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Project Purpose 

Green Drone AZ (GDAZ) is a collaboration between Northern Arizona University, Tonto 

National Forest, Arizona State University, the National Forest Foundation, Arconic Foundation, 

and the Boeing Company. Through this collaboration, GDAZ operates under the umbrella of an 

ongoing restoration project, the Lower Salt River Restoration Project (LSRRP), to assist with 

monitoring areas affected by wildfire. The LSRRP has a long-term goal of restoring over 11 miles 

of a degraded riparian ecosystem (Figure 1). The LSRRP aims to restore the area by reducing the 

presence of invasive species, restoring native species abundance and diversity, reducing fuel 

loading, and providing healthy water quality which allows for improved riparian habitat for 

wildlife and recreationists alike.  

 

 

 

 

 

 

 

 

 

The goal of this project is to build upon updated monitoring protocols on the LSRRP using 

unmanned aerial vehicle (UAV) imagery and Geographic Information Systems (GIS) to perform a 

Figure 1. LSRRP aims to restore 11 miles of the Lower Salt River (LSR) along the Lower Salt River Recreation 
Area, from Stewart Mountain Dam to Granite Reef Dam. Our project site will focus on the western region of 
the of LSR Recreation Area. (ESRI World Imagery 2011) 
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large-scale analysis of the riparian corridor surrounding the streambed. In the past year, similar 

opportunities have been implemented using remote sensing via UAVs along the Salt River. As 

traditional on-the-ground monitoring can be costly and time-consuming, UAV data collection has 

allowed for the mapping of plant species, vegetation growth, and the ability to prescribe 

locations of treatment for non-native, invasive species in an efficient manner. Data collected and 

analyzed on the Lower Salt River will aid in refined management of the LSRRP and act as a case 

study for further restoration and management practices within the arid southwest. 

  Our capstone has its roots in the work completed in 2018 by Justin Eddinger, a former GIS 

& Natural Resource Specialist with the United States Forest Service. By creating an inventory of 

native and invasive vegetation communities and developing proposed management areas and 

protocols, Mr. Eddinger established the foundation of data utilized in the LSRRP. The outcomes 

of his work proved to be a foundational asset to the region by helping to facilitate the restoration 

management of the LSRRP. We will be following the same proposed methods used in previous 

projects to classify and inventory vegetation within the project site using GIS and UAV 

technology. Our work will provide an updated inventory of existing vegetation, which can be used 

for management planning in the coming years. 

 Aside from data collection and long-term monitoring, another primary objective of the 

GDAZ project is a commitment to community outreach and public engagement. GDAZ manages 

an educational outreach program designed to teach middle and high school students how 

technologies such as UAVs and GIS are utilized in natural resource management. To assist in this 

effort, we will develop Remote Sensing and GIS-based teaching modules for middle and high 

school students and educators. Educators can then utilize these resources to teach the basic 
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concepts of GIS and Remote Sensing to their students while providing them with a real-world 

example.  

Background 

In 2017, the Cactus Fire burned over 800-acres of riparian and Sonoran Desert habitat 

along the Lower Salt River (InciWeb, 2017), disregarding normal wildfire characteristics of the 

desert southwest. Non-native vegetation such as tamarisk “Salt Cedar” (Tamarix spp.) and giant 

reed (Arundo donax) provided a dense and abundant fuel source for the fire to burn the 

landscape severely. Due to the spread of this hardy vegetation, native species have been slowly 

pushed from the area, modifying the normal burn behavior of desert shrubland. In 2018, the 

LSRRP was launched to restore the landscape within the fire scar.  

In tandem with removing and treating invasive species, LSRRP’s goal is to replace invasive 

vegetation with native plant species within the project area (Figure. 2). As of March 2021, the 

LSRRP has restored and treated approximately 170 acres along the 11-mile corridor along the 

Salt River (Forest, 2020). Phases I & II have used active and passive forms of revegetation on the 

project site, which include planting native species and encouraging natural recruitment by 

removal of non-native plant species.  
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Green Drone AZ was launched under the 

umbrella of the LSRRP in early 2020. GDAZ, with the help 

from partners, works to engage students and the 

community in STEM-focused educational activities to 

address real-world problems while educating the public 

on community environmental problems (Arizona, 2020). 

As technological advances are incorporated into 

everyday life, the use of GIS and UAVs come into the 

spotlight as they are used more often in environmental 

monitoring (Padro, Munoz, Planas, & Pons, 2019). GDAZ 

provided the LSRRP with an opportunity to utilize UAV 

technology (drones) and GIS, as highlighted in the technical report finished in 2020 through GDAZ 

and Arizona State University (ASU) students using geospatial technology (Cleaver & Perez, 2020). 

GDAZ plans to continue to use cutting-edge technology to support the LSRRP while engaging with 

the community.  

Funding these endeavors comes from the over-arching belief in the interdisciplinary use 

of aviation technology and GIS. As GDAZ continues to use this technology, education and public 

engagement are critical in supporting the growing usage of drones in restoration. STEM-related 

knowledge and experience drive the work behind GDAZ and the LSRRP, and it is critical to 

promote and explore possibilities that foster real-world decision-making to solve community 

problems Arizonans face (Arizona, 2020). 

Figure 2. Project Site along the LSR. (ESRI World 
Imagery 2021) 
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Objectives 

The objectives of this project are to systematically inventory and map vegetation 

populations throughout the project site. This will be done through the combination of GIS and 

drone collected imagery. This unique approach will give GDAZ the information needed to quantify 

and address the effects of vegetation treatment. This will also give us the ability to structure 

future endeavors and create meaningful site management along the LSR. In addition to technical 

analysis, this project will help create material that will help cultivate the next generation of GIS 

technology and its users. By refining the approach, methodology, and developing additional 

educational material, our capstone will build upon the foundation established in the first year of 

GDAZ and will assist the project in future goals and objectives. 

While the two previous GDAZ capstone projects addressed the goal of vegetation 

classification and built a successful foundation for this analysis, their results were not found to 

be statistically significant. Through their observations, they believed this resulted from two 

possible reasons. One being that multiple plant species along the project site have similar light 

reflectance rates and were ambiguous in ascertaining individual plant species. The second being 

that the uneven distribution of training samples used in the classification model resulted in a high 

level of accuracy based on the samples, but low accuracy of vegetation classification across the 

project site.  

Initial analysis was able to determine that adding structural data such as digital terrain 

models (DTM) and incorporating a canopy height model (CHM) increased the overall accuracy of 

the classification model from 80 to 93% compared to only using a spectral-only model of analysis 
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(Kedia, et al., 2020). Using drone collected aerial imagery gives us the ability to develop a refined 

light spectrum analysis, and by using the same spectral analysis indexes from prior (Red, Green, 

Blue light wavelengths, Near-Infrared (NIR), the Normalized Difference Value Index (NDVI), and 

the Normalized Difference Red Edge Index (NDRE)). We hope to improve results by building off 

these methods and incorporate the use of the isolated blue band. This wavelength travels in 

smaller patterns and is diffused in the atmosphere when captured at high elevations but may, 

prove to be significant at lower levels of elevation captured in drone imagery. The blue band of 

light is beneficial for classifying plant species and plant health. Using UAV technology within 

smaller project areas allows for enhanced collection of the blue band data and is a better 

indicator of plant species as the plants' absorption of blue light and high reflectance make it an 

excellent near-earth option for vegetation classification (Hawk, 2021). Other indices like NDVI, 

which focuses on the red and near-infrared bands will assist us in analyzing healthy vegetation.    

In alignment with the mission of GDAZ’s community outreach and public engagement, 

the GDAZ program will benefit greatly through communicating the work done on the project site. 

Developing a series of GIS web applications that allow volunteers and members of the public to 

access the site, track project progress, see photos and interesting information from past and 

present locations, and see the treatment phase and types found throughout the project will 

complement the work being accomplished. The Apps will also assist in developing teaching 

curriculums for targeted underserved schools throughout Maricopa County that would benefit 

from access to high-quality and engaging content. The applications will also provide information 

on the role technology can have in a relatively primitive field of science. The web application can 
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also prove to be vital in garnering stakeholder and public engagement while serving as a tool to 

engage students in the project. 

GDAZ has educational commitments of creating and teaching remote sensing and GIS-

based modules for students. We will create new modules for the 2020-2021 and 2021-2022 

academic years including middle school content and the creation of additional content for 

increased student interaction to help reinforce STEM (Science, Technology, Engineering, and 

Math) concepts. Education plays a vital role in teaching students about protecting the 

environment by raising awareness. By incorporating STEM into environmental restoration, it 

bridges the gap between multiple disciplines and educates students on the potential uses of GIS 

and UAVs to solve a problem or help students cultivate an out-of-the-box thinking mentality 

when faced with a problem.   

Methodology 

Classification 

For our project, GDAZ staff will conduct UAV flights and use established ground control 

points (GCPs) within the project site. These GCPs allow for imagery analysis through 

georeferencing (the assignment of geo-coordinates to raster pixels) and are necessary for spatial 

accuracy (Hackeloeer, 2014). Placement and collection of GCP coordinate data took place in 

September of 2020 using a Trimble Geo 7X GPS unit with a GNSS Receiver. A total of 38 GCPs 

were placed in locations throughout the project site that were free of canopy cover and varied in 

elevation for increased visibility and topographic structure for aerial remote sensing. In previous 

drone flights, GDAZ staff used these GCPs to maintain consistency throughout drone surveys; 
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however, for this capstone, the project site has increased in size to encompass about 400 acres 

compared to the approximately 200-acre site used in previous work.  

GDAZ will be conducting aerial surveys using the DJI Phantom 4 Pro (P4P) and Phantom 4 

Multispectral (P4M) quadcopter platforms. These drones allow for efficient data collection within 

small project areas and are attractive due to their relatively low cost. The P4P uses DroneDeploy 

which is essential for its ability to streamline autonomous flights across the study area, while the 

P4M utilizes DJI GS Pro for surveys. All collected imagery is stored on SD memory cards that are 

inserted into the drone and then later processed using Pix4D. Pix4D is a professional 

photogrammetry software used for the creation of point clouds, digital elevation models,  and 

orthomosaics.  

As in previous research, the same drones will be used, the technology and specifications 

will remain consistent across the entirety of the process (Table 1.) Photogrammetry processes 

can be utilized with multispectral data to allow for three-dimensional data analysis through site 

collected imagery (Aber, et al. 2018). Through software image matching, this collected aerial data 

will be georeferenced using GCPs and verified through GPS point verification. These same 

practices are used with aerial imagery such as National Agriculture Imagery Program (NAIP), or 

USGS Landsat satellite imagery.  
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Table 1. Drone Specifications 

 

Quality control will take place to confirm the existence of invasive/native species and 

GCPs throughout the project site. Using personal cellular devices and ESRI Collector software, 

species will be photo cataloged throughout the project site. ESRI Collector allows for imagery 

collection and the ability to geotag imagery. Collector also allows for the ability to quickly record 

the location of specific stands of vegetation and areas of interest throughout the project site, like 

new species distribution or burn scarring from past wildfires. This ground-truthing allows for 

quick “QC” for areas that are indistinguishable by aerial imagery and establishes an even 

distribution of training samples needed in the classification model. 

UAV technology is relatively new to the GDAZ project and is becoming increasingly used 

in restoration and site-specific analysis. This data is imperative for GDAZ to make sound 

restoration decisions due to budget constraints, staff availability, and the need for efficient and 

timely data collection throughout a large and complex project site. ArcGIS Pro is the industry 

standard for GIS software and ideal for its ability to perform high levels of analysis and 

streamlined ability to distribute GIS data. Through analysis, we plan to quantify the products of 

data collection to assist GDAZ and LSRRP. Through the statistical analysis, we plan to develop a 

Model  Capture Resolution  Imagery Sensors  

DJI Phantom 4 
Pro (P4P) 

1” Complementary Metal Oxide 

Semiconductor 

(CMOS) sensor with 20-megapixel 

definition 

Single RGB sensor for natural imagery 

DJI Phantom 4 
Multispectral 

(P4M) 

2.9” CMOS sensors with the 2.08-
megapixel definition 

Single RGB sensor with five additional 
monochrome sensors for multispectral 

imagery (Blue, Green, Red, Red Edge, 
Near InfraRed). 
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more refined classification using multiple spectral light indices (Table 2.) This will help us garner 

all the required data and will assist us in compiling the data into a singular dataset and quantify 

the results. 

         Table 2. Imagery Analysis Indices 

 

 Normalized Difference Vegetation Index (NDVI) is calculated using the red band and near-

infrared (NIR) wavelength and is used to assess plant health. The index is measured between 

values of -1 to 1 and mapped in the form of a greenness map for a given area (Birtwistle, et al, 

2016). By using the Normalized Difference Red Edge (NDRE) index, a better infiltration rate is 

achieved, and a deeper analysis can be done. An increased infiltration rate is used to look through 

vegetation canopies and undergrowth. This allows for a better approach to differentiate the 

chlorophyll content of different species which may be too clustered when using the NDVI alone. 

This index will be especially helpful in looking at the vegetation pattern in the project site, as 

vegetation tends to be clumped and not dispersed. Other studies, including the previous year’s 

Raster File(s) Light Spectrums Used 

RGB Orthomosaic Red / Green / Blue 

Multispectral – Natural Color Red / Green / Blue 

Multispectral – False Color Red / Green / Blue 

Normalized Difference Vegetation Index (NDVI) 
𝑁𝐷𝑉𝐼 =  

(𝑁𝐼𝑅 − 𝑅𝑒𝑑)

(𝑁𝐼𝑅 + 𝑅𝑒𝑑)
 

Normalized Difference Vegetation Index Red Edge 

(NDRE) 
𝑁𝐷𝑅𝐸 =  

(𝑁𝐼𝑅 − 𝑅𝐸)

(𝑁𝐼𝑅 + 𝑅𝐸)
 

Enhanced Normalized Difference Vegetation 

Index (ENDVI) 
𝐸𝑁𝐷𝑉𝐼 =  

(𝑁𝐼𝑅 +  𝐺𝑟𝑒𝑒𝑛) −  (2 𝑥 𝐵𝑙𝑢𝑒)

(𝑁𝐼𝑅 + 𝐺𝑟𝑒𝑒𝑛) + (2 𝑥 𝐵𝑙𝑢𝑒)
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capstones, have proposed that using the NDVI and NDRE individually does not create significant 

results. Using multiple indexes can be used to increase accuracy during spectral analysis (Sharma, 

et. Al, 2015). Other studies, including the previous year’s capstones, have proposed that using 

the NDVI and NDRE individually does not create significant results. Using multiple indexes can be 

used to increase accuracy during spectral analysis (Sharma, et. Al, 2015). Using the Enhanced 

Normalized Difference Vegetation Index (ENDVI), which is calculated by using the blue and green 

band wavelength, allows for the comparison of green and blue light in addition to the NIR and 

Red bands for a more refined result. This index isolates the indicators of plant health and can be 

used to assess the presence of vegetation at a better resolution (Hawk, 2021). 

 Application Development 

 Included in these deliverables is the creation of a web application. Using ArcGIS Web 

AppBuilder, a streamlined intuitive application that allows for building web applications without 

coding experience will be beneficial. The development of a GIS web application allows volunteers 

and the public to access the project site remotely or live on the ground. This will allow individuals 

to see the progress over the previous three years and access photos and attachments from the 

past and present. Individuals will be able to visualize the project phases, treatment types, and 

any other data found useful by the program. When at the project site, individuals could then click 

on a polygon they are standing in and get a pop-up with information about the part of the site. 

Additionally, creating a QR code for GDAZ staff to place online and at the project site will help 

streamline public engagement. Using photos, documentation, and GIS data, this web app can 

become the foundation of larger outreach projects and has the ability for additional content to 

be added throughout the project. 
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With regards to educational outreach, the GDAZ project aims to reach students in 

underserved communities that are often skipped over when it comes to technological 

opportunities. We will create an additional web application to assist GDAZ staff in targeting these 

communities and reaching the students they contain. School locations will be overlaid with 

census data about economic status such as ethnicity, median household income, and percentage 

of college graduates along with indexed data regarding teachers, their curriculum, and contact 

information. This site suitability type analysis will be used to target students in communities 

lacking the typical opportunities that would allow a student to pursue a STEM-focused education 

or career path. Additionally, the web application can be shared with project sponsors and used 

to capture important metrics on the audience the program reaches.  

Educational Outreach 

This project will develop educational GIS modules for students and teachers to use within 

their classroom curriculum. The teaching modules are intended to provide new ArcGIS Online 

(AGOL) and GIS users the resources and knowledge to understand and develop basic skills to use 

concepts, functions, and uses of GIS. Learning plans will consist of presentations, lectures, 

exercises, and evaluations to test and help students hone their GIS skills. Content for Module 6 

of the GDAZ high school program will focus on the uses of UAVs in data collection, vegetation 

classification, and general by-products of analysis, and how these disciplines are coordinated and 

applied to the GDAZ program and project site.  
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Project Timeline 

Table 3. Capstone Timeline  

Date  Assignment 

April 18, 2021 Capstone Proposal 

April 21, 2021 Proposal Presentation 

April 21, 2021 Capstone Proposal Revisions/ Final Proposal Due 

March - July 2021 Field Work/ Data Collection/Data Analysis 

June 1, 2021 Progress Report #1 

June 2, 2021 Progress Report #2 

July - August, 2021 Rough draft of maps and technical documents created 

July - August 2021 Finalize maps/technical reports and deliverables 

July - August 2021 
Finalize maps and technical documents created;  presentation draft created 

August 2021 Final presentation completed 

August 2021 Technical Report 

August 2021 Final Presentations 
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Final Products 

Deliverables 

Table 4. Capstone Deliverables  

GDAZ Curriculum: Module 6 & 7 Develop modules that contain presentations, 
exercises, activities and assist the team in finding new 
ways to incorporate STEM learning into the 
curriculum 

Vegetation Inventory/ Mapping of 
Vegetation/Classification  

Combination of field-collected data and digitized 
polygons, raster’s representing the project site and 
vegetation within it. 

Increased training samples, distribution  Field collected data of geotagged plants across the 
project site with coordinates and as a GIS point 
feature. 

Spectrum Analysis: Blue wavelength  Focus on analyzing the blue wavelength and the 
implications of using blue light in UAV analysis.  

Web Application -  (GDAZ & LSRRP)   Develop an application to use on-site and virtually to 
show the progress and results across the LSRRP.  

Web Application – Community Equity Develop an application to help the GDAZ project 
reach underserved communities that are often 
skipped when it comes to STEM opportunities. 

Geodatabase  A GDB of all data collected and created throughout 
the project.  

Updated Project Protocol  A detailed workflow documenting the project process 
from start to finish.  

Management/Future Implications Develop future restoration actions and implications 
for future analysis. 

Technical Report  A detailed report of the project process and findings.   
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Future Implications 

All of the data collected and the products of the analysis can be applied to the LSRRP 

and GDAZ in multiple ways. The aerial imagery is key to developing a refined vegetation 

classification and build off previous efforts. The classification can create a streamlined process 

for mapping vegetation by decreasing the time and cost associated with doing the procedures 

on foot. The benefit of this classification and mapping is the ability to find new emerging 

species, determine new hotspots of non-native species, continued updates of site-specific plant 

inventories, and the ability to look at trends over time. This gives management a cost-effective 

and efficient means of surveying, adapting, and enhancing the environment and the tools and 

methodology to continue to do so throughout the length of the project.  

Conclusion 

The deliverables (Table 4.) highlighted in this proposal will provide Green Drone AZ with 

a continuation of the data, knowledge, and analysis started in previous projects regarding 

treatment planning, plant species inventory, and the Lower Salt River. Without this continuation, 

addressing site management across the region can be a time-consuming and inefficient process, 

resulting in quantification difficulties across the project site. Building off previous research and 

analysis will provide an opportunity to do more complex analyses and create the next phase of 

data collection analysis and management planning. Long-term usage of UAVs for project site 

surveying will create the opportunity to collect more data, increasing sample size, efficient 

classification, and allow for quantifying the benefits of the effectiveness of management efforts. 

Building off the UAV data collection workflows will reduce the time and effort to organize 

and lead management efforts and allow for efficient and fast data collection and analysis. 
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Refining analyses to look closer at blue light will allow for increased statistical significance, which 

creates accurate future management action, increased accuracy of project effectiveness, and set 

guidelines and implications for future work and acts as a case study for further multispectral 

analysis and research in the arid southwest. 
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