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ABSTRACT 

Buffelgrass (Cenchrus ciliaris) is an invasive grass that can alter fire regimes, 

reduce local biodiversity, and convert complex arid ecosystems into buffelgrass 

dominated grasslands. As buffelgrass populations continue to grow, it will be important 

to be able to predict which areas are most susceptible to future buffelgrass invasion. 

This study attempts to provide some insight into this problem by creating a model to 

predict changes in the extent of potential buffelgrass habitat under different climate 

change scenarios between 2020 and 2100. Maximum entropy modelling was conducted 

using known occurrences of buffelgrass in the Santa Catalina mountains of Southern 

Arizona in combination with 19 bioclimatic variables from WorldClim to create a baseline 

model, which was then applied to future climatic conditions under the Canadian Earth 

Systems Model 5 (CanESM5) for three different climate change scenarios. The 

maximum entropy method produced an accurate model with an area under curve (AUC) 

value of 0.9913 and in validation trails it was able to accurately predict the presence of 

buffelgrass with 91.37% accuracy. When applied to future climatic conditions, the model 

showed a 280% increase in potential buffelgrass habitat under light and moderate 

climate change scenarios, and a 501% increase under a more severe scenario. 

Considering this potential for buffelgrass to spread, it may be essential for land 

managers to aggressively combat buffelgrass introductions to prevent it from being able 

to spread further and continue to damage ecosystems, as well as emphasize the 

importance of minimizing the impacts of climate change. 
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ETHICS STATEMENT 

The field of GIS is rife with potential ethical concerns. The rapid pace of 

development within the field of GIS, both in techniques and technology, has left us with 

the potential to do a great deal of good as well as a great deal of harm. By utilizing 

ethical principles and considering the full ramifications of our work, we can always strive 

to have our work do the most good possible. We can accomplish this a number of 

different ways. We should strive to always recognize the impact of our work on others, 

our responsibilities to those who allow our work to happen, and our obligations to our 

colleagues and the profession as a whole. We should always do our best work possible, 

ensuring that we are objective, thoughtful, and make full use of our knowledge 

whenever approaching a project. We should be honest in the way our maps represent 

our data, avoiding skewing our information to achieve certain goals or messages. 

Lastly, we should make sure to respect the work of others and recognize the 

accomplishments that make the work we do today possible. 

This project aims to fulfill these ideals in a number of different ways. First, this 

project was completed to the best of ability and completed utilizing the knowledge 

gained throughout this program. Maps created for this project were done objectively, 

avoiding any kind of skew or other conventions that could lead the data to be read in a 

specific way. Data from other sources utilized in this project have been properly cited 

and the terms of use for the climate forecast models used in this project have been 

followed and properly acknowledged. The data generated in this project is meant for 

public use and to further the public interest in the area of modelling and controlling 

invasive weed populations. 
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CHAPTER 1 
INTRODUCTION 

Background 

 
Humans have a long history of introducing non-native species to new areas of 

the world. These introductions typically occur for one of three reasons: (1) accidental 

introductions; (2) species that are imported for a certain purpose, then later escape; and 

(3) deliberate introductions (Levin, 1989). One of the primary reasons non-native 

species may be deliberately introduced is for the superior agricultural function of some 

non-native species compared to natives of an area (McNeely, 2001). However even 

with the best of intentions and screening species for indications of invasiveness, 

introduced species can often end up becoming invasive (Whitney and Gabler, 2008). 

One such introduction was buffelgrass (Cenchrus ciliaris), a grass native to South 

Africa, that was introduced to the Southwestern United States and Northern Mexico as 

drought tolerant, high nutrition feed for cattle (Hanselka, 1988, Franklin et al., 2005). 

Since its introduction in the mid-20th century, buffelgrass has spread beyond the areas it 

was originally seeded, as well as been found responsible for a reduction in species 

diversity and altered fire regimes in the areas to which it has been introduced (Franklin 

et al. 2005, McDonald and McPherson, 2011). 

Wildfire in the Sonoran Desert historically has been relatively rare to almost 

completely absent (Schmid and Rogers, 1988). The introduction of buffelgrass has led 

to the creation of larger, more continuous fuel beds that have led to more frequent 

wildfires, a trend that is occurring in arid lands worldwide (Brooks and Pyke, 2001). In 

addition to fire occurring more frequently, buffelgrass fueled wildfires have also been 

found to burn at significantly higher temperatures, more akin to humid climate grassland 
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wildfires than desert wildfires (McDonald and McPherson, 2013). These hotter fires can 

cause permanent damage to desert soils by preventing recovery of microorganisms in 

soil and causing soil nitrogen to be irrevocably lost (Allen, Steers, and Dickens, 2011). 

This degradation of the desert ecosystem disrupts natural succession patterns making it 

difficult for native plants to recover, and coupled with buffelgrass’ general tolerance to 

wildfire, often leads to areas with buffelgrass fueled wildfires becoming converted to 

buffelgrass dominated grasslands (Burquez-Montijo, Miller, and Martinez-Yrizar, 2002).  

In addition to the effect buffelgrass can have on the fire regime of an area, 

several studies have shown the presence of buffelgrass to have a negative correlation 

with species richness and diversity (Jackson, 2005; Clarke et al., 2005; Marshall et al., 

2012). In a study conducted in Australia, where buffelgrass is recognized as one of their 

most serious environmental weeds, sites with buffelgrass were found to support lower 

perennial grass, legume, and forb diversity compared to sites without buffelgrass, and 

on the sites with buffelgrass, the higher the density of buffelgrass was, the lower the 

species diversity tended to be (Jackson, 2005). A similar study conducted in Australia 

demonstrated that the presence of buffelgrass was a larger factor in determining the 

species diversity on a plot than even rainfall variability (Clarke, Latz, and Albrecht, 

2005). 

Considering the potential impacts of buffelgrass invasion, understanding its’ 

distribution and spread is of paramount importance. Buffelgrass, while native to Africa 

and the Middle East, is now found throughout Australia, Northern South America, 

Mexico, and the southern United States (USDA, 2010). On a local level, it continues to 

spread at a rapid rate. One study in Southern Arizona, using high-resolution aerial 
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imagery, found that buffelgrass has expanding at a constant rate, doubling its 

distribution every 2.3-7 years since 1988 (Olsson et al., 2012). Another study in Mexico 

found that buffelgrass was widely spread, especially on roadsides and road-adjacent 

areas (Morales-Romero et al., 2019). This spread can be further exacerbated by climate 

change. Buffelgrass has been found in studies to be more tolerant of heightened 

temperatures than native grasses, leading to the conclusion that buffelgrass spread will 

accelerate as the climate continues to warm (Ravi et al., 2021). 

In this study, we investigate the climatic factors most influencing the distribution 

of buffelgrass, and how that distribution will change and be affected by different climate 

forecast scenarios. Using maximum entropy modelling a model will be constructed to 

allow us to form hypotheses as to the distribution of buffelgrass under a low, moderate, 

and severe climate change scenario. Using this model to understand what areas are 

most likely to be invaded as a result of climate change can aid managers in directing 

mitigation efforts to the areas that need it most. 

Study Area 

The study area chosen for this project is the Santa Catalina Mountains of 

Southern Arizona. The highest elevation of the mountain range is 2,791 meters and it 

receives approximately 46cm of precipitation annually. The mountains contain a variety 

of life zones, ranging from Sonoran Desert scrub at its lowest elevations (up to 1,219 

meters), to oak woodlands at the mid-range elevations, to Montane fir forest and 

subalpine forest at the highest elevations (Bezy, 2016). The mountain range forms the 

Northeastern border of Tucson, Arizona (Figure 1-1) (population: 545,340). The greater 

area contains a number of cities including Green Valley, Avra Valley, and Sierra Vista. 
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Ecologically similar mountain ranges can be found throughout the region, as sky islands 

dispersed throughout the surrounding sonoran desert. 

 
   Figure 1-1. Study Area highlighted within Southern Arizona. 
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CHAPTER 2 
DATA AND METHODS 

Data Sources 

Data for this study came from two primary sources, the U.S. Forest Service 

(USFS) and WorldClim.org. Locations of buffelgrass infestations in the study area were 

retrieved from the USFS via the Region 3 Geospatial Data portal. The dataset utilized is 

the invasive plants, invertebrate, pathogen, and vertebrate (invasive) feature class 

created through the National Invasive Plant Inventory Protocol (Table 2-1). Buffelgrass 

occurrences were selected from this dataset, clipped to the area of interest relevant to 

this study, and converted to points based on the middle of each polygon (Figure 2-1). 

 
   Table 2-1. USFS Invasive Buffelgrass Polygons Metadata 

Name of 
Dataset 

Invasive Plants, Invertebrates, Pathogens, and Vertebrates 
(Southwestern Region) 

Year of 
Publication 

2022 

Author/Owner United States Forest Service 

URL https://www.fs.fed.us/r3/gis/layerfiles/Layer_File_R03_Invasive.zip 

Geometry Polygon (Vector) 

Coordinate 
System 

NAD 83 (EPSG: 4269) 

Description A collection of invasive plant locations based on the National 
Invasive Plant Inventory Protocol 

 

The climate data used were retrieved from the WorldClim.org data repository. 

Historical data (Table 2-2) used in the construction of the model included averages from 

1970 to 2000 of 19 bioclimatic factors including annual mean temperature, annual 

precipitation, and minimum temperature of the coldest month. These bioclimatic 

predictors were developed by the United States Geologic Survey (USGS) to represent 
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seasonal trends and physiological limitations pertinent to the distribution of different 

species (O’Donnell and Ignizio, 2012). This data was derived from 9,000 to 60,000 

weather stations and interpolated using thin-plate splines and  

covariates including elevation, distance to coast, and other factors (Fick and Hijmans 

2017). This data, in the form of a 19-band raster, was clipped to the study area for 

processing (Figure 2-2, full raster list available in Appendix A). In addition to historic 

Figure 2-1. Map of known buffelgrass locations in the Santa Catalina Mountains 
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data, the same 19 bioclimatic factors projected for future climate scenarios were also 

obtained.   

 
Table 2-2. WorldClim Historic Climate Data 1970-2000 

Name of 
Dataset 

Bioclimatic Variables 30s 1970-2000 

Year of 
Publication 

2020 

Author/Owner Sustainable Intensification Innovation Lab 

URL https://biogeo.ucdavis.edu/data/worldclim/v2.1/base/wc2.1_30s_bio.zip 

Spatial 
Resolution 

~1 sq kilometer 

Coordinate 
System 

WGS 1984 (EPSG: 4326) 

Description A raster with bands for each of the 19 bioclimatic variables included, 
derived from historic data. 

 

The future climate scenarios were broken into 20-year intervals from 2021-2040, 

2041-2060, 2061-2080, and 2081-2100 (Table 2-3). These projections were built using 

the Coupled Model Intercomparison Project Phase 6 (CMIP6) models and were 

obtained for three different climate change emission scenarios or shared socio- 

economic pathways (SSPs) (Eyring et al. 2016). The first scenario (SSP1) assumes the 

world shifts gradually toward a sustainable path, involving inclusive development that 

respects environmental boundaries and emphasizes a commitment toward global 

environmental equality. The second scenario (SSP2) assumes a middle of the road 

response to climate change, where technological trends do not noticeably shift from 

historic patterns. Progress towards goals of sustainability are slowly being met and not 

evenly distributed. The third scenario (SSP3) involved increased economic development 
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and material-intensive consumption. Environmental concerns and not addressed severe 

environmental degradation is widespread in some regions (Gidden et al. 2019). 

 

 
 
 
 

Figure 2-2. Mean Annual Temperature 1970-2000 for Santa Catalina Mountains. 
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Table 2-3. WorldClim Climate Prediction Models, 2021-2100. 

Name of 
Dataset 

Bioclimatic Variables 30s 2021-2100, SSP 126, 245, and 370 

Year of 
Publication 

2020 

Author/Owner Sustainable Intensification Innovation Lab 

URL https://www.worldclim.org/data/cmip6/cmip6_clim30s.html 

Spatial 
Resolution 

~1 sq kilometer 

Coordinate 
System 

WGS 1984 (EPSG: 4326) 

Description A raster with bands for each of the 19 bioclimatic variables included 
derived from CMIP6 models for various potential shared socio-
economic pathways. 

 

Methodology 

Building the Model 

The modeling strategy selected for this study is a presence-only maximum 

entropy (MaxEnt) model (Liu 2022). Maximum entropy models are based on machine 

learning and are ideal for making inferences from an incomplete dataset, such as 

species locations. These models have been shown to be more effective than other 

methods, such as the Genetic Algorithm for Rule-Set Prediction (GARP), at modeling 

species geographic distributions when only presence data is known (Phillips, Anderson, 

and Schapire 2006).  

To build a model to predict current population distributions of buffelgrass, the 

buffelgrass location data from the USFS and the 19 bioclimatic factors (1970-2000) from 

WorldClim were used in the maximum entropy model provided through ArcGIS Pro 

(Figure 2-3). The buffelgrass polygons were clipped to the defined study area and 

converted from polygons to points, with the point for each population being located at 
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the center of the former population polygon. The points were used in the model to 

designate locations where buffelgrass was known to be present. A grid of background 

points was automatically generated and distributed across the study area to represent 

locations where the presence of buffelgrass was possible but unknown. The bioclimatic 

variable rasters were clipped to a rectangle encompassing the study area. All 19 

bioclimatic variables were then input into the Presence-Only Prediction (MaxEnt) 

function as explanatory training rasters. In an attempt to accurately capture the complex 

relationships between the bioclimatic variables and the buffelgrass locations, multiple 

potential explanatory variable transformations were used (Original (Linear), Squared 

(Quadratic), and Smoothed step (Hinge)). These three transformations were tested by 

the tool by regularization to determine what was the best fit relationship for each 

variable without making the model overly complex. The study area for the purpose of 

the model was limited to the pre-defined study area polygon. Spatial thinning was 

applied to the model to reduce redundant input information from buffelgrass locations in 

Figure 2-3. Workflow for creation of historical buffelgrass model. 
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close proximity to each other. Points were thinned using a nearest neighbor distance of 

100 meters, and 50 thinning iterations were completed to identify the optimal spatial 

thinning solution for the model. Relative weight to presence of background points was 

set to the value of 100 and C-log-log was selected as the link function. The relative 

weight is set as 100 in this tool to indicate that the presence points are the primary 

source of input information for the model, and that the background points should be 

regarded as areas of unknown presence, rather than true absence. The C-log-log 

function is used as opposed to a logistic function to calculate probability at each location 

as C-log-log is ideal for phenomenon where presence is static and unambiguous, such 

as plants (Elith et al., 2011). The model was validated by selecting a random subset of 

the training points (33% of total) to be left out of the model, and then comparing these 

points to the model created to test for accuracy. Random groups of test points were 

selected three times, with a goal of an average accuracy of 90%. Output response 

curves were analyzed to ensure model performance and to ensure variable relevance. 

Area-under-curve (AUC) of the receiver operating characteristics (ROC) curve will be 

used to evaluate the model, with the goal being a value of 0.8 or higher. AUC will aid in 

determining how effectively the model can distinguish between true presence points and 

absence points. This is achieved by measuring the area under the ROC curve, where 

an area of 0.5 indicates the model can predict no better random while 1.0 would indicate 

perfect predictive performance. Error of omission rates will also be looked at to 

determine how many presence points were not correctly predicted as presence in the 

final model. 
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The output raster from the model was reclassified from its’ original habitat 

probability ranges of 0-0.25, 0.25-0.5, 0.5-0.75, and 0.75 to 1.0 to a simpler presence 

vs. absence raster with probabilities of 0-0.5 indicating unsuitable habitat, and 0.5-1 

indicating potential buffelgrass habitat, mirroring the approach used in similar 

buffelgrass studies (Clavel-Siller et al. 2022). The habitat raster was then converted into 

a simplified multipart polygon representing the potential habitat of buffelgrass based on 

historic climate data and the area of that polygon was calculated (km2) for comparison 

with potential habitat distributions under future climate conditions. 

Forecasting Future Distributions 

With the model fully calibrated, future climate data was brought in from 

WorldClim to begin forecasting the extent of potential buffelgrass habitat at time 

intervals ranging from 2021-2040, 2041-2060, 2061-2080 and 2081 to 2100 (Figure 2-

4). Each of these time frames were repeated for the three socioeconomic pathways 

investigated. The global forecast models utilized in this project were the Canadian Earth 

System Model version 5 (Swart et al 2019), also known as CanESM5, and the Met 

Office Hadley Center HadGEM3-GC31-LL model. These models were chosen due to 

having the highest climate sensitivity of the models available (Hausfather 2019). 

Maximum sensitivity was determined to be ideal for observing climate differences in our 

relatively small study area given the global scale of the models. 
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Figure 2-4. Workflow for future buffelgrass distribution predictions. 

The future climate forecast data, in the form of 19-banded rasters (1 band for 

each bioclimatic variable), were input into the Presence-Only Prediction (MaxEnt) model 

with all the settings from the training model built with historical data. The 19 bioclimatic 

variables forecasted for future climate conditions were matched to the explanatory 

training rasters (historical data) through the prediction section of the modelling tool. The 

resulting output, a probability raster containing buffelgrass probabilities under future 

climatic conditions, received the same processing as the original historic model. First it 

was reclassified with thresholds of 0-0.5 (no buffelgrass) and 0.5-1 (buffelgrass), and 

converted into a potential habitat polygon, with area statistics calculated. This process 

was then repeated with input rasters for each of the four 20-year time periods, for each 

of the three shared socioeconomic pathways. Relative buffelgrass habitat areas were 

then mapped and compared to ascertain potential differences in how buffelgrass could 

spread and react under different climatic forecasts.  
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CHAPTER 3 
RESULTS 

 
 Model Results and Validation 

 The model generated using the historic climate information depicts a distribution 

concentrated in the southern foothills of the Santa Catalina mountains, well aligned to 

the current known populations (Figure 3-1). The resulting model is an accurate model 

with an area under curve (AUC) score of 0.9913 and an omission error rate of only 

0.0917. This greatly exceeded the target value of an AUC value of at least 0.9. Based 

on a similar study (Siller-Clavel et al. 2022) that investigated buffelgrass habitat quality 

by the presence of probability using maximum entropy models and multivariate 

environmental similarity surfaces (MESS), a probability threshold of 0.5 was adopted, 

where any area that has a presence of probability of 0.5 or higher was considered to be 

ideal buffelgrass habitat (presence), and areas lower than 0.5 are considered to be 

unsuitable habitat (absence). This cutoff was further verified through three sets of 

validation tests. These tests took a group of points and excluded them from the creation 

of the model, and then compared them back to the model with the 0.5 presence 

threshold. In an average of the three validations, the model was able to correctly predict 

the presence of buffelgrass an average of 91.37% of the time. The model identified 

background points as buffelgrass locations only 2.22% of the time (Table 3-1). The 

polygon created from all areas of the probability of presence analysis with a presence of 

probability of 0.5 or greater represents potential buffelgrass habitat for the current 

climate conditions used in this model (Figure 3-1). The total area of buffelgrass habitat 

modelled under these conditions was found to be 118 square kilometers. 
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Table 3-1.  Results from the validation of the model with a 0.5 threshold for probability of 
presence  

 
 

 
Figure 3-1. Map of the distribution of buffelgrass within the study area by probability of 

presence (left) and simplified presence/absence based on a 0.5 cutoff (right). 

The bioclimatic variables that showed the greatest influence over the distribution 

of buffelgrass were minimum temperature of the coldest month, mean annual 

temperature, and seasonality of precipitation. Minimum temperature of the coldest 

month had the highest explanatory power in the model, and buffelgrass probability of 

presence tended to increase in areas where the minimum temperature was higher. 

Mean annual temperature had the second highest explanatory power, and displayed a 

 

Group 
ID 

Training 
Size 

Validation 
Size 

% Presence – 
Correctly 
Classified 

% Background – 
Classified as 

Presence 

1 1423 712 93.10 2.13 

2 1423 712 91.06 2.93 

3 1424 711 89.95 1.60 
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similar trend, with buffelgrass probability of presence increasing with warmer mean 

annual temperatures. Variation in precipitation between seasons was the had the third 

highest explanatory power, and buffelgrass probability of presence tended to increase 

when the variation in precipitation between seasons was greater (Figure 3-2). The 

variables with the least impact on buffelgrass distribution were precipitation in the driest 

quarter and mean temperature in the coldest quarter (graphs of all response curves in 

Figure 3-3).  

  
 

 
Figure 3-2. Probability of Presence of buffelgrass vs. minimum temperature in coldest 

month (Top Left), Seasonality of Precipitation (Top Right), and mean annual 
temperature (Bottom) 
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Figure 3-3. Response Curves for all 19 environmental variables used in model. 

 
 

Buffelgrass Habitat Forecast Models 

All the buffelgrass habitat forecast models were mapped based off the same 0.5 

presence of probability threshold. The resulting polygons signify potential buffelgrass 

habitat under each of the utilized shared socio-economic pathways for the timeframe 

specified (Figure 3-3). Buffelgrass habitat showed a marked increase in its distribution 

between the current (1970-2000) model and models utilizing climate predictions. While 

models utilizing all three SSPs saw an increase in habitat, there was a significantly 

larger increase in habitat size under SSP3 compared to the other two shared socio-

economic pathways (Figure 3-3). 

The total area of potential buffelgrass habitat and total percent increase in habitat 

size was calculated under each SSP scenario and time frame (Table 3-2). Under SSP1 
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(lowest greenhouse gas emission, maximum renewable energy), habitat saw an initial 

increase from 118 km2 to 357.1 km2. After this initial increase, buffelgrass habitat area 

leveled out, and saw a total habitat increase of 282% from 2000 to 2100. Under SSP2 

(moderate greenhouse gas emission, eventual switch to renewable energy), buffelgrass 

habitat saw a similar response, with a spike in habitat area between present day and 

2021-2040, followed by a leveling out, with a total increase in habitat size of 279%. 

Under SSP3 (increased greenhouse gas emission, minimum renewable energy), the 

same spike was seen between present at 2021-2040 as in the other two, but after that 

spike potential habitat area continued to increase, rather than level out, resulting in a 

total habitat increase of 501% (Table 3-2). This increase in habitat can be observed on 

the maps (Figure 3-4) as primarily an expansion into higher elevations of the mountain 

range, as well as expansion to the Northern and Eastern sides of the range, where they 

were previously absent. 

With the trends in change in habitat area compared side-by-side, it is evident that 

after an initial increase in habitat, the different socio-economic pathways do influence 

the trajectory of habitat expansion (Figure 3-5). While both the light and the moderate 

climate change scenarios (SSP 1 and 2) result in similar areas, SSP2 sees a greater 

spike in total habitat area in 2061-2080 than SSP1, which has already begun to decline 

at that point. SSP3 depicts a nearly linear increase in buffelgrass habitat throughout the 

entire timeframe. 
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 Figure 3-4. Maps of the distribution of potential buffelgrass habitat for the 12 models of 

future climate conditions. 
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Table 3-2. Area of buffelgrass habitat by shared socio-economic pathway and time 
frame. 

Shared 
Socioeconomic 

Pathway 
Present 

2021-
2040 

2041-
2060 

2061-
2080 

2081-
2100 

Overall 
Habitat 

Increase 

 

SSP1 118.0 357.1 368.5 318.6 332.9 282%  

SSP2 118.0 333.0 359.0 393.1 329.6 279%  

SSP3 118.0 335.4 416.8 472.7 590.9 501%  

 
 

 

 
Figure 3-5. Buffelgrass habitat change over time by shared socio-economic pathway  
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Discussion 

The maximum entropy model appears to be an effective model for investigating 

buffelgrass habitat. Metrics and validations of the model all exceeded original 

expectations and indicate a model that is both effective at predicting where buffelgrass 

may occur, as well as where it will not with an accuracy greater than 90%. The 19 

bioclimatic variables from the WorldClim model were able to function as effective 

explanatory variables for the distribution of buffelgrass habitat, which was consistent 

with similar studies of buffelgrass distribution from other regions (Siller-Clavel et al., 

2022). The key variables identified in this study, mean temperature and seasonality of 

precipitation, were also consistent with variables found to have the highest effect on 

buffelgrass habitat in other studies (Siller-Clavel et al., 2022, Albuquerque et al., 2019). 

This study shows potential large-scale expansion of buffelgrass habitat between 

2020 and 2100. While the rate of buffelgrass expansion and final area covered does 

vary between the different socio-economic pathways, all models show at least a 279% 

increase in potential habitat area. Socio-economic pathway 3 (SSP3), the model with 

the greatest climate change impacts, shows significantly increased spread of 

buffelgrass habitat over the other two models (moderate and minimum climate change 

scenarios), which predict levels of habitat spread similar to each other. With mean 

annual temperature being one of the largest factors affecting buffelgrass distribution, 

and habitat having a positive correlation with mean annual temperature, it follows that 

the greater the temperature increases in the model, the larger the expansion of 

buffelgrass. These results generally support findings from Siller-Clavel et al. (2022), 

which found a similar pattern of buffelgrass habitat increase in Mexico under forecasted 

climate change scenarios using a maximum entropy model. There may, however, be 
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other factors at play, as another study of buffelgrass habitat that used boosted 

regression tree models as opposed to maximum entropy models, found buffelgrass 

habitat may actually shrink throughout the Sonoran Desert and Northern Mexico as a 

result of climate change (Albuquerque et al., 2019). This study also used other 

environmental factors in addition to the 19 bioclimatic variables used in this study. 

These contradictory results may indicate that further work needs to be done in 

determining what are the most influential factors are with regards to buffelgrass habitat 

distribution. 

In the event that this increase in buffelgrass habitat is realized, it could have dire 

impacts on the surrounding National Forest lands as well as for the surrounding 

communities. Increased risk of severe, high temperature, frequent wildfires could 

become a serious concern for the surrounding community, with many houses being 

interspersed with the desert vegetation throughout the foothills. Loss of biodiversity 

through wildfire and competition could lead to wide ranging problems on Forest Service 

lands, such as habitat loss for sensitive species, loss of erosion control species, and 

loss of recreation activities such as hiking, camping and hunting. 

  



 

30 

CHAPTER 4 
CONCLUSIONS 

Buffelgrass expansion is continuing to occur and demonstrates strong indications 

that it will accelerate as the climate continues to warm. How much the climate warms 

appears to directly affect how widely buffelgrass will spread. While buffelgrass is 

expected to spread to some degree, keeping the effects of climate change in check and 

preventing extreme temperature increase may help reduce the rate and extent to which 

buffelgrass spreads. Severe models of climate change showed over double the spread 

of buffelgrass compared to low and moderate climate change models, which were 

functionally the same. However, even under the least severe models, buffelgrass 

habitat area is expected to almost double, so aggressive treatment of buffelgrass 

populations could become critical to prevent it from spreading further. 

While some research has been done into effective methods of buffelgrass 

control, buffelgrass remains resistant to many types of chemical herbicide (Bovey, Hein 

Jr., and Meyer, 2017). Identifying effective methods to quickly control and suppress new 

invasions, as well as eventually reclaiming areas that have already been converted to 

buffelgrass dominated grasslands is essential to prevent further spread into novel 

habitats. One idea is to incorporate invasion ecology theory and the plants physical 

tolerances to create a comprehensive restoration and management plan to combat 

buffelgrass (Stevens and Falk, 2009).  Working alongside land managers and private 

landowners to combat further buffelgrass invasion can help reduce wildfire threat, 

protect biodiversity, and prevent our desert ecosystems from permanent degradation. 
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Appendix A. Bioclimatic variable rasters from base model, 1970-2000. All temperatures 
in Celsius. 
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