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ABSTRACT 

 
Accelerated land development is often correlated to economic and population 

growth.  A population center’s growth, known as urbanization, can pressure delicate 

environments and place strain on a region’s natural resources.  Urbanization and its 

accompanying sprawl characteristic, spreads in various directions with abstract borders 

blurring rural and urban.  Remote sensing combined with the use of a Geographic 

Information System (GIS) can help analyze and map the phenomenon of urban sprawl.  

This study looks to recognize and quantify urban growth within the Las Vegas Nevada 

urban boundary using the aforementioned tools along with Shannon’s Entropy method 

for years 2000 and 2020.  Shannon’s Entropy looks to measure urban morphology, 

calculating compactness and dispersion of binary categorization, in this case, 

‘developed’ and ‘undeveloped’ land cover classes.  Eighteen multi-ring buffers were 

placed around Las Vegas City Hall at 1-mile intervals and found entropy values of 1.10 

and 1.15 respectively.  In comparison for the same years mentioned, five multi-ring 

buffers were set around the study area’s three main highways at 1-mile intervals and 

found entropy values of .608 and .628 respectively.  All entropy values using the multi-

ring buffer method were > 50% of log(n) for each dataset, meaning that the ‘developed’ 

land cover spatial variable is evenly dispersed across the study area with compactness 

or clustering of the ‘developed’ class found within each single buffer zone.  Temporally, 

over the 20-year period, the dispersion of development continued, though ever so 

slightly, with an increase in entropy values using both multi-ring buffer zone methods.   

Further, a basic geographic quadrant assessment using pixel-to-acre conversion 

revealed that the greatest land cover change-over from ‘undeveloped’ to ‘developed’ 
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occurred in the northwestern and southwestern portions of the study area.  This 

exercise provides a framework for developing municipalities that seek a cost effective, 

accessible, and expeditious method to better recognize sprawl patterns with the aim of 

correcting inefficient land and resource management.   

 

Keywords: land use, urbanization, urban sprawl, remote sensing, Shannon’s Entropy 
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ETHICS STATEMENT 

The field of geographic information science and technologies (GIST) is 

advancing at a breakneck pace.  The profession continues its call for nuanced ethical 

standards as the internet allows for consumption of the technology all around the world.  

The term profession, unlike occupation, evokes a concern for specialized education and 

knowledge.  Often, professions adhere to a professional code of ethics that attributes to 

their perceived status and trustworthiness in society.  Many times, these ethical 

guidelines promote the core moral principle of ‘do no harm’ to an individual, institution 

and to society in general.   With the rapid growth of such a complex industry comes the 

potential for great abuse and unscrupulous miscalculations.  Geospatial technologies 

can allow for third parties to track your whereabouts, share personal information with 

strangers without consent, or map perceived outcomes based on subjective analysis.  

The profession needs the ‘good’ the science can achieve to vastly outweigh the ‘bad’ - 

and this starts and ends with practitioners that follow a basic code, one without rigidity 

that promotes goal displacement and/ or incompetence.  William Craig’s Code of Ethics 

(2004) is a foundation for all in this profession to strive to adhere to.  While following a 

set of shared beliefs and goals revolving around honesty, objectivity, and respect, the 

profession will help lead society to greater equitable outcomes and promising 

sustainable futures.   

In this sprawl assessment of the Las Vegas urban area, objectivity of the analysis 

of data has been maintained with the aim of representing the University of Arizona in a 

responsible manner.  As I sought after a project idea or goal that was in reach, I wanted 

to challenge myself to not only apply the knowledge learned as a student, but to further 

upgrade my abilities and skills within the field.  Entropy calculations require proficiency 



 

11 

of the specific formula used and the ability to evaluate numerical outputs.  Throughout, I 

have learned the limits of my competency, knowing and respecting the value of 

transparency and honesty when it comes to uncertainty of the data results.  Relating to 

methods, a clear process of assessment and examination were adhered to, as well as a 

thoughtful, planned, and prudent use of GIST both learned and discovered.  I, Casey 

Stuht, as the sole author of this study, maintain accountability for the work found within 

relating to accuracy and integrity.    
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CHAPTER 1 
INTRODUCTION 

 
The sprawling metropolis stems from economic success while promising new 

opportunities, including greater upward mobility and access to services and institutions 

not offered in more rural settings.  Since 2000, more individuals have left rural areas for 

urban, suburban, or small metro areas then have moved to rural areas (Parker et al., 

2018).  The ‘success’ a metropolis may provide is often considered paradoxical.  Their 

“rapid growth and large size testify to their superiority as a technique for the exploitation 

of the earth” (Harris & Ullman, 1945, p. 7).  The greater Mojave Desert and more 

acutely, the Las Vegas Valley, provides the canvas for unmitigated growth and sprawl, 

encountering increased consumption of energy and a variety of environmental 

resources.  The area, including the central core as a commerce and tourism mecca, 

perfectly fits the definition of a metropolis as a “total area composed of many discrete 

areas, each of which delimits, spatially, a zone over which the central business district 

exercises a certain degree of dominance” (Johnson, 1960, p. 248).  Economic 

opportunity is met by those looking to benefit from it and with that, a population looking 

to satiate their desires both professionally and in leisure.  Development of the peripheral 

of a central area was and is greatly exacerbated by local transportation networks.  Their 

influence on the pattern and shape a metropolitan area assumes is profound.  On this 

sprawl-like pattern, William Ogburn suggests that “the urban population strung out along 

highways and did not fill up the land between the highways as the radius of the city 

became longer” (Ogburn, 1946, p. 276).  Although there is a degree of debate as to a 

well-rounded definition of the sprawl phenomenon, a recent definition provides a clear 

and concise meaning as the “scattering of new developments on isolated tracts, 
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separated by other areas of vacant land” or succinctly as “discontinuous development” 

(Weitz & Moore, 1998, p. 428).   

Measuring this phenomenon allows for individuals and municipalities to better 

recognize and understand growth patterns and related resource management.  Before 

the advancement of remote sensing, many studies used cadastral inventory and on-the-

ground survey techniques like the United States Census (e.g.  Duncan & Duncan 

(1955), Johnson (1944)).  Since the late 20th century, satellite imagery has allowed for 

greater accessibility, cost effectiveness, and data processing (Zahar, 2012).   Change in 

land use, in terms of quantification and location, has been analyzed thoroughly using 

remotely sensed data and related applications (e.g. Treitz et al. (1992), Johnson & 

Cohen (1999), Bähr (2001), Bhatta et al. (2009)).  When used in concert with sprawl 

analysis and/ or growth monitoring applications,  changes are primarily noticed at the 

fringes if growth is revealed (Madhavi et al., 2009).   Further, there are many techniques 

for measuring and mapping urban morphology and sprawl including Moran’s I and 

Fractal Analysis (eg. Estiri (2012), Terzi et al. (2011)).   This study will use Shannon’s 

Entropy, an information entropy first developed by Claude Shannon in 1948 and used in 

many recent studies analyzing spatial restructuring of land use patterns (e.g. Yeh & Li 

(2001), Ozturk (2016), Nautiqel et al. (2019).  Shannon’s Entropy is defined as “a metric 

that measures dispersion of a variable within a system” (Yeh & Li, 200, p. 07), indicating 

the degree of urban sprawl.  A buffer analysis around a central point will be analyzed for 

years 2000 and 2020 based on the theory of Concentric Zonation, first mentioned by 

19th century economist Johann von Thüren (1826) which depicts urban land usage in 

concentric rings and a successful method for calculating entropy (e.g. Yeh & Li (2001), 
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Sarvestani (2016), Mashagbah (2016)).  This entropy metric will then be compared to 

entropy taken via Ogburn’s Transportation Network Theory (Ogburn, 1960) for the same 

years, where buffer rings will be placed around 3 main highways as the primary mode of 

transportation in the study area being the private automobile.  Lastly, a basic pixel – to – 

acre conversion within four geographic quadrants (Herold, 2005), revealing locations of 

the greatest growth if entropy reveals dispersion or sprawl of the land cover ‘developed’ 

variable.   

 This effort to discover and quantify sprawl does not look to support a new 

method or to generalize any one method to calculate sprawl of an urban area.  Sprawl 

characteristics and the uniqueness of internal pattern of cities are vastly different with 

their own combination of details (Burgess & Park, 1925).  Further, there are many 

specific indicators of sprawl and a litany of criteria to provide greater precision to the 

phenomenon and its effects on resources and public health (e.g. Ewing et al. (2013), 

Berrigan et al. (2014)).  The primary goal of this study is to exercise the use of remote 

sensing, GIS, and a proven statistical method to analyze the urban growth 

phenomenon.  With these tools used in combination, individuals can better see where 

growth is occurring, identify possible negative results of development, and to better plan 

for patterns of growth.   
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CHAPTER 2 
METHODS 

Study Area 

 
The study area (Figure 2-1) is Clark County Nevada’s Las Vegas Urban 

Boundary (metropolitan area) defined and drawn by Clark County’s GIS Management 

Office (GIS Management Office (GISMO)).  The overall spatial geometry of the study 

area is 582,775 acres or just over 900 square miles.  Located in the southern portion of 

the state with coordinates in the range of 36.41°n to 35.84°n and 115.45°w to 114.84°w, 

the urban boundary rests on a basin surrounded by mountains.  The minimum altitude is 

1,725’ and the maximum altitude is 6913’.  The area is home to approximately 2 million 

inhabitants (census.gov) and is the industrial, commercial, and cultural hub of the state.  

The area was chosen due to its dramatic population growth and rapid, often haphazard 

development (lasvegasnevada.gov).   

 

Figure 2-1. Map of the study area, Las Vegas Urban Boundary. 
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Data Collection 

The study utilized Collection 1 Level 1 Landsat 7 ETM+ (year 2000) and Landsat 

8 OLI TIRS (year 2020) satellite images accessed via the United States Geological 

Survey’s (USGS) Earth Explorer database (USGS.gov/earthexplorer) (see Tables 2-1 

and 2-2).  Path 039 and Row 035 are used with visual bands of all images having a 

spectral resolution of 30 meters.  The study used images from the same month of the 

year (June) and the same hour of the day (1800).  It was important for such analysis to 

have atmospherically ‘clear’ images to start with, thus both had < 0.1% cloud cover.  

Figure 2-2 shows the clipped study area in Dry Bare Soil Index (DBSI), an index that 

highlights the higher Digital Number value found in bare land in the short-wave infrared 

and green bands.  This index is especially helpful to gain an initial visualization of a 

metropolitan area in an arid climate (Rasul et al., 2018).   

 

 

Figure 2-2. DBSI images of the study area. Year 2000 (left) and 2020 (right). 
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Table 2-1. Landsat 7 ETM+ metadata. 
 

 
 

Table 2-2. Landsat 8 OLI TIRS metadata. 
 

 
 

 
Atmospheric Corrections 

Visible bands (Landsat 7 bands 1-5 and 7, Landsat 8 bands 1-7 and 9) were 

processed or normalized for Digital Number (DN) to Top of Atmosphere (TOA) 
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Radiance as well as Top of Atmosphere Radiance to Top of Atmosphere Reflectance.  

Radiance is the amount of radiance coming from a land area and reflectance is the 

proportion of the radiation striking a surface and the radiation reflected off it.  Remotely 

sensed data is ideal for land cover change and trends analysis within a given study 

area.  For these temporal trends, images many times can be obtained from different 

sensors under a plethora of atmospheric conditions.  The atmospheric corrections 

stated above enable the removal of distortion and allow images to be comparable to 

one another by obtaining true reflectance values (El Hajj et al., 2008).  With the data 

found in the satellite metadata files, the following standard USGS equations will be 

used: 

DN to TOA Radiance (Landsat 7) 

 

 L, = (LMAX, - LMIN, / QCALMAX – QCALMIN) * (QCAL – QCALMIN) + 

LMIN,                           

Where: 

 L, = Spectral Radiance @ aperture (Watts) 

 QCAL = Quantized calibrated pixel value (DN) 

 LMIN, = Spectral radiance scaled to QCALMIN 

 LMAX, = Spectral radiance scaled to QCALMAX 

 QCALMIN = Min. quantized calibrated pixel value (DN) 

 QCALMAX = Max. quantized calibrated pixel value (DN) = 255 
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TOA Radiance to TOA Reflectance (Landsat 7) 

 Pp = π*L, *d^2 / ESUN, * cos0s 

Where: 

Pp = Planetary reflectance 

 π = 3.14159 

 L, = Spectral radiance @ aperture 

 D = earth/ sun distance 

 ESUN = mean solar irradiance (from metadata) 

 0s = solar zenith angle (degrees) 

 

DN to TOA Radiance (Landsat 8) 

 L, = ML * Qcal + A, 

Where:  

 L, = Spectral radiance (Watts) 

 M, = Radiance Mult. Scaling factor (RADIANCE_MULT_BAND) 

 A, = Radiance Add. Scaling factor (RADIANCE_ADD_BAND) 

 Qcal = Level 1-pixel value (DN) 

 

TOA Radiance to TOA Reflectance (Landsat 8) 

 

 P,’ = Mp * QCAL + Ap 

 

Where: 

P,’ = TOA Planetary Reflectance, no correction 
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 Mp = Reflectance Mult. Scaling factor (REFLECTANCE_MULT_BAND_n) 

 Ap = Reflectance Add. Scaling factor (REFLECTANCE_ADD_BAND_N) 

 Qcal = Level 1-pixel value (DN) 

 

*Note: Landsat 8 requires solar correction as follows: 

 P, = P,’/ cos (0sz) = P,’ / sin (0se) 

Where: 

 P, = TOA planetary reflectance 

 0se = Local sun elevation angle (degrees; metadata) 

 0se = Local solar zenith (90°- 0SE) 

 
 

Land Cover Classification 

Machine learning has been proposed for various classification & regression tasks 

using satellite imagery.  According to Kranjcic et al. (2019), machine learning methods 

are as follows: 

1. Start with known datasets. 

2. Train the machine learning algorithm on known datasets (training samples). 

3. Obtain datasets for which one wants to know an answer (test set). 

4. Pass the test set through the trained algorithm to provide results.   

 

Classification method Support Vector Machine (SVM) is an abstract machine 

learning algorithm that learns from a training dataset and attempts to generalize and 

make a prediction on new datasets (Campbell & Ying, 2014).  It allows for the 

classification of various land cover types with strong accuracy as “machine learning 
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techniques are usually free from data assumptions and have proven to be useful in 

nonlinear behavior modeling” (Sim et al., 2018, p. 11).  Corrected images are to be 

stacked in proper order accordingly.  The Environmental Systems Research Institute 

(ESRI) states that “the SVM classifier needs fewer samples and does not require the 

samples to be normally distributed and it is less susceptible to noise, correlated bands, 

and an unbalanced number or size of training sites within each class” (ESRI, 2019).   

Classification schema includes two basic Land Use/Land Cover types as defined by the 

USGS’s guide A Land Use & Land Cover Classification System for the Use with Remote 

Sensor Data (1983).  The selected Level I classes are as follows: Urban/Built-Up and 

Barren Land with the Built-Up class confidently representing urban sprawl.  These were 

then considered either Developed or Undeveloped (see Table 2-3).   

 

Table 2-3. Binary land cover classification scheme. 
 

 

 

 

The absence of a quantifiable amount of water at 30m resolution in an arid 

setting allows the study to proceed with these two basic classes.  Training samples 

were taken to allow the SVM to make a classification prediction using the image 

composite of Urban False Color that includes both satellite’s shortwave infrared (SWIR) 

bands along with Red (see Figure 2-3).  The sensors’ infrared bands produce a cleaner 

image compared to bands at shorter wavelengths. 
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Figure 2-3. Study area, year 2000 (left) and year 2020 (right) shown in False Color 
Urban RBG composite (SWIR2, SWIR1, Red).  

 
 

 For less homogeneity, ground truthing was conducted using 500 for each year 

(2000 and 2020), with accuracy assessment points equally stratified and randomly 

produced.  Confusion matrices were created to analyze the delineation of the two 

classes via the production of an accuracy assessment of the SVM predictive output.  

Focus will be on the Kappa coefficient, a measure of accuracy, as it represents “the 

measure of the similarity between signature samples and control samples” (Kracknell 

and Reading, 2014, p. 24).  Jacob Cohen suggested that values ≤ 0 indicate no 

agreement and .01 – .20 as none to slight, .21 – .40 as fair, .41 –  .60 as moderate, .61 

– .80 as substantial, and  .81 – 1  as close to perfect agreement (Cohen, 1960). 
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Shannon’s Entropy    

Once classification of Developed and Undeveloped land cover classes proved to 

be accurate, urban sprawl was measured between the years 2000 and 2020.  

Shannon's entropy (Figure 2-4) can be used to “measure the degree of spatial 

concentration and dispersion exhibited by geographical variable” (Thomas, 1981, p. 5). 

Entropy is a measure of disorganization, and the value increases with sprawl. When 

combined with remote sensing, the method reveals whether a spatial variable like 

sprawl is dispersed or compact. Entropy values range from 0 to log (n) and can be 

normalized (Figure 2-5) with values between 0 – 1 as outputs.  Values closer to 0 

represent a compact distribution (no sprawl) with values closer to log (n) representing a 

dispersed distribution (sprawl).   

 

 

Pi = Proportion of the built-up areas in the ith zone. 
          n = number of buffer zones. 
          Σ = Summation. 

 

Figure 2-4. Shannon’s Entropy equation. 

 
 
 

 
 

SE = entropy formula output 
     n = number of buffer zones 
 

 
Figure 2-5. Relative Entropy or normalized values (0 – 1). 
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The study’s Built-Up class is the spatial variable with spatial homogeneity being 

measured within two examples of buffer zones.  The first analysis used 18, 1-mile 

buffers around Las Vegas City Hall (Figure 2-6) and the second analysis (Figure 2-7) 

used 5, 1-mile buffers around 3 major freeways (I-15, I-215, US 95) that were present in 

years 2000 and 2020.   

 

 
 

Figure 2-6. 18, 1-mile buffer rings around Las Vegas City Hall over SVM classification 
output.  2000 (left) and 2020 (right).  
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Figure 2-7. 5, 1-mile buffer rings around study area’s major highways.  Year 2000 (left) 
and 2020 (right). 

 
 

Quadrant Analysis 

Assuming that there is sprawl or dispersion of the spatial variable, the developed 

land cover class, a quadrant analysis of the study area will be assessed to better 

pinpoint direction and location of growth. 30m pixels were counted for both classes and 

converted to acreage. By setting up ArcGIS Pro’s Fishnet and Summarize Categorical 

Raster tools, the study area is to be divided into four geographical quadrants – NW, 

SW, NE, and SE (see Figure 2-8).  
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Figure 2-8. Two-by-two fishnet placed over study area for quadrant analysis.   
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CHAPTER 3 
RESULTS 

 
Land cover classification and mapping 

 
SVM classification using two distinct land cover classes found that Developed 

land cover grew by 26% over a 20-year period while Undeveloped land cover 

decreased by 15% over the same period (see Table 3-1).  Ground truthing using 500 

accuracy assessment for each SVM analysis (year 2000 and year 2020) resulted in 

Kappa coefficients of .86 and .90 respectively (see Tables 3-2 and 3-3).  These values 

reveal close to perfect agreement between signature and control samples, allowing 

sprawl analysis to move forward.   

 

Table 3-1. Pixel-to-acre conversion revealing land cover change over 20-year period. 
 

 
 
 
 
 

Table 3-2. Confusion Matrix (Accuracy Assessment) for year 2000. 
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Accuracy assessment values of the binary class scheme show producer 

accuracy scores for the Developed land cover class as 83% for years 2000 and 2020.  

Producer accuracy is 100 – omission error (.17) with values revealing correctly 

classified ground features on output map.  User accuracy scores or reliability scores of 

the Developed land cover class of 99% (2000) and 100% (2020) is a value of how often 

developed land is present.  The value is 100 – commission error (.01 and 0 

respectively).  Comparing the scores, the values mean that 83% of the referenced 

Developed land cover class was identified correctly while 99% and 100% of areas 

identified as Developed were truly developed.  The Kappa coefficients of 90% and 86% 

show significant agreement between truth and classification values.   

 

Table 3-3.  Confusion Matrix (Accuracy Assessment) for year 2020. 
 

 
 
 
 

Shannon’s Entropy 

City Hall Analysis (Concentric Zones) 

For the entropy portion of the study, multi-ring buffers at 1-mile intervals were 

utilized to further breakdown the study into distinct zones of measurements as seen in 

Figures 2-6 and 2-7.  For the multi-ring buffer assessment around a central point (Las 

Vegas City Hall), Tables 3-5 and 3-6 show the land cover pixel counts within each 1-

mile buffer zone.  In a side-by-side comparison, the growth of the developed land cover 
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class is clear.  Rate of change is greatest in buffer zone 13, or at 13 miles distance from 

city hall (see Table 3-4). This is the first phase of the entropy calculation as it finds 

probability of land cover classes.   

 

Table 3-4.  Percent change of developed land cover class from year 2000 to year 2020 
for each 1-mile buffer zone. 

 

 

 

 

Interesting to note that the buffer zones nearest city hall (zones 1 – 4) had a 

decrease of the developed land cover class over the 20-year period.  A number of 

factors could account for this negative change including construction or demolition of 

older buildings that resulted in vacant or barren lots. 
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Table 3-5. Year 2000 multi-ring buffer pixel counts. 
 

 
 
 
 
 
 

Table 3-6. Year 2020 multi-ring buffer pixel counts.   
 

 
 
 
 

Using proportion of the developed land cover class being found in each buffer 

zone, Table 3-6 shows probability (p) and individual entropy per buffer zone.  Shannon’s 

entropy uses the summation of each buffer zone entropy result. For this analysis, 

log(18) is 1.25. 
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Table 3-7. Individual buffer zone probability and entropy calculation. 
 

 
 
 

An equation that normalizes the SE values (summation) is applied resulting in the 

RE value, strengthening the ability to compare values no matter the number of buffer 

zones and/ or land cover classification schemes.  Once the normalized equation is 

applied, values range between 0 and 1.  All RE values in this study are just below 1, 

meaning the spatial variable (developed land cover class) is evenly dispersed 

throughout the Las Vegas urban boundary.  Table 3-7 shows SE entropy values 

normalized to RE.  RE values of .88 (year 2000) and .92 (year 2020) reveal an 

insignificant change (extension) in dispersion over the 20-year study period.   
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Table 3-8. SE values normalized and their change (city hall analysis). 

 

 

 
 

 
Freeway Buffer Analysis 

 
The same methods applied in the previous section were used to analyze entropy 

involving 5 1-mile buffer zones around the area’s three major highways, all of which 

were constructed prior to the year 2000.  The pixel-to-acre conversion of the binary land 

cover scheme is shown in Table 3-10.  The growth of the developed land cover class is 

clear, with buffer zone 5 exhibiting the greatest rate of change at +103% over the 20-

year period (see Table 3-11).   

 

 
Table 3-10. Freeway buffer analysis pixel and acre count and conversion for year 2000 

(top) and year 2020 (bottom).    
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Table 3-11. Percent change from year 2000 to year 2020 for each 1-mile buffer zone. 
 

 
 
 

The proportion of the developed land cover class was found for each of the 5 1-

mile buffer zones surrounding the major highways.  Table 3-12 shows their associated 

probability (p) and entropy values.  The summation or SE of all buffer zones is then 

used to find RE. Log(5) for this analysis is .699. 

 
 

Table 3-12. Individual buffer zone probability and entropy calculation. 
 

 
 

SE was normalized to RE with values shown in Table 3-13. The spatial variable 

or developed land cover class is again > .50 or the middle threshold of the range of RE 

meaning that there is dispersion throughout the Las Vegas urban boundary using the 

freeway buffer analysis as well.  RE values of .87 (year 2000) and .90 (year 2020) 

reveal an insignificant change (extension) in dispersion over the 20-year study period.  

 



 

34 

 
Table 3-13. SE values normalized and their change (freeway analysis). 

 
 

 
 
 

 
Both buffer analyses prove that there is sprawl like growth within the Las Vegas 

urban boundary, with a similar rate of change temporally over the 20-year period of 

4.5% using the concentric buffer analysis, and 3.5% using the freeway buffer analysis. 

Although there is an increase for both, it is not of significant value.  The spatial variable 

used (developed land cover class) is dispersed throughout and/ or distributed 

proportionately amongst all zones using the Shannon’s entropy metric.  Reviewing 

Tables 3-5, 3-6, and 3-10, the greatest land cover changeover from undeveloped to 

developed occurred in buffers at a greater shift away from both city hall and freeway 

corridors.   

 

Quadrant Analysis 

 
The results of the quadrant analysis showed the most growth in quadrants NW 

and SW of the study area over the 20- year study period.  The developed land cover 

class changed by +40% and in the SW quadrant by +94% (see Table 3-14). The 

sprawling growth found throughout the study area is now attached to individual 

quadrants to better help with resource management and planning. There are a few 
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factors for growth direction, including topographic, public lands, and military 

installations.   

 

 
 
Table 3-14. Quadrant pixel to acre conversion and percent change over 20- year period. 
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CHAPTER 4 
CONCLUSION 

Findings 

 
The degree of urban sprawl has been measured in the Las Vegas urban 

boundary using remotely sensed imagery, GIS, and Shannon’s entropy. This process 

provides a cost effective, efficient, and expeditious framework for institutions and 

municipalities concerned with sprawl and its negative associated impacts. The 

Shannon’s entropy metric has been a proven statistical measure of sprawl both 

controlled and uncontrolled. The calculation can be performed once a spatial variable is 

defined. By combining remote sensing, GIS, and the tools found in software like ArcGIS 

Pro, R, or GeoDa – the discovery of a phenomenon like urban sprawl can be achieved. 

For this study, the developed land cover in the study area increased by 26% while the 

Undeveloped or ‘natural environment’ decreased by 15% over the period of 20 years. 

When examining acreage values for the concentric buffer analysis (see Table 3-4), the 

buffer zone 13-miles outside city hall grew the greatest at +180%. For the freeway 

buffer analysis (see Table 3-11), the buffer zone 5-miles from a major highway grew the 

greatest amount at +103%. For the entropy metric, all RE values were between .87 and 

.92, indicating dispersion of the spatial variable (developed land cover), as these values 

are greater than the prescribed clustered/ dispersion threshold of 0.5. Temporally, there 

was no significant change in dispersion of the developed land cover class over the 20-

year study period even though the area continues its sprawl-like growth. Both multi-ring 

buffer methods are appropriate ways to measure the degree of sprawl.   
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Limitations 

Sprawl is a broad term as well as concept and there are numerous ways to 

analyze the phenomenon while matching it with the analysis of sprawl-like 

characteristics, i.e., fractal analysis. Land cover classification can be subjective, with 

numerous definitions for the terms ‘developed’ and ‘undeveloped’. A more robust study 

may look for specific types of development within an area. There is also flexibility when 

setting buffer zone size and quantity, and when used against the results of this study, 

could allow for greater confidence in the initial results. Population growth and density 

places immense pressure on an area’s development. Future studies may look for 

population data or census information to better grasp the concept of urban sprawl. 

Further, there are numerous reasons for the geographic location of development or 

growth within a region. An area’s master plan and cadastral data could be analyzed to 

understand growth patterns, or more specifically, which areas are developable, and 

which are off limits. Finally, as sprawl is most noticeable at the fringe of urban areas, the 

Shannon’s entropy metric is almost certainly most viable in true urban centers or 

metropolitan areas instead of suburban or less dense developed areas where 

boundaries between urban and rural are unclear.     
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