
Research Questions: How does the color of 
landscape gravel affect ambient air, surface 
and soil temperatures?

Results:  For each treatment, we compared the 
mean air, surface, and soil temperature during 
the warmest and coolest three hour period.  
Below, an example for air temperature.

Methodology: We used three 
treatments - dark gravel, light 
gravel, and no-gravel, on 
circular one meter plots. Each 
treatment was replicated, for 
a total of six plots, with a 
replicate of each treatment.  
Each plot had three 
temperature loggers.

The Effect of Landscape Gravel on Ambient Air, Surface, and Soil Temperature

Interpretation and Conclusion:
Out of three treatments:
Air Temperature —> light-gravel was hottest 
treatment in the day and coolest in the night.
Surface Temperature —> dark-gravel was the 
hottest treatment in the day and the coolest in 
night. 
Soil Temperature —-> no-gravel was the hottest 
treatment in the day and coldest at night. 



In recent years, the heat island phenomenon has 
been responsible for 75% of the observed warming 
in Tucson (Comrie 2000). 

Urban Heat Island (UHI): The trend of warmer 
temperatures in urban setting compared to the 
rural setting in the absorb heat and their 
distribution to the environment.

Negative Effects: Increase of  electricity 
consumption, and worsen health conditions. 

Factors that amplified the UHI: physical properties 
of landscape surfaces regarding low albedo, high 
thermal capacity, and little vegetation for 
evapotranspiration rate (Taleghani et. al, 2019).

Credit: NASA 

Introduction 



Dark-colored: Low 
albedo factor; High 

Emissivity
Light-colored: High 
albedo factor; Low 

Emissivity

● Albedo is referring to the reflectivity of the surface (lighter object the high albedo and 
darker object lower albedo). Depend on how light or dark of a surface mean the surface 
absorbed more or less solar radiation, which heat up the surface.

● High albedo, light-colored gravels, by definition, have high solar reflectance, which is the 
proportion of incoming energy, of all wavelengths, that is reflected by the surface. Since 
high albedo surfaces radiate instead of absorbing heat, this property correlates to 
cooling tendency. 

● The emissivity referring to the emitting factor of a surface, which mean that the abject 
emit its store energy. The darker the object the higher emissivity and the lighter the 
object the lower emissivity.



Research Questions: How does the color of landscape gravel affect its association with air, 
surface and soil temperatures during night and day?

Hypothesis: If the usage of lighter-colored gravel is implemented, due to the factors of high 
albedo and lower emissivity of light-colored gravel: 

(i) daytime air temperature 14-15 cm above the gravels will increase and nighttime air 
temperature will decrease; 

(ii) the temperature of light-colored landscape gravel 2-2.5 cm below the surface itself is cooler in 
temperature than the dark-colored gravel; 

(iii) the temperature of the soil 12 cm below the surface would be coolest for the light-colored 
gravel, day and night; and 

(iv) light-colored gravel would have the lowest infrared temperature at the noon reading. 

Research Questions and Hypothesis



  

Three Treatments: Light, Dark, and No-gravel The Experimental Setup

Methodology

Photo: J.M.



Over a three-day period temperatures were logged every 15 minutes from 
sensors 12 cm below the surface (= soil), 2 cm below the surface (= surface), and 

14.5 cm above the surface (= air).  Infrared temperatures of the surface were also 
measured sunrise, noon, and sunset.

 

Air temperature: the release heat of the 
gravel.

Soil temperature: the absorbed heat-> 
The stored heat of the gravel.

Surface temperature: the gravels’ 
temperatures.

Differences between air 
temperatures were tested 
for significance by a 
Generalized Linear Mixed 
Model.

Photo: J.M.



Results          
Figures: Differences of air temperatures of each treatment in 
their warmest and coolest three-hour hours were tested for 
significance by a Generalized Linear Mixed Model.  
Treatments with the same letter (e.g., a or b) are not 
significantly different. Note that the scale of the temperature 
on the x-axis varied widely between each treatment.



Results
Figures: Differences of surface temperatures of each 
treatment in their warmest and coolest three-hour hours 
were tested for significance by a Generalized Linear Mixed 
Model.  Treatments with the same letter (e.g., a or b) are not 
significantly different. Note that the scale of the temperature 
on the x-axis varied widely between each treatment.



Results

Figures: Differences of soil temperatures of each treatment in 
their warmest and coolest three-hour hours were tested for 
significance by a Generalized Linear Mixed Model.  
Treatments with the same letter (e.g., a or b) are not 
significantly different. Note that the scale of the temperature 
on the x-axis varied widely between each treatment.



Daytime Air Daytime 
Surface

Daytime 
Soil

The light-gravel treatment 
was not significantly cooler 
than other treatments with 
0.2-0.3 degrees lower. 
No-gravel is the warmest 
treatment followed by the 
dark-gravel treatment.

Light-gravel treatment is 
warmest treatment. 
Dark-gravel treatment is 
significantly lower due to the 
high emissivity and the low 
albedo factor, which 
radiated more infrared 
energy as the evidence of 
the mean infrared 
temperature of dark-gravel 
treatment 4.1 degrees higher 
than the light-gravel 
treatment at midday. 

The light treatments 
significantly lower than 
the other treatments 
from 1.2-1.6 degrees. 
This due to the 
reduced heat 
absorbed to the gravel 
layer, giving evidence 
from its mean infrared 
temperature 4.1-4.3 
degrees lower than the 
other treatments at 
noon.

Discussion



Nighttime 
Air 

Nighttime 
Surface

Nighttime 
Soil

The light-gravel treatment 
was not significantly cooler 
than other treatments with 
0.2-0.3 degrees lower. 
No-gravel is the warmest 
treatment followed by the 
dark-gravel treatment.

Light-gravel treatment is 
warmest treatment. 
Dark-gravel treatment is 
significantly lower due to the 
high emissivity and the low 
albedo factor, which 
radiated more infrared 
energy as the evidence of 
the mean infrared 
temperature of dark-gravel 
treatment 4.1 degrees higher 
than the light-gravel 
treatment at midday. 

The light-gravel treatment 
is warmest treatment. This 
due to high reflectance 
and low emissivity of 
light-gravel treatment. 
No-gravel treatment, 
though only dirt, also has 
low albedo due to dark 
color, having the coolest 
soil temperature followed 
by dark-gravel.



Limitations and Errors 
● The main limitation of this project is 

time due to sunshine duration was 
shorter in fall compared to the 
summer. Small testing plots and wind 
speed (>1m/s).

● Shadow effect: The air temperature 
loggers were attached to the sticks, 
which provided shade from the sun, so 
the air temperature loggers did not 
receive direct sunlight which might 
contribute to the air temperature 
reading. The stick it self also cast the 
shadow to surface temperature 
loggers (3 were disposed). 

● Out of the six surface temperature 
data, three surface and soil loggers 
were dismissed due to experimental 
design errors. Photo: J.M.

The shadow effect.



Results



Conclusion
The high reflectance of light-gravel treatment reduced the absorbed heat more than the 

high emissivity of dark-gravel treatment daytime but not significantly reduce the soil 
temperature at night. In this sense, the light-gravel treatment significantly reduces the energy 
absorbed by the Earth but this reflected heat in the daytime does not significantly reduce the 
stored heat in the soil for the nighttime. 

The dark-gravel treatment dumps the heat into the atmosphere by emitting this heat which 
cools off the soil. Indicated by this relationship of the dark-gravel treatment, the dark-treatment 
would amplify the urban island effect by its emitting energy at night and increase stored heat in 
the soil in the daytime. 

It is unclear whether the increase in the emitting energy increased, but the store energy 
decreases would benefit the earth surface equilibrium, extended to the heat management of 
plan of increase albedo factor. Future ways to expand upon the project would be to conduct this 
experiment in the summer and on a larger scale. No-gravel treatment is the most effective for 
heat management. Light-colored gravel is the best option for those who insist on having gravel. 



Implication 
These results suggest that the no-gravel treatment is best for reducing the UHI 

effect, and keeping Tucson cooler,  Furthermore, the no-gravel treatment allows for 
the natural establishment of plants, native or exotic, and many previous studies show 
that the shading and evapotranspiration of plants is the most effective cooling 
strategy (Taleghani et al., 2019). When no-gravel treatments are supplemented by 
landscape treatments that guide rainfall runoff into basins with plants, the payoff 
should be lower ambient temperatures for Tucson as well as other cities suffering 
from the Urban Heat Island effect. 
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