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1. Research Aim 

    For the existing hardened pavement in the city, water cooling is an effective way to 

alleviate the urban heat island and reduce energy consumption. For the hot and humid 

cities in china, they normally have heavy rainfall, high temperature and strong solar 

radiation. It has the potential to use passive evaporative cooling technology to alleviate 

heat island. 

This project is to analyze the mechanism of water cooling in urban hardened pavement, 

explore its influence mechanism on the thermal environment of urban street block and put 

forward a watering method for road surface cooling in hot and humid area of China. 

 

2. Research Method 

Theoretical analysis and field measurement on watering of asphalt road pavement 

were used to study the thermal performance of asphalt road and air above road before and 

after watering. And different cases with different watering frequency, watering rate and 

starting time were compared to get the optimal method for watering on asphalt pavement 

in Guangzhou, China.  

 
3. Research Result 

This study made a heat balance analysis on the asphalt road with and without 

watering. The analysis shows that the factors affecting the road heat balance contain 

longwave radiation, shortwave radiation, heat convection between road and air, and heat 

conduction from asphalt surface to deeper material under the road. From the analysis on 

how water receive energy, we found that the cooling effect of watering contained two parts 

such as heat conduction between liquid water and road, and latent heat. The evaporation 

rate were calculated from the comparison analysis of the heat balance on the asphalt road 

with and without watering. 

In an open asphalt road of South China University of Technology located in Guangzhou, 

China, a water drenching system was installed in the two sides of road. The different 

experimental cases with different watering frequency, watering rate and starting time 

were done in summer day and compared. 

For each experimental case, the surface temperature, heat flux and solar radiation on 

the road, and the air temperature, humidity, mean radiation temperature and etc. above 

the road were measured. The experimental cases are shown in Table 1. 
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Table 1 Description of experimental cases 

Case Date Water drenching scheme 
Water drenching 

rate(mm/h) 

1 July 25th Non-drenching water —— 

2 August 29th Non-drenching water —— 

3 August 30th 

12:00am to 17:30pm, 12:00am 

began watering, every 30min 

drench once，every drench 

continued 3min, 12 times 

2.338 

4 August 31st 

11:00am to 16:30pm, 11:00am 

began watering, every 30min 

drench once，every drench 

continued 3min, 12 times 

2.338 

5 September 22nd Non-drenching water —— 

6 September 23rd 

11:00am to 17:00pm, 11:00am 

began watering, every 45min 

drench once，every drench 

continued 3min, 8 times 

1.559 

7 September 24th Non-drenching water —— 

8 September 25th 

11:00am to 17:00pm, 11:00am 

began watering, every hour 

drench once，every drench 

continued 3min, 7 times;（During 

the actual operation, no water was 

poured at 14:00pm） 

1.169 

9 September 26th Non-drenching water —— 

 
Water which is poured from the bottom of the tank when it is poured, is directly 

measured by a mercury thermometer, with an average temperature of 29.9℃. 

The experimental results show that the influencing factors for the cooling effect of 

watering contain the first time of watering, watering rate, the way of watering, and water 

storage capacity. For the summer of Guangzhou, the best watering time on asphalt road is 

9:00 to 9:30 in July and 9:30 to 10:30 on Aug. and Sep. days. Albedo of asphalt road surface 

would reduce by 0.055 after watering. The surface temperature of asphalt road would be 

reduced by 8.21℃ after watering, air temperature at 1m height above road would be 

reduced by 1.30℃ after watering. And there is no obvious difference about humidity and 

SET* after watering.  

The surface temperature of C point on different experimental days is chosen as the 

example, as shown in Figure 1. It can be seen that drenching water directly reduces the 

surface temperature of the road and changes regularly with the drenching period. The first 

time drenching water on each day, the temperature of the road has a sudden drop in the 

instant. Water began to drench at 12:00am in August 30. At 11:00am in August 31, the 

highest temperature is 55℃. In September 23, the drenching water interval was 45 

minutes. The road temperature rises in the partial drenching water period and the average 

amplitude is about 1℃. But from the whole period, it shows a downward trend. In 

September 25, the drenching water interval is 1 hour. 



Time  

Figure 1 Surface temperature of the same C measuring point on different experimental 

days 

 

The method of saving water has been argued. Average evaporation rate during 

watering time on open asphalt road in Guangzhou can reach to the value of 

. And it will be the most economical way when watering rate 

reach evaporation rate. Purling and spraying are better way for cooling. Data also shows 

that heat taken from road by watering occupies 7.58% of all energy that the road absorbs. 

 

The study also made some field experiments on the asphalt pavement samples in 

summer, as shown in Figs.2-3. 

According to the relevant road pavement standards, the pavement test boxes were 

made to measure the temperature and water content of the surface and internal layers 

under the action of water-spraying within one day. The results show that the lowest 

temperature which can be reached by the water spray is the most relevant to the long-wave 

radiation and the total solar radiation intensity, and the appearance time is mostly 10~20 

minutes after watering. The average surface temperature after watering is reduced by 

5.13 °C~8.53 °C, and the average temperature difference with air is reduced to 

0.43 °C~7.42 °C. The surface temperature is lower than the air temperature after the 

period of 16pm to 17pm. 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Test sample of asphalt road 

 
 
 
 
 
 
 
 

 

a)Non-spraying           b)10 seconds spraying       c)30 seconds spraying 

 

Fig. 3 The appearance of asphalt pavement after different spraying time 
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6．Abstract (half page) 

Research Theme: Study on the regulation mechanism of pavement-watering on the 

thermal environment of urban street block in hot and humid area 
Representative Researcher (Affiliation): Qiong Li (South China University of Technology) 
Summary・Figures 
 

In order to relieve the urban heat island effect and improve the urban thermal 

environment, the water cooling of the city surface has been widely noticed. However, the 

researches on the water cooling mainly concentrated on the building envelope, especially 

the roof. Little research has been done on the cooling effect of watering on the asphalt 

pavement. This study is to analyze the factors affecting the water-cooling effects of 

evaporation and the mechanism of water cooling in urban hardened pavement, explore its 

influence mechanism on the thermal environment and put forward a watering method for 

road surface cooling in hot and humid area of China.  

The results show that: 1) The factors affecting the impact of water cooling contain the 

first time of watering, watering rate, the way of watering, and water storage capacity. The 

best first time of watering is 9:00 to 9:30 in July and 9:30 to 10:30 on Aug. and Sep. days. 2) 

Albedo of pavement surface would reduce by 0.055 after watering, and it also reduces by 

about 8.21℃ on surface temperature of asphalt road , 1.30℃ on the air temperature at 1m 

height above road. 3) Average evaporation rate during watering time on asphalt pavement 

can reach to the value of . And the heat taken away from road 

by watering occupies 7.58% of all energy the road absorbs throughout the day. 4) The 

lowest temperature in the watering cycle usually appears 10 to 20 minutes after watering. 

5) It is most economical way to save water when watering rate reach evaporation rate. - 

 

 

 

 

 

 

 

 

 

 

 

 

The filed measurement on the road       The working water drenching instruments in 

South China University of Technology, 

Guangzhou, China 


