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Prairie Mountain:
Hiking/Camping Options on the Manitoba Escarpment in
Riding Mountain National Park
GIS Lesson in ArcGIS 9.x

Lesson Difficulty: ADVANCED
Length of Lesson: 1:45 — 2:00

In this lesson students will:
1. Create a map in ArcGIS 9.x highlighting the change in altitude along the
Manitoba Escarpment within RMNP.
2. Display the road and trail network along the eastern portion of RMNP.
3. Create a Profile Graph of the Packhorse, JET, and Bald Hill Trails.
4. Insert project information, north arrow, scale bar, legend, and descriptive
text box.

GIS Skills acquired:

Thematic mapping

Formatting, viewing, and identification of spatial data
Development of skills to use and understand TIN's
Introduction to 3D analyst

Proper understanding of map layout and functions in Arc
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Required Data and Software:
e ArcGIS 9.x (ArcGIS 9.2 or ArcGIS 9.3)
e ArcGIS’s 3D Analyst Extension

o Data layers (included in CD-ROM): RMNPboundary.shp,
15meter_clipRMNP.shp, allrmnproads.shp,
Campgrounds_backcountry.shp, Campgrounds_frontcountry.shp,
RMNP_Trails.shp, and tin_elevation
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Summary for Teacher:

Formed through erosion over millions of years, the Manitoba Escarpment
runs 675 km across eastern Saskatchewan, western Manitoba and into North
Dakota. The dramatic change in elevation - some of the most interesting scenery
in Manitoba and the entire central plains of North America - the escarpment juts
out of a tranquil, flat landscape towards wide-open skies.

Such a remarkable place can be appreciated from endless viewpoints:
from the bottom, the top and now, thanks to GIS technology, from the stars. In
this lesson, students will use a 3-D satellite image of Riding Mountain National
Park (RMNP) as a topographical backdrop to their main objective: illustrating
hiking and camping options on the Escarpment with tools found in ArcView 3.x or
9.x.

This lesson will give students a better understanding of Manitoba’s and
the prairie’s geological history as well as familiarize them with RMNP’s famous
trails and back-country camping network. Beyond improving students’ GIS skills,
this lesson will also subtly encourage students to indulge in healthy outdoor
recreation opportunities right here in Manitoba.

It is suggested that students first learn the basics about the Manitoba
Escarpment and how altitude influences vegetation. Fact Sheets, Web links and
various Challenge Options have been included to help with this process. Next,
students can proceed to the GIS lesson itself. The first-person scenario will help
set the scene and detailed instructions will guide students and teachers each
step of the way. Lastly, consult the Challenge Options section to see how the
GIS activity can be extended into other subjects.
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For students:

This is Your Mission

It is your second summer working as a student at Riding Mountain National Park’s
(RMNP) Visitor Centre and you've learnt a lot about the park, especially the
geological history of the Manitoba Escarpment. Your supervisor has taken notice of
your good work and thinks you are ready for more responsibility.

Next week, a small group of geologists from the University of Minnesota is coming to
RMNP to experience the escarpment first hand. They are planning a 2-day/1-night
hiking and camping trip but, before they head out, they've requested a short
presentation on their hiking and back-country camping options on the RMNP portion
of the escarpment. To accommodate the request, your supervisor has asked you to
follow the instructions in this document to complete a map entitled Hiking and
Camping Options on the Manitoba Escarpment in RMNP.
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Part A: Getting Started

e Launch the ArcMap program. If you have a shortcut to ArcMap on your
desktop double-click it.
Otherwise, click Start > Programs > ArcGIS > ArcMap
¢ In the ArcMap startup dialogue box click A new empty map
x|

— Start uzing Archdap with

L
@ = A template

Templates provide ready-to-uze layouts and baze maps for
various geographic regions.

é = An existing map:

Browse for maps... -
G:4. AFirehprescribed_fire_workingdraft med
[

G:AGISData\Sharla_tempPHPWPHPposter_Decl0.mxd
G:AGISD atahSharla_tempPHPWH at_Hbt_State. msd

G\ ASharlaPHPSWM aps'Partner Maps\PHPConsv_Efforts. mad
G:MGISD atahSharla_tempPHPWPHPConsyEfforts.med

I~ Immediately add data

[~ Dokt show this dialog again

[~ Load last map on startup

e Click OK.

e Click on the Save button = and save your project as
Manitoba_Escarpment.mxd within your working directory.

pavens ES

Save jh I&}Elevallon j - EF -

@MB?Escarpmentfworkingdraft

File name: IManitoba_Escarpment mxd j Save I
Save as type: IAICM ap Document j Cancel |

Prairie Mountain Arc GIS instructions January 2009



e From the View menu select the Data Frame Properties.
e Click on the tab labelled Coordinate System.
e Under Select a Coordinate System select:

Predefined > Projected Coordinate Systems > UTM > NAD 1983 >
NAD 1983 UTM Zone 14N

Data Frame Properties llﬂ
Anhotation Groups I Extent Rectangles | Frame I Size and Poszition I
General I [rata Frame Coordinate System I Humination | Grids | Map Cache

Current coordinate system:

MAD_1963_UTHM_Zone_14N ;I Clear
Projection: Transverse_Mercator

Falze_Easting: 500000000000

Falsz_Morthing: 0.000000

Central_Meridian; -99,000000

Scale_Factor: 0.999600

Latitude_OFf_Origin: 0.000000

Linear Unit: Meter

GCS_Morth_smerican_1983
Datum: D_MNorth_American_1983

-
LI 2 Transformations...

Select a coordinate system:

Bl UTH -] Madify...
- Indenesia

(0 NAD 1927 Import...

2423 NAD 1983

5 MAD 1983 UTM Zone 100

) MAD 1983 UTM Zone 11N J LI

@ MAD 1983 UTM Zone 12N

@ MAD 1983 UTM Zone 13N Add To Favorites

$abAD 1953 UITH Zone 14N
@ MAD 1983 UTM Zane 15N Bemove From Favarites
@ MAD 1983 UTM Zang 16N

-4} NAD 1983 UTM Zone 17N |

oK I Cancel | Apply |

e Click OK.

Save your worlk!
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Part B: Adding Data Layers

e Click the Add Data button ‘¥ (located at the top of your screen). This will
allow us to add the data layers we wish to work with.

e Navigate to the appropriate directory to retrieve the following layers we will
be working with for this exercise. If you are unsure where the files are
located please check with your teacher.

e You want to first add the data layer RMNPboundary.shp

e Click Add

e Click on the coloured square located below the layer name. Within the
options box select the drop-down box for Fill Colour and select No
Colour. Change the outline width to 2.00. Click the drop-down box for
Outline Colour and select a dark shade of red of your choice.

Symbol Selector el

Categor: | Al =] [ Puev

Blue Sun
-~ Optiores
] W O 7=
Lake Rase

Hollaw
Dutline width -
300 =

D D Oute ok

Yellow Olive

Jade Blue More Symbols -

Save. el

Green

3 0 <

e Click OK.

e Click the Add Data button ¥ and click on the 15meter_clipRMNP.shp
Digital Elevation Model. This shapefile displays the elevation contour
lines in intervals of 15 meters.

e Click Add.

e You may get a spatial reference warning here; click OK if this appears.
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The Elevation data layer can often take a lot of time to re-load as you are
working with your data. We do not need this layer yet so it is best to turn
the layer off. Under Layers in the table of contents on the left side of your

screen click on the check mark M beside 15meter_clipRMNP so the layer
is no longer visible.

We are now going to add the road, trail, and campground layers in RMNP.

Click the Add Data button¥® . Use the Ctrl key to select more then one
layer at a time.
Select the following data layers: allrmnproads.shp,

Campgrounds_backcountry.shp, Campgrounds_frontcountry.shp,
and RMNP_Trails.shp.

x
Loak in: ID Elevation j EI

10m_conkour.shp RMMPboundary. shp
on

Name:

Iallrmnplnads shp; Campgrounds_backcountry. shp: Campar Add

Show of type: IDalasets and Layers [*.lyr) j Eaneel |

Click Add.

Save your worlk!

Part C: Formatting Data Layers

We are going to format the colour and style of the camping, roads, and
trails layers.

Click on the circle below the Campgrounds_backcountry layer. Change
the Fill Colour to a bright colour and increase the size of the Symbol by
the number of points you find suitable (more than 6), you can always
make them bigger later if you find they are too small to see.

Repeat these steps for the Campgrounds_frontcountry layer. Make sure
your two campground Symbols are different colours.
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x|

Category | A1 |
° | | A :I ®
Circle 1 Square 1 Triangle 1
COptions—————————————
. . ° o [
Pentagon 1 Hexagon 1 Detagon 1 S 4 _4:5[
Angl =
angle: 0.00 =l
[ ] @ =
Ard Sauare 1 Circle 2 Square 2
A . . Properties.
Triangle 2 Pentagon 2 Hexagon 2 et St -
Save. Bieset
@ ] ® =l Cancel

e Click on the line located below the roads. Change the Colour to a colour
of your choice.

¢ Change the line size to 2.00.

OETTEE——— 1l
Cusgory | M =] Fmien

Howay  HighmayRamp  Esprssay j

Expmsomay Mo ol Autasial Stivel

Coectin Stmet  Apsitertinl Sinet Risbousd

e Click OK

e Click on the line located below the trails. Change the Colour to a colour of
your choice.

¢ Change the line size to 2.00.
e Click OK.

e Click the box beside the 15meter_clipRMNP layer to make it visible
again. You may want to change the colour of the contour lines to a lighter
shade so that the layer does not overwhelm your map.

Save your worky
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Part D: Selecting a Hiking Route

e The contour lines show 15-meter elevation intervals. The contours placed
closer together depict a sharper change in elevation over a smaller area.
Just by looking at the map it is quite easy to determine where the
Manitoba Escarpment occurs within RMNP (on the east side, or the right
side of your map). We are going to look at two of the camping sites and
three of the hiking trails along the Manitoba Escarpment.

§]

T

e Use the Zoom In tool @ to look at the different contour lines more
closely.

e If you cannot find the Zoom tools at the top of your screen then select
View > Toolbars and then make sure there is a checkmark beside the
Tools option. This will also activate the Identify tool which we will use

next.

e Use the Zoom Out tool to return to viewing only the RMNP trails
located on the Manitoba Escarpment (see map above).

e Use the Identify tool ﬂ to look at the attributes of the camping sites and
hiking trails near the escarpment.

i Identify 2lx|

Identity tram; | <visible layers: =

[=- Camparounds_backcountry
-~ Breezy Hill
E- RMMP_Trals Field | value [«
- Breezy Hill FID 1]
[=- 15_meter_contaur Shape Paint
10745 MNAME Ereezy Hill
SCEN25 1
= [mnDD SCENSO o
Y1993 42
1997 130 e
1996 93
¥1995 249
Y1994 181

4| _,I Y1993 230 ;I

Save your worl?

Lacation: |450,795.805 5,615,144.997 Meters a
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Part E: Selecting a Hiking Route

We are now going to create a Profile Graph of three trails which run
through the Manitoba Escarpment, this will show the changes in elevation
as you hike one of these trails.

We will create an elevation profile for the Packhorse Trail, JET, and
Bald Hill Trails as they all cut through the Manitoba Escarpment.
There are other trails within eastern RMNP which run through the
Manitoba Escarpment but we are only going to focus on three of them for
this lesson.

Click the Add Data button ¥ and click on the TIN tin_elevation.

Click Add.

A TIN (Triangulated Irregular Network) is a data model composed of
nodes, edges, triangles, hull polygons, and topology. It depicts geographic
surfaces as contiguous non-overlapping triangles. The vertices of each
triangle match the elevation of the terrain exactly, meaning a surface is
represented by several triangles. Each triangle face has an approximate
slope, aspect, and surface area (from ArcGis Desktop Help).

If your trails and campsites are not visible you

may have to rearrange your data layers. If o Rmnp_tiaikshp =)
so, on the left side of your screen re-arrange o Commarundebut
your data layers so that the backcountry g
campsites and the trails are located above the ¥ pmpere
T|N « Highways.shp
1 Campagrounds_from
f Tin_elsvation

Breaklines

Hard

Saft
Elewation R ange
[ ]699.2z22- 756
[ ] 5492 444 - 6ag
[ 525 667 - Gaz
I 525 559 - 585
[ ]a72.111- 528
[ 415.333- a7z
[ =55 .556 - 415
I =01 .77 - 358
B =45 - 301.773

] 15meter_cliprmnp .=
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e You may need to change the colour of the trails to a brighter colour so it is
visible on top of the TIN. Click on the line below RMNP _trails. Change the
Colour to a bright colour and the Width to 2.00.

T 2ixf
Camgry |1 | S .,
Wy HohwayFarg  Expretmy j
Oprs
o
Eigonin  MRHAGE A Sha e 2
[
Coecios Steet Meniderti beet  Maboad
— iy Fpopertas
P Bowday,  Bounday, Sl e Gpertachs E
[
[
sy 4 G Zem

e We need to turn on the 3D Analyst Extension.
e At the top of the screen select Tools and then Extensions... within
Extensions check the box to the left of the 3D Analyst Extension.

Select the eatersions you want to use

x|

- ArcSean
[0 Data Interoperability
O Export to EML
[ Geostatistical Analyst
O Hawth's Analysis Tools
-0 Maplex
- Network Analyst
[ Publisher
O Schematics
0] Spatisl Analyst
-0 Survey Analpst
- Surey Editor
Cadastral Editor
O Tracking Analyst

Description:

3D Analyst 5.3
Copwricht ©1339-2008 ESAI Inc. Al Rights Ressrved

Provides tools for surface modeling and 30 visualization,

About Extenssions

Clase

e Click Close

gave Yyour worijgy
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Part F: Creating a Profile Graph for Packhorse and JET

e We are now going to create a profile graph.

e Profiles show the change in elevation of a surface along a line. The
Create Profile Graph tool on the 3D Analyst interactive toolbar is used to
derive a graphical representation of one or many profiles.

e Make sure you are Zoomed In @ to the Escarpment (see map below).

e Click the Layer drop-down arrow on the 3D Analyst toolbar and make
sure the TIN_elevation is selected. This is the surface for which we are
going to create a profile graph. If you cannot see the 3D Analyst toolbar,
click on View > Toolbars > 3D Analyst at the top of the screen. “Dock”
your toolbar at the top of the screen (if necessary) by clicking and
dragging it to a blank space.

Bretz I k|

30 Analyst w | Laper [5G

e Click the Interpolate Line button.

e We are going to digitize the Packhorse Trail first (the upper, more
northern trail). Start by clicking at the Parking Lot to begin, follow the
Packhorse Trail to East Deep Lake campsite. Click to create vertices and
try to follow the trail as closely as possible. At the East Deep Lake
campsite double-click to stop digitizing.

™ |}
] AT

f’ b/ e ' Parking Lot

JET Trail

S Bald Hill Trail
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e Once you double-click your trail should be highlighted.

e Click the Create Profile Graph button. | =
e A graph will appear. It displays the distance and elevation of the
Packhorse Trail. Right click on the graph and select Properties. Under the
Appearance tab, Change the Title to Profile Graph of the
Packhorse Trail. Change the Footer to From Parking Lot to
East Deep Lake Campsite.

Graph Properties of Profile Graph Title 21|
Series Appearance |
% Show all Features|recards on graph
[+ Highlight currently selected Featuresfrecords
" Show anly selected Features/records on the graph

—i@eneral graph properties

Title: | Profile Graph of the Packhorse Trail

Faoter: I “ram the Parking Lok ko East Deep Lal

[~ Graphin 30 view

v Graph legend

Title: |

Position: IRight j

Axis properties

tefe |right | Bottom | Top |

Title: |
Visible v
Logatithrnic r

ak I Cancel Apply

e Click OK. 0|
e Right click on the graph and select Add to Layout. Return to the Data
View and remove the graph from the Data View by clicking the ‘X’ at the

top right-hand corner of the graph (don’t worry the graph will still be in your
Layout View).
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e Repeat these steps for the JET Trail (the middle trail), but end your line at
the Breezy Hill Campsite (the lower, more southern one). Once you have
created the graph right click to change the graph Properties. Change the
Title to Profile Graph of the JET Trail. Change the Footer to
From Parking Lot to Breezy Hill Campsite.

e Repeat these steps for the Bald Hill Trail (the bottom, more southern
trail). Once you have created the graph right click to change the graph
Properties. Change the Title to Profile Graph of the Bald Hill
Tralil. Change the Footer to From Parking Lot to Breezy Hill
Campsite.

e Add this graph to the Layout View as well. Stay in the Layout View

O after completing your third Profile Graph as we are going to put the
finishing touches on our map.

Based on the elevation profiles of the escarpment trails:
¢ Could you suggest an itinerary for the visiting
researchers?
:| e Calculate the elevation changes that will occur during
their trip?

gave YOour worij
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Part G: Final Touches

We are going to label the Packhorse, JET, and Bald Hill trails along
with their campsites and then complete our map.

Make sure you are in the Layout View O
Under File select the Page and Print Setup... Check to make sure the
Paper Orientation is in Landscape.

Make sure your Paper Properties is setto 8 %2 X 11 inches (or Letter) so
that your map can be printed on one piece of paper.

20
Prokst Sohp
e [ ARMADMIN-FRINTARM BEHUB-C451 x| _Pupetes
Statur Frescy
Type: FONICA MINOLTA C451 PS5
Whaie IEHUD-LA51
Comsertz 1081073
Paot
soe 817201 - [ Pt Foger
Souce | Privket Masgng
D ] Moo Page Paoe Lavout)
P S amole Map Elemeris

Mg Page Sice
[# Use Printes Pacei Semngs
Page

T T
S P af W
Wi [21.59 Certimeims ¥ % X—R“
reh ET Corimeires = > T g
Unertatgn OF & Lol UH N E) |

I onlaouw [ e

o] _oms |

Click OK.

If your map does not align with your page properties then readjust your
RMNP map so that it fits inside the Landscape View.

Your map should be Zoomed In to include only the trails we have used for
this lesson.
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e Move your three graphs so they are aligned along the bottom of your map.
e To label the campsites and trails. Click the drop-down arrow on the New

Text icon, select the Callout icon.
A A

A———> WA
&

e Click on the East Deep Lake Campsite, drag away from it slightly and
type in East Deep Lake Campsite. You can change your text size and
colour by right-clicking the text box, within the Properties select the
Change Symbol icon to change the size and colour to your preference.

e Repeat this process with the Breezy Hill Campsite.

e Repeat this process to label the Packhorse, JET, and Bald Hill trails.
Select any point along the trail with your Callout icon.

e If you forget the names of trails or campsites you can always use the Identify
Tool. Simply activate the tool and click on the trail or campsite you wish to
identify.

e Lastly we are going to add a Title, North Arrow, Legend, and Scale Bar
to our map.

e At the top of the screen select Insert and select Title. Label your title
Hiking/Camping Options on the Manitoba Escarpment in
RMNP.

e Click and drag your title to the top of the page.

e Click and drag your North Arrow to the top right-hand corner of your map.
Select Insert again and choose a North Arrow symbol of your choice.

Morth Arrow Selector x|

i
f

ESRI North 1

N
k|

ESRI Morth 4

M
O
&7
ESRI wa‘h?

P

N

A

ESRI North 2
N

|

ESRI Morth 5

o
+

ESRI Morth 8

y

>z
c?,?

ESRI Marth 3

2y -

ESA North &

I~ Scale lofit page

ESRI Noith § _ Moesyes -]
=

&
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e Click OK to close the North Arrow Selector box.

Select Insert again and select Scale Bar.

Select a Scale Bar of your choice.

Click OK

Right-click on your Scale Bar. Select Properties and change the number
of divisions to 2.

e Change the Division Units to kilometers, change the label to km (type in
km).

2

Seale and Units | Mumbers and Marksl Formatl

- Scale

Division value: I Auta
Mumber of divisians: I 2_%
Mumber of subdivisions: I 4_%

¥ Show one division before zemo

When resizing...

IAdiust division value j
i~ Unit

Division Units:

IKiIDmelers j

Label Positior:

Iafter labels j

Label |kml Symbol...

G | 3p3

ok I Cancel | Apply |

e Select OK and OK once more to close the Scale Bar Selector dialogue
box.

e Click on the text icon Al located at the bottom left-hand side of your
screen to insert text (the Callout icon may still be active, select it and then
select the text icon)

A & o
X
&

¢ Include the name of the author (you!) and today’s date along the bottom
right-hand corner of the page.

e If you wish to modify the size and appearance of your text, simply right
click it and select Properties.
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Looking for a reference point? Try to locate Highway 19 on your
map. Create a callout to label it. Now, compare your map with
the map of the park in the Resources folder (RMNP Map.pdf).

‘:| Were you close? Fix your callout if you were off the mark!

gave Your worjg,

If you need to print your work, first check for
istakes! That way you will only print one final
copy and save paper!

Congratulations! You have completed your map of the
Hiking/Camping Options on the Manitoba Escarpment in
RMNP!
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Mission Debriefing

If you are reading this, you have successfully completed your map
of Hiking / Camping Options on the Manitoba Escarpment in RMNP.
Questions that may arise include:

1. Would you recommend that they park their vehicles at the eastern
boundary of the park or at Highway 19? Why?
2. Considering that people normally hike at an average speed of 4 km/h,
how much travelling time will it take for them to travel:
a. From the eastern boundary of the park to East Deep Lake?
b. From Highway 19 to East Deep Lake?
3. Considering the challenging elevation of the escarpment, can you
suggest to them the easiest route that would cover all 3 trails?

What questions of your own do you have for your classmates?
With this information, the visiting geologists will be better equipped to
navigate the trails of the escarpment, thereby making the most efficient use of

their short time there.

Congratulations! On to your next mission...
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