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ABSTRACT 

Within the desert areas of Arizona, riparian habitat attracts a diverse range of 

flora and fauna, concentrating their populations along the banks of streams and 

washes. Due to a variety of factors over the past century, these areas have degraded in 

size and quality, resulting in a loss of native vegetation and wildlife habitat. Ultimately, if 

this trend is to be reversed, one approach might be to create new, artificial riparian 

areas. To achieve that, suitable, non-riparian locations must first be identified for 

possible conversion into prospective riparian zones. Hence, the goal of this project is to 

perform a suitability analysis to locate tracts of land within Arizona which might be 

suitable for riparian conversion. Issues such as water rights, engineering, and funding 

are not covered in this paper. Several spatial criteria were identified as indicators for 

success, including land ownership, flooding potential, fire potential, length of 

streams/washes, proximity to human development and current habitat. Many 

geographic datasets were utilized to produce maps showing these locations, according 

to their ability to apply these criteria. Further, once these locations were identified, a 

historical analysis was performed to show the vegetative health of each area over time, 

as well as potential rainfall metrics, both of which provided detailed indicators of 

success. The results revealed several tracts of land in disparate areas which fulfilled all 

criteria and could be considered for Arizona riparian habitat conversion projects. 

 

Keywords: Artificial Riparian Habitat, Arizona, Suitability Analysis, Geovisualization, 

Riparian Restoration 
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ETHICS STATEMENT 

Geographical Information Science (GIS), given its technological roots, is 

constantly evolving. What may be state of the art today will likely be considered as 

legacy informatics tomorrow. As such, any research involving such informatics will 

become dated over time. However, only the tech that is available at one’s hands can be 

used, which is the case here. All steps performed in this project were with the tools 

noted according to the methods stated. With regards to this project, all data was publicly 

available, up-to-date, fully cited and documented at the time this paper was researched 

and written. Further, like all good science, the methodology established here is fully 

reproducible and is open to scrutiny, allowing the outcome to be tested by any individual 

desiring to do so. 

Specifically related to riparian habitat, it is important to note that the author isn’t a 

hydraulic engineer or a political figure; hence, no claims are made which would assume 

expertise in those areas. Additionally, the author has no pre-established connections 

with those who possess these skills and who might be able to implement artificial 

riparian habitat. What is discussed in this paper is a good-faith effort to show possible 

sites for conversion into riparian habitat within the state of Arizona. This proposal is 

based on research which outlines the historical trend showing fewer riparian areas as 

well as degraded habitat, while noting various efforts aimed to reverse this course. It 

was also essential to perform field work to establish a certain level of “ground truth”, as 

well as land suitability. When looking at potential sites for artificial habitat, all potential 

streams on a GIS-produced map tend to appear as a thick nest of similar squiggly lines 

which may give the false impression that each stream may be of equal depth, width, 

and other important physical characteristics. This is a particularly important 
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consideration, given that humans tend to view maps with a certain reverence (Kerski 

2018). Hence, it was prudent to physically inspect each potential site, which provided 

photographical and observational evidence towards its suitability (or lack thereof). 

These inspections are substantiated with photographic evidence in both the body of the 

paper as well as the appendices. Lastly, all work in this project was performed solely by 

the author (under the supervision of Dr. Yoga Korgaonkar from the University of 

Arizona), except as cited or noted otherwise. 

 
  



13 

CHAPTER 1 
INTRODUCTION 

Arizona 

 
Arizona is geographically diverse state, having high and low deserts, volcanic 

mountain ranges and wide variation in topography. Much of the state is arid, receiving 

little rainfall in the desert areas and only moderate amounts in the mountains. In a very 

general sense, it can be split into three physiologic regions: 1) the Colorado Plateau, 2) 

the Transition Zone, and 3) the Basin and Range Province (Britannica 2008), which can 

be seen in Figure 1-1. 

 
Figure 1-1. Physiologic regions of Arizona (Harshbarger et al., 1966, as cited in Artiola, 
J. F., & Uhlman, K., 2009). 
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The Colorado Plateau is situated in the northern third of Arizona and is 

characterized by its semi-aridness, relatively flat landscape, and brightly colored “red” 

rock. The Transition Zone is a diagonal strip of land cutting across the state, consisting 

of dramatic escarpments and rugged mountains. The southern part of Arizona is defined 

by the Basin and Range Province, containing vast deserts, steep mountain ranges (“sky 

islands”), and laden with minerals (noted by the numerous mines in the area). It is in this 

southern “range” area which contains part of the Sonoran Desert and the area in which 

prospective riparian sites were located. 

The Sonoran Desert 

The Sonoran Desert is one of the world’s lushest deserts, containing a diverse 

population of trees, shrubs, and cacti (Dimmitt et al. 2015). It is also the hottest desert in 

the United States and encompasses roughly 100,000 square miles (260,000 sq. km.). 

Being relatively small, it ranges from northwestern Mexico into the southwestern United 

States, covering over a third of Arizona. Unlike nearby deserts such as the Mojave 

Desert, The Great Basin Desert and the Chihuahuan Desert, the Sonoran Desert is 

provided with two seasons of rainfall – the winter season and the summer monsoon 

season. 

Ephemeral and Perennial Streams 

The first season occurs from December through March, originating in the North 

Pacific, and its rain is often widespread and gentle (Dimmitt et al. 2015). The second 

season occurs from July through mid-September and often arrives in the form of violent 

thunderstorms, bringing large amounts of rain within brief periods of time. The runoff 

from this precipitation results in numerous washes and streams throughout the state. 

Although most of these streams are ephemeral in nature, some are perennial, resulting 
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in rich riparian habitat such as that along the San Pedro River (see Figure 1-2), the Gila 

River, and the Colorado River. 

 
Figure 1-2. Native riparian habitat (Cottonwood) along the San Pedro River (Credit: 
Julia Rhodes, 2022). 

Ephemeral washes - those that temporarily contain water usually after rainfall - 

are quite numerous (numbering in the thousands) within Arizona and are located over 

the entire state. Those in the Sonoran Desert are particularly noticeable, as they snake 

to-and-fro across the arid landscape, starkly contrasting against an otherwise relatively 

flat topography. One can often see a line of palo verde, mesquite or tamarisk lined up 

along these “dry” riparian washes (Arizona-Sonora Desert Museum n.d.). These 

ephemeral streams and washes are the primary focus of this project, given that they 

may be potential sites for new, artificial riparian habitat. 
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Current Riparian Habitat 

Extent and Degradation 

There are riparia scattered throughout the entire state of Arizona that are located 

along perennial and ephemeral streams, providing essential habitat for a variety of 

desert wildlife. However, these areas are fewer in number and lower in quality 

compared to decades past. To ensure water and energy are available for agricultural, 

industrial, and domestic purposes, rivers throughout Arizona (and the world) have had 

their flows regulated or diverted to suit these needs (Naiman, Décamps & McClain 

2005). As Table 1-1 shows, the longest rivers in Arizona (the Colorado and Gila rivers) 

are wholly or nearly non-free flowing. Along their banks in the riparian zone, this has 

resulted in reduced sediment transport and lowering of the water table, which inhibits 

the formation of seedbeds while simultaneously increasing local drought, killing off 

seedlings and mature trees alike. 

Table 1-1. Approximate impact of dam construction in Arizona (Carothers et. al. 2020). 
River Total miles (% not free flowing) 
Colorado 704 (100%) 
Gila 340 (77.3%) 

Salt 89 (44.5%) 
Verde 40 (23.5%) 

Agua Fria 50 (41.7%) 
 

Mesquite 

For example, in some of these riparian areas, one can sometimes find the 

mesquite tree, well-known for its utility, as its pods can be ground into flour, its wood 

used for furniture, and its sap traditionally applied as a salve. Finding mesquite trees in 

riparian habitat is now a rarity, whereas it once was abundant in such communities 
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(Stromberg 1993). Further, the specimens in these areas tend to lack their potential size 

of 18m in height and 1.5m in diameter, being significantly smaller than these 

measurements. 

Restoration of Riparian Habitat 

Prior efforts regarding riparian habitat have been focused on restoration of 

existing areas. Nearly all past projects were aimed at reestablishing native vegetation 

and water flows to current or historical riparian zones (Federal Interagency Stream 

Restoration Working Group 2001). In Arizona, much of this took the form of periodic 

flood releases along major rivers such as the Colorado River, which has sporadically 

restored cottonwood-willow in some areas, but only partially (Johnson et al. 2018). 

Further, by denying these area a continual flow of water, non-native species such as 

tamarisk have sometimes replaced traditional riparian flora such as cottonwood-willow 

and mesquite, due to the former’s ability to endure such conditions (Carothers et al. 

2020). This isn’t necessarily a negative situation, as tamarisk have provided a path for 

many current riparian areas to exist under these new restrictions. 

Restoration efforts have faced other barriers, inhibiting their complete success. 

These include issues such as a failure to recognize the root cause of habitat 

degradation when assuming that all riparia loss is due to identical factors (Roni & 

Beechie 2013). For example, one habitat may have degraded due to water quality 

rather than lack of flowing water. As such, the root cause must be correctly identified in 

order to apply the correct solution. 

Some efforts have been quite successful, such as the Kissimmee River in south 

Florida (South Florida Water Management District n.d.). Through a partnership with the 

Army Corps of Engineers, with funding from federal sources, this project has taken 
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several decades, but serves as a practical restoration example. After 1948, this river 

was effectively transformed into a “ditch,” which resulted in a 90% loss of waterfowl in 

the area, an essential consideration in a wetland state such as Florida (Riverwoods 

Field Lab n.d.). Further, native fish species died off in favor of those who could survive 

the deoxygenated water. As of 2020, continuous water flow has been restored to over 

24 miles of the river, which further allows for seasonal rains to inundate the floodplain 

as before. This has opened the door for waterfowl and other species to return to the 

area, as can be seen in this slideshow (South Florida Water Management District 2019). 

Time will tell if the site will fully recover, but waterfowl are already returning. 

Proposed Riparian Habitat 

Past Efforts 

Given the issues related to restoration, it may be time to turn to artificial, fully 

managed solutions. This approach is rather novel, having only been tried in a small 

number of areas, and even then, often by “mistake” (not the original intent). One 

successful example of an artificial habitat is the “Sweetwater Wetlands” near Tucson, 

AZ. Initially built in 1996, it was used to treat backwash from a nearby wastewater 

treatment plant (City of Tucson 2021). It was later converted to repurpose this reclaimed 

water to establish a riparian habitat. Funding comes from the city of Tucson, which also 

handles the management of the area. Currently, as several bird species have now 

utilized the site, it is frequented by birdwatchers and the public alike (Tucson Audubon 

Society n.d.). 

Project Proposal 

There are very likely other areas in the state of Arizona that can be converted to 

an artificial riparian habitat. An “artificial” habitat is one in which a previously dry area (a 

https://issuu.com/southfloridawatermanagement/docs/kissimmee_river_update_2019b?e=4207603/68065212
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wash that flows temporarily and usually only after precipitation events for a short time) is 

converted to a “wet” area. These areas might already be considered “dry riparian” 

areas, given the temporary water flow which often results in increased vegetation along 

their banks, but wouldn’t be considered stable in that regard. Since water is a crucial 

component, those areas that even temporarily contain water typically contain well-

defined edge features which channel the water – like washes. Since these washes do 

not support continuous water flow, they would likely need to be dammed so captured 

water would be contained, forming a long, thin “lake” - such as Tempe Town Lake in 

Tempe, AZ (City of Tempe n.d.). Like Tempe Town Lake, any such undertaking would 

also require constant human maintenance.  

The engineering, funding, and political hurdles will no doubt be challenging to 

overcome; as such, they are beyond the scope of this project. Further, these issues 

would be unique to each individual location, due to environmental factors, county 

government procedures, local attitudes, etc. However, even with such looming 

difficulties, it seems prudent to identify potential sites that might be suitable for such a 

task, as this would identify various parameters under which an artificial site would 

operate. Thus, the goal of this project is to perform a suitability analysis to find potential 

areas that might support an artificial riparian habitat throughout Arizona. 

Study Area 

Only the state of Arizona was chosen as a study area for this project. As 

discussed previously, much of the state contains desert topography, which is desirable 

for riparian habitat (Figure 1-1). Lastly, the author lives in Arizona, allowing for relatively 

short commutes within the study area to perform field work. 
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Figure 1-3. Project study area. 
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CHAPTER 2 
DATA 

 
Phase I 

The data and methodology are each split into two “phases”, which is explained in 

the “Methodology” section. In short, Phase I is a state-wide selection process and 

Phase II is a locale-specific process. Each dataset listed below is categorized 

appropriately. 

 
Arizona Boundaries 

The AZ Geo website contains feature sets outlining each county’s borders (Table 

2-1, Figure 2-1), as well as that of the state. This was necessary for clipping purposes, 

while the counties are being shown for informational purposes.  

 
Table 2-1. Metadata for Arizona County boundaries feature set. 
Official name of data set Arizona County Boundaries 

 
Last update September 9, 2021 

 
Author and/or owner Arizona Land Resource Information System (ALRIS) 

 
URL address https://azgeo-open-data-

agic.hub.arcgis.com/datasets/azgeo::arizona-county-
boundaries 
 

Description Arizona County boundaries feature set 
 

Coordinate system GCS: WGS 1984, Datum: D WGS 1984 
 

 
 

https://azgeo-open-data-agic.hub.arcgis.com/datasets/azgeo::arizona-county-boundaries
https://azgeo-open-data-agic.hub.arcgis.com/datasets/azgeo::arizona-county-boundaries
https://azgeo-open-data-agic.hub.arcgis.com/datasets/azgeo::arizona-county-boundaries
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Figure 2-1. Arizona county map. 
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Riparian Habitat 

The AZ Geo website also contains feature sets denoting all known riparian areas 

within the state (Table 2-2, Figure 2-2). Although it may be difficult to see on the map, 

there are many types of riparian habitat. It’s important to note the different varieties of 

flora which exist in these locations, since they indicate the kind of flora that would likely 

grow in any nearby, artificial riparian area. The three dominant types of habitats are 1) 

tamarisk, 2) cottonwood-willow and 3) mesquite. Although tamarisk is non-native, it has 

flourished within these areas and might require fewer resources to maintain (Carothers 

et al. 2020). The native species, however, would help proliferate a return to a more 

natural, indigenous ecology. Another reason that this data was included in this project 

was to exclude them as potential new sites, given the goal is to locate new, non-riparian 

locations. 

 
Table 2-2. Metadata for AZ riparian areas feature set. 
Official name of data set Riparian Vegetation 

 
Last update July 1, 2020 

 
Author and/or owner Arizona Game & Fish Department 

 
URL address https://azgeo-open-data-

agic.hub.arcgis.com/datasets/azgeo::riparian-vegetation 
 

Description Arizona riparian areas developed by AZ Game & Fish 
 

Coordinate system GCS: WGS 1984, Datum: D WGS 1984 
 
 

https://azgeo-open-data-agic.hub.arcgis.com/datasets/azgeo::riparian-vegetation
https://azgeo-open-data-agic.hub.arcgis.com/datasets/azgeo::riparian-vegetation
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Figure 2-2. Arizona riparian habitat areas. 
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State Trust Land 

AZ Geo also contains feature sets denoting all parcels of State Trust land. Past 

restoration efforts have sometimes occurred on agricultural land, which leads to 

problems with landowners sometimes being unwilling to remove acreage from 

production (Federal Interagency Stream Restoration Working Group 2001). Hence, for 

this project, only public land will be selected. 

 To accommodate unforeseen needs, only parcels larger than 100 acres were 

chosen (Table 2-3, Figure 2-3). This allowed plenty of room to work within a parcel to 

house monitoring resources and other equipment as necessary. Further, previous 

attempts at riparian regrowth were very limited in scope (often under 20 acres) and thus 

resulting in little significant change to the amount of riparian habitat (Johnson et. al. 

2018). Hence, only parcels larger than 100 acres were selected for this project. 

Preference was given to those parcels that are not yet leased, which would make 

the permitting process flow more smoothly. Figure 3 is already filtered, only showing 

those parcels greater than 100 acres. 

 

Table 2-3. Metadata for AZ State Trust Land feature set. 
Official name of data set AZ State Trust Land - Surface Parcels 

 
Last update September 28, 2020 

 
Author and/or owner Arizona State Land Department 

 
URL address https://azgeo-open-data-

agic.hub.arcgis.com/datasets/azgeo::az-state-trust-land-
surface-parcels 
 

Description Arizona State Trust Land – Surface Parcels feature set 
 

Coordinate system GCS: WGS 1984, Datum: D WGS 1984 
 

https://azgeo-open-data-agic.hub.arcgis.com/datasets/azgeo::az-state-trust-land-surface-parcels
https://azgeo-open-data-agic.hub.arcgis.com/datasets/azgeo::az-state-trust-land-surface-parcels
https://azgeo-open-data-agic.hub.arcgis.com/datasets/azgeo::az-state-trust-land-surface-parcels
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Figure 2-3. Arizona State Trust Land (>100-acre parcels). 
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Arizona Streams – Ephemeral and Perennial 

The AZ Geo website also contains feature sets of every potential stream, wash, 

ditch, etc. in the state of Arizona (Table 2-4, Figure 2-4). This is a critical data set, since 

any potential riparian area will be located within one or more of these features. Figure 2-

4 has been filtered to show washes and streams only, of any length (all other features 

have been eliminated). 

 
Table 2-4. Metadata for AZ streams feature set. 
Official name of data set Streams Ephemeral and Perennial 

 
Last update July 1, 2020 

 
Author and/or owner Arizona State Land Department 

 
URL address https://azgeo-open-data-

agic.hub.arcgis.com/datasets/azgeo::streams-ephemeral-
and-perennial 
 

Description Arizona ephemeral and perennial streams feature set 
 

Coordinate system GCS: WGS 1984, Datum: D WGS 1984 
 

 
 

 

https://azgeo-open-data-agic.hub.arcgis.com/datasets/azgeo::streams-ephemeral-and-perennial
https://azgeo-open-data-agic.hub.arcgis.com/datasets/azgeo::streams-ephemeral-and-perennial
https://azgeo-open-data-agic.hub.arcgis.com/datasets/azgeo::streams-ephemeral-and-perennial
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Figure 2-4. Arizona ephemeral/perennial streams and washes. 
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Arizona Incorporated Cities 

Locating a potential riparian area outside an incorporated city is a strategic 

consideration. Sites located near human development would run the risk of being 

rendered unsuccessful due to rapidly changing polices in those areas (Johnson et al. 

2018). Further, wildlife might be hesitant to frequent the site if a significant human 

presence were nearby. Hence, this dataset provided a list of areas to avoid for this 

project, as it contains a complete feature set of incorporated cities for the state of 

Arizona (Table 2-5, Figure 2-5).  

 
Table 2-5. Metadata for AZ incorporated cities feature set. 
Official name of data set Incorporated City Boundaries 

 
Last update January 25, 2022 

 
Author and/or owner Arizona Department of Revenue 

 
URL address https://azgeo-open-data-

agic.hub.arcgis.com/datasets/azgeo::incorporated-city-
boundaries-1/explore 
 

Description Incorporated cities within Arizona 
 

Coordinate system GCS: WGS 1984, Datum: D WGS 1984 
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Figure 2-5. Arizona incorporated city boundaries. 
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Arizona Historical Fire Boundaries 

In most documented, historical cases, wildfires have been beneficial for riparian 

habitat, as this promotes the growth of more mature native species while inhibiting non-

native tamarisk (Johnson et al. 2018). Therefore, a selection was made to locate 

potential sites within 5 miles of any historical fire, to perhaps increase the odds that it 

will be near another one in the future. As can be seen, most of these wildfires have 

existed within heavily wooded areas, but some have occurred in desert areas (Table 2-

6, Figure 2-6). 

 
Table 2-6. Metadata for AZ historical fire boundaries feature set. 
Official name of data set Interagency Fire Perimeter History - All Years 

 
Last update September 2, 2021 

 
Author and/or owner National Interagency Fire Center 

 
URL address https://azgeo-open-data-

agic.hub.arcgis.com/datasets/nifc::interagency-fire-
perimeter-history-all-years 
 

Description Historical fire boundaries within the state of Arizona 
 

Coordinate system GCS: WGS 1984, Datum: D WGS 1984 
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Figure 2-6. Arizona historical fire boundaries. 
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Arizona Flood Hazard Areas 

Floods, like wildfires, are beneficial for riparian habitat, as they are an essential 

disturbance process (Johnson et al. 2018). For purposes of this study, sites were 

selected that were located within areas that have a chance for an annual flood event 

(Table 2-7, Figure 2-7). When analyzed alongside local two-day maximum rainfall 

amounts (explained in Phase II), these locations provided a strong indicator of periodic 

flooding. 

 
Table 2-7. Metadata for AZ flood hazard areas. 
Official name of data set USA Flood Hazard Areas 

 
Last update October 21, 2021 

 
Author and/or owner Federal Emergency Management Agency (FEMA) 

 
URL address https://www.arcgis.com/home/item.html?id=2b245b7f816044d7

a779a61a5844be23 
 

Description This feature layer displays Flood Hazard Areas from the Flood 
Insurance Rate Map created by the Federal Emergency 
Management Agency. 
 

Coordinate system GCS: WGS 1984, Datum: D WGS 1984 
 

 
 
 

https://www.arcgis.com/home/item.html?id=2b245b7f816044d7a779a61a5844be23
https://www.arcgis.com/home/item.html?id=2b245b7f816044d7a779a61a5844be23
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Figure 2-7. Arizona flood hazard areas. 
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Phase II 

Local Rainfall Data 

The closest rain station to each potential riparian site (from Phase I) was 

selected to obtain historical precipitation data for that locale (Table 2-8, Figure 2-8). For 

purposes of this study, the “maximum 2 day” event was downloaded, since Arizona 

rarely experiences rain in torrential amounts longer than this timeframe. By averaging 

this quantity over the entire history of the selected rain station, the amount of rain that 

could be expected to fall in a “maximum” event can be calculated, which provided an 

indication to the area’s flooding potential (see Appendix A). 

 

Table 2-8. Metadata for AZ rain gauge data. 
Official name of data set NOAA Atlas 14 Point Precipitation Frequency Estimates: AZ 

 
Last update February 2, 2022 

 
Author and/or owner National Oceanic and Atmospheric Administration 

 
URL address https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?b

kmrk=az 
 

Description Current rain gauge locations and precipitation data 
 

Coordinate system GCS: WGS 1984, Datum: D WGS 1984 
 

 
 
 

https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=az
https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=az
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Figure 2-8. Arizona rain gauge locations. 
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Local NDVI Data 

One widely used index to measure the health of vegetation is the Normalized 

Difference Vegetation Index (NDVI). Compared to other radiation, healthy vegetation 

reflects more near-infrared radiation (NIR) but absorbs more red radiation (USGS n.d.). 

In a desert environment, this might also be an indicator of the amount of vegetation in 

an area. This index is calculated using the following formula: 

 

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 =
𝑁𝑁𝑁𝑁𝑁𝑁 − 𝑁𝑁𝑅𝑅𝑅𝑅
𝑁𝑁𝑁𝑁𝑁𝑁 + 𝑁𝑁𝑅𝑅𝑅𝑅

 
 
where: 

NDVI  = Normalized Difference Vegetation Index 

NIR  = Spectral reflectance in the near-infrared radiation region 

Red  = Spectral reflectance in the red radiation region 

 
When the NDVI is measured at the same time of year, over the same area, and 

spanning sequential calendar years, a time-series analysis can be performed, which 

reveals trends in plant health.  

Local NDVI data was obtained from each locale selected in Phase I (Table 2-9, 

Figure 2-9). This data provided a quantifiable, historical measure of vegetative health for 

each potential site. Those sites that demonstrated any downward trends over time might 

be best for a potential riparian area to improve the quality of the local ecology. 

Additionally, this data revealed the quantity of vegetation in the area, which could be 

used as an additional selection criteria. 
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Table 2-9. Metadata for study area NDVI feature set. 
Official name of data set MOD13Q1 MODIS/Terra Vegetation Indices 16-Day L3 

Global 250m SIN Grid 
 
Subset obtained for MOD13Q1 product at 34.7915N, 
114.4492W, time period: 2000-01-01 to 2022-1-28 and for 
MOD13Q1 product at 31.5377N, 110.1770W, time period: 
2000-01-01 to 2022-1-28 
 

Last update January 28, 2022 
 

Author and/or owner NASA Earth Explorer 
 

URL address https://modis.ornl.gov/globalsubset/ 
 

Description 16-day NDVI values for study areas from 2000-01-01 
through 2022-01-28 
 

Coordinate system GCS: WGS 1984, Datum: D WGS 1984 
 

 
 

https://modis.ornl.gov/globalsubset/
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Figure 2-9. Arizona NDVI Map. 
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Arizona Digital Elevation Map 

While elevation wasn’t a primary concern for this study, it was necessary to note 

the differences in elevation among the selected sites chosen from Phase II (Table 2-10, 

Figure 2-10). Generally speaking, higher elevations within Arizona receive more rainfall 

than lower elevations. Given that the two potential site areas were significantly different 

in elevation, this allowed for an interesting comparison. Additionally, this data allowed 

for a more accurate rain station selection, given that each rain station chosen should be 

similar in elevation as the potential riparian area (as well as nearby).  

 
Table 2-10. Metadata for AZ digital elevation map. 
Official name of data set USGS EROS Archive - Digital Elevation - Global Multi-resolution 

Terrain Elevation Data 2010 (GMTED2010) 
 

Last update 2010 
 

Author and/or owner United States Geological Survey (USGS) 
 

URL address https://www.usgs.gov/centers/eros/science/usgs-eros-archive-
digital-elevation-global-multi-resolution-terrain-elevation 
 

Description Mean Elevation 30 Arc Second. 
 

Coordinate system GCS: WGS 1984, Datum: D WGS 1984 
 

 
 
 

https://www.usgs.gov/centers/eros/science/usgs-eros-archive-digital-elevation-global-multi-resolution-terrain-elevation
https://www.usgs.gov/centers/eros/science/usgs-eros-archive-digital-elevation-global-multi-resolution-terrain-elevation
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Figure 2-10. Arizona digital elevation map (DEM). 
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CHAPTER 3 
METHODS 

Workflow 

In order to utilize the most information available when determining potential 

riparian sites, two main phases were employed: 1) the state-wide phase and 2) the site-

specific phase. In summary, Phase I was designed to employ selection criteria on 

various datasets available state-wide. That is, the goal of Phase I was to narrow down 

the number of riparian locations in Arizona such that each location could be scrutinized 

at a more granular level, using data that wasn’t available on a state-wide basis. Phase II 

was then designed to examine the locations from Phase I, utilizing local rainfall, 

elevation, and NDVI data for each site to determine riparian habitat suitability on a finer 

scale. This methodology to collect and analyze the necessary data for both phases was 

relatively linear, but with some recursive elements. In general, Phase I will follow the 

process shown in Figure 3-1 below, while Phase II follows the process shown in Figure 

3-2.  
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Figure 3-1. Project Workflow – Phase I. 
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Figure 3-2. Project Workflow – Phase II. 

 

Phase I 

The first phase was designed to find the most likely areas suitable for future 

riparian areas on a state-wide level. It is relatively straightforward, consisting of finding 

relevant data to aid in the selection process. In short, it consists of determining relevant 

criteria which will produce a likely riparian habitat location, downloading data that allows 

this criterion to be selected, then using GIS tools to perform the selection process. Once 

all of these automated procedures were implemented, then a manual selection process 

was employed to further select each site, based on areas that contained the most 

potential sites clustered together. 
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Determine Criteria 

There were many factors to be considered for a suitable riparian area. Initial 

factors included existing ephemeral/perennial rivers, land ownership, rainfall amounts, 

proximity to flood zones, proximity to historical fire boundaries, proximity to human 

development, and current vegetation cover. The ultimate list of variables was limited by 

the data available. For Phase I, these criteria are listed below: 

• Ephemeral or perennial streams longer than 2 miles in length 

• State Trust parcels larger than 100 acres and not already leased 

• Not located within current riparian habitat 

• Not located within incorporated city boundaries 

• Located within 5 miles of a historical fire boundary 

• Situated within a current flood zone 

Download and Filter Data 

Several datasets were identified for potential use in this project, as listed above 

in the “Data” section. Each of these was loaded into ArcGIS Pro, where they were 

analyzed for completeness and suitability. By examining the attribute tables as well as 

their visual coverage, a sense of how well each data set would work for this project was 

obtained. In some cases, it was necessary to convert units (from metric to imperial) or 

clip features to Arizona's geographic boundaries. In all cases like this, it is noted in the 

appropriate section below. 

Modify Criteria 

When working with each dataset, it became clear which fields matched specified 

criteria and whether the information was present at all. Hence, the available data made 

it necessary to alter the criteria by which riparian areas were selected. Additionally, 
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some data was not available in a suitable GIS format, so it was necessary to use 

Microsoft Excel to prep the data for GIS use. These datasets were then plotted (using 

the ‘Add Data’ tool within ArcGIS Pro) as they already contained latitude and longitude 

coordinates. 

Arizona border and counties 

 Some datasets contained features outside the Arizona border; in those cases, 

the features were excluded from the analysis. Further, for readability purposes (as well 

as any additional governmental concerns), the counties of Arizona were overlaid as a 

visual reference in all displayed maps. 

Locate Suitable Habitat 

For each dataset, various criteria were applied to it as specified above. The result 

was a set of maps showing areas within the state of Arizona, each of which, when 

combined, revealed locations that might be suitable for a future riparian area. Note: all 

functions in this section were executed within ArcGIS Pro, unless otherwise noted.  

Streams and washes 

 For usability concerns, the “length” field of this feature set was converted to 

miles, using the “Calculate Geometry” tool. Then, using the “Select by Attribute” tool, 

only those features that were listed as a “Stream” or “Wash” (using the DATNAME field) 

were selected. Given that past efforts at restoring riparian habitat were typically under 

three kilometers in length (resulting in only tiny changes, if at all), only those streams 

which were at least two miles in length were selected for this study. This was 

accomplished by using the “Select by Attribute” tool again, only selecting records where 

the “MILE” field was equal to or larger than two. These features were then used to 

create a new feature set, used in later steps. 

https://pro.arcgis.com/en/pro-app/latest/tool-reference/data-management/calculate-geometry-attributes.htm
https://pro.arcgis.com/en/pro-app/latest/tool-reference/data-management/select-layer-by-attribute.htm
https://pro.arcgis.com/en/pro-app/latest/tool-reference/data-management/select-layer-by-attribute.htm
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Stand land parcels 

Any site selected for this project should be large enough to allow for sufficient 

vegetation growth, irrigation, flooding, and equipment storage – exactly how much is 

unknown. Additionally, a sizeable site location would allow space for a “buffer” around 

the area which could be zoned off to allow it to flourish, if necessary. Given the number 

of variables which can’t be accounted for in this type of project, only large sites were 

considered. Hence, using a standard round number, State Trust parcels over one 

hundred contiguous acres were selected for this purpose. To determine suitable State 

Trust parcels, the “Select Layer by Attribute” tool was used. This was performed on the 

State Trust feature set, selecting only features where the “area_acres” field was greater 

than one hundred. To avoid conflict with current lessees, only those parcels as noted 

above that were not currently leased (‘LEASED’ = ‘N’) were used for this project. These 

features were then used to create a new feature set, which would be used in later steps. 

Streams and washes on state trust land 

As noted in the criteria, only those streams which were on selected state trust 

land were used. The “Overlay Layers” tool was used to accomplish this, which resulted 

in a new feature set consisting of streams and washes on State Trust land. 

Current riparian area exclusion 

This project aimed to select potential new sites for riparian habitat; hence, 

existing riparian area was excluded. These sites were noted in the “Data” section 

without any modification or filtering. To perform this step, all of the above steps were 

necessarily already executed. Using the “Select Layer by Location” tool, checking the 

‘intersect’ parameter as well the ‘inverse’ parameter, only those stream segments not on 

current riparian land were selected. 

https://pro.arcgis.com/en/pro-app/latest/tool-reference/data-management/select-layer-by-attribute.htm
https://doc.arcgis.com/en/arcgis-online/analyze/overlay-layers.htm
https://desktop.arcgis.com/en/arcmap/10.3/tools/data-management-toolbox/select-layer-by-location.htm
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Incorporated city boundaries 

As noted in the “Data” section, projects of this type tend to fare better when 

located further away from human development (Johnson et al. 2018). Hence, any 

potential site must be located outside of any incorporated city. These areas were noted 

in the “Data” section and were not modified or filtered. To remove these areas from the 

final selection, the “Select Layer by Location” tool was used against the feature set 

immediately preceding this section, by inversely intersecting those features (which 

removed all incorporated city areas). 

Historical fire boundaries 

 Research has shown that riparian habitat responds favorably to wildfires, given 

enough time to recover, as noted in the “Data” section (Johnson et al. 2018). Hence, for 

this project, those sites that were within five miles of any historical fire boundary were 

selected. This data set was regional and not localized to Arizona. Hence, it was clipped 

using the “Clip“ tool against the Arizona boundary feature set. Once that step was 

completed, the “Select Layer by Location” tool was used, selecting all features within 

five miles of any historical fire boundary. This was necessarily executed only after the 

above steps were performed. 

Historical flood zones 

Periodic floods are vital to the health of riparian habitat, as discussed in the 

“Data” section (Johnson et al. 2018). Hence, any new location must be situated in an 

area prone to flooding from time to time. This data set was regional, not localized to 

Arizona. Hence, it was clipped using the ‘Clip’ tool against the Arizona boundary feature 

set. After all the above steps were performed, the resulting feature set (consisting of 

https://desktop.arcgis.com/en/arcmap/10.3/tools/data-management-toolbox/select-layer-by-location.htm
https://pro.arcgis.com/en/pro-app/latest/tool-reference/analysis/clip.htm
https://desktop.arcgis.com/en/arcmap/10.3/tools/data-management-toolbox/select-layer-by-location.htm
https://pro.arcgis.com/en/pro-app/latest/tool-reference/analysis/clip.htm
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streams and washes heavily filtered according to the criteria above) was overlaid 

against the flood data using the “Overlay” tool. 

Government Agencies 

After the initial data was prepped, various government agencies were contacted 

about current efforts regarding riparian habitats. To that end, a query was sent to 

Arizona Game & Fish to obtain information about their water catchment program. The 

goal was to understand past efforts that were used to artificially produce and maintain 

sites containing water around the state. Additionally, a query was also sent to the 

Arizona State Land Department to obtain further information about permitting 

requirements and perhaps other efforts along the same lines as this project.  

Potential Site Reduction 

Given that NDVI data is typically obtained for small areas, it was impractical to 

download and analyze this information for many sites. Therefore, it was necessary to 

examine the resulting feature set to reduce the number of potential sites down to a few. 

This allowed for a more focused study, including a physical inspection of each area 

identified. Sites that contained the longest streams or washes were granted top priority, 

particularly if they were clustered together. Additionally, given that more than one site 

was found using this process, priority was given to areas with significantly different 

elevation/geographical features for comparison. 

Phase II 

The second phase relied upon the first phase for its input. Given that neither 

NDVI data nor historical rainfall data was readily available state-wide (and would have 

taken weeks to patch together), it was more efficient (and less time-consuming) to only 

obtain NDVI/rainfall information from the sites identified in the ultimate step from the first 

https://doc.arcgis.com/en/arcgis-online/analyze/overlay-layers.htm
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phase (“Reduce Potential Sites”). This data was then used to analyze each location, 

giving priority to those sites showing the most vegetative degradation. 

NDVI Data 

NDVI data was obtained using the coordinates from the locations identified from 

Phase I. This data covered a roughly twenty-year period for each site, providing a 

historical analysis. This was performed using Microsoft Excel, by graphing the data over 

its timeframe. The resulting graph showed the annual vegetative cycle, including trend 

lines to indicate overall drift. It was also plotted over each location to ensure that it 

covered the potential site, allowing for a visual representation of the vegetative health of 

each area. 

Historical Rainfall Data 

The closest rainfall station for each location was identified using the “Measure 

Distance” tool within ArcGIS Pro. Historical data was then downloaded for each cluster’s 

nearest rain station to indicate how likely significant rainfall would occur for each 

potential riparian site. The estimated "maximum two-day" rainfall over the station's 

lifetime was analyzed because riparian areas tend to react favorably to heavy, sporadic 

precipitation, producing localized flooding. These values were used to discuss potential 

hydrologic concerns regarding potential flooding and potential water storage needs. 

Digital Elevation Map 

 Although elevation wasn’t required, per se, for this project, it was used to help 

differentiate which sites were ultimately chosen for selection. That is, elevation was 

used as a filtering agent, selecting those areas which significantly differed in elevation. 

This would allow for future work, should it occur, to be undertaken in different 

https://doc.arcgis.com/en/maps-for-microstrategy/design-and-use-map/measure-distances-and-areas.htm
https://doc.arcgis.com/en/maps-for-microstrategy/design-and-use-map/measure-distances-and-areas.htm
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elevation/geographical environments, which would produce a better understanding of 

riparian habitat. 

 For this project, the DEM was loaded into ArcGIS Pro and referenced simply by 

clicking on it to obtain elevation information for each location. However, given that this 

data was in meters, it was converted to feet, using the “Times” tool and multiplying 

values by 3.2808399. This generated a new DEM using feet instead of meters (Figure 

2-10). 

Physical Inspection 

It was essential to visit these areas in person to obtain photographic 

documentation. Additionally, “ground truth” verification was employed to ensure that the 

data being used matched what was physically there. Further, measurements were 

observed at each site to obtain the average depth and width of each wash which might 

serve as a potential riparian habitat. Any environmental issues local to each area were 

logged and presented as part of the suitability analysis. Based on a visual inspection, 

any site that could not be used was noted as well. 

Suitability Maps 

After each map was created, it was necessary to make it user-friendly for a broad 

audience. To accomplish this, ArcGIS Pro has “Layouts” which was used to make an 

aesthetically pleasing map utilizing geovisualization best practices (color, layout, scale, 

style, verbiage, focus, etc.). 

  

https://pro.arcgis.com/en/pro-app/latest/tool-reference/spatial-analyst/times.htm
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CHAPTER 4 
RESULTS 

Phase I 

Locate Suitable Habitat 

For each dataset, various criteria were applied as specified in the “Methods” 

section. Through a process of narrowing criteria, the ultimate result was a map showing 

areas within the state of Arizona that might be suitable for a future riparian area. Note: 

all functions in this section were executed within ArcGIS Pro, unless otherwise noted.  

Streams and washes 

Most riparian restoration projects hve been quite modest, well under 3 km in 

length, and thus only affecting a small area (Johnson et al. 2018). Hence, only those 

features classified as ‘streams’ or ‘washes’ were selected for this study to eliminate the 

smaller, less useful features. Features that were at least 2 miles in length were used for 

this study. The resulting feature set is shown in Figure 4-1. 
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Figure 4-1. Arizona streams and washes over 2 miles in length.  
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Stand land parcels 

Only those parcels that were not leased and greater than 100 acres in size were 

selected. The resulting feature set is shown in Figure 4-2. 

 

Figure 4-2. Arizona state trust parcels, non-leased, greater than 100 acres. 
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Streams and washes on state trust land 

Using the filtered state trust land feature set above, only those streams/washes 

greater than two miles in length and located within these state trust land parcels were 

selected. The remaining features are shown in Figure 4-3. 

 

Figure 4-3. Arizona streams/washes on non-leased state trust land. 
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Current riparian area exclusion 

Using the above feature set, all streams/washes were removed that were located 

within current riparian habitat. As can be seen in Figure 4-4, this only eliminated a few 

features, but was necessary to ensure that no future sites conflicted with present 

riparian areas. 

 

Figure 4-4. Arizona streams/washes not within current riparian habitat.  
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Incorporated city boundaries 

Most of the excluded areas came from the Phoenix and Tucson metropolitan 

areas by eliminating sites within incorporated cities. Figure 4-5 shows the resulting 

streams and washes that are left. 

 

Figure 4-5. Arizona streams/washes not within incorporated cites.  
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Historical fire boundaries 

The resulting stream feature set was narrowed even further by only including 

those areas within 5 miles of a historical fire boundary. Figure 4-6 shows those 

remaining streams/washes. 

 

Figure 4-6. Arizona streams/washes near historical fire boundaries. 
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Historical flood zones 

Using historical flood zones to further filter the feature set, only two main areas 

were left: those in Mohave County and those in Cochise County (see Figure4-7). 

Interestingly, suitable habitat within or near human development is often irrigated due to 

flood management infrastructure (Dimmitt et al. 2015). Since those areas were already 

eliminated prior to this step, this issue does not affect the outcome of this project. 

 
Figure 4-7. Arizona streams/washes within historical flood zones.  
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Government Agencies Feedback 

On February 1, 2022, Queries were sent to both the Arizona Game & Fish 

Department and the Arizona State Land Department. Neither governmental agency 

replied to the author’s queries during the period this paper was researched and written, 

spanning several months from early to nearly mid-2022. 

Potential Site Reduction 

Although there were approximately 30 sites available after the above steps were 

executed, obtaining NDVI and rainfall data for each site would have been cumbersome. 

Hence, a manual analysis was performed to determine the best sites. Upon closer 

examination, two “clusters” of features were suitable for potential riparian habitat (see 

Figure 4-8). This meant that NDVI and rainfall data need only be obtained for these two 

clusters. Further, having more than one location within each group meant that if one 

stream bed didn’t work out for some unforeseen reason, then perhaps the other nearby 

site would be feasible. Hence, these two clusters were selected. The first cluster was 

located in Mohave County and will be referred to as the “Mohave Cluster.” The second 

cluster was found in Cochise County and will be referred to as the “Cochise Cluster.” 

Each stream or wash within each cluster was roughly 2 miles in length. 
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Figure 4-8. Final potential riparian area streams/washes in Arizona. 
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Phase II 

NDVI Data 

When viewing NDVI data for a specific date, dark pixels indicate less healthy or 

more sparse vegetation. In a desert environment, this is likely indicative of the amount 

of vegetation in an area when viewed in isolation. The difference in NDVI values is 

rather drastic when comparing both clusters, as seen below. 

This data was analyzed over time to more accurately determine vegetative 

health, which is displayed in a line chart for each cluster spanning roughly twenty years. 

Mohave cluster 

The dark pixels shown in Figure 4-9 show that the Mohave Cluster is mainly 

comprised of sparse vegetation. 
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Figure 4-9. NDVI Values for Mohave Cluster (Jan 2022). 
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Over a twenty-year period, the NDVI mean for this cluster is relatively stable, as 

the trendline in Figure 4-10 indicates. When the data line shoots markedly upward, that 

usually indicates above-average monsoonal moisture for that year. 

 

 
 
Figure 4-10. 22-year NDVI Data for Mohave Cluster. 

 

Cochise cluster 

When visually compared to the Mohave cluster, the dark pixels surrounding the 

Cochise cluster are relatively few, revealing that this area is more heavily vegetated 

(Figure 4-11). 
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Figure 4-11. NDVI Values for Cochise Cluster (Jan 2022). 
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Over a twenty-year period, the NDVI mean for this cluster increased slightly, 

indicating that the area has gotten healthier, or more heavily vegetated, over the past 

twenty years, as the trendline in Figure 4-12 indicates. 

 

Figure 4-12. 22-year NDVI Data for Cochise Cluster. 

 
Historical Rainfall Data 

Each cluster receives different amounts of rainfall given their differing elevations. 

However, for both locations, the annual two-day maximum average lies between one 

and two inches, which may not seem significant, but given the arid climate, it might 

prove to be a pivotal factor. For each cluster, the nearest rain station name, elevation, 

location, and data are provided below. 

Mohave cluster 

For the Mohave cluster, the average two-day maximum rainfall amount was 

calculated to be 1.16 inches. This was derived from the mean amounts shown in 

Appendix A (“Lake Havasu Station (Mohave Cluster)”). 
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Cochise cluster 

For the Mohave cluster, the average two-day maximum rainfall amount was 

calculated to be 1.96 inches, which is about 0.8 inches more than the Mohave cluster 

and likely due to is much higher elevation. This was derived from the mean amounts 

shown in Appendix A (“Sierra Vista Station (Cochise Cluster)”).  

Elevation Data 

For both locations, elevation was measured using ArcGIS Pro. The variation in 

altitude between each cluster was 3,538 ft, which is a significant difference. A physical 

inspection of each area, taking average elevation measurements, revealed the 

difference to be around ~3,500 ft, which agrees with the elevation map data. It’s 

impossible to precisely measure the difference, given that each wash is over a mile long 

and flows according to its gradient. In other words, one end is higher than the other, so 

all measurements regarding elevation differences are approximate. 

Mohave cluster 

The Mohave cluster's average elevation was measured to be 750 feet placing it 

within the lower Colorado River Valley subdivision of the Sonoran Desert, which 

contains the lowest, hottest areas of the state (Dimmitt et al. 2015). Trees in this area 

only grow along washes, as the terrain is dominated by drought-tolerant creosote 

bushes and white bursage. 

Cochise cluster 

For the Cochise cluster, the average elevation was measured to be at 4,288 feet, 

putting it in the Arizona Upland territory subdivision of the Sonoran Desert, which is 
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mountainous and colder (Dimmitt et al. 2015). Trees grow along slopes and washes, but 

the terrain contains a rich diversity of flora, including saguaro, palo verde, and ocotillo. 

Physical inspection 

It’s essential to visit any sites generated via GIS techniques, so that ground truth 

information can be obtained. Additionally, it allows one to see the prospective site in-

person, which has led this author to gain a great deal of information not accessible via 

GIS feature sets. For example, any trash on the ground should be noted (and is often 

present) and any other signs of human activity or manipulation, such as siphons, water 

catchments, and animal traps. 

Mohave cluster 

The Mohave cluster was visited on March 26, 2022. Both sites were physically 

inspected, and measurements were taken. Regarding both sites within this cluster, this 

area of Arizona is quite arid, mainly consisting of creosote, brittlebush, some isolated 

patches of tall grass, and scattered palo verde along the extremely dry washes. The 

terrain was often rough, transitioning from a rocky floor to very silty sand within the 

washes. This part of the state also gets quite hot, often being the highest in the state on 

any given day (it was already in the upper 90s on this trip). 

The northern location was not a single wash but rather a collection of washes, 

each crisscrossing the area, some merging, some splitting apart (see Figure 4-13). 

Each wash in the area was notably sandy, on average several inches deep. They varied 

in width from around 17 feet wide and 1 to 2 feet deep, all flowing north to south. If the 

individual washes were ignored, the entire width of the “valley” was estimated to be 70 

to 100 yards in width (variable) and nearly 40 feet deep in places. Vegetation consisted 

mainly of creosote (chaparral) and scattered palo verde trees with grassy shrubs. 
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Figure 4-13. Northern location in Mohave cluster showing multiple washes (Credit: Julia 
Rhodes, 2022). 

The elevation, taken at the midpoint, was measured to be 656 feet, but that value 

changes along with the slope of the wash. There are several unmaintained trails off 

Highway 10 (the “Oatman Highway”) that allow easy access to this location (see Figure 

4-14). This figure also shows the depth of the entire “valley” in which these washes 

occur. It would take an enormous amount of water to fill the valley, but comparatively 

little to fill one of the smaller washes. The average depth of the sand in the beds of 

these washes was around 2-3 inches. 
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Figure 4-14. Trail leading down from Highway 10 into the northern location in the 
Mohave Cluster (Credit: Julia Rhodes, 2022). 

The southern wash, unlike the northern location, was much more remote. 

Although an unmaintained road led to the area, it was quite rough and sandy, requiring 

a four-wheel drive to access it (see Figure 4-15). The land within which this location 

exists appears to be used for off-road activity, as several OHV vehicles were observed 

in the area. Some parts of the road had washed away, creating some rather large 

sinkholes, but were bypassed with careful effort. After nearly 4 miles of washboard and 

rocky road, the site was reached, and the physical inspection occurred. The elevation, 

taken near the east end, was measured to be 811 feet, but that value would vary 

according to the slope of the wash. 
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Figure 4-15. Example of the unmaintained road to southern wash in Mohave cluster 
(Credit: Julia Rhodes, 2022). 

This wash was quite wide and deep, measuring around 51 feet wide and 6 feet 

deep, appearing to flow from east to west. The bed was quite silty and deep, also 

containing smooth rocks of variable sizes, indicating that water flows through the area 

periodically (see Figure 4-16). The average depth of the sand at the bottom was 

anywhere from 2 to 4 inches deep. Along the sides were scattered palo verde trees and 

various bushes, but otherwise quite rocky and well-defined. 
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Figure 4-16. Southern wash in the Mohave cluster (Credit: Julia Rhodes, 2022). 

Cochise cluster 

The Cochise cluster was visited on March 15, 2022. Only the northern wash was 

physically inspected, as the southern wash could not be visited, due to the thick, prickly 

vegetation that is several feet high in the area (see Figure 4-17). However, a Garmin 

GPSMap 65-s allowed precise navigation to the northern coordinates and confirmation 

of the site’s location. As stated, there is already vegetation in the area; however, the 

wash itself was dry, indicating that it receives water only from precipitation (Figure 4-

17). The higher elevation was confirmed to be roughly 4,250 feet, which is very close to 

the value extracted from the GIS data. Although variable in width and depth, the wash 

typically hovered near 2 feet deep and 3 feet wide. 
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Figure 4-17. Thick, prickly vegetation throughout the Cochise cluster (left), northern 
wash (right) (Credit: Julia Rhodes, 2022). 

The northern wash appeared to have flowed south, had relatively rich soil, and 

contained several species of birds which were observed in the area. Although covered 

in tall grasses, the wash is easily seen in person, although somewhat obscured from the 

road (see Figure 4-18). A suburban development is just under a mile from this area, 

which would have to be accounted for if this site were selected for an artificial riparian 

habitat. 
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Figure 4-18. Northern wash of the Cochise cluster (Credit: Julia Rhodes, 2022). 

There was a ‘road’ bushwhacked to the northern wash – probably to maintain the 

concrete tunnel which allows the wash to flow under highway 90 (see Figure 4-19). This 

made traveling to the site relatively easy but would undoubtedly require periodic 

maintenance. A fence ran alongside the road to prevent human access, given this is 

state trust land, but it is still accessible from other roads in the area. This tunnel was 

roughly 8 feet tall and approximately 30 feet wide, separated into thirds. 
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Figure 4-19. Northern wash of Cochise cluster flows under highway 90 (Credit: Julia 
Rhodes, 2022). 
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Suitability maps 

The state-wide suitability map is shown in Figure 4-20. Note that these results 

were manually – and intentionally – reduced in number to analyze NDVI and rainfall 

data. There are several other sites that could have been considered. 

 
Figure 4-20. Arizona suitability map for potential new riparian habitat. 
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Both clusters are enlarged so that the underlying landscape can be seen in 

Figure 4-21. Although the criteria specified streams or washes greater than two miles in 

length, the resulting sections ended up being between 1 and 2 miles in length due to 

other competing criteria. 

 

     
Figure 4-21. Arizona cluster suitability maps for potential new riparian habitat. 
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CHAPTER 5 
DISCUSSION 

Cluster Comparison 

For this project, two main clusters were selected, the Cochise Cluster and the 

Mohave Cluster. These two clusters exist in significantly different environments, 

providing a contrasting comparison. 

Elevation 

The Cochise cluster, being situated at roughly 3,500 ft in elevation within Arizona 

upland, receives more precipitation than other desert areas, is within a rich diversity of 

flora, and is in a location with highly variable relief. NDVI data for this area suggests that 

it has become slightly healthier over the past two decades, which might facilitate an 

artificial riparian habitat (see Figures 4-11 and 4-12). The surrounding vegetation 

suggests that this habitat would fare better with cottonwoods or other deciduous 

vegetation that can thrive in this type of environment, given the lower temperatures and 

greater access to water. 

The Mohave cluster, when compared to the Cochise cluster, is located at roughly 

750 feet in elevation within the Colorado River Valley, receives less precipitation, is 

surrounded by less diverse vegetation, and is in an area with low relief. NDVI data 

suggests that its health has remained stable, which might facilitate an artificial riparian 

habitat as well (see Figures 4-9 and 4-10). Given its hotter temperatures and increased 

aridity, mesquite or palo verde trees might fare better in an artificial riparia located here. 

Physical Inspection 

As described in the Results section, each site was physically visited and 

inspected. Traveling to each site helped to evaluate the suitability of each cluster, as 
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there are certain practicalities that must be taken under consideration, such as 

accessibility, physical dimensions, surrounding vegetation, soil type, etc. Regardless of 

the site, the biggest issue would be filling the wash with water and keeping it filled 

thereafter. No site listed here would likely “flow,” but instead would require damming to 

be a small, narrow “lake” of sorts, allowing water to flow (and flood) during precipitation 

events. 

Cochise Cluster 

The Cochise location was relatively simple to navigate to, being accessible 

directly from a highway. This would allow engineers and other personnel to move 

equipment into the area without much difficulty. Further, it is not that far from Sierra 

Vista, so supplies are readily available. This site supports copious vegetation, as even 

when visited in the early spring, there were tall grasses and many trees in the area. The 

wash wasn’t very wide or deep, so any excavation in the area would be minimal, relative 

to the other sites. Its small size would also minimize the amount of water needed to 

keep the wash filled, which might be a practical consideration. That being said, its small 

size might not support cottonwoods, but instead smaller trees, such as mesquite. At an 

elevation of around 3,500 feet, there is more rainfall in the area, which would help any 

artificial riparian habitat navigate any engineering shortcomings. 

This site might leverage human visibility factors, given that this wash runs under 

a highway and is visible from the road. As such, the general public would be able to 

observe the outcome and, hopefully, be encouraged by the result if an artificial habitat 

were ever constructed there. It would also serve as an example of how washes near 

public roads can be developed, which might have a beneficial psychological effect on 

anybody driving through the area. 
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Mohave Cluster 

The Mohave cluster was in a much more arid and remote location than the 

Cochise cluster, relatively speaking. Although both sites were accessible with a vehicle, 

the southern wash in this cluster required a four-wheel drive. The northern wash was 

just off a highway, so it would be visible from the road like the Cochise cluster, with the 

same benefits. However, given the size of the northern location, it might be impractical 

to install an artificial habitat, as it would require enormous amounts of water to keep it 

filled. Further, given the area’s lack of rainfall, any engineering problems would be hard 

to overcome from natural precipitation. However, if one of the smaller, interior washes 

were used, it might be suitable, although these washes were not very deep. These 

smaller washes would likely support more palo verdes (already in the area) and 

mesquite trees (which were not observed). 

The southern site, unlike its northern counterpart, was quite remote. While this 

location wouldn’t allow for much public access (unless the road were maintained, which 

could certainly be done), its remoteness might allow a better chance for the habitat to 

flourish. That is, lack of human activity in the area might be a benefit, as wildlife would 

be allowed to flourish without much interruption. Additionally, this wash is very deep and 

wide, with well-defined banks, allowing for water to remain contained, although it would 

take a sizeable amount to initially fill the area. Both sites were located near smaller 

cities like Lake Havasu, so supplies and maintenance wouldn’t likely be a significant 

issue. The size of this wash might allow for cottonwoods to flourish, although it would 

likely take some time for this to occur. Other trees such as palo verde would probably 

thrive in the area, as they are already present in small numbers. 
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Criteria Evaluation 

State Trust Parcel Size 

For this project, several criteria were employed to select suitable locations for an 

artificial riparian habitat. While most of the factors were useful, some required a bit of 

generous assumption. When it comes to state trust parcel size, it’s impossible to truly 

know how much acreage is necessary to install equipment of an unknown nature. Past 

efforts were mostly located on lots of land smaller than 25 acres, but those projects 

were also aimed at restoring current riparia, not creating new ones (Johnson et al. 

2018). New areas might require on-site equipment, such as pumps, piping, solar power, 

tools, etc. Any equipment of this nature would likely require housing, fencing, and 

perhaps even a primitive access road. Hence, the 100-acre criterion might have been 

too generous, but it should be enough to handle unforeseen issues. 

Fire Boundaries 

Wildfires maintain healthy riparian habitat (when given enough time to recover). 

In fact, when visiting the San Pedro Riparian National Conservation Area (SPRNCA), 

one can observe signs indicating the beneficial nature of these fires (see Figure 5-1). 

However, wildfires occur less frequently in the lower desert areas of the state. They also 

rarely hit the same spot twice (due to lack of vegetation), so this criterion might be 

eliminated for future projects. This is particularly true, given that the aim is to create 

new, engineered habitat, which could be maintained in such a way as to prevent 

naturally occurring wildfires. Hence, prescribed, managed burns would likely be the best 

approach, which is the method used in the SPRNCA (see Figure 5-1). In the future, 

better metrics should be deployed to determine wildfire status, such as ground cover 

and drought conditions. 
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Figure 5-1. SPRNCA signage indicating benefits of fire (left) and information regarding 
prescribed burns (right). 

 
Incorporated City Boundaries 

When selecting sites, those that weren’t within incorporated city boundaries were 

part of the selection process. While this removes some procedural paperwork and 

human population concerns, it might not be far-reaching enough. Human encroachment 

is occurring all over the state, leaving litter behind as a result; hence, it might be more 

logical to include only those areas that are some distance away from incorporated city 

boundaries or perhaps away from any road or street as well. For example, the Cochise 

cluster contains a stream that runs under a road, which might prove problematic. On the 

other hand, it could be helpful, as it would serve to beautify an area that receives human 

attention as long as the area was periodically maintained.  
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Other Factors 

Most of the reamining criteria appear to be useful for this selection process, as 

they served to find areas where water will flow naturally and open to artificial 

enhancement. Additionally, the State Trust Land Department works with educational 

institutions, which would provide a possible path of funding for this type of project, were 

it funneled through a university. 

Prior Efforts and Existing Research 

As noted earlier, prior efforts restoration efforts were aimed at reestablishing 

native vegetation and water flows to current or historical riparian areas (Federal 

Interagency Stream Restoration Working Group 2001). Due to river diversion and other 

issues, lack of proper water flow (or degraded water quality) has limited the gains made 

regarding native species while allowing exotic or non-native species to prosper, altering 

the nature of these habitats. 

As noted in the Introduction, artificial areas have been established. Regarding 

the Sweetwater Wetlands, the reclaimed water was used for newly planted cottonwood 

and cattails (Carothers et al. 2020). However, it requires continual maintenance (such 

as pruning, mosquito eradication, etc.) and funding from the City of Tucson. Still, it does 

have local support and serves as an educational park for visitors, schools, and 

scientists. The funding model for this area might provide a template for any future 

riparian habitat, particularly if located near an urban center or more precisely, a water 

treatment plant. 

It should be noted that most restoration efforts didn’t occur until the 1970s, so 

many of them are still fairly young in that regard. Additionally, it became quickly 

apparent that these efforts directly conflicted with traditional floodplain management, 
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thus inhibiting any large-scale restoration efforts (Carothers et al. 2020). It wasn’t until 

the 1990s that state agencies, like California, switched their focus to preserving these 

areas. All that being said, very few efforts have been made at creating new riparian 

habitat where none previously existed, so this is still a relatively novel approach. 
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CHAPTER 6 
CONCLUSION 

Why Artificial Over Restoration? 

As noted in this paper, many restoration efforts have been undertaken already, 

with varying levels of success. In the author’s opinion, these efforts should be continued 

without question, as each restoration project teaches us something new that we can 

apply to new, similar undertakings. Additionally, these efforts serve to preserve current 

riparia. However, restorative efforts have arisen from our artificial manipulation of the 

land itself (damming, human population growth, agriculture, etc.), which caused the 

issue in the first place. This is not a judgment; rather, it is simply an observation. Hence, 

why not use artificial means to create new riparian areas which aren’t dependent upon 

natural processes for sustainability? 

There is no pathway to restore current riparian areas to their original status using 

non-natural means – we can only partially restore them, unless we eliminate the artificial 

barriers that initially created these conditions, which isn’t plausible. So, again, the next 

logical option would be to create an entirely engineered habitat, fully maintained by 

humans while also allowing natural processes to enhance the area. This approach 

leverages human expertise to help beautify the land, thus restoring some of its original 

glory. With that in mind, the selection factors used in this paper are summarized below. 

Selection Factors 

The objective of this project was to perform a suitability analysis to locate tracts 

of land within Arizona which might be suitable for riparian conversion. Many factors 

were considered, such as land ownership, flooding potential, maximum rainfall 

estimates, wildfire history, nearness to incorporated cities, etc. As such, each factor 
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tended to limit the number of sites deemed to be suitable. One factor that appears to be 

very important is length and type of ephemeral washes or streams. This provided a set 

of features that, upon physical inspection, seem to allow room for a riparian conversion. 

Smaller washes would likely not offer such space and would be much less impactful. 

Another factor that was important is land ownership. For this project, only state 

trust land that was not currently leased and of minimal size was selected. Again, this 

allows room to operate, which was observed when each cluster was insptected in 

person. State trust land is often used in conjunction with educational agencies, such as 

universities, so a novel project such as this might be permitted if spearheaded by same. 

That being said, it might be possible to constitute some sort of partnership with private 

landowners to accomplish a similar undertaking, but that is out of the scope of this 

particular effort. 

Avoiding incorporated cities allows for this type of work to occur without further 

governmental oversite and regulation. Hence, this criterion would likely prove useful as 

well, if this project moved beyond the suitability phase. Additionally, it provides an area 

to work that is not populated with people, potentially allowing for wildlife to utilize these 

newly converted areas. However, some townships might be interested in such a project, 

given that it would beautify the area and allow the citizenry a chance to enjoy it without 

having to travel great distances. 

Some factors, such as wildfire proximity, were probably unimportant, given that 

prescribed burns would likely be preferred. Hence, future suitability analyses might 

remove that factor, unless natural burns would be allowed to occur. Potential flooding 

might also be a less important factor, since an engineered riparia would likely require 
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damming of the area, reducing the reliance upon this natural occurrence. However, 

flooding might allow the habitat to be replenished, in terms of nutrients and other 

aspects, so this should continue be taken into consideration. 

NDVI data, while interesting, isn’t very important for the selection of potential 

sites. However, this data would be very illuminating if used to compare the same area 

before and after the installation of an artificial riparian habitat. It can allow researchers 

to quantitatively measure the impact of the system on local vegetative health over a 

long period of time. 

Next Steps 

Performing a suitability analysis is a logical first step in identifying potential areas 

for artificial riparian conversion. After that, if this project were to evolve into an actual 

implementation phase, several significant obstacles would have to be overcome. One 

issue is the engineering expertise to accomplish this feat. The site would require some 

amount of equipment to prepare the area, as well as manage it, which itself would also 

require power and periodic maintenance. However, this type of engineering is not 

unprecedented, given the number of dams installed worldwide, in addition to some 

existing artificial riparia such as Tempe Town Lake (which is much larger than anything 

proposed here). Current projects like Tempe Town Lake prove that artificial riparia can 

be created, but also that they require massive manpower and equipment. Hence, 

consulting with the group responsible for existing projects would be one of the next 

steps, so that appropriate costs and timelines could be developed. 

Another hurdle would be political in nature, given that this particular project relied 

upon state trust land as a selection criterion; therefore, an application would be 

required. The application would require an initial fee, plus a leasing arrangement, plus 



88 

land surveying, plus additional legal fees, etc. – all of which would add up quickly. 

Getting approval for something which would significantly transform the land might prove 

problematic, so communication should be opened with these agencies early in the 

process. Additionally, most leases are time-limited, so care should be taken to ensure 

that the lease could be renewed in perpetuity. Cleary, this is outside the scope of this 

initial suitability analysis, but these issues are important to mention here, as they would 

be critical steps to make an artificial riparian habitat a reality – whether on state trust 

land or not. 

Being a multidisciplinary project, if a university chose to pursue this, it should 

include several disciplines within its scope. For example, the engineering department 

might be interested in the site prep, equipment design, installation, and other related 

issues. Additionally, the departments of environmental science, geology, soil science, 

hydrology, etc., would be interested in such a project given its scientific and practical 

value. Further, they could provide crucial data when determining site suitability or to 

inform the engineering department’s equipment design. The geography department 

(particularly GIS) would likely want a stake in any remote sensing equipment given its 

output would provide valuable data for research. Life sciences, zoology, and botany 

departments would be interested in studying the area to observe the flora and fauna 

under controlled conditions, again providing vital research. Given its multifaceted 

nature, a project like this might be attractive to a large school such as Arizona State 

University or the University of Arizona. 

Final Thoughts 

Ultimately, it appears that an initial selection of an artificial riparian area is 

plausible using this approach. The methodology presented here can be automated and 
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tuned according to a variable set of criteria. Each step can be modeled in ArcGIS Pro 

such that it can be re-run based on a set of input parameters. Taking this one step 

further, the entire process could be implemented using a programming language such 

as Python in conjunction with a tool like ArcGIS Pro (or equivalent), using parameters 

taken from a website, so that appropriate stakeholders could generate suitability maps 

quickly. 

However, further analysis is warranted than what is presented here or what could 

be derived from maps. Relying solely upon GIS data offers a good start for these types 

of projects by finding potential tracts of land very quickly but does not provide critical 

“ground truth” information like revealing on-site trash or access trails to these areas. 

Even though the author visited each site in person, these were cursory inspections, not 

comprehensive analyses of each area. For example, geologic fieldwork should be 

undertaken to inspect the soils, plants, and other factors which might affect suitability. 

However, the GIS-first approach allows researchers to rapidly find potential sites so this 

essential fieldwork can be performed promptly, as demonstrated in this project. As such, 

data gathered from fieldwork can then be used to modify the final selection or inform 

future choices. 

Regardless of the approach taken, if we value our riparian habitat and honor its 

critical place in the Arizona ecosystem, then we must plan for not only its survival, but 

its prosperity. Humans love nature as it renews our spirit and reminds us that we, along 

with every other plant and animal, are all in this together. We rely upon each other for 

happiness and well-being. Here in Arizona, riparian habitat is a vital cog in the desert 

machinery, a critical component that wildlife utilizes for survival. If it dies, so too would 
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the animals and plants dependent upon it. Thus, for Arizonans, particularly those in the 

central and southern regions, our emotional well-being is tied to this phenomenon, 

whether we realize it or not. So, ultimately, we must ask ourselves this question: while 

we have the ability to create artificial riparian habitat, do we have the will? 
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APPENDIX A 
RAIN STATION ANNUAL MAXIMUM SERIES 

Lake Havasu Station (Mohave Cluster) 

Precipitation annual maximum series (inches)  
Station ID: 02-4761 
Station name: LAKE HAVASU CITY           
State: AZ 
Latitude (decimal degrees): 34.5028  
Longitude (decimal degrees): -114.3600  
Elevation (feet): 468  
 
Table 4-1. Lake Havasu annual maximum – duration: 2 days.  

Date Amount 
1/14/1969 0.68 
8/20/1971 1.11 
7/25/1972 1.19 
8/4/1973 0.98 

7/20/1974 1.80 
12/5/1974 0.79 
9/24/1976 1.16 
8/14/1977 1.08 
1/10/1978 1.37 

10/20/1978 2.12 
1/29/1980 1.13 
9/7/1981 1.01 

10/1/1981 1.45 
3/3/1983 1.75 

9/11/1984 1.03 
12/27/1984 1.35 
7/21/1986 1.04 
12/6/1986 0.81 
8/26/1988 1.06 
1/4/1989 1.38 
1/3/1990 0.96 

2/28/1991 0.99 
1/16/1993 1.20 
3/25/1994 0.68 
1/24/1995 1.53 
9/25/1997 1.49 
7/14/1999 0.73 
8/16/2000 0.62 
9/7/2002 0.41 
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Date Amount 
2/13/2003 1.59 
4/2/2004 0.76 
8/2/2005 2.02 

10/18/2005 1.30 
10/14/2006 0.72 
12/1/2007 1.22 

12/17/2008 1.19 
 
Mean: 1.16 inches 
 
 

Sierra Vista Station (Cochise Cluster) 

Precipitation annual maximum series (inches) 
Station ID: 02-7880 
Station name: SIERRA VISTA 
State: AZ 
Latitude (decimal degrees): 31.5553 
Longitude (decimal degrees): 110.2847 
Elevation (feet): 4600 
 
Table 4-2. Sierra Vista annual maximum – duration: 2 days.  

Date Amount 
1900 1.48 
1901 2.40 
1902 2.70 
1903 1.52 
1904 1.67 
1905 4.30 
1906 1.67 
1907 2.01 
1908 2.90 
1909 2.12 
1910 1.35 
1911 2.10 
1912 2.20 
1913 2.05 
1914 2.38 
1915 2.36 
1916 2.00 
1917 2.28 
1919 1.35 
1955 2.50 
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Date Amount 
1956 2.10 
1957 1.52 
1958 1.50 
1959 1.13 
1960 1.10 
1961 1.81 
1962 0.90 
1963 1.78 
1964 2.78 
1965 1.73 
1966 1.87 
1967 2.14 
1968 1.56 
1969 1.34 
1970 3.79 
1971 1.33 
1972 1.71 
1973 1.81 
1974 2.16 
1975 1.50 
1976 1.55 
1977 2.90 
1978 2.25 
1979 1.48 
1980 1.29 
1981 1.90 
1982 1.69 
1983 2.28 
1984 1.47 
1985 2.00 
1986 1.67 
1987 2.52 
1988 1.92 
1989 2.28 
1990 0.74 
1991 1.40 
1992 3.09 
1993 2.07 
1994 1.69 
1995 2.35 
1996 1.90 
1997 0.90 
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Date Amount 
1998 1.63 
1999 2.76 
2000 2.25 

 
Mean: 1.96 inches 
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APPENDIX B 
COCHISE CLUSTER PHOTOGRAPHS 

All photos taken on March 15, 2022, by Julie Rhodes. The pictures shown for the 

Mohave cluster are not very indicative of the surrounding area, as the landscape was 

highly variable in the region. The southern wash was unreachable by the author. 

 
Northern Wash 

 
Figure B-1. Close-up of wash bed (left) and view of wash from highway 90 (right, 
author’s hand points in direction of wash). 

 
 

 
Figure B-2. Nearby cattle facilities (left) and view from north side of highway 90 (wash 
goes under the road). 
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APPENDIX C 
MOHAVE CLUSTER PHOTOGRAPHS 

All photos taken on March 26, 2022, by Julie Rhodes. Additionally, the pictures 

shown for the Mohave cluster are indicative of the surrounding area as well as the 

washes themselves. 

 
Northern Wash 

 

 
Figure C-1. Author (left) and close-up for wash bed. 

 

 
Figure C-2. Vegetation along the northern wash (bush left, palo verde right). 
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Southern Wash 

 
Figure C-3. Sandy bed of southern wash and author. 

 

 
Figure C-4. Eastward view of southern wash (left) and a palo verde tree (right). 
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