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Proposal

Findla location for a new: single-track
mountain bike trail

Create a trail that: is' properly: designed! so
it willf reguire minimal- maintenance

Does| not interfere with existing recreation
opporuunities, wildlife, or envirenment

Tirail that 1s chiallenging but canibe used
by: all different skill levels of riders




Forest Park

Located in NW: Portland
5161 Acres
Established in 1947/

Thirdilargest Urban
Park in the ULS.

70 miles; of hiking| trails
30 miles of bike'paths

NG single-track
mountain bike trails.

Current Trail System and the
Need for Mere

125
Keeps mountain b7
bikers off: hiking trails &
Prevents the
construction| of
“commando” trails

Provides recreational
oppertunities te mere
people




Trail Criteria

Average slope lessithan: 15%
Maximumy traill slope of 30%

Ideal building hill'slope 0-50%,
Secondary: 50-70%

Doees! not interfiere with' existing hiking
trails.

Avoids drainage patis

Tirail building| options

Converting existing trails, opening them
up: to: moeuntain; bikes

Nen-GIS, drawing by hand and flagging-
most commonly: used;

[.east; cost: pathranalysis
Alternative GIS design




Data Used

RILIS-contours; hill-shade, streets
[LDAR Data-DEM; slope, hill-shade

Portiand Parks and Recreation-park:
boundary, trails
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Trail Metrics

Finding ways| terdescribe a
polyline:




Metrics-Basics
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Metrics

Slope
Rise/Run

45°=100% slope




IHow! Do You Get Slope?

Easy...

Get slope friom a DEM in Spatial
Analyst>Surface>slope:

Convert trail to raster (trail,1; else, no data)
multiply trail raster against slope; raster.

Raster attributes show min. max, std. dey,
mean.

Hawithis toels

Has line overlay: oni raster tool, eliminates
time andispace off making rasters; of lines:

And it's FREE!




Slope Metrics

But...

Hl/sige Slepe;and ral/slope are different
things

Slope Metrics

Hillslope

Ape




Slope Metrics

Trail cutout
PR

Hillslope determines if you can build a a trail or not- 0-50%,50-70%.
Trailslope determines is people can ride it.- 10% good, 15% max over 100".

Tiraill Slope

Tihere is no tool for line slope.

3-Dranalyst can create a profile of'a
digitized! line.

Creates picture of AX, AY.

Can only: compare visually.




Determining Traill Slope

Export data from 3-D; Analyst intorexcel

Equation:
=((@bs(Y1-Y2))/(abs(X1-X2))*100)

Gives cellular (cell by cell) percent slope of

the line.

Determining Traill Slope

Overcoming high:trailsloperis easy: over 37

A moving averaderover 331 cells gives
averade; slope for a 99" trail section.

Tihis tells usitrail feasibility.
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Metrics

Standard Deviation tells us how! varied the
datal are.

I average slope is 10%, with std. dev. Of
1, 9505 of the traill has an average
betweeni 8-12%

Metrics

Knowing elevation andl desired slope can
give a theoretical “zero variance” length.

Comparing this tortheractual straight line
distance can shew! how! feasible; al trail
would be'in'a specified area.

11



Initial Study Area

—first - least cost —— existing

—first ——second third = least cost —— existing

150

8000 10000 12000 14000

std max elev. elev. min tr, Straight hillslope hillslope hillslope %99 <
slope 99 99 range change Length 15% Length mean std max 15

first 2247 1053 55.53 588.37 585.82 3793.04 3905.49 2529.36 30.73 0.33 27.76%
second 22.40 9.51 4435 592.36 588.93 4226.96 3926.19 2570.66 33.88 0.33 25.00%
third 16.25 7.63 33.93 593.30 588.49 4944.06 3923.26 2570.66 25.09 0.27 48.26%
least cost 17.42 7.83  40.09 72517 598.07 6050.26 3987.10 2570.66 27.89 0.24 49.52%
existing 13.28 6.66 45.08 624.85 591.66 4897.36 3944.43 2570.66 29.88 0.59 63.58%




Trail Siting Process

—— freehand

Ele min tr. str. hillslope

hillslope hillslope
change Length 15% Length mean std max
freehand 179.27  24760.06 1195.11  7236.43 38.28 0.22 166
RLIS

176.90 24483.19 1179.32  7236.43 38.28
178.67 28807.42 119111 7236.43 49.64

0.22 166
DEM

0.18 152

——RLIS

% 99 <
15

38.37%
38.37%
85.32%
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Issues (with data)

RIS conteurs Contour Differences between RLIS and LiDAR
significantly. different

fiféMm conteurs created

firom DEM

Attempt with Least Cost
Path| plotted a trail that
didn't adhere to IMBA
standards

Metrics' ofi al fialll line
= On a cellular level
Where the trail starts
Where it ends

Tirail angle in relation to
aspect:

Issues (with data cont.)

Route optimization for al raster
envirenment

Underlying datadoesnit necessarily dictate
the trail location

s Steep slopes can be conguered with
switchbacks

s Some obstacles are hidden eveniin LiDAR
data
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Issues (Data and Tools)

Limitations of LiDAR

= Highly accurate!but contains data that may not make
sense

Elevation anoemalies exist where the “rise over rin’ can show,
a1 400% slope! (this indicatesia 207 rise;over a 5/ run — 100%%
slopelis 45 angle)

Digitizing trails

= 3D Analyst couldn't create a slope from am existing
line

s [rails had to be re-digitized! to generate slope: profiles

= Digitizing in 3D Analyst isivery unforgiving

ISSUes (in Forest Park)

Forest Park isia difficult place for siting a traill because of
sl Steep slopes
s Highjexisting trailfdensities
South’ Park density - 0:001045
MiddlerPark density — 0:001847
NorthiPark density — 0.001055
= Urbanipark withrhighruser density,
u| Confiicts between park Users

Actual park boundary
s Boundany isi different dependingjon who you talk'to
Joshi Darling)— Portland Parks andiRec
Parts that anelincorporated park are actlally’ private property.
Area considered to be Forest Park isisomewhat “fiuzzy”
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Conclusions

A'lot of factoers| te) consider when cheesing
thellocation| fior a new; trail

= Jirail' that can be ridden bothrdirections

= Overall slope'under 15%

s Adeguate space for trail

IS this method! of trail sitingl useful?

Accurate LIDAR data shows existing features that
can be utilized in the new: trail

Conclusions

What wouldiwe do) differently?

s Study area choice
fForest Park hasiaccurate data available
Tierrain makes for difficult trail siting

Numerous existing| trails, difficult to plot new! trail
without conflict

Highr user'density in ani urban park:
= Jirail usage data
s Actual park boundary.

16



Proposed Forest Park Mountain Bike Trail
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A Vlable Solution
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Conclusions

Using LIDAR data of Ferest: Park

= \We were able to create two trails
One in the northi western section of the park

A second cressing the middle section to the south
eastern section

Before al trail could be constructed

= Ground truthing would: be vital
» Construction cost analysis
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