[image: image7.jpg]&





Lab 1: Introduction to QGIS
What You’ll Learn:

-Start QGIS
-Create a new map

-Add data layers
-Pan and zoom

-Change data symbology
-Change display properties

-Set relative paths
-Add layers to features

-Select data
-Measure distances

-Use raster
-Create map layouts to print

-Add legends, titles, North arrows
-Print a map to a PDF
Data for this exercise are located in the L1 zip file, available from the class websites:
undergraduates:      http://paulbolstad.cfans.umn.edu/Courses/FNRM3131/FNRM3131.html
or
grad. students: http://paulbolstad.cfans.umn.edu/Courses/FNRM3131/FNRM5131.html
What You’ll Produce: Four maps, one of lakes and roads, one of wetlands, a third map of the Cloquet Forestry Center, and a fourth a map of topological errors.

Background: This is the first in a series of introductory exercises for QGIS. These are practical skills that complement the theory and practice of GIS described in the textbook “GIS Fundamentals: A First Text on Geographic Information Systems”, by Paul Bolstad. You should read the first two chapters before doing this exercise. 
We assume you have a functioning copy of QGIS running on your computer. If you don’t, please see the previously introduced instructions on loading QGIS, or visit the www.qgis.org website and follow the links to install.

If you wish refer to the video Start QGIS on the class web page.

Each lab assumes you have a copy of the needed data files on your personal “USB” drive. Before each lab download needed files from the class web sites.

In the subsequent instructions, we will write “click” when we mean a left-click on the mouse button. We will explicitly identify right clicks.

Part 1: Starting QGIS, adding data and creating your first map
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First, find the QGIS icon, shown to the right. The icon is often located

1) as a desktop or taskbar shortcut, or
2) in a QGIS folder in the programs menu, opened by the button in the lower left corner of the screen.

In Windows it may often by found by left clicking on the Start button in the lower left of the screen and selecting ProgramsOSgeo4WQGIS. The folder name and configuration depends on how the system was setup at install, so you may have to look a bit.  

Double left click on the QGIS icon, and be patient while a start banner displays.  You may first see a user tip, if so, dismiss it.

This will open the main QGIS window, similar to that displayed at right. Note there are Table of Contents and Data panes, as well as various icons and menu bars.

Two of the most used icons are for adding vector and raster layers, noted in the graphic.



Add vector layer Add raster layer
A quick double left click on the add vector layer button will open a window. There will be various options and buttons, leave these alone to accept the default, and click on the Browse button.



Table of Contents Pane


Data Pane
[image: image9.jpg]/' Open an OGR Supported Vector Layer

Organize = Newfolder

¢ Favorites L Dates
2 40_comers
9 Librares 4 cLrosds
[ Documents [ (] takes
& Music [ rosds
Pictures 2 sreams
H Videos [2) vegetation 1207
[2) wet Jands 1207 Nopreview avaable
185 Computer

&L Local Disk (C)

e Seagate Backup |
59 data on psf (T
59 Google Drive on
9 Dropbox on 'psf’
9 Photo Stream on

= | ——] B

o=




[image: image10.jpg]ROBPL,LRPLARD



You should then see a navigation window similar to that shown at the right. Make sure the option near the lower right corner is set to display ESRI shapefiles (select via the triangle at the right end of the button if need be), navigate to where you saved the L1 data, and select and add the lakes data.

Repeat the process, to add the roads shapefile.

You should have a data pane that looks something like that below:
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Panning and Zooming.
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QGIS allows you to change the magnification and area that you view in your data pane. There is a cluster of zoom buttons (see right). They are typically along the

top of the main window, but because the toolbars are “dockable”, the may be elsewhere.
Left click on the zoom and pan icons to change cursor function. Left clicking on the plus (+) magnifying glass changes it to a “zoom in” cursor, then click on the data pane will zoom in on a point. You can also left click and hold/drag to define a zoom area.

The minus cursor zooms out, and the “arrows in” and “arrows out” buttons, found below the magnifying glass buttons, zoom the entire pane by a fixed amount.

There is a “pan” button, a hand, that does not change the magnification, but allows you to click/drag to position data. There is also a three-arrow zoom button that zooms to the full “Extent” of your data. There is a magnifying glass with a yellow square behind that zooms to selected features (more on that later), and one with a gray square behind that zooms to a layer selected in the table of contents. There are also two buttons with carets that zooms back and forth among previous zoom levels.

Note that if you hold the cursor near one of the icons in a menu bar, and keep it stationary for a few seconds, a help banner will appear to describe the button.
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Also note that some of the buttons can be hidden on a menu bars. Hidden buttons/icons are indicated by double right carets at the right end of a set of buttons. Clicking

on the carets will show the missing buttons, e.g., for the zoom menus:
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Layer Symbology
(see the video labeled Symbology in the Lab1 QGIS link on the course page). We can customize a layer’s appearance. Left double-click on the name of the lakes data layer in the table of contents . The properties window will appear, select on the style option in the left-most column (see right).

Change the lake symbol to blue via the color and other controls on the right of this window.

Left click on the Apply and OK. Repeat this process for the Roads

layer, making the roads black and

approximately double the original thickness

Creating a Map
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QGIS provides a print composer to create maps with legends, scalebars, annotation, and other features. The print composer is available through the Project option in the main menu, as an icon in the main window (see right), or on most installations, by pressing the control and P keys simultaneously.

(Video: Print Composer)

The map composer first asks you to name the map composition. It then opens into a composition panel, with tools along the top and right side of the panel for creating your map (see below).

The typical sequence is to 1) select the paper size and export

resolution, 2) add a new map, 3) add a title, 4) add a legend, 5) add a scalebar, and 6) add a north arrow, by clicking on add image, and then selecting and placing one of the images of an arrow.
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As you apply each of these you will see the results in the composition panel on the left side of the composer.

Some helpful points: First, when adding a map, you select the icon (2, above), move the cursor to the panel, and left-click, hold, and drag to specify the area where you want the map to display. Do this with your lakes/road map you created previously. Second, you control the extent that displays through the item properties tabbed panel (7 above). If you click on the tab, a new menu displays in place, and you can select the button/bar that is labeled “Set to map canvas extents”. This will fit the map to the area you specified previously.

When you are done adding and adjusting map elements, you can export the map to a pdf (8, in the figure above), print it (9), and save it (10).
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You can adjust the length and hash interval by selecting it, clicking the items tab, and adjusting the units, labels, map units per bar unit, and size and number of segments (the example below labels in kilometers, with meters as the map units, and 1000 meters per kilometer). Adjust these values with a bar selected to get appropriate proportions and length in your scale bar.
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Create a map that looks something like that in the figure above right, and export it as a pdf.

Setting Relative Paths While Saving
QGIS project files (saved with an .qgs extension) do not save any real data, but rather instructions on how to compose the map. This can present some problems when moving projects among computers, so we’ll now show you how to avoid some of these problems.
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First, create a new QGIS project (save your old project first), then left click on the New Map button, shown at right.

Add the roads.shp layer from the L1 directory.
Right click on the name roads in the table of contents window, and left click on Properties about 2/3rds of the way down the menu.

A new window will open, make sure you have General selected in the left-hand column of choices in the new window. Look at the Layer source entry found near the top-right. Note that there is a path, starting with a drive letter, something like “E:\L1\roads.shp.”

This path is the drive and sequence of subdirectories that lead to the displayed data file. Your path will be different, depending on the directory you are using to store and retrieve data, but the important point is that it contains a drive letter at the start, in the above case, E:.

The path is attached to the data set, and the QGIS project you’ve created knows to look there when you ask it to display this map.

Unfortunately, this storage arrangement isn’t very flexible, or portable. If you move your project files, including all data, to another computer, the drive letter or directory you save the data into will likely be different, for example, C:\ or D:\ instead of E:\. The path to the data will then be incorrect, and the data won’t be displayed.

If anything is different in the path, the project will not be able to locate and display the data. In the current state, the map project is difficult to move between computers.

Perhaps worse, even if you don’t move the data, but do something as simple as rename any directory in the path, the map project won’t locate the data correctly.
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This isn’t a problem if you always work on a computer with fixed drives, and you never change the subdirectories, but that often isn’t the case.
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Close this window. Left click on the Project label in the upper left of the main window, and then on Project Properties in the subsequent drop-down menu (figure at right). This will open a new menu (below).

Make sure you have the General properties selected in the

left-hand column, and note the Save paths box near the top of the right-side options (see figure at left). This allows you to set either absolute path, to record the full path and drive name, or the relative path, only the path between the project directory and the data.  (Video: Relative Paths)

Projects are most portable when you set the  path as relative, and store the data and project files in the same directory/subdirectory.
A confusing aspect of map project files is that they do not contain any spatial data. This can cause problems if you are not careful.
For example, if I save the “map” I created above into the file “MyFirstMap.qgs” on a portable disk drive and move it to a different computer, opening MyFirstMap.qgs will show my data sets in a table of contents, but my data view and layout view will be empty.

This is because the file MyFirstMap.qgs doesn’t hold the data. It only holds the instructions on where to find the data, and what symbols to use when displaying the data, among other information. If I haven’t also moved my data to the new computer, then there will be nothing for the map project file to display.

Think of the .qgs file as the recipe, and the data as the ingredients. You need both of these to display a map. If you save the .qgs in the same directory as the data and you set relative path names, then you can easily move both the .qgs map project and the data the same time.

In summary, you can avoid portability problems by

1) making path names relative, and

2) saving the .qgs project file in the same directory as the data, in this case, into \L1 directory.

If you work in one of the University computer labs, you should follow this two-step process for all class exercises, saving data onto your portable USB drive, and saving the .qgs with relative paths, into the same subdirectory as the data.
Manipulating Symbology
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Remove the roads layer (right click on the name in the TOC, then left click on Remove), and add the layer “wet_land.shp” from the L1 subdirectory. This layer shows polygons that depict the wetlands of the Hugo USGS quadrangle, in Minnesota.

After adding the data, left click on the name of the layer (wet_lands) and right click to select Properties. This opens a Layer Properties window, with several actions you can begin by activating banners in the left-hand panel of the window (see the graphic at right).

Start by 
1) making sure the Style option is chosen in the left-hand panel, click on it if it is not active. Then
2) select the attibute column, in this case WETLAND_TY



1) set Style



5) classify



3) select color style

7) OK to close



2) select column

4) Set color ramp
6) apply

3) select the color style, here Categories

4) set the color ramp,

5) click the classify button to list the categories for the active column,

6) click the Apply button to color the layer per your settings, and

7) click the O.K. button if your satisfied with the results.

[image: image21.png]{ Symbol selector o (S8 _X_

Symbollayer type Simple fl -

Colors il Border |

Fillstyle [ soid -
f—— Boderstye | ——Sold e =

Borderwidth[0.26000 2 Mimeter |~
e

Offset X,Y 0.00000 </ [0.00000 < Milimeter |~

[ sinple it

Data defined propertes...



If you don’t like the colors for a specific category, you can double click on the patch to set the individual color via the Symbol selector. For example, double clicking on the tan patch to the left of the U in the figure above would display a menu something like the figure at right.

Double clicking on the Fill patch near the
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middle of the menu displays a color palette, through which you can select a different color. After specifying the color, clicking

O.K. on the color selector menu, then O.K. on the Symbol

selector menu, then Apply on the Style menu will apply the change on your map.

Note that you can delete one or many of the categories by selecting them (remember, holding shift-select and a first, then a last in a list with select the whole range, and control-select (PC) and CMD-select (Mac) will allow you to select multiple, distinct categories. You can batch delete them by hitting the delete button in the main Style window with multiple categories selected.

You can also select a set, and then right-click over the selected set. This will open a window that will allow you to select among several options, the first of which is “change color.” Left clicking on it will open the menu to change the symbol color, but will apply the selected color to all the selected symbols.

Recolor the wetlands layer using the Style menu, basing the colors on the WETLAND_TY category. Since the U category is the large, background area, color this white, or blank, or some other light color. The L category is lakes. Make these a light blue.

Color each of the remaining categories with a distinct color for each of the different wetland types.

Open the map composer, and add a legend, title, scale bar, and north arrow, with the layout something similar to that on the right. Note that you won’t see the exact north arrow shown here, but select from the available north arrows.

Export the map to a PDF, and save/close this project.

Practice and More Tools
Open a new project, and add the following vector layers: 40_corners

Cl_roads
(not “Roads”)

Streams
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Also add the raster layer named Iverson_drg. Do this by left clicking on the add simple raster icon, usually just below the add vector icon on the left-hand menu bar, it looks like the icon to the right:
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Clicking on it will open an add layer menu very similar to that you saw when adding a vector layer. Make sure you set the layer type in the lower left corner of

the menu to “[GDAL] standard raster product (.img):

QGIS supports several raster types, and this is a standard raster format with a .img extension. Not all .img files will work, the file also has to have a specific format, but this one does.

Setting the Layer Order
Notice that as you added layers, each new layer was placed on top of the preceding layers. When you added the Iverson raster, it covered up the other layers.
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This won’t do. You can move the raster layer, or any layer, by left clicking on it in the table of contents pane, and holding and dragging it up or down. When you let go of the click, the layer is repositions.  Move the Iverson DRG to the bottom of the pile, and note that you can view the previously loaded vector layers. Reposition the points layer to be on top of all the other layers.

Sometimes the entire name of a layer doesn’t appear in the table of contents pane (TOC) on the left side of the menu, or we want to resize the TOC. We can do this by “hovering” the cursor over the border line between the TOC and the data panes (see figure at right, the border is the gray band in the circled area).

As you hover over the bar, a resize cursor should appear, two vertical lines with horizontal arrows pointing outwards:
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Left-clicking and holding when this cursor appears “grabs” the edge of the TOC, and lets you move it left or right to make it narrower/wider.

Resymbolize the point and line features, and pan and resize the extent to make your data pane appear similar to the image below:
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Changing the symbology for the line and point features is very similar to the polygon symbol tools discussed above. With lines, the menu includes a line width option (set to 1 here for the roads, and 0.5 for the streams),

Note the gravel pit and lookout tower circled in the image above. You may have to zoom in to see them, the gravel pit is shown as a bare area and a faint X to the right of the label, and the tower is a transparent circle with a dot in the middle, to the left of the label. Notice that if you zoom in too far, the image appears pixelated, or blocky. If so, zoom out a bit, it will appear a bit better.
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Pan and zoom until the map is as zoomed in as it can be and still show both the gravel pit and the lookout tower.

Use the measure tool, usually parked at the top middle-left of the main menu, to measure the distance between these two features. Left click on the triangle to the right of the tool, and from the drop-down menu select the Measure Line tool. Note that you can start this tool with a shortcut keyboard sequence, Ctrl+Shift+M, as shown in the drop-down. If a shortcut exists, they are usually
shown in a menu this way, so you can start the tool simply by pressing these keys simultaneously.
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With the line measurement tool selected, position the cursor over the gravel pit, then left click. You should see a measurement window:

Note that as you move the cursor to another location, the number that starts at 0.000 in the window will rise, reporting the distance for that segment, and the total in the bottom window will also increment upward.

Move the cursor to the lookout tower, and click. Note that

another number appears below the first, it should start at zero, but may be a small number if you move the cursor slightly.

Note this length, the distance between the two features. The units are those of the layer, meters in this example. We can set them to project units, but we’ll save that until after you’ve learned about map projections.

If you had a multi-segment distance to measure, you would then move and click along the segments, noting the length of each segment, and increasing the total sum in the bottom window. You could start another measurement via the New button in the bottom. Close the window.

Change the zoom back to the approximate extent of the roads, as shown in the data pane shown on the previous page. Turn the Iverson DRG name “off” by specifying a blank layer name in the Properties- General window (see figure at right).
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Create a map with a title, north arrow, legend, title, and description, and export a PDF as before.

Multiple maps on One Page
Sometimes you wish to show two maps on the same page, e.g., a larger overview map and an inset map. We do this in QGIS by:

1) loading all the data we wish to display in to a QGIS project,

2) setting the symbology for the first map we wish to display

3) opening a new map composition and setting the window, scale bar, and any other map elements you wish

4) “locking” the display elements

5) going back to QGIS project and changing the zoom, pan, and symbology to that of the second set of data you wish to display

6) return to the existing map composition, and adding a new map. This new map can have the same data as the first map, e.g., for an inset, or you can display entirely different data, simply turning it on and off in the table of contents, simply by turning the x boxes on or off.

Create a new QGIS project.
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Load the Iverson DRG, and then the vegetation data from the L1 data directory. Apply the above steps to create a two-panel inset

map similar to this:

You don’t need to create a pdf of this map, just practice until you can create a multi-panel map, we will be doing this frequently in future exercises.

Note that if you display data at different zoom levels, as here, they will have different scales, and hence scale bars. If you want to add a scale bar for each panel, it is best to set the final zoom for that panel and then add the scale bar for a panel before you lock it. The scale bar applies to the current map, so it is messier to go back and add one to a panel you already created.

Topologies
QGIS supports topologies in a rudimentary way. As described in the readings, topologies are the spatial relationships between objects, such as “overlaps,”, or “contained within.” When we check for or enforce topologies, we’re trying to ensure correct spatial relationship, e.g., we might want to make sure all our digitized power poles fall within our block or parcel polygons, and not on our street polygons, or that all our river networks connect, or don’t have overshoots or dangling arcs.

Start by loading the basins shapefile. It contains the watershed outline for the Red Cedar and Lower Chippewa rivers in western Wisconsin.
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Next, find and click on the topology checker icon, it typically is placed on the main menu frame:
[image: image6.png]


 This should open a pane to the right of your data window, depending

on how you have your system configured.

This topology checker window allows you to create rules, using the Configure button, and validate those rules, which means check for and display the points, lines, or polygons that break the rules you’ve established.
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Click on the Configure button. This should open a rule-creation menu, as shown below:
You add rules by first selecting the layer (s), then the specific requirement by clicking on the triangles near the dropdowns, under the Current Rules box.

You then click the Add Rule button, and the rule should show up in the list.
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For example, if I click on the left-most button where it initially lists “No layer,” I’ll get a drop-down menu of the currently displayed layers. I can then select basin, and two buttons will be displayed immediately to the right of the basin button. Clicking on the middle one will give a dropdown list of rule choices. I can select “must not overlap” to ensure the polygons don’t overlap each other in a layer. If I then click the Add Rule button, it will place the rule in the pane below the buttons, and should look something like the figure to the right.

I can add several rules to be checked at once, depending on the layers I’ve displayed and the rules I want to enforce. I find it clearer to only check the topology on one layer at a time, rather than jumble up the

display with rules and errors from multiple layers. It depends in part on how many errors you expect per layer.
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You then check for errors by clicking on either the “Validate All,” which checks for errors in the entire data set, or “Validate Extent,” which checks for errors only in the region displayed.
After you’ve created the rule specifying that the basins must not overlap, click on the Validate All button.
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An error should show up in the main topology checker pane, similar to that shown at the right. You will want to make the data pane larger; I shrunk it here to save space.

Clicking on an error (line highlighted in blue in the figure to the right) should highlight a polygon with errors in the data pane. Can you identify where the polygon overlaps another polygon? If not, you may need to change the color to a mid-tone or lighter, with a black outside border, sometimes it is difficult to see the overlap with too dark a color, and zoom around the edge.

Typically, you would note where the errors are, and depending on their type, edit them manually or apply some sort of function to remover the errors.

Remove the basins data layer, delete the rule from the rule settings (click on a rule, then the Delete Rule button in the Topology Rule Settings window), then close the window.
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Open a new Configure window, and add a rule for the rivers data layers, specifying that it must not have dangles.

Save and then Validate the rule for the entire extent. You should see a list of errors appear in Topology checker. Red dots appear in the data pane, if you zoom to full extent you should see something like the figure to the right. Each dot represents a dangle.

Some of these dangles are acceptable, e.g., where a river starts, but there should be no dangles where two rivers join. How many of missing intersection errors can you find?

Remove the rivers, the river dangle rule, and clear the red dots from the pane (validate the topology with no rules specified).

Add the Qroads layer, and check for Qroads dangles. This layer contains major Qroads within the basins, but all roads that cross should intersect, and not have dangles in the “interior” of the basin. Remember from the reading about overshoots? See if you can find any Qroad overshoots or undershoots within the basin by searching for dangles. Look at the dots in the data pane, and at individual errors in the Topology checker pane.

Remove Qroads, road dangle rule, and clear the data pane one more time. Add the city layer, points for cities within the basin, to the data pane.

Also add the basins polygon layer to the pane.

Create and apply a rule that checks to make sure all the cities “must be inside” the basin. Note the number of cities that are not inside the basin.

Unfortunately, there is no easy way in QGIS to print a map showing the errors. Open a new project, add the basins,Qroads, rivers, and cities data, add a north arrow, scale bar, title, and legend. Below the legend note how many errors you found in each layer in a simple list, or narrative, e.g., Cities: XX not contained in basin. Roads: YY under or overshoots. Rivers: ZZ missing junctions.

Export the map as a pdf, to turn in.
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