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Snohomish County is one of the fastest growing counties in Washington State over the last 20 years with some of
the most rapidly rising property values. One of the bi-products of the influx of development and construction is a
dramatic increase of impervious surfaces such as roof-tops, parking lots, and roads. The increase in impervious
urfaces can potentially create an acceleration of the flood peak curve, accompanied by increased erosion and
particulate matter, affecting drinking water supplies and salmon habitat1. Through satellite data, these surfaces can
be quantified. Also, as a follow-up study, stream side habitat can be assessed.
This Learning Unit uses real-world data and methods to:
download, manipulate, and display geographic data and satellite imagery;
process and classify satellite imagery;
determine areas of increase in impervious surfaces over a 27 year interval;
Map and quantify increases in urban areas.
In Part 1 of this learning unit, you will learn how to download Landsat Imagery and GIS data to delineate
impervious surfaces (primarily roads and parking lots) of an urban area. In Part II you will go through some of the
pre-processesing steps. This includes clipping your data to just the areas you will be using, working with formats,
and moving the data between ArcGIS and ENVI. In Part III, you will be performing analysis on the Remote
Sensing (RS) subset. In Part IV, you will post process the data, and export the class from ENVI back into ArcGIS.
In Part V, you will display (map) the data.
A quick note about download locations for data – you will need to establish uniform locations where your data
will be saved (this will avoid confusion and aggravation). All of the 1975 data should be deposited into a folder
with “1975” in the name. All of the 2002 data should also be deposited into a folder with “2002” in the name. All
other data and information should be deposited in a folder with “Base” in the name.
You may notice that all of the names for files do not have spaces in them – this is a precaution that I would
recommend. By following these protocols from the beginning you will be able to organize and locate your data
much more efficiently.
In the following procedures, all new data created or downloaded will be specifically identified by bold type,
underline (usually), and “parenthesis”. All repeat procedures will be identified by bold red type.
You will need to print out the answer sheet, and answer questions as you go through the tutorial. In the end, you
will be asked to create a table, and a map showing the increase in impervious surface from 1975 to 2002.
It should be noted that this exercise is meant to be transferrable – that is, you should be able to perform the same
types of procedures on local areas around where you live, using the procedures you learn. Your instructor may
choose to assign this as a follow up exercise.
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Part 1: The Mission, and Finding Data
nagivate to USGS site http://glovis.usgs.gov/

Select > Collection>Landsat Legacy Collections> MSS 1-3 1972-1983 (you may need to enable pop-ups at this
time)
Scene: Path 50, Row 27 (this is only for Landsat 1-3)

Lat 47.3; Long -122.4

Dates: July 23, 1975 (note 0% cloud cover)
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Download Data: add the scene into your list and select Download.

Note: you will need to make sure that pop-ups are enabled for this site and sign up for an account with
USGS to download. When successful, you will get a succession of windows as they appear below:

The key is that you will need the “Save As” window or you will need to try again (accept the default for
the name of the data). Make sure that the data saves to the 1975 folder.
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This may take a while…….. These are large files. Especially if everyone is downloading at once.

Your standard extraction wizard on Windows will not work for all of these data formats – you will need
to download a program like “7zip” below. Just search 7zip with Google, download, and install.

Now, you can “right-click” on the files, choose the 7-zip option, and “extract here”. You will need to
unzip the files twice – once for the gunzipped file, and then again for the tar file.
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You will end up with files that looks like below:

Next, you will need to repeat this process for August, 2002. (make sure that you save the data to the
2002 folder)
Select > Collection>Landsat Archive > L7 SLC on (1999-2003)
Scene: Path 46, Row 27 (note the different Path )

Lat 47.4: Long -121.9

Dates: August 14, 2002 (note 0% cloud cover)
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Part II: Preprocessessing the Data
Using the link below, select “Urban Areas” from the OFM website and download:
http://www.ofm.wa.gov/geographic/00tiger.asp
Note: Every state (or province) has a data repository where you should be able to download local data
of Urban Areas and other base data.

Launch ArcGIS > load “places” from where you saved it above. Right click the data layer and
open the attribute table. Scroll down the attribute table and select “Marysville” with a left mouse
click on the row.
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Close out the table, and right click the layer one more time. Under selection, create layer from
selected features. Then, right click the layer one more time and “export data”. Name the new
shapefile “UrbanArea” and save to a folder outside of either the 1975 or 2002 data.

Your shapefile should look like this _____________
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Next, Launch ENVI. Create a data cube: under the Main Menu > Basic Tools, select Layer
stacking, and include bands 1-4 for the 1975 data; and bands 1-5 and 7 for the 2002 data. Name
the new data cubes: “cube 1975” and “cube 2002”.

Next, open the UrbanArea vector file (under the ENVI file menu). You should get a pop-up
window that looks like the left image below. You should then be able to load the vector image
like the right image below.
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The vector file should look like below (file is in yellow). Make sure that you select the display
when loading the UA data.

Subsetting images: select “export Active layer to ROIs. In the next pop-up window, select
“convert all records”.
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Next, in the image window, select the Overlay drop-down window, and then ROI tool. In the
ROI pop-up window, select FILE > subset data via ROI

IN the Subset data via ROI window – select your 1975 datacube. Click OK, and then select your
Urban Areas ROI as the input ROI in the next pop-up. Also, mask pixels (with the default
background value of 0) and select an output filename and destination (subset1975). Name the
file: “Subset1975”. Press OK.

Next, perform the same procedure with the 2002 dataset. The final subsets should appear as
below -2002 image is on the left using the 4,3,2 false-color combination (vegetation is red) .
Make sure the name the clipped 2002 image: “Subset2002”, and save to the 2002 folder.
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Part III: Analysis – Unsupervised Classification
Under the Main Menu – select Classification > unsupervised > isodata. Select (left click – it will
turn blue) subset1975 in the “Classification Input File” window (right below), and press OK.

Next, in the “Isodata Parameters” window, select between 8 and 16 classes with 20 iterations.
Change the “Minimum # Pixel in Class” to 5, and leave the remaining defaults, name the new
file; “unsuper1975” and save in the 1975 folder. Press OK. The new data should then be added
to your “Available Bands List” (see below) when completed
.

The unsuper1975 classification should look like below:
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Next, you will need to interpret the classes. You can either download some streets data (which
you should be able to find with base data downloads) or use a tool such as Google Earth to find
out which classes are impervious. Below are classifications (1975) and Google (not from 1975)
side by side.

Next, from the main display window, select overlay, and then classification. This will bring up
the “Interactive Class Tool” below.
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For the 1975 imagery, we can definitely conclude that Class 12 is impervious (and perhaps Class
7 and 8).
Repeat the procedure for the 2002 data using the same parameters used earlier (and name
“unsuper2002”).

Below are some screen shots from the 2002 image:
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For the 2002 image, Class 5 would appear to be the impervious surface (referencing the images
below and above).
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Part IV: Post Processessing
Under the ENVI main menu, choose “Post Classification” under the Classification drop-down
menu. Select the “Classification to Vector” option.

Start with the 1975 imagery. Select the “unsuper1975” (left click) and press OK. This will bring
up the “Raster to Vector Parameters”. Select (left click) Class 12, and choose and output name
(“impervious1975”) and location (1975 folder). Press OK.

The “Available Vectors List” window will appear. Select the RTV (impervious1975), then the
“Export Layer to Shapefile” option. The “Output EVF Layer to Shapefile” window will appear.
Give this file the same name (“impervious1975”), and press OK.

16

Impervious_Lyste_Student Guide

Using the procedure above, export all of the classes from the 1975 imagery, by selecting all
classes to Vectorize (with the exception of the unclassified data) in the “Raster to Vector
Parameters” window (see example below). Name the new layer “all_classes” and save to the
1975 folder.

Complete the same procedures for the 2002 image (only use Class 5 for the impervious
layer of this image. Name the layer “impervious2002” and save to the 2002 folder. Do all
the all classes layer as well, and name it “all_classes02”). Screen shots of the procedures for
the 2002 data are below.
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Close ENVI.
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Part V: Display – Mapping the Data
Open a new Document in ArcMap. Load in the shapefiles you created in Part IV, and the Urban
Area you used to subset your images. Your image should look like below.

Next, turn on the “UrbanArea” layer (check box), and right click to Open the Attribute table.
Make note of what is in the attribute table.
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Now, open the attribute tables of the impervious surface layers.

Next, left click the Arctoolbox icon to bring up the ArcToolbox. Click on Analysis Tools,
Extract, and double click “Clip” to bring up the Clip window.

In the Clip dialog, select “all_classes02” as the Input features; and Urban Area as the Clip
Features. Name the Output feature “all_area”. Press OK. The new layer will be added to the
view.

Open the attribute table of the all_area layer.
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Right click the “Area” field of the all_area layer, and select “Calculate Geometry”. Use the
coordinate system of the data source, and select Square Miles as units. Press OK. Use the same
procedure for the impervious layers.

Open the all_area attribute table. Next, under “Option” (lower left corner of the attribute table)
export the attribute file to the folder where your base data is located (as either .dbf or .txt file),
saving the name as “all_area”. Repeat this procedure for the impervious layers.

Next, open the exported files in Excel, and sum the area columns. Calculate the “Percentage
Impervious Surface” to total “Urban Area” and report your answers in the table provided in the
Student Answer Sheet.
Make a map showing the increase of impervious surface over the last 27 years using the layout
function of ArcMap.

21

