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Executive Summary 

Las Vegas has almost doubled its population during the last two decades and undergone 

exponential urban sprawl. The urban growth brings about changes that adversely impact the 

quality of urban life. The urban heat island (UHI) effect is a common problem of present day 

growing cities. In order to take measures for UHI reduction, it is imperative that the UHI 

hotspots are mapped and related to landcover characteristics. 

This document is the final report of project ñDevelopment of Heat Island Dataset for Las 

Vegas Urban Canopy CityGreen Analysisò funded by Nevada Division of Forestry. The report 

provides analysis of the landcover maps, urban/suburban boundaries, urban zoning data, remote 

sensing data, and meteorological data to identify the urban heat islands in Las Vegas Valley. 

Ground based measurements from Weather Underground stations provide air temperature. 

The air temperature trends show decreasing trends at most of the points. This trend is especially 

seen in the areas of new development where the age of measuring station is less than 10 years. 

Nevertheless, the older meteorological stations show positive temperature trends possibly linked 

to long term climate change effects. Similar analysis of remote sensing thermal imagery provides 

better spatial perspective of the situation. Although remote sensing temperature data corresponds 

to the surface and not air, it corroborates the general trends seen in ground measurements. It 

provides additional insight regarding the impact of new development on the temperature trends. 

It is observed that the new development during the last two decades show sustained temperatures 

rather in some cases show decreasing trends. This effect is evident in the fringe of Las Vegas city 

that was developed in last two decades. 

In order to measure the urban heat island effect, urban heat island intensity (UHII) is 

measured as a difference of midnight and noon temperature. It is based on the observation that 

the urban heat islands that retain heat during the night do not cool down sufficiently and thus 

have temperatures closer to noon temperatures. Since midnight and noon temperature data of the 

whole valley is not available, it is estimated by developing regression relations between ground 

measurements and remote sensing thermal images. High UHII values indicate potential urban 

heat island and are observed at the airport and in the industrial areas. The results provide useful 

insight into the temporal thermal behavior of Las Vegas area. 
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1 Introduction  

Las Vegas has grown significantly from a small city incorporated in 1911 to the most 

populous city in the State of Nevada. Being an attractive entertainment destination, Las Vegas 

attracts millions of tourists and part-time workers every year. Moreover, being a semi-arid warm 

region, it has also been a popular retirement destination. Thus, Las Vegas has almost doubled its 

population during the last two decades and undergone exponential urban sprawl. The urban 

growth brings about changes that adversely impact the quality of urban life. The urban heat 

island (UHI) effect is a common problem of present day growing cities. In order to take 

measures for UHI reduction, it is imperative that the UHI hotspots are mapped and related to 

landcover characteristics. 

This document is the final report of project ñDevelopment of Heat Island Dataset for Las 

Vegas Urban Canopy CityGreen Analysisò funded by Nevada Division of Forestry. The report 

provides analysis of the landcover maps, urban/suburban boundaries, urban zoning data, remote 

sensing data, and meteorological data to identify the urban heat islands in Las Vegas Valley. The 

overarching goal of the project is to facilitate identification of potential areas for planting trees in 

the valley to reduce in the heat island effect. 

This report is organized as follows. Section 2 provides background information about the 

urban heat island effect. It is followed by a description of the study area and data in Section 3. 

Section 4 describes the time series and trend analysis using ground based temperatures data 

which is followed by a similar analysis of remote sensing based temperature in Section 5. 

Section 6 described UHII mapping using a regression model of remote sensing and ground based 

temperature data. Section 7 describes the preparation of an integrated landuse map of the valley. 

Section 8 provides a summary and conclusions. 

2 Urban Heat Island Effect 

Urban heat island effect is a phenomenon where temperature in cities is higher than in 

surrounding rural areas. UHI is caused by high absorption of heat energy by urban materials 

(asphalt, concrete, roofs tiles) and entrapment of this energy due to nighttime inversion from 

stabilization of the urban boundary layer (Chen et al., 2011; Bornstein, 2009). UHI has adverse 

impacts on quality of life such as health problems (Frumkin, 2002), a rise in urban water and 

energy demands (Guhathakurta and Gober, 2007; Kolokotroni et al., 2006), and impaired 

ecosystems in surrounding water bodies by warm water discharge from cities (Imhoff, 2012). 

UHI also has adverse impacts on local meteorology such as altered wind patterns, humidity, 

clouds, and precipitation (Grimmond and Oke, 2002). 
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Urban heat island intensity (UHII) is the difference between urban temperature and a base rural 

temperature and is a metric used to quantify the thermal impact of urban development (Arnfield, 

2003). UHII is related to city size (Oke, 1973), urban population (Oke, 1976), and urban landuse 

practices (Chen, 2006). UHII varies with time of day and year and values as high as 10°C (18°F) 

have been reported (Carlowicz, 2009; Remar 2010). Urban population continues to increase 

stimulating more development and landuse change in cities. Thus, it is imperative to relate the 

landuse change practices and subsequent response of UHII. Las Vegasôs population and size has 

almost doubled in the last decade (City Council Report, 2010) and this rapid growth provides an 

opportunity to understand the dependence of UHII on landuse practices and find its response to 

landuse change (Xian and Crane, 2006; Remar, 2010). 

An urban heat island is caused by shifting local thermal equilibrium due to altered surface 

absorption and emission characteristics. It is caused by urban growth i.e., lateral expansion as 

well as upward rise of the urban skyline. With the expansion of urban boundary, natural 

landscape is converted into urban landscape consisting of high specific heat material (asphalt and 

concrete). Moreover, with the rise of the urban skyline, valleys and canyons are created that have 

reduced air exchange with the atmosphere above the skyline. Thus, both lateral expansion and 

upward rise result in increased temperatures in dense urban areas resulting in urban heat island 

effect. 

In order to understand the urban heat island effect, it is important to understand the thermal 

process in the natural environment. All thermal processes are primarily energized by the solar 

energy and regulated by the natural environment. In the natural environment, the typical 

constituents of the landscape are rock, soil, water, and vegetation. These constituents respond to 

solar energy reflection/scattering, transmission, absorption, emission, and metamorphosis. These 

processes are explained as follows: 

Reflection/Scattering is the process where incident energy is reflected back due to the surface 

reflectivity characteristics and returns into the atmosphere contributing to Earthôs 

albedo. 

Transmission is passing-through of the incident energy through the intervening medium 

where it undergoes volume absorption and scattering. The energy may reach the next 

layer and undergo another round of absorption/reflection. 

Absorption is the process where incident solar energy is absorbed and becomes part of the 

internal energy of the medium. This is governed by the absorptivity characteristics of 

the material. 
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Emission/Re-radiation is the energy emitted back into the atmosphere. In thermal 

equilibrium, absorption is equal to emission. If absorption is greater than emission, 

the bodyôs temperature increases and vice versa. This is governed by the emissivity 

characteristic of the material. 

Metamorphosis is conversion of incident energy into chemical energy (photosynthesis), 

mechanical energy (weathering), or electric energy (photoelectric effect). 

The net thermal effect of these processes is heating and cooling cycle of the material which is 

synchronous with the diurnal behavior of solar energy. When the natural terrain is converted into 

urban terrain, the processes remain the same but the intensity and rates are changed. For 

example, due to the new materials introduced in the area (concrete, asphalt), the emissive, 

absorptive, and reflective characteristics change leading to following effects: 

1. shift of the thermal equilibrium. 

2. energy retention due to high specific heat materials 

3. energy entrapment in urban canyons between large buildings 

4. overheating or overcooling, and 

5. shifts in the diurnal cycle. 

These effects lead to creation of urban heat islands or urban cool islands. UHI are the 

neighborhoods where the area doesnôt cool down at night due to blockage at night of the escape 

routes of the heat energy that was absorbed during the day. Urban cool islands are the areas 

where the energy intake routes are blocked during the day and it doesnôt receive sufficient 

energy during the day. Either way the thermal equilibrium is shifted to a new balance point. 

Although the shift in the thermal equilibrium is a natural process, it affects life. In the natural 

environment, the shifts in the thermal equilibrium are slow and are accompanied by species 

migrations, species phonological changes etc. The shifts in the urban thermal equilibrium are 

drastic and thus have devastating effects on the human population as well as on the other life 

forms. Some of the known issues are 1) health issues (heat stroke), 2) energy demand 

(AC/heaters), 3) water demand (cooling), and 4) air quality (haze/inversion). 

There is a great interest in determining the urban configurations that would eradicate and 

prevent urban heat islands. Masson has provided a review and classification of urban surface 

energy balance models and their applicability based on scale of study, focus of interest, and 

observational data availability. It is indicated that urban material modification could be a 

potential research direction to mitigate urban heat island. (Mason, 2006). Increasing canopy 

cover by planting trees is a common practice adopted by many cities. This research is conducted 
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to identify urban heat islands in Las Vegas to facilitate and focus tree planting efforts by the 

Nevada Division of Forestry. 

Spaceborne thermal remote sensing techniques have been developed and successfully applied 

to map UHI in various urban areas (Voogt and Oke, 2003; Xian and Crane, 2006). Thermal 

remote sensing data can be used to study the differnce between midnight and noon temperature 

measurements of Las Vegas. In this research, we use ground measurements of air temperature 

and remote sensing measurements of lands surface temperature to analyze the spatio-temporal 

thermal behavior of Las Vegas urban area. Ground based temperature measurements are used to 

perform trend analysis of temperature time series. Statistical relationships are developed between 

air temperature and land surface temperature that are used to estimate the midnight and noon 

temperature from the remotely sensed temperature data. Since urban heat islands have high 

nighttime temperature, we define urban heat island intensity as the difference between the 

midnight and noon temperature. Spatial estimates of UHII are mapped and used to identify the 

urban heat islands. Landuse and tree canopy maps of Las Vegas are used for comparison in this 

analysis. 

3 Study Area and Data 

This section provides brief information about Las Vegas followed by description of data used 

in this research. 

3.1 Las Vegas Urban Area 

Study area includes the greater Las Vegas metropolis which includes City of Henderson, City of 

Las Vegas, City of North Las Vegas, and unincorporated Clark County intervening areas 

contained within the Bureau of Land Management (BLM) disposal boundary. Las Vegas is a 

Spanish word meaning ñthe meadowsò or ñfertile lowlandsò. This name refers to the natural 

springs charged by an expansive aquifer that covers a majority of the valley. This reliable water 

source became a popular stopping point for travelers heading towards Los Angeles or for settlers 

seeking to farm or work in nearby mines between 1850 and 1900. On May 15, 1905, 110 acres 

was auctioned off establishing Las Vegas city area. City government was established by 1911 

with a city population just over 800 people. City expansion steadily grew to 5,165 residents by 

1930. Completion of Boulder Dam in 1935, establishment of industrial and military complexes 

during WWII in the 1940ôs, and Las Vegasô notoriety as an entertainment capitol led to, on 

average, an accelerated population growth rate of approximately 7% per year between 1910 and 

2000. This population boom introduced heavy urban development and expansion. The 

population over the last 20 years has more than doubled (Figure 1). This rapid increase has 

resulted in major conversion of natural surfaces to urban landscape and altered the 
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thermographic, hydrographic, and orographic behavior of the landscape. Figure 2 shows that 

change in the urban footprint through comparison of 1984 and 2009 LandSat true color 

composite images. Las Vegas urban footprint has significantly stretched during the last 3 

decades. Although the city didnôt expand much towards east due to the natural barrier from 

Frenchman mountain, the city has grown almost equally in all other three directions. The change 

in the landscape has occurred in two ways. Firstly, surface characteristics have changed 

including a reduction in desert and open surface, increase in anthropogenic materials (asphalt, 

concrete, etc.), increase in urban sprawl with more housing density, exogenous vegetated 

surfaces, altered surface elevation, altered surface roughness, and landscape fragmentation due to 

roads. Secondly, natural processes have changed including life processes (desert flora and fauna) 

disturbance, hydrographic response change, orographic response change, and thermal response 

change causing urban heat or cool islands.  

3.2 Data 

The data for this research includes zoning maps from various cities of Las Vegas metropolis, 

meteorological data from weather underground stations, and thermal remote sensing data from 

LandSat 5 Thematic Mapper imagery. These data sets are described as follows. 

 

Figure 1. Time series of the population of Las Vegas urban area. (Data source: 

Clark County Department of Comprehensive Planning, SNRPC Consensus 

Population Estimate.) 
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3.2.1 Planned Landuse Data 

Las Vegas valley zoning map of the planned landuse is prepared by merging the land use 

boundaries and government zones across all the cities.  Each city has developed a zoning map 

with custom building codes of landuse characteristics. These maps were merged to create a 

unified landuse map of Las Vegas. GIS layers of the zoning maps were accessible at the Clark 

County GIS Management Office (GISMO) website (GISMO, 2012). The data used for preparing 

the zoning map is listed below. 

City of Henderson 

Existing Zoning map by Geographic Information Services created Sept. 2011. 

HDZoning shapefile by Community Development GIS adopted July 20, 2010. 

City of Las Vegas 

City of Las Vegas Zoning map by Planning & Development Dept. created July 11, 

2011. 

CLV_Zoning shapefile ï File description does not include publisher and date 

within metadata information. 

City of North Las Vegas 

Zoning map by Community Development Dept. Planning and Zoning Division GIS 

Services created March 31, 2011 

 

Figure 2. Las Vegas urban change between 1984 and 2009 as viewed by LandSat 5 

Thematic Mapper. Las Vegas disposal boundary polygon is overlaid for reference. 
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NLVZONE_P shapefile ï File description does not include publisher and date 

within metadata information. 

Clark County (Material created by Comprehensive Planning Dept.) 

Enterprise Planning Area map created Nov. 4, 2009 

CC_ENTPLU_p shapefile created Sept. 2, 2009 

Lone Mountain Planned Land Use map created Oct. 14, 2008 

CC_LMPLU_p shapefile created Sept. 17, 2008 

Northeast County Planned Land Use map created Oct. 4 2006 

CC_NEPLU_p  shapefile created Sept. 6, 2006 

Northwest County Planned Land Use map created April 10, 2008 

CC_NWPLU_p shapefile created Nov. 7, 2007 

South County Planned Land Use map created Feb. 8, 2007 

CC_SCPLU_p shapefile created Dec. 6, 1994 

Spring Valley Planning Area map created Nov 4, 2009 

CC_SPVPLU_p shapefile created Dec. 10 2004 

Sunrise Manor Planning Area map created Oct. 11 2010 

CC_SRMPLU_p shapefile created Jan. 18, 2006 

Summerlin South Planned Land Use map created April 18, 2007 

CC_SUMPLU_p shapefile created May 28, 2003 

Whitney Planned Land Use map created May 15, 2007 

CC_WHPLU_p shapefile March 21, 2007 

Winchester and Paradise Planned Land Use map created Sept. 8, 2010 

CC_WPPLU_p shapefile created Aug. 3, 2005 

3.2.2 Meteorological Data 

Meteorological data for this research was acquired primarily from Weather Underground 

(WUnderground) Network. Data from weather stations at the airports and air force base was also 

used. WUnderground is a name coined for Weather Underground project which is a network of 

privately owned meteorological sensors installed in home backyards and connected to the 

Internet. A central server system continuously receives and archives data from the 

WUnderground stations and displayed on the WUnderground website (Wunderground 2013). 

WUnderground network project was started in the Fall of 1995 and provides weather 

forecasts, current weather conditions, and hourly data for over 550 US cities. It has grown to be 

the largest personal weather station (PWS) network of approximately 36,000 stations with almost 

23,000 located in the US.  Although WUnderground does not provide certified weather data, 

strict quality controls are applied to these meteorological stations. Temperature observations at 

PWS are recorded approximately every 15 minutes.  The website also hosts weather information 
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from other systems such as Airport Automated Surface Observation Systems, the Meteorological 

Assimilation Data Ingest System, and the National Oceanic and Atmospheric Administration.  

Weather conditions for these stations are reported on an hourly and sub-hourly basis.  In this 

project, temperature records are used from 23 wunderground PWS, 4 airport monitored weather 

stations, and 3 community environment monitoring programs. The meteorological station 

locations and study area are identified in Figure 3.  

3.2.3 LandSat 5 Thematic Mapper Thermal Infrared Imagery  

The Landsat program is a long term corroborative effort between the U.S. Geological Survey 

(USGS) and the National Aeronautics and Space Administration (NASA) to gather satellite 

remotely sensed spectral images of the Earthôs surface. LandSat has been one of the most 

successful Earth observation missions. LandSat provides almost 30 years of uninterrupted time 

series of global optical and thermal remote sensing data (USGS Global Visualization Viewer, 

2012).  

 

Figure 3. Las Vegas study area and meteorological station locations. 
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Thematic Mapper (TM) is a 7 band instrument aboard LandSat 5 mission where each band 

tracks the reflected radiance of a surface within a portion of visible, infrared or thermal infrared 

spectrum. Thematic Mapper measures thermal infrared radiance between wavelength range 10.4 

to 12.5 µm called band 6.  Thermal infrared band has a spatial resolution of 120 meters and can 

be used to estimate the land surface temperature. We use thermal infrared data between May 

1984 and November 2011 over Las Vegas to map the land surface temperature.  This comprises 

of approximately 360 remote sensed images where each image corresponds to 10:00 am and 

11:00 am Pacific Standard Time (PST) when Landsat 5 satellite passes over the Las Vegas 

Valley area.    Figure 4 shows a comparison of land surface temperature during 1985 and 2010 

for winter and late spring. The January image of 2010 shows significantly higher temperatures 

compared to 1985 image. Somewhat lesser but similar behavior is observed in the late spring 

images. Although this indicate warming in 2010 but it doesnôt confirm any trend as these images 

are represent a snap shots in time. In later analysis, it is shown that trends do exist that are 

revealed through results of time series analysis.   

 

Figure 4. Comparison of LandSat 5 TM thermal infrared imagery during 1985 

(left column) and 2010 (right column). Winter (top row) and late spring/early 

summer (bottom row) comparison is shown. 
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4 Temperature Trend Analysis of WUnderground Data 

In this section, the trend analysis of the point temperature measurements from 

WUnderground stations is presented. The temperature temporal variation is used to understand 

the evolution of the surface thermal behavior. Although the process is shown for a selected 

station at Henderson Executive Airport, the results are calculated and tabulated for each 

meteorological station.  Figure 6 shows the multi-annual temporal variation of temperature at the 

selected station. A careful observation shows long term trend of reducing temperature. 

Generally, it is difficult to estimate the long term trend in the presence of the annual cycle. Thus, 

an anomaly analysis is performed where annual cycle at each station is removed from the time 

series.  

In the anomaly analysis, the average annual temperature response is calculated through the 

multi-year average of temperature for each day of year. Figure 7 shows such response for the 

selected station which is typical for the Las Vegas area. Residual temperature is defined as the 

deviation of the temperature on a given day from the multi-year average temperature value of 

that day. Figure 8 illustrates the time series of the residual temperature at the selected station 

showing better clarity of trend compared to Figure 6. 

  

Figure 5. Temperature time series of meteorological station at Henderson 

Executive Airport. 
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Figure 6. Average annual temperature response calculated for meteorological station. 

 

Figure 7. Residual temperature time series calculated by subtracting the average 

annual response. 
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 The dashed line in Figure 8 plot is a least squared fit to the residual time series data. It is 

evident from the slope of the line that temperature is decreasing with a rate of 0.32 K/year. The 

slope of the residual temperature was computed for all the WUnderground stations and in general 

most stations show trends of decreasing temperature as shown in table in Appendix A. The time 

range of input data is also shown which reflects the temporal domain of the calculated trend. The 

stations that were installed during the last decade show a decreasing trend whereas the stations 

with multi-decadal data show a positive trend. This indicates that although there is long term 

warming or Las Vegas, there are cooling trends during the last decade. In order to better 

understand the spatial patterns Figure 9 (left) shows color coded points. Note that positive 

temperature trends occur at McCarran airport, Photo Patterns, and Summerlin West NV stations. 

Since Summerlin West NV station only has data for two years this trend only applies to 2010-

2011 period.  

Since the trends are based on specific point data, spatial interpolation is performed to 

estimate the trends in other parts of the city. Inverse Distance Weighted (IDW) interpolation is 

performed and the results are plotted in Figure 9. It is noted that the confidence in the 

interpolated values decreases away from the locations of input data. Nevertheless, it shows the 

spatial patterns otherwise not available due to lack of sufficient ground measurements. Figure 9 

(right) shows that there is no significant temperature trend in the central Las Vegas. Some areas 

show increasing trend and correspond to the airport and the industrial areas in Las Vegas. 

Moreover, the north and south area shows decreasing trends. The trend analysis provides 

meaningful insight that is further explored using the LandSat thermal imagery. This analysis is 

described in the next Section. 

  

 

Figure 8. (Left) LandSat image overlaid with color coded values of temperature 

trend. (Right) Spatial map of temperature trend created by Inverse Distance 

Weighted (IDW) interpolation of point data. 
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5 Temperature Trend Analysis of LandSat Thematic Mapper Temperature Data 

The previous analysis was based on point measurements. In order to confirm these results 

and get a better spatial understanding of the trends, we also conducted trend analysis using 

LandSat Thematic Mapper derived temperature data. Similar procedure as described in Section 4 

is used where mean annual response was subtracted to find residual temperature and slope of 

regression line was computed to estimate trend. This was performed for each pixel of LandSat 

TM image. Figure 9 shows the spatial map of the slope of residual temperature. This map 

illustrates that the old Las Vegas urban and rural area have continued to increase in surface 

temperature due to general climate trends but the new development area in the fringe of the Las 

Vegas city does not show increasing trends. It is noted that in general the new development area 

has higher tree canopy cover. 

It is noted that the analysis of Section 4 corresponds to air temperature where as Figure 9 

corresponds to the surface temperature. These two analyses provide different views of the urban 

heat island effect that surface level and canopy level.   

 

Figure 9. Spatial map of temperature trend estimated from LandSat TM 1990-

2010 data. 
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6 UHII from Regression Model of Wunderground  and LandSat Temperature 

This section describes the analysis performed to estimate temperature trends from the 

LandSat thermal remote sensing data and to create a map of urban heat island intensity. Firstly, 

the process of converting LandSat band 6 digital numbers to land surface temperature is shown. 

Thermal infrared remote sensed data is converted to land surface temperatures (LST) in 

Kelvin units using the inverse of Planckôs Theorem stated as 

 
ὒὛὝ
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(1) 

where K1 and K2 are parameters adjusting for equipment bias.  Emissivity, Ů, accounts for 

atmospheric interference which is general set as 0.95.  Lɚ is the spectral radiance calculated from 

the digital number value of the raster image using the gain and offset values of the thermal 

infrared band (National Aeronautics and Space Administration, 2008). Figure 10 shows the time 

series of WUnderground temperature (WUT) and LST at a selected station. Note that LST is in 

general higher than WUT as would be expected since WUT reflects the air temperature and LST 

is the surface temperature. 

The LST temporal resolution is coarse compared to WUT data but its spatial resolution is 

much finer compared to point based WUT data. Thus, we devised a technique to infer LST from 

the WUT. This technique is based on developing a linear relationship between the two values. As 

indicated earlier, the urban heat islands are areas where the night time temperature stays high due 

to the heat entrapment. Thus, it is hypothesized that the difference between the noon and 

midnight temperature at a given point is an indicator of its urban heat island intensity. Figure 11 

shows the diurnal variation of the WUT data which clearly shows the lowest point around 

sunrise and a peak in the afternoon.  

We develop relationships between LST and WUT at midnight (WUTmidnight) and at noon 

(WUTnoon) using the historical data at all WUnderground stations. The models are given by 

 ὡὟὝ ὃ  ,34ὄ  (2) 

 ὡὟὝ ὃ ,34ὄ  (3) 
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Figure 10. Graph showing a multi-year time series of air temperature observations 

(blue dots) from WUnderground station at Photo Patterns station (ID: 

KNVLASVE23). The corresponding 500 m buffer average land surface 

temperature (red crosses) from LandSat thermal imagery is also shown. 

 

Figure 11. Graph showing typical diurnal variation of air temperature 

observations (blue dots) from WUnderground station at Photo Patterns station 

(ID: KNVLASVE23). The midnight and noon temperatures (red circles) are also 

indicated and corresponding 500 m buffer average land surface temperature (red 

crosses) from LandSat thermal imagery at 10AM is shown as well. 
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where Am and Bm are parameters for midnight linear relationship and An and Bn are parameters 

for noon linear relationship. Figure 12 graphically demonstrates relationships at the Photo 

Patterns station. The model equations are also written in the figure. Model parameters are 

calculated for all the WUnderground stations and listed in Appendix B. Since these parameters 

reflect the relationship between WUT and LST, if available at each point these can be used to 

estimate WUT over the whole study area. We use IDW interpolation to compute the model 

parameters everywhere in the region depicted in Figure 13. The images of the model parameters 

show spatial coherence related to the urban thermal response. These images are used to compute 

the midnight and noon WUT values that reflect the spatial distribution of the air temperature. 

Using the LandSat thermal infrared image on August 30, 2011 WUT images of midnight and 

noon are calculated and shown in Figure 14. In general, the difference between night and day 

time temperature values is obvious showing relatively cooler night temperature.  Moreover, these 

images also show the spatial variations that are dependent upon the urban layout as can be seen if 

compared to the LandSat optical image in Figure 3. As hypothesized earlier, the difference 

between noon and midnight air temperature is related to the urban heat island effect. 

 

Figure 12. Graph showing relationships between average land surface temperature 

from LandSat thermal imagery and (a) midnight air temperature and (b) noon air 

temperature observed at WUnderground station Photo Patterns. 


































