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WHO'S ERIK

= 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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TODAY'S TALK

= Ecosystem Services
= Wave Attenuation

= Sediment Trapping

= Mangrove Resilience

= Mangrove Management
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MANGROVE ECOSYSTEM SERVICES

= Ecologically important habitats
= Providing food, wood, etc.
= Recreation, education & spiritual relevance

¢ ~ Gam - Indonesia
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ABC .5 &9

RIF MANGROVES - CURACAO ADVIES »oTeea CARMABIT

Duikers vervangen
door brug &
opening verbreden
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RIF MANGROVES
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MANGROVE ECOSYSTEM SERVICES

= Ecologically important habitats

= Providing food, wood, etc.

= Recreation, education & spiritual relevance

= Mitigating water quality & carbon sequestration
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TODAY'S TALK

= Ecosystem Services
= Wave Attenuation
= Sediment Trapping
= Mangrove Resilience

= Mangrove Management
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WIND WAVE ATTENUATION IN MANGROVES
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WIND WAVE ATTENUATION IN MANGROVES
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WHAT IF THE WAVE PERIOD INCREASES?
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TIDAL ATTENUATION IN MANGROVES

= 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 cmm/km within the forest along the full system length

UNIVERSITY OF TWENTE.
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STORM SURGE ATTENUATION IN MANGROVES
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STORM SURGE ATTENUATION IN MANGROVES

ol ®
= Mangroves slow down and |
attenuate storm surge |
= Increasing storm duration sl ]

diminishes attenuating effect

= This study:

Water Level [+ MSLicm)

o O
il - —w— Pk Waler (FVY)
LL P - 0:30
—t— VY - 1:00
oo Landward —— Py . 1:30 e

-19 cm over 800 m of mangroves 3
(or -24 cm/km) i = S
= USACE rule of thumb: Se T w:___;:*;**j ?;
-1 mper 14.5 km of salt marsh = 3
(or -7 cm/km) B =EE S

UNIVERSITY OF TWENTE. c; 100 200 300 : 400 s:i*-'- ncI:- ?au azluu gg-n 1|:-Ir_-n e 15

Distance From Stop Bank (m)



STORM SURGE ATTENUATION IN VEGETATION

= Storm surge attenuation critically depends on:
= Wetland width (100s-1,000s meters needed!)
= Vegetation density

= Flood duration e~
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TODAY'S TALK

= Ecosystem Services

= Wave Attenuation

= Sediment Trapping

= Mangrove Resilience

= Mangrove Management
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SEDIMENT TRAPPING IN VEGETATION

= Attenuation of currents, waves & turbulence in vegetation

= Cohesive sediments form flocs that settle rapidly

wave
dissipation

flow
dissipation

) sediment, * '\ gy T 4 '

rren o
g ks transport. * /. lg
. 2

e

morphological
change
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MHWS

SEDIMENT TRAPPING IN MANGROVES [ ..«

= Rapid sediment
deposition at forest
fringe

Whangapoua, New Zealand

1

FLAT PNEUM MANGR

sediment deposition
[g/m?/tide]
s & 8 B

o

» Reduced turbulence
In very dense
pneumatophores
allows for sediment
deposition

Palian, Thailand

S

FLAT PNEUM MANGR
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SEDIMENT PRODUCTION AND STABILIZATION

= Organic sediment sources
= Leaf litter accumulation
= Root growth

= Benthic production

» Roots increase soll strength
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SEDIMENT ACCUMULATION IN MANGROVES

* |ncreasing elevation of vegetated platform
= Seaward expansion of vegetation

wave
dissipation

flow
dissipation

__________________________________________________

morphological
change
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SEDIMENT ACCUMULATION IN MANGROVES

* |ncreasing elevation of vegetated platform

= Seaward expansion of vegetation
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EXPANDING MANGROVES

Firth of Thames, NZ
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EXPANDING MANGROVES

UNIVERSITY OF TWENTE.
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EXPANDING MANGROVES
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EXPANDING MANGROVES

Elevation [m +MSL]
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TODAY'S TALK

= Ecosystem Services
= Wave Attenuation

= Sediment Trapping

= Mangrove Resilience

= Mangrove Management
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MANGROVE RESILIENCE

Mangroves can:

» Protect against storm waves/surges and erosion
* Trap sediments and recover from storm damage
= Keep up with sea level rise?

decimeters

dissipation

surface elevation change
timet

millimeters centimeters
T

. erosion

days weeks months years decades
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MANGROVE RESILIENCE

UNIVERSITY OF TWI

IWater level change

Morphological Ecological
processes processes
(e.g. subsidence) (e.g. tree growth)

External impacts
(e.g. temperature)

\J

Wave attenuation

\J

Wave attenuation
capacity

Surface elevation
changes

Forest structure
changes

v v
Future wave
attenuation
capacity

¥

Functionality
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Gijsman et al., 2021
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MODELLING MANGROVE RESILIENCE
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MANGROVE RESILIENCE

Morphological
processes
(e.g. subsidence)

Ecological
processes
(e.g. tree growth)

External impacts
(e.g. temperature)

Wave attenuation
Water level change —’ CF\}
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AN
©
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\ 4
Wave attenuation Surface elevation Forest structure
capacity changes changes
L 2 v
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Future wave
attenuation
capacity
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Functionality Persistence
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MODELLING MANGROVE RESILIENCE

DelftFM MODEL
Tree growth curve

| ogistic growth (Hy2 = 425 cm)

Year: 0
400

Height [cm]

Gijsman et al., in progress
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MODELLING MANGROVE DYNAMICS IN LAC BAY

= Mapping

Forest floor elevation

Mangrove properties

= Monitoring

Water levels

Current speeds

Sediment concentrations
Surface elevation changes

Propagule dynamics

UNIVERSITY OF TWENTE.
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Google Earth / Engel, 2017
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TODAY'S TALK

= Ecosystem Services
= Wave Attenuation
= Sediment Trapping

= Mangrove Resilience

= Mangrove Managemen_t
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ADAPTIVE MANGROVE MANAGEMENT

UNIVERSITY OF TWENTE.
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Additional wave attenuation? Ecological restoration?
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Additional flood protection?
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Early-warning signals?
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" Enhance eccsystem state / resilience?
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System understanding / thresholds?
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Gijsman et al., 2021
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