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Mangrove ecosystems provide vital contributions to human well-

being, which are increasingly threatened by climate change. However, 

these ecosystems are subject to both slow-onset climate-related 

changes, such as sea-level rise, and changes in the intensity and 

frequency of extreme events, such as tropical cyclones. 

Changes in the disturbance regimes ecosystems are adapted to can 

have far reaching implications for ecological functions and services.

Thus, a risk assessment that accounts for changes in ecosystem 

disturbance through tropical cyclones and simultaneous sea-level rise for 

both mangroves and their services is urgently needed.

Global mangrove area at risk

• depending on the SSP, 40-56% of the total global mangrove area will 

be at high to severe risk by 2100

• in Southeast Asia, it will be 52-78%

Areas with high ecosystem service provision are disproportionally 

affected

• under SSP585 almost 20% of all mangroves will be at severe risk, 

but it is 34% for thehighest-rankingg mangroves in terms of 

biodiversity, coastal protection, carbon sequestration, and fishing 

benefits

Non-analog tropical cyclone disturbance regimes are projected to 

emerge even for the lowest emission pathways

• by 2100 mangrove areas in the Philippines will experiences tropical 

cyclone winds at frequencies which are currently unprecedented 

across the globe

Changes in disturbance to affect ecosystem function and services

• the widespread changes in disturbance regimes may substantially 

affect ecosystem structure, function, and recovery pathways

• potential ecological shifts may further impact the provision of the vital 

regulating and provisioning ecosystem services provided by 

mangroves, with negative implications for the populations depending 

on these services

Management implications

• risk index helps identify priority areas for monitoring of recovery 

pathways and can support restoration planning

We are currently using remote sensing data of cyclone induced 

degradation of mangroves to establish linkages between hazard intensity 

and frequency, and ecosystem recovery and resistance. 

Moving forward, we aim to model mangrove ecological responses to 

potential future tropical cyclone disturbance regimes. 
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Fig 2. A) Composite tropical 

cyclone and sea level rise risk 

index for mangroves by 2100.

B) Mangroves affected by 
changes in tropical cyclone 

frequency per intensity 

category. “Substantial change” 

refers to areas experiencing a 
doubling in frequency for the 

given category or newly 

affected by the given category 

at return periods lower than 250 

years 

C) Median relative sea level 

rise at mangrove locations.

Fig 3. Risk hotspots and affected ecosystem services under SSP370 by 2100.

Table 1. Percentages of current global mangrove extents at risk for SSP245, 370, 585 by 2100 

Calculate relative change in 

frequency per mangrove 

centroid ((fclim - fhist)/ fhist)

TC tracks for SSP245, 370, 585 

based on CMIP6 models 

CESM2, ECEarth6, MIROC6 [1]

Relative Sea Level Rise 

projections for SSP245, 370, 

585 [3]

Calculate median rate of sea 

level rise at mangrove locations 

by 2100

Composite risk index

Calculate windfields & frequency 

(fhist , fclim) per gridpoint (150 

arcsecs) [2]

Merge with global mangrove 

extents [5]

Merge with mangrove 

conservation priority areas and 

ecosystem service data  [6]
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Apply mangrove adaptive 

capacity thresholds [4]
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