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Introduction

Goal of the presentation:

Present the fruit of a collaborative effort launched in the wake of previous Water & Humanity 

conference

This fruit proposes a vision to develop natural infrastructure at large scale in Oman



From the request from the Oman Environment Authority

1. Prepares a study for the proposed sites in terms of environmental and biological

aspects

2. Submits a proposal to implement an initial pilot project in at least one of the sites

suitable for the construction of artificial lakes.6 zones

45.000 ha

Mangroves

Tidal flats

Marshlands

Seagrass meadows

Create coastal lagoons



Locations of potential wetland development



Ecological Restoration

Water Quality

Morphodynamics

\Habitats

Ecosystem 
function

Hydrodynamics



Site selection
1. Hydrodynamic and morphology

2. Topography

3. Soil fertility & freshwater availability

Mimicking Nature

Inlet stability defined by the r factor:

r = P / Mtot

P = Tidal prism (m³)

Mtot = Yearly gross littoral drift (m³)

r Stability Bypassing type Dominant 

process

r<20 Poor Bar bypassing, Spit formation Wave

20 < r < 50 Poor Bar bypassing Wave/Tide

50 < r < 150 Fair to good Bar and flow bypassing Tide/Wave

r > 150 Good Flow bypassing Tide



Site selection

Wetland name 

(numbering 

from North to 

South)

r = P/Mtot Stability Bypassing
Dominant 

process

1, مخلوفموقع

مقترح
28 Poor Bar bypassing Wave/Tide

2, شمالبنتوتموقع 15 Poor
Bar bypassing, Spit 

formation
Wave

3, بنتوتجنوبموقع 80
Fair to 

good

Bar and flow 

bypassing
Tide/Wave

3a (shrimp

farm)
169 Good Flow bypassing Tide

4, ذرفمقترح - هيتام 142
Fair to 

good

Bar and flow 

bypassing
Tide/Wave

5, -هيتام غديسر 21 Poor Bar bypassing Wave/Tide

6, -غاوي قيصد 29 Poor Bar bypassing Wave/Tide

7

(Wetland

Development

Zone Salalah)

2 Poor
Bar bypassing, Spit 

formation
Wave

1. Hydrodynamic and morphology

2. Topography

3. Soil fertility & freshwater availability

1
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Site selection
1. Hydrodynamic and morphology

2. Topography

3. Soil fertility & freshwater availability



Site selection
1. Hydrodynamic and morphology

2. Topography

3. Soil fertility & freshwater availability
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Site selection
Conclusion1. Hydrodynamic and morphology

2. Topography

3. Soil fertility & freshwater availability

Area Inlet

stability

Topograph

y

Soil fertility 

and 

freshwater 

availability

1 Low Low Low

2 Low Low Low

3 High High Medium

4 High High High

5 Low High High

6 Low High Low

Dhofar Low High High



Conceptual design

Marshlands

Mangroves

Tidal flats

Seagrass meadows

7km



Conceptual design
Tidal inlet

Mimicking Nature

• Applying soft solutions

• Curved (approach) channel(s)

• Triangular shaped cross-sectional area 

• Deeper channels

• Inlet Nourishment

𝑢𝑒 =
𝜋𝑃

𝐴𝑒𝑇



Hydrodynamic modelling
SetupDelft 3D hydrodynamic model



Hydrodynamic modelling
Results

Inundation time Currents

FloodEbb



Hydrodynamic modelling
Habitat suitability

• 30% of the coastal lagoon can host mangrove

• 32% Intertidal mudflats

• The area shallower than the mangrove will host marshlands

• The deeper area should be suitable to host seagrass meadows



Preliminary site investigation
• Visit in Quwayrah (Area 4) & Al Kaluf (Area 3)

• Georeferenced pictures (habitat (fauna, flora) baseline, reality check,…) 

• Soil samples and lab testing (PSD, fertility,…)

SandSilt GravelClay



Preliminary watershed characterization 

Year

Annual Precip 

mm

Annual discharge for 

C 0.25 in m3

Annual discharge 

for C 0.05 in m3

2010 54 24.455.423,00 4.891.085,00 

2011 99 44.656.615,00 8.931.323,00 

2012 6 3.103.269,00 620.654,00 

2013 51 23.052.462,00 4.610.492,00 

2014 7 3.202.962,00 640.592,00 

2015 34 15.704.654,00 3.140.931,00 

2016 3 1.466.654,00 293.331,00 

2017 8 3.690.692,00 738.138,00 

2018 17 8.017.962,00 1.603.592,00 

2019 81 36.884.077,00 7.376.814,00 

Average 36 16.423.477,00 3.284.695,20 

Freshwater volume per year



Technical proposal

A. Hydraulic dredging

B. Dry-Earth Moving

C. Habitat propagation



Benefits of coastal wetland development

For Oman vision on ecological systems

Oman 2040 vision: Ecological Systems that are Effective, 
Balanced and Flexible to Protect the Environment and Sustain 
its Natural Resources in Support of the National Economy. 



Oman project: Impacts – SDG Mapping
show how the project can contribute to the SDGs and helps Oman reach its target  

3 Impacts categories

Ecological Restoration Climate Mitigation and Adaptation Socio-economic Development 
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DIRECT

INDIRECT



Oman project: Impacts – SDG Mapping
show how the project can contribute to the SDGs and helps Oman reach its target  

3 Impacts categories

Direct

Indirect

• 15.3 By 2030, combat desertification, restore degraded land and

soil, including land affected by desertification, drought and floods,

and strive to achieve a land degradation-neutral world

• 15.1 By 2020, ensure the conservation, restoration and sustainable

use of terrestrial and inland freshwater ecosystems and their

services, in particular forests, wetlands, mountains and drylands, in

line with obligations under international agreement

13.1 Strengthen resilience and adaptive capacity to climate-related hazards and

natural disasters in all countries

• 14.2 By 2020, sustainably manage and protect marine and coastal

ecosystems to avoid significant adverse impacts, including by

strengthening their resilience, and take action for their restoration in

order to achieve healthy and productive oceans

• 14.b Provide access for small-scale artisanal fishers to marine

resources and markets

2.4 By 2030, ensure sustainable food production systems and

implement resilient agricultural practices that increase productivity and

production, that help maintain ecosystems, that strengthen capacity for

adaptation to climate change, extreme weather, drought, flooding and

other disasters and that progressively improve land and soil quality

9.1 Develop quality, reliable, sustainable and resilient infrastructure,

including regional and trans-border infrastructure, to support

economic development and human well-being, with a focus on

affordable and equitable access for all

6.6 By 2020, protect and restore water-related ecosystems, including mountains,

forests, wetlands, rivers, aquifers and lakes

17.16 Enhance the Global Partnership for Sustainable Development,

complemented by multi-stakeholder partnerships that mobilize and

share knowledge, expertise, technology and financial resources, to

support the achievement of the Sustainable Development Goals in all

countries, in particular developing countries

• 12.2 By 2030, achieve the sustainable management and efficient use of

natural resources

• 12.b Develop and implement tools to monitor sustainable development

impacts for sustainable tourism that creates jobs and promotes local

culture and products

Ecological Restoration Climate Mitigation and Adaptation Socio-economic Development 

• 8.8 Protect labour rights and promote safe and secure working

environments for all workers, including migrant workers, in particular

women migrants, and those in precarious employment

• 8.9 By 2030, devise and implement policies to promote sustainable

tourism that creates jobs and promotes local culture and products

Biofuel
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Oman project – Theory of change – Work in progress
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Outputs

Outcomes

Impact
Categories

Ecological Restoration Climate Mitigation and Adaptation Socio-economic Development 

Sustained local economic growth

Activities
Creating an artificial lagoon     +     Restoring/developing biodiversity-prone habitats & local ecosystems     +     Generating economic activities  

Supported salt farming, halophytes-
derived biofuel development 

Created economic opportunities (via 
concessional and commercial loans)

Restored/created habitats
- Mangrove
- Mudflats
- Seagrass
- Marshlands

Reintroduced endemic species 
(fauna and flora) – incl. halophytes

Created direct jobs

Monitored carbon sequestration

Launched conservation & 
protection initiativeDeveloped recreational area

Increased Water quality (nutriment recycling, 
oxygenation)

Increased water retention 

Increased fish diversity and abundance

Increased birds diversity and abundance

Increased invertebrates diversity and 
abundance (mollusc, bivalves, crabs)

Increased plant species diversity and 
abundance

Increased endemic endangered species 
abundance 

(IUCN Red list)

Increased CO2 sequestration by  ecosystems

Improved CO2 storage in soil

Reduced coastal erosion

Reduced vulnerability to flooding

Reduced vulnerability to sea level rise

Increased resilience to Drought

Increased food production & revenue 
(traditional fisheries)

Increased tourism revenue

Reduced unemployment rate 

Food & Water Security

Hydraulic dredging Dry-earth moving Seed germination Patch plantation
Support for 

entrepreneurship

Fertilized areas by sediment 
delivery

Multi-stakeholder 
governance

Hydrologically modified areas
Onboarded Local Communities

Work opportunitiesCarbon sink developmentTemperature & humidity regulation Ecosystem-based Disaster Risk ReductionBiodiversity conservation



Conclusion

• It looks feasible to develop large coastal areas suitable for mangrove growth

• Optimal result achieved when fully functional coastal lagoons are developed

• There are multiple potential locations

• A thorough feasibility study is a logical next step

• A Public Private Partnership shall be created 

• Such PPP would qualify to attract very competitive green financing



Thank you

Let’s make it happen together!



Feasibility study

Data acquisition

• Site investigation 

• Remote sensing

Design

• Preliminary design for 

zones with high potential

Hydrodynamic modelling of new 

designs

Data acquisition 

2nd site investigation

Hydrodynamic and 

morphological modelling

Elaboration the KPI and the 

monitoring plan

Business case and commercial 

proposal
Elaboration of technical 

solution

• Water level

• Currents

• Salinity

• Nutrients

Stakeholders' engagement 

strategy



Thank you

Let’s make it happen together!



This presentation contains proprietary and/or confidential information.

Any disclosure, copying, distribution or use of this information/the ideas incorporated is

strictly prohibited. This information is not to be considered as a representation of any kind.

Any intellectual and industrial property rights and any copyrights with regard to this

presentation, and the information therein, shall remain the sole property of DEME.


