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Climate change
Sea-level rise and adaptation measures
Mangroves, especially after 2004 Indian Ocean 
tsunami
Large-scale modular mangrove planting
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Trapping of heat energy by GHGs (principally water vapour, CO2, 
methane, nitrous oxide) known as ‘greenhouse effect’ and keeps 
global average surface temperature at 15oC instead of -18oC
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(IPCC)



In ice cores records of atmospheric composition dating 
back to 650,000 years, CO2 and CH4 far exceeded 
preindustrial values.
Present GHGs concentration has exceeded level of past 
650,000 years.
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Increase by CO2, CH4 and N2O 
since 1750 is unprecedented in 
more than 10,000 yrs.
CO2 increased from preindustrial 
level of 280 ppm to 379 ppm in 
2005 and 385 ppm in 2007 (393 
ppm in Jan 2012).
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Significant 
anthropogenic 
warming over 
the past 50 
years
averaged over 
each continent 
except 
Antarctica.
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Number of category 4 and 5 hurricanes increased 75% 
since 1970 with largest increases in North Pacific, Indian 
and Southwest Pacific Oceans
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TAR 9-88

AR4 18-59

(IPCC)
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Hotspots of coastal vulnerability occur where the stresses on natural systems 
coincide with low human adaptive capacity and high exposure. 
Vulnerable coastal types: (1) Populated deltas (especially Asian megadeltas);
(2) Low-lying coastal urban areas; (3)  Atolls.
Vulnerable regions : (1) South, South-East and East Asia; (2) Africa; (3) Small 
islands (Caribbean, Indian Ocean, and Pacific Ocean). 
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Population displaced 
by SLR in 2050

> 1 m
1 m – 50,000
< 50,000
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90-160 cm (AMAP)

(Vellinga 2009)
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(Policy Research Corporation)



18

© P P WONG



19

© P P WONG



20

© P P WONG



21(UNFCCC)



22



23

(Polidoro et al 2011)
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SRI LANDA 
(Wetlands 
International)

INDONESIA (Whitten et al 1997)
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(NOAA) (WorldAtlas) 



Anecdotal evidence of mangroves protecting 
villages in the rear of mangrove forests which 
slow down the tsunami waves.
Publications on protection include (Danielson et 
al 2005; Dahdoub-Guebas et al 2005; 
Kathiresan & Rajendran 2005; Chang et al 
2006; Tanaka et al 2007).
Publications disputing the evidence/countering 
argument include (Kerr et al 2006; Kerr & Baird 
2007; Bhalla 2007).
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Publications on experiments and field studies 
done on effectiveness of mangroves (Mazda et al 
2007).
Review by Cochard et al (2008) summed up and 
put controversy to rest to some extent.
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Large-scale planting using modular system to 
meet needs of various coastal locations.
Modular system of planting and deployment is 
comparable to LEGO® set on a large scale.
Suitable for wide range of coastal types and not 
confined to muddy tidal flats.
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Ideally of space-fitting shapes (triangles, squares, 
rectangle, hexagons) containing sediments with mangroves 
grown to various heights or maturity.
Made of mixture of compressed sediments that become 
self-destructive and formed part of sediments supporting 
mangroves. Alternatively of local materials.
Nutrients and sediments added to growing mangroves in 
field.

33

© PP WONG



Depending on wave and coastal conditions, 
modules deployed rapidly to coast from land 
side or water side.
Where labour is easily available and to keep 
costs low, modules can be floated and 
positioned at required locations.
Alternatively, mechanized means using small 
crane from flat-bottom boat or from truck on 
land.
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Mangroves have special root systems and may adapt to 
changes in sea level by growing upward in place, or by 
expanding landward or seaward.
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(Bunaken 1999)



3-yr study, R. mangle, 
Belize.
Root accumulation.
Addition of nutrients (N 
and P).
Altering root dynamics. 
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N Nitrogen fertilized.  P Phosphorus fertilized.
C Unfertilized control.

(McKee et al 2007)



“Intact and healthy mangrove systems can 
adapt to sea level rise; their growth can 
accommodate to increases of 3.8 up to 9 
millimetres per year depending on local 
circumstances. Mangroves can also provide a 
buffer against salt water intrusion.”
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(Wetlands International)
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Solid line = linear regression. Dashed line = 1:1 relation

(Alongi 2008)



In review of climate change threats to mangroves:
Sediment accretion and erosion – tides, waves, 
storms, etc.
Biotic contributions – leaf litter, algal mats.
Belowground primary production – roots, soil organic 
matter.
Autocompaction. 
Fluctuations in water table and pore water –
hydrology and groundwater inputs.
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(Gilman et al 2008)



Widest latitudinal range, ability to adapt to wide range 
of physical conditions, only mangrove to survive in 
arid areas.
Present on both seaward & landward margin of 
mangrove belt.
‘Opportunistic’ colonization due to its ecological 
characteristics.
Grows on mud, sand, gravels, rock surfaces.
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Provides employment; utilizes existing skills of coastal 
communities in mangrove planting.
Restores degraded coasts caused by shrimp farming 
and other activities.
Improves biodiversity; mangroves are nurseries for fish.
Low cost protection measure compared to seawalls and 
dykes.
Offers coastal protection from erosion, storm surges and 
buffer to tsunami waves. Integrated CCA and DRR.
Important carbon sink.
‘No regrets’ measure; beneficial irrespective of future 
outcome of climate change.
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(MAP)
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New Scientist
6 Nov 2010
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