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 PhD biophysical interactions in mangroves
University of Twente & 
National University of Singapore

 PostDoc sediment dynamics in mangroves
University of Waikato

 Focus on ecosystem engineering
 Combining field observations, 

flume studies and numerical modelling
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 Ecosystem Services

 Wave Attenuation

 Sediment Trapping

 Mangrove Resilience

 Mangrove Management

TODAY’S TALK
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 Ecologically important habitats
 Providing food, wood, etc. 
 Recreation, education & spiritual relevance

MANGROVE ECOSYSTEM SERVICES
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Kukup - MalaysiaTrang - ThailandGam - Indonesia Otrobanda - Curacao
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RIF MANGROVES - CURAÇAO
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RIF MANGROVES
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 Ecologically important habitats
 Providing food, wood, etc. 
 Recreation, education & spiritual relevance
 Mitigating water quality & carbon sequestration

MANGROVE ECOSYSTEM SERVICES
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WIND WAVE ATTENUATION IN MANGROVES
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Trang, Thailand
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WIND WAVE ATTENUATION IN MANGROVES
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WIND WAVE ATTENUATION IN MANGROVES
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wave attenuation rate 𝑟𝑟 = 𝑑𝑑 ⁄Δ𝐻𝐻 Δ𝑥𝑥
𝑑𝑑𝐻𝐻
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WHAT IF THE WAVE PERIOD INCREASES?
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 High-water level reduction varies along ~1 km creek system
 Reduction of 9 cm/km within the creek over the full system length
 Reduction of 27 cm/km within the forest along the full system length

TIDAL ATTENUATION IN MANGROVES
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Whitianga - NZ
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STORM SURGE ATTENUATION IN MANGROVES
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 Mangroves slow down and 
attenuate storm surge

 Increasing storm duration 
diminishes attenuating effect

 This study: 
-19 cm over 800 m of mangroves
(or -24 cm/km)

 USACE rule of thumb:
-1 m per 14.5 km of salt marsh 
(or -7 cm/km)
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STORM SURGE ATTENUATION IN MANGROVES
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 Storm surge attenuation critically depends on:
 Wetland width (100s-1,000s meters needed!)

 Vegetation density

 Flood duration

 Peak water level

STORM SURGE ATTENUATION IN VEGETATION
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Ldecay = 812 m
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 Attenuation of currents, waves & turbulence in vegetation
 Cohesive sediments form flocs that settle rapidly

SEDIMENT TRAPPING IN VEGETATION
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50 cm
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 Rapid sediment 
deposition at forest 
fringe

 Reduced turbulence 
in very dense 
pneumatophores 
allows for sediment 
deposition
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SEDIMENT TRAPPING IN MANGROVES
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 Organic sediment sources
 Leaf litter accumulation

 Root growth

 Benthic production

 Roots increase soil strength

SEDIMENT PRODUCTION AND STABILIZATION
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 Increasing elevation of vegetated platform
 Seaward expansion of vegetation

SEDIMENT ACCUMULATION IN MANGROVES
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 Increasing elevation of vegetated platform
 Seaward expansion of vegetation

SEDIMENT ACCUMULATION IN MANGROVES
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EXPANDING MANGROVES
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Firth of Thames, NZ
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EXPANDING MANGROVES
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2km
Google Earth (CNES/Airbus) & retrolens.nz (LINZ)

Firth of Thames - 1952

Mangrove RESCUE |



EXPANDING MANGROVES
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Google Earth (CNES/Airbus) & retrolens.nz (LINZ)

2km Firth of Thames - 1977
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EXPANDING MANGROVES
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Google Earth (CNES/Airbus)

Firth of Thames - 2017
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Mangroves can:
 Protect against storm waves/surges and erosion
 Trap sediments and recover from storm damage
 Keep up with sea level rise?

MANGROVE RESILIENCE
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MANGROVE RESILIENCE
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MODELLING MANGROVE RESILIENCE
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Delft3D MODEL
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MANGROVE RESILIENCE
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MODELLING MANGROVE RESILIENCE
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DelftFM MODEL

Firth of Thames - NZ
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MODELLING MANGROVE DYNAMICS IN LAC BAY
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Skyview Bonaire
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MODELLING MANGROVE DYNAMICS IN LAC BAY
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 Mapping
 Forest floor elevation

 Mangrove properties

 Monitoring
 Water levels

 Current speeds

 Sediment concentrations

 Surface elevation changes

 Propagule dynamics
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ADAPTIVE MANGROVE MANAGEMENT

36

G
ijs

m
an

 e
t a

l.,
 2

02
1

Mangrove RESCUE |



Acknowledgements
The work presented here is obtained
in projects funded by the Dutch
Research Council NWO (grant
15899), the Royal Society of New
Zealand’s Marsden Fund (grant 14-
UOW-011) and the Singapore-Delft
Water Alliance (R-264-001-024-414).
I am thankful for the great team of
people that I have collaborated with
over the years and who spent
endless hours in the field with me
(shine or rain, hot or cold, day or
night), you all rock!

Mangrove Resilience for Enhanced Safety of Coastal Urbanisations and Environments

Dr. Erik Horstman
E.M.Horstman@utwente.nl

MangroveRESCUE



Gijsman, R., E. M. Horstman, D. van der Wal, D. A. Friess, A. Swales, and K. M. Wijnberg (2021), Nature-Based Engineering: A Review on Reducing Coastal Flood 
Risk With Mangroves, Frontiers in Marine Science, 8(825), https://doi.org/10.3389/fmars.2021.702412

Horstman, E.M. (2012), Ontwikkeling van de Rif-mangroven in Otrobanda; het creëren van een gezond, educatief en recreationeel park, 45 pp, Stichting ABC 
Advies, Willemstad, Curaçao.

Horstman, E. M., C. M. Dohmen-Janssen, P. M. F. Narra, N. J. F. Van den Berg, M. Siemerink, and S. J. M. H. Hulscher (2014), Wave attenuation in mangroves: A 
quantitative approach to field observations, Coastal Engineering, 94, 47-62, https://doi.org/10.1016/j.coastaleng.2014.08.005

Horstman, E. M., C. M. Dohmen-Janssen, T. J. Bouma, and S. J. M. H. Hulscher (2015), Tidal-scale flow routing and sedimentation in mangrove forests: 
Combining field data and numerical modelling, Geomorphology, 228, 244-262, https://doi.org/10.1016/j.geomorph.2014.08.011

Horstman, E. M., C. J. Lundquist, K. R. Bryan, R. H. Bulmer, J. C. Mullarney, and D. J. Stokes (2018), The dynamics of expanding mangroves in New Zealand, in 
Threats to Mangrove Forests: Hazards, Vulnerability, and Management, edited by C. Makowski and C. W. Finkl, pp. 23-51, Springer International Publishing AG, 
https://doi.org/10.1007/978-3-319-73016-5_2

Horstman, E. M., K. R. Bryan, and J. C. Mullarney (2021), Drag variations, tidal asymmetry and tidal range changes in a mangrove creek system, Earth Surface 
Processes and Landforms, 46(9), 1828-1846, https://doi.org/10.1002/esp.5124

Montgomery, J. M., K. R. Bryan, J. C. Mullarney, and E. M. Horstman (2019), Attenuation of Storm Surges by Coastal Mangroves, Geophys. Res. Lett., 46(5), 
2680-2689, https://doi.org/10.1029/2018gl081636

REFERENCES

38Mangrove RESCUE |

https://doi.org/10.3389/fmars.2021.702412
https://doi.org/10.1016/j.coastaleng.2014.08.005
https://doi.org/10.1016/j.geomorph.2014.08.011
https://doi.org/10.1007/978-3-319-73016-5_2
https://doi.org/10.1002/esp.5124
https://doi.org/10.1029/2018gl081636

	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38

