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Introduction  

Lower Salt River Restoration Project 

The Cactus Fire of 2017 burned over 800 acres of riparian and Sonoran Desert habitat along 

the Lower Salt River northeast of Mesa, Arizona. The presence of invasive plant species such as 

salt cedar (Tamarix chinensis), which was well established for decades in the area, allowed the fire 

to burn at a greater severity and carry faster than what is typically expected in a desert riparian 

landscape (Lower Salt River Restoration Project). Following the fire, nonnative species such as 

stinknet (Oncosiphon piluliferum) emerged within the burn scar, and giant reed (Arundo donax), 

which was already present, spread to new territories. The presence of these nonnative species poses 

a significant threat to the biodiversity of the area by changing fuel properties, which can in turn 

affect fire intensity and extent (Brooks et al., 2004). In response to the Cactus Fire, and the need 

to reduce the presence of invasive plant species, the Lower Salt River Restoration Project (LSRRP) 

was established in 2018. The LSRRP has a long-term goal of restoring fourteen miles of the Lower 

Salt River Recreation Area from Stewart Mountain Dam to Granite Reef Dam. From an ecological 

perspective, LSRRP’s objectives are to reduce the presence of invasive plant species, increase 

native plant abundance, reduce the risk of wildfire, and improve riparian habitat for wildlife species 

(Lower Salt River Restoration Project).  To monitor the 300-acre LSRRP site, Unmanned Aircraft 

Systems (UAS), more commonly known as drones, are used. Aerial imagery collected via UAS 

aids in the continuation of the restoration project through vegetation classification and analyses. 

Green Drone AZ 

Operating under the umbrella of the LSRRP is Green Drone AZ (GDAZ), a collaboration 

between Northern Arizona University (NAU), Ecoculture, the Tonto National Forest, Arizona 
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State University (ASU), the National Forest Foundation, The Boeing Company, Society for 

Science, Arconic Foundation, and the APS Foundation. GDAZ is a Science, Technology, 

Engineering, and Mathematics (STEM) educational outreach program. This program is designed 

to expose middle and high school students to the applications of Geographic Information Systems 

(GIS) and drones in natural resource management.  

Project Purpose  

GIS has been a vital piece of the LSRRP since its establishment in 2018. This capstone 

will build upon the efforts of four previous MAS-GIS capstone projects related to work on the 

Lower Salt River. The first Capstone was completed by Justin Eddinger in 2018 in which he 

created an initial inventory of invasive and native vegetation communities along the Lower Salt 

River. This inventory was used to help facilitate restoration management efforts of the 

LSRRP.  Following the creation of GDAZ in 2020, the first cohort of MAS-GIS interns produced 

two capstone projects working on vegetation analysis and classification. However, one group's 

overall classification of invasive and native vegetation species 

did not produce an acceptable classification accuracy. To 

increase the classification’s accuracy the second group added 

structural data such as a canopy height model (CHM) and 

digital terrain model (DTM) which increased the accuracy to 

93% (Kedia et al. 2020). Building upon the methods used in 

2020, the 2021 project sought to improve vegetation 

classification accuracy within the project area of phases one 

through three (Figure 1). The end vegetation classification results proved to be highly accurate at 
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91% and 96%. Higher accuracy was achieved by adding a raster stack which is composed of 

multiple spectral bands, indices, and structural layers followed by a multispectral composite to 

their classification methods. With these past capstones in mind, this year’s goals are to organize 

data collected from 2020, 2021, and 2022 into a final geodatabase, develop a model in ArcGIS Pro 

to run vegetation classification, and create a public web app and story map guiding visitors through 

the LSRRP site. 

Project Objectives 

Objective 1: Vegetation Classification and Analysis  

         The first objective of this Capstone was to organize 2020, 2021, and 2022 data collected 

over phases one through three of the project sites (Figure 1.), into a final geodatabase. Following 

imagery collection in past years, a supervised pixel-based image classification was completed in 

ArcGIS Pro to create rasters for vegetation classification and analysis. In addition, a vegetation 

classification model was developed in ArcGIS Pro to run analyses on imagery collected in 2020, 

2021, and 2022. The final geodatabase included all data from 2020, 2021, and 2022 including 

imagery composites, indices, structural data, classification results, and the seven layers created 

for the web mapping application.  

Objective 2: Story Map & LSRRP Web Mapping Application   

         The second objective was to create geospatial content for the public in the form of a web 

mapping application and story map. The story map serves as a guided tour through the 300-acres 

of Phases 1-3 of the LSRRP which can be explored remotely through maps, text, and visual aids. 

The story map features project objectives, treatment strategies, plant information on native and 

nonnative species, and ecological facts about the project site. The accompanying web app serves 
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as a “semi-guided tour” through the site.  This “tour” was designed for smartphone users, 

enabling visitors to interact with the app while hiking through the LSRRP site by toggling 

through layers and clicking on each layer's features for more detailed information.  

Data Collection 

 Each year since 2020, prior to UAS data collection, ground control points (GCP) were first 

established throughout the project site. Establishing a minimum of three ground control points is 

necessary for spatial accuracy when georeferencing (Oniga et al. 2018). The number of GCP used 

in 2020 was 28 followed by 38 in 2021 and 15 in 2022. GCP did not share the same locations from 

year to year due to an increase in project size; however, all were placed in areas free of canopy 

cover and varied in elevation. To ensure centimeter accuracy coordinate location a Trimble GNSS 

Receiver was used when placing GCP.  

Following GCP establishment UAS data was collected in the Spring of 2020, 2021, and 

2022. The drones utilized for collection in 2020 and 2022 were the DJI Phantom 4 Pro and the DJI 

Phantom 4 Multispectral (DP4M) both of which are multi-copters (four propellers). In 2021 the 

DJI Phantom 4 Pro and the WingtraOne were utilized. The DJI Phantom 4 Pro was used to capture 

red, green, and blue (RGB) band data.  The WingtraOne and DP4M were used to capture 

multispectral imagery of the site which consists of red, green, blue, red edge, and near-infrared 

band data. The purpose of each band will be discussed in the preliminary data processing section 

of the methodology. Specifications for each drone and flight parameters can be found in Table 1 

below.  
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DJI Phantom 4 
Pro 

DJI Phantom 
Multispectral 

WingtraOne 

Drone Specifications 

Lens Focal Length 8.8 mm 5.72mm 5.5mm 

Effective Pixels 20 megapixels 2.08 megapixels 1.2 megapixels 

Drone Type Multi-copter Multi-copter VTOL (vertical take-off and 
landing) 

Flight Parameters 

Area of Interest in 
Acres 

200 (2020) 
380 (2021) 
300 (2022) 

200 (2020) 
300 (2022) 

380 

Altitude  115.8m (2020) 
76.2m (2021) 
121.92m (2022) 

60.9m (2020) 
106.68m (2022) 

110m 

Frontal Overlap 90%    85% 70% 

Side Overlap 80%  75% (2020) 
80% (2022) 

70% 

Shutter Interval 3sec (2020)  
1sec (2021) 
2sec (2022) 

2.5sec (2020) 
2sec (2022) 

1sec 

Images Collected 2,278 (2020)  
9,766 (2021) 
3,802 (2022) 

15,000-17,000 (2020) 
14,455 (2022) 

16,624 

Table 1. Drone and flight specifications for 2020, 2021, and 2022. 
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Methodology  

Vegetation Classification Model Pre-Processing  

The raw data obtained by drone aerial photography is divided into a true color image (aerial 

image) and multispectral image. The images are first processed using Pix4D which is a software 

used for photogrammetry. Photogrammetry is the science of obtaining reliable information about 

physical objects and the environment through processes of recording, measuring, and interpreting 

photographic images (Aber et al. 2010).  Once processed, the result is multiple tile rasters of the 

imagery. In addition to tile rasters, a digital terrain model (DTM) and digital surface model (DSM) 

were created of the project site in Pix4D. A DTM excludes the interference of ground objects, such 

as house canopy and other objects with height differences, representing only bare ground terrain. 

The DTM will serve as the basis for all terrain-related auxiliary models in the project. A DSM is 

also an elevation model, but unlike the DTM it includes above-ground features. The DSM will 

also serve as a terrain dataset within the model. 

Following photogrammetry processing, the multispectral data and RGB raster tiles of the 

study site must be merged into an orthophotograph. An orthophotograph is an aerial image that is 

uniform from edge to edge and has been geometrically corrected (Mapasyst). To merge the raster 

tile layers into a new raster dataset, the Mosaic to New Raster tool on ArcGIS Pro was utilized. 

Raster tile layers were imported into the Mosaic to New Raster tool and 16-bit unsigned pixel type 

was selected. This pixel type was selected because it was specific enough for the classification 

being utilized and did not lead to large-scale files that would cause performance issues on 

equipment. Check to confirm that each individual layer contains only one band of raster data. The 

mosaic type was set to select maximum because this method retains a larger value at the overlap 

of raster layers at the edge of the mosaic. This aids in excluding invalid information in the data 
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where pixels at the edge are sometimes assigned as zero. The result is a 5-band independent raster 

layer including red (R), green (G), blue (B), red edge (RE), near infrared (NIR). The 5-band 

independent raster layer will be referred to as the multispectral dataset throughout the rest of this 

paper. 

A segmentation must be performed as a pre-processing of the classification. This is a 

simplified process, which groups similar pixel values on the original raster data. The original 

dataset is high-resolution raster data, which indicates a large number of pixels. Although ArcGIS 

Pro can support the analysis for high-resolution data, due to the limitation of equipment 

performance, direct analysis of raw data will cause considerable time waste, and even equipment 

failure. Additionally, because high-resolution data tends to have more image noise which is usually 

produced by image sensors., it can also unduly affect the results. The segmentation merges 

adjacent homogeneous pixels to form complex objects on raster layers, from pixels to segments of 

grouped pixels representing objects such as a tree species or ground. This allows for both the 

classifier and random tree trainer to analyze every object, instead of every individual pixel. For the 

Segmentation tool, the spectral detail is set to 16, spatial detail set to 18 and the parameters of 

minimum segment size is 1000. These parameters are determined according to the best result 

obtained by comparing the classification from several segmentations with different parameters 

settings. 

Model Creation 

  Once the data preprocessing is completed the model can be created. To begin, the 

necessary step is to determine this is a supervised pixel-based vegetation classification. A classify 

raster tool serves as the core function of the model. The input to this raster classifier is divided into 
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three components, which are: a 16-band composite raster dataset, a classifier, and the additional 

5-band segmented raster dataset.  

The first part which is the 16-band composite is created by first transforming the R, G, B, 

RE, NIR, DTM, and DSM into auxiliary raster datasets. This is accomplished through several 

raster calculations which increase or decrease the difference in pixel values between different 

spectral layers. The result is nine new spectral indices and structural layers independent of the 

original seven datasets (RGB, RE, NIR, DTM, DSM). The nine new raster layers include enhanced 

vegetation index with 2 bands (EVI-2), enhanced normalized difference vegetation index 

(ENDVI), green normalized difference vegetation index (GNDVI), normalized difference 

vegetation index (NDVI), normalized difference red edge index (NDRE), normalized difference 

water index (NDWI), soil adjusted vegetation index (SAVI), canopy height model (CHM), and 

flow accumulation (FLOW). The result of compositing the nine newly created raster layers with 

the seven original layers is the 16-band composite. Table 2 below shows how each layer is created 

along with the raster calculations. In depth descriptions of the RGB, RE, NIR, EVI-2, ENDVI, 

GNDVI, NDVI, NDRE, NDWI, SAVI, CHM, and FLOW can be found in Appendix A. 

Raster 
Layers 

Full name of Raster Layers Spectrum Calculation 

EVI-2 
Enhanced Vegetation Index with 2 

bands 
EVI2 = 2.5*((NIR -R)/(NIR+2.4*R+1)) 

ENDVI 
Enhanced Normalized Difference 

Vegetation Index 
ENDVI = ((NIR + G) - (2*B))/((NIR + G) + (2*B)) 

GNDVI 
Green Normalized Difference 

Vegetation Index 
GNDVI = (NIR - G)/(NIR + G) 

NDVI 
Normalized Difference Vegetation 

Index 
NDVI = ((NIR - R)/(NIR + R)) 

NDRE 
Normalized Difference Red Edge 

Index 
NDRE = (NIR-RE)/(NIR+RE) 

NDWI Normalized Difference Water Index NDWI = (G - NIR) / (G + NIR) 
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SAVI Soil-Adjusted Vegetation Index SAVI = ((NIR - R)/(NIR + R + L)) * (1 + L) 

CHM Canopy Height Model DSM - DTM 

DTM Digital Terrain Model Original input raw data, generated by Pix4D 

DSM Digital Surface Model Original input raw data, generated by Pix4D 

FLOW Flow accumulation 
DTM analyzed to Flow Direction then analyzed to Flow 

accumulation, based on the D8 flow model. 

   Table 2. Imagery Analysis Calculations 

The second part of input is the classify definition of the random tree classifier. Before 

creating the classifier, training samples must be imported. The random forest trainer from ArcGIS 

Pro was utilized to train the classifier based on the training samples created by GDAZ in 2021. 

The training sample (a vector layer) represents a subset of known vegetation species, ground, and 

water features within the research site. The trainer records the data stack isolated by each polygon 

as a model, which is used as the feature of the object in the subsequent classification process. 

According to Esri's official documentation, a random forest-based classifier in ArcGIS Pro is a 

collection of a series of decision trees, to create a model that can then be used for prediction. Each 

decision tree is created using randomly generated portions of the original (training) data (Forest-

Based Classification). Parameters used for the classifier were a maximum number of decision trees 

of 50, a maximum depth of 30, and a maximum of 2000 samples per class. This parameter was 

chosen to follow protocols developed by GDAZ based on previous classification analysis. The 

trained classification definition file is independently saved as an .ecd file, which ArcGIS Pro's 

classifier tool can recognize and import at any time as a classification dependency. After the 

classifier is generated, the necessary step is to test the accuracy of the classifier to see if it is usable. 

Using the training samples as the reference dataset, the Create Accuracy Assessment Points tool 

was used to randomly generate 2,000 detection points on the classified layer and perform the 

confusion matrix calculation on these detection points in combination with the reference dataset. 
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For example, if the classifier classified the point as water in classified layer and the training sample 

also classified the point as water, then this is considered a match which indicates successful 

classification for that point. If not matched, then the point will be assigned as an error indicates 

that classifier lead into a fault on this point. The trainer achieved a kappa score of 0.84 and an 

overall accuracy close to 0.90. This accuracy is slightly lower than that obtained by the GDAZ 

2021 group. But based on the overall accuracy obtained from the confusion matrix, the classifier 

can be considered reliable. The decreased accuracy from 2021 may be related to imported external 

data. Because when rerunning the classification from GDB, the accuracy returned to a higher level. 

The confusion matrix results can be seen below in Figure 2. 

 

   Figure 2. confusion matrix results for the classifier. 

The third part of the input to classify raster tool is the 5-band segmented raster data is 

segmented from a multispectral raster dataset containing red, green, blue, and red-edge near-

infrared gratings. This segmented raster dataset will serve as additional input to the raster classifier. 
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According to ESRI's documentation "Classify Raster (Image Analyst)", this will be incorporated 

to generate attributes and other required information for the classifier. In the classifier, this 

additional input is also used as a segmented key. The classifier can use this additional layer to 

classify the entire composite 16-band raster dataset segmentally, thereby improving the efficiency 

of the classification and controlling possible noise.  

After the above three contents that need to be input to the classifier are processed, the 

geoprocessing model for vegetation classification is completely constructed, and the classification 

will be performed automatically after the user inputs the required raw raster data. In addition, users 

should import raster datasets into geoprocessing models through gdb to avoid calculation errors 

that may result from importing external data. The graphical workflow can be seen in Figure 3 

below.  

 

Figure 3. vegetation classification model workflow. 



P a g e  | 14 
  

Web Mapping Application  

To create the Lower Salt River Restoration Project web mapping application eight layers 

showcasing the project were created to be utilized. The eight layers included can be seen in Table 

2 below.  

Layer Name  Data Type  Fields 

Ground Control Points Point Layer Information 

Trails Polyline 
Layer 

Type and Trail Number 

Before Photos Point Layer Image Attachment 

Planting Areas Polygon 
Layer 

Name, Focal Species, and Objective 

Vegetation 
Communities 

Polygon 
Layer 

Name, Awareness, Ecological Value, and Image 
Attachments 

Species Inventory Polygon 
Layer 

Common Name, Scientific Name, and 
Native/Nonnative 

Project Phases Polygon 
Layer 

Date, Objectives, Treatment Type, Acres, Project 
Sponsor 

Imagery Tile Layer N/A  

Table 2 layers included in the LSRRP web mapping application. 

All layers were first edited and symbolized appropriately in ArcGIS Pro before being 

uploaded to ArcGIS Online. This excludes the imagery tile layer which was created by GDAZ in 

2021. Since the web mapping application’s intended use is to act as a “semi-guided” tour of the 

project site the app will be accessed mainly via smartphone. For that reason, ArcGIS Experience 

Builder was used to create the application since Experience Builder allows adaptive design for 

small screen sizes. The end product is an app that feels comfortable on a smartphone, allows the 

user to toggle between map layers, and can zoom in and out.  
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Story Map 

To create the LSRRP story map two guided map tours and a map detailing the project 

phases within the Cactus Fire burn scar perimeter were created. The first guided map tour was 

created by adding points of interest along the Salt River from its beginning at the confluence of 

the Black and White Rivers down to the Lower Salt River. The points included were the White 

River, Black River, Salt River Confluence, Upper Salt River, Theodore Roosevelt Lake, Apache 

Lake, Canyon Lake, Saguaro Lake, and the Lower Salt River. Each point of interest has 

accompanying text detailing the area. The second guided map tour features ten points that follow 

a popular social trail running alongside the Salt River. These points with accompanying text 

discuss phases 1 through 3, native vegetation communities, nonnative vegetation communities, 

restoration areas, and planting areas. The text information used in this section of the story map is 

the same as the information included in the web mapping application for consistent language 

throughout both forms of media for the public. The final piece of geospatial content created for 

the story map was completed in ArcGIS Pro before being uploaded as a web map. The map consists 

of the project phases layer utilized in the web mapping application and a Cactus Fire burn perimeter 

layer. An image of the map can be found in Appendix B.   

Deliverables 

Geodatabase  

Organizing the geodatabase consisted of creating a new folder labeled MAS GIS 2022. 

Located within this folder is all data used and created for this Capstone project. Following the 

standard projected coordinate system utilized by past GDAZ capstones and the Tonto National 

Forest all feature classes are in NAD 1983 UTM Zone 12. The end product for 2022 consisted of 
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seven layers utilized for the web mapping application, imagery composites, indices, structural data, 

and classification results. In addition to this, a final geodatabase containing all data from 2020, 

2021, and 2022 was created. A detailed description of all data within the geodatabase, an example 

of the metadata structure used, the folder created for 2022, and the final geodatabase with all data 

from 2020, 2021, and 2022 can be found in the Appendix C. 

Vegetation Classification Model 

Some of the ArcGIS Pro tools used in this project cannot be considered user-friendly, 

especially for those who lack targeted learning. In fact, tweaks to parameters and environments 

did stall the progress of the project several times. Therefore, a general model that can perform 

most of the computations automatically and has preset parameters will greatly improve the 

efficiency of future work. Figure 4 below is the vegetation model created. 

 

Figure 4. vegetation classification model developed. 
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LSRRP Web Mapping Application  

The LSRRP web mapping application is composed of eight layers as previously seen in 

Table 2.  Each layer allows for the user to “click” on a feature and read its accompanying text. The 

only exceptions are the before photo layer which displays an image without text, and the imagery 

tile layer. All informational text is listed in Appendix C under the information section of each 

layer. Since the purpose of the web mapping application is to be used as a “semi” self-guided tour 

there is no set way to interact with the app. Users are free to toggle between layers and zoom in 

and out as they choose. The only preset that has been installed is upon opening the app the project 

phases layer is displayed to the user. The web mapping application can be viewed via this link 

LSRRP Web App. 

Story Map  

The virtual tour of the LSRRP story map is composed of six sections highlighting the Salt 

River and the LSRRP. The story map begins with an explanation of how the Salt River is formed 

at the confluence of the Black and White Rivers, accompanied by a guided map tour of the 

river’s course through the Tonto National Forest, eventually leading to the Lower Salt River. 

Following this tour, the story map details the importance of the Salt River the history of the 2017 

Cactus Fire, and the establishment of the LSRRP, detailing its goals and objectives. After 

discussing the LSRRP objectives the user can explore a map of the project phases, accompanied 

by a timeline, detailing when work in each phase was started, or is scheduled to begin. Ending 

the virtual tour is a final guided map tour along a popular social trail that goes through phases 1 

through 4, which includes important native and nonnative species habitats and treatment areas. 

For readers that wish to learn more about the LSRRP, a link to the official LSRRP website is 

provided along with a link to the LSRRP web mapping application below the final guided tour. 



P a g e  | 18 
  

The story map can be viewed by following this link Tour of the Lower Salt River Restoration 

Project.  

 

Model Results and Interpretation 

The data from 2020 and 2021 were imported into the geoprocessing model and the model 

worked well to get the outputs of vegetation classification. By comparing the results, the data 

obtained in 2020 and 2021 had no significant improve. In terms of data accuracy, there is no 

significant difference between the output from 2020 and 2021. The resolution of the multispectral 

data for these two years are identical. While all calculations in the model are based on the 

multispectral data, by inputting the data of these two years into geoprocessing model separately, 

the accuracy rate of vegetation classification outputs by the geoprocessing model has both reached 

a high level. In terms of study areas, the 2021 project expands considerably northwards compared 

to 2020. The newly added phases allow the range of vegetation classification to cover almost the 

entire research area of LSRRP. Given that the original intention of the LSRRP was to study the 

restoration of the areas affected by cactus fires, GDAZ's expansion of the study area with 

additional project phases in 2021 indicates a significant advance. By expanding the study area, the 

vegetation classification model has been able to continuously track and investigate changes in 

vegetation distribution in the entire LSRRP area. 

In addition, since the raw data in 2021 is submitted in the form of a whole block, the noise 

and errors caused by the edges when collage are avoided. As a result, the analysis of the 2021 data 

was found to be more accurate and organized, especially between overlapping areas of any two 

adjacent project phases. At the same time, according to GDAZ, the VTOL platform was also used 

for data collection in 2021, which drastically reduced the time needed to collect data. Therefore, 
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although the 2021 project team has not significantly improved the accuracy of vegetation 

classification, the workflow of the entire project has been optimized, and the work efficiency has 

been significantly improved.  

 

Conclusion 

Due to technical issues the 2022 multispectral imagery was not processed within the 

timeframe of this capstone. However, the process is ongoing and once completed, the model 

created from the capstone will be utilized to create the 2022 vegetation classification. The 

anticipated date of completion is in the fall of 2022. Aside from this setback, the overarching goal 

of creating a model to streamline the vegetation classification analysis was completed and will aid 

in GDAZ’s goals in the future.  In addition to this, the web mapping application and the story map 

will aid in public outreach efforts and allow for virtual “visits” from several different audiences 

who may not have been able to previously access the project site.   

Future Work  

As the project site expands to eventually encompass fourteen miles along the Lower Salt 

River, GDAZ may experience difficulties in processing data collected and running the vegetation 

model on ArcGIS Pro. Due to the possibility of this future issue constraining efforts, it is 

recommended that other options are explored to deal with such large datasets. One 

recommendation is to begin using Google Earth Engine (GEE). Google Earth Engine is a cloud-

based platform for planetary-scale geospatial analysis with access to high-performance computing 

resources (Gorelick et al. 2017). While the option to use satellite imagery for analysis is available 

on GEE the resolution of this imagery is in a much higher scale than what GDAZ works with. For 
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this reason, GDAZ should collect imagery via drone, create rasters based off the drone collection, 

and then create a code to run a vegetation classification on GEE. This has the potential to save 

time since only one code will be needed to run the analysis which can be used every year 

progressing forward with only slight modifications if needed. This will negate GDAZ the expense 

needing to acquire new computers with better processors in the future. For these reasons, GDAZ 

should consider GEE as a potential avenue for expanding and progressing their work.  
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