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Key findings: 
• Mangroves can offer coastal protection to the large coastal cities located in the 

Pearl River Delta, such as Guangzhou and Shenzhen. 
• Water level attenuation rates vary in space and in time and cannot be summarised 

to a single linear reduction factor.
• The local (within-wetland) attenuation of extreme water levels is more effective 

with wide vegetation patches and higher vegetation drag. Narrower vegetation 
patches can still provide non-local (upstream) water level attenuation if located in 
the upper estuary channels.

• For both within-wetland and upstream attenuation, we found that it is at its highest 
during extreme water levels, like those experienced during strong typhoons. 

• Our simulations are based on the drag coefficients of mangrove branches 
sampled in the Pearl River Delta and measured in flume experiments. A 
comparison with measurements in situ and during extreme conditions, 
would be desirable to validate our results.

• An accurate location-specific modelling of the complex estuaries/deltas 
dynamics and their interactions with vegetation is necessary for real-life 
implementation to ensure their effectiveness and avoid amplification of water 
levels.

The Pearl River Delta is 

now the world’s largest 

urbanized area in both in 

size and population, and 

also the world’s most 

vulnerable delta to 

flooding. 

Guangzhou and 

Shenzhen, two main 

cities in the Pearl River 

Delta, are the 1st and the 

9th in the world in terms 

of annual estimated 

losses due to flooding. 

For cities located in estuaries or deltas, the creation or restoration of 

large tidal marshes or mangroves between the city and sea could mitigate 

waves, but also the height and landward propagation of storm surges.

Factors and processes controlling extreme water level reduction by 

vegetation in complex estuary or delta systems are still uncertain.
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We have simulated a mangrove forest of 600 m, which is about 

the width of the vegetation patch actually present and the loss in 

protection if the mangrove forest decreases in size to 300 m or 

disappears completely, as well as the changes in protection with 

a wider mangrove forest (900 m). D
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We have analyzed the level of protection which 

would be provided by two hypothetical 

mangrove forests of 300 m width and of 

different length. These hypothetical patches 

include some existing mangrove plantations: the 

short patch (6 km) includes the mangrove 

plantation in Hualong and the long patch (16 km) 

encompasses the Hualong and Lianhuashan
mangrove plantations.

VEGETATION DRAG FORCE 

implemented in FVCOM 

as a retarding force in the 3D momentum 

equations.

CD: drag coefficient

A: area faced to the flow

u: flow velocity

N: number of mangroves in one model cell
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Finite-Volume Community Ocean Model (FVCOM) for the Pearl River DeltaNature-based coastal defences

Close-up view of the FVCOM 

model grid in Shenzhen Bay Close-up view of the 

FVCOM model grid 

downstream 

Guangzhou

Total water level with and without 

vegetation in Shenzhen Bay. The 

temporal trends represent the average 

value among all the mangrove patch 

coastal nodes

The local, within-wetland, attenuation of 

extreme water level (total) can vary 

from 0 to 2.8 m, depending on the width 

of the patch and the mangrove forest 

properties.
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Surge attenuation in Shenzhen Bay 

with a 600 m mangrove forest.

Surge attenuation in the upper river channel 

downstream of Guangzhou with a 300 m 

mangrove forest.


