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Introductions

Cochran Family Professor of Earth and Environmental Sciences

Previously at the National University of Singapore

Coastal ecosystems – ecosystem services and blue carbon, the threats 
they face (often using remote sensing), and their conservation and 
restoration

Visit www.themangrovelab.com

- Founding member of the IUCN-Species Survival Commission 
Mangrove Specialist Group

- Member of the International Blue Carbon Initiative
- Co-chair of the BCI seagrass working group
- Former Deputy Director of the NUS Centre for Nature-based 

Climate Solutions



What we’ll discuss in this session

General introduction
• Global distributions and drivers of habitat change
• Blue carbon loss in marine/coastal wetlands
• Key environmental processes in marine/coastal wetlands

Mapping
• National greenhouse gas inventories and NDCs
• Some mapping considerations for marine/coastal wetlands



What are marine/coastal wetlands?

See Max Finalyson presentation. According to the Ramsar Classification System for Wetland Types, as 
approved by the Conference of the Contracting Parties in Recommendation 4.7 and amended by 
Resolutions VI.5 and VII.11:

Wetlands are not just muddy, vegetated, swampy… 

Note that this classification is a mix of ecosystems and 
physical landforms – challenges for remote sensing



Global distribution – tidal marshes

According to Worthington et al. 2024: 52,880 km2

Some uncertainty with tropical marsh or high arctic marsh due to low training data availability



Global distribution - mangroves

Lots of global datasets 
available for mangrove 
area!

Tropical, sub-tropical and 
warm temperate. 
Estimated area in 2020 = 
145,068 km2 (Jia et al. 
2023) 



Global distribution - seagrasses

Expected near global distribution

HUGE UNCERTAINTY – no global map

McKenzie et al. 2020 – 160,387 km2 (high 
confidence) or 266,562 km2 (low 
confidence)

UNEP 2016 – 800,000 km2 (might miss 
some out at high latitudes?)

1,646,788 km2 modelled by Jayathilake & 
Costello 2018



Global distribution – tidal flats

According to Murray et al. 2019 – 
127,921 km2

Near global distribution

~50% in Indonesia, China, Australia, 
the United States, Canada, India, 
Brazil and Myanmar 



Global distribution – coral reefs

According to the Allen Coral Atlas:
- Shallow reefs = 348,361 km2

- Coral habitat = 80,213 km2

Easier to define shallow reef habitat, but not all may be coral reefs

Distribution of deepwater coral reefs is unknown

Shallow reef extent (though not all is coral habitat) from the Allen Coral Atlas

We are still missing global extent data on 
many of the other submerged and 



What’s causing marine/coastal wetland loss?

Tidal marsh Mangrove Seagrass Tidal flat Coral Reef
Human drivers

Commodity production

Urban development & infrastructure

Salt pans X

Harvesting X X X

Invasive species X X X X

Water quality, eutrophication X X X

Changes in sediment supply X X X

Climate change

Sea-level rise X X X X

Cyclones X X

Heat waves X X

Precipitation changes X X X X X



What’s causing marine/coastal wetland loss?

Perrodin in review.

Between 1999 and 2019

Indirect drivers account for the 
majority of loss

Climate change may influence 
some of the indirect drivers

Ecosystem specific (e.g., marsh is 
more indirect than direct, but 
mangroves are the opposite)



What’s causing marine/coastal wetland loss?

Perrodin in review.

Also region-specific (Asia has 
more direct than indirect drivers)



Seagrass loss

Dunic et al. 2021

Based on a meta-analysis of 574 site-level 
observations from 175 studies

>5600 km2 lost, but still likely represents only 
1/10 of the world’s seagrass area



Tidal marsh loss

Campbell et al .2022

Huge historical loss

But similar decline to 
mangroves, now 0.28% per 
year between 2000 and 2019

Released 16.3 Tg CO2e year−1



Global loss was previously estimated 
at 1-3% per yr

Asia:
-Largest mangrove area
-Highest loss

Mangrove loss

Study in 2016 (Hamilton & Casey) howed that 
global mangrove loss from 2000 to 2012 was 
0.26-0.66% per year

Two more independent studies suggest 
mangrove loss is at a similar or lower rate



Mangrove loss is reduced from the 20th century

FAO (2007)

1.24%

Goldberg et al. 2020

0.22%
Richards & Friess (2016)

0.18% Hamilton & Casey (2016)

0.28%

Global Mangrove Watch

0.31%

Mangrove in Indonesia 
used to decrease by 1.2% 
per year

Now only 0.18-0.31% of 
loss per year according 
to regional and global 
datasets

Mangroves could be 
considered a 
conservation success 
story!

FAO (2020) from 1990-2017

0.78%
FAO (2020) from 2010-2017

0.25%



What is causing mangrove loss?

	
Richards & Friess. 2016

First regional-scale study 
of proximate drivers of 
mangrove loss

Aquaculture was the 
biggest cause of 
mangrove loss (30%)

Other commodities also 
driving mangrove loss



Aquaculture



Oil palm plantations



Rice paddy

Webb et al. 2014

Ayeyarwady delta, 
Myanmar

Landward encroachment 
of rice into mangroves

Speed of deforestation 
linked to food security 
policies 



But loss drivers are regionally variable

Goldberg et al. 2020

Between 2000 and 2016:
- 62% of loss was from 

land-use change
- 38% from “natural” 

drivers



Climate change and marine/coastal wetlands

Friess et al. 2022.

Climate change may have 
some benefits for some 
ecosystems in some places

But mostly the impacts are 
expected to be negative

Main stressor depends on the 
type of marine/coastal 
wetland

But all involve pushing 
ecosystems beyond some 
physical/physiological 
threshold



Wetland loss leads to ecosystem service loss

https://www.ramsar.org/sites/default/files/documents/library
/factsheet_wetland_restoration_coastal_e.pdf

Barbier 2019. Coastal Wetlands (2nd Ed).Friess et al. 2020. Oceanography and Marine Biology: 
an Annual Review 58, 107-142.



The importance of blue carbon



Broader definitions of blue carbon

“Ecosystems that are influenced by marine waters that fix 
carbon dioxide and that store and accumulate it as 
organic carbon.

They are bounded by the highest levels of tidal 
inundation at the terrestrial edge and by the limits of the 
photic zone in the marine edge”

This better fits the Ramsar definition of wetlands



Blue carbon distributions

Macreadie et al. 2021

Globally, there are >30,000 
Tg of blue carbon

4350-10,300 Tg C stored in 
mangroves

If we could do all possible 
conservation and 
restoration it would offset 
~3% of global fossil fuel 
emissions every year



Blue carbon loss – national scale

National inventory of coastal/wetland 
carbon stocks estimate an ~85% 
decrease in blue carbon between 
1950s-70s and today

Estimated from aerial photography/ 
satellite remote sensing + coarse 
carbon models

We are improving this in order to 
include in Singapore’s National 
Greenhouse Gas Inventory



Blue carbon loss – global scale

Mangrove deforestation emissions + lost sequestration could be 3392 TgCO2-e by 2100

Adame et al. 2021.



National Wetland Inventories help carbon accounting

A National Greenhouse Gas Inventory tracks a nation’s greenhouse gas emissions and removal

National Wetland Inventories track area change through time, and potentially what is causing it

= ACTIVITY DATA + emissions factor = NATIONAL GREENHOUSE GAS SINK/SOURCE DYNAMICS

For example, US NWI was used in the most recent National 
Greenhouse Gas Inventory to recalculate more accurately 
the emissions from Flooded Lands

Led to a calculated increase in emissions



Let’s take a short break!



Key biophysical processes in marine/coastal wetlands

It’s their physical environment that makes wetlands so good at storing blue carbon

Marine/coastal wetlands persist across a range of biophysical gradients in the coastal zone

We need to map marine/coastal wetlands across these gradients
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Inundation is a key control on wetland landscape distribution



Site-scale controls on wetland establishment

1. Propagule supply

4. Tidal flooding

3. Substrate

2. Sheltered hydrodynamic conditions

a. to allow rooting
b. To allow sediment deposition



Elevation is key to wetland establishment

Site elevation controls the amount of flooding a 
wetland plant experiences

Different species have different tolerances to 
flooding

We’ve known this for 100 years!

Watson 1928. Malayan Forest Records No. 6



Elevation is key to wetland establishment

Leong et al. 2018. Estuarine, Coastal and Shelf Science 202, 185-192.

>4800 trees surveyed in Mandai mangrove, Singapore
Different species grow at 
different elevations



Elevation is key to wetland establishment

Leong et al. 2018. Estuarine, Coastal and Shelf Science 202, 185-192.

-1 m - too low

2 m - too high

-0.2 m - 1 species

1.0 m - 5 species

1.4 m - 6 species

0.5 m - 2 species

>4800 trees surveyed in Mandai mangrove, Singapore



Hydrodynamics are important

Plants need a certain root length or 
else they will get dislodged by 
regular waves

Storms will dislodge even adult plants



Coastal wetland mapping

Mangroves are very easy to map – very unique (and uniform) spectral response 
compared to surrounding terrestrial forests

Tidal marshes somewhat easy to map (though grade into other marsh types)

Coral reefs generally easy to map (clear water), though vary in % cover

Seagrasses are the hardest to map, particularly submerged



Some key reviews for coastal wetland remote sensing

Give a wealth of information on:
• Data sensors and sources
• Classification and analysis approaches



What data can be used to map marine/coastal wetlands?

A lot of data sources are used to map wetlands

Often a trade off between spatial scale and temporal 
scale (launch date)

Trade off between spatial scale and cost

See also Dr. Dronova’s talk on Day 1 and yesterday

So how do you choose?



Picking the right data for your task and settings

Malerba et al. 2023

Choosing the best remote sensing approach is dependent on:
• Your task/objectives
• Cost
• Accuracy you wish to achieve
• Ecosystem being monitored
• The scale of your mapping (Small Island States might use 

different data from large countries) 



Picking the right data for your task and settings

Malerba et al. 2023

An example workflow for 
remote sensing for National 
Greenhouse Gas Inventories

Activity data (land use change) 
from remote sensing

x emissions factor (carbon 
implications)



Mapping drivers of wetland loss

Important to quantify drivers, or ‘activity data’ if you want to use for National Greenhouse 
Gas Inventories etc

Remember:
Land cover is not the same as land use

We can only really map proximate drivers of land use change

Drivers of degradation are extremely difficult to quantify

Many drivers are difficult to attribute to climate change



Mapping elevation in marine/coastal wetlands

Issues with SRTM:
Data are for 2000 only
Very coarse vertical resolution

Remember those physical gradients? Adding them to our maps can help us better define 
and differentiate marine/coastal wetlands

e.g., elevation data with global coverage are freely available from the Shuttle Radar 
Topography Mission (SRTM). It underpins Google Earth.

Combining datasets similar to the Wetland
Intrinsic Potential Tool we saw yesterday

JAXA



A good example of national wetland mapping

Mangrove mapping in Mexico

Updated every 5 years

Evolving process with accuracy assessment, improvement, 
changing wetland definitions etc



Summary

Marine/coastal wetlands are diverse and globally relevant

They have historically been lost at huge rates, and are still being lost today

Their loss has important implications for blue carbon and other ecosystem services

Wetland distribution determined by physical processes and tolerances

Mapping and modelling approaches are well established for many wetlands

Mapping potential and approaches differ by ecosystem

Incorporating physical variables (e.g., beyond vegetation mapping) can improve accuracy



Thank you

Questions?

Dan Friess
dfriess@tulane.edu


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47

