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In 2020, the City of Phoenix launched a Cool Pavements program using
CoolSeal a proprietary colored-seal coat intended to provide cooler streets. After
only ten months of evaluation, ASU was quick to note its success with its one-year
evaluation indicating it was 10 to 12 degrees cooler than traditional asphalt
streets.
On October 12 & 14, 2022, after approximately two years in service, the
CoolSeal street in Phoenix District 3 identified as Shea Blvd./Cholla Street from
40th to 44th Street was reviewed, and pavement temperatures recorded. The 48year-old concrete sidewalk (the original cool pavement) was 9 to 12 degrees
cooler than CoolSeal which was less than one degree cooler than the chip sealed
Cholla street.
After only two years in service reflective cracking has already occurred
and there appears little advantage in sustainable pavement temperature
reduction.

September 10th 2020

October 12, 2022, 4 PM
Temperatures
Figure 1 Left two Images are from an ASU webinar. Note the red dashed lines in
the thermal image (middle) indicating that the concrete is just as cool as the
CoolSeal at the time of installation. To date, the scientists have not commented
on the cool pavement advantages of concrete.
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Introduction
In 2020, the City of Phoenix began installing their Cool Pavements Program to combat Urban
Heat Island effects using a seal coat called CoolSeal. Reportedly, the City of Phoenix learned of this
material while attending a cool pavements workshop in Los Angeles sponsored by the FHWA. Los
Angeles began looking at cool pavements in 2015 and have been experimenting with different products
with the goal of eventually covering 250 miles of pavement by 2028. CoolSeal, the product used by the
City of Phoenix cool pavements pilot program, is a light-colored seal coat which reportedly costs four
times the cost of a standard sealcoat but lasts twice as long. The seal coat can be either spray applied or
spread with equipment. This program was a partnership between the City of Phoenix and eight
scientists at ASU’s Global Institute of Sustainability and Innovation, Healthy Urban Environments, and
the Urban Climate Research Center.
This program received national acclaim for combating Urban Heat Island and has received
significant attention in the local media as well as acknowledged as an excellent example of innovation
and collaboration by the city.
The city covered streets in eight neighborhoods in 2020, one neighborhood in 2021, and eight
more in 2022. As of July 2022, the city has approximately 73 miles of cool pavements installed in
neighborhoods at a cost of approximately $3M (i.e., $41,000 per mile) from the Arizona Highway
Revenue Fund. The City of Phoenix has approximately 5,000 miles of roadway in total and currently is
the fifth largest city in the nation.
Some of the findings reported by ASU in their first year CoolSeal evaluation report are as
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follows :
• Cool pavement revealed lower surface temperatures at all times of the day versus traditional
asphalt.
• Cool pavement had an average surface temperature 10.5 to 12 degrees Fahrenheit lower than
traditional asphalt at noon and during the afternoon hours. Surface temperatures at sunrise
averaged 2.4 degrees Fahrenheit lower.
• Sub-surface temperatures averaged 4.8 degrees Fahrenheit lower in areas treated with cool
pavement.

2020 Climate in the Phoenix Metropolitan/Maricopa County Area
The year 2020 was memorable for Maricopa County in terms of weather and quality of life
issues. August 2020 was the hottest month on record since 1896 when record keeping began2. The
average daily temperature was 99 degrees for the month2. Historically, July has always been the hottest
month on record, but August 2020 broke through that ceiling smashing 33 record highs2,3. Among these
are:
•
•
•
•
•

Most Number of days at or above 115 OF (14 d)
Most Number of days at or above 110 OF (53 d)
Most Number of days at or above 105 OF (102 d)
Most Number of days at or above 100 OF (145 d)
Most Number of days at or above 95 OF (172 d)

Fortunately, no record high-lows were set during August 2020, but the summer of 2020 was also
the driest summer on record with only two measurable rain events4. The seriousness of these weather
events may have been overshadowed by COVID, but they are still very significant. In 2020, there were
323 heat related deaths in Maricopa County5. In 2019, there were 428 traffic fatalities in Maricopa
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County6. Heat related fatalities in 2020 amounted to 75% of the traffic fatalities in 2019. Using ADOT’s
state adjusted crash cost per fatality for accidents (i.e., $9,515,371), heat related deaths resulted in just
over four billion dollars of economic loss to Maricopa County in 2020 alone6.
Maricopa County’s population has increased approximately 37% since 2003, and no doubt is an
important factor, but infrastructure must also be considered a cause and planned for appropriately.

Figure 2 Number of Heat Related Deaths by Year in Maricopa County
The valley freeway system currently represents approximately 8,000 acres of paved surface.
Starting in 2003, it has been the goal of the Maricopa Association of Governments (MAG) to overlay the
concrete pavement with asphalt rubber and maintain this black surface perpetually. This decision was
made to solve a noise issue created by transverse tining used to texture the original concrete surface.
In addition to the significant cost, the black asphalt surface contributes to Maricopa County’s
increasing urban heat island problem just as does the 5000 miles of black asphalt streets in Phoenix. It is
reported that paved surfaces are approximately 40% of the urban land area in the Phoenix area.
Pavement surface temperature, although studied in Arizona for over a ¼ century, has not been
addressed by MAG in their freeway strategy selections, and city governments continue to ignore the
advantages of concrete pavements.
In 2004-5, the Portland Cement Association contracted with ASU to study the difference in
environmental impact between concrete and asphalt surfaces7. The results of that study are indicated
in Figure 3 along with a 1995 Emergency Medical Study, and a 2007 American Concrete Pavement
Association (ACPA) study.
As evident in all three studies represented in Figure 3, the asphalt rubber and other asphalt
surfaces remain hotter than concrete surfaces during the entire 24-hour period. However, these all
represented no trafficked temperature readings, meaning there is no traffic traveling over the surfaces
to dissipate the heat. Therefore, to verify whether concrete surfaces remain cooler during the entire
daily cycle with live traffic, it was necessary to capture infrared images under normal traffic operating
conditions. Drone technology was used to accomplish this.
To prove that black pavements are always hotter than white pavements, even though it should
be obvious, the International Grooving and Grinding Association (IGGA) used drones to conduct infrared
(IR) imaging of two sections of the freeway system to validate that the asphalt rubber is always hotter.
To accomplish this, two sections of freeway on SR202 EB were selected. The first site was an asphalt
pavement with a 1/2-inch asphalt rubber overlay. The second site consisted of a concrete pavement
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that had two lanes of diamond ground surface and 4 lanes of a one-inch asphalt rubber overlay. Figures
4 & 5 indicate the results of that testing and their legends graphically represent the three different
pavement structures.

Figure 3 24 hr. Comparison of Asphalt Rubber and Concrete Pavement Temperatures 7,8
Figure 4 indicates the temperatures taken at the shoulder. Although this location best
represents the actual heat disparity between the different surface types, it is essentially a non-traffic
area. Figure 5 represents the temperature difference between two adjacent lanes, one diamond ground
concrete surface and the other the asphalt rubber overlay.
As indicated in Figure 4, the diamond ground concrete surface remains cooler during the entire
24 hr. period. Just before sunrise it is one to ten degrees cooler than the asphalt rubber surfaces and at
peak temperature time (1:30 PM), it is 27 oF cooler than the asphalt pavement overlaid with asphalt
rubber. At 2:30PM the diamond ground concrete surface was 13 to 23 oF cooler than the two asphalt
rubber surfaces.
As indicated in Figure 5, which represents the travel lanes, the diamond ground concrete surface
is again cooler the entire time than either of the two-asphalt rubber overlaid surfaces. At sunrise the
diamond ground surface was again 1 to 10 oF cooler and at the peak temperature (1:30 PM) 7 to 14 oF
cooler.

Figure 4 Pavement Shoulder Temperature for Three Pavement Structures from Drone IR Test
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Figure 5 Pavement Travel Lane Temperatures for Three Pavement Structures from Drone IR
Test

Field Review of CoolSeal Project on N. 40th Way and E. Yucca Street
October 12 Field Review
On October 12, 2022, between 4 - 4:15 PM a cursory review of the North 40th Way and East
Yucca Street was conducted. The air temperature was approximately 94 degrees, and the UV index
approximately 1.5. Visual observation of the pavement condition was made by Mr. Larry Scofield who
used a FLIR TG56 IR spot thermometer to measure pavement surface temperatures with emissivity set
at 0.95. All temperature measurements were obtained on North 40th Way between the intersection
with Cholla Street and the first cul-de-sac to the south. Figure 6 indicates both the area reviewed and
the temperature measurement locations (i.e., N. 40th Way). Four measurements of the CoolSeal were
obtained and four measurements of the adjacent concrete sidewalk were obtained. Only two
measurements of the chip sealed surface were obtained. Appendix 1 through 3 indicate photos of these
measurements.

Figure 6 Area Outlined in Red Dashed Lines was Reviewed
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October 14 Field Review
On October 14, 2022, a second cursory field review was conducted to collect additional
temperature data and to ascertain the construction date of the concrete sidewalk. In addition, a third
area just north of Cholla Street was also measured to include a third surface type. Air temperature was
96 degrees and UV index approximately 3. The field review occurred between approximately 3 to 3:30
PM. Pavement surface temperatures are indicated in Appendix 4.
The construction date of the concrete sidewalk was established as 1974 (48 years old) as
indicated in Figure 5.1 in Appendix 5. Appendix 5 also contains photos of color differences between the
48-year-old concrete and the 3-year-old concrete curb return.
Surface temperatures, shown in Appendix 4, indicate the concrete sidewalk on N. 40th Way was
nine degrees cooler than CoolSeal and on Yucca Street it was 12 degrees cooler. N. 40th Way is a north
south street while Yucca is an east west street. Additional temperature measurements on the chip
sealed surface indicated it was essentially at the same temperature as the CoolSeal.

Pavement Condition Review
After two years in service, CoolSeal exhibited what appears to be reflective cracking. Figure 7 is
a photo of the cracking; one view looking north and one view looking south.
Figure 8 is a photo of the various layers that N. 40th Way appears to be constructed from. The
two red arrows are pointing to what appears to be a slurry seal and a hot mix (AC) layer. The CoolSeal
was installed upon the top layer. The existing structure was not investigated in these reviews, and it is
not known what exists between beneath these two layers.
The existing structure is important to document, as it can influence both the pavement
performance as well as CoolSeal’ s thermal performance. Especially if the CoolSeal temperatures are
being compared to the existing surfaces as though they are all the same. Newly constructed slurry seals
should be expected to have higher pavement temperatures than older hot mix and chip sealed surfaces.
While most AC surfaces tend to get lighter in color with age, it appears CoolSeal may get darker.
Comparing CoolSeal to nominal categories such as traditional asphalt seems inadequate.
Figure 9 indicates a distressed area in the CoolSeal that appears debonded from the existing
asphalt surface. This allowed a sample to be recovered and its thickness determined. The thickness of
the CoolSeal, at this location, was between 25 to 40 mils. To provide some reference to this thickness, a
dime is approximately 50 mills in thickness. Note that some of the asphalt is still bonded to the sample.
The author was surprised at how thin this surface was, but it emphasizes the need for quality
control with spray applied products. The term seal coat applies to several technologies ranging from
chip seals to fog seals and is a term often used to describe treatments less than one inch in thickness.
The author’s experience is that the CoolSeal application is closer to that of a fog seal. It is not known
whether this is just an isolated thin location, or if this is consistent with actual product application rates.
In Figures 5-10 and 5-11 there appears to be pocketing of the surface and it is not known if this is from
entrained air during the spraying process or pockets created by the loss of sand sized particles. This is
something that should be evaluated.

Pavement Temperature Data
Photos of the October 12th pavement temperatures are indicated in Appendix 1 (CoolSeal),
Appendix 2 (Concrete Sidewalk), and Appendix 3 (Chip Sealed Surface). As indicated in Figure 10, the
48-year-old concrete sidewalk was approximately ten degrees cooler than the two-year old CoolSeal and
the aged chip seal was less than a degree hotter. Similar results were found on the October 14th review
with the concrete 9-12 degrees cooler than the CoolSeal and the chip seal surface the same as the
CoolSeal.
The October 14th pavement temperatures are indicated in Appendix 4.
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Figure 7 Cracking in CoolSeal—Note Also How Traffic Has Removed Color

Figure 8 Apparent Slurry Seal Beneath the CoolSeal
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CoolSeal Debonding On Yucca Street

Side View of CoolSeal
Thickness
Figure 9 Debonding of CoolSeal from Surface and Thickness of Coating

Figure 10 Pavement Temperature (oF) By Surface Type on October 12th
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Concrete Pavement Temperature Data
It should not be surprising that the concrete sidewalks are now ten degrees cooler than the
CoolSeal product after just two years. Reviewing Figure 11, which is a print screen from an ASU Cool
Pavement webinar, the added red dashed lines in the thermal image indicate the concrete sidewalks at
the time the CoolSeal was being placed. Note that the older concrete sidewalks appear as cool (or
cooler) as the newly placed Cool Seal. Note also that this image is from a different location than
reviewed herein, but concrete sidewalks are concrete sidewalks.

Figure 11 ASU Thermal and Photographic Images from Helicopter – Red Dashed Lines Added by Author
The scientists conducting the research did not acknowledge this observation in their First Year
Report1. However, the aged concrete does not change significantly with time while the CoolSeal
product appears to darken with traffic and time. This should have been observed and reported for
future reference.
Figure 12 also indicates the tracking from the CoolSeal around the curb return which is
darkening the newer concrete curb return as well.

Figure 12 Photo of 3-Year-Old Concrete Curb Return Color in Contrast to the Older Concrete
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Conclusion
From this limited investigation, it appears that the 48-year-old concrete material was as cool as
the CoolSeal at the time of placement and 9 to 12 degrees cooler two years after CoolSeal placement.
Additionally, significant cracking is already occurring in this section of roadway. This cursory
evaluation and conclusions only pertain to the limited area evaluated. This was a small area compared
to the 73 miles that have been placed. The conclusions are also the authors opinion based on this
limited study.
In the one-year evaluation by the scientists, comparisons were made between the CoolSeal and
traditional asphalts1. In future reviews it is hoped that nominal surface types are not used but rather
more specific terms such as dense graded AC, chip seal, slurry seal, fog sealed surface, etc. are used to
describe each of the individual surfaces for comparison.
The scientists should also evaluate the pavement performance in terms of longevity and quality
placement and not focus exclusively on thermal related properties. Pavement strategies need to be
evaluated for life cycle costs and best value, and this requires defining and documenting pavement
performance properly. The apparent thin thickness should be evaluated in terms of both its impact on
long term pavement performance as well as product quality control during construction.
It is further hoped that the scientists and the City of Phoenix recognize that concrete pavement
is the coolest pavement surface as well as the long-lasting pavement. Rio Verde is the first cool
pavement community in the area and the whitetopping (concrete overlay) installed there is now 16
years old. It’s unfortunate that short lived products continue to be evaluated.
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Appendix 1 CoolSeal Pavement

Average CoolSeal Pavement Temperature = 113.3 oF - Between 4 to 4:15 PM on October 12
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Appendix 2 Cool Pavement

Average Concrete Sidewalk Temperature = 103.5
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Appendix 3 Chip Seal

Ave Chip Seal Temperature= 114
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Appendix 4

10-14-22 Test Results

13

Appendix 5

10-14-22 Photos

Figure 5-1 Sidewalk Contractor Stamp indicating the Sidewalk is 48 Years Old

Figure 5-2 Color Difference in Concrete Slab Replacement
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Figure 5-3 Contractor Date Stamp on Cholla Street Curb Return indicating 2019 Construction Note Color Difference
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Figure 5-4 Close Up Photo of Chip Seal on Cholla Street
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Figure 5-6 Photo of Chip Seal on Cholla Street
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Figure 5-7 Photo of Curb Return Sidewalk (2019) Compared to Original Sidewalk (1974)
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Figure 5-8 Slurry Seal/AC Surface with Possible Sealer Applied and Concrete Water Box – Both Used for Temperatures Measurements
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Figure 5-9 Water Valve Concrete Used for Temperature Measurement
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Figure 5-10 Flaking Off of CoolSeal from Existing Pavement
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Figure 5-11 Photo of Flaking CoolSeal
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Figure 5-12 Side View of CoolSeal Flake Indicating Thickness
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Figure 5-13 Thickness Measurement of CoolSeal Flake
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