented by a polygon layer. 
Each polygon has an area and a perimeter and represents on county.
The image to the right shows the hydrography (streams) of Latah county as a 
line data layer. The streams are composed of stream segments of a certain 
l hlength.
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Raster data is a cell based representation of the world where the data layer is 
made up of pixels (cells, squares) with a certain size. The picture on the left 
represents the vegetation in Latah county, Idaho. The brown pixels are 
agricultural lands and the various shades of green and yellow represent pixels 
that are forest lands. Aerial photographs or satellite imagery are other types of 
raster data. The digital elevation model (DEM) to the right is made up of 
pixels with a 30 meter size. Each pixel contains the elevation (in meters) at a 

i l l i hi h d k i l l l i d hparticular location. In this DEM the dark pixels represent low elevation and the 
white pixels represent high elevation.
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In summary, the basic elements for representing objects in a GIS are Points, 
lines, polygons, and pixels (raster data). In addition to the spatial 
representation a GIS also contains a database where attribute values are stored. 
For example, an attribute table for a point data layer contains information 
about each point in the dataset.
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ArcGIS can utilize many different kinds of file formats. Common vector data 
formats are shape files and ArcInfo coverages. Coverages has topology while 
shape files do not. Topology within coverages means that there is node in 
every arc intersection  with the result that polygons are never overlapping and 
there are no empty spaces between polygons. Shape files are not built in a rigid 
topological network of nodes and arcs and polygons are allowed to overlap. 
Read more about topology in Chang chapter 3.
Images and ArcInfo grids are two types of raster data. 
A new file type introduced by ESRI within the last couple of years is the 
Geodatabase. A Geodatabase is a container for storage of primarily vector 
datasets. We will not use Geodatabases in this course
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This is the ArcMap interface. Notice that in this case we arc running the 
ArcInfo version of the ArcGIS software. The interface of ArcMap is divided 
into two basic parts: the map display and the table of contents. In this map you 
can see the counties of Idaho displayed in different colors.
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Idaho counties is a polygon data layer (vector data). In addition to the 
polygons the dataset also contains a table (attribute table) that contains 
information about each county, for example area, county name, population etc.
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GIS is a tool where you can explore two or more data layers together to reveal 
relationships that were previously unknown. In Lab 2 you will use the 
ArcToolbox analysis tools to perform an overlay analysis and a proximity 
analysis on vector data. Vector data analysis commonly result in tabular data. 
These tables can be further analyzed in the GIS software or exported to other 
database programs such as Microsoft Excel or Access. 
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ArcToolbox is launched directly from ArcMap – the icon looks like a red 
toolbox.  In exercise 2  you will be using tools located under the ‘Analysis 
Tools’ tab in ArcToolbox. In Exercise 2 you will be using the clip, intersect, 
and buffer tools.
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Two overlay analysis principles will be described here: 1 – the piercing needle 
approach 2 – the cookie cutter approach. Both methods involves extracting 
data from multiple GIS data layers at locations of interest. In the ‘piercing 
needle approach’ information from one or more data layers are extracted at one 
single point (point – polygon overlay). For example, you may want to know 
the habitat type and canopy cover at bird nest locations. In this case the bird 
nests are represented by a point layer and the habitat type, elevation and 

i d b i di id l l d l h l fcanopy cover is represented by individual polygon data layers. The result of 
such an analysis will be a table that contains the habitat type and canopy cover 
for each bird nest location in your dataset.
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The other overlay approach is the ‘cookie cutter approach’ . This is an example 
of a polygon to polygon overlay analysis. Going back to the bird nest example, 
rather than extracting data from the exact bird nest location it might be 
interesting to analyze the conditions within a 100 meter buffer around the bird 
nest.
The first step in such an analysis would be to create a 100 m buffer around the 
points (nests). The buffers will be represented in a new polygon layer in GIS. p ( ) p p yg y
Next you would clip or intersect the habitat and canopy cover layers with the 
buffer layer and finally summarize the habitat types and canopy cover classes 
within the buffers.
If your habitat and canopy cover layers are represented by raster data you 
would use the raster tools masking, zonal statistics or combine rather than the 
vector tools clip and intersect.p
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Do you have a question that could be answered using GIS overlay or proximity 
analysis?
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Different overlay analysis tools are used in ArcGIS depending on what type of 
overlay analysis you want to do. Different tools are used for vector and raster 
data and the tool used also depends on the vector data type, point, line or 
polygon.
The instructions on this slide helps you find the correct tool for the overlay 
analysis you want to do.
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Different overlay analysis tools are used in ArcGIS depending on what type of 
overlay analysis you want to do. 
The Analysis Tools in ArcToolbox are useful for overlay analysis between two 
polygon data layers while the Spatial Analysis Tools in ArcToolbox are 
specific to raster data. In the lab exercises we will use many of these tools.
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Xtools is a ‘third party software’ available at the ESRI web site. 
During this course we will use Xtools in three applications

1. Update area after performing and overlay analysis. This is necessary 
because a clip or intersect operation creates new polygons that may have 
an area different than the original area of the polygon.

2. Table summations can be performed in Xtools or directly in the tables in 
ArcMap

3. You can use Xtools to add the numbers for the X and Y coordinates of a 
point file.
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A polygon attribute table in ArcGIS contains one row for each polygon in the 
dataset. You are here looking at a polygon layer of land managers on Craig 
Mountain in Idaho. Commonly a land manager manages more than one 
polygon on the map. For example the Bureau of Land Management (BLM) 
manages all the ‘yellow’ areas (polygons) on the map and hence the attribute 
table contains many rows where the land manager is BLM.

In the summary table all areas managed by the BLM are summarized 
(expressed in hectares in this example) and the table contains only one line per 
land manager. A summary table is sometimes called a frequency table.

29



30


