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Mangrove ecosystems (blue forests)

• Inter-tidal areas within >120 countries
• Ecosystem goods and services
• Floral and faunal biodiversity
• Carbon dense

Map from Bunting et al (2018)

https://www.mdpi.com/2072-4292/10/10/1669


Mangrove ecosystem loss
• upwards of 50% 

to c. 2010
• some success 

stories since but 
loss hotspots 
remain

• GHG emissions
• functionally valueless…
• mainly anthropogenic

Since 1960 ? 



● Management needed for provisioning, regulating, cultural services, biodiversity

● Maps help us manage mangroves

The need for multi-date mangrove maps

● A single mangrove map tells us mangrove extent

● Multi-date maps give us dynamics (change over time)



● Acquiring information about an object or phenomenon without making contact with 

the observation target

● The electromagnetic 

spectrum - wavelengths of 

light from the sun

Image from Leader Tech Inc.

Remote sensing

● Typical wavelengths used 

for vegetation:

● Bands measure regions of 

wavelengths within the 

electromagnetic spectrum

○ Visible (BGR)

○ Near-infrared

○ Short-wave infrared

https://leadertechinc.com/basics-electromagnetic-spectrum/


Landsat (NASA)

● 9 satellites since the 1970s

● Landsat 8 and 9 currently operational

● 30 m spatial resolution

Sentinel-2 (ESA)

● Launched in 2015

● Constellation of 2 satellites

● 10 m spatial resolution

GIF from NASA Image from GIM International

Satellite sensors available in GEM

https://svs.gsfc.nasa.gov/11433/
https://www.gim-international.com/content/article/sentinel-2a-in-orbit


The southern edge of Somone Lagoon30x30 m spatial resolution (Landsat pixels)10x10 m spatial resolution (Sentinel-2 pixels)The southern edge of Somone LagoonThe Landsat based map (30 m spatial resolution)The Sentinel-2 based map (10 m spatial resolution)The southern edge of Somone Lagoon



● National and regional maps at limited time 

intervals

● Global products (e.g., GMW) have unprecedented 

detail, time steps, coverage

● But: limited use when applied to local scale

● Typically only one mangrove class

● No nuance re: ecological variability (sub-types)

● No distinction between mangrove forest and 

wider ecosystem (including non-forest)

● Definition? What constitutes mangroves?

● Often underrepresents true mangrove extent

● Typically ignore tidal conditions

Limitations with existing datasets

Map from Global Mangrove Watch v4

https://www.globalmangrovewatch.org/


● Overcome limitations in global products

● Make high quality local-level maps

The need for local mapping
There are many satellites…

taking many images…

Image from USGS

Image from Grist

● Overcome traditional barriers:

○ Technical capacity

○ Data access/storage

○ Data processing

https://www.usgs.gov/landsat-missions/landsat-collection-2
https://grist.org/science/space-junk-greenhouse-gases-satellites/
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Click to play video

https://www.youtube.com/watch?v=gKGOeTFHnKY


What is it?

● Conceived in 2016

● Google Earth Engine Mangrove Mapping Methodology (GEM)

● New tool: produce maps of + assess change in mangroves

Why it’s needed:

● Fill gaps in data availability for smaller areas

● Open-access, free-to-use, accessible, semi-automated

● Uses cloud-based storage and processing

● Overcomes: data access, processing, and software barriers

● Outputs: accurate, reliable, timely, and locally relevant

GEM: An Introduction



GEM makes maps
Using a novel methodology ensuring images are captured at high and low tide



GEM assesses dynamics
Using maps based on comparable tidal inputs



2020 Publication: 
Myanmar 

The Google Earth Engine Mangrove Mapping Methodology 
(GEM), Yancho et al, 2020, Remote Sensing Journal

2021: The Conversation
Article

https://www.mdpi.com/2072-4292/12/22/3758


2022 Trialing GEM at the local level 
(Madagascar)



2024 GEM Desktop v2 
released

● GEM v1 used 30 m pixels
○ Landsat-based

○ Best available option at the time for assessing 

dynamics

● GEM v2 adds 10 m pixels
○ Sentinel-2 launched in 2015

○ 10 year archive of imagery

○ GEM reconfigured to use smaller pixels

● Increase in spatial resolution (30 to 10 m)

● Better data inputs

● Improved dynamics

● Less bugs

2025 GEM App 
launched
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Accessing GEM



GEM Desktop

● The easiest format to develop, GEM Desktop 

came first in 2020

● Best for expert geospatial users

● Has advanced features

● Can be tailored for their own purposes

● Where the GEM Team build new GEM versions

GEM is available in two formats
GEM App

● Launched in 2024 for Android devices

● Designed for less technical users

● More accessible, user-friendly and intuitive

● Automates many of Desktop’s decision points

● Available in 10 languages
English, French, Malagasy, Swahili, Portuguese, Spanish, 

Cebuano, Indonesian, Tetun, Tagalog



Access both from the BV website

Access GEM App on 
Google Play Store



GEM Desktop is on GitHub



Where the 3 modules of GEM Desktop are found

Module 1

● Defines the Area of Focus (AOF)

● Generates satellite image composites

Module 2

● Assesses spectral separability

● Produces map classifications

● Calculates accuracy assessments

Module 3

● Dynamics (table and maps)



GEM App is on the Google Play Store

Install
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Using GEM App



Refer to the GEM App User Manual

● Link here

● Updated regularly

● Lengthy document - no need to read all!

● Refer to sections you require guidance

https://docs.google.com/document/d/1KzX69k-NXjRm3g4e6wI136zT2DSXBAQj2QsdkFgDnsM/edit?usp=sharing


Using GEM App to map mangroves in Somone

● 130 ha mangrove in the Marine 

Protected Area of Somone

● Some degradation

○ Sedimentation

○ Rising sea-levels

○ Climate change

● Key impact is increased salinity



The GMW map under-represents mangrove

● GMW v4 = 125 ha of mangrove in the 

MPA of Somone

● GEM: 130 ha of mangrove forest

○ 108 ha of CCM

○ 22 ha of OCM

● GMW under-represents mangroves

● Extend 4 km further upstream

● Only uses one broad class

● No insight regarding the surrounding 

classes immediate to the mangroves



GMW under-represents open mangrove



Setting up a project

● Naming your project

● Select your timesteps

● Draw or upload your AOI

● Add excluded areas

● Choose satellite sensor



Review satellite image composites

● Contemporary high tide

● Contemporary low tide

● Historical high tide

● Historical low tide

● Are they fit-for-purpose?

○ Low tide: exposed tidal flats

○ High tide: Water inundating 

mangroves + mudflats

● Onto CRAs…
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What is a CRA?

● Classification Reference Area

● Train the classifier and validate maps

○ 70% used for training

○ 30% used for validation

● CRAs required for each class

● Each class should be ecologically and 

spectrally distinct

● CRAs for each class should represent 

full spectral and ecological variability 

across AOI



Class Example

4. Other Vegetation

E.g. grassland, shrubland, 

cropland

5. Barren Exposed

E.g. soil, mud

6. Residual Water

Classification structure - Somone

Class Example

1. Closed-Canopy 

Mangrove

2. Open-Canopy 

Mangrove

3. Terrestrial Forest



Why are CRAs important?

● CRAs define the spectral (EMS) values which represent your map classes

● GEM assigns class membership to each pixel

● Map accuracy tested using 30% of the CRAs "held back"

● The maps made by the GEM are only as good as the examples you provide!

● True for mangrove classes AND surrounding non-mangrove classes
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GEM Fieldwork



Undertaking fieldwork to ground-truth some (or all) of your CRAs can 
provide valuable confirmation that what you are seeing in satellite 

imagery is actually what exists on the ground.





Class Example

4. Other Vegetation

E.g. grassland, shrubland, 

cropland

5. Barren Exposed

E.g. soil, mud

Targeting 5 plots representing 5 classes

Class Example

1. Closed-Canopy 

Mangrove

2. Open-Canopy 

Mangrove

3. Terrestrial Forest





A

B



Zone 
A



Zone 
B



Field safety - please read!

http://bit.ly/40nvqFK



© Blue Ventures

GEM Maps



GEM map
2020

Legend

Closed-Canopy Mangrove
Open-Canopy Mangrove
Terrestrial Forest
Other Vegetation
Barren & Exposed
Residual Water



GEM map
2025

Legend

Closed-Canopy Mangrove
Open-Canopy Mangrove
Terrestrial Forest
Other Vegetation
Barren & Exposed
Residual Water



Somone
Lagoon
2020

Legend

Closed-Canopy Mangrove
Open-Canopy Mangrove
Terrestrial Forest
Other Vegetation
Barren & Exposed
Residual Water

Zooming in…



Somone
Lagoon
2025

Legend

Closed-Canopy Mangrove
Open-Canopy Mangrove
Terrestrial Forest
Other Vegetation
Barren & Exposed
Residual Water



● Minimal change in mangrove extent

● 1.1% gain in CCM

● 2% fall in OCM

Dynamics in Somone

● Significant fall in Terrestrial Forest extent (34 ha converted to Other Vegetation)

● 170 ha of Exposed Barren converted to Other Vegetation (new suburbs in work)



Dynamics: 
Closed-Canopy 
Mangrove
Loss
Persistence
Gain



Dynamics: 
Closed-Canopy 
Mangrove
Loss
Persistence
Gain



Dynamics: 
Mangrove 
(CCM+OCM)
Loss
Persistence
Gain



Dynamics: 
Mangrove 
(CCM+OCM)
Loss
Persistence
Gain
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● Monitor extent and dynamics

● Help identify factors behind loss and gain

● Monitor existing / inform further management measures

● Visualising impact of management/reforestation measures

● Inform and monitor reforestation projects

● Support community engagement

How GEM outputs can be used



2013

Example of Kawawana Area of considerable gain in Eastern region

2023

Closed-Canopy Mangrove 1
Closed-Canopy Mangrove 2

Open-Canopy Mangrove 1
Open-Canopy Mangrove 2

Terrestrial Forest
Dry Vegetation
Wet Vegetation

Exposed & Barren
Residual Water

See next slide

Mangrove forest area 
2013 : 11152.30 ha
Mangrove forest area 
2023 : 11701 ha
Mangrove forest loss : 
269.98 ha
Mangrove forest gain : 
818.87 ha



● Tsimipaika Bay located 

in Northwest 

Madagascar

● Using GEM maps to 

inform community-led 

mangrove restoration 

projects

● 1500ha reforested by 

local communities

Reforestation example (Tsimipaika)



● Carbon data

● Link-up to partner systems (databases, dashboards, web maps)

● Drone CRA fieldwork protocol

● Please send feedback + ideas to gem@blueventures.org

What’s coming in GEM v3?

mailto:gem@blueventures.org


Merci beaucoup
Awa Rane Ndoye (awa.ndoye@blueventures.org) 
Jaona Ravelonjatovo (jaona@blueventures.org)
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