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LIST OF ABBREVIATIONS 

UHI An urban heat island is when urban and built environments exhibit 
warmer temperatures than nearby rural geography. 

TIRS The thermal infrared sensor is aboard the Landsat-8 satellite and 
provides two channels: 10.8 µm and 12 µm. 

LST Land surface temperature is the calculated physical heat of any 
place on the ground. 

FAHP The Federal Aid Highway Program is a United States national 
program that typically provides most funds for new road networks, 
including funding for Arizona. 

LULC Land use, landcover is the qualitative way a geography is utilized or 
how it exists naturally. Typically represented by a pixel. 

OLI The Operational Land Imager is another onboard sensor hosted by 
Landsat-8. It measures visible, near and short-wave infrared 
wavelengths taken in. 

TOA Top of atmosphere is a calculation based on radiance taken in by 
the Earth and emitted by it.   

DN A digital number is simply a numerical representation contained in a 
single pixel of a raster dataset. 

BT Brightness temperature is the measure of radiance from the top of 
atmosphere to the sensor gathering microwaves expressed using 
an equivalent black body’s temperature units. 

RTE The radiative transfer equation is an attempt to measure 
propagation of radiation through a medium with mathematical 
numeric inputs. 

NDVI The Normalized Difference Vegetation Index is used to estimate the 
density of vegetation covering land describing the difference 
between surface visible wavelengths and penetrating near-infrared 
wavelengths. 

NLCD The National Landcover Database is a rigorous land use and 
landcover raster dataset released every few years and is 
maintained by the United States Geological Survey and local 
partners. 
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ACS The American Community Survey is a collection of demographic, 
population, and housing data arranged geospatially from State 
down to Tract and is maintained by the United States Census 
Bureau. 
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ABSTRACT 

Maricopa County of Arizona is the 4th most populous county in the US, growing 

over 20% in population between 2010 and 2020. The Urban Heat Island (UHI) 

phenomenon in the county has increased alongside. The continued growth of urban and 

suburban structures, roads, and vegetation removal have created a heating effect near 

the ground that can be measured by the Land Surface Temperature (LST). By 

comparing Landsat-8 Thermal Infrared Sensor (TIRS) data the LST and thus UHI can 

be analyzed to better understand the long-term costs associated with urbanization. This 

effect is commonly associated with the removal of vegetation and using low reflective 

building and paving materials which can disproportionally influence the surface 

temperatures and thus heat in the area. Due to the sparse desert vegetation of 

Maricopa County, one would suspect that the newly developed areas may not be much 

warmer but due to the nature of the built materials that can absorb and release more 

energy after the sun sets than typical Arizona dirt. However, newly planted, and 

harvested farmland had the largest mean LST shifts within the study period contributing 

to the UHI problem even though farming occurs in rural areas. The urban space needs 

additional considerations and model variables that county officials could consider. Using 

an exploratory regression with an average land use per American Community Survey 

census tract and a generalized linear regression, results show which areas might 

exacerbate UHI issues so that the associated costs can be considered as part of future 

planning. 

Keywords: Urban Heat Index, development, Arizona, Maricopa County 
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ETHICS STATEMENT 

There is a business mantra from V. F. Ridgway that was later synthesized by 

Peter Drucker as “What gets measured gets improved.” I think with any information 

technology system that has any sort of interpretation of the raw collection should be 

under scrutiny. Statistics collection can have lasting consequences if done incorrectly 

which problem is compounded overtime as more data is added and analysis is done 

with the incorrect data. Large government sources might be considered to have a high 

authority over the content, but it is important to remember they are always imperfect and 

should typically be combined with a secondary source. These sources should be 

documented and available for future analysis and ideally the products created as well. 

Maps have the power to persuade, a power that should be used responsibility for the 

many stakeholders involved in map and GIS system production. Consequences of 

collecting and preparing data have their own good and bad outcomes and those 

outcomes should be considered before releasing. Privacy and quality are perhaps the 

most important pillars of creating GIS products and systems as they directly affect the 

people who are involved.  

This project aims to help understand the costs associated with the built 

environment. Residents under any government body should understand how and why 

their taxes are being used in addition to the non-monetary costs that are being imposed 

on them and their neighbors. When residents understand more of these “soft costs” of 

municipal building projects they may not see the expansion as a positive and rather an 

opportunity for more urban heat index (UHI) to be generated when not formally 

considered and documented, as they are currently not by the central planners of 

Maricopa County. Maricopa County’s surfaced road projects, which are the lion’s share 



 

11 

of new urban infrastructure that directly affect adjacent residents with increased heat 

emissions should be considered in the planning phases. The current omission of factors 

like UHI are likely because of the large incentives from programs like the Federal Aid 

Highway Program (FAHP) pays most of the construction costs of new road projects and 

adding line items for long term costs put the project’s proposals under more scrutiny if 

not have them be rejected. This project uses authoritative, public data to show the 

additional cost to the quality of life of Maricopa County residents incur with land use. 

The conclusions are not black and white, as many public policy and planning is but 

instead another tool for planners to use to protect residents and for residents to use to 

advocate for themselves.  

 

 



 

12 

CHAPTER 1 
INTRODUCTION 

Desert Land Use and UHI 

 
There are many factors involved with planning a county including financial, 

natural resources, health and safety, and land use patterns (Vision 2030, Maricopa 

County Comprehensive Plan, 2016). However, even with the recent introduction of long-

term planning initiatives like the Vision 2030 plan, urban heat islands (UHI) do not 

appear to be factored into the costs or considerations despite the project claims of being 

a high quality of life improvement. Cities however have studied this phenomenon at a 

lower level as this phenomenon was first introduced in the 1810s by Luke Howard in 

London (Mills, 2015). There are methods used to understand how planning, socio-

economic, and ethnic factors are associated with changing UHI but few that study the 

direct land use and it’s change over time on UHI in Maricopa County, Arizona.  

Dark Surfaces and UHI 

Certain types of asphalt that are commonly used in the county appear to be the 

main storage of heat energy and during the middle of the day have been recorded to 

reach over 172 ºF in Rio Verde, Arizona (ACPA, 2009). While some attempts have been 

made at improving the reflectivity with lighter cements or harnessing this energy with 

photovoltaic roadways (Wattway, 2022) the costs associated with these improvements 

do not appear to be worthwhile for Maricopa County and their future transportation 

surface plans (Transportation System Plan 2040, 2021). Minimizing the use of asphalt 

roads or alternatives may not be part of city planning until later iterations of planning in 

the future but because of the clear latent heat emission these surfaces have. Nearby 

cities have attempted to reduce the number of absorbent surfaces by increasing the 
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amount of tree canopy (City of Tempe Urban Forestry Master Plan, 2017) or by using 

highly reflective surfaces on buildings (Gartland, 1990) which does not require ongoing 

use of water resources. 

Land Use and Landcover and Land Surface Temperature for a Full UHI Picture 

Using satellite thermal infrared (TIRS) derived land surface temperature (LST) 

and land use and landcover (LULC) a better picture of the UHI in Maricopa County can 

be understood. This allows for a direct analysis of relatively small areas of land and their 

resulting heat emittance (Weng, Liu, Lu, 2007). Ambient temperature appears to be 

rising and no longer fluctuating evenly in the Southwest (Garfin, G., A. Jardine, R. 

Merideth, M. Black, and S. LeRoy, eds. 2013). By understanding the built and 

undeveloped parts of Maricopa County using UHI an improved calculation of the true 

non-financial costs of building can be better understood and these factors can be 

included in future proposals.  
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CHAPTER 2 
DATA & METHODS 

Study Area 

The area of focus will be Arizona’s most populous Maricopa County (Figure 2-1) 

the county that includes Arizona’s largest city: Phoenix. This area was chosen as it has 

had a significant percentage increase in population growth with development of areas 

from raw natural desert to suburban and medium-sized commercially zoned 

developments within 10 years.  

 
 
Figure 2-1. Maricopa County in respect to Arizona. (ArcGIS, 2022) 
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Methods 

Setup 

To understand how the development and urbanization is changing the 

temperature in Maricopa County, raster imagery will be used to monitor the change 

between 2015 and 2020. A window of comparison can be studied over a period by 

using the following data. The time between 2015 and 2020 showed development 

changes that might have affected the temperature or may have created “heat islands” in 

developed areas. First a selection including the study area was done from 

EarthExplorer. This included Landsat 8 imagery data that could yield land surface 

temperature data. 

Once collected the imagery data was merged in ArcGIS Pro with the “Mosaic to 

new raster” tool. This would allow the excess to be removed with the “clip raster” tool 

with the Maricopa County boundary given from the US Counties feature set. An ISO 

Cluster unsupervised classification was ran on both clipped mosaics. Next the pixel 

clusters can be reclassified to Land Use and Land Cover (LULC) tags (Urban, Forest, 

Desert Vegetation, Grass/Crop, and Bare). Now the LULC outputs can be analyzed. 

Land Surface Temperature 

The Land Surface Temperature (LST) can be calculated from Landsat 8 from 

Bands 10 and 11 via an onboard Thermal Infrared Sensor (TIRS) which are 

representative of spectral bands 10.6 - 11.19 µm and 11.5 - 12.51 µm respectfully. The 

100 meters by 100 meters resolution of Landsat 8’s TIRS is not as precise as the other 

sensor onboard Landsat 8 called the Operational Land Imager (OLI) which has a spatial 

resolution of 30 meters by 30 meters.  Landsat Collection 1 Level-2 Science Product 

images that overlap Maricopa County in January 2015 and January 2020 were used to 
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avoid extreme summer temperature outliers. Landsat 8 completes a revolution around 

the Earth every 99 minutes which yields imagery for the same area every 16 days. This 

means the dates in January are not the exact dates between 2015 and 2020 and are 

even different within Maricopa County’s boundary due to the large space. This lack of 

1:1 temporal data makes for an imprecise analysis which should be noted.  

Once the Band 10 raster is in place, top of atmosphere (TOA) spectral radiance 

(𝐿𝐿𝐿𝐿) is needed for a radian to sensor temperature conversion. To calculate these 

numbers, you need the following equation:  

𝐿𝐿𝐿𝐿 =  𝑀𝑀𝐿𝐿  ∗  𝑄𝑄𝑐𝑐𝑐𝑐𝑐𝑐  +  𝐴𝐴𝐿𝐿  −  𝑂𝑂𝑖𝑖 ,        (1) 

where 𝑀𝑀𝐿𝐿 represents the band’s multiplicative rescaling factor or gain, 𝑄𝑄𝑐𝑐𝑐𝑐𝑐𝑐 is the Band 

10 digital number (DN) or the cells that represent a 16-bit radiometric resolution on a 

gradient from 0 to 65,535, 𝐴𝐴𝐿𝐿 is the Band 10 additive rescaling factor, and 𝑂𝑂𝑖𝑖 is the 

correction for Band 10. Next, the spectral radiance needs to be converted to brightness 

temperature (BT) with the following equation: 

BT =   K2
ln [(K1/Lλ) + 1]

 −  273.15 ,        (2) 

where K1 and K2 stand for the level 1 thermal constants used for this conversion. The 

results can be converted into Celsius by adding absolute zero which in space’s vacuum 

is approximately -273.15 degrees (Celsius).  

Table 2-1.  Inputs from satellite metadata.   
 

K1 
K2 

Thermal Constants 
  774.8853 
1321.0789 
 

 Multiplicative & Additive Rescaling Factors 
0.0003342 
0.1 
 

𝑀𝑀𝐿𝐿 
𝐴𝐴𝐿𝐿 
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𝑂𝑂𝑖𝑖 

 

Correction 
0.0 

 

Once the TOA BT is calculated, some additional calculations are needed to 

determine how the interaction of the land surface may have affected the results. Land 

surface emissivity (ε) has not been accounted for and to estimate requires the following 

radiative transfer equation (RTE) (Cristóbal et al., 2018): 

𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠,𝜆𝜆  =  [𝜀𝜀𝜆𝜆𝐵𝐵𝜆𝜆 (𝐿𝐿𝐿𝐿𝐿𝐿) +  (1 − 𝜀𝜀𝜆𝜆) 𝐿𝐿𝑐𝑐𝑎𝑎𝑎𝑎,𝜆𝜆
↓  ]𝜏𝜏𝜆𝜆  +  𝐿𝐿𝑐𝑐𝑎𝑎𝑎𝑎,𝜆𝜆

↑  ,    (3) 

where 𝜀𝜀𝜆𝜆  is the land surface emissivity at the median wavelength of Band 10, 𝐵𝐵𝜆𝜆  (𝐿𝐿𝐿𝐿𝐿𝐿) is 

Planck’s Law which represents a perfect blackbody emission represented by the 

following equation: 

 𝐵𝐵𝜆𝜆  (𝐿𝐿𝐿𝐿𝐿𝐿) =  𝐶𝐶1

λ5(𝑠𝑠
𝐶𝐶2

λLST −1)
          (4) 

where C1 =  3.7402 × 10−16 W
m2   and C2 =  1.43848 × 10−2 m K.  

 The remaining variables for the radiative transfer equation are 𝜏𝜏𝜆𝜆  which 

represents atmospheric transmission, 𝐿𝐿𝑐𝑐𝑎𝑎𝑎𝑎,𝜆𝜆
↓  is representative of downwelling while  

𝐿𝐿𝑐𝑐𝑎𝑎𝑎𝑎,𝜆𝜆
↑   represents upwelling of atmospheric radiances for the median of Band 10 

available from USGS Collection 2 Documentation (https://www.usgs.gov/landsat-

missions/landsat-collection-2-level-2-science-products).  

Normalized Difference Vegetation Index (NDVI) 

Next, Normalized Difference Vegetation Index (NDVI) threshold method 

(NDVITHM) uses known satellite emissivity values and expressed (B. Tang, et al, 2015) 

with an improved: 
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εi = �
ai + biρred

εvi𝑃𝑃𝑣𝑣 +  εsi( 1−𝑃𝑃𝑣𝑣 ) + 𝑑𝑑εiεvi +𝑑𝑑εi
  

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁  < 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁  𝑠𝑠 ,
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑠𝑠< 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 < 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑣𝑣 ,

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 < 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑣𝑣 .
     (5) 

Or standard (Avdan, 2015) 

ελ = �
εsλ ,

ε𝑣𝑣λ𝑃𝑃𝑣𝑣 +  ε𝑠𝑠λ(1−𝑃𝑃𝑣𝑣) + 𝐶𝐶,
εsλ + 𝐶𝐶,

 
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁  < 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑠𝑠 ,

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁  𝑠𝑠< 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 < 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁  𝑣𝑣 ,
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 < 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁  𝑣𝑣 .

     (6) 

where ai and bi are the regression coefficients, ρred is the reflectivity of the red channel, 

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑠𝑠 is bare soil or 0.2, and 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑣𝑣 is vegetation or 0.5.  εvi  is the channel (𝑖𝑖) 

emissivity for vegetation while εsi  is the channel (𝑖𝑖) emissivity for soil. 𝑃𝑃𝑣𝑣 is the 

proportion of vegetation and represented by: 

Pv = ( 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 −  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁  𝑠𝑠  
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑣𝑣  − 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑠𝑠

 )2          (7) 

which for the completed with the final equation for NDVI which is the sum of NIR and 

red band reflectance: 

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 =  (ρ5 −  ρ4) 
(ρ5 + ρ4)

           (8) 

National Land Cover Database (NLCD) 

In addition to the processed LULC for Maricopa County the analysis includes 

land use data derived from many methods to create an authoritative land cover map of 

the lower 48 states in the US by the National Land Cover Database (NLCD), the last 

being created in 2019. This data allows for an additional check against the raw Landsat 

8 data mentioned above. Prior to 2019, the NLCD created a version for 2016 that can 

be used for comparison.  
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Other Human Considerations and Regression Analysis 

The latest American Community Survey (ACS) was completed in 2019 and is 

used in additional analyses which include exploratory regression analysis that could 

help explain or correlate human factors data with specific UHI.  
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CHAPTER 3 
RESULTS 

When analyzing the changes in land cover in Maricopa County using National 

Land Cover Database (NLCD) data it was found that between roughly 11 years (2008 to 

2019) 288,225 pixels were developed. Each pixel spanned 30 meters by 30 meters with 

more than 259 km2 out of the total 23,890 km2 becoming developed. This resulted in an 

approximately 1% growth of developed land. This increase of land used has not only 

changed the natural land to farms and suburban homes, but most of the development 

has been to medium and high intensity projects. The largest natural land that has been 

removed is classified as “Herbaceous” which are classified as having 80% or more 

grassy vegetation.  

 

Figure 3-1. Maricopa County LST January 2020. 
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Comparison 

Once the LULC outputs were counted and the percent change was calculated, 

the urban environment is replacing the lightly developed farmlands which lost 72% 

within the study period as well as the natural desert, although at a much slower rate of 

about 7% (Table 3-1). 

Table 3-1.  LULC Change in Maricopa County.   
Tag Name 2020 2015 Difference Percent Change 
Urban   5,305,556   2,294,913  3,010,643 +131.188% 
Desert 

Vegetation 
32,512,754 34,955,572 -2,442,818      -6.98835% 

Grass/Crop      215,575      771,442    -555,867    -72.0556% 
 

 
Figure 3-2. Spatial change in Maricopa County from 2015 (left) to 2020 (right) orange is 

unused land, green is built or cultivated land. 

When NLCD pixels are overlayed on LST two things become qualitatively clear. 

Roads, airport runways and water appear to retain the most heat. Active farmland, golf 

courses, parks and Northern facing mountain areas appear to have a lower temperature 

(Figure 3-3). Notice the canals and rivers create a cooling effect. The North sides of 

higher elevation terrain and mountains do not receive direct sunlight due to Maricopa 

County’s position North of the Equator.  



 

22 

 

Figure 3-3. Maricopa County January 2020 LST Values. Red end of the gradient 
represents 61°C while the green end represents 39°C. 

 

The computed change of NDVI of Maricopa County between January 2015 and 

January 2020 shows natural areas as “greener” while urban areas tend to be going the 

opposite direction. Notice the flipping of farmland from full red (reduced vegetation) to 

green (increased vegetation) or cultivated and “rotated” to not be cultivated within the 5 

year study period.  

Table 3-2. Quantified NDVI change by pixel using natural breaks (Jenks).  
Vegetation Pixel Count 

Decrease 469641 
Neutral 34702150 

Increase 2859192 

https://www.degreesymbol.net/#:%7E:text=How%20to%20Type%20Degree%20Symbol,0176%20numbers%20of%20degree%20symbol.
https://www.degreesymbol.net/#:%7E:text=How%20to%20Type%20Degree%20Symbol,0176%20numbers%20of%20degree%20symbol.
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 Figure 3-4. NDVI change of Maricopa County from January 2015 to January 2020. 

The exploratory regression shows a weak correlation of less than 0.60 adjusted 

R2 between the dependent variable and 5 of the best suited variables by tract which are 

as follows: High Native American population (PCT_NATIVE_NON_HISPANIC), High 

minority population per tract (PCT_MINORITY_POP), High percentage of no  high 

school education (PCT_NOHSDIPLOMA), high percentage of associates degree 

education (PCT_ASSOCIATES), as well as high percentage of bachelor’s degree 

education (BACHELORS). This regression does appear to show some variables are 

associated with the dependent variable. However, these associations appear to be quite 

weak.  

Table 3-3. Exploratory Regression 
AdjR2 AICc X1 X2 X3 X4 X5 
0.56252 10650.88 PCT_NATIVE_NON_HISPANIC PCT_MINORITY_POP PCT_NOHSDIPLOMA PCT_ASSOCIATES BACHELORS 

0.561061 10655.96 PCT_HISPANIC PCT_MINORITY_POP PCT_NOHSDIPLOMA PCT_ASSOCIATES BACHELORS 

0.560409 10658.23 PCT_NATIVE_NON_HISPANIC PCT_MINORITY_POP PCT_NOHSDIPLOMA ASSOCIATES BACHELORS 
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0.560036 10659.52 PCT_NATIVE_NON_HISPANIC PCT_MINORITY_POP PCT_NOHSDIPLOMA ASSOCIATES PCT_BACHELORS 

0.558786 10663.85 PCT_NATIVE_NON_HISPANIC PCT_MINORITY_POP PCT_NOHSDIPLOMA PCT_HSGRAD ASSOCIATES 

0.558517 10664.78 PCT_HISPANIC PCT_MINORITY_POP PCT_NOHSDIPLOMA ASSOCIATES PCT_BACHELORS 

0.558436 10665.06 PCT_NATIVE_NON_HISPANIC PCT_MINORITY_POP PCT_NOHSDIPLOMA BACHELORS PCT_GRADPROF 

0.558147 10666.06 PCT_NATIVE_NON_HISPANIC PCT_MINORITY_POP PCT_NOHSDIPLOMA PCT_SOMECOLLEGE BACHELORS 

0.557687 10667.65 PCT_NATIVE_NON_HISPANIC PCT_MINORITY_POP PCT_NOHSDIPLOMA ASSOCIATES GRADPROF 
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CHAPTER 4 
CONCLUSIONS 

When planning future urban expansions, Maricopa County should consider the 

change potential of the man-made surfaces that are facing the sun. Farmland typically 

is created along waterways which later have a higher change of becoming urbanized. 

This is likely because once waterways are created and the resource bandwidth is better 

understood over time, decision makers and developers are constantly looking for more 

spaces to put the growing population. NDVI is a well understood visualization and 

measuring the pixel change over a time span shows how quickly farmland crops are 

being rotated as well as converted into urban developments. Further analysis can be 

done at lower levels like cities as these areas are rich with socio-economic data. Large 

scale change detection at the county level can be automated which would allow near 

real-time urban progress visualizations. In the future, analysis on specific cities could be 

filtered and broken down for spatiotemporal findings. Zoning ordinance boundaries 

could be used to see how LULC is affected as ordinances and variances are adjusted. 

A UHI tax could be levied or vice versa a tax reduction might be used to help encourage 

reflective structures, pavements, and green landscaping.  

 

 

 

 

  



 

26 

LIST OF REFERENCES 

Avdan, U. and G. Kaplan (2016). Algorithm for Automated Mapping of Land Surface 
Temperature Using LANDSAT 8 Satellite Data. Journal of Sensors 2016, 1-8. 

Buyantuev, A. and J. Wu (2009). Urban heat islands and landscape heterogeneity: 
Linking spatiotemporal variations in surface temperatures to land-cover and 
socioeconomic patterns. Landscape Ecology 25, 17-33. 

Li, T. and Q. Meng (2018). A mixture emissivity analysis method for urban land surface 
temperature retrieval from Landsat 8 data. Landscape and Urban Planning 179, 
63-71. 

Liu, H., B. Liang and D. Lu (2008). The Spatial Variations of Urban Land Surface 
Temperatures: Pertinent Factors, Zoning Effect, and Seasonal Variability. 
Selected Topics in Applied Earth Observations and Remote Sensing 1, 154-166. 

Lu, D. and J. Schubring (2004). Estimation of land surface temperature-vegetation 
abundance relationship for urban heat island studies. Remote Sensing of 
Environment 89, 467–483. 

Siti Halipah, I., N. Ibrahim, J. Wahid, N. Goh, D. Koesmeri and M. N. Mohd Nawi (2018). 
The Impact of Road Pavement on Urban Heat Island (UHI) Phenomenon. 
International Journal of Technology 9, 1597. 

Tang, B., K. Shao, Z.-L. Li, H. Wu and R. Tang (2015). An improved NDVI-based 
threshold method for estimating land surface emissivity using MODIS satellite 
data. International Journal of Remote Sensing 36, 1-15. 

 

  



 

27 

APPENDIX A 

IMAGERY & FEATURE DATASETS 

Table A-1. USA Counties. 
Data Type Feature Service Feature Class 
URL https://services.arcgis.com/P3ePLMYs2RVChkJx/arcgis/rest/services/US

A_Counties_Generalized/FeatureServer 

Name USA_Counties_Generalized 
Feature 
Type 

Simple 

Geometry 
Type 

Polygon 

Projected 
Coordinate 
System 

WGS 1984 Web Mercator (auxiliary sphere) 

Extent Top 11,542,624.916041m, Bottom 2,145,729.679918m, Left 
2,145,729.679918m, Right -7,454,985.146517m 

 
2020 Landsat 8 Data 

Table A-2. Metadata for Landsat 8, Path 37, Row 37, 2020/01/13. 
 
Official name of data set LC08_L2SP_037037_20200113_20200823_0

2_T1 

Year of publication and/or last 
update 

2020/01/13 

Author and/or owner USGS EarthExplorer 

URL or FTP address of the 
repository 

https://earthexplorer.usgs.gov/scene/metadata
/full/5e83d14f2fc39685/LC80370372020013LG
N00/  

Description Reflectance pixel values of Path 37, Row 37 
from Landsat 8. 

Coordinate system WGS84 

Projection system UTM 

Spatial resolution 30 meters 

 

https://earthexplorer.usgs.gov/scene/metadata/full/5e83d14f2fc39685/LC80370372020013LGN00/
https://earthexplorer.usgs.gov/scene/metadata/full/5e83d14f2fc39685/LC80370372020013LGN00/
https://earthexplorer.usgs.gov/scene/metadata/full/5e83d14f2fc39685/LC80370372020013LGN00/


 

28 

 
 
Figure A-1. Landsat-8 imagery footprint over Maricopa County. 

Table A-3. Metadata for Landsat 8, Path 37, Row 36, 2020/01/13. 
Official name of data set LC08_L2SP_037036_20200113_20200823_02_T1 

Year of publication and/or 
last update 

2020/01/13 

Author and/or owner USGS EarthExplorer 

URL or FTP address of 
the repository 

https://earthexplorer.usgs.gov/scene/metadata/full/5e83d
14f2fc39685/LC80370362020013LGN00/  

Description Reflectance pixel values of Path 37, Row 36 from 
Landsat 8. 

Coordinate system WGS84 

Projection system UTM 

https://earthexplorer.usgs.gov/scene/metadata/full/5e83d14f2fc39685/LC80370362020013LGN00/
https://earthexplorer.usgs.gov/scene/metadata/full/5e83d14f2fc39685/LC80370362020013LGN00/
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Spatial resolution 30 meters 

Official name of data set LC08_L2SP_037037_20200113_20200823_02_T1 

 

 
 
Figure A-2. Landsat-8 imagery footprint over Maricopa County. 

Table A-4. Metadata for Landsat 8, Path 36, Row 37, 2020/01/06. 
Official name of data set LC08_L2SP_036037_20200106_20200823_02_T1 

Year of publication and/or last 
update 

2020/01/06 

Author and/or owner USGS EarthExplorer 

URL or FTP address of the 
repository 

https://earthexplorer.usgs.gov/scene/metadata/full/ 
5e83d14f2fc39685/LC80360372020006LGN00/  

Description Reflectance pixel values of Path 36, Row 37 from 
Landsat 8. 

https://earthexplorer.usgs.gov/scene/metadata/full/%205e83d14f2fc39685/LC80360372020006LGN00/
https://earthexplorer.usgs.gov/scene/metadata/full/%205e83d14f2fc39685/LC80360372020006LGN00/
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Coordinate system WGS84 

Projection system UTM 

Spatial resolution 30 meters 

 

 
 
Figure A-3. Landsat-8 imagery footprint over Maricopa County. 

Table A-5. Metadata for Landsat 8, Path 37, Row 37, 2020/01/06. 
Official name of data 
set 

LC08_L2SP_036037_20200106_20200823_02_T1 

Year of publication 
and/or last update 

2020/01/06 

Author and/or owner USGS EarthExplorer 

URL or FTP address 
of the repository 

https://earthexplorer.usgs.gov/scene/metadata/full/ 
5e83d14f2fc39685/LC80370372020013LGN00/  

Description Reflectance pixel values of Path 37, Row 37 from Landsat 8. 

Coordinate system WGS84 

https://earthexplorer.usgs.gov/scene/metadata/full/%205e83d14f2fc39685/LC80370372020013LGN00/
https://earthexplorer.usgs.gov/scene/metadata/full/%205e83d14f2fc39685/LC80370372020013LGN00/
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Projection system UTM 

Spatial resolution 30 meters 

 
2015 Landsat 8 Data 

 
Figure A-4. 2015 Path 3, Row 37 with Maricopa County, and other relevant raster 

footprints. 

 
Table A-6. Metadata for Landsat 8, Path 36, Row 37, 2015/01/24. 
Official name of data set LC08_L2SP_036037_20150124_20200910_02_T1 

Year of publication and/or 
last update 

2015/01/24 

Author and/or owner USGS EarthExplorer 

URL or FTP address of the 
repository 

https://earthexplorer.usgs.gov/scene/metadata/full/ 
5e83d14f2fc39685/LC80360372015024LGN01/  

https://earthexplorer.usgs.gov/scene/metadata/full/%205e83d14f2fc39685/LC80360372015024LGN01/
https://earthexplorer.usgs.gov/scene/metadata/full/%205e83d14f2fc39685/LC80360372015024LGN01/


 

32 

Description Reflectance pixel values of Path 36, Row 37 from 
Landsat 8. 

Coordinate system WGS84 

Projection system UTM 

Spatial resolution 30 meters 

 
 

 
 
Figure A-5. 2015 Path 37, Row 36 with Maricopa County, and other relevant raster 

footprints. 

 
Table A-7. Metadata for Landsat 8, Path 37, Row 36, 2015/01/15. 
Official name of data set LC08_L2SP_037036_20150115_20200910_0

2_T1 

Year of publication and/or last update 2015/01/15 

Author and/or owner USGS EarthExplorer 
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URL or FTP address of the repository https://earthexplorer.usgs.gov/scene/metadat
a/full/5e83d14f2fc39685/LC80370362015015
LGN01/  

Description Reflectance pixel values of Path 37, Row 36 
from Landsat 8. 

Coordinate system WGS84 

Projection system UTM 

Spatial resolution 30 meters 

 
 

 
 
Figure A-6. 2015 Path 37, Row 37 with Maricopa County, and other relevant raster 

footprints. 

Table A-8. Metadata for Landsat 8, Path 37, Row 37, 2015/01/15. 
Official name of data set LC08_L2SP_037037_20150115_20200910_02_T1 

Year of publication and/or 
last update 

2015/01/15 

https://earthexplorer.usgs.gov/scene/metadata/full/5e83d14f2fc39685/LC80370362015015LGN01/
https://earthexplorer.usgs.gov/scene/metadata/full/5e83d14f2fc39685/LC80370362015015LGN01/
https://earthexplorer.usgs.gov/scene/metadata/full/5e83d14f2fc39685/LC80370362015015LGN01/
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Author and/or owner USGS EarthExplorer 

URL or FTP address of the 
repository 

https://earthexplorer.usgs.gov/scene/metadata/full/ 
5e83d14f2fc39685/LC80370372015015LGN01/  

Description Reflectance pixel values of Path 37, Row 37 from 
Landsat 8. 

Coordinate system WGS84 

Projection system UTM 

Spatial resolution 30 meters 

 
 

County Data 

 

 
 
Figure A-7. 2020 USA Counties (Generalized) provides the county boundaries of the 

United States in the 50 states and the District of Columbia with Maricopa 
County selected. 

Table A-9. Metadata for USA Counties (Generalized) provides the county boundaries of 
the United States in the 50 states and the District of Columbia. 6/25/2020 

Official name of data 
set 

USA Counties (Generalized) provides the county boundaries 
of the United States in the 50 states and the District of 
Columbia. 

Year of publication 
and/or last update 

Created: Jun 29, 2013 Updated: Jun 25, 2020 

https://earthexplorer.usgs.gov/scene/metadata/full/5e83d14f2fc39685/LC80370372015015LGN01/
https://earthexplorer.usgs.gov/scene/metadata/full/5e83d14f2fc39685/LC80370372015015LGN01/
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Author and/or owner Esri 

URL or FTP address 
of the repository 

https://www.arcgis.com/home/item.html?id= 
7566e0221e5646f99ea249a197116605#  

Description USA Counties (Generalized) provides 2017 boundaries for the 
counties of the United States in the 50 states and the District 
of Columbia.  The linework has been generalized for 
increased performance and best viewed at smaller scales. 

Attribute fields include estimated 2017 total population, 2010 
U.S. Census demographic information, and 2012 Census of 
Agriculture information for the USA counties. 

Coordinate system WGS84 

Projection system UTM 

 
Table A-10. Maricopa County Population. (U.S. Census Bureau, Population Division). 
Population, Census April 1, 2010 April 1, 2020 
Maricopa County 3,817,117 4,420,568 

 
 

 
Figure A-8. Maricopa County NLCD 2019 Land Cover (CONUS). 

 
Table A-11. NLCD 2019 Land Cover (CONUS). 
Official name of data set NLCD 2019 Land Cover (CONUS) 

https://www.arcgis.com/home/item.html?id=%207566e0221e5646f99ea249a197116605
https://www.arcgis.com/home/item.html?id=%207566e0221e5646f99ea249a197116605
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Year of publication and/or last update 2021/06/04 

Author and/or owner National Land Cover Database (NLCD) 2019 
Land Cover Conterminous United States 

URL or FTP address of the repository https://www.mrlc.gov/data/nlcd-2019-land-
cover-conus 

Description The U.S. Geological Survey (USGS), in 
partnership with several federal agencies, has 
developed and released five National Land 
Cover Database (NLCD) products over the 
past two decades: NLCD 1992, 2001, 2006, 
2011, and 2016. The 2016 release saw 
landcover created for additional years of 
2003, 2008, and 2013. These products 
provide spatially explicit and reliable 
information on the Nation’s land cover and 
land cover change. To continue the legacy of 
NLCD and further establish a long-term 
monitoring capability for the Nation’s land 
resources, the USGS has designed a new 
generation of NLCD products named NLCD 
2019. The NLCD 2019 design aims to provide 
innovative, consistent, and robust 
methodologies for production of a multi-
temporal land cover and land cover change 
database from 2001 to 2019 at 2–3-year 
intervals. Comprehensive research was 
conducted and resulted in developed 
strategies for NLCD 2019: continued 
integration between impervious surface and 
all landcover products with impervious surface 
being directly mapped as developed classes 
in the landcover, a streamlined compositing 
process for assembling and preprocessing 
based on Landsat imagery and geospatial 
ancillary datasets; a multi-source integrated 
training data development and decision-tree 
based land cover classifications; a temporally, 
spectrally, and spatially integrated land cover 
change analysis strategy; a hierarchical 
theme-based post-classification and 
integration protocol for generating land cover 
and change products; a continuous fields 
biophysical parameters modeling method; 
and an automated scripted operational 
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system for the NLCD 2019 production. The 
performance of the developed strategies and 
methods were tested in twenty composite 
referenced areas throughout the 
conterminous U.S. An overall accuracy 
assessment from the 2016 publication give a 
91% overall landcover accuracy, with the 
developed classes also showing a 91% 
accuracy in overall developed. Results from 
this study confirm the robustness of this 
comprehensive and highly automated 
procedure for NLCD 2019 operational 
mapping. Questions about the NLCD 2019 
land cover product can be directed to the 
NLCD 2019 land cover mapping team at 
USGS EROS, Sioux Falls, SD (605) 594-6151 
or mrlc@usgs.gov. See included spatial 
metadata for more details. 

Coordinate system WGS84 

Projection system Albers Conical Equal Area 

Spatial resolution 30 meters 
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