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2.1. Wind Decomposition 
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2. Methodology  

 

2.2. Criteria for Sea-breeze events 
•  Divergent center in Pearl River Estuary 

 

1. It should be finished in one day; 

2. When surface solar energy is maximum, it should 

have already appeared; 

3. Requirements (1) (2)  should be met at four levels 

(50m, 100m,150m, 200m) 

 

 

 𝑉 ∙ 𝑛 𝑑𝑙 =  𝛻 ∙ 𝑉 𝑑𝑆
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Figure. Time evolution of 𝑓𝑙𝑢𝑥 at 50 m. Its unit is 𝑚/𝑠. Green lines 
with value 1 indicate sea-breeze events. Major ticks symbolize 0:00 LT.   
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2. Methodology  

 

2.2. Criteria for Sea-breeze events 
•  Sea-breeze events along coasts  

 

  𝑉𝐷 : averaged normal divergent velocity at 50 m   

  𝑉𝑂 : averaged normal original velocity at 50 m 

        

 

        

 

1. Sea breeze should start after sunrise ; 

2. Sea-breeze events should be finished in one day; 

3. when surface solar energy is maximum, they should 

have already happened. 

4. Both 𝑉𝐷 and 𝑉𝑂 should be positive. 
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2. Methodology 

𝑉𝐷 𝑉𝑂 

Origional Wind Field Divergent Wind Field 
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Figure. Time evolution of 𝑉𝐷 and 𝑉𝑂 at 50 m along coast 𝐴𝐺. The units are 
𝑚/𝑠. Green lines with value 1 indicate sea-breeze events. Major ticks 
symbolize 0:00 LT.   
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Start Time: the first time when 𝑉𝐷 and 𝑉𝑂 

both greater than 0; 

End Time: the last time when 𝑉𝐷 and 𝑉𝑂 

both greater than 0; 

Strength: Averaged 𝑽𝑫 during one sea-

breeze event. 

 

11 am 5 pm 



Coast AG  Coast BC   Coast DE  

Number of Sea-breeze 
Events 114 70 96 

Averaged Strength (m/s) 
1.37 1.10 1.35 

Start Time 
10:30 am 10:10 am 10:00 am 

End Time 
18:11 pm 18:15 pm 18:06 pm 

Table. Yearly averaged strength, yearly averaged start/end time and number 

of sea-breeze events along each coasts in 2012. 

3. Statistical Results 
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3.1 Start time, end time and duration of sea breeze events 

 
Start Time End Time 

Duration Lag Time 



3.2. Monthly averaged strength, occurrence frequency and background wind 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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Coast DE 
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Occurrence Frequency 
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3.2. Characteristics of separable sea-breeze events 

Stream function with value of 0  



3.2. Characteristics of separable sea-breeze events 

 

Pumping ability: Vertically Integrated inland 

velocity from the ground to the top of sea 

breeze above the coast 

Height 

Penetration distance 

Definition of Separable Sea-breeze events 

1. Clear lateral boundary; 
 

2. Within the penetration distance, inverse 

flow can be found above the sea breeze 

everywhere. 

Convergent Zone 



Coast AG  Coast BC   Coast DE  

Number of Separable Cases 
103 (114) 41 (70) 52 (96) 

Inland Penetration (km) 
17 30 26 

Height (m) 
707 730 706 

Pumping ability (𝑚3/𝑠) 
1028 1150 1065 

3.2. Characteristics of separable sea-breeze events 

Table. Yearly averaged inland penetration distance, yearly averaged maximum 

height/pumping ability and number of separable sea-breeze events along each 

coasts in 2012. 



3.2. Characteristics of separable sea-breeze events 

Coast DE 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0

4

8

12

0

400

800

1200

1600

0

400

800

1200

0

8

16

24

32

40

48

 

 
 

 
 

Coast BC 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0

4

8

12

0

400

800

1200

1600

0

400

800

1200

0

8

16

24

32

40

48

 
 

 

 

 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0

4

8

12

0

400

800

1200

1600

0

400

800

1200

0

8

16

24

32

40

48

 
 

 
 

Coast AG 

Inland Penetration (km) 

Maximum Height (m) 

Pumping Ability (𝑚3/s) 

Occurrence Frequency 



3.2. Characteristics of separable sea-breeze events 
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(e)

Normal Original Velocity (m/s)  

Pumping Ability (𝑚3/𝑠) 

Vertical Velocity at Convergent Zone (m/s) 
 

Start Time End Time Strongest Time 
Coast AG 
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Coast BC 
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4. Effects of Urbanization on Sea-breeze 4. Effects of Urbanization on Sea-breeze 



1988 1999 2010 

Start Time 11:30 am 10:55 am 10:50 am 

End Time 17:20 pm 18:05 pm 17:50 pm 

Duration (hour) 7 h 8 h 11 mins 8 h 

Averaged Strength (m/s) 2.26 2.51 2.47 

1988 1999 2010 

Number of separable cases 8 (11) 8 (11) 9 (11) 

Inland Penetration distance (km) 16.1 15.3 15.6 

Pumping Ability (𝑚3/𝑠) 1003 1108 1223 

Height (m) 506 544 617 

Table. Characteristics of all sea-breeze events 

Table. Characteristics of separable sea-breeze events 

4. Effects of Urbanization on Sea-breeze 4. Effects of Urbanization on Sea-breeze 
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Normal Original Velocity (m/s)  Pumping Ability (𝑚3/𝑠) Vertical Velocity at Convergent Zone (m/s) 
 

4. Effects of Urbanization on Sea-breeze 




