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• Pinyon Juniper Ecosystem Background

• Past REU NAU Projects

• MS Project – Pinyon Juniper & GIS

• Compiling the Data

• Final Steps
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May 17, 2003, North of San Francisco Peaks

September 20, 2003, North of San Francisco Peaks

Kate Magargal 2018

US Forest Service, Southwestern Region 2017

• Regional mortality rose 
from 135,780 acres in 2021 
to 355,900 acres in 2022.

• Majority of Mortality 
occurred in the Kaibab 
National Forest in AZ & The 
Navajo Nation.

Pinyon – Juniper Ecosystem & Mortality



Preisler et al. 2019

Drought Survival Strategy 



2019 REU NAU Project
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Drought Treatment

2022 REU NAU Project

Seedling Survival With Rocks



• Where are the trees surviving and 
where are they not?

• What soil, geological, & climatic 
factors are contributing to the 
issue?

• Where are good areas to plant 
seedlings that will have high 
survival rates for restoration?

• Hypothesis – Mortality will be 
lower where tress are growing in 
or around boulders, shallow 
rocks, and bedrocks.

Rocks

No Rocks

High Mortality 
Vulnerability Soils

Mortality 2000 - 2007

Is there a landscape level pattern of 
higher survival where there are more 
rocks?



Study Site - Navajo Nation  
National Agricultural Imagery Program 
NAIP  

Navajo Nation Shapefile Boundary

NAIP Data Samples



Compiling the Data

Polygon 2

Polygon 9

Polygon 7

Final Mosaic NN21_DEM 
Entire Navajo Nation

Individual Polygons mosaicked 
to create one complete area of 

the Navajo Nation

Individually Mosaicked 
Polygons



Infrared      VS       Natural Color

Classification of the 
Landscape

Tsaile Lake



Example of Resulting Classification Map 

National Land Cover Database 2019 

My Classification Schema



Post – Classification Accuracy Assessment 



Ground Truthing 



Question – How does the presence of rocks align 
with Pinyon – Juniper mortality patterns? 

Hypothesis – The percentage of PJ tree mortality 
is lower where tress are growing in or around 
boulders, shallow rocks, and bedrocks.

Analysis & Hypothesis Testing
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