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Buffelgrass Roadside Mapping and Biophysical Capability Modeling Near Tucson, AZ 

By: Emily Sanschagrin 

Department of Geography and Regional Development 

University of Arizona 

Abstract 

 Invasive species cause environmental and economic problems throughout the world 
(Perrings et al. 2002). Buffelgrass is invading the Tucson, Arizona area and has become a 
widespread problem. Buffelgrass has the potential to destroy Tucson’s unique Sonoran desert 
environment and cost much in eradication expenditures (BioScience 2005). Mapping the extent 
of the problem will assist in its management. This research project therefore focuses on mapping 
buffelgrass along roadsides around Tucson, AZ and creating a biophysical capability model of 
where it could be. We located buffelgrass on many major roads in the study area and identified 
the soil, rainfall levels, and temperature ranges associated with those locations. These three 
factors were compiled into a biophysical model predicting locations in the study area capable of 
supporting buffelgrass.  
 
Introduction 

 Invasive species are an international problem and an important part of worldwide 

ecological transformation (Vitousek et al. 1997). Buffelgrass is an invasive weed spreading 

rapidly throughout the Sonoran desert. Much of the Sonoran desert lies in Mexico; buffelgrass is 

planted there intentionally with encouragement by the Mexican government. Researchers in the 

United States planted buffelgrass for livestock grazing but it has since spread into Arizona and 

throughout much of the Sonoran Desert (BioScience 2005).  

 Buffelgrass is destructive to the Sonoran desert for many reasons. Buffelgrass ignites 

readily and burns very hot (BioScience 2005). These buffelgrass fires would impact the diverse 

Sonoran desert significantly. Buffelgrass also uses water from native Sonoran vegetation and 

limits space needed for desert wildlife to survive (Tjelmeland et al. 2008). Eradication must 

occur to preclude further destruction of the Sonoran desert. Economic problems also arise due to 
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invasion (Perrings et al. 2002): Fire damage is potentially costly but eradication costs could also 

be very expensive. 

 Buffelgrass has spread extensively throughout Tucson, Arizona. The scope of the 

problem however is not known. Many projects have attempted mapping buffelgrass in certain 

locations around Tucson. The extent of the problem must be known in order to fix it. The 

potential spread of buffelgrass beyond known locations also must be understood (Betancourt 

2008). My research involves mapping a large extent of the Tucson area for buffelgrass presence 

and creating a biophysical capability model showing the potential scope of buffelgrass spread. 

The intent of this research is to show how large of a problem buffelgrass invasion is and could be 

so that residents and officials in and around Tucson, Arizona can take prompt eradication action. 

The following sections include a literature review of relevant buffelgrass topics, an outline of 

mapping and modeling methods, results, discussions, a summary, and recommendations. 

Literature Review 

 Buffelgrass is native to Africa and India. Buffelgrass was planted in the United 

States in the 1940s to serve as cattle forage (Perramond 2000 & BioScience 2005).  Buffelgrass 

has spread aggressively into nine states. Buffelgrass spread naturally into Mexico. Since then 

ranchers there have begun planting it to help their own rangeland. Ranchers clear areas full of 

native plants and replace them with buffelgrass to allow for planting. Over one million hectares 

of Sonoran lands contained buffelgrass in the beginning of the 1990s (Perramond 2000). The 

state of Sonora, Mexico is actually encouraging the planting of buffelgrass. Five million hectares 

were set aside for the invasive in the 1990s. Authorities in the United States are working to 

inform Mexico of the risks in continuing their planting campaign. Similar harvesting however is 

happening in Texas where they continue to plant buffelgrass. Mexican and Texan plantings are 
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of concern for Arizona because buffelgrass sets in along highways and other roads and enables 

seeds to transfer by vehicle into the state (BioScience 2005).    

 Buffelgrass can survive for extended periods of time without water and in high 

temperatures. It is fit therefore to invade Arizona. Its root structure is extensive enough that it 

can help with erosion in arid areas of the state. Disadvantages however outweigh this benefit. 

Buffelgrass is a very efficient plant which enables it to displace less efficient native plants (De 

La Barrera and Castellanos 2007). Buffelgrass will harvest water from other plants and seeds by 

absorbing water much faster. It grows very close together which makes it difficult for other 

plants to compete for space and for animals to take cover within it (Tjelmeland et al. 2008). The 

Sonoran desert is a distinctive and diverse desert environment. A species invasion that has the 

ability to destroy these qualities is an even more important problem (De La Barrera and 

Castellanos 2007). Buffelgrass seedlings are capable of extended periods of dormancy before 

growth which complicates eradication efforts. There are however many herbicides and other 

techniques to help with the problem. 

 The buffelgrass invasion is extensive and full of many details we must examine in 

order to understand it fully. This literature review seeks to draw out the more important and 

relevant issues to the research at hand. 

Invasive Species 

  The Arizona Invasive Species Advisory Council (AISAC) defines an invasive 

species as “A species that is 1. non-native to the ecosystem under consideration and, 2. whose 

introduction causes or is likely to cause economic or environmental harm, or harm to human 

health” (2006). Invasive species can be introduced into a foreign environment either deliberately 
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or unintentionally (AISAC 2006). According to Brooks and Pyke, invasion takes place in three 

steps: introduction, colonization, and naturalization (2001).  

 Invasive species in Arizona negatively impact several aspects of human existence 

including the economy, the environment, and health. Specifically invasives can negatively affect 

space for wildlife survival, agriculture, water, property values, biodiversity, and built up roads 

and urban spaces. Invasive species can also raise the risk for fire and disease. Native plants 

furthermore lose their space, light, water, and nutrients to invasive species (AISAC 2006).  

 The nutrients acquired by invasives stimulate their growth and help them spread even 

more. The nutrients lost by native species conversely lower their growth rates. The affects of 

these changes include a decline in native plant cover and the homogenization of nutrients and 

resources. These affects have transformed the Sonoran desert from full of shrubbery to over-run 

by invasive species (Brooks and Pyke 2001).  

 For these reasons, experts rank invasives second to habitat destruction in threats to 

ecological units (AISAC 2006). Many endangered species are also in jeopardy because of 

invasive species (AISAC 2006 & Brooks and Pyke 2001). Environments worldwide are in 

danger of losing species diversity and transitioning to homogenized ecosystems. This 

homogenization would have negative effects on agricultural outputs (AISAC 2006). If rainfall 

decreases and carbon dioxide levels rise, native plants however may prevail while invasives 

reduce in dominance (Brooks and Pyke 2001).            

 Humans have a large effect on the spread of invasive species. Often humans carry species 

across distances and introduce them to an area (Brooks and Pyke 2001). Roads are one way 

humans transfer invasives. Seventeen million acres hold invasive plant species carried by roads 

in the United States (AISAC 2006). Costs from invasive species in the U.S. were estimated in 
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2005 to be upwards of $138 billion dollars (Pimental). It is difficult to identify and manage 

invasive species before they extend further (Brooks and Pyke 2001). The AISAC therefore 

recommends that a database be created that contains spatial data of invasive species in Arizona 

(2006).  

The Sonoran Desert 

 The Sonoran desert is a distinctive and diverse environment of cacti, shrubs, grasses, and 

trees. The Sonoran is large and makes up twenty two percent of all desert land on earth. Half of 

this area is in the United States and the other half is in Mexico (Brooks and Pyke 2002). 

Buffelgrass covers an estimated one million hectares of the Sonoran Desert. Buffelgrass cover 

has risen sharply in past years (Arriaga et al. 2003). The state of Sonora, Mexico has encouraged 

use of buffelgrass with their approval of an additional five million hectares in the 1990s. The 

grass is successful in the Sonoran desert for many reasons - one of which is an average 

temperature of below 13 degrees C during the summer monsoon season (Smith 2006) because 

buffelgrass has a minimum germination temperature of 12.5 degrees C (Jordan and Haferkamp 

1989). Buffelgrass seeds thrive in gaps between established plants in the Sonoran desert which 

becomes a problem when fires ignite because the fire spreads, kills these other plants, and leaves 

buffelgrass behind. Buffelgrass could exclusively take over these lands while plants unique to the 

Sonoran desert (like the saguaro cactus) may die out (BioScience 2005).  

Fire Destruction in the Sonoran Desert 

 Fire is one of the most important issues involved with buffelgrass and other invasive 

species because it causes severe damage to the environment. The Sonoran desert did not support 

fires in the past; spread out plants limited fire's ability to spread. Buffelgrass promotes fire in the 

Sonoran and has since the 1980s because of its ability to transfer fire over large spaces and its 
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fire adaptability (Brooks and Pyke 2002 & BioScience 2005). Invasive grasses like buffelgrass 

gain a hold and increase the “fuel load” of the area and the chances of fire (Vitousek et al. 1997). 

Buffelgrass also burns very hot which adds more cause for concern because it is harder to get 

under control (BioScience 2005). Fire destroys desert plants like cacti and shrubbery; any that do 

not die are sensitive to further contact with fire. Palo Verde trees, prickly pear cacti, cholla cacti, 

and especially saguaro cacti are of particular concern. According to the USGS, a survey 

conducted six weeks after one of these fires showed that six percent of saguaros had died and 

that shorter cacti were more vulnerable (Esque et al. 2004). This destruction destroys both plants 

and animals. All of this can negatively impact food chains and thus even more wildlife which 

leads towards homogeneity of these environments (Brooks and Pyke 2002). Buffelgrass fires’ 

changing of the food chain and decreasing land cover especially affects birds; decreases in bird 

counts have been found in ecosystems burned by buffelgrass (Bock and Block 2005). Once the 

grass sets into these disrupted areas it can further damage the chances of survival for other plants 

by taking up space and competing for resources (Butler and Fairfax 2003). 

Benefits of Fire for Buffelgrass 

 Fire does a number of things for buffelgrass. Fire breaks down the ecosystem and leaves 

space for buffelgrass to multiply (Brooks and Pyke 2002 & BioScience 2005). Fire originally 

enhances soil nutrition and enables invasive plants like buffelgrass to set in and survive (Brooks 

and Pyke 2002).  Buffelgrass can also re-grow from its roots after burning. The invasive excels 

therefore in these fire damaged areas. A study in Queensland, Australia found that after areas had 

been damaged by fire the buffelgrass content doubled while tree counts were cut in half (Butler 

and Fairfax 2003). Invasive species also cover areas in Arizona damaged by fire (AISAC 2006).  
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Fire Damage Near Tucson 

 Buffelgrass has caused many problems near Tucson, AZ including fireworks related 

ignitions on “A” mountain every Independence Day and a vehicle fire in Saguaro National Park 

(BioScience 2005 & Esque et al. 2004). Experts also believe buffelgrass may have an impact on 

archaeological and historic areas (BioScience 2005).  

Description of Model Components 

 G. Evelyn Hutchinson pioneered the concept of a species' fundamental niche. She 

describes it as a hypervolume which contains several environmental factors enabling a species' 

survival. This concept would usually involve a multitude of factors that each have an equal 

weight on the species' existence. Any area outside of the fundamental niche would have no 

chance of supporting the species (Hutchinson 1957). The niche however does not often work like 

this in the real world. Fundamental niche theory does however still lend itself to cartographic 

modeling. This research study will assume equal weights, will only consider three variables in 

buffelgrass survival, and will assume no presence of the grass outside the optimal niche while 

creating a biological model.  

 Soil type is very important when considering the establishment of a plant. Soil therefore 

will be one of the three factors used in the model. Invasives like buffelgrass typically will not 

establish in areas with crusts. Buffelgrass often takes hold in soils with higher nutrient and water 

levels. These soils are near roadways that act as dispersal corridors for the plant. It is also 

thought that buffelgrass will establish near mines where the soil has been disturbed. Once the 

plant has established the surrounding soil often will erode (Brooks and Pyke 2002).  Buffelgrass 

has a root system design that enables it to achieve a firm grasp on soil (Perramond 2000). These 
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reasons explain why using soil as a factor in identifying buffelgrass fundamental niche is 

necessary. 

 Temperature also has a large effect on the existence of buffelgrass. Clouds and 

other revived plants provide shade and reduced temperatures high and low enough for 

buffelgrass to grow in the summer monsoon months (De La Barrera and Castellanos 2007). 

Buffelgrass generally does not do well however at elevations greater than 1000 meters. 

Temperatures at these elevations enable frost to occur. Buffelgrass cannot tolerate frost 

(Perramond 2000). The niche model therefore will also use temperature. Temperature is 

especially important in Tucson because elevation can change very quickly across short spaces 

and thus affect temperatures.  

  Researchers in Tucson have suggested water is a very important factor for invasive 

plants in desert environments. The study found buffelgrass establishment increases with 

increased water application throughout each day and over an increased number of days. The 

researchers determined buffelgrass needs at least 6.3 mm total of water to establish but 17.4mm-

19.9 mm is the median amount. The research also suggests receiving water over an extended 

period is more favorable to buffelgrass establishment and that increased water in the summer 

monsoon season is conducive to establishment of the plant (Ward and Smith 2006). It is 

reasonable to assume water will have a heavy weight on the ability of buffelgrass to survive 

because of these specific water requirements. The model therefore will incorporate existing data 

on rainfall to evaluate where buffelgrass can survive. This is the most practical way of 

determining which areas have more or less water relative to each other in Tucson. 
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Economic Impacts of Buffelgrass Invasion  

 In thinking about invasive species, it is easy to focus on environmental damage without 

considering what economic impacts occur. Pimental found controlling and repairing damage 

from invasive species cost the U.S. 138 billion in 2005. This number makes it clear this is an 

economic problem. Perrings et al. suggests however that it is primarily an economic issue and 

therefore needs to be solved in economic ways (2002). Perrings et al. outlines two ways to solve 

the problem economically - using “incentives” that will effect related activities positively and to 

“develop institutions that support the weakest members of global society converting a weakest 

line to best shot public good” (2002). Perrings et al. essentially suggests the transferring of both 

people and goods from one place to another causes invasion and connects those two places to 

each other. The invasion policy in one place affects others and therefore we need international 

establishments in place. Perrings et al. suggests people however do not react to the consequences 

of their actions rapidly enough and so need economic incentives to encourage them to act in 

favor of stopping the spread of invasive species (2002). These theories are somewhat applicable 

in the Tucson area. People introduced buffelgrass and its continual spread from Mexico is the 

direct result of human behavior. An international committee therefore would benefit the situation 

but would be very difficult to coordinate. Incentives to the public to control buffelgrass on their 

land and help on public lands may draw support to the issue. Acquiring additional funds for an 

already expensive project would however prove to be difficult. It is definitely an economic 

problem in Southern Arizona that will require economic solutions. It may however be more 

beneficial to invest funds directly than provide incentives. Perhaps simply making people aware 

of the economic hardship the invasion places on our governments will make them more likely to 

help.  
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Buffelgrass Eradication   

 Understanding buffelgrass properties can lead to more effective eradication techniques. A 

study on the water requirements of buffelgrass in Tucson has led researchers to suggest removal 

efforts after rainfall of about seventeen millimeters over two to four days are best (Ward and 

Smith 2006). A study in Saguaro National Park found spraying buffelgrass was as effective as 

pulling it but much cheaper. The most effective method however is to cut buffelgrass first and 

then to spray it (BioScience 2005). Using herbicides will kill seedlings and after doing so further 

need to remove the grass drops drastically. This may be because after a plant’s manual removal 

the seeds frequently flourish. It is necessary to rid an area of buffelgrass completely prior to 

bringing any native plants back. Efforts to take care of any left over seeds therefore should occur 

after initial attempts (Tjelmeland et al. 2008). The proper eradication techniques require many 

steps and effective management of them. This costs money and ties eradication back to the 

economic issue. Eradication will not carry out properly without proper funding. Volunteer 

groups may be able to remove buffelgrass manually. Without spraying the seeds however the 

plants will come back. It is clear that the proper, funded authorities must address the buffelgrass 

problem before any real progress can be made in solving it. 

Methods  

 The chief aim of this research is to establish how many miles of roadway buffelgrass 

infests. Methods therefore only record buffelgrass along the roadway. We did not record parcels 

containing buffelgrass or patch density.  I recorded presence along roadsides to lead to a 

predictive model. The model incorporates all roadside areas that have soil, rainfall, and 

temperature attributes where I found buffelgrass. I created another model incorporating all of the 

study area instead of roadsides only. These two models are general biophysical capability 
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models; they incorporate every area where buffelgrass could be found based on these three 

factors without ranking them or separating them. 

Definition of Study Area and Selection of Corridors 

 I conducted the mapping portion of this project in collaboration with Pima Association of 

Governments, an organization serving all of Pima County. Mapping extended therefore outside 

the City of Tucson limits. Pima Association of Governments selected major corridors of varying 

types (highway, major surface streets, etc.) around Tucson arbitrarily. They selected some 

corridors because they knew to be buffelgrass hotspots and others whose condition they knew 

not. I created Northern, Southern, Eastern, and Western boundaries around these corridors to 

establish a defined study area (Figure 1).  

 

 

Figure 1. Outline of study area located in Eastern Pima County and within the state of Arizona.  
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Mapping Locations using Global Positioning Systems (GPS) Technology  

 Placing an external antenna on top of a vehicle and connecting it to a GPS enabled us to 

map from inside a moving vehicle. We installed ESRI’s ArcPad mobile software on the GPS, 

using new Quickprojects for every excursion to keep raw data separate and safe. We held driving 

speed within 5 miles below the posted speed limit; speeds varied from 20 mph to 60 mph on the 

interstates. Each side of the road was driven and sampled separately. One person drove 

consistently for each outing. Another consistently used the GPS. The GPS operator held the unit 

constantly while watching the side of the road for buffelgrass. We only recorded patches clearly 

next to the right of way that did not appear to be across a property line. This could be difficult to 

tell. The GPS operator was consistent however in their intentions. Upon seeing a patch/stretch, 

the GPS operator recorded from where it began to where it ended. We recorded single plants at 

their single location. The GPS person may miss some single plants. It was therefore the intent of 

this project to indicate buffelgrass presence as perceived by the GPS operator.    

 The GPS operator recorded geographic coordinates at the start and finish of a patch/strip. 

We saved the line at each opportunity and a new line begun. We could not save lines 

immediately after their mapping because when travelling at high speeds taking the time to save 

lines would result in missed patches. We saved lines therefore at the end of a road segment or at 

a stoplight.  

Data ‘Cleaning’ Protocols 

 The GPS unit connects vertices automatically if the record is not saved after each line 

segment. Identifying these connecting lines is simple. The GPS adds a vertex every 1 second 

while recording. The vertices are evenly spaced because the speed of the vehicle remained 

constant. The lines drawn automatically by the GPS to connect two patches contain no vertices 
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(Figure 2). I identified and removed them manually. This consisted of splitting the line at the end 

of each buffelgrass patch and deleting the connecting line (Figures 2, 3, 4, 5). 

 

Figure 2. Example of GPS Raw Data with Evenly Spaced Vertices where Buffelgrass was 
Present and Lines with No Vertices Connecting the Buffelgrass Patches. The Lines with No 
Vertices Needed to be Removed.  
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Figure 3. Example of splitting a buffelgrass patch from the connecting line with no vertices so it 
could be deleted 
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Figure 4. Example of deleting connecting lines with no buffelgrass presence so only buffelgrass 
presence data remains  
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Figure 5. Example of cleaned line data containing only buffelgrass presence data and not the 
connecting lines  
  

 There was occasionally an independent vertex in the middle of two non-buffelgrass lines 

where a single plant or very small patch was recorded and the GPS did not have time to record 

more than one vertex (as it records only one per second). Inserting another vertex next to the 

original vertex enabled these to remain in the dataset. Kept at seven feet in length, these small 

patches/single plant lines have a distance that overestimates the size of a single patch but 

underestimates the size of some small patches.   

Identification of Soils, Rainfall levels, and Temperatures where Buffelgrass is Found 

 I extracted information on the areas where I found buffelgrass to see what conditions 

buffelgrass can survive in around Tucson, AZ. I buffered the line data to the extent of a typical 
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roadside which I estimated at about 15 feet. Buffering drew a polygon around each line 

extending 15 feet to each side. I obtained soil, rainfall, and temperature shapefiles from the 

Arizona Electronic Atlas and clipped each to the extent of the buffelgrass buffered data. Clipping 

each shapefile produced three new shapefiles that only exist within the extent of the buffered 

data. I viewed attribute tables for each shapefile and recorded the type and count of soils, rainfall 

levels, and temperatures where I found buffelgrass.   

Assessment of Attributes to Include in the Model 

 I assessed the number of polygons for each soil, rainfall level, and temperature where I 

found buffelgrass. Each type had hundreds of polygons associated with it. I decided therefore 

that each soil, rainfall level, and temperature where I found buffelgrass would be included in the 

model.  

Creation of Roadside Model 

 I created a polygon shapefile of the defined study area. I clipped a shapefile of major 

streets obtained from the City of Tucson to this extent. I buffered the new clipped streets to the 

extent of a typical roadway - estimated at 60 feet. I clipped the original soil, rainfall level, and 

temperature shapefiles to the buffered streets extent. I created three new shapefiles from this data 

that only contain the soil, rainfall, and temperature attributes determined to be capable of hosting 

buffelgrass.  

 An area must have all three a soil type, rainfall level, and temperature range where I 

found buffelgrass to be capable of hosting the grass in the model. I intersected the three 

shapefiles which created one new shapefile containing only areas with all three criteria. The 

result of this intersection is a model showing where buffelgrass is capable of surviving along 

roadsides based on these three factors (Figure 6).   



 18  

 

Figure 6. Map of major roads around Tucson, AZ capable of supporting buffelgrass. These are 
most major roads in the area.  
 
Creation of Study Area Model 

 Soils, rainfall, and temperature levels found along roadsides are also found throughout 

the study area as a whole. I applied therefore the same model structure to the area’s full extent. I 
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clipped the three original soil, rainfall, and temperature shapefiles to this extent. I created three 

new shapefiles from these that only contain the soils, rainfall levels, and temperatures where I 

found buffelgrass. I intersected the three shapefiles which created a new shapefile modeling the 

potential areas capable of supporting buffelgrass throughout the study area rather than along 

roadsides only (Figure 7).  
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Figure 7. Map of areas capable of supporting buffelgrass around Tucson, AZ. The blue areas 
indicate capable areas. The white areas were not identified as capable and generally correspond 
to areas of higher elevation.  
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Results and Discussions 

Buffelgrass Location 

 We found buffelgrass in urban areas, rural areas, on highways, on major surface streets, 

in commercial areas, in residential areas, and on dirt roads. Buffelgrass appeared throughout the 

Tucson area, but some areas had more. We found considerable amounts of grass in southern 

Tucson, such as along Valencia and Country Club roads (Figure 9). Northern Tucson had much 

buffelgrass in the Foothills area and along Oracle Road in Oro Valley. We found very little 

however along Tangerine Road. The Western Tucson area was spottier. We found some 

buffelgrass along Mission and Silverbell roads, but we found dense swards on Starr Pass 

Boulevard. Eastern Tucson had some presence along Houghton Road. We found Irvington Road 

on the East side of town however covered in the grass. Buffelgrass in Central Tucson had less of 

a presence, with built up streets hosting less grass. The grass was very dense along Interstates 10 

and 19, especially farther South. We found Sahuarita and Pima Mine roads also covered in 

buffelgrass near Interstate 19.    
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Figure 9. Locations of buffelgrass in and around Tucson, Arizona mapped with a GPS device.   

Soils, Rainfall Levels, and Temperatures Capable of Hosting Buffelgrass 

 I identified nine types of soil, two rainfall levels, and two temperature ranges as 

supporting buffelgrass (Table 1). Rainfall levels where we found buffelgrass are 5.01 – 12 inches 

and 12.01 inches – 20 inches. For context, rainfall levels in Arizona as a whole range from below 

5.01 inches to 30.01 – 40. The temperature levels where we found grass are 60.1 – 65.0 degrees 
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and 65.1 – 70.0 degrees. To put this in perspective, temperature brackets in Arizona range from 

32.0 – 40.0 degrees to above 70 degrees.   

CODE DESCRIPTION 
SOIL   
TS14 Nickel-Latene-Cave Association 
TS19 Anthony-Sonoita Association 
TS3 Tubac-Sonoita-Grabe Association 
TS7   White House-Caralampi Association 
TS9   Latene-Nickel-Pinaleno Association 

TS6   
Lithic Torriorthents-Lithic Haplustolls-Rock 
Outcrop Association 

HA3   Mohall-Vecont-Pinamt Association 
TS2    Torrifluvents Association 
TS5   Caralampi-Hathaway Association 
ANNUAL MEAN DAILY 
TEMPERATURE   
H   65.1 - 70.0 degrees 
G   60.1 - 65.0 degrees 
ANNUAL MEAN TOTAL 
PRECIPITATION   
C   12.01 - 20.00 inches 
B   5.01 - 12.00 inches 

Table 1. Soil, Temperature, and Precipitation’s Found Hosting Buffelgrass 

 The nine soils hosting buffelgrass are used mostly for rangeland, wildlife habitat, and 

urban development. The soils carry chiefly desert shrubs and cacti. Many also carry annual 

grasses. Mean annual precipitation and soil temperatures of the soils align with rainfall and 

temperature levels we identified buffelgrass in (Table 1 & Appendix A). Elevations supporting 

these soils range from 240 meters to 3800 meters. The soils range more typically from 700 

meters to 1500 meters. Most of the soils also have high levels of frost free days which 

corresponds to buffelgrass frost intolerance (Hendricks 1985).     
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Model Results 

 The roadside model predicts buffelgrass could locate along most major roads. Some 

exceptions are in the Southeast, Northeast, and Northwest of the study area (Figure 6). The 

capability model for the whole study area excludes these three same areas. It also excludes 

locations in the East and Southwest (Figure 7). These areas have either a temperature range 

outside 60 to 70 degrees, a rainfall level outside 5 to 20 inches, a soil not identified as hosting 

buffelgrass, or a combination of the three. Excluded locations generally correspond to 

mountainous areas with higher elevations and different temperatures, precipitations, and soils 

(Figure 10). Excluded areas fall within the Santa Catalina, Rincon, and Santa Rita Mountains 

within the Tucson Mountains Range. The model predicts most of the study area and the entire 

City of Tucson are capable of hosting buffelgrass even with these exclusions. 
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Figure 10. Subset of the model area in Northeast Tucson exemplifying the capability model’s 
elevation association. The white areas are higher elevations. The model clearly excludes these 
elevated areas. 
 
Summary and Recommendations  

 Buffelgrass invasion around Tucson, Arizona is an extensive problem. Buffelgrass is an 

important concern in the area due to its ability to destroy Tucson’s Sonoran environment and 

cost citizens and the government much money. We found buffelgrass throughout the study area. I 

identified nine soils, two temperature ranges, and two rainfall levels that favor buffelgrass. The 

biophysical model based on these factors predicted most of the study area is capable of 

supporting buffelgrass. The model calculated high elevation areas specifically as incapable of 

supporting buffelgrass.  
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 Most people and businesses establish in the lower elevation areas identified as potential 

buffelgrass areas. It is in the interest of these people to eradicate buffelgrass. Buffelgrass has the 

potential to destroy homes through fire, destroy the natural Sonoran vegetation visitors and 

residents of the area expect to see, drive out certain wildlife populations, and perhaps lower 

property values (AISAC 2006). Waiting to take action will enable buffelgrass to spread further 

and become more difficult to eradicate. The public should be made aware of the buffelgrass 

problem through more media coverage or leaflets sent to their houses informing them they may 

be at risk of invasion. Incentives suggested by Perrings et al. (2002) could also be implemented 

to encourage the public to act. Local governments should realize it may be more cost effective to 

take care of buffelgrass sooner rather than later.  

 Further research should focus on creating a comprehensive capability model that goes 

beyond soil, rainfall, and temperature information. Distance from roads leading from Mexico, 

distance from mines, and distance from known buffelgrass locations are likely significant. A 

model indicating more than capability in a binary form would be most useful. Ranking areas 

from most to least vulnerable appears to be the best strategy for efficient and effective 

management of this highly destructive invasive grass.    

Limitations 

 There are many limitations involved with the conduction and results of this research. The 

data collection technique was not as accurate as it could be. Driving down a road instead of 

walking potentially adds error into the data because the person controlling the GPS unit cannot 

start and stop the device as accurately as when walking. Driving forced quick decisions that may 

have cut off some lines of grass too soon, extended some too far, included areas with no grass, or 

missed areas with grass. Driving enabled us to collect much more data than walking would have. 
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The GPS itself could also introduce error by not recording in the exact location where the 

receiver was. The soil, rainfall, and temperature data however does not change rapidly and 

recording buffelgrass near its actual location should be sufficient.  

 Shapefiles are however only as accurate as their collection techniques. The ‘ages’ of the 

soil, rainfall, and temperature data are not known and the data could have changed since their 

collection. The rainfall and temperature data exists in ranges. Buffelgrass could exist at the high 

or low end of these ranges. The surveying techniques for collecting these data also could be 

flawed. Techniques used to collect the data are unknown and could have marked breakpoints 

between classes incorrectly. An area may have been recorded as one soil while it is actually 

another.   

 There are many other factors influencing the locational possibilities for buffelgrass. Soil, 

rainfall, and temperature are basic biophysical factors influencing its ability to survive. There are 

many other potential biophysical factors and human factors. Buffelgrass may for example 

establish near mines or roadways leading from Mexico. Buffelgrass may have less of a chance of 

establishing in areas tending to service their landscape more often. These possibilities and others 

however were not included in the model. 

 I could not assess the accuracy of the model adequately because it is a capability model 

showing where buffelgrass could be and not where it is. Checking these locations for buffelgrass 

would not reflect the accuracy of the model. An area may be capable of hosting buffelgrass but 

either does not have buffelgrass yet or had previously established buffelgrass removed.  
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Appendices 

Appendix A. Information on soils found hosting buffelgrass (Hendricks 1985) with codes listed 
in order of number of buffelgrass points found within them.  
 
 

SOIL 
CODE DESCRIPTION ELEVATION (m) 

TS14 
Nickel-Latene-Cave 

Association 730 to 1520 

TS19 
Anthony-Sonoita 

Association 2200 - 3800 

TS3 
Tubac-Sonoita-Grabe 

Association 910 to 1520 

TS7 
White House-

Caralampi Association 760 to 1340 

TS9 
Latene-Nickel-

Pinaleno Association 700 to 1640 

TS6 

Lithic Torriorthents-
Lithic Haplustolls-

Rock Outcrop 
Association 760 to 1760 

HA3 
Mohall-Vecont-Pinamt 

Association 240 to 760 

TS2 
Torrifluvents 
Association 670 to 1220 

TS5 
Caralampi-Hathaway 

Association 910 to 1520 
   

SOIL 
CODE 

MEAN ANNUAL 
PRECIPITATION (in) MEAN ANNUAL SOIL TEMPERATURE (˚F) 

TS14 10 to 14 64 to 72 
TS19 10 to 14 68 to 72 
TS3 10 to 16 61 to 72 
TS7 12 to 16 64 to 70 
TS9 10 to 16 61 to 72 
TS6 10 to 20 59 to 72 
HA3 6 to 11 72 to 80 
TS2 9 to 12 60 to 72 
TS5 12 to 16 60 to 70 

   
SOIL 
CODE FROST FREE DAYS PERCENT OF STATE AREA 
TS14 180 to 265 1.4 
TS19 250 to 270 0.3 
TS3 185 to 265 2.5 
TS7 240 to 270 0.2 
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TS9 180 to 270 1.8 
TS6 160 to 260 6.9 
HA3 230 to 300 1.2 
TS2 200 to 270 0.5 
TS5 170 to 250 0.7 

   
SOIL 
CODE LAND USES VEGETATIONS 

TS14 
Rangeland, wildlife 

habitat, most of Tucson 

Creosotebush, whitethorn, cacti, paloverde, range ratany, 
scattered Mohave yucca, mesquite, fluffgrass, black grama, 

annual grasses, forbs 

TS19 
Rangeland, wildlife 

habitat, recreation, urban 

Paloverde, mesquite, whitethorn, bursage, some ironwood, 
cholla, saguaro, pricklypear cacti, snakeweed, bush muhly, 

threeawn, annual grasses, forbs 

TS3 

Rangeland, wildlife 
habitat, irrigated 

cropland, some urban 

Grass in higher elevations; Mesquite, whitethorn, catclaw, 
burroweed, wolfberry, cacti, paloverde, ironwood in lower 

elevations 

TS7 
Rangeland, wildlife 

habitat, some homes 
Grama grasses, plains lovegrass, bush muhly, threeawn, 

calliandra, mesquite, cacti, burroweed, annual grasses, forbs 

TS9 
Rangeland, wildlife 

habitat, some buildings 

Creosotebush, whitethorn, paloverde, bursage, scattered 
Mohave yucca, mesquite, saguaro, other cacti, black grama, 

bush muhly, threeawn, annual grasses, forbs 

TS6 

Rangeland, wildlife 
habitat, recreation, 

mining 

Lower elevations have paloverde, mesquite, whitethorn, 
catclaw, jojoba, calliandra, saguaro, other cacti, some 

grasses; Higher elevations have perennial grasses 

HA3 

Desert rangeland, wildlife 
habitat, some cropland 

and homes 
Paloverde, mesquite, creosotebush, ironwood, cacti, bursage, 

weeds/grasses 

TS2 

Irrigated cropland, 
rangeland, wildlife 

habitat, urban, recreation 

Mesquite, saltbush, catclaw, creosotebush, arroweed, 
desertwillow, bush muhly, Arizona cottontop, threeawn, 

annuals 

TS5 
Rangeland, wildlife 

habitat, some homes 

Plains lovegrass, cane, Texas bluestem, calliandra, 
beargrass, sideoats, blue, black, hairy and slender grama, 

mesquite, cacti 
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