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a b s t r a c t

Beyond the environmental function of stormwater management, permeable pavement is also a type of
cool pavement that can help mitigate urban heat island effect through evaporative cooling. Evaporation
rate is an important factor that influences the evaporative cooling effect of permeable pavements. A sim-
ple experiment method was used to initially explore the evaporation rates of different pavement mate-
rials under outdoor conditions. Experimental results of the evaporation rates were obtained for six
different permeable pavement materials plus the bare water. The main factors influencing the evapora-
tion rates were revealed. The findings imply that high water availability near the surface or large mois-
ture exposure to the atmosphere are critical for the evaporation rate and consequent evaporative cooling
effect of pavement materials. Increased air voids and permeability is one way to improve moisture expo-
sure to the atmosphere and enhance the evaporation. Keeping the surface wet through enhanced capil-
lary effect with finer gradations or directly sprinkling water on the surface is another way to produce a
better evaporative cooling effect. An optimal design of materials with appropriately balanced pore size
and capillary effect and adequate permeability is desired to maximize the evaporative cooling effect.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

1.1. Background

Cool pavement strategies can be used to mitigate urban heat
island effects and improve outdoor thermal environments in urban
areas. Improved outdoor thermal environments in urban areas
could potentially help reduce the negative impacts of heat islands
such as increased air conditioning (A/C) energy consumption of
buildings and vehicles and impaired air quality (ground-level
ozone) [1–10]. In addition, as a strategy to reduce Vehicle Miles
Traveled (VMT) by creating livable and walkable communities,
improving the street thermal environment is attracting increasing
attention from practitioners, academics and competing industries
[11–15]. Increased walking or cycling also provides an opportunity
for improving human health and thus improving the quality of life
[16,17].

With respect to the pavement type, the heat island might not
just be a ‘‘black or white’’ issue (asphalt versus concrete, although
it is known that albedo is a function of material microstructure and
rugosity not just color), but also might be an ‘‘impervious and per-
vious’’ issue. To mitigate local heat islands and reduce the associ-
ated impacts mentioned previously, some impervious surface
coverage can be substituted by pervious coverage. This is also the
requirement for limiting disruption of natural hydrology according
to LEED [18], which requires different options for project sites with
impervious area greater or less than 50%. Permeable pavement, as
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a Low Impact Development (LID), can help minimize the impervi-
ous surfaces and could potentially improve the quality of life in a
community and reduce other environmental impacts, such as
reduced or at least slowed (where there is not full infiltration)
stormwater runoff and associated water pollution, reduced storm-
water management facilities, enhanced on-site infiltration for veg-
etation growth and recharging of underground water [1,2,19–24].

As one potential cool pavement type, permeable pavements
have many environmental benefits beyond conventional imperme-
able pavements as mentioned above (note that asphalt, concrete
and integrated concrete paver pavements can be considered for
applications as permeable pavements). The main potential cooling
mechanisms for permeable pavements are evaporative cooling
[25,26], heat resistance [3,25,26] or reflection and evaporative
cooling if using reflective permeable pavement [26,27].

Evaporation is energy transmitted away from the pavement
surface by the latent heat of water vapor to achieve the phase
change of water from liquid to gas. Water from moist soil or wet
surface changes to vapor when heated by the solar heat or other
heat sources. Water vapor then rises into the atmosphere, taking
the solar energy with it and resulting in cooling effect. The evapo-
ration term also includes evapotranspiration, a more complicated
process plants use to keep cool. During evapotranspiration, water
is drawn from the soil by the roots of the plant and is evaporated
through stoma on the plant’s leaves. Both evaporation and evapo-
transpiration increase when there is more moisture available,
when wind speeds are greater and when the air is drier and war-
mer [28]. The evaporation latent heat loss qevap (W/m2) (i.e. theo-
retically maximum cooling effect) can be described as follows
when water is completely exposed to air:

qevap ¼ L � ER ð1Þ

where, ER is the evaporation rate; L is specific latent heat of water
vaporization.

The evaporative cooling could reduce pavement temperature
and consequent air temperature through latent heat absorbed dur-
ing the phase change of water (from liquid to gas) when moisture
exists in the pavement or in the underlying soil or is sprinkled on
the pavement surface. Permeable pavements can provide these
benefits. From the equation above, it is known that the latent heat
loss (qevap) from pavement is linearly and positively correlated
with the evaporation rate (ER) for water exposed to air. The effect
of evaporative cooling of permeable pavement highly depends on
the evaporation rate of the permeable pavement materials
[25,26]. Therefore, it is of great interest to explore and better
understand the evaporation rate for different pavement materials
used for permeable pavements.
1.2. Objective and scope of this study

The objective of this study is to measure and compare the evap-
oration rate of different pavement materials under outdoor condi-
tions, and provide a better understanding and typical values of
evaporation rate that are useful for the modeling and simulation
of the cooling effect of evaporation from permeable pavements,
and explore the first-order factors affecting the evaporation rate
of permeable pavement materials.
2. Materials and methods

2.1. Description of test materials

The materials used for measurement of evaporation rate include water in six
different pavement materials along with fully exposed water for comparison. These
six pavement materials fall into two categories: permeable pavement surface layer
materials and base layer materials or bedding layer materials. All these six types of
materials are open-graded materials used in experimental pavement sections con-
structed at the University of California Pavement Center (UCPRC) test facilities in
Davis, California.

A total of nine experimental pavement sections (A1–3, B1–3, and C1–3) were
constructed for the cool pavement study at UCPRC. These nine test sections include
three different pavement surfacing materials, namely integrated concrete pavers
(surfacing type A), open-graded asphalt concrete (surfacing type B) and portland
cement concrete (surfacing type C). For each pavement surface type, one imperme-
able pavement design (design 1) and two permeable pavement designs (design 2
and design 3, can also be referred to as porous or pervious depending on the mate-
rial, the word permeable is used for convenience in this paper) were constructed.
Six out of the nine sections are permeable pavements. Each section is 4 m by 4 m
square in size (see Refs. [25–27,29] for more details).

Three permeable pavement surface layer materials were chosen for the evapo-
ration testing in this paper, which are permeable asphalt B3 and permeable con-
cretes C2 and C3. The permeable asphalt B2 is open graded asphalt concrete with
a nominal maximum aggregate size (NMAS) of 9.5 mm and PG 64-10 asphalt bin-
der. The main differences between permeable concrete C2 and C3 are the gradation
and cement type. The C2 used a finer gradation with an NMAS of 4.75 mm and con-
ventional gray cement, while C3 used a coarse gradation with the NMAS of 9.5 mm
and a whiter cement. Due to the whiter cement with much lighter color, the C3 con-
crete sample has an albedo of 0.26 which is larger than that of 0.18 for the C2 con-
crete sample (see Table 1).

The three base layer materials or bedding layer materials include gravel S1 and
S2 and sand S3. The gravel S1 was used as open-graded base aggregate reservoir
layers in the six experimental permeable pavement sections mentioned above.
The size of S1 is 19 mm. The gravel S2 is ASTM #8 aggregate (with NMAS of
12.5 mm, finer than S1) and was used as bedding layer materials for permeable
paver sections A2 and A3. The gravel S3 is ASTM C33 sand (with NMAS of
9.5 mm, finer than S2) and was used as bedding layer material for impermeable
paver section A1. In addition, a fully exposed water sample S0 was used for
reference and comparison.

The gradations of these six materials are presented in Fig. 1. The C3 has the
same NMAS as the B3, which is 9.5 mm. However, the C3 is more open-graded with
more coarse aggregate compared to B3, as shown in Fig. 1. The gravel S1 is coarsest
material followed by the S2 while the sand S3 is the finest material.

In addition to the gradation, the albedo, permeability, air void content and den-
sity of these materials were measured and listed in Table 1for reference (see Refs.
[25,27,29,30] for details on measurements). The summary of each material along
with material designs and other characteristics is listed in Table 1.
2.2. Experimental plan

The samples of these materials were put into 100 mm diameter � 150 mm
height plastic cylinder containers (Fig. 2). The sample of permeable asphalt B3
was thin (60 mm), and the gravel S1 (19 mm NMAS) was used to fill up the cylinder
(Fig. 2b) under the permeable asphalt B3, simulating the full permeable pavement
structure (surface layer + reservoir layer).

Each dry sample and the cylinder container was then weighed together and
recorded as m1. The water was then added into each container slowly, ensuring it
was filled up with water (Fig. 3). The permeable pavement or aggregate base will
not be full of water and only partially saturated for most of time and regions. How-
ever, to simulate the permeable pavement just after the heavy rain event or exten-
sive irrigation, the cylinders were first completely filled with water and allowed the
water level to drop through evaporation. This will provide the opportunity of well
monitoring the change of evaporation rate over time and better investigating the
effect of water level on evaporation rate. The overflow and surface water was dried
using a towel. Then the total weight of sample, container and water was measured
and recorded as m20. After that, the samples in containers were moved outdoors and
placed under the sun for evaporation (Fig. 4). The total weight of each sample plus
the container and remaining water was measured over time t and recorded as
m2t. The water weight left in the container at time t would be

mwt ¼ m2t �m1 ð2Þ

where mwt is the mass (kg) of water left in the container at time t; m2t is the total
mass (kg) of a sample plus the container and remaining water at time t; m1 is the
total mass (kg) of a sample plus the container.

The weight loss (i.e. the water evaporated) over time t for each sample under
outdoor conditions can be calculated as

Dmwt ¼ m20 �m2t ð3Þ

where Dmwt is the mass (kg) of water evaporated from the container at time t; m20 is
the initial total mass (kg) of a sample plus the container and remaining water at time
0; m20 is the total mass (kg) of a sample plus the container and remaining water at
time t.

The evaporation rate (ER, in kg/m2/h or mm/h) during the time period t1

through t2 will be

ER ¼ ðm2t1 �m2t2Þ=½Aðt2 � t1Þ� ð4Þ



Table 1
Characteristics of permeable pavement materials used in this paper.

Material # Material type (NMAS)a Thickness (mm) Albedob Permeabilityc (cm/s) Air void (%) Density (kg/m3)

B2 Asphalt-O (9.5 mm) + Aggregate-O (19 mm) 60 + 90 0.08 0.11 12 2270
C2 Concrete-O (4.75 mm, #4) 150 0.18 0.21 15 1980
C3 Concrete-O (9.5 mm) �white cement 150 0.26 0.29 17 2050
S1 Aggregate-O (19 mm, �ASTM #57) 150 0.18 2.5 46 1650
S2 Aggregate-O (12.5 mm, ASTM #8) 150 0.20 1.2 25 2100
S3 Sand (9.5 mm, ASTM C33) 150 0.30 5 � 10�3 15 2400
S0 Bare water 150 –d –d –d 1000

a O = Open graded.
b Using dual-pyranometer (see [27]).
c Using ASTM C1701 method (see [29]).
d – = Not applicable.

Fig. 1. Gradations of materials tested in this paper. Fig. 3. Adding water to fill up the cylinder containers.
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where ER is evaporation rate, in kg/m2/h or mm/h; m2t1 is the total mass (kg) of a
sample plus the container and remaining water at time t1 (h); m2t2 is the total mass
(kg) of a sample plus the container and remaining water at time t2 (h); A is the sam-
ple surface area, in m2.

The latent heat flux qevap (kJ/m2/h) lost from evaporation (i.e. cooling effect)
could be calculated as

qevap ¼ L � ER ð5Þ

where qevap is the theoretically maximum latent heat flux lost from evaporation (i.e.
cooling effect), in kJ/m2/h; L is the specific latent heat for water vaporization,
2260 kJ/kg; ER is the evaporation rate of water, in kg/m2/h or mm/h.

In addition, temperatures on the surfaces of the different materials were also
measured using a thermometer. The weather data (including air temperature, rela-
tive humidity, solar radiation, wind speed, rain and air pressure) were also
100 mm diameter 
× 150 mm height  

cylinder containers

(a) (b)

(c)

B3 C3 C2

B3 C3 C2

Fig. 2. Sample preparation (B3, C3 and
monitored using a nearby weather station. The evaporation test was conducted
on clear summer days in July 2012 (July 9–25) at Davis, California. The weights
and the surface temperatures for each sample were manually measured every hour.
The weather data was automatically measured every half hour. The data in the first
three days (July 9–11) are presented in this paper (same trends for other days).
2.3. Data analysis and presentation

The weather data, the surface temperature, the water weight left in the contain-
ers, the evaporation rate and the latent heat loss of each sample are plotted using
time series plots over the experimental period (July 9–11) to examine the changes
in these fundamental variables over time. In addition, the average evaporation rate
over three days (July 9–11) and one day (July 10) were statistically analyzed and
plotted using boxplots for each type of materials, to compare the differences in
S1
Aggregate 

B3

B3 C3 C2

S1 S2 S3
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C2 are dark due to wetting in (d)).
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Fig. 4. Evaporation testing under outdoor conditions.
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evaporation rate between materials and provide average values of evaporation rate
for each materials under clear summer days. The effects of permeability and air void
content and the water level depth on the evaporation rate are also examined
through data plotting.
3. Results and discussion

3.1. Weather data and surface temperature change over time

The weather data during the experimental period of July 9–11,
2012 are plotted in Fig. 5. The weather was clear and sunny with
high air temperatures of 36–39 �C. The peak solar radiation inten-
sity around noon was approximately 1000 W/m2 for all three days.
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Fig. 5. Weather data during the
The wind speed was lower than 2 m/s for most time. The low day-
time relative humidity was approximately 20% while the night
daytime relative humidity was approximately 80%. The weather
conditions in these three days were close to each other, except
the air temperature on the third day (July 11) was slightly higher
than the other two days.

The surface temperatures of each sample are presented in Fig. 6.
The asphalt sample has the highest surface temperature during
evaporation testing due to its dark color and low albedo of 0.08
(see Table 1), which absorbs more solar energy compared to the
other surfaces with higher albedos. The peak surface temperature
is approximately 50 �C in the first experiment day (July 9), and
reaches 60 �C on the third day (July 11). The gravel sample S3
(sand) shows the lowest surface temperature due to its higher
albedo of 0.30 (see Table 1) and highest evaporation rate (see
below for more details), except for the bare water S0.
3.2. Water weight change over time

The water weight change over time is presented in Fig. 7. The
bare water (S0) has the most water available and the largest
change rate (slope of the curve). The gravel samples S1, S2 and
S3 also have relatively larger change rates. The permeable concrete
samples C3 and C2 and the permeable asphalt sample B3 have rel-
atively smaller change rates. This implies that the permeable con-
crete samples C3 and C2 and the permeable asphalt sample B3
have lower evaporation rates compared to the gravels (S1–S3) or
the bare water (S0). The reason for their low evaporation rates
might be the low air void content and low permeability of these
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materials (see Table 1), which to some extent blocks the water
evaporation from the materials. It should be noted that all samples
still had more than 200 g of water available in the container even
at the end of the third day (July 11).
3.3. Evaporation rate and cooling effect (latent heat flux) change over
time

Fig. 8 presents the evaporation rate and latent heat loss change
over time for different materials. The evaporation rates of all mate-
rials show a pattern similar to that of the air temperature, which is
high in the daytime and low in the nighttime. The bare water
shows the highest evaporation rate. The daily peak evaporation
rate reaches 2.5 mm/h in the first day and reduces to 1.5 mm/h
in the third day, although the air temperature is slightly higher
in the third day (see Fig. 5). Excluding the bare water, the gravel
sample S3 (sand) generally has the highest evaporation rate appar-
ently due to its ability to move moisture to the surface for evapo-
ration through capillary action; its peak evaporation rate drops
from 1.8 mm/h in the first day to 1.0 mm/h in the third day. The
surface materials of permeable concrete C2 and permeable asphalt
B3 have the lowest evaporation rates, which are slightly lower than
that of permeable concrete C3. Permeable concretes C3 and C2 and
permeable asphalt B3 have much higher evaporation rates (0.5–
1.5 mm/h) during the first experiment day when more water is
available near the surfaces. Evaporation rates are lower (0.1–
0.3 mm/h) in the second and third day with less moisture available
near their surfaces, although there still is adequate water available
in the lower part of the containers and samples.
3.4. Average evaporation rates of different materials for different
periods

The evaporation rates over different time frames during the
experimental period (July 9–11, 2012) are calculated and plotted
in Fig. 9 using boxplots for different materials, including over the
three days (July 9–11), over the whole middle day (July 10), in
the morning, noon, afternoon and night of the middle day (July
10). In addition, the descriptive statistics, including the number
of measurement (N), mean, standard deviation (Std.Dev.), mini-
mum (Min), 1st quartile (Q1), median, 3rd quartile (Q3), and max-
imum (Max), of the evaporation rate for two main periods (3-day
and 1-day) are presented in Table 2 for reference.

Fig. 9(a) and (b) shows the evaporation rates over the three days
(July 9–11) and over one day (July 10), respectively. Overall, the 3-
day average evaporation rates are slightly higher than the 1-day
average due to the high availability of water close to surfaces
and consequently the high evaporation rates in the first day (July
9, see Fig. 7). This suggests that the availability of water close to
surfaces is an important factor that influences the evaporation rate.

It is noted that the evaporation rate is high during the daytime,
especially in the hot afternoon in summer (Fig. 9(d) and (e)), and
low during the night time and especially in the cold early morning
(Fig. 9(c) and (f)). As expected, the air temperature (also air humid-
ity) also plays a vital role in the evaporation rate of the pavement
materials. High air temperature and low humidity will help
enhance the evaporation rate, which is just what is expected dur-
ing hot period.

3.5. Effects of permeability and air void content on evaporation rate

In order to examine the effects of permeability and air void con-
tent on evaporation rate, the medians (highlighted in Table 2,
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which removes the impact of outliers shown in Fig. 9(a)) of evap-
oration rate over the three days (July 9–11) were plotted against
the permeability and air void content of different pavement mate-
rials (except the bare water), as shown in Fig. 10.

Except S3 (sand) and S0 (bare water), the evaporation rate rank
is S1, S2, C3, C2 and B3. This is the same rank as the air void and
permeability for these materials. The S1 (19 mm gravel) has larger
air void content (46%, see Table 1) and higher permeability
(0.29 cm/s, see Table 1), and largest evaporation rate (0.8 mm/h,
3-day average) compared to S2, C3, C2 and B3 (Fig. 9(a) and (b)).
Among S1, S2, C3, C2 and B3, the B3 (9.5 mm) has the smallest
air void content (12%) and lowest permeability (0.11 cm/s), and
the smallest evaporation rate (0.1 mm/h, 3-day average). This
implies that the air void and permeability are positively correlated
to the evaporation rate for these permeable surface layer materials
and permeable gravel materials. A small air void and low



Table 2
Descriptive statistics of the evaporation rate for different periods.

Period Sample ID N Mean Std.Dev. Min Q1 Median Q3 Max

3-day (July 9–11) B3 26 0.10 0.13 0.00 0.02 0.05 0.09 0.47
C2 26 0.31 0.48 0.00 0.06 0.11 0.17 1.61
C3 26 0.29 0.32 0.03 0.12 0.22 0.28 1.39
S0 26 1.36 0.67 0.15 0.78 1.45 1.82 2.46
S1 26 0.87 0.57 0.09 0.44 0.74 1.10 2.01
S2 26 0.68 0.61 0.07 0.32 0.49 0.73 2.08
S3 26 0.93 0.51 0.09 0.51 1.00 1.39 1.76

1-day (July 10) B3 13 0.04 0.03 0.01 0.01 0.05 0.06 0.10
C2 13 0.09 0.05 0.01 0.04 0.11 0.13 0.17
C3 13 0.18 0.10 0.03 0.11 0.22 0.23 0.31
S0 13 1.20 0.69 0.15 0.53 1.36 1.79 2.15
S1 13 0.68 0.40 0.09 0.31 0.72 0.95 1.37
S2 13 0.41 0.21 0.07 0.33 0.47 0.52 0.76
S3 13 0.87 0.50 0.09 0.48 1.05 1.20 1.62

(b)(a) 

Fig. 10. Effects of permeability (a) and air void content (b) on evaporation rate.
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Fig. 11. Effects of water level depth on evaporation rate: (a) permeable surface materials and (b) gravel materials.
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permeability tend to block the water evaporation from the materi-
als and seal the moisture inside the materials.

As shown in Table 1, the fine but well graded sand S3 material
(see Fig. 1 for the gradation) has the relatively smaller air void
(15%) and low permeability (5 � 10�3 cm/s) among the six materi-
als (S1, S2, S3, C3, C2 and B3). However, it has highest evaporation
rate (1.0 mm/h, 3-day average) among all the six materials and its
evaporation rate is just lower than but close to that of the bare
water S0 (1.5 mm/h, 3-day average), as shown in Fig. 9(a) and
(b)). The reason for this might be that, the fine sand material has
small pore size, large surface area to volume ratio (SAVR) and con-
sequently high capillary effect compared to the materials with
large pore size (e.g. the permeable concrete C2 or gravel S1). The
high capillary effect of the fine materials will easily move the water
from the bottom of the material to the top or surface, enhancing
the water availability near the surface of the materials and the con-
sequent evaporation rate (see the discussion above). This suggests
that improving the pore size and enhancing capillary effect of
materials could help increase the evaporation rate. However,
reducing the pore size and increasing the capillary effect might
reduce the permeability. Therefore, an optimal design of material
with optimized pore size and adequate permeability is desired.

All these findings imply again that high water availability near
surface or moisture exposure to the atmosphere are critical for the
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evaporation rate of pavement materials, as well as the high air
temperature and low humidity. Increase in the air void and the
permeability is one way to improve the water availability near sur-
face or the moisture exposure to the atmosphere for the pavement
materials. Keeping the surface wet through enhancing capillary
effect or sprinkling water on surface is another way that could
increase the evaporation rate and consequently produces a better
evaporative cooling effect. The capillary effect depends on the air
void content and structure in the surface materials and the size
of air void (i.e. pore size). This needs more experimental and theo-
retical research to optimally design the materials, which is out of
the scope of this paper and will be the next step of the study.

3.6. Effect of water level depth on evaporation rate

As the water evaporates the water level depth from the material
surface increases. To explicitly examine the effect of water level
depth on evaporation rate of permeable pavement materials, the
relationships between evaporation rate and water level depth
(estimated from remained water weight) are plotted in Fig. 11
for the three permeable surface materials (B3, C2 and C3, in (a))
and the three gravel materials (S1, S2 and S3, in (b)), respectively.
It is clearly shown that the evaporation rate of permeable pave-
ment materials decrease as the water level depth from the material
surface increases. For the three permeable surface materials
(Fig. 11(a)), the evaporation rate decreases significantly when the
water level depth is over 20 mm. The evaporation rate decreases
significantly when the water level depth is over 100 mm for the
three gravel materials (Fig. 11(b)). This confirms again that the
availability of water or moisture close to surfaces is very important
for the evaporation rate.
4. Summary and conclusions

The evaporation rate is an important factor that influences the
evaporative cooling effect of permeable pavements. It is deter-
mined by a complex system of factors, such as air temperature, rel-
ative humidity, water temperature, moisture content, air void
content, content, air void size and connecting structure. To take
an initial look at this complex system, a simple experiment method
was used to measure the evaporation rates and explore the main
factors affecting of different pavement materials under hot summer
outdoor conditions at a test site in Davis, California. The results can
provide some initial values of evaporation rate for the modeling
and simulation of the cooling effect of evaporation from pavement.
Some main findings from this experimental study include,

(a) The peak evaporation rate of bare water is about 2.0–
2.5 mm/h during hot days with 3-day average of 1.5 mm/h,
which is higher than that of water in any pavement materi-
als tested.

(b) The 3-day average evaporation rate of gravel materials (S1,
S2 and S3) is in the range of 0.5–1.0 mm/h. The fine sand
with small pore size had a higher evaporation rate compared
to the coarse gravel.

(c) The permeable asphalt and concrete pavement surface
materials have 3-day average evaporation rates in the range
of 0.1–0.3 mm/h, which is lower than the gravel materials
due to their smaller air void content and lower permeability.

(d) Evaporation rate of pavement materials is high during the
daytime, especially in the hot afternoon in summer, and
low during the night time and especially in the cold early
morning. High air temperature and low humidity will help
enhance the evaporation rate, which is just what is expected
under hot conditions.
(e) The air void and permeability are positively correlated to the
evaporation rate for these permeable surface layer materials
and permeable gravel materials except sand. A small air void
and low permeability tend to block the water evaporation
from the materials and seal the moisture inside the
materials.

(f) Improving the pore size and enhancing capillary effect of
materials could help increase the evaporation rate.

All these findings imply that high water availability near the
surface or large moisture exposure to the atmosphere are critical
for the evaporation rate of pavement materials, as well as the high
air temperature and low humidity. Based on the findings, it can be
concluded that increasing the air void and the permeability is one
way to improve the moisture exposure to the atmosphere and
enhance the evaporation for the pavement materials. Keeping the
surface wet through enhancing capillary effect or sprinkling water
on surface is another way that could increase the availability of
water or moisture close to surfaces and the evaporation rate and
consequently produces a better evaporative cooling effect. The cap-
illary effect depends on the air void content and connecting struc-
ture in the surface materials and the size of air void (i.e. pore size).
More experimental (e.g. with large sample size and sample num-
ber) and theoretical studies are recommended to evaluate and
optimally design the evaporative cooling effect of pavement mate-
rials with adequate permeability.
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