
Palos Verdes Peninsula Land Conservancy has been managing 

Palos Verdes Nature Preserve (PVNP), White Point Nature 

Preserve, George F Canyon and Chandler Preserve, and 

promotes the recreational use of nearly 40 miles of trails. 

Therefore, it is important to represent the existing hiking trails 

for public trail users. The study area for this applied thesis 

project was the largest reserve of PVNP, Portuguese Bend 

Reserve, which is located in the city of Rancho Palos Verdes, 

California (Figure 1). Spatial and cartographic analysis have 

been applied to the existing trail map of Portuguese Bend 

Reserve in order to improve the cartographic representation of 

the map to make it easier to understand for trail users. 

The difficulty of each trail was determined using Path Slope Analysis tools. 

According to the results, Portuguese Bend Reserve trails range between moderate to 

strenuous with path slope values of 20% - 45% of steepness range ( United States 

Department of  Agriculture, Forest Service), respectively (Figure 3). Trail lengths 

vary between 0.1 miles to 2.3 miles. A shaded relief map and aerial imagery were 

added in order to represent the terrain. After cartographic analysis, four different 

improved layouts were created and will be proposed to PVPLC for use in their field 

guides (Figures 4 A-D). 
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The data used for this applied thesis project was provided by 

Palos Verdes Peninsula Land Conservancy. Point data was 

collected personally by using Garmin Etrex GPS unit on July 

18, 2014. The data was stored in a file geodatabase.

GIS technology was used to represent the trail features 

in order to provide a better hiking experience for 

PVPLC trail users. Four different map layouts were 

created in order to enhance the representation of the 

existing Portuguese Bend Reserve trail map. A detailed 

hiking trail map was provided for the target audience. 

The main improvement on the maps was the 

representation of the terrain by using an aerial image 

combined with a shaded relief map derived from a 

DEM. More information about each trail was added 

with different symbology and labeling styles. The trail 

difficulty analysis could be expanded to provide more 

accurate information. Trail difficulty was based solely 

on the steepness of the terrain. However, it would be 

more accurate if the width of the trails were calculated 

and the condition of the trails were considered as well. 

In addition, 3-D version of the trail map could be 

created as a future study by using software such as 

ArcScene and SketchUp in order to make the existing 

map more realistic.

Figure 4A, B, C and D.  Four different trail maps created in order to find the best way 

of representing the trail features and terrain for the target audience.

( C ) Third layout created by clipping the aerial imagery to 

the Portuguese Bend Reserve Boundary, without contour lines

Figure 3. Result of Path Slope Analysis 
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Figure 1. Study area, Portuguese Bend Reserve and  Palos Verdes Nature Preserve, CA (Provided    

by PVPLC)

(A) First layout created by using Swiss Hillshade Method (B) Second layout created by using Aerial imagery.

Discussion

Field Data Collection: Point data representing the landscape 

features of the reserve to improve the visualization of the 

existing map was collected in the field personally by using 

Garmin Etrex GPS unit. The data was extracted to Google 

Earth as a kml. file, then converted to a layer in ArcMap. 

Terrain Analysis: Digital Elevation Model obtained from 

PVPLC was used for terrain analysis. Swiss hillshade

method was applied to improve the representation of the 

terrain on the existing trail map.

Path Slope Analysis and Length Calculation: Path Slope 

Toolbox was applied to each trail on the Portuguese Bend 

Reserve in order to determine the difficulty of trails. 

According to the steepness of the terrain, trails were 

examined and the each trail’s condition and width were 

considered during the data collection. In addition, the length 

of each trail was calculated and converted from feet to miles.

Cartographic Analysis: Symbology and labels were designed 

by using Adobe Illustrator and ArcMap in order to find the 

best way of the representing the data. New legends were 

created and different color schemes were applied for each 

map created for the project. 

The methods used in this project are depicted in Figure 2. 

Table 1. List of data and data sources used for the project

Timeline

The Portuguese Bend Reserve trail map was improved 

by using the existing data provided by PVPLC, field 

data collection and enhanced cartographic 

representation. If the data could be recollected for the 

project it would be more accurate and it would reduce 

the potential representation errors. The existing trail 

map did not have sufficient information about the trails. 

As part of this project additional  details were added to 

the maps such as the length and difficulty of the trails 

(Figure 3). Four different map options were developed 

for the PVPLC to review ( Figure 4 A, B, C, and D). 

The maps created improve upon the existing maps in 

that they are easier to understand and as such more 

accessible to trail users. The detailed information about 

the trails and associated lengths and difficulty will 

potentially provide a safer hiking experience for public 

trail users. The creation of a 3-D version of the trail map 

was intended as an additional deliverable. However, due 

to limited time and costs this was not be completed and 

could possibly be undertaken by another MSGISci

student in the future. 

Dataset Source

Portuguese Bend Reserve 

boundary shapefile

Palos Verdes Peninsula Land Conservancy

2009 fire boundary shapefile Palos Verdes Peninsula Land Conservancy

Palos Verdes Digital Elevation

Model (DEM)

Palos Verdes Peninsula Land Conservancy

Palos Verdes 20meter contour 

shapefile

Palos Verdes Peninsula Land Conservancy

Palos Verdes aerial imagery (2011) Palos Verdes Peninsula Land Conservancy

Street parking point shapefile Palos Verdes Peninsula Land Conservancy

Preserve landmarks point 

shapefile

Palos Verdes Peninsula Land Conservancy

Trailhead point shapefile Palos Verdes Peninsula Land Conservancy

Landscape features point shapefile Personally Collected
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PROJECT MANAGEMENT TIMELINE

6/18/2014 – Spatial question is shaped and search for possible data and data sources

6/20/2014 – Data obtained from Palos Verdes Peninsula Land Conservancy

6/21/2014 – Methodology and Timeline due

6/22/2014 – 6/25/2014 - Research 

6/25/2014- Project Proposal due and Project Proposal Presentation

6/26/2014 – 6/27/2014 – DEM and contour data will be obtained

6/27/2014 – 6/29/2014 – Working with DEM 

7/4/2014 – 4th of July - Holiday

7/5/2014 – 7/19/2014 – Cartographic analysis

7/25/2014 – 8/4/2014 Formatting trail maps with the chosen layout

8/5/2014 – Cartographic output due

8/9/2014 – Poster due

8/15/2014 – Project report due

8/16/2014 – Applied Thesis project presentation
(D) Fourth layout created by using the Swiss hillshade clipped to

the Portuguese Bend Reserve Boundary 


