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2) Mangrove forest vulnerable to erosion and strong wave action due to tree felling.

3) Deployment of ROOT in intertidal zone to restore hydrodynamics and sediment flow. 

INTRODUCTION

Mangroves are productive habitats that provide a multitude of ecosystem services critical to mangrove dependent communities and to the local biodiversity in tropical and subtropical regions. Today, with the intensifying consequences of climate change and human activities, they play an essential role in protecting coastal communities by serving as natural buffers against storm surges, erosion due to current and wave actions, and flooding. Despite this, mangrove belts are still being depleted in an alarming rate. In response, massive propagule planting has become a popular approach in restoration programs. However, it has generally yielded a low ecological survival rate due to inappropriate planting methods and site-species selection and disregard to disturbed hydrological and sediment conditions due to aquaculture activities.

Mangroves, specifically their root system, play an essential role in facilitating sediment deposition and retention. These functions have given birth to the concept of the ROOT model, an innovative solution that replaces labour intensive hand planting through hydrological and ecological restoration for mangrove recovery. Many results can be drawn from these experiments. For instance, we note that using 2 modules with different porosity values (90 and 70%) maximizes energy dissipation and minimizes energy reflection. This is the best compromise for efficient wave attenuation without enhancing scouring effects at the front of the structure (due to limited reflection). 

NEXT STEPS

  Mimicry of physical and hydrodynamic functions of pencil and prop roots to  Attenuate wave action  Restore tidal flow  Secure sediment supply  Foster mangrove growth  Serve as a wildlife habitat and nursery Sustainability  Side-uses for local community (sustainable aquaculture, blue carbon projects)  Environment-friendly material (locally made low pH and porous cement)  Laboratory tested in partnership with universities and research institutes Monitoring and Evaluation Large-scale Deployment two-fold wave dissipation 1) Healthy natural mangrove forest before deforestation.

  integration of ROOT models in restored mangrove forest. Determination of drag coefficients : Smooth Vertical Cylinders: • If 𝜏 and h are held constant, CD increases when D decreases (ie « roots » number grows) • If D and h are held constant, CD increases when 𝜏 decreases ( the density of cylinders increases) • If 𝜏 and D are constant, CD increases when h decreases Roughness and Tortuosity effects*: • CD increases significantly if roughness of cylinders is increased • CD seems to increase with tortuosity but difficult to compare with different tests in terms of equivalent porosity * Only 1 test conducted for each effect 1. The design and production of a bio-inspired wave attenuation device for mangrove environments is realistic and feasible. 2. Several characteristics, such as spatially-varying porosity, roughness, tortuosity, length of the global structure,… can be adjusted to optimize solution efficiency, i.e. maximizing energy dissipation and minimizing energy transmission through the device. 3. Additional tests need to be done with numerical tools to support design work and investigate deeper some effects. 4. Pilot operation should be launched, once the device is finalized, to check assess ROOT' functional performance at the field scale on : 1. Wave attenuation, sediment deposition, ecological functionalities and services 2. Improvement of spontaneous mangrove resilience on degraded areas 3. Societal benefits and local The ROOT model is inspired by the different aerial mangrove root systems of the genus, Rhizophora and Sonneratia. A series of the modules will be linked together and arranged in a certain pattern in degraded intertidal zones to foster natural regeneration of mangroves. Determine key structural components that characterize mangrove tree roots by generating waves in a tank containing an array of vertical and circular cylinders representing mangrove tree roots Duration: 6 months Materials and methods: Hexapod tests (geometric scale 1/2.5) Use: Experimental characterization of an array of cylinders undergoing forced horizontal motion at a given frequency and identification of environmental parameters defining the environment for a numeric model. Factors: diameter (20-63 mm), roughness (smooth or rough), tortuosity of cylinders (straight or tortuous) and porosity of array of cylinders (70-90%) Configurations: 8 configuration types and 18 tests in total, considering 3 water depths Types of water height (cm): 3 For each test, 21 frequency values (Hz) x 3 or 4 amplitudes of motion (mm) Wave Flume (geometric scale 1/16) Use: Measurement of progressive wave attenuation across different arrangements of of an array of vertical cylinders undergoing regular wave motion to obtain transmission and reflection coefficients of the modules. Data will be used for calibration and validation of the numeric models. Factors: model porosity, diameter (0.005-0.010 m) of cylinders Configurations: 6 types and 180 number of tests Types of water height (cm): 2 Other factors: 3 wave height values (mm), 5 wave periods (sec) Numerical Simulations Use: calculations based on deterministic 1DH wave propagation approach for small scale tests, and then 2DH spectral wave model SWAN for large scale tests. Factors: representative porosity of the array of cylinders, roughness of cylinders through the specification of a drag coefficient CD.

•Fig. 1 :

 1 Fig. 1: Response Amplitude Operator (RAO) of free surface elevation at the first sloshing mode of the tank. Porosity 𝜏 = 80%, water depth h = 235 mm, diameter D = 32 mm. Note roughness effect results in highest dissipation followed by porosity and tortuosity effects.

  Wave flume Fig. 2: examples of reflection, transmission and dissipation coefficients measured during the wave flume experiments.